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darktable is an open source photography workflow application and raw developer — a virtual lighttable and darkroom for
photographers. It manages your digital negatives in a database, lets you view them through a zoomable lighttable and
enables you to develop and enhance your raw images.

The source repository for this documentation may be found at https://github.com/darktable-org/dtdocs.qgit . Any feedback
relating to this documentation can be provided by creating a ticket or a pull request against this repository.

This documentation is released under the GPL 3.0 license.


https://github.com/darktable-org/dtdocs.git
https://github.com/darktable-org/dtdocs/issues/new
https://www.gnu.org/licenses/gpl-3.0.en.html

Overview user interface

1. Overview

1.1. user interface

1.1.1. views
The functionality in darktable is separated into six different views:
lighttable

Manage images and collections.
darkroom

Develop a single image.
map

Show geo-tagged images on a map and manually geo-tag new images.
print

Send images to a printer.
slideshow

Display images as a slideshow, processing them on-the-fly.
tethering

Remotely capture and save images taken with a connected camera.

You can switch between views by clicking the view name at the top of the right-hand panel (the currently active view is
highlighted) or by using one of the following keyboard shortcuts:

* L switches to lighttable
* D switches to darkroom
* M switches to map
* P switches to print
* S switches to slideshow
» T switches to tethering

1.1.2. screen layout

The layout of all darktable views is similar and consists of a center area with panels at the edges:
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. center area : Contains information and functionality specific to the current view.
. left panel : Contains modules primarily used to provide information.
. right panel : Contains modules primarily used for image processing.

. top banner : Contains information about the current darktable version and allows you to switch between views. Also

used by some modules to show additional hints and messages.

. top panel : Provides access to global settings and shortcuts
. bottom panel : Provides access to view-specific settings and shortcuts.

. filmstrip / timeline panel : An optional panel that can be enabled at the bottom of the screen to display a timeline (in

the lighttable view) or a filmstrip (in other views) of images in the current collection.

panel size and visibility

The left, right and filmstrip/timeline panels can be resized by dragging their inner borders.

Each of the panels can be expanded or collapsed by pressing the triangle located at the outside edge of the panels. Panel
visibility can also be adjusted using keyboard shortcuts, as follows:

* TAB temporarily expands the centre view to fill the whole window. Press again to return to the previous view.
¢ F11 toggles fullscreen mode

e Shift+Ctrl+t toggles the top panel (between the image and the top banner)

e Shift+Ctrl+b toggles the bottom panel (between the image and the filmstrip/timeline, if shown)

e Shift+Ctrl+1 toggles the left panel

e Shift+Ctrl+r toggles the right panel

e Ctrl+f toggles the filmstrip/timeline

e Ctrl+h toggles the top banner

* b toggles all borders and panel-collapse controls

Note: The size and visibility of the panels are stored independently for each view.

darktable 4.4 user manual
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1.1.3. filmstrip

The filmstrip, when enabled, is shown at the bottom of the screen (except in the lighttable view, where it is replaced with
the timeline module) and displays the images from the current collection (set in the lighttable view). You can navigate the
filmstrip by scrolling with the mouse wheel.

The filmstrip allows you to interact with images while you are not in the lighttable view. For example, while developing an
image in darkroom mode, you can switch to another image to by clicking its thumbnail in the filmstrip. You can also rate and
color-classify the images as you do in lighttable, as well as copy & paste the history stack using keyboard shortcuts.

See the filmstrip module documentation for more information.

1.1.4. top panel

The top panel is common to all darktable views and provides access to a number of common functions.

filter — @k kkkk sort by capture time v |=

On the left-hand-side

filter / sort
Choose how to filter and sort the images. Criteria can be altered in the collection filters module.

sort order

Switch the sort order (ascending / descending).

On the right-hand-side

grouping

Expand or collapse grouped images .

| thumbnail overlays

Define what information is overlaid on to thumbnails in the lighttable/filmstrip.

You can define different settings depending on the thumbnail size. See preferences > lighttable for details of how size
delimiters are set.

- context-sensitive help

Click this icon and then click on a control element to be directed to the appropriate online help page.

shortcut mapping

Click this icon to enter the visual shortcut mapping mode to create keyboard/mouse shortcuts.

preferences

View and amend darktable’s preferences & settings .

1.1.5. keyboard shortcuts

Much of the functionality in darktable can be controlled via keyboard shortcuts, which can be customised in preferences >
shortcuts .

Press the H key (for help) in any darktable view to show a list of all shortcuts that are applicable to the current view.
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1.2. supported file formats

darktable supports a huge number of file formats from various camera manufacturers. In addition darktable can read a wide
range of low- and high-dynamic-range images - mainly for data exchange between darktable and other software.

In order for darktable to consider a file for import, it must have one of the following extensions (case independent): 3FR,
ARI, ARW, BAY, BMQ, CAP, CINE, CR2, CR3, CRW, CS1, DC2, DCR, DNG, GPR, ERF, FFF, EXR, IA, IIQ, JPEG,
JPG, JXL, K25, KC2, KbC, MDC, MEF, MOS, MRW, NEF, NRW, ORF, PEF, PFM, PNG, PXN, QTK, RAF, RAW, RDC, RW1,
Rw2, SR2, SRF, SRW, STI, TIF, TIFF, X3F

If darktable was compiled with JPEG2000 support, the following extensions are also recognized: J2C, J2K, JP2, JPC.

If darktable was compiled with GraphicsMagick support, the following extensions are also recognized: BMP, DCM, GIF,
JNG, JPC, JP2, MIFF, MNG, PBM, PGM, PNM, PPM, WEBP.

camera raw files

darktable reads raw files using the open source library RawSpeed , originally developed by Klaus Post and now maintained
as part of the darktable project. The number of supported cameras and file formats is constantly increasing. Most modern
camera models are supported, and new ones tend to get added very quickly. It is beyond the scope of this manual to give
an exhaustive list.

With the exception of Fujifilm X-Trans cameras, darktable does not decode images from cameras with non-Bayer sensors
(e.g. Sigma cameras with the Foveon X3 sensor).

other image files

darktable natively reads “ordinary” images in JPEG, 8-bit/16-bit PNG and 8-bit/16-bit TIFF format, as well as 16-bit/32-bit
floating point TIFF formats.

darktable also reads high dynamic range images in OpenEXR, RGBE and PFM formats.

darktable 4.4 user manual 9
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1.3. sidecar files & non-destructive editing

1.3.1. sidecar files

darktable is a non-destructive image editor and opens all images in read-only mode. Any data created within darktable
(metadata, tags, and image processing steps) is stored in separate .XMP sidecar files. These files are stored alongside the
original Raw files and allow darktable to store information about the images as well as the full editing history without
touching the original raw files. When you import an image into darktable for the first time, an XMP file is automatically
generated. The generation of XMP files can be disabled in preferences > storage > xmp but this is not recommended in
normal use.

For a given source image, multiple editing versions, called duplicates, can co-exist, sharing the same input image data but
each having their own metadata, tags and processing steps. Each duplicate of a given image (hamed
<basename>.<extension) is represented by a separate XMP sidecar file (with a filename constructed in the form
<basename> nn.<extension>.xmp, where nn represents the version number of that edit). Information for the initial edit -
the “duplicate” with version number zero - is stored in the sidecar file named <basename>.<extension>.xmp. The version
number of each duplicate is displayed in the image information module in each of darktable’s views.

Your work is automatically synchronised to the sidecar files without the need to press a “save” button. When backing up
your data, make sure that you also retain copies of the XMP files, as these are required to fully reconstruct your work in case
of a disaster.

In addition to the sidecar files, darktable keeps all image-related data in its library database for fast access. An image can
only be viewed and edited from within darktable if its data has first been loaded into the library database. This happens
automatically when you first import an image. If an image is subsequently re-imported, the database will be updated from
the contents of its XMP file.

Once an image has been imported into darktable, the database entries take precedence over the XMP file. Subsequent
changes to the XMP file by any other software are not visible to darktable - such changes will be overwritten the next time
darktable synchronizes the file. On request, darktable can be configured to search for updated XMP files at startup, offering
a choice to update the database or overwrite the XMP file where changes are identified. This configuration can be changed
in preferences > storage > xmp .

darktable 4.4 user manual 10
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1.3.2. importing sidecar files generated by other applications

When importing an image, darktable automatically checks if it is accompanied by a sidecar file. As well as looking for files
named <basename>.<extension>.xmp and <basename> nn.<extension>.xmp (darktable’s XMP file naming formats)
darktable also checks for the presence of a file in the form <basename>. xmp (the naming format for Lightroom’s XMP sidecar
files). Files with the latter naming format will be read by darktable but will not be written to. Once the image has been
imported, darktable will generate an additional XMP file using its own naming convention.

At present, darktable is able to load the following metadata from Lightroom-generated sidecar files during the import
process:

* tags (including hierarchical tags)
* color labels

* ratings

* GPS information

In addition, darktable has been designed to help migrate some image operations from other specific applications. The aim
here is not to make darktable a drop-in replacement for any other software, but rather to help you to recover part of the
work you have already invested into your image. It is important to understand that the import process will never give
identical results to other software. The underlying processing engines are very different from application to application, and
depend a lot on the individual image. In some cases, the results may be similar but often, further adjustment will be
required in darktable.

This migration happens automatically when entering the darkroom view, provided that a corresponding XMP sidecar is
found.

At present, darktable is able to handle the following development steps from Lightroom-generated XMP files (with the
corresponding darktable module in parentheses):

* crop and rotate ( crop and rotate )
black level ( exposure )

exposure ( exposure )

vignette ( vignetting )

clarity ( local contrast)

tone curve ( tone curve)

HSL ( color zones )

* split-toning ( split-toning )

* grain ( grain )

* spot removal ( spot removal )

1.3.3. local copies

Many users have huge image collections stored on extra hard drives in their desktop computer, or on an external storage
medium (RAID NAS, external hard drives etc.).

It is a common requirement to develop a number of images while travelling using a laptop and then later synchronize them
back to the original storage medium. However, copying images manually from the main storage to the laptop and back is
cumbersome and prone to errors. The “local copies” feature of darktable has been designed to directly support these use
cases.

You can create local copies of selected images from within the lighttable. Local copies are always used when present, giving
continued access to images even if the external storage is no longer connected. At a later point, when your primary storage
medium has been reconnected, you can synchronize the XMP sidecar files back to this storage, deleting any local copies.
These operations can be found in the selected images module in the lighttable.

For safety reasons, if local copies exist and the external storage is available, the local XMP sidecars are automatically
synchronized at start up.

Local copies are stored within the $HOME/ . cache/darktable directory and named img-<SIGNATURE>.<EXT> (where
SIGNATURE is a hash signature (MD5) of the full pathname, and EXT is the original filename extension).

Local copies can be identified in the lighttable view by a white marker on the top right of the thumbnail. In addition, all local
copies carry the darktable|local-copy tag to allow them to be easily selected.
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1.4. an introduction to darktable's workflow

1.4.1. introduction

This section is intended to provide you with a flavor of what darktable can do and offer a suggested end-to-end processing
workflow. New users should start by working through this introduction and following the links provided for further details.

Please note that this is not an exhaustive guide and many useful topics are not covered. You advised to read through the
reference sections of this manual once you are familiar with the basics.

Further information on most of the subjects in this guide are also covered in the other resources section.

1.4.2. import & review

Before you can do anything in darktable you must first add some images files to the library using the import module in the
lighttable view . This will create entries for your images in darktable’s library database so that it can keep track of the
changes you make. There are three ways to import images, each accessible through buttons in the import module:

add to library
This option adds images to the library without copying or moving - your original files will stay in their current location and
will not be altered. On import, darktable will read the metadata from the image files and any accompanying XMP sidecar
file . If an image has already been added to the database, any updates you have made to the sidecar file will be loaded.

copy & import
Copies the images to the storage location (following the file naming pattern defined in preferences > import ), then adds
the copied images to the library - the original images are not changed or moved. Only the images are copied and if an
existing XMP sidecar file is available for the image, it will not be read, copied or used.

copy & import from camera
Connect the camera to your system with a USB cable (if your camera is auto-mounted by your system, you will need to
un-mount it before it can be accessed by darktable). If you don’t see your camera listed in the import module, press the
“scan for devices” button. Once your camera is detected the import module should offer the ability to copy & import
images from the camera. Clicking the “copy & import” button physically copies the selected images from the camera into
a specified directory (following the file naming pattern defined in preferences > import ) and then adds the copied images
to the library.

Once images have been imported, their thumbnails are displayed in the lighttable view, within which you can organize and
catalog your imported images - please refer to the digital asset management section for more information.

The primary use for the lighttable view is to review your images and decide which you would like to edit further and which
to discard. The following is a possible culling process to choose which images to edit/delete:

1. Set the lighttable view to only show images with a rating of exactly 1 star using the view setting on the top panel .
Since darktable assigns a 1 star rating to newly-imported images by default, this will show all of the images you have
just imported. You can use the collections module to further refine your selection if needed.

2. Perform a quick first-level screening of your images: If any images are badly out-of-focus or otherwise unwanted,
reject them or give them a 0-star rating (by pressing the “R” or “0” keys, respectively, while hovering over the image
with your mouse). If you would like an image to pass to the next review phase, press 2 to give it a 2 star rating. Any
images that no longer have a 1 star rating will automatically disappear from view. Continue in this manner until no
more images remain visible in the lighttable view.

3. Alter the lighttable view to only show images with 2 stars. Go through these images more carefully, and decide
whether to promote them to a 3 star rating, or put them back down to a lower rating. Again, proceed until no more
images remain in the lighttable view.

4. Alter the lighttable view to only show images with 3 stars. Perform quick edits and experiments on those images in
the darkroom view to decide if they are worthy of further effort. If you are happy with the results of those edits,
promote that image to a 4 star rating for final editing.

5. Go through your 4 star images, perform any final edits on them and then export to see the final result. Increase the
rating a final time to 5 stars to indicate that processing is complete.

If space is at a premium you might consider permanently deleting your rejected or O-star images. Select these images in
the lighttable view and use the ‘trash/delete’ option in the selected images module. You should only do this for images you
are certain you will never need again.
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1.4.3. process

This section is intended to get you comfortable processing images in the darkroom view using a scene-referred workflow.
You are advised to follow the guidelines provided below, up to the end of the image processing in 3 modules section and
then choose other areas to learn as-and-when you need to use those techniques in your images.

getting started

take a well-exposed photograph

Good image processing techniques start in the camera - a well-exposed image (without blown highlights or heavily crushed
blacks) will always make post-processing much more straightforward. Under- or over-exposure can be “fixed” by darktable
to some extent but no software can recover information that is not present in the Raw image (clipped highlights). Where
possible, you are advised to use exposure to-the-right (ETTR) techniques to maximize the amount of data available for
processing while avoiding clipping. As a general rule of thumb, in cases where the scene-dynamic-range exceeds that of
your camera, it is safe to under-expose all images by 0.5 to 1 EV (by reducing the ISO sensitivity if possible) even if the in-
camera preview looks darker than expected (the preview is not the raw data). If the scene dynamic range is lower than that
of your camera, you may wish to dial in some over-exposure (decrease shutter speed or increase aperture) to capture more
light and reduce noise.

scene-referred workflow: a new approach

If you have used other Raw software in the past (or darktable prior to version 3.0) you may notice some significant
differences from what you are used to - darktable now uses a scene-referred approach for most of its processing modules.
This approach is used extensively in cinematography and is known to be much more robust than the traditional display-
referred approach.

In display-referred processing the data from your Raw file is initially compressed into a range that represents pure black as
0 and pure white as 1, fixing mid-gray at 0.5. A tone curve is automatically (and irreversably) applied to this data to make
the image look “good” on your display and subsequent edits are carried out on top of this already highly-modified image
data. The cost of display-referred is an early loss of the relationship between pixel luminosity and saturation (usually also
involving hue shifts), which is responsible for the infamous “HDR look” when the dynamic range increases.

In the real world, “pure black” does not really exist (there is always some light) and there is no limit to how bright things can
be (so no “pure white” either). Scene-referred processing attempts to retain the physical properties of the scene for as long
as possible by placing the Raw data on an unbounded linear scale and only compressing the data to the dynamic range of
your display after image processing is complete.

In a scene-referred workflow many common tools (tone curves and levels, for example) are no longer useful ways to
manipulate the image, since they rely on now-invalid definitions of black, white and gray. Experienced users may need to
learn new techniques and discard old ones, but will be rewarded with much more robust and predictable outputs.

The scene-referred workflow in darktable enables the filmic rgb and exposure modules by default when you open new
images in the darkroom view.

Set preferences > processing > auto-apply pixel workflow defaults to “scene-referred” now.

Enter preferences by clicking on the gear icon in the top panel .

white balance and color calibration

Most processing software uses a traditional temperature/tint model for adjusting the white balance of an image. In
darktable, the color calibration module provides a much more robust and flexible approach, allowing you to explicitly define
the color of the light source. This is particularly useful for scenes illuminated by artificial lighting.

Please note that the white balance module is still enabled in this approach, but its settings normally should not be altered.

Set preferences > processing > auto-apply chromatic adaptation defaults to “modern” now.
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edit in a controlled environment

Image processing should be performed in a controlled environment, lit by a white light source against a background
approximating mid-gray, and on a monitor that has been properly calibrated.

While this may not be practical in many home editing environments you can control the background colors on your
monitor’s display. You should set the darktable color scheme to use one of the “grey” themes and use the color assessment
mode when altering tones and colors in your image. Dark themes might look good but, unless you are processing images to
be viewed on a cinema screen in a darkened room, they should not be used for photo processing.

Set preferences > general > theme to “darktable-elegant-grey” or “darktable-icons-grey” now.

enter the darkroom

Choose an image to edit from the lighttable view and double-click to load that image into the darkroom view. For now try to
choose an image that is well exposed - we will discuss some techniques to recover badly-exposed images later.

In the darkroom view, you will see a list of processing modules to the right of your image. Each module performs its own
processing on the image, in the order shown in the module list, starting at the bottom of the list and moving up to the top.
You can think of this like a stack of building blocks where each block builds on the processing performed by the modules
below it.

On the left hand side is the history stack (you may need to expand the module), which shows the order in which
adjustments were made to the controls of the various modules. This allows you to undo changes by reverting to an earlier
step in the history stack. You will see that a number of modules are applied automatically - these are needed in order to
generate a legible image from the Raw data.

It is important to understand the distinction between the order of the modules on the right-hand-side of the screen (which
represents the order in which modules are executed) and the order of the modules in the history stack (which represents
the order in which modules were modified).

To the top right is the scopes module, which shows the spread of tones/colors in your image.

If you have previously viewed or edited the image in the darkroom view, start by discarding history (click the reset button in
the history stack ). This will reapply defaults using your new settings and provide a clean starting point for editing.

why doesn’t the raw image look like the JPEG?

...because you haven’t processed it yet

One of the first things people notice when switching from lighttable to darkroom view is that the image looks different -
often flatter and less saturated than that shown in the lighttable view. This is because the darkroom view displays the
(mostly unprocessed) Raw image, but the lighttable view initially displays the (in-camera) JPEG preview. Now that you have
opened the image in the darkroom view, the lighttable view will update to show the edited version.

Most Raw software goes to great lengths to reproduce the look of standard camera JPEGs out of the box. While this can be
useful (if you only want to make very minor adjustments to the camera’s rendition of an image) we assume that you are
using a Raw editor to make the image your own, and that the camera does not know how to do this. Certainly, if you are
using the ETTR techniques mentioned above, the camera JPEG will rarely be close to how you want the final image to look.

The default settings in darktable are therefore intended to provide you with a neutral starting point for further editing and
nothing more. We do not intend to change this.

module groups

Below the scopes module, at the top right of the screen, is a set of tabs into which darktable’s modules are grouped . If you
cannot find a module in one of the tabs you can use the search feature to locate it.
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For the purposes of this guide, click on the hamburger icon (to the right of the tabs) and select the “workflow: scene-
referred” preset now.

image processing in 3 modules

The following basic adjustments are fundamental to scene-referred editing and will be required, to some extent, on the
majority of images. You can usually produce a good-looking image with these steps alone.

As you will be adjusting the tones and colors of the image, start by enabling color assessment mode (press Ctrl+B) and
perform the following edits on the zoomed-out image while in this mode.

1.

3.

Set overall image brightness: First, set the overall (average) brightness of the image (the mid-gray point) by
adjusting the exposure slider in the exposure module. This is a purely artistic setting and should be defined based on
your intent - for example, for a high-key image you will set the average brightness to be lighter than for a low-key
image. The color assessment mode provides you with two reference points to assist with this by surrounding the
image with a white frame against a middle-gray background.

At this point, don’t worry if the brightest parts of your image lose detail - this can be recovered in the next step.

Note: The lens correction module can also affect the image brightness so you may want to consider enabling it
before adjusting exposure.

. Set white and black points: The next two steps use the filmic rgb module to define how the tones in your image

will be mapped to the dynamic range of your display. Start by setting the white and black relative exposure sliders in
the scene tab . These are purely technical settings, defining white and black relative to the mid-gray point you set in
the previous step. If your image contains tones you want to treat as pure white or pure black you can use the color
pickers beside the sliders to set these values (using the maximum and minimum brightness of the image). Otherwise
set the values manually using the color assessment frames as a reference.

Adjust the contrast: Now move to the look tab in filmic rgb (for now we will skip the reconstruct tab ). Enable the
look only view at the top of the module to see a representation of the filmic tone curve, which consists of a straight
section in the middle (used to set the contrast of the mid-tones) and curved sections at the top and bottom (where
the shadows and highlights are compressed to fit the dynamic range of the display).

The contrast slider changes the slope of the straight section (the mid-tone image contrast), the /atitude slider
changes its length and the shadows/highlights balance slider changes its position. There is a lot of give-and-take
involved here - if you want to increase the contrast of the mid-tones, you must sacrifice contrast in the shadows/
highlights and vice versa. The default settings of this module are tuned to work for the majority of images but you
should experiment with these sliders to understand how they affect the image.

Note: The highlight compression in the filmic rgb module can cause detail to be lost in the highlights. You can
mitigate this to some extent by reducing the white relative exposure, adjusting the shadows/highlights balance or
changing the contrast in highlights setting in the options tab . The tone equalizer module can also be used to reduce
the relative brightness of the sky.

. Color preservation: The tone mapping in the filmic rgb module attempts to redistribute the tones in your image

without affecting color reproduction. While the default color preservation algorithm works for most images, you are
encouraged to experiment by changing the preserve chrominance setting in the options tab if you do not like how the
colors appear.

. Saturation: Your image will probably not look very colorful at this point. You can adjust the global saturation of the

image using the color balance rgb module. The “basic colorfulness” preset should provide you with generally-
reasonable defaults, but you are encouraged to experiment further with these settings as required.

Note: This guide assumes that the white balance of the image has been correctly captured by your camera. If this is
not the case, you may need to make some corrections in the color calibration module first.

You can now switch off color assessment mode by pressing Ctrl+B again.
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other processing techniques

With practice the above workflow can quickly provide you with a reasonable-looking image, though most will need some
additional work before they are ready for export. The following sections are intended to provide a brief outline of some more
image processing techniques in darktable, with links to the relevant reference sections for more information.

As a general rule, you should begin with the basic steps outlined in the previous section, then perform corrections and finish
with creative adjustments .

corrections

color calibration

Traditional white balance correction attempts to ensure that whites and grays are really neutral (R = G = B) and doesn’t
really try to manage the impact on other colors. The CAT tab of the color calibration module extends this treatment to
handle the remainder of the color range and works in a color space designed specifically for chromatic (color) adaptation. As
with traditional white balance controls you can select a patch of neutral gray in your image to calculate the white balance,
or use a selection of other automatic and manual methods. The default settings use the white balance from the image’s Exif
data and are usually sufficient.

If you need to make adjustments in the color calibration module, you may want to also revisit any saturation corrections you
made earlier in the color balance rgb module.

correct lens distortions

All lenses introduce some artifacts (distortion, chromatic aberrations, vignetting) to the image. The lens correction module
can correct many of these issues for a wide variety of lenses. The chromatic aberrations and raw chromatic aberrations
modules can also be used to handle chromatic aberrations for lenses that are not (or only partially) supported by lens
correction. In most cases simply enabling the lens correction module will auto-detect your lens and auto-apply all available
corrections.

If you decide to use the lens correction module, it should be enabled at the start of your edit, before you adjust exposure,
since vignetting correction can alter the overall brightness of your image.

reduce noise / retain detail

At a pixel level there is a trade-off to be made between the retention of fine details and the reduction/removal of sensor
noise. In most situations, a small amount of noise is perfectly acceptable and will not be noticeable except when you zoom
in to 100%. At this scale you are not viewing the image at a realistic size - even when represented on a large monitor or
print, noise that is obvious at high zoom factors will be virtually invisible on the final image. However, some modules further
along the image pipeline (especially those that increase local contrast) may end up exaggerating any noise that is present
S0, again, there are trade-offs to be made.

The first module you can use to manage this is demosaic , which controls how the single-color (R, G or B) pixels in your Raw
file are converted to image pixels combining all three colors. Each demosaic algorithm has its own trade-offs between
retaining fine detail and reducing noise. The default demosaic algorithm (RCD) usually provides a reasonable compromise.

Demosaic algorithms can only do so much to manage noise in your image. The denoise (profiled) module is individually
tuned for a number of common camera sensors and can be used to reduce or remove pixel noise. As with demosaic you
should alter the settings until you are happy with the balance of denoising vs fine-detail reproduction. The default settings
are usually sufficient.
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sharpness and local contrast

A number of modules can be used to adjust the local contrast and sharpness of your image. Most of these modules aim to
enhance the apparent contrast of edges and do not add “real” sharpness (they are not the same as lens deconvolution). You
should take care when using these modules as most of them can introduce artifacts (such as halos) when settings are
pushed too far:

* the contrast equalizer module allows you to adjust contrast, limiting the effect to certain feature sizes. For example
you can use it to increase the contrast of fine details without impacting larger-scale objects, or vice versa

* the diffuse or sharpen module offers a number of presets for sharpening, lens deblurring and the addition of local
contrast

* the Jocal contrast module provides a simpler interface for quickly adding local contrast to your images - just enabling
the module or selecting one of the presets is often all that is required

* the sharpen module is intended to re-introduce sharpness that was removed by your camera’s anti-alias filter (if
present) and can be enabled by default in preferences > processing . The methods listed above are usually preferred
to this legacy module.

As with the modules mentioned in the previous section, you should take care when adding contrast to small-scale objects -
an image viewed at 100% is not a realistic representation of your final edit and local contrast adjustments are usually better
judged when zoomed out.

reconstruct blown highlights

While a well-exposed image will make post-processing much easier, darktable provides some tools handle blown highlights,
in some cases even reconstructing lost colors or structure.

The highlight reconstruction module provides a very basic attempt to manage blown highlights. By default, if any color
channel is clipped, this module will clip the other channels, making the pixel white - this prevents darktable from showing
unnatural colors in the highlights. However it can be altered to attempt to reconstruct the lightness or color using any un-
clipped channels. While this can re-introduce some detail, beware of the unrealistic colors that can result.

A better alternative is to disable highlight reconstruction and instead use the reconstruct tab on the filmic rgb module . As
with the highlight reconstruction module, filmic is able to reconstruct detail based on unclipped channels. Where this is not
possible, it can also blend blown highlights smoothly with the rest of the image or pull colors from adjacent pixels. When
incorporating this step into your workflow, you should do it at the same time as other filmic rgb edits, performing
adjustments in each tab of the module in turn, from left to right.

adjust angle and perspective

The rotate and perspective module can be used to adjust the angle of the image or to simulate the functionality of a tilt/shift
lens by altering the perspective, making converging horizontal and/or vertical lines parallel (keystone correction). This latter
technique is most commonly used for architectural photography. If you just want to correct the angle of the horizon you can

do this by right-clicking and dragging along the horizon line.

remove spots and unwanted objects

Use the retouch module to remove unwanted objects by replacing pixels with detail from elsewhere in the image. This
module also offers powerful techniques for removing large-scale objects (such as spots or blemishes) while leaving fine-
scale details (like hairs and follicles) intact. The most common use for this module is to remove dust spots from images or
blemishes from skin.

remove atmospheric haze

There are two methods for removing atmospheric haze in darktable. The haze removal module provides a much simpler
interface, but the “dehaze” preset in the diffuse or sharpen module can provide more flexibility when needed.
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creative adjustments

crop and frame

Use the crop module to crop your image and the framing module to surround your image with a colored frame. Both
modules can be set to use a predefined or custom aspect ratio - for example, you could place a square-cropped image into
a 3:2 frame.

dodge and burn

Dodging and burning is a traditional darkroom technique to add and remove brightness from an image. There are two
recommended ways to achieve this

* If you want to selectively dodge or burn only certain objects you can apply a new instance of the exposure module
using a drawn mask to isolate the effect to the required area of the image (see also the mask refinement section for
more information). Move the exposure slider to alter the brightness of the masked area.

* If you wish to dodge or burn areas with a similar brightness (for example, to brighten the shadows or darken the
highlights) you should use the tone equalizer module.

convert to monochrome

darktable provides a number of ways to remove the color from your image. The most flexible method is to use the gray tab
of the color calibration module . A number of film emulation presets are available in this module to provide you with a
starting point.

See the developing monochrome images section for details of other techniques.

color grading

The color balance rgb module is your one-stop-shop for controlling the colors in your image. Adjustments can be isolated to
the shadows, highlights and mid-tones, or applied at a global level.

other important topics

reuse common module settings

If you find yourself using the same module parameters repeatedly, you can create presets containing your favorite settings.
If you use the same settings on every image, you can also make presets apply automatically to new images. For example,
you may find yourself adding the same exposure settings to every image taken by a certain camera - in this case you can
create a preset that automatically applies those corrections only to images from that camera.

You may also have groups of module settings that you commonly apply only to certain types of image. You can use styles to
apply multiple module settings at once to a selection of images.

perform adjustments locally

Most darktable modules can either be applied to the whole image, or restricted to parts of the image using drawn and
parametric masks .

control darktable with other input methods

You don’t need to use the darktable Ul to make adjustments to your images. Most of the functionality in darktable can also
be controlled using shortcuts defined with your keyboard/mouse and even with other input devices such as game controllers
and MIDI devices. See the shortcuts section for details.
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1.4.4. export

darktable is a non-destructive editor, which means that all changes are recorded in the library database (with a backup
stored in an XMP sidecar file), and the original Raw file is left untouched. You therefore need to export images in order to
bake your edits into an output file that can be distributed outside of darktable.

1. Choose an export scenario.

The export module offers many options, but by far the most common use is to “save a developed raw image as a
JPEG”. You can either export the currently-edited image directly from the darkroom view or select one or more images
from the lighttable view and export them all at once.

2. Select which images to export (if you are in the lighttable view), open the export module, set target storage to “file
on disk” and select a location to save your images - by default, they will be exported to a “darktable_exported”
directory within the directory that contains your Raw file(s). Choose a “file format” of JPEG and keep the default
settings.

3. Click the “export” button to save your processed images in the selected location.

Note: While JPEG is useful for most purposes, if you wish to perform further edits in a raster editor like GIMP or Krita, it is
normally better to export in TIFF format.
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2. Lighttable

2.1. overview

The lighttable view allows you to view and manage your image collection.
The centre view contains thumbnails of your images - how they are displayed depends on which mode you are working in.

While the mouse is over an image thumbnail or images are selected, there are a number of actions you can perform with
keyboard shortcuts:

* F1, F2, F3, F4, F5 adds or removes a color label (red, yellow, green, blue, purple, respectively). A color label will
be added if any selected image does not currently have the label; otherwise the label will be removed

*0, 1, 2, 3, 4, 5 sets the star rating

* R rejects the image(s)

e Ctr1+D duplicates the image(s)

» Ctrl+C copies the full history stack

e Ctrl+V pastes all of the copied history stack

* Ctrl+Shift+C selectively copies the history stack

* Ctrl+Shift+V selectively pastes from the copied history stack
* D opens the image in the darkroom view for developing

* W fully zooms into the current image while the key is pressed

e Ctrl+W fully zooms into the current image and show areas in focus

2.2. lighttable view layout

left panel

From top to bottom:

import
Import images from the filesystem or a connected camera.

collections
Filter the images displayed in the lighttable center panel - also used to control the images displayed in the filmstrip and
timeline modules.

recently used collections

View recently used collections of images.
image information

Display image information.

lua scripts installer (optional)
Install lua scripts.

right panel

From top to bottom:
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select
Select images in the lighttable using simple criteria.
selected images(s)

Perform actions on selected images.

history stack
Manipulate the history stack of selected images.

styles

Store an image’s history stack as a named style and apply it to other images.
metadata editor

Edit metadata for selected images.

taggin

Tag selected images.
geotagging

Import and apply GPX track data to selected images.
export

Export selected images to local files or external services.

bottom panel

B = X B [ e

From left to right:

star ratings
Apply star ratings to images.

color labels

Apply color labels to images.
mode selector

Choose a lighttable mode.
zoom

Adjust the size of thumbnails.

' enable focus-peaking mode
Highlight the parts of the image that are in focus.

- set display profile
Set the display profile of your monitor(s).

2.3. undo/redo

Most changes made within the lighttable are recorded and can be reverted to a previous state. This includes modifications
to color labels, ratings, geo-localization, tags, metadata, orientation, copy/paste of history, image duplication, or application
of a style. Note that the facility to undo/redo actions is unlimited in the number of steps while in the lighttable view, but it is
reset each time you switch to a different view.

Press Ctrl+Z to undo the last modification and Ctrl+Y to redo the last undone modification (if any).

2.4. lighttable modes

2.4.1. filemanager

In the default mode images are displayed in a grid with an adjustable number of images per row.
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Lighttable lighttable modes

controls

zoom

The number of images in each row can be altered using the slider in the bottom panel, or by holding Ctrl while scrolling
over the center view with your mouse.

navigate

You can navigate through the images using the arrow keys («/-/1/{) or by scrolling with your mouse. Press the Home key
to scroll to the top of the collection, the End key to scroll to the bottom, and PageUp/PageDown to scroll up/down by a
page.

select

You can select the image under the pointer by clicking on its thumbnail or by pressing Enter. A range of images can be
selected by clicking on the first image and then Shift+clicking on the last one. Images can be added or removed from a
selection by Ctrl+clicking on their thumbnails or by pressing Spacebar.

2.4.2. zoomable lighttable

The zoomable lighttable mode provides an alternative way to navigate large collections of images, but with some
similarities to the filemanager mode (described below).

controls

zoom
Scroll with the mouse wheel to zoom in and out of the lighttable (compared to Ctrl+scroll in filemanager mode).

Zooming the thumbnails does not change the number of thumbnails per row, so the lighttable can exceed the visible area
on all sides.

navigate
Hold down the left mouse button and drag to move the lighttable around and navigate through your collection.
select

As with the filemanager mode, you can select the image under the pointer by clicking on its thumbnail or by pressing
Enter. A range of images can be selected by clicking on the first image and then Shift+clicking on the last one. Images can
be added to or removed from a selection by Ctrl+clicking on their thumbnails or by pressing Spacebar.

Hint: you may find that image thumbnails are slow to load when zooming quickly through a large collection. One way to
speed up the navigation is to generate a cache containing all the thumbnails using the darktable-generate-cache
command.

2.4.3. culling

Culling mode allows you to display images side by side for easy comparison.

controls

zoom
In culling mode, you can zoom into images (up to 100%) by holding Ctrl while scrolling with the mouse wheel.
Pan within zoomed images with click+drag.

By default, zooming and panning are synchronized between all visible images. If you want to zoom or pan only a specific
image, add the Shift modifier to the above actions.

navigate
Use the mouse wheel or arrow keys («/-) to scroll through your collection.

modes

There are two different culling modes, which define how many images are shown at the same time: “fixed” and “dynamic”.
Switch between these while in culling mode by pressing the “<” key.
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fixed mode

The number of images displayed is always the same, independent of the selection length. This number can be set with a
slider on the bottom panel.

In this mode, you will navigate through all selected images. If no selection is set (or if only one image is selected), you will
navigate through all images.

The default keyboard shortcut to enter culling in fixed mode is X.

dynamic mode

All of the selected images are shown. If no selection is set (or if only one image is selected) the last value from fixed mode
is used.

The default keyboard shortcut to enter culling in dynamic mode is Ctrl+X.

Hint: To enhance performance when loading zoomed images, you can enable ( preferences > processing > cpu/gpu/
memory > enable disk backend for full preview cache ). Bear in mind that this can occupy a lot of disk space.

2.4.4. full preview

From any of the lighttable modes, you can display a fully-zoomed preview of the image that is currently under the mouse
pointer by pressing and holding down W. This is useful to more closely inspect an image while rating and selecting images.

Pressing and holding Ctrl+W fully zooms into the image and also identifies any regions of sharpness in the image that may
indicate image focus. For this tool to work the input image needs to hold an embedded JPEG thumbnail, which is the case for
most raw files.

Regions in the image with a high level of sharpness are indicated with red borders. If no such regions are found, any regions
of moderate sharpness are identified with a blue border. Note that this is not the same as the focus peaking indicator, which
is another way to identifying areas of sharpness within an image.

Sometimes pressing W or Ctrl+W may not appear to have any effect - in such cases, click on the image thumbnail and
press the corresponding key again.

If you want the full preview to stay in place without having to hold the W key, you can enable sticky preview mode by
pressing F. In sticky preview mode, you can zoom and pan within the image in a similar way to the culling mode. Press F or
ESC to return to the original view.

2.5. digital asset management

2.5.1. collections & film rolls

A collection is a set of images matching a given selection criteria.

The most basic kind of collection is a film roll, which contains all of the images that have been imported from a specific
folder on disk. Whenever you import images from the filesystem, those images are organized in a film roll whose name is
derived from that of their parent folder.

You can easily construct other kinds of collection based on various image attributes (Exif data, filename, tags etc.) in the
collections module. Multiple criteria can be logically combined to narrow or extend your collection.

darktable retains a list of the most recently used collections for quick access. These can be accessed from the recent
collections module.

2.5.2. thumbnails

Each image in the current collection is represented by a thumbnail in the lighttable view and filmstrip module. A cache of
the most recently used thumbnails is stored in a file on disk and loaded into memory at startup. The size of this cache can
be adjusted in preferences > processing > cpu/gpu/memory .
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thumbnail creation

A thumbnail is created when an image is imported into darktable for the first time, after an image has been modified in the
darkroom, or when revisiting an image whose thumbnail is no longer available.

When an image is imported for the first time darktable can either try to extract an embedded thumbnail from the input
image (most raw files contain these, usually in JPEG format) or process the raw image itself using default settings. You can
define how darktable obtains its thumbnails in preferences > lighttable > thumbnails .

Extracting an embedded thumbnail from the input image is usually very fast. However, these thumbnails have been
generated by the raw converter of the camera and do not represent darktable’s “view” of that image. You will notice the
difference as soon as you open the image in the darkroom mode, at which point darktable replaces the thumbnail with its
own internally processed version.

After import darktable automatically generates thumbnails for new images as they are needed. When importing a large set
of new images, thumbnail generation can slow down navigation in the lighttable view. Alternatively you may terminate
darktable and generate the thumbnail cache separately by running darktable-generate-cache . This program will
generate all missing thumbnails in one go.

As the thumbnail cache has a pre-defined maximum size it will eventually get filled up. If new thumbnails are subsequently
added, old thumbnails are dropped from the cache. However, darktable will keep all thumbnails on disk if the corresponding
disk backend option is activated in preferences > processing > cpu/gpu/memory . Access to the thumbnails in this
secondary cache is slower than the primary cache, but still much faster than reprocessing thumbnails from scratch. The size
of the secondary cache is limited only by the available disk space.

Thumbnails are never removed from the secondary cache. You can manually clean the secondary cache by recursively
deleting all images in the $HOME/ . cache/darktable/mipmaps-xyz.d folder (where xyz denotes an alphanumeric identifier
of the cache). After clearing the secondary cache you can simply allow darktable to re-generate thumbnails as needed, or
you can generate all thumbnails in one go with darktable-generate-cache.

If you choose not to activate the disk backend and select too small a cache size, darktable may become unresponsive, you
may experience continuous regeneration of thumbnails when you navigate your collection or flickering of thumbnail images.
A good choice of cache size is 512MB or higher (see memory for more information).

All thumbnails are fully color managed. Colors are rendered accurately on screen as long as your system is properly set up
to hand over the right monitor profile to darktable. For more information see the color management section.

skulls
If for some reason darktable is unable to generate a thumbnail, it displays an image of a skull E instead. Don’t panic!

There are three main reasons this could happen:

» Missing image file: darktable remembers all images it has ever imported, as long as they have not been removed
from your database. If darktable wants to create a thumbnail but is not able to open the input file, a skull is displayed
instead. Users are advised to remove images from the database using the selected images module before physically
removing them from disk. Alternatively you may occasionally run the script purge _non_existing images.sh from
darktable’s toolset to clean-up your database.

* Invalid image format: While the extension of an image may seem to be supported by darktable, its contents could be
either an unsupported image format or a corrupt file.

* Low memory: If darktable runs out of memory while generating a thumbnail, it will warn you and display a skull. This
can happen if darktable is run with sub-optimal settings, especially on a 32-bit system. See memory for more
information.

2.5.3. star ratings & color labels

Star ratings and color labels help you to sort and rank images according to your own criteria. An image’s star rating and
color labels can be displayed over thumbnails in the lighttable view and filmstrip module.
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star ratings

You can give an image a rating from zero to five stars. Whenever you import images, each image receives a default rating
which you can define in the import module. You can also mark an image as “rejected”.

There are several ways to change a rating. While hovering the cursor over an image thumbnail, you can press a number key
0 - 5 to define the number of stars, or press R to “reject” an image. This is probably the fastest way to rate your images on
first inspection of a film roll.

You can also directly click on the star icons that are overlaid on the thumbnails or in the bottom panel. Click the x to reject.

As rejecting an image removes the currently-applied star rating, you can undo the rejection by clicking x or pressing R
again.

Similarly you can click the first star for a second time to reset the image rating to unranked, or zero stars. This behavior can
be changed in preferences > lighttable .

To rate multiple images at once, select those images in the lighttable or filmstrip and then press the appropriate shortcut
key, or click the desired star rating in the bottom panel of the lighttable view.

You can filter images by star rating in the top panel .

color labels

Color labels are another way to classify images, and can be used as an alternative to star ratings or to work alongside them.
Each image can carry any combination of one or more color labels (red, yellow, green, blue, or purple).

You can set the color labels for a single image by hovering your cursor over the thumbnail and pressing the function keys F1
- F5, which correspond with the labels in the order given above.

To set the color labels of one or more images, select the desired images in the lighttable or filmstrip and then press the
appropriate shortcut key or click the corresponding color button in the bottom panel. A color label will be added to all
selected images if any of them do not currently have the label; otherwise the label will be removed from all selected
images. To remove all labels (of any color) from the selected images, press the gray button.

You can filter images by color label in the collections module.

darktable 4.4 user manual 25



Lighttable digital asset management

2.5.4. image grouping
Grouping images helps to improve the structure and clarity of your image collection when displayed in the lighttable view.
You can combine images into a group by selecting them and clicking the “group” button in the selected image(s) module, or

by pressing Ctrl+G. Likewise, you can remove selected images from a group by clicking the “ungroup” button, or pressing
Ctrl+Shift+G.

Duplicated images are automatically grouped together. Similarly, if you import multiple images from the same directory,
having the same base name, but different extensions (eg. IMG_1234.CR2 and IMG_1234.JPG), those images automatically
form a group.

Images that are members of a group are denoted by a group icon in their thumbnails. Note that this icon is only shown

when “overlays” are displayed on image thumbnails. Thumbnail overlays can be enabled by selecting the star icon in the
top panel .

This icon also appears as a button, in the top panel of the lighttable view, that can be used to toggle grouping on and off. If
grouping is off, all images are displayed as individual thumbnails. If grouping is on, the images in a group are represented
by a single thumbnail image (the group leader). If you press the group icon in the group leader’s thumbnail, that group is
expanded (click a second time to collapse). If you then expand another group, the first group collapses.

An expanded group in the filemanager mode of lighttable view is indicated by an orange frame that appears as soon as your
mouse pointer hovers over one of the images. This frame surrounds all images in the group.

You can define which image is considered to be the group leader by clicking on the group icon of the desired image while
that group is expanded. The group icon is shown only if grouping mode is enabled, so to change the group leader, you need
to first enable grouping, expand the appropriate group and finally click the group icon of the desired “group leader” image.
The current group leader is shown in a tooltip when you hover over the group icon of an image.

If you collapse an image group and then enter darkroom mode (e.g. by double-clicking on the thumbnail), the group leader
image will be opened for developing.

Image groups are also a convenient way to protect an existing history stack against unintentional changes. If you have just
finalized an image and want to protect its current version, simply select the image, click “duplicate” in the selected images
panel, and make sure that grouping is switched on and that the group is collapsed. Now, whenever you open the image
group again in the darkroom, only the group leader will be altered. The underlying duplicate will remain unchanged.

Note: “duplicating images” only generates a copy of an image’s history stack, stored in another small XMP file. There is still
only one raw file.

2.5.5. metadata and tagging
darktable allows you to store additional information about your images to allow them to be more easily searched and

grouped. This information is stored in darktable’s database and XMP sidecar files and can also be included within exported
images.

metadata

Metadata (e.q. title, description) is free-format text that usually differs for each image. You can add metadata to images in
the metadata editor module.

tagging

Tags are usually shared between multiple images and are used to categorise and group them. You can add tags to images in
the tagging module.
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3. Darkroom

3.1. overview

The darkroom view is where you develop your images. The center panel contains the image currently being edited.

Z200m

Middle-click on the center panel cycle between “fit to screen”, 1:1 and 2:1 zoom.

Alternatively you can zoom between 1:1 and “fit to screen” by scrolling with your mouse. Scroll while holding the Ctrl key to
extend the zoom range to between 2:1 and 1:10.

3.2. darkroom view layout

left panel

From top to bottom:

navigation
Navigate and zoom the center view.

snapshots
Take and view snapshots for comparison with the current edit.

duplicate manager
View and manage duplicates.
global color picker
Select and display color information taken from parts of the image.
taggin
Manage tags.
image information
Display information about the current image.
mask manager
View and edit drawn shapes.

export
Export selected images to local files or external services.

right panel

From top to bottom:

scopes
A graphical depiction of the image’s light levels and colors. This module can be moved to the left-hand panel if desired
(see preferences > miscellaneous > position of the scopes module ).

module groups
Select module groups (if enabled).
search module
Search for a module (if enabled).
processing modules
The modules used to process an image.
module order
Choose the order in which processing modules are executed in the pixelpipe.
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bottom panel

1/160 « f/6.3 + 22 mm - 100 ISO

From left to right:

E presets

Quick access menu for module presets. You can manage the contents of this menu by selecting “manage quick presets
list...”.

) styles

Quick access menu for styles. Hover over a style name with your mouse to show a preview of the current darkroom image
with the selected style applied.

second darkroom window
For multi-monitor setup, allows the user to display a second image on another screen.
=} focus peaking
Toggle focus peaking mode.
E color assessment

Toggle the 1ISO12646 color assessment view.

raw overexposed warning
Toggle raw overexposed indicators (right-click for options).
u clipping warning
Toggle clipping warnings (right-click for options).
m soft proof
Toggle softproofing overlays (right-click for options).
m gamut check
Toggle gamut checking (right-click for options).
uides & overlays

Left-click to switch global guide overlays on/off and right-click to change the guide settings, including the color of all on-
image drawing (masks, crop guides etc.)

You can also enable the filmstrip module at the bottom of the screen to allow you select and interact with the currently
selected collection in the lighttable view.

3.3. the pixelpipe

3.3.1. the anatomy of a processing module

The basic element of image processing in darktable is the processing module . In order to process a raw image a number of
such modules act on the input image in sequence, each performing a different operation on the image data. For those
familiar with Adobe Photoshop, the concept of a processing module in darktable is analogous to that of an adjustment layer
in that both make an incremental adjustment to the image, building on top of the adjustments that came before.

Utility modules are also provided by darktable, however these are not directly involved in image processing, instead
providing a GUI that allows you to manage your images, tag them, export them etc.

Every processing module acts independently of the others, but all modules perform their processing in a similar manner:
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1. Receive the module input from the last executed module and perform an operation on it to produce the processed
output. This operation is different for every processing module .

2. Combine the module input and processed output using a blending operator to produce the blended output. If no
blending is performed, the output of this step is the same as the processed output.

3. Generate a mask, which defines an opacity for each pixel in the image. The opacity is later used to control how
strongly the module’s operation is applied to each part of the image.

You may define your own mask by drawing shapes over the image or by using pixel properties from the module input
or processed output (see masks for details). This mask may be further modified with a global opacity setting, which
affects every pixel equally.

If no drawn/parametric mask is used, the output of this step is a mask where every pixel has the same opacity
(governed by the global opacity setting). If no opacity is defined (no blending is performed) a global opacity of 1.0 (or
100%) is assumed.

4. Combine the module input and blended output pixel-by-pixel using the mask as a mixing operator, to produce the
final output. Where the mask opacity is 100%, the final output is the blended output for that pixel. Where the mask
opacity is 0 the final output is the module input for that pixel. An intermediate opacity combines the blended output
and module input proportionally. The final output is passed to the next module for further processing.

Steps 2 and 3 are optional and not supported by all modules. For example, the demosaic module must be applied to the
entire raw file in order to produce a legible image so it does not make sense to mask or blend its output.

Each of the above steps is defined in more detail in subsequent sections.

3.3.2. the pixelpipe & module order

The ordered sequence of processing modules operating on an input file to generate an output image is known as the
“pixelpipe”.

The order of the pixelpipe is represented graphically by the order in which modules are presented in the user interface - the
pixelpipe starts with a RAW image at the bottom of the module list, and applies the processing modules one by one, piling
up layer upon layer of processing from the bottom up, until it reaches the top of the list, where it outputs the fully processed
image.

Note: The order in which processing modules are executed exactly matches the order in which the modules appear in
darktable’s user interface. Changing the order of the modules in the user interface changes how your image is
processed.
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module order and workflows

The order in which modules are executed within the pixelpipe has been carefully chosen to give the best output quality. In
previous versions of darktable it was not possible to change the module order. However, there are a number of very specific
use cases where the movement of some modules within the pixelpipe is advised.

One of the main reasons to change the module order came about with darktable version 3.0, which introduced the new
scene-referred way of working. Version 3.2 formalised this by introducing the display-referred and scene-referred workflows,
which are controlled by the preferences > processing > auto-apply pixel workflow defaults setting. Starting with version 3.6,
scene-referred workflow is now the official recommended (and default) way to use darktable.

The scene-referred workflow attempts to perform as many operations as possible in a linear RGB color space, only
compressing the tones to fit the output medium (with a non-linear tone mapping) at the end of the pixelpipe. This has the
advantage of being a more physically-realistic space to do transformations than the traditional display-referred workflow,
which attempts to perform operations in a non-linear perceptual color space. Honoring the physical realism (rather than the
perceptual realism) makes it much easier to produce predictable processing algorithms with a minimum of artifacts.

The following diagram should help you to understand the difference between these workflows:

m»m---m»-»:;m»-

1 2 3

1. Scene-referred modules process linear data that is proportional to the amount of light collected by the camera at the
scene. The dynamic range of an image in the scene-referred section of the pixelpipe is often larger than that of the
display medium.

2. At some point in the pixelpipe, these pixel values are compressed by a non-linear tone mapping operation into a
smaller dynamic range more suitable for display on a monitor or a print.

3. The remaining modules operate in the non-linear display-referred section of the pixelpipe to produce the final output
image.

display-referred workflow

Prior to version 3.0 darktable’s workflow was display-referred (auto-apply pixel workflow defaults = “display-referred”) and
this option is still provided as a legacy mode. In this workflow, the base curve or filmic rgb module performs tone mapping
early in the pixelpipe and most other darktable modules operate on image data in the compressed display-referred space.

Selecting the display-referred workflow enables the legacy (pre-darktable-3.0) module order and automatically switches on
the base curve module for new images.

Pixel data within the display-referred space is non-linear and is not a physically realistic representation of the original scene.
This can lead to various artifacts with some modules, hence the creation of the (now default) scene-referred workflow.
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scene-referred workflow

Scene-referred workflow (auto-apply pixel workflow defaults = “scene-referred”) was introduced as part of darktable 3.0.
The module order was entirely rearranged to place the filmic rgb and base curve tone mapping modules much later in the
pixelpipe. This means that most modules now operate in linear rgb space with only a few modules remaining within the non-
linear display-referred space. Within this workflow it is now recommended that the majority of image processing takes place
using the modules up to and including filmic rgb . Operations in this section of the pixelpipe, being truly linear, are much
more physically realistic and produce fewer artifacts.

Selecting the scene-referred workflow enables the v3.0 module order and automatically enables the exposure and filmic rgb
modules with some presets designed to act as a reasonable starting point for scene-referred editing.

changing module order

It remains highly recommended that users not change the order within the pixelpipe for a number of reasons:

* The sequence of modules has been selected with great care in order to give highest output quality. Changes to the
sequence often worsen the result rather than improving it.

* Some processing modules simply don’t make sense if they are shifted in the pixelpipe. For example, highlight
reconstruction needs to be performed on raw data before demosaic , which itself needs to be performed before any
input color profile can be applied. For this reason it is still not possible to move some of the modules that are placed
early in the pixelpipe.

* Most processing modules are designed to work within a specific color space (see the color management section for
more details). Full flexibility would require modules to support different parallel algorithms depending on the color
space they are working in, which would drastically increase complexity.

Despite the general recommendation to leave the pixelpipe order alone, it is possible to move modules within the pixelpipe
by holding Ctrl+Shift and dragging and dropping the desired module to a new location. This should only be done by
experienced users who understand the impact this will have on the image.

The module order can be manually changed back to either the v3.0 or legacy versions using the module order module,
which can also be used to define your own custom module order presets.

3.3.3. the history stack

The history stack stores the entire editing history for a given image, in the order in which those edits were applied. It is
saved to darktable’s library database and the image’s XMP sidecar file and persists between editing sessions.

Each time a processing module is enabled, disabled, moved or amended a new entry is added to the top of the history
stack.

The history stack can be queried and modified within the history stack module in the darkroom.

Note: The history stack is not a representation of the order in which the modules are executed but the order in which they
were amended. The execution order is represented by the order of the modules in the right-hand panel.

3.3.4. undo and redo

While you are editing your image, darktable records all of the modifications you make to that image. This means that it is
possible to undo and redo changes to recover a previous editing state. Note that the undo/redo facility is unlimited in the
number of steps while editing an image, but is reset each time the darkroom is switched to a new image.

Press Ctrl+Z to undo the last modification and Ctrl+Y to redo the last undone modification (if any).

3.4. processing modules

3.4.1. module header

At the top of each processing module is the module header.

darktable 4.4 user manual 31


http://127.0.0.1:1313/dtdocs/en/darkroom/processing-modules/module-header/module-header.png

Darkroom processing modules
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Click on the module name to expand the module and display the parameters that control its operation.

By default darktable will only allow one processing module to be expanded at a time - if you click the header of another
module, the previously-opened module’s controls are collapsed. If you want to expand more than one module, you may
expand further modules by Shift+clicking on the header and all previously expanded modules will remain open. This
behaviour can be reversed via a setting in preferences > darkroom .

Note: Expanding a module does not cause it to be activated. See below for how to activate modules.

The module header contains the following controls in order from left to right:

on/off button

Click to toggle the module on or off. Some modules are essential for image processing and cannot be disabled (though
their parameters may be amended). Similarly, some modules are not applicable for certain types of image and cannot be
enabled.

Ctrl+click on the on/off button to toggle whether the module has focus. The focus state is usually used to activate any
overlays that a module places over the image to control its functionality. For example, the crop module only shows the
composition and crop guide lines on the image if it has focus. Modules are automatically given focus when expanded.

module name

The module name consists of a description of the module’s operation (which cannot be changed) followed by the module’s
instance name (which can). By default the first instance of a module has an empty instance name. If you create additional
instances, the name of each new instance is initiated with a unique integer. For example, the second created instance of
an exposure module will be automatically named exposure 1.

Ctrl+click on a module’s name to manually amend its instance name.

mask toggle

This icon will appear in the header whenever a mask is active on a module. Hover over the icon to see what type of mask
is enabled. Click it to display the current mask as a yellow overlay over a black-and-white version of the image. Solid
yellow indicates an opacity of 100%; a fully visible gray background image (without yellow overlay) indicates an opacity of
0%. This toggle button can be disabled in preferences > darkroom > show mask indicator in module headers .

multiple instance menu

This menu allows you to create, delete, move and rename module instances. Right-click on this icon to directly create a
new instance of the module. See the multiple instances section for more information.

reset

Click to reset all module controls to their default values. Ctrl+click to reapply any automatic presets for the module - if no
automatic presets are applicable for this module, Ctri+click will simply reset to default values (same as click).

presets menu
This menu allows you to apply, create and edit module presets. See the presets section for more information.

The visibility of the four icons to the right of the module name can be controlled in preferences > darkroom > show right-
side buttons in processing module headers .

3.4.2. multiple instances

Many of darktable’s modules can be applied more than once in the pixelpipe. Each instance of a module behaves
independently, taking its input from the module below it in the pixelpipe and delivering its output to the next module.

As with the base instance of a module, all instances can be moved independently within the pixelpipe either by holding
Ctrl+Shift while dragging & dropping or by choosing “move up” or “move down” in the multiple instances drop-down menu.

Instances can be renamed by Ctrl+clicking on the module name.
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typical use cases

There are many occasions where it makes sense to have a module apply more than once in the pixelpipe. Here are some
typical use cases.

* The exposure module can be used in combination with masks to lighten or darken parts of an image. A separate
instance may be created to modify each masked region of the image.

* You may wish to handle luma and chroma noise independently. This can be accomplished by generating two
instances of your chosen denoising module and using the first one only on luma (by selecting blend mode
“lightness”) and the second one only on chroma (by selecting blend mode “color”).

Note: Each instance also adds to the workload of your pixelpipe. Generating too many instances - especially of the more
demanding modules - will cause noticeable slow-down.

managing multiple instances

Click on the multiple instance menu in the module header to display a menu with the following options. Right-click on the
menu icon to create a new instance directly (same action as clicking on the “new instance” option of the menu).

new instance

Create a new instance of the current module with all of its parameters reset to their default values. The ‘instance name’ is
automatically set to a unique integer so that it can be distinguished from its parent.

duplicate instance

Create a new instance of the current module with all of its parameters inherited from the current instance. As with 'new
instance’ the ‘instance name’ is automatically set to a unique integer.

move up/down

Move the instance up or down in the pixelpipe
delete

Remove the current instance. This option is not available if only one instance is present.
rename

Rename the current instance. See the history stack section for more details on how the instance name impacts copying
and pasting history stacks.

3.4.3. presets

Presets allow you to store commonly-used module settings for future use. Some modules already come with pre-defined
(internal) presets and you may also define your own (user-defined). Both internal and user-defined presets can be shown by
clicking the presets menu in the module header .

Most of the functionality described here applies to processing modules only. However, presets can also be used with some
utility modules. When used with utility modules, the functionality to auto-apply or auto-show presets based on image Exif
data is not available.

Please note that, for processing modules, the saved preset also includes the active state of the module. You can use this to
create your own default settings, which you can activate on-demand. Simply set your desired defaults, disable the module,
and save the preset.

the presets menu

The presets menu will contain one or more of the following entries depending on the presets that are defined or selected for
the current module:

preset list

A list of the presets available for the current module. The currently selected preset (if any) is shown in bold and with a
small check mark beside it.

edit this preset

If a preset has been selected, edit the selected preset (see below).
delete this preset

If a preset has been selected, delete the selected preset.
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update preset [name]

Update the named preset to match the module’s current parameters.
store new preset

Create a new preset using the module’s current parameters.

Click on a preset name to apply the preset to the current instance of the module. Right-click on a preset name to create a
new instance of the module and apply the selected preset to it. You can also apply a preset at any time while you are in the
darkroom using a keyboard shortcut - if you have assigned one (see preferences > shortcuts ).

creating and editing presets

When creating or editing presets, the following dialog is shown:

Nikon 24-70mm, F2.8

¥ auto apply this preset to matching images
¥ only show this preset for matching images

model %

maker )

lens 24-70mm F2.8

ISO 0 + 51200

exposure 0 ~

aperture /8 v
focal length 24 =T [35

format ¥ non-raw
¥ raw
¥ HDR
¥ monochrome

¥ color

cancel

controls

name
The name of the preset

description
A searchable description for the preset (optional)

auto apply this preset to matching images (processing modules only)

Check this box to automatically apply this preset to matching images when they are opened in the darkroom for the first
time (you can reapply such automatic presets by Ctrl+clicking on the reset button in the module header ). Additional
controls will appear to allow you to define which images the preset will be applied to based on image Exif data (see
below).

For example, if you want a preset to be applied to all images from a specific camera leave all fields at default values
except for “model”. Leave all fields unchanged to auto-apply a preset to all images.

The example dialog above sets up following rules: if the lens name matches, the aperture is greater than or equal to f/8
and the focal length is between 24 and 35mm the preset will be automatically applied.

The image information module displays the camera model and lens name for each image. Use this to ensure you have the
correct spelling.
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only show this preset for matching images (processing modules only)
Check this box to automatically show the preset in the preset menu, using the same set of filters.

filter criteria

The following criteria can be used to auto-apply or auto-show presets for processing modules:

model

A pattern to be matched against the Exif field that describes your camera model; use % as wildcard.
maker

A pattern to be matched against the Exif field that describes the maker of your camera; use % as wildcard.
lens

A pattern to be matched against the Exif field that describes your lens; use % as wildcard.
ISO

Only apply the preset if the ISO value of your image lies within the given range.
exposure

Only apply the preset if the exposure time of your image lies within the given range; set + as the upper value to match
arbitrarily long exposures.

aperture

Only apply the preset if the aperture of your image lies within the given range; set f/0 as the lower value to match
arbitrarily open apertures; set f/+ as the upper value to match arbitrarily closed apertures.

focal length
Only apply the preset if the focal length of your image lies within the given range (from 0 to 1000).
format

Only apply the preset to certain types of image. Check a box to include files matching a criterion; uncheck the box to

exclude those files. Choose from “raw”, “non-raw”, “HDR"”, “monochrome” and “color”.

Note: If you deselect both “raw” and “non-raw” the filter will not apply to any files (since all supported files are either raw
or non-raw). Similarly if you deselect both “monochrome” and “color”.

managing presets

Both user-defined and internal presets can be viewed and managed from within preferences > presets .

Note: If you create a user-defined preset with the same name as a built-in preset, your preset will override the built-in
version, which will no longer be accessible.

If you delete a preset that has the same name as one of the built-in presets, then your user preset will be deleted, and that
preset name will no longer appear in the preset menu at all. The next time you start darktable, the corresponding built-in
preset will once again become visible.

3.4.4. module controls

This section describes how to interact with processing module controls.

sliders

Sliders offer five different methods of interaction, depending on the level of control you require.

left-click (set)

Click anywhere in the slider area to set the value. You can also click and drag to change it. You don’t have to aim for the
triangle or even the line - you can click anywhere in the entire height of the slider, including the label.

mouse wheel (adjust)

Hover over the slider with your mouse, then use your mouse wheel to adjust the value. You can alter the default speed at
which the mouse scroll adjusts a slider by scrolling over that slider while in visual shortcut mapping mode .
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keyboard arrow keys (adjust)

When the slider has focus you can hover over the slider with your mouse, then use your keyboard'’s arrow keys («/! and
—/1) to adjust the value. In order to give focus to the widget without changing the current value you can right-click, then
right-click again.

right-click (pop-up edit)

When your mouse is over a slider right-clicking enables a multi-functional pop-up below the slider for fine control with your
mouse or numerical entry using the keyboard.

exposure +0.380 EV
-3.000 EV ' +4.000 EV

1

A bent line extending from the triangular marker moves with your mouse. The closer your mouse pointer is to the
triangular marker the coarser the control you have over the value; the further away from the triangular marker the finer
your control. Left-click with your mouse to accept the new value and hide the pop-up.

Alternatively you can type in a new value using your keyboard and commit by hitting the Enter key. You may even supply
the new value in the form of an arithmetic expression which darktable will calculate for you - the previous value is
referenced as “x”.

For most sliders, the minimum and maximum values displayed are known as “soft limits” - they do not represent the
minimum/maximum values that you may enter, merely a suggested range of “normal” values that most users will not
need to exceed. As well as these soft limits, each slider also has “hard limits” which may not be exceeded.

You may right-click and type any value up to the hard limits for a given slider. For example, in the rotate and perspective
module, the soft limits for angle are -10 to +10 degrees while the hard limits are -180 to +180 degrees; In the exposure
module, the soft limits for the exposure slider are -3 to +4 EV while the hard limits are -18 to +18 EV. If you try to enter a
value beyond the hard limit, it will be automatically be adjusted to the minimum/maximum allowable value.

double-click (reset)

Double-click on a slider or its label to reset to the default value. If controls are grouped together within a tabbed interface,
you can double-click on the tab’s header label to reset all settings in that tab.

In addition, the speed of mouse-wheel, arrow-key and click+drag adjustments can be altered:

* hold down the Shift key while adjusting to increase the step size by a factor of 10.
* hold down the Ctrl key while adjusting to decrease the step size by a factor of 10.

Both of these multipliers can be amended in preferences > shortcuts by altering the speed of the fallbacks/value actions.

comboboxes

Click on a combobox to show a list of available options which you can click to select. Occasionally the selection list will open
close to the bottom or top of the screen meaning that only some of the items are visible - simply scroll with your mouse
wheel to bring up the full list. Alternatively, you can also use the mouse wheel and keyboard arrow keys to select an option,
or start typing to filter the combobox entries.
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color pickers

A number of modules allow parameters to be set using color pickers (identified by the icon). These use a standard
4

interface and most can operate in either point or area mode. Point mode can be activated by clicking on the color picker
icon. Area mode is activated with Ctrl+click or right-click.

keyboard shortcuts

Module parameters can also be adjusted using keyboard shortcuts. See preferences > shortcuts for more information.

3.4.5. curves

The base curve , tone curve and rgb curve modules use curves to control the tones in the image. These modules have some
common features that warrant separate discussion.

color space RGB, linked channels v~
.

interpolation method monotonic spline v
preserve colors average RGB v
scale for graph 0.00

A

nodes

In their default state, curves are straight lines, defined by two anchor nodes at the top-right and bottom-left of the graph.
You can move the nodes to modify the curve or generate new nodes by clicking on the curve. Ctri+click to generate a new
node at the x-location of the mouse pointer and the corresponding y-location of the current curve - this adds a node without
the risk of accidentally modifying the curve. Up to 20 nodes can be defined per curve. To remove a node, click on it and drag
it out of the widget area.

curve controls

The following controls are common to two or more of the above processing modules and are therefore discussed separately
here. Please see the individual module documentation for discussion of any additional controls.
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interpolation method
tone curve and rgb curve only

Interpolation is the process by which a continuous curve is derived from a few nodes. As this process is never perfect,
several methods are offered that can alleviate some of the issues you may encounter.

* cubic spline is, arguably, the most visually pleasing. Since it gives smooth curves, the contrast in the image is
better enhanced. However, this method is very sensitive to the nodes’ position, and can produce cusps and
oscillations when the nodes are too close to each other, or when there are too many of them. This method works
best when there are only 4 to 5 nodes, evenly spaced.

 centripetal spline is designed specifically to avoid cusps and oscillations but, as a drawback, it will follow the nodes
more loosely. It is very robust, no matter the number of nodes and their spacing, but will produce a more faded and
dull contrast.

* monotonic spline is designed specifically to give a monotonic interpolation, meaning that there will be none of the
oscillations the cubic spline may produce. This method is most suitable when you are trying to build an analytical
function from a node interpolation (for example: exponential, logarithm, power, etc.). Such functions are provided
as presets. It is a good trade-off between the two aforementioned methods.

preserve colors
If a non-linear tone curve is applied to each of the RGB channels individually, then the amount of tone adjustment applied
to each color channel may be different, and this can cause hue shifts. The preserve colors combobox provides different
methods of calculating the “luminance level” of a pixel in order to minimise these shifts. The amount of tone adjustment is
calculated based on this luminance value, and then this same adjustment is applied to all three of the RGB channels.
Different luminance estimators can affect the contrast in different parts of the image, depending on the characteristics of
that image. The user can therefore choose the estimator that provides the best results for the given image. Some of these
methods are discussed in detail in the preserve chrominance control in the filmic rgb module. The following options are
available:

* none
* luminance
* max RGB
* average RGB
* sum RGB
* norm RGB
* basic power

scale for graph

tone curve and base curve only

The scale allows you to distort the graph display so that certain graphical properties emerge to help you draw more useful
curves. Note that the scaling option only affects the curve display, not the actual parameters stored by the module.

By default, a “linear” scale is used (defined by a scale factor of 0). This scale uses evenly spaced abscissa and ordinates
axes.

A logarithmic scale will compress the high values and dilate the low values, on both the abscissa and the axis of ordinates,
so that the nodes in lowlights get more space on the graph and can be controlled more clearly.

Increase the ‘scale for graph’ slider to set the base of the logarithm used to scale the axes. This allows you to control the
amount of compression/dilation operated by the scale. If you draw purely exponential or logarithmic functions from
identity lines, setting this value defines the base of such functions.

3.4.6. wavelets

Wavelets are used to separate (or decompose) an image into a number of distinct layers, each containing a different level of
detail. After decomposing an image in this way, a module can limit its processing to one or more of these detail layers, and
then piece the layers back together again at the end to form its output. This allows us to be surgical about which features in
the image we wish to impact when working with a module.

Some of the operations that darktable can perform in this way are:

* noise removal (in the denoise (profiled) , raw denoise and contrast equalizer modules)
* contrast adjustment (in the contrast equalizer module)
* blurring or removal of unwanted detail (in the retouch module)

darktable 4.4 user manual 38



Darkroom processing modules

theory

A wavelet is an oscillating mathematical function that starts and ends at zero. The following diagram shows some simple
wavelets of differing sizes.

These wavelet functions are used to scan and decompose an image using a mathematical operation called convolution. This
picks out details from the image that are on a similar scale to the size of a given wavelet, and builds a number of these
detail layers, each corresponding to a different wavelet scale.

The following is an example where detail layers have been extracted from the above image. In this case, the images were
produced using the retouch module, splitting the image into 8 different layers, and using the module’s “display wavelet
scale” button to visualise each of the detail layers:

wavelet decompose

scales: 8
current: 5
merge from:0

(4
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The bars in the wavelet decompose section indicate the layers that have been extracted at different wavelet scales. The
darkest rectangle at the left represents the entire image (before decomposition) and the gray boxes each represent one of
the decomposed layers. Clicking on the staircase icon below the bar graph enables the layer visualisation overlay so that
you can see what the currently selected layer looks like.

Let’s take a look at some of the layers generated for the above image.

At scale #2, the image contains only very fine details, including the model’s eyebrows, eye lashes and the pores of his skin.
It doesn’t include the coarser details of the image, because those details have been extracted to other layers:

At scales #5 and #6 we begin to see larger and larger features:
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By scale #8 we only see very high-level features such as the overall shape of the model’s nose, eye and cheek:

why use wavelets?

Suppose, in the above example, that we wanted to smooth out some of the blotchiness in the model’s skin, without losing
any of the underlying small-scale texture. Wavelet decomposition makes this a trivial operation - we can simply use the
retouch module to apply a Gaussian blur to only the ‘blotchy’ detail layer(s), leaving all other layers untouched. Once the
adjustment is complete, the retouch module simply recombines the adjusted layer with the remaining untouched layers to
produce the final image.

The sequence of images below shows (1) The original image; (2) The layer (scale 5) that we wish to blur; and (3) The final
image after the scale 5 layer has been blurred and the layers recombined:
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As you can see, the large-scale skin blotches have been removed, but the small-scale details remain untouched.

interacting with wavelet scales

There are two methods by which processing modules allow you to modify their operation using wavelet scales.

wavelet decomposition

As discussed above, the retouch module allows you to choose how many detail levels to split your image into. It
decomposes the image into separate layers and allows you to perform operations selectively on each individual layer or on
the image as a whole:

wavelet decompose

scales: 8
current: 5
merge from:0

(4

See the retouch module documentation for more details.

spline controls

The denoise (profiled) , raw denoise and contrast equalizer modules allow their effects to be applied more or less to each
wavelet scale using splines.
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e |

Here, each node in the graph represents a different level of detail in the image, from coarse detail on the left to fine detail
on the right. You can raise or lower each of these nodes with your mouse to increase or decrease the module’s effect,
respectively, on that wavelet scale.

To modify the curve, click slightly above or below the line near to a node and drag up or down. You can change the width of
your modification by scrolling with your mouse wheel, which increases or reduces the size of the circle displayed under your
mouse pointer. A small circle indicates that the effect of dragging the curve up or down will be isolated mostly to the node
being adjusted. A larger circle indicates that the effect will be more broad and will increasingly impact adjacent nodes.
When you hover your mouse over the graph, shaded areas indicate the parts of the spline that will be impacted when you
attempt to modify the curve.

3.4.7. deprecated modules

The darktable team regularly reviews old modules and updates their implementation where issues are found or updated
science means that they can be improved. Most of the time we try to update existing modules with new functionality but
occasionally that becomes problematic, often due to the overhead of having to maintain multiple versions of the module. In
such circumstances a new replacement module is created and the old module becomes deprecated.

Module deprecation follows a fairly standard process: In the release that deprecates a module, that module can no longer be
searched or added to custom module groups. It is moved into the read-only deprecated modules group and a message
added to the module to warn of its removal and direct the user to a suitable alternative.

After a year, the module is removed from the deprecated modules group and is then only available for use in old edits
(where that module was already active against a given image). Deprecated modules are never fully removed from darktable
(in order to retain old edits) but development ceases and you are advised to use supported modules instead if you
encounter an issue.

For example, modules deprecated in darktable 3.4 will be removed from the deprecated modules group in darktable 3.8
(assuming two major releases each year).
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3.5. masking & blending

3.5.1. overview

Each processing module takes its input from the preceding module in the pixelpipe, performs its operation on the image
data, and then hands the output to the next module in the pixelpipe.

A module’s output data can optionally be reprocessed (combined) with its input data before being handed to the next
module. This additional processing step is called blending - input and output data is reprocessed using algorithms called
blending operators or blend modes .

Each blend mode is further controlled by the opacity parameter (having a value between 0% and 100%) which defines how
much the input and output images contribute to the final result. Typically an opacity of 0% outputs an image which is
identical to the input image (the module has no effect) whereas an opacity of 100% delivers the maximum effect of the
module.

This opacity can be the same for every pixel (using the global opacity slider), in which case blending acts uniformly over the
entire image. Alternatively the opacity values can vary depending on the properties or location of each pixel. This local
modification of opacity is called a mask. Masks provide the user with fine control over which parts of an image are affected
by a module and to what extent. The user may choose to activate a drawn mask , a parametric mask or a combination .

Blending and masking functionality is controlled via a group of icons located at the bottom of each applicable module.

X O N W% =

These icons enable the following masking and blending options, from left to right:

off
Module output is passed to the next module in the pixelpipe without additional reprocessing. No further controls are
displayed.

uniformly
Input and output images are reprocessed uniformly with the chosen blend mode, where the amount of blending is
controlled by a single opacity slider. Additional controls are displayed to allow the blend mode and opacity to be selected.
The default is a blend mode of “normal” with an opacity of 100%.

drawn mask

Reprocessing takes place with the chosen blend mode and an opacity based on pixel location as defined by one or more
drawn shapes. Additional controls are displayed to allow mask elements to be drawn. If no mask elements are drawn then
all pixels have the same opacity, as defined by the opacity slider.

parametric mask
Reprocessing takes place with the chosen blend mode and an opacity based on the properties of individual pixels.
Additional controls are displayed to allow the opacity to be adjusted on a per-pixel basis, determined by pixel values.
drawn & parametric mask
Reprocessing takes place with the chosen blend mode and an opacity based on a combination of a drawn and parametric
mask.
raster mask
Reprocessing takes place with the chosen blend mode and an opacity based on a mask that was generated by an active
module earlier in the pixelpipe.
blending options
Choose which color space to use when calculating the blending mask, and specify whether or not to allow a mask to be
generated based on the module’s output channels (normally a parametric mask is generated based on the input channels
coming into the module). The following options are available:
* reset to default blend colorspace: Use the default color space for the module to specify the parametric mask.
» Lab: Use the Lab color space (where available) to specify the parametric mask.
* RGB (display): Use the display-referred RGB/HSL color space to specify the parametric mask.
* RGB (scene): Use the scene-referred RGB/JZCZhZ color space to specify the parametric mask.

» show output channels: Show the parametric mask output channel controls, so that the parametric mask can be
defined in terms of the module’s output channels.
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Note: Not all of these blending options are available for every module.

3.5.2. blend modes

Blend modes define how the input and output of a module are combined (blended) together before the module’s final
output is passed to the next module in the pixelpipe.

Classic blending modes, designed for display-referred RGB (constrained to 0-100%), implicitly define a fulcrum at 50%
(gray) or 100% (white) in their algorithms, depending on the blend mode. Because scene-referred is not subject to these
restrictions, this fulcrum needs to be explicitly defined by the user when performing blending operations in the “RGB
(scene)” color space. The additional blend fulcrum parameter will be presented to the user when using one of these blend
modes in this color space. The effect depends on the operator used. For example, values above the fulcrum might be
brightened and values below darkened, or vice versa.

The final output of a module is computed ‘per-pixel’ as follows:
final output = (1.0 - opacity) * module input + opacity * blended output

where the blended output is a combination of the input and output images, depending on the blend mode (below), and the
opacity is defined ‘per-pixel’ by a combination of the mask and global opacity parameter. An opacity of 0% outputs an
image that is identical to the input image of the module.

The “reverse” button n effectively reverses the roles of the input and output images in the ‘per-pixel’ computation:

final output = (1.0 - opacity) * module output + opacity * blended input

where the blended input is a combination of the output and input images, depending on the blend mode below where
output and input image references are reversed. In “reversed” blend modes, an opacity of 0% outputs an image that is
identical to the output image of the module.

normal modes

normal

The most commonly used blend mode, “normal” simply mixes input and output to an extent determined by the opacity
parameter. This mode is commonly used to reduce the strength of a module’s effect by reducing the opacity. This is also
usually the blend mode of choice when applying a module’s effect selectively with masks. This mode is also known as the
“over” Porter-Duff alpha blending operator (see alpha compositing for more details).

normal bounded
not available in the “RGB (scene)” color space

This blend mode is the same as “normal”, except that the input and output data are clamped to a particular min/max
value range. Out-of-range values are effectively blocked and are not passed to subsequent modules. Sometimes this helps
to prevent artifacts. However, in most cases (e.g. highly color-saturated extreme highlights) it is better to let unbound
values travel through the pixelpipe to be properly handled later. The “normal” blend mode is therefore usually preferred.

arithmetic modes

addition

Add together the pixel values of the input and output images, lightening the output. When blending in the “RGB (scene)”
color space, the pixel values of the output image are multiplied by a value proportional to the “blend fulcrum”.

subtract

Subtract the pixel value of the output from the input. When blending in the “RGB (scene)” color space, the pixel values of
the output image are multiplied by a value proportional to the “blend fulcrum”. Pixel values less than 0 are set to 0.
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multiply
Multiply the pixel values of the input and output together. When blending in display-referred color spaces, pixel values are
between 0 and 1.0, the final output will be clamped and will always be darker. When blending in the “RGB (scene)” color
space, this value is further multiplied by a value proportional to the “blend fulcrum”. In this case, values may be greater
than 1.0 and therefore brighten the base image. This may have other side-effects, such as updating the white point in the
filmic module.

Multiply blending simulates an optical variable density filter, where the density is defined by the output of the module. It
has many applications, from blooming and local contrast enhancements (when used with a blur or low-pass filter) to
dodging/burning and global contrast enhancements (when used with exposure). The fulcrum sets the output intensity
threshold between darkening and brightening (any RGB value below fulcrum will darken).

divide
Divide the pixel values of the input by the output. When blending in the “RGB (scene)” color space, the pixel values of the
output image are multiplied by a value proportional to the “blend fulcrum”.

Since this is the inverse of the multiply mode, it will darken where multiply brightens and vice versa. Everything else
works in essentially the same way.

screen
not available in the “RGB (scene)” color space
Invert the input and output pixel values, multiply those values together and invert the result. This yields approximately the
opposite effect to “multiply” mode - the resulting image is usually brighter, and sometimes “washed out” in appearance.
average
Return the arithmetic mean of the input and output pixel values.
difference
Return the absolute difference between the input and output pixel values.
geometric mean
Return the square root of the product of the input and output pixel values.
harmonic mean
Return the product of the input and output pixel values, multiplied by 2 and divided by their sum.

contrast enhancing modes

The following modes are not available in the “RGB (scene)” blending color space as they rely on an assumption of “50% mid
gray” which only applies to display-referred and non-linear color spaces.

overlay
This mode combines the “multiply” and “screen” blend modes: The parts of the input where the output is brighter,
become brighter; The parts of the image where the output is darker, become darker; Mid-gray is unaffected. This mode is
often combined with the lowpass and highpass modules.

softlight
This mode is similar to “overlay”, except the results are softer and less bright. As with overlay, it is often combined with
the lowpass and highpass modules.

hardlight
This mode is not related to “softlight” in anything but name. Like overlay mode it is a combination of “multiply” and
“screen” modes and has a different effect above and below mid-gray. The results with hardlight blend mode tend to be
quite intense and usually need to be combined with a reduced opacity.

vividlight
This mode is an extreme version of overlay/softlight. Values darker than mid-gray are darkened; Values brighter than mid-
gray are brightened. You will probably need to tone down its effect by reducing the opacity

linearlight
This mode is similar to the effect of “vividlight”.

pinlight
This mode performs a darken and lighten blending simultaneously, removing mid-tones. It can result in artifacts such as
patches and blotches.
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color channel modes

Lab channels

The following are available for blending in the Lab color space only

Lab lightness
Mix the lightness from the input and output images, while taking the color channels (a and b) unaltered from the input
image. In contrast to “lightness” this blend mode does not involve any color space conversion and does not clamp any
data. In some cases this blend mode is less prone to artifacts than “lightness”.

Lab a-channel
Mix the Lab “a” color channel from the input and output images, while taking the other channels unaltered from the input
image.

Lab b-channel
Mix the Lab “b” color channel from the input and output images, while taking the other channels unaltered from the input
image.

Lab color

Mix the Lab color channels (a and b) from the input and output images, while taking the lightness unaltered from the input
image. In contrast to “color” this blend mode does not involve any color space conversion and does not clamp any data. In
some cases this blend mode is less prone to artifacts than “color”.

RGB channels

The following are available when blending in RGB color spaces only.

RGB red channel
Mix the “red” channel from the input and output images, while taking the other channels unaltered from the input image.
When blending in the “RGB (scene)” color space, the “red” channel from the output image is multiplied by a value
proportional to the “blend fulcrum”.

RGB green channel
Mix the “green” channel from the input and output images, while taking the other channels unaltered from the input
image. When blending in the “RGB (scene)” color space, the “green” channel from the output image is multiplied by a
value proportional to the “blend fulcrum”.

RGB blue channel

Mix the “blue” channel from the input and output images, while taking the other channels unaltered from the input image.
When blending in the “RGB (scene)” color space, the “blue” channel from the output image is multiplied by a value
proportional to the “blend fulcrum”.

HSV channels

The following are available when blending in the “RGB (display)” color space only.

HSV value

Mix the lightness from the input and output images, while taking color unaltered from the input image. In contrast to
“lightness” this blend mode does not involve clamping.

HSV color

Mix the color from the input and output images, while taking lightness unaltered from the input image. In contrast to
“color” this blend mode does not involve clamping.

others

lightness
Mix lightness from the input and output images, while taking color (chromaticity and hue) unaltered from the input image.
chromaticity

Mix chromaticity from the input and output images, while taking lightness and hue unaltered from the input image. This
blend mode uses RGB ratios, divided by a Euclidean norm.

lighten
not available in the “RGB (scene)” color space
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Compare the pixel values of the input and output images, and output the lighter value.
darken

not available in the “RGB (scene)” color space

Compare the pixel values of the input and output images, and output the darker value.
hue

not available in the “RGB (scene)” color space

Mix hue (color tint) from the input and output images, while taking lightness and chroma unaltered from the input image.
color

not available in the “RGB (scene)” color space

Mix color (chroma and hue) from the input and output images while taking lightness unaltered from the input image.

Caution: When modules drastically modify hue (e.g. when generating complementary colors) this blend mode can result in
strong color noise.

coloradjustment
not available in the “RGB (scene)” color space

Some modules act predominantly on the tonal values of an image but also perform some color saturation adjustments
(e.g. the levels and tone curve modules). This blend mode takes the lightness from the module’s output and mixes colors
from input and output, enabling control over the module’s color adjustments.

3.5.3. masks

3.5.3.1. overview

Masks allow you to limit the effect of a module so that it only applies to certain parts of the image.

A mask can be regarded as a grayscale image where each pixel has a value between 0 and 1.0 (or between 0% and 100%).
This value is the opacity and is used to determine how much a module affects each pixel.

The following sections explain how to construct masks in darktable.

3.5.3.2. drawn masks

With the drawn mask feature you can construct a mask by drawing shapes directly onto the image canvas. Shapes can be
used alone or in combination. Once a shape has been drawn on an image it can be adjusted, removed, or reused in other
modules.

Shapes are stored internally as vectors and are rendered with the required resolution during pixelpipe processing. Shapes
are expressed in the coordinate system of the original image and are transformed along with the rest of the image by any
active distorting modules in the pipe ( lens correction , rotate and perspective for example). This means that a shape will

always work on the same image area regardless of any modifications that may be subsequently applied.

The controls required to create and alter drawn masks may be enabled by selecting either the “drawn mask” or “drawn &
parametric mask” icon at the bottom of a module. You can also create and edit shapes using the mask manager module.

creating shapes

Choose a shape by clicking on the appropriate shape icon (from left to right: circle, ellipse, path, brush, gradient).

OQNJ/T
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This will take you into the creation mode for that shape. Once you have finished drawing your shape you will automatically
be taken into edit mode.

Ctrl+click on the shape icon to continuously draw multiple shapes of the same type - each time a shape is completed, you
will re-enter creation mode for a new instance of that shape. While in continuous creation mode, right-click on the image to
stop drawing shapes and enter edit mode.

For all drawn shapes, you can hold Shift while scrolling with the mouse wheel to change the extent of the shape’s feathering
(the blur at the edge of the shape) and use Ctrl+scroll to change the shape’s opacity (how transparent it is). These
operations are available in both creation and edit modes (as long as your mouse is over the shape in question).

By default, scrolling your mouse up increases the value of the relevant shape parameters. This behavior can be changed in
preferences > darkroom > scroll down to increase mask parameters .

Note: When used in shape creation mode, the preceding scroll operations will also cause the default feathering or opacity
to be changed. The new default values will be used the next time you create a new shape.

editing shapes

Click on the ‘show and edit mask elements’ icon to enter shape edit mode. This will show all drawn masks in use by the

current module and allow you to edit those shapes. It will also expand the associated group in the mask manager .
Ctrl+click on the same icon to enter restricted edit mode, where certain actions (e.g. dragging a complete shape or
changing its size) are blocked. This is particularly useful to avoid costly mistakes when editing path and brush shapes.

Click and drag a shape to move it around the image canvas. Clicking on a shape will also select that shape in the mask
manager.

removing shapes
While in edit mode right-click on a shape to remove it.
reusing shapes

You can reuse shapes that you have drawn in other modules. Click on the shapes drop-down (next to the ‘show and edit
mask elements’ button) to choose previously-drawn shapes individually or to use the same group of shapes as used by
another module. The following options are available for selection:

add existing shape

Choose either an individual shape or a group of shapes that you’'ve drawn previously (either within the mask manager or
from within the drawn mask of another module). If that shape or group is used elsewhere, any changes you make will be
reflected everywhere the shape or group is used.

use same shapes as

Add a list of shapes used in another module to the current module’s mask. This differs from the previous option in that it
creates a new group of shapes, allowing shapes to be added to or removed from the group independently of the module
from which they were copied. All shapes that are common to both groups remain linked.

combining and managing shapes

The mask manager module can be used to manage your drawn shapes. This module also allows you to group and combine
drawn masks using set operators (union, intersection, difference, exclusion).

shape distortions

In order to ensure a consistent co-ordinate system, when you place a shape on the image, it is actually drawn on the
original RAW file. This shape then passes up through the pixelpipe before finally being used by the module and drawn on the
screen. This means that, if you have any enabled any distorting modules (such as lens correction), drawn shapes may
appear distorted on the screen and in the final image. This can lead, for example, to circles being rendered as ellipses and
gradient lines becoming curved. If you need to create a more accurate shape (to overcome these distortions) it is
recommended that you avoid using the simple shapes (circles / ellipses) in favor of the path shape (which can be drawn
using more points, reducing distortions). You can adjust the curve on gradient lines to overcome the simple distortions
introduced by lens correction.
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available shapes

circle

Click on the image canvas to place the circle. Scroll while hovering over the circle to change its diameter. Scroll while
hovering over the circle’'s border to change the width of the feathering (the same effect as holding Shift while scrolling
with the mouse wheel within the main shape).

ellipse

The general principle is the same as for the circle shape. In addition, four nodes are shown on the ellipse line. Click and
drag the nodes to adjust the ellipse’s eccentricity. Ctrl+click and drag the nodes or use Shift+Ctrl+scroll (with the mouse
wheel) to rotate the ellipse. Shift+click within the shape to toggle the gradual decay between equidistant and proportional
mode.

path

Click on the image canvas to place three or more nodes and generate a free-format enclosed shape. Terminate the path by
right-clicking after having set the last point. By default, nodes are connected with smooth lines. If you want a node to
instead define a sharp corner, you can do so by creating it with Ctrl+click.

In edit mode Ctrl+click on an existing node to convert it from smooth to sharp corners and vice versa. Ctrl+click on one of
the line segments to insert an additional node. Right-click on a node to delete it. Take care to ensure that the mouse
pointer is over the desired node and the node is highlighted, to avoid accidentally removing the whole path.

The size of the completed shape can be modified by scrolling. The same holds true for the width of the border (the area
with a gradual opacity decay), which can also be changed with Shift+scroll (with the mouse wheel) from anywhere within
the shape. Single nodes as well as path segments can be moved by dragging them with the mouse. If a node is selected
by clicking on it, a further control point appears which allows you to modify the curvature of the line (reset to default by
right-clicking). Dragging one of the control points on the border adjusts the border width just in that part of the shape.

Consider fine-tuning paths in restricted edit mode (enabled by Ctrl+clicking on the ‘show and edit mask elements’ icon).
This allows you to adjust single nodes and segments without the risk of accidentally shifting or resizing the whole shape.

brush

Start drawing a brush stroke by left-clicking on the image canvas and moving the mouse while keeping the button
pressed. The brush stroke is finalized once you release the mouse button. Scroll the mouse to change the shape size and
Shift+scroll to change the feathering (hardness), either before you start drawing or at any time during the operation.
Likewise you can use the “{” and “}"” keys to decrease/increase hardness, and the “<” and “>" keys to decrease/increase
opacity.

If you have a graphics tablet with pen pressure sensitivity, darktable can apply the recorded pen pressure to certain
attributes of the brush stroke. This operation can be controlled in preferences > darkroom > pen pressure control for
brush masks .

On lifting the tablet pen or releasing the left mouse button the brush stroke is converted into a number of connected
nodes, which define the final shape. A configuration option ( preferences > darkroom > smoothing of brush strokes )
controls how much smoothing is applied. A higher level of smoothing leads to fewer nodes being created - this eases
subsequent editing at the expense of lower accuracy.

Nodes and segments of a brush stroke can be modified individually. See the documentation on path shapes (above) for
more details. Change the size or hardness of a node by scrolling and Shift+scrolling over a node, respectively.

Note: Rendering a complex brush shape can consume a significant number of CPU cycles. Consider using the circle, ellipse
or path shapes instead where possible.
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gradient
The gradient shape is a linear gradient which extends from a given point to the edge of the image.

Click on the image canvas to define the position of the line that defines 50% opacity. Dotted lines indicate the distance
beyond which the opacity is 100% and 0%. Between these dotted lines the opacity changes linearly.

The line has two anchor nodes which you can drag to change the rotation of the gradient. You can also set the rotation
angle when placing the gradient shape by clicking and dragging to place the shape.

Gradient lines can also be curved by scrolling with your mouse while hovering close to the center line. This can be useful
to counteract the distortion caused by the lens correction module.

Depending on the module and the underlying image, using a gradient shape might provoke banding artifacts. You should
consider activating the dither or posterize module to alleviate this.

reversing the polarity of a drawn mask

Click on the “+/-" button to reverse the polarity of the entire drawn mask. For example, a circular mask will, by default,
cause the module to be applied only to the area inside the drawn circle. Reversing its polarity will cause the module to apply
to the whole image, except for that circle.

panning and zooming the image

While creating or editing a shape, mouse actions are applied to the current shape. If you need to move or zoom the portion
of the image shown in the center view, hold down the ‘a’ key while dragging the mouse or using the scroll wheel. While the
key is held down, the mouse actions will apply to the entire image rather than the current shape.

3.5.3.3. parametric masks

The parametric mask feature offers fine-grained selective control over how individual pixels are masked. It does this by
automatically generating an intermediate blend mask from user-defined parameters. These parameters are color
coordinates rather than the geometrical coordinates used in drawn masks.

For each data channel of a module (e.g. Lab, RGB) and several virtual data channels (e.g. hue, saturation) you can construct
a per-channel opacity function. Depending on each pixel’s value for a given data channel this function calculates a blending
factor between 0 and 1 (100%) for that pixel.

Each pixel of an image thus has different blending factors for each of its data channels. All blending factors are finally
multiplied together (pixel-by-pixel), along with the value of the global opacity slider, to form a complete parametric blend
mask for the image.

If the blend mask has a value of 0 for a given pixel, the input of the module is left unchanged. If the blend mask has a value
of 1 (100%) for a pixel, the module has its full effect.
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channel tabs
Click on one of the channel tabs to select a data channel to use to build your mask.
Modules acting in (display-referred) Lab color space have data channels for L, a, b, C (chroma of LCh) and h (hue of LCh).

Modules acting in display-referred RGB color space have data channels for g (gray), R, G, B, H (hue of HSL), S (saturation of
HSL), and L (lightness of HSL).

Modules acting in scene-referred RGB color space have data channels for g (gray), R, G, B, Jz (luminance component of
JzCzhz), Cz (chroma, or saturation, of JzCzhz), and hz (hue of JzCzhz). The g (gray) value is calculated as a weighted average
of the R, G & B channels, the exact weightings depending on the working color space being used. The JzCzhz color space is
a polar representation of the Jzazbz color space, in the same way that LCh is a polar representation of the Lab space. Like
the L in Lab color space, the Jz is a representation of the luminosity of a pixel that aligns with how we perceive brightness.
However, the Jzazbz color space is much better for high dynamic range images and is less susceptible to hue shifts than Lab
space.

See Wikipedia for more details about these color spaces.

Two sliders can be shown for each associated data channel: one that works on the input data that the module receives and
one that works on the output data that the module produces prior to blending. The sliders for the output data channels are
hidden by default and can be shown using the show output channels option in the blending menu.

The boost factor slider allows the range of values targeted by the parametric mask sliders to be extended. It may be used in
scene referred editing, where luminance values may extend beyond 100%, to target highlights. This slider is only available
for channels where it is meaningful.

parametric mask O,

g R G B Jz Cz hz 220
output (0] (0] 100 100

v
PAN
input 0 100 100
v

boost factor 0.000 EV
\

inspecting data channels & masks

Press the letter C while hovering over a channel’s input/output slider to view the input/output image data for that color
channel. The center image changes to display that color channel either in gray-scale values or in false colors depending on
the setting in preferences > darkroom > display of individual color channels .

Press the letter M to see the resulting mask for that slider overlaid on the image.
When the mouse pointer leaves the slider the image returns to normal after a short delay.
linear / log mode

Press the letter A while hovering over the a slider to change its display to 'log’” mode. This provides more fine control in the
shadows. Press A again to toggle back to 'linear’ mode.
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channel input/output sliders

With each color channel slider you can construct a trapezoidal opacity function. For this purpose there are four markers per
slider. Two filled triangles above the slider mark the range of values where opacity is 1. Two open triangles below the slider
mark the range values where opacity is 0. Intermediate points between full and zero are given a proportional opacity.

The filled triangles, or inside markers, indicate the closed (mostly narrower) edge of the trapezoidal function. The open
triangles, or outside markers, indicate the open (mostly wider) edge of the trapezoidal function. The sequence of the
markers always remains unchanged: they can touch one another but they cannot switch position.

A polarity (+/-) button to the right of each the slider switches between “range select” and “range de-select” modes, with
visual confirmation provided by exchanging the upper and lower triangle markers. These two types of trapezoidal functions
are represented graphically in the following images.

range select

20.0 40.0 60.0 80.0

©

20.0 40.0 60.0 80.0

AV

In their default state all markers are at their extreme positions.

In this state a range select function selects the whole range of values giving an “all at 100%"” mask. Starting from there one
can move the sliders inwards to gradually exclude more and more parts of the image except for the remaining narrow
range.

Conversely a range de-select function (enabled by toggling the polarity) by default deselects the whole range of values,
giving an “all-zero” mask as a starting point. Moving the sliders inwards gradually includes more and more parts of the
image except for the remaining narrow range.
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color pickers

With the left-hand color picker button you can select a point or area probe from your image. The corresponding values for
the real and virtual data channels are then displayed within each color channel slider.

With the right-hand color picker button you can automatically set the slider’s values based on the selected range. Click and
drag to set the parameters for the input slider from the drawn rectangle; Ctrl+click and drag to set the parameters for the
output slider.

invert

Click the invert button above the sliders to invert the polarity of the entire parametric mask. This differs from the polarity
buttons beside the individual sliders which just invert the parameters for the current slider/channel.

reset

Click the reset button above the sliders to revert all parametric mask parameters to their default state.

3.5.3.4. combining drawn & parametric masks
Drawn and parametric masks can be used in combination to form a single mask that can be applied to a module.

There are two main elements which control how individual masks are combined: the polarity setting of each individual mask
(defined by the plus or minus buttons) and the setting in the “combine masks” combobox.

The “combine masks” combobox contains the following options, defining how the drawn and parametric masks will be
combined:

exclusive

A straightforward method of combining masks, exclusive mode multiplies together the individual pixel values from each of
the component masks.

For a given pixel, the final mask will have value of 0 if any of the individual masks are 0 at that location and it will only
have a value of 1.0 if all masks have a value of 1.0 at that location.

Any individual mask can exclude a pixel by setting its value to 0, regardless of what the other masks do. Once a pixel is
excluded by a mask there is no way for another mask to include it again.

inclusive

Inclusive mode first inverts each individual mask (subtracts its value from 1.0), multiplies the inverted masks together,
and finally inverts the combined mask once again.

For a given pixel, the final mask will have a value of 1.0 if any of the individual masks are 1.0 at that location and it will
only have a value of 0 if all masks have a value of 0 at that location.

Any individual mask can include a pixel by setting its value to 1.0, regardless of what the other masks do. Once a pixel is
fully included by a mask (its value is 1.0) there is no way for another mask to exclude it again.

exclusive and inclusive inverted modes

Using the above combination methods alone would still be rather limiting. We gain maximum flexibility by allowing an
additional inversion step for each individual mask. This is governed by the polarity buttons that you find close to the
individual channels.

Toggling the polarity button of a mask inverts its values (subtracts the original value from 1.0).

Finally within the “combine masks” combobox you may select the exclusive & inverted or inclusive & inverted options.
Each of these options is equivalent to the exclusive and inclusive modes, respectively, but with a final step that inverts the
resulting mask.

typical use cases

inclusive mode

For this mode you set the “combine masks” combobox to inclusive mode and make sure that all polarity buttons of all the
individual channels and of the drawn mask are set to negative (-). Your starting point is a mask where all pixels have a
value of zero (no pixel is selected). You now adjust the parametric mask sliders to bring more and more pixels into the
selection or you draw shapes on the canvas to select specific areas of your image.
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exclusive mode
In the opposite case you set the “combine masks” combobox to exclusive mode and make sure that all polarity buttons
are set to positive (+). Your starting point is a mask with all values at 1.0 (all pixels are selected). You now adjust the
parametric mask sliders to exclude parts of your image as needed or directly draw shapes on the canvas to exclude those
areas.

For your convenience the parametric masks GUI provides a toggle button that inverts all channel polarities and toggles
between inclusive and exclusive mode in the “combine masks” combobox.

For novice users it is recommended that you stick to the above two use cases. This means that you should decide
beforehand how you want to construct your mask.

3.5.3.5. mask refinement & additional controls
When a parametric or drawn mask is active, several additional sliders are shown which allow the mask to be further refined.

details threshold

This control allows you to alter the opacity of the mask based on the amount of detail in the image. Use this slider to
select either areas with lots of detail (positive values) or areas that are flat and lacking in detail (negative values). The
default (zero) effectively bypasses details refinement. This is mostly useful to apply sharpening and blurring effects that
ignore out-of-focus (bokeh) regions or to sharpen only blurry parts, preventing over-sharpening of in-focus regions.

Note: The data used for the detail mask refinement is taken from the demosaic stage in the processing pipeline, and not
from the module’s input (which is used for the other parametric mask criteria). None of the processing modules after
demosaic will have any effect on the detail mask and it is not currently available for non-RAW images.

feathering guide

Mask feathering smooths a drawn or parametric mask such that the mask’s edges automatically align with the edges of
features in the image. The smoothing is guided either by the module’s input or output (before blending), and may happen
before or after the mask blurring, depending on what is selected in the “feathering guide” combobox. Feathering is
particularly sensitive to the choice of guide image when used with edge-modifying modules (modules for sharpening or
blurring an image).
* output before blur: feathering is guided using the output image of the module and takes place before the mask is
blurred

* input before blur: feathering is guided using the input image of the module and takes place before the mask is
blurred

* output after blur: feathering is guided using the output image of the module and takes place after the mask has
been blurred

* input after blur: feathering is guided using the input image of the module and takes place after the mask has been
blurred

feathering radius

Adjust the strength of the feathering effect. Feathering works best if the mask’s edges already approximately match some
edges in the guiding image. The larger the “feathering radius” the better the feathering algorithm can align the mask to
more distant edges. If this radius is too large, however, the feathered mask may overshoot (cover regions that the user
wants to exclude). Feathering is disabled when the feathering radius is set to 0.

blurring radius

Blurring the mask creates a softer transition between blended and unblended parts of an image and can be used to avoid
artifacts. The blurring radius slider controls the radius of a gaussian blur applied to the final blend mask. The higher the
radius, the stronger the blur (set to 0 for an unblurred mask). Mask blur is always applied after feathering if both kinds of
mask adjustment are activated. This allows any resulting sharp edges or artifacts to be smoothed.

mask opacity

The strength of the module’s effect is determined by the mask’s local opacity. Feathering and blurring the mask may
reduce the opacity of the original mask. The “mask opacity” slider allows you to readjust the mask opacity to compensate.
If the mask opacity is decreased (negative slider values) less opaque parts are affected more strongly. Conversely, if the
mask opacity is increased (positive slider values) more opaque parts are affected more strongly. As a consequence,
completely opaque portions of the mask always remain opaque and completely transparent portions always remain
transparent. This is to ensure that regions that have been fully excluded from or included in a module’s effect (by setting
the mask’s opacity to 0% or 100%) remain fully excluded or included.

mask contrast

This slider increases or decreases the mask contrast. This allows you to adjust the transition between the opaque and
transparent parts of the mask.
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@ temporarily switch off mask

Sometimes it is useful to visualize a module’s effect without the mask being active. Click on this icon to temporarily
deactivate the mask (the selected blend mode and global opacity remain in effect).

@ | display mask

Click on this icon to display the current mask as a yellow overlay over a black-and-white version of the image. Solid yellow
indicates an opacity of 100%; a fully visible gray background image (without yellow overlay) indicates an opacity of 0%.

example: feathering a drawn mask

It can be rather tedious to create a drawn mask that precisely covers a particular feature in an image. In this example, we
want to enhance the color contrast of the lion sculpture shown in the left image above without affecting the background.

1. The first image above shows the original, unaltered image.

2. The second image shows a rough selection of the sculpture created with a drawn mask. Note that the mask is rather
fuzzy and does not precisely follow the outline of the lion sculpture.

3. The third image shows the effect of adjusting the feathering radius, mask opacity and mask contrast, leading to a
well matched mask with little effort. In this example the feathering radius has been adjusted to 50 and a blur radius
of 5 was chosen to smooth the mask to some degree. The mask opacity and mask contrast have been increased to
0.3 and 0.5, respectively.

4. The final image above shows the end result, where the color enhancement (via the color contrast module) is
restricted to only the lion sculpture.

Mask feathering works particularly well in this example because the sculpture is well separated from the out-of-focus
background. The distinct edge at the border of the sculpture guides the feathering mask adjustment to match the shape of
the sculpture.

3.5.3.6. raster masks

As described in the previous sections, the final output of a module’s mask (the combined effect of any drawn and
parameteric masks) is a grayscale raster image representing the extent to which the module’s effect should be applied to
each pixel. This raster image is stored internally for active modules and can be subsequently reused by other modules in
the pixelpipe.

As with any mask, if the opacity value for a pixel in a raster mask is zero the module’s input passed through the module
unchanged. If the opacity is 1.0 the module has its full effect. For each value between 0 and 1.0 the module’s effect is
applied proportionally at that location.

You can choose a raster mask from the combobox. Raster masks can be identified by the name of the module against which
they were originally generated.
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Note: Raster masks are generated as part of a module’s internal processing. Once a module’s processing is complete its
mask then becomes available to subsequent modules in the pixelpipe.

This has two implications:

1. Raster masks cannot be generated by disabled modules since they do not participate in pixelpipe processing. As soon
as you disable a module, its mask is no longer available for use.

2. Raster masks are passed up the pixelpipe after module processing - they can only be used by modules that come
later in the pipe than the generating module.

3.6. organization

3.6.1. overview

Processing modules are organized and accessed via the right-hand panel in the darkroom:

output color profile

filmic rgh

color balance rgh
diffuse or sharpen
color calibration

input color profile

Click on the icons at the top of this panel to reveal, from left to right,

—k .

uick access panel
A customizable panel allowing quick access to commonly-used module controls.

active modules
A group containing the modules that are currently active in the pixelpipe. Right-click to show all modules that are present
in the history stack within the active group, regardless of whether or not they are actually active.

module groups
One or more groups of processing modules. These groups are user-defined but some default groupings are provided as
presets.

presets menu
A menu that allows you to access stored module layout presets and create your own (via the “manage presets..” option).
You can also directly access the “manage presets” dialog by Ctrl+clicking on the presets menu.

Click once on a module group icon (including the active group) to show only the modules in that group. Click a second time
to show a list of all modules that are currently active or present in any group.

You can change which widgets appear in the quick access panel and which modules appear in the module groups, by right-
clicking the appropriate icon.
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search

Below the module group icons is the search bar, which you can use to access any of the processing modules, regardless of
whether they are currently in a group. This option allows you to search by module name, any user-defined instance name ,
as well as pre-defined module tags (for example, the color calibration rgb module can also be searched using the terms

nou

“hue”, “contrast” and “vibrance”).

3.6.2. module groups

A number of pre-defined module groups are shipped with darktable and are selectable as presets. These are summarized
below.

All of these presets (with the exception of modules: deprecated and search only) also include the quick access panel. All
except the modules: deprecated group include the search bar.

modules: all

This preset contains all modules, sorted according to the traditional module groupings used prior to darktable 3.4, as
follows:

@ base modules

The minimal set of modules normally required to render a presentable image.

ﬂ tone modules

Other modules related to tone levels and contrast.

)| color modules

Modules related to color grading and color profiles.
corrective modules
Modules related to correcting problems such as lens distortions, sensor noise, sharpening, etc.

(special) effects modules

“Special effect” modules such as bloom, diffuse or sharpen, etc.

modules: default

This preset is the default module group layout from darktable 3.4 onwards and consists of a simplified set of module groups,
as follows:

technical modules

Modules that deal with technical issues relating to the physics of sensors and denoising, lenses and associated corrections,
color profiles, dynamic range and tone mapping, and recovering from damage to the image by physical limitations (hot
pixels, clipped highlights, etc.).

n grading modules
Modules concerned with primary (corrective) and secondary (creative) corrections of colors and tones.

(special) effects modules

“Special effect” modules such as retouch, liquify, bloom, sharpen, etc.

workflow: scene-referred & workflow: display-referred

These presets define groups of modules relevant to the scene-referred and display-referred workflows , sorted into groups
as shown below:

@ base modules

A basic set of modules to adjust the cropping/orientation, adjust the exposure, and apply tone mappings and contrast as
appropriate to the workflow.
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color modules

Modules relating to color grading and color saturation.
M i
corrective modules
Modules relating to correcting problems relating to lens distortions, sensor noise, sharpening, retouching, etc.

(special) effects modules

“Special effect” modules such as watermark, framing, vignetting, etc.

workflow: beginner

This preset provides a minimal set of modules targeted as a starting point for beginners. It is suggested that beginners start
by copying this minimal preset, and add to it as they gain experience with other modules.

@ base modules

A basic set of modules to adjust the cropping/orientation, adjust the exposure, and apply a basic tone mapping.

n grading modules
Modules dealing with creative tone and color grading.

(special) effects modules

“Special effect” modules such as retouch, sharpen, watermark, etc.

previous config

These presets are automatically generated for users who have upgraded from a version of darktable prior to 3.4. Where you
have previously set up favourites or altered the hidden flag on modules, these presets contains those customisations,
retaining the legacy module groups (previous config preset) or new module groups (previous config with new layout preset).

If favourites were created in prior versions these will remain available in an additional group:

favourite modules

This group was previously used by users to make it easier to find frequently-used modules, and is available under the
“previous config” presets. New users can, of course, still create their own custom group and name it “favourites” if they so
desire.

search only

This preset does not include any module groupings. Modules may only be accessed using the search facility.

modules: deprecated
This preset contains a list of deprecated modules. This is the only way to access deprecated modules for new edits but be

warned: these modules will be removed for new edits in the next release of darktable. This group cannot be duplicated and
the modules within it cannot be added to user-created groups.

3.6.3. quick access panel

The quick access panel allows you to access widgets from a number of processing modules all in one place.

darktable 4.4 user manual 60


http://127.0.0.1:1313/dtdocs/en/darkroom/organization/module-groups/module-group-color-icon.png
http://127.0.0.1:1313/dtdocs/en/darkroom/organization/module-groups/module-group-color-icon.png
http://127.0.0.1:1313/dtdocs/en/darkroom/organization/module-groups/module-group-correct-icon.png
http://127.0.0.1:1313/dtdocs/en/darkroom/organization/module-groups/module-group-correct-icon.png
http://127.0.0.1:1313/dtdocs/en/darkroom/organization/module-groups/module-group-effects-icon.png
http://127.0.0.1:1313/dtdocs/en/darkroom/organization/module-groups/module-group-effects-icon.png
http://127.0.0.1:1313/dtdocs/en/darkroom/organization/module-groups/module-group-basic-icon.png
http://127.0.0.1:1313/dtdocs/en/darkroom/organization/module-groups/module-group-basic-icon.png
http://127.0.0.1:1313/dtdocs/en/darkroom/organization/module-groups/module-group-grading-icon.png
http://127.0.0.1:1313/dtdocs/en/darkroom/organization/module-groups/module-group-grading-icon.png
http://127.0.0.1:1313/dtdocs/en/darkroom/organization/module-groups/module-group-effects-icon.png
http://127.0.0.1:1313/dtdocs/en/darkroom/organization/module-groups/module-group-effects-icon.png
http://127.0.0.1:1313/dtdocs/en/darkroom/organization/module-groups/module-group-favorites-icon.png
http://127.0.0.1:1313/dtdocs/en/darkroom/organization/module-groups/module-group-favorites-icon.png
http://127.0.0.1:1313/dtdocs/en/darkroom/organization/quick-access-panel/quick-access-panel.png

Darkroom organization

local contrast

O filmic rgb
white relative exposure 4.47 EV *
7\

black relative exposure -8.86 EV .*

A—

contrast 1.260

color balance rgb

global vibrance +20.77%

—A

global chroma +0.00%
i

global saturation +15.83%

—hA
0] color calibration

temperature
eee——A

O exposure

exposure +3.220 EV

————
o rotate and perspective

rotation +1.00°
wh

0] lens correction

You can add new widgets to the panel by

* right-clicking on the “hamburger” icon at the top-left of the panel

¢ using the manage module layouts screen
 Ctrl+clicking on a widget in a processing module while in visual shortcut mapping mode

Click on the icon to the right of the module name to open the full version of that module. Click on the icon to the left of the
module name to enable/disable the module.

If any module has multiple instances enabled you will no longer be able to manage that module’s widgets through the quick
access panel and will have to use the full module interface.

3.6.4. manage module layouts

Manage the layout and grouping of processing modules and the quick access panel.
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global chroma

color balance rgb
global vibrance
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global saturation

color calibration
temperature

color calibration
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color calibration
hue

rename

# show search line

# show quick access panel
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crop

tone equalizer
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tone curve
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velvia

color contrast

color correction
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color balance rgb
color look up table
color calibration

input color profile
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correct
«
dithering
sharpen
contrast equalizer
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retouch
liquify
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chromatic aberrations
lens correction
scale pixels
rotate pixels
surface blur
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hot pixels

raw chromatic aberrati...
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watermark

framing

vignetting

split-toning

soften

grain

lowlight vision

colorize

bloom

color mapping

highpass

[

blurs

censorize

diffuse or sharpen

graduated density

This maintenance screen can be accessed from the presets menu beside the module search box or module group icons
(below the scopes module in the darkroom view). Ctrl+click on the preset menu to open this screen directly.

Settings are automatically saved when you exit the screen. Click reset to abandon any changes made in the current editing

session.

module controls

global controls

The following global controls are available in the top panel of the screen.

preset

Select an existing module group preset.

remove

Remove the current preset (user-defined presets only).

duplicate

Duplicate the current preset with a new name. The above example shows a new preset named “user defined”, which has
been created by duplicating the “modules: default” preset.

rename

Rename the current preset (user-defined presets only). Right-click to bring up a menu that can be used to copy, paste,
select all, delete or insert an emoji).

new

Create a new preset containing a minimal list of modules.

show search line

Choose whether to display the search bar below the module group icons
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show quick access panel

Choose whether to display the quick access panel. If checked, a new entry will appear in the bottom panel to allow you to
add or remove widgets.

show all history modules in active group

Select this to show all modules that are present in the history stack within the active group, regardless of whether or not
they are actually active.

auto-apply this preset

Module group presets can be automatically applied based on the type of image being worked on. The check box indicates
whether this preset currently has any auto-apply rules. Click on the gear icon to amend the auto-apply settings. See
presets for details.

module groups

The bottom panel of the screen allows you to alter the quick access panel and module groups for the selected preset (user-
defined presets only).

add a group

Click on the + sign beside the “module groups” label to add a new group.
remove a group

Remove a group by clicking on the X button beside the group name.
add a module/widget

Add a module to a group, or a widget to the quick access panel, by clicking the + sign below the group name. Select the
required module/widget from the displayed list.

remove a module/widget

Remove a module from a group, or a widget from the quick access panel, by clicking the X beside the module/widget
name.

change a group’s icon

Change the icon assigned to a group by clicking on the existing group icon and selecting a new one from the displayed list.
change the group order

Change the order in which the groups are displayed by clicking on the < and > buttons below the group names.
rename a group

Rename a module group by clicking on the group name and typing. Right-click to bring up a menu that can be used to
copy, paste, select all, delete or insert an emoji)
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4. Tethering

4.1. overview

The tethering view allows you to capture images directly into darktable from a connected camera.

To use the tethering feature you first need to connect your camera to your PC using a USB cable. Your computer might ask
to mount or view the connected camera. Do not mount or view the camera. If your camera is mounted or viewed
automatically, you will need to “unmount/eject” the camera before darktable can access it. This unlocks the camera so that
darktable can take control of it - darktable will then re-lock the camera so that it cannot be used by other applications.

After the USB cable is connected, go to the import module in the lighttable view. If your camera is available for use, a new
section should appear in the import module containing the name of your camera and a “mount camera” button. Click this
button to connect your camera and three additional buttons will appear: “copy & import from camera”, “tethered shoot”
and “unmount camera”. Click “tethered shoot” to enter the tethering view. When you are finished, press the “unmount
camera” button before physically disconnecting it.

darktable uses gphoto?2 to interface with your camera. If you have problems finding the connected camera as described
above, check the troubleshooting section in this chapter to verify that your camera has tethering support.

In the center view, images are shown while you capture them. You can capture an image by either using darktable’s user
interface or by manually triggering a capture with your camera. If you are using Live View the image will be shown in
darktable’s center view.

When entering tethering view, a film roll will be created using the same structure as defined for camera import (see
preferences > import > session options ). The job code will be predefined as “capture”.

If you want to group your captures into different film rolls, you should use the session module in the right-hand panel to set
a different job code. When entering a new name and pressing Enter, a new film roll will be created and newly-captured
images will be added into this new film roll.

darktable provides some useful tools to set up an image capture in the user interface. You can set up timelapse captures,
brackets for HDR and even sequential captures of bracketed images. For more information read the documentation on the
camera settings module and the examples later in this chapter.

4.2. tethering view layout

left panel

image information
Display image information.

right panel

From top to bottom:

scopes

A graphical depiction of the current image’s light levels and colors. This module can be moved to the left-hand panel if
desired (see preferences > miscellaneous > position of the scopes module ).

session

Session settings.
live view

Live view settings.
camera settings

Camera settings.

darktable 4.4 user manual 64


https://github.com/gphoto/gphoto2

Tethering examples

metadata editor

Edit metadata for selected images.
taggin

Tag selected images.

bottom panel

From left to right:

star ratings
Apply star ratings to images.

color labels
Apply color labels to images.

4.3. examples

The following sections show two typical use cases for the tethering view.

studio setup with screening

This is a pretty common use case. You have your studio and subject set up, the camera is connected to your computer and
tethering view is active in darktable. You work at the camera and take images. Whenever you like, you can review the
images directly on your computer monitor instead of using the camera LCD.

This workflow is efficient and effective, since you can immediately review your captures instead of waiting until after the
shoot when everyone is gone. If you're shooting with a model this is a nice way to preview the captures with the client
instead of fumbling around with your camera.

Working in the tethering view can save you time and aggravation. Set a session name, shoot your images, and they will be
saved to the correct film roll for the session, for easy on-site review.

capturing a timelapse

A timelapse is a video clip composed of images taken in a timed sequence. A typical example is to take a timelapse of a
cityscape to capture the movement of the clouds and traffic etc.

To set up a timelapse capture, create a new session . Now decide whether you want to shoot in manual or auto mode. It is
recommended that you only use auto mode in situations where the ambient light will change significantly during the time of
the shoot, for example, when shooting a timelapse over 24 hours.

The camera settings module can be used to define the delay (the number of seconds between capture) and sequence (the
number of images to capture) of your timelapse.

To start the timelapse click the capture button in the same panel and watch the filmstrip fill up with images. The last
captured image is always displayed in the center view.

storing images on the camera and computer

By default, the gphoto2 framework (used by darktable’s tethering feature) will only download images to your computer, and
will not store them on the camera’s memory card. This setting can be changed outside of darktable by using the gphoto2
command line interface. However, there are cases where this method fails, as it requires that darktable use the same
configuration file as the gphoto2 command line tool. In particular, if darktable or gphoto2 are installed within a sandbox or
container that hides user account settings, you may face this issue (for example, with snap packages and similar).

To allow captured images to be retained on the camera’s memory card, connect the camera to your computer for a
tethering session, but close darktable. Enter gphoto2 --set-config capturetarget=1 on the command line. If this
command is successful, start darktable again. Thereafter, images should be stored (duplicated) on the camera’s memory
card during a tethered capture.
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4.4, troubleshooting

This troubleshooting guide can be used to verify whether or not your camera can be used with tethering. This is done using
the same ( gphoto2 ) tool that darktable uses to interface with your camera.

Before you start, you first need to find your camera port name. Usually the port “usb:” is sufficient and is therefore used in
the following guide.

IS your camera detected?

The following command will verify that your camera is connected to the computer and detected by gphoto2.

env LANG=C gphoto2 --auto-detect

check the camera’s driver abilities

Execute the following command and ensure that the “capture choices” ability supports “Image” and configuration support is
“yes” - darktable will check these two abilities to decide whether to show the “tethered shoot” button.

env LANG=C gphoto2 --port usb: --abilities

remote capture

This step will verify that your camera can be remotely controlled - i.e. that it can capture an image, download it to your
computer and display it within darktable.

env LANG=C gphoto2 --port usb: --capture-image-and-download

tethered capture

This last step tests if your camera supports “events”, are heavily used by darktable. Running this command will make the
gphoto?2 process wait for an image capture event which you must manually trigger on your camera. If successful, the image
will be downloaded to your computer.

env LANG=C gphoto2 --port usb: --capture-tethered

now what?

If any of the above steps failed, there are problems with your specific camera and driver. Please file an issue on the gphoto2
github page . Add the following flags to the failed command for better support and attach the log output to your issue:

--debug --debug-file gphoto2 debug.log

If you successfully completed all of the above tests, your camera is probably supported by darktable. If these tests were
successful but you nevertheless stumble upon a problem in darktable, please file an issue on the darktable github page .
Please attach the log output from the commands above and the log file output produced by starting darktable with the
following command:

darktable -d camctl 2>1 >camctl.log
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5. Map

5.1. overview

The map view allows you to see where your geo-tagged images were taken, and to add location information to non-geo-
tagged images.

The map view shows a world map with the images in the current collection pinned to their geo-tagged location (if available).
This requires that images are tagged with location information. Some newer cameras, including smartphones, are already
equipped with GPS receivers. Other cameras may need additional GPS hardware to do this.

Even if your camera doesn’t support this feature, there is an alternative method - darktable can match the Exif date/time in
your image(s) to a separate GPX data tracking file created by a GPS tracker, that has recorded your movements. GPS
trackers can be purchased as standalone handheld devices or you can install a GPS tracker app on your smartphone.
Location tagging with GPS tracking data can be done using the geotagging module, in the lighttable and map views.

center map view

In the center of the map view you will see a world map.

Map data is taken from open map sources on the internet. As such, new map data is only available if you are connected to
the internet - darktable keeps a disk cache of previously loaded map data.

You can navigate within the map using your mouse. Left-click and drag to move the map. Use the scroll-wheel to zoom in
and out.

On-screen controls and displays are available to help you find your way. A navigation area is located on top left of the map -
use this as an alternative to mouse-dragging and scrolling. The scale of the map is displayed at the bottom-left. At the
bottom-right you can see the geographical coordinates for the center of the map.

Images that already have geo-location attributes in their metadata are displayed as small icons on the map. Images close to
each other are grouped and a count of grouped images is displayed on the bottom-left corner.

In order to assign geo coordinates to an image, activate the filmstrip on the lower panel (press Ctrl+F). You can assign a geo
location to an image by dragging the image icon from the film-strip and positioning it on the map - darktable will record the
new location (latitude and longitude ) as part of the image metadata. This data will be included in exported images.

In order to remove location data from an image simply drag it from the map and drop it onto the filmstrip.

Images close to each other are grouped under a single image group. You can use the map settings module to control the
grouping as needed. The number displayed on the bottom left of the thumbnail is the number of images inside the group. A
white number means that all images in the group are at exactly the same location, whereas a yellow number means they

are not. Use the mouse scroll wheel while hovering over a group of images to scroll through the thumbnails of the images in
that group.

Normally, images in the center map view have black borders. If an image is selected in the filmstrip, then the corresponding
image on the map will be highlighted with a white border.

Click+drag to adjust the location of an image. Shift+click to move a complete group of images.

The left and right panels provide additional controls (see map view layout ).

undo/redo

All image movements in the map view are recorded by darktable. It is possible to undo or redo such changes to recover a
previous state. Note that this undo/redo facility is unlimited while moving images but it is reset each time you leave the
map view.

Press Ctrl+Z to undo the last modification and Ctrl+Y to redo the last undone modification (if any).
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map view layout

5.2. map view layout

left panel

These modules are identical to the lighttable view. From top to bottom:

collections

Filter the list of images displayed in the map view.
recently used collections

View recently used collections of images.

image information
Display image information.

right panel

Here you can find the modules specific to the map view. From top to bottom:

find location
Search for a place on map.
locations

Manage a hierarchical list of location tags and their corresponding regions on the map.

map settings
Choose the map provider and set up various map display parameters.

taggin
Tag selected images.

geotagging
Apply GPX track data to selected images.

bottom panel

filmstrip
Drag images from the filmstrip onto the map as described in the map overview .
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6. Slideshow

6.1. overview

The slideshow view allows you to watch a slideshow of your current collection with the associated filtering rules and sort
order applied.

To learn more about how to define the collection and filtering rules, see the section on collections . Select the sort criteria
and sort order of the images in the top panel .

The next section provides more details on the usage of the slideshow view.

6.2. usage

The slideshow view is still in an early stage of development with only a basic set of features.

If you don’t need the auto-advance mode, you could even use the sticky preview feature instead.

spacebar start and stop auto-advance mode which automatically switches
to the next images every five seconds by default.

ESC leave slideshow mode and return to lighttable view.
+ or increase delay between each image.

up arrow

- or decrease delay between each image.

down arrow

left-click or
right arrow or switch to the next image of the collection.
right shift-key

right-click or
left arrow or switch to the previous image of the collection.
left shift-key

Hint: To take full advantage of your screen size, put darktable into fullscreen mode by pressing F11 and hide the border-
controls by pressing the B key.

darktable 4.4 user manual 69



Print overview

7. Print

7.1. overview

This view allows you to print your images. Because printing is not easy, there are many technical aspects to be taken into
account.

After selecting an image in the lighttable view you can enter the print settings module to adjust printer settings and initiate
printing.

This module supports the printer’s ICC profile, which is somewhat mandatory if you want to obtain a high quality print close
to the image displayed on the screen.

It is important to note that ICC profiles provided by the paper and/or printer manufacturers cannot be used on GNU/Linux as
they are printer-driver dependent. The darktable print module uses CUPS and there are no ready-to-use ICC profiles
available for this driver.

7.2. print view layout

The central area displays the image layout on the paper (the white area). Some gray borders may be displayed around the
image to represent the printable area (the page minus the borders) not filled by the image.

The filmstrip below the image allows you to select more images.

overlays

When the mouse is over the bounding box of an image, its width and height are shown along its top and left, respectively.
Margins between the bounding box and the page edge are notated next to the dotted lines extending out from each side of
the bounding box. All measurements are shown in the units as chosen in the print settings module.

Images are inset along one dimension of their bounding box when they do not match the aspect ratio of the box. The
overlaid margin measurements should therefore only be used to understand the layout bounds, not the actual printed size
of the image.

left panel

collections

Filter the list of images displayed in the lighttable.
image information

Display image information

right panel

print settings
Adjust print settings and initiate printing.
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8. Module Reference

8.1. overview

The modules in this reference section are broken down into two distinct types:

processing modules
Processing modules are used exclusively in the darkroom view. Each module performs a processing operation on the
image before passing its output to the next module for further processing. Together this sequence of processing steps
forms the pixelpipe .

utility modules
Utility modules may be used in any darktable view. They are not directly involved in processing the pixels of an image but
perform other ancillary functions (managing image metadata and tags, editing history, modifying pixel pipeline order,
snapshots and duplicates, image export etc.).

The two types of modules have a few aspects in common, described below.

module header

Each module has a header at the top, normally consisting of the following elements:

module name
Click on the name to expand or collapse the rest of the module and show/hide its controls.

reset parameters button
This normally appears to the right of the module name and is used to reset the state of the module back to its original
condition.

presets menu

This normally appears at the far right of the module header. The presets menu is predominantly used in processing
modules, but many of the utility modules allow presets to be defined as well. You can also access this menu by right-
clicking anywhere on the module header.

Processing modules contain additional elements in their module header, as described in the processing module header
section.

module resizing

utility modules

Some utility modules contain lists of information that can grow as more entries are added. To help manage screen real-
estate, it is possible to increase or decrease the maximum number of entries that can be displayed before a scroll bar is
added. To alter the maximum number of entries, place the mouse over an entry in the list, and hold Shift+Alt while scrolling
your mouse wheel. If the list currently contains more entries than this maximum, a scrollbar will appear so that you can
access the hidden entries. Alternatively you can click+drag the bottom of the scrollable area with your mouse.

Note: It is not possible to extend these areas beyond the number of entries currently shown. If you attempt to do so using
Shift+Alt+scroll, the maximum number of entries will increase, and a toast message will appear informing you of the new
maximum. However, the module itself will not be resized unless its content exceeds this maximum.
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processing modules

Some processing modules contain drawn graphical elements that can take up too much or too little screen space depending
on the width of your side panels. These drawing areas usually default to a 16:9 aspect ratio and can be similarly resized by
hovering over them and holding Ctrl while scrolling.

8.2. processing modules

8.2.1. astrophoto denoise

Remove image noise while preserving structure.

This is accomplished by averaging each pixel with some surrounding pixels in the image. The weight of such a pixel in the
averaging process depends on the similarity of its neighborhood with the neighborhood of the pixel being denoised. A patch
with a defined size is used to measure that similarity.

As denoising is a resource-intensive process, it slows down pixelpipe processing significantly. Consider activating this
module late in your workflow.

module controls

patch size
The radius of the patch used for similarity evaluation.
strength
The strength of the denoising.
luma
The amount of denoising to apply to luma. Select carefully in order not to lose too much structure.
chroma
The amount of denoising to apply to chroma. You can be much more aggressive with this parameter.

8.2.2. base curve

Simulate the in-camera JPEG by applying a characteristic base curve to the image.

darktable comes with a number of base curve presets that attempt to mimic the curves of various camera manufacturers.
These presets are automatically applied according to the manufacturer ID found in the image’s Exif data. Camera-specific
base curve presets are also available for some camera models.

This module will be enabled by default if preferences > processing > auto-apply pixel workflow defaults is set to “display-
referred”. A second option in the preferences dialog allows you to choose whether darktable should attempt to apply a
camera-specific base curve (if found) or the generic manufacturer one.

module controls

Please refer to the curves section for more details about how to modify curves including the scale for graph and preserve
colors controls.

fusion
Trigger the exposure fusion feature (see this Wikipedia article ). This feature allows you to merge the image with one or
two copies of itself after applying the current base curve and boosting its exposure by a selected number of EV units. The
resulting image is thus a combination of two or three different exposures of the original image.
Use this feature to compress the dynamic range of extremely underexposed images or for true HDR input. For best results,
use the exposure module to apply a suitable adjustment for correctly exposed highlights.

exposure shift (fusion)
The exposure difference between the merged images in EV units (default 1). This slider is only visible if the exposure
fusion feature is activated.
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exposure bias (fusion)
Determines how the multiple exposures are computed. With a bias of 1 (the default), the image is fused with overexposed
copies of itself. With a bias of -1, it is fused with underexposed copies. A bias of 0 attempts to preserve the overall
lightness of the image by combining both over- and under-exposed copies of the image. This slider is only visible if the
exposure fusion feature is activated.

8.2.3. basic adjustments (deprecated)

Please note that this module is deprecated from darktable 3.6 and should no longer be used for new edits.
Please use the quick access panel instead.

A convenience module that combines controls from exposure , highlight reconstruction , color balance and vibrance into a
single module.

While this module can provide a quick and convenient way to make simple adjustments to an image, it must be used with
care. Normally exposure adjustments should come before input color profile in the pixelpipe, and color adjustments should
come after. Because the basic adjustments module combines all of these functions into a single operation in the pixelpipe, it
may not play nicely with other modules. Therefore, if you plan to use basic adjustments with other modules, please instead
consider using the exposure + base curve [/ tone curve / filmic rgb + color balance modules so that these operations occur
in the correct places in the pixelpipe.

module controls

black level correction

Equivalent to black level correction in the exposure module, this slider defines the threshold at which dark gray values are
cut off to pure black. Reducing this can bring some dark colors back into gamut. Increasing this slider may appear to
increase the contrast and pop of an image, but it can push dark colors out of gamut, and clipped data cannot be recovered
further down the pixel pipe. To control the contrast in the shadows, it is better to use other modules such as tone curve or
levels , which mitigate these negative impacts further down the pixel pipeline.

exposure

Adjust exposure compensation. Adding 1 EV of exposure compensation is equivalent to doubling the exposure time in
camera, opening the aperture by 1 stop, or doubling the ISO.

Positive exposure corrections will make the image brighter. As a side effect noise level is increased. Depending on the
basic noise level of your camera and the ISO value of your image, positive exposure compensations with up to 1EV or 2EV
should still give reasonable results.

Negative exposure corrections will make the image darker. Given the nature of digital images this can not correct for fully
blown out highlights but allows you to reconstruct data if only some of the RGB channels are clipped (see the highlight
reconstruction module for information on how to deal with clipped pixels).

highlight compression
Compress the highlights of the image in order to recover detail.
contrast

Equivalent to the contrast slider in the color balance module, this is used to increase the separation of luminance values

around a fulcrum point, in effect making the tone curve steeper. The middle gray slider sets the fulcrum point for the

contrast, and any pixels whose luminance matches this middle gray point will be unaffected. Pixels brighter than the

middle gray point will become even brighter, and pixels darker than the middle gray point will become even darker.
preserve colors

If a non-linear tone curve is applied to each of the RGB channels individually, then the amount of tone adjustment applied
to each color channel may be different, and this can cause hue shifts. Therefore, the preserve colors menu provides
different methods of calculating the “luminance level” of a pixel. The amount of tone adjustment is calculated based on
this luminance value, and then this same adjustment is applied to all three of the RGB channels. Different luminance
estimators can affect the contrast in different parts of the image, depending on the specific characteristics of that image.
The user can therefore choose a particular estimator that provides the best results for the given image.

middle gray

Set the fulcrum point for the contrast slider. This is equivalent to the contrast fulcrum slider on the color balance module.
If the contrast slider is set to 0 this slider will not have any effect.
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brightness
Equivalent to increasing the gamma factor slider in the color balance module. Moving the slider to the right will increase
the brightness of the image, with an emphasis on the mid-tones.

saturation
Equivalent to the output saturation slider on the color balance module, this slider affects the saturation, or brilliance and
intensity of the colors. Moving the slider to the right will increase the amount of color in the image; moving the slider to
the left will reduce the amount of color in the image.

vibrance

Accentuate the colors of the image without adding unnatural colors, as it's often the case with the saturation slider. It
works by reducing the lightness of already saturated pixels to make the colors more vivid. You can also achieve some
interesting effects by combining it with the saturation slider to target more or less saturated areas of the image.

auto

Automatically adjust the exposure, taking into account the entire image, or use the color picker to select a rectangular
area of the image - the exposure will be automatically adjusted based on the selected region. This allows you to prioritise
which parts of the image should be well-exposed.

clip
This affects the number of pixels that will be clipped to black or white during the auto-exposure calculation. Moving this

slider to the right will allow more pixels to be clipped and increase the contrast; moving this slider to the left will compress
the image more and lower the contrast.

8.2.4. bloom

Create a soft bloom effect.

This module works by blurring the highlights and then blending the result with the original image.

Note: This module performs blurs in Lab color space, and is no longer recommended. Instead, use the tone equalizer
module or the exposure module with a parametric mask .

module controls

size

The spatial extent of the bloom effect.
threshold

The threshold for the brightness increase.
strength

The strength of the overlighting.

8.2.5. blurs

Simulate physically-accurate blurs in scene-referred RGB space.

blur types

Three types of blur are provided:

1. lens blur: Simulates a lens diaphragm with a configurable number of blades and blade curvature to create synthetic
bokeh.

2. motion blur: Simulates the effect of camera motion with a configurable path.

3. gaussian blur: This is not really an optical blur but can be used for denoising or for creative effects using blend modes

A diagram at the top of the module shows the shape of the blurring operator (known as the point spread function ). The
module will turn each luminous point from the scene into a blot shaped like the displayed blurring operator, with the size of
the blot defined by the blur radius.
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module controls

general

blur radius
The spreading size of the blur.
blur type
Choose between the different blur variants (above).

controls specific to lens blur

diaphragm blades

The number of blades that the diaphragm is composed of. Older lenses used typically 5 or 7 blades, newer lenses typically
use 9 or 11 blades. In any case, real lenses have an odd number of blades and any number greater than 11 blades comes
very close to producing a perfect disc. If you degenerate the diaphragm settings with the concavity to create a star or an
asterisk, this control defines how many branches it has.

concavity
* a concavity of 1 ensures the diaphragm is a regular convex polygon (triangle, pentagon, heptagon, etc.).
* a concavity greater than 1 but lower than number of blades - 1 turnsthe shape into a star.

* a concavity greater than number of blades - 1 butlower than number of blades turns the shape into an
asterisk, when decreasing linearity below 1.

* a concavity greater than or equal to number of blades degenerates the shape into a “burst pattern”.
linearity

* a linearity of 0 creates a disc, no matter the number of blades or the concavity.

* a linearity of 1 makes all the outer bounds of the shape straight.

* a linearity between 0 and 1 makes the outer bounds of the shape more or less curved.
rotation

Allows the shape to be rotated with respect to its center - mostly useful with a small number of blades, when a particular
orientation is needed.

controls specific to motion blur

direction
The orientation of the motion’s path in angular degrees. 0° is horizontal motion.
curvature

The curvature of the motion. Zero produces a straight line, a negative value produces a concave curvature, a positive
value produces a convex curvature.

offset
Shifts along the motion path following its curve. This is useful to select a portion of the curved path that is symmetrical,
which produces a coma shape (example 1: direction = -45°, curvature = +2, offset = +0.5 ; example 2 : direction = -45°,
curvature = +1, offset = +1).

caveats

This module is implemented using a “naive” convolution, which is a slow algorithm. Faster approaches are available (using
FFT) but not yet implemented. The GPU implementation, through OpenCL, should hide this issue somewhat. In any case, the
runtime of the module will increase with the square of the blur radius.

The blurring process does not take scene depth and depth-of-field into account, but blurs the whole image as a flat object. It
is therefore not suitable for creating fake depth-of-field. Using darktable’s general masking will only partially work to isolate
the foreground of an image, since it will still be blurred into the background.

tips and tricks

All images are usually (even a tiny bit) noisy. If you blur only a part of the image, the blurred region will look suspiciously
clean compared to the rest of the image. It is therefore a good idea to add a bit of noise on top of the blurred part to blend it
with the rest, using either the grain or the censorize modules.
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8.2.6. censorize

Degrade parts of the image in an aesthetically pleasing way, in order to anonymize people/objects or hide body parts.
Censorize works in linear RGB color space to apply a physically-accurate gaussian blur and gaussian luminance noise.
Aside from anonymization, this module can also be used for a wide range of creative purposes, for example:

* Combine a simple blur with a multiply blend mode to create a realistic bloom (Orton effect).

» Combine a simple blur with a subtract blending mode and low opacity to create an unsharp mask , similar to the
sharpen module but in an RGB scene-referred space.

* Add noise to create artificial grain.

Note: The anonymizing methods provided by this module are not forensically safe in order to favor aesthetics. Some
forensic techniques may still be able to reconstruct the censorized content based on its structure, especially for simple
shapes and text (e.g. license plates, street numbers).

If forensically safe anonymization is required, the only way to achieve this is to paint the surfaces with a solid color.

The darktable team does not accept responsibility for poorly anonymized pictures leading to the identification
of individuals or personal property.

workflow

You are advised to leave the module’s controls at their default values while you mask the areas of the image that you wish
to censorize, in order that the details of the image remain visible.

module controls

input blur radius
The strength of the first pass of the gaussian blur.
pixellation radius
The size of the “big pixels” created after the first pass of gaussian blur.
output blur radius
The strength of the second pass of the gaussian blur, applied after the pixellation.
noise level

The strength (standard deviation) of the luminance gaussian noise applied after the second pass of the gaussian blur.
Adding noise can fake details in the blurred regions and make content detection more difficult for artificial intelligence
algorithms.

8.2.7. channel mixer (deprecated)

Please note that this module is deprecated from darktable 3.4 and should no longer be used for new edits.
Please use the color calibration module instead.

A simple yet powerful tool to manage color channels.
This module accepts red, green and blue channels as an input and provides red, green, blue, gray, hue, saturation and

lightness channels as output. It allows you to independently control how much each input channel contributes to each
output channel.

RGB matrix multiplication

You can think of the channel mixer as a type of matrix multiplication between a 3x3 matrix and the input [R G B] values.
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R out Rr Rg Rb R in
[ G out ] = [ Gr Gg Gb ] X [ G in ]
B out Br Bg Bb B in

If, for example, you’'ve been provided with a matrix to transform from one color space to another, you can enter the matrix
coefficients into the channel mixer as follows:

* set the destination to red then set the Rr, Rg & Rb values using the red, green and blue sliders
* set the destination to green then set the Gr, Gg & Gb values using the red, green and blue sliders
* set the destination to blue then set the Br, Bg & Bb values using the red, green and blue sliders

By default, channel mixer just copies the input [R G B] channels straight over to the matching output channels. This is
equivalent to multiplying by the identity matrix:

R out 1 0 0 R in
[ G out ] = [ O 1 0 ] X [ G in ]
B out 0 0 1 B in
As an example use case, the following matrix is useful for taming ugly out-of-gamut blue LED lights by making them more

magenta:

-0.20 1.00 0.20

|: 1.00 -0.18 0.18]
0.05 -0.05 1.00

In this case it is useful to use a parameteric mask to limit the effect of the channel mixer to just the problematic colors.

A more intuitive take for what the channel mixer sliders do:

« for the red destination, adjusting sliders to the right will make the R, G or B areas of the image more red. Moving the
slider to the left will make those areas more cyan.

« for the green destination, adjusting sliders to the right will make the R, G or B areas of the image more green. Moving
the slider to the left will make those areas more magenta.

« for the blue destination, adjusting sliders to the right will make the R, G or B areas of the image more blue. Moving
the slider to the left will make those areas more yellow.

monochrome

Another very useful application of the channel mixer is the ability to mix the channels together to produce a grayscale
output - a monochrome image. Use the gray destination, and set the red, green and blue sliders to control how much each
channel contributes to the brightness of the output. This is equivalent to the following matrix multiplication:

GRAY out = [r g bl X Rinj
| G in |
LB in

When dealing with skin tones, the relative weights of the three channels will affect the level of detail in the image. Placing
more weight on red (e.g. [0.9, 0.3, -0.3]) will make for smooth skin tones, whereas emphasising green (e.g. [0.4, 0.75,
-0.15]) will bring out more detail. In both cases the blue channel is reduced to avoid emphasising unwanted skin texture.

Different types of traditional black and white film have differing sensitivities to red, green and blue colors, and this can be
simulated by setting the gray destination coefficients appropriately. The channel mixer module has a number of built-in
presets that can be used to achieve this.

module controls

destination
Select the destination channel that will be affected by the slider settings immediately below. The red, green and blue
destination channels are used for color mixing as described in the matrix multiplication section above. The gray channel is
used for making grayscale images as described in the monochome section above. It is also possible to define the R, G & B
input channels to produce HSL (hue, saturation and lightness) values on the output, although this is a very specialised
application.

red

Defines how much the red input channel should contribute to the selected destination channel.
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green
Defines how much the green input channel should contribute to the selected destination channel.
blue
Defines how much the blue input channel should contribute to the selected destination channel.

8.2.8. chromatic aberrations

Correct chromatic aberrations.

In contrast to the raw chromatic aberrations module, this module does not require raw data as input.

workflow

To obtain the best result, you are advised to proceed as follows:

1. Attenuate the chromatic aberrations as much as possible in the lens correction module using the TCA sliders.

2. Increase the strength slider in this module to better see its effect.

3. Increase the radius until the chromatic aberrations disappear. If this is insufficient, try enabling the “very large
chromatic aberrations” setting.

4. Choose the guide that gives the best result in term of sharpness and artifacts.

5. Reduce the strength to avoid washing out the colors too much.

For more complicated cases you could also try the following:

» Use several instances with different correction modes - for example, a first instance in “brighten only” mode, and a
second in “darken only” mode.

» Use several instances with low strength to correct the chromatic aberrations a little at a time without degrading
colors too much.

* Use the module with parametric or drawn masks.

Use RGB red, green and blue blend modes to restrict the effect to a particular channel.

module controls

guide
The color channel that will be used as a reference for the correction.
radius

The radius of the effect. Increase until chromatic aberrations are eliminated. This is the most important slider of the
module.

strength

This slider acts as a safeguard and can help to preserve colorful areas that do not suffer from chromatic aberrations.
Increase for stronger correction, decrease for stronger preservation.

correction mode

Allows you to restrict the effect to brighten or darken pixels only. For full control, this can be used in combination with R, G,
B blend modes and multiples instances.

very large chromatic aberrations
Makes the algorithm iterative to help in reducing very large chromatic aberrations.

8.2.9. color balance

A versatile tool for adjusting the image’s color balance.

This module can be used to revert parasitic color casts or to enhance the visual atmosphere of an image using color
grading, a popular technique in the cinema industry. For scene-referred workflow, you should consider using the improved
color balance rgb module instead.

overview

The color balance module allows you to shift colors selectively by luminance range (shadows, mid-tones, and highlights). It
can do this using two different methods:
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lift, gamma, gain
The classic method, which allows a more separated control of shadows versus highlights.
slope, offset, power

The new standard defined by the American Society of Cinematographers Color Decision List (ASC CDL) and more suited to
scene-referred editing.

The master settings affect the whole image. They are not available in lift, gamma, gain (SRGB) mode. The slider ranges are
limited to usual values ([50%; 150%] for saturation, [-50%; 50%] for contrast), but higher and lower values can be defined
via keyboard input after right-clicking on the corresponding slider.

For better efficiency, in slope, offset, power mode it is recommended that you set the slope first, then the offset, and finally
the power, in that order. The name of the mode can be use as a mnemonic to remember the order.

The shadows parameter has a far heavier effect in slope, offset, power mode than in lift, gamma, gain mode. When
switching from the former to the latter, you should adapt the saturation in shadows, dividing by around 10.

Note: Although this module acts on RGB colors its location in the pixelpipe puts it into the Lab color space. Accordingly the
module converts from Lab to RGB, performs its color adjustments, and then converts back to Lab.

presets

Several presets are provided in this module to help you to better understand how it can best be used. The “teal/orange
color-grading” preset is a very popular look in cinema and is a good showcase model. It is meant to be used with two
instances combined with masks . The first instance will exclude skin tones and will shift neutral colors toward teal blue. The
second will partially revert the first one and add more vibrance to skin tones only. Together they will create separation
between subject and background. The masking and blending parameters will need to be tweaked to suit every image.

Other presets provide Kodak film emulations. In this way you can recreate any film look you like using color balance.

module controls

mode

lift, gamma, gain (sRGB) is the legacy mode from darktable 2.4 and earlier. In this mode, the color transformations are
applied in sRGB color space encoded with the sSRGB gamma (average gamma of 2.2).

lift, gamma, gain (ProPhoto RGB) is the same as the previous mode but works in ProPhoto RGB space, encoded linearly. In
this mode, the RGB parameters are corrected in XYZ luminance (Y channel) internally so they affect only the color, and
only the “factors” adjust the luminance.

slope, offset, power (ProPhoto RGB) applies the ASC CDL in ProPhoto RGB space, encoded linearly. As with the previous
mode, the RGB parameters are corrected in XYZ luminance internally. In this mode, the slope parameter acts as an
exposure compensation, the offset acts as a black level correction, and the power acts as a gamma correction. All
parameters will have some impact on the whole luminance range but the slope will mostly affect the highlights, the offset
will mostly affect the shadows, and the power will mostly affect the mid-tones.

color control sliders
This combobox selection affects the user interface used for the shadows, mid-tones and highlights controls.

RGBL controls allow direct access to the RGB parameters that will be sent to the algorithm and internally adjusted in XYZ
luminance, depending on the mode used. They are the only ones stored in darktable’s development history.

HSL controls are more intuitive, but are only an interface: the hues and saturations are computed dynamically from and to
the RGB parameters and never stored. During the HSL to RGB conversion, the HSL lightness is always assumed to be 50%,
so the RGB parameters are always balanced to avoid lightness changes. However, during the RGB to HSL conversion, the
HSL lightness is not corrected.

As a consequence, editing in RGB, then in HSL, then again in RGB will not retain the original RGB parameters, but will
normalize them so their HSL lightness is 50%. The difference is barely noticeable in most cases, especially using the
modes that already correct the RGB parameters internally in XYZ luminance.

In both modes, additional “factor” sliders act on all RGB channels at once. Their effect is similar to the controls of the
levels module and affect only the luminance.

darktable 4.4 user manual 79



Module Reference processing modules

input saturation

A saturation correction applied before the color balance. This can be used to dampen colors before adjusting the balance,
to make difficult images easier to process. When you entirely desaturate the image, this creates a luminance-based
monochrome image that can be used as a luminance mask, to create color filters with the color balance settings, like a
split-toning or sepia effect (when used with blending modes).

output saturation

A saturation correction applied after the color balance. This is useful once you have found a proper hue balance but find
the effect too heavy, so you can adjust the global saturation at once instead of editing each channel saturation separately
at the expense of possibly messing up the colors.

contrast / contrast fulcrum

The contrast slider allows the luminance separation to be increased. The fulcrum value defines the luminance value that
will not be affected by the contrast correction, so the contrast will roll over the fulcrum. Luminance values above the
fulcrum will be amplified almost linearly. Luminance values below the fulcrum value will be compressed with a power
function (creating a toe). This correction comes after the output saturation and is applied on all RGB channels separately,
so hues and saturations might not be preserved in case of dramatic settings (shadows might be resaturated, highlights
might be desaturated, and some color shift is to be expected).

shadows, mid-tones, highlights

Depending on the mode used, the shadows settings will control either the lift or the offset, the mid-tones settings will
control either the gamma or the power, and the highlights settings will control either the gain or the slope. Parameters are
transferred unaltered when you change the mode.

In RGBL mode, the RGB sliders’ range is limited to [-0.5; 0.5]. In HSL mode, the saturation sliders range is limited to [0%;
25%]. Values outside of these bounds can be defined with keyboard input by right-clicking on the slider.

Note: The shadows, mid-tones and highlights sliders can take up a great deal of space in the color balance module. The
overall layout of these sliders can therefore be cycled through three different layouts by clicking on the shadows, mid-tones,
highlights heading. You can also set the default layout with preferences > darkroom > colorbalance slider block layout .

optimize luma

The color picker beside the optimize luma label will select the whole image and optimize the factors for shadows, mid-
tones and highlights so that the average luminance of the image is 50% Lab, the maximum is 100% and the minimum is
0%, at the output of this module. This is essentially histogram normalization, similar to that performed by the levels
module. The optimizer is only really accurate when used in slope, offset, power mode.

If you want more control, you can define three control patches by using the color pickers beside each factor slider to
sample luminance in selected areas. The shadows color picker samples the minimum luminance, the mid-tones color
picker samples the average luminance, and the highlights color picker samples the maximum luminance. The most
sensitive parameter is the mid-tones factor, since selecting a slightly different area can lead to dramatic parameter
changes. Using the factors color pickers alone, without triggering the luma optimization, will allow you to perform
adjustments without general optimization, but each parameter is always computed taking the other two into account.
Once patches are selected, the label changes to read “optimize luma from patches”. To reset one patch, you can just redo
the selection. Patches are not saved in the parameters and are retained only during the current session.

It is important to note that the luminance adjustment targets only the output of the color balance module and does not
account for adjustments performed in other modules later in the pixelpipe (e.q. filmic rgb , tone curve , color zones ,
levels ). Using the color balance module to remap the luminance globally on the image is not recommended because it
does not preserve the original colors - modules such as tone curve or filmic rgb are better suited for this purpose.
Luminance adjustments in color balance are better performed, in combination with color adjustments, using masks.
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neutralize colors

In an image where some areas are exposed to direct sunlight and some areas are exposed to reflected light (shadows), or
where several artificial light sources are present simultaneously, shadows and highlights often have different color
temperatures. These images are particularly difficult to correct since no general white balance will match all the colors at
once. The color neutralization optimizer aims at helping you find the complementary color for shadows, mid-tones, and
highlights so that all the color casts are reverted, and the average color of the image is a neutral gray.

As with the luma optimization, the color picker beside the neutralize colors label will trigger a general optimization over
the whole image. This works fairly well in landscape photography, or for any photograph with a full spectrum of colors and
luminances.

For night and events photography, this will most likely fail and you will need to manually input the sampling areas with the
color pickers beside each hue slider. For the highlights sample, use a color exposed to spotlights that should be neutral
white or light gray. For the shadows sample, use a color exposed to ambient light that should be neutral black or dark gray.
For the mid-tones sample, use a color exposed by both ambient and spotlights.

The success of the optimization depends on the quality of the samples. Not every set of samples will converge to a good
solution and you need to ensure that the color patches you choose are really a neutral color in real life. In many cases the
optimizer will output the correct hue but an excessive saturation that will need some extra tweaking. In some cases, no
valid optimization will be delivered and you will need to reset the saturation parameters and start over, or simply stop
after the patches selection. Note that in the auto-optimization, the maximum saturation is 25%, which might not be
enough in very few cases but will avoid inconsistent results in most.

If you select color patches from the hue color pickers without triggering the optimization, the software will only perform
one round of optimization and then stop. This allows you to control each luminance range separately and avoid divergence
of the solution in corner cases. The hue and saturation corrections are computed taking into account the two other
luminance ranges and three factors, and will always output the complementary color of the selected area. If you want to
reinforce the color of the area instead, you can then add 180° to the computed hue. Once patches are selected, the label
changes to read “neutralize colors from patches”. To reset one patch you can just redo the selection. Patches are not
saved in the parameters and are retained only during the current session. The parameters found by the automatic
neutralization are accurate only in slope, offset, power mode, but can work to some extent in lift, gamma, gain mode too.

8.2.10. color balance rgb

An advanced module which brings color-grading tools from cinematography into the photographic scene-referred pipeline.

This module is not suitable for beginners with no prior knowledge of color theory, who might want to stick to the global
chroma and global vibrance settings until they have a good understanding of the dimensions of color .

introduction

Color-grading is an important part of image editing. It can help to remove unwanted color casts and can also deliver a
creative color twist that will add atmosphere to your images. In the days of film photography, most of the color ambiance
was obtained with the film emulsion and the developing chemicals, with some color timing being performed under the
enlarger with color heads. This consumed expensive resources and was mostly reserved for the cinema industry, where the
job was performed by a colorist.

In the digital age, where raw images look flat and even, color-grading assumes the same role that film emulsions did, by re-
introducing color shifts for aesthetic purposes. It can also serve to harmonize the color palette of a series of images (which
may have been shot under different conditions) to achieve a consistent global look. For this task, the vectorscope is also
extremely useful.

Colorists usually split color-grading into two distinct steps:

1. Primary color-grading aims to fix unwanted color casts and create a neutral starting point,
2. Secondary color-grading gives the image its final look and atmosphere.

Primary color-grading is best left to the color calibration module, which operates in a physical framework better suited to
illuminant correction. Color balance RGB, on the other hand, is mostly concerned with secondary color-grading. Performing a
truly neutral primary color-grading should make the secondary color-grading easy to transfer between images (via styles,
presets or copy & paste) with a similar effect.
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general principles

The color balance RGB module is an improvement over the American Society of Cinematographers Color Decision List (ASC
CDL), and uses alpha masks to allow the effect to be properly split between shadows and highlights. The classic CDL acts on
the entire luminance range, and each of its parameters is given more weight on some parts of the image only as a side-
effect of the mathematics.

This module works, for the most part (4 ways, chroma, vibrance, contrast), in a linear RGB color space designed specifically
for color-grading. This color space exhibits a uniform spacing of perceptual hues while retaining a physically-scaled

Iuminancel. The perceptual part of the module (saturation and brilliance) works in the JzAszz color space, which provides
a perceptual scaling of both lightness and chromaticity suitable for HDR images. Both color spaces ensure that saturation
and chroma changes take place at constant hue, which is not the case for most other saturation operators in darktable
(notably in the older color balance module).

The color balance RGB module expects a scene-referred linear input and produces a scene-referred RGB output, which may
or may not be linear, depending on the module settings (contrast and power will delinearize the output).

At its output, color balance RGB checks that the graded colors fit inside the pipeline RGB color space (Rec 2020 by default)
and applies a soft saturation clipping at constant hue, aiming to retarget out-of-gamut color to the nearest in-gamut color by
scaling both chroma and lightness. This prevents the chroma and saturation settings from pushing colors outside of the
valid range and allows more drastic adjustments to be safely used.

Note that this module abides by the CIE definitions of chroma and saturation, as explained in the dimensions of color
section.

module controls

master tab

hue shift

Rotate all colors in the image by an angle over the chromaticity plane, at constant luminance and chroma. You can use
this control to remove spilled colored light on a subject or to quickly change the color of some object. This setting is
usually best applied locally, using masks .
global vibrance
This affects the chroma dimension of color over the entire image, prioritizing those colors with low chroma. This allows the
chroma of neutral colors to be increased without exaggerating already-colorful pixels.
contrast
This setting is applied on the luminance channel at constant hue and chroma. The fulcrum setting (in the masks tab, under
contrast gray fulcrum) allows you to set the neutral point of the contrast curve:
* at the fulcrum, the contrast curve leaves the luminance unchanged,
* below the fulcrum, the contrast curve decreases the luminance for positive contrast values, or increases it for
negative values,
* above the fulcrum, the contrast curve increases the luminance for positive contrast values, or decreases it for
negative values.

The fulcrum has a value of 18.45% by default, which is consistent with the current scene-referred workflow and should fit
most use cases (assuming that global brightness has been fixed as recommended using the exposure module).

The contrast algorithm gives natural results that mimic the central part of the contrast curve of analog film. However, it
will also increase the image’s dynamic range, which may void filmic settings in the pipe. For global contrast adjustments,
you should normally use the tone equalizer module - the color balance RGB contrast slider is best used with masks, e.g.
for selective corrections over the foreground or background.

linear chroma grading

Linear chroma grading affects the chroma dimension proportionally to its input value, at constant hue and luminance. It
does this globally, with a flat coefficient (using the global chroma), as well as on each of the shadows, mid-tones and
highlights masks (defined in the masks tab under luminance ranges).
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perceptual saturation grading

Perceptual saturation grading affects both the luminance and the chroma dimensions, in a perceptual space, proportionally
to its input value, at constant hue. It does this globally, with a flat coefficient (using the global saturation), as well as on
each of the shadows, mid-tones and highlights masks (defined in the masks tab under luminance ranges).

perceptual brilliance grading

Perceptual brilliance grading affects both the luminance and the chroma dimensions, in a perceptual space, proportionally
to its input value, at constant hue, and in a direction orthogonal to the saturation. Its effect is close to that of changing
exposure, but scaled perceptually. It does this globally, with a flat coefficient (using the global saturation), as well as on
each of the shadows, mid-tones and highlights masks (defined in the masks tab under luminance ranges).

4 ways tab

Each of the settings in the 4 ways tab is composed of the same three components, which define a color using independent
coordinates:

1. luminance,
2. hue,
3. chroma.

Color input like this defines a color shift applied to the image globally or over the specified luminance range.

Each hue slider has a color picker, which may be used to compute the opponent color of the selected region. This is useful
to revert unwanted color casts (e.g. skin redness), since shifting the color to its opponent cast neutralizes it.

global offset

This is equivalent to the ASC CDL offset and falls back to adding a constant RGB value to all pixels, quite like the black
offset in the exposure module. This control does not use masking.

shadows lift

This is conceptually equivalent to the lift from lift/gamma/gain, although implemented differently, and falls back to
multiplying the masked pixels by a constant RGB value. It is applied using the shadows mask.

highlights gain

This is equivalent to the ASC CDL slope, and falls back to multiplying a the masked pixels by a constant RGB value. It is
applied using the highlights mask.

global power

This is equivalent to the ASC CDL power, and falls back to applying a constant RGB exponent. It is not masked and needs to
be normalized, since the power function has a different behaviour above and below 1, and we are in an unbounded pipeline
where white is typically greater than 1. The normalization parameter is available in the masks tab under white fulcrum.

masks tab

This tab defines auxiliary controls for the previous tabs. Masking controls typically don’t require any user modification since
the defaults are calibrated to suit most needs and fulfil the normal scene-referred pixel pipeline expectations. You should
only need to change these settings in specific scenarios.
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luminance ranges

The graphs show the opacity (on the y axis) of the 3 luminance masks relative to the pixel luminance (on the x axis). The
darkest curve represents the shadows mask, the brightest represents the highlights mask, and the third curve represents
the mid-tones mask.

Only the shadows and highlights masks can be controlled directly - the mid-tones mask is computed indirectly from the
others and acts as an adjustment variable.

shadows fall-off

Control the softness or hardness of the transition from fully opaque (100%) to fully transparent (0%) for the shadows
mask.

mask middle-gray fulcrum

Set the luminance value where all three masks have 50% opacity. In practice, this is used to define how the image is
separated into shadows and highlights.

highlights fall-off

Control the softness or hardness of the transition from fully opaque (100%) to fully transparent (0%) for the highlights
mask.

For each of these settings, a mask button, provided to the right of the slider, displays the appropriate mask (shadows, mid-
tones, highlights), overlaid as a checker board. The still-visible area of the image (not hidden by the mask) is the area that
will be affected by the shadows, mid-tones and highlights sliders in the other tabs.

All mask previews display the output of the module, including any color changes made, so you can also activate them while
editing, to see only the affected part of the image.

Luminance masks are computed at the input of the module, which means that they are insensitive to any luminance
changes made inside the module.

thresholds

white fulcrum
Set the white point luminance in EV. This is used to normalize the power setting in the 4 ways tab. Display-referred
implementations of power functions assume that white is at 100%, which removes the need for normalization. For scene-
referred purposes this needs to be taken into account.

The color picker to the right of the slider automatically sets the white fulcrum to the maximum luminance from the
selected region, which should be sufficient in most cases.

contrast gray fulcrum
Set the fulcrum for the contrast setting in the master tab. This corresponds to the luminance value that will be left
unchanged by the contrast adjustment. This setting usually matches the middle-gray linear value. If you followed the
scene-referred workflow recommendations and set the global brightness early in the pipeline, using the exposure module,
the correct value should usually be around 18-20%.

The color picker to the right of the slider automatically sets the contrast gray fulcrum to the average luminance from the
selected region. This relies on the assumption that the average luminance is usually close to middle-gray, which is not true
if you have specular highlights or primary light sources in the frame, or for low/high-key images.

saturation formula

Note that this setting is not really appropriate for the masks tab (since it is not technically related to the masks) but is
placed here because it is not meant to be used regularly and in the spirit of saving some display real-estate. Two options are
provided:

JzAzBz (2021)

This mode is the original saturation algorithm. It uses the JzAzBz uniform color space (UCS) to compute the saturation.
This color space is not meant for color changes and its lightness does not account for the Helmholtz-Kohlrausch effect,
which states that colorful colors will look brighter than neutral or near-neutral colors (greys and pastels) having the same
luminance. It also suffers from non-smooth behaviour near black, with colors being darkened too much.
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darktable UCS (2022)

The darktable Uniform Color Space has been designed from the ground up , using psychoperceptual measurement
datasets, for the sole purpose of the color manipulation (saturation) performed by this module. This color space does
account for the Helmholtz-Kohlrausch effect and has a built-in gamut mapping formula that is more accurate and efficient
than can be achieved in JzAzBz. It displays a smoother behaviour which makes saturation changes more even across the
lightness range.

mask preview settings

These settings apply to the mask previews, displayed by clicking the mask buttons in the luminance ranges section. These
settings are saved globally, so will be applied to all subsequent images unless changed.

checker board color 1 and 2
Set the two colors for the background checker board mask underlay. You can set them to opponent colors of the current
image to aid legibility.

checker board size
Set the width of the checker board cells in pixels (adjusted according to the display’s DPI setting).

FAQ

saturation or chroma?

As described in the dimensions of color section, saturation and chroma roam the (lightness, chroma) plane in different
directions. In addition, the chroma of color balance RGB uses a scene-referred linear space, while the saturation uses a
perceptual space, which rescales color for even spacing.

In practice, you should use the chroma setting if you want to preserve the scene-linearity of the light emission and/or keep
the luminance unchanged. However, these changes might affect some hues more heavily than others, due to the fact that
the color space is not fully perceptually-scaled.

Saturation is closer to the effect of mixing white paint with some base color. Reducing the saturation of red will degrade it to
pink, while reducing its chroma will degrade to a gray shade at the same luminance. Saturation is perhaps a more intuitive
way to interact with color, due to its connection with painting.

Choosing one or the other is mostly a matter of deciding where on the (lightness, chroma) graph you want to push your
colors, and where they are to begin with. To reach pastel colors, saturation is the way to go. To reach laser-like colors
(almost monochromatic), at the risk of looking synthetic, chroma is the way to go.

what is the connection with lift/gamma/gain?

The lift/gamma/gain algorithm relies on a display-referred color space, since it assumes a bounded and symmetric dynamic
range, with white point at 100% and gray at 50%. As such, it is simply unusable in a scene-referred space. However, the
only incompatible part is the lift. The gamma is exactly the ASC CDL power, and the gain is exactly the ASC CDL slope.

The color balance RGB module simply has two slopes instead of one: the gain, applied on the highlights extracted from the
whole image by a mask, and the /ift, applied similarly but on the shadows.
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changing contrast

While color balance RGB is mostly about color (other modules handle the global contrast in chromaticity-preserving ways)
luminance is as much a part of color as hue or chroma, and it needs to be dealt with here too, because the perception of
saturation relies on it. If you wish to turn red into pink, for example, reducing its chroma will turn it gray, so you need to
increase its luminance as well.

There are several ways to change the contrast in color balance RGB, either locally (with masks) or globally (without):

* in the master tab, use the contrast setting (possibly alongside the contrast gray fulcrum in the masks tab). Be aware
that this will raise the white point and therefore increase the dynamic range of the image, which may void filmic
settings later in the pipeline.

* in perceptual saturation grading , desaturate highlights and resaturate shadows to produce a luminance contrast
boost,

* in perceptual brilliance grading , add brilliance in the highlights and remove brilliance in the shadows to produce to a
luminance contrast boost,

* in the 4 ways tab, set the shadows lift luminance to negative values and the highlights gain luminance to positive
values, which also produces a luminance contrast boost.

The difference between these methods is how the effect will be weighted relative to the input of the module. You are
advised to do the majority of luminance contrast adjustments in the filmic and tone equalizer modules, and then undertake
final changes in color balance RGB while examining the colors.

internal processing

The following is the internal order of operations within the module:

. Transform from pipeline RGB to Kirk/Filmlight Ych space,

. Apply hue shift at constant chroma and constant luminance,

. Compute luminance masks with Y,

. Apply the linear chroma and vibrance settings at constant hue and luminance,
. Transform to Kirk/Filmlight RGB space,

. Apply the 4 ways settings (except luminance power),

. Transform to Kirk/Filmlight Yrg space,

. Apply luminance power and contrastonY,

. Transform to JzAzBz space,

10. Apply the perceptual saturation and perceptual brilliance settings,

11. Soft-clip the chroma using pipeline RGB gamut at constant hue and lightness,
12. Transform back to pipeline RGB.
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caveats

Setting the global chroma to -100% will not produce a real monochrome image, as is customary with other algorithms. The
reason for this is that the RGB space used has a D65 white point defined in CIE LMS 2006 space, while darktable uses a
white point defined in CIE XYZ 1931 space, and there is no exact conversion between these spaces. The result will therefore
be a slighly tinted black & white image. If your intent is to get a real black & white image using the luminance channel, the
color calibration module offers a B&W : luminance-based preset that does exactly the same thing but without the white-
point discrepancy.

This module has its gamut-mapping (against pipeline RGB) permanently enabled. This means that if your original image
contains some largely out-of-gamut colors to start with, simply enabling color balance RGB with no particular setting will
slightly alter its colors. This is probably for the best.

The maximum saturation allowed in the pipeline working RGB space is recorded for each hue when initializing the module,
and is later cached in a LUT (look-up table) to save performance. If the working profile is later changed, color balance RGB is
not notified, meaning that it will not update its cached hue/saturation LUT. To force a LUT update, you can simply change
any setting in the color balance RGB module, then change it back again. It is not recommended that you change the
working RGB space half-way through an editing session, as this could result in unexpected chroma and hue changes.

For performance reasons, the non-linear conversions from and to the working RGB space are bypassed, meaning that the
internal colorimetry will be wrong when using non-linear color spaces. Note that there is no reason to use non-linear spaces
as working RGB since they make alpha blending more challenging for no benefit.
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8.2.11. color calibration

A fully-featured color-space correction, white balance adjustment and channel mixer module.
This simple yet powerful module can be used in the following ways:

* To adjust the white balance ( chromatic adaptation ), working in tandem with the white balance module. Here, the
white balance module makes some initial adjustments (required for the demosaic module to work effectively), and
the color calibration module then calculates a more perceptually-accurate white balance after the input color profile
has been applied.

* As a simple RGB channel mixer , adjusting the R, G and B output channels based on the R, G and B input channels, to
perform cross-talk color-grading.

* To adjust the color saturation and brightness of the image, based on the relative strength of the R, G and B channels
of each pixel.

» To produce a grayscale output based on the relative strengths of the R, G and B channels, in a way similar to the
response of black and white film to a light spectrum.

* To improve the color accuracy of the input color profile using a color checker chart.
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White Balance in the Chromatic Adaptation Transformation (CAT) tab

Chromatic adaptation aims to predict how all surfaces in the scene would look if they had been lit by another illuminant.
What we actually want to predict, though, is how those surfaces would have looked if they had been lit by the same
illuminant as your monitor, in order to make all colors in the scene match the change of illuminant. White balance, on the
other hand, aims only at ensuring that whites and grays are really neutral (R = G = B) and doesn’t really care about the rest
of the color range. White balance is therefore only a partial chromatic adaptation.

Chromatic adaptation is controlled within the Chromatic Adaptation Transformation (CAT) tab of the color calibration module.
When used in this way the white balance module is still required as it needs to perform a basic white balance operation
(connected to the input color profile values). This technical white balancing (“camera reference” mode) is a flat setting that
makes grays lit by a standard D65 illuminant look achromatic, and makes the demosaicing process more accurate, but does
not perform any perceptual adaptation according to the scene. The actual chromatic adaptation is then performed by the
color calibration module, on top of those corrections performed by the white balance and input color profile modules. The
use of custom matrices in the input color profile module is therefore discouraged. Additionally, the RGB coefficients in the
white balance module need to be accurate in order for this module to work in a predictable way.

The color calibration and white balance modules can be automatically applied to perform chromatic adaptation for new
edits by setting the chromatic adaptation workflow option ( preferences > processing > auto-apply chromatic adaptation
defaults ) to “modern”. If you prefer to perform all white balancing within the white balance module, a “legacy” option is
also provided. Neither option precludes the use of other modules (such as color balance RGB ) for creative color grading
further along the pixel pipeline.

By default, color calibration performs chromatic adaptation by:

* reading the RAW file’s Exif data to fetch the scene white balance set by the camera,
 adjusting this setting using the camera reference white balance from the white balance module,
« further adjusting this setting with the input color profile in use (standard matrix only).

For consistency, the color calibration module’s default settings always assume that the standard matrix is used in the input
color profile module - any non-standard settings in this module are ignored. However, color calibration’s defaults can read
any auto-applied preset in the white balance module.

It is also worth noting that, unlike the white balance module, color calibration can be used with masks . This means that you
can selectively correct different parts of the image to account for differing light sources.

To achieve this, create an instance of the color calibration module to perform global adjustments using a mask to exclude
those parts of the image that you wish to handle differently. Then create a second instance of the module reusing the mask
from the first instance (inverted) using a raster mask .
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CAT tab workflow

The default illuminant and color space used by the chromatic adaptation are initialised from the Exif metadata of the RAW
file. There are four options available in the CAT tab to set these parameters manually:

» Use the color picker (to the right of the color patch) to select a neutral color from the image or, if one is unavailable,
select the entire image. In this case, the algorithm finds the average color within the chosen area and sets that color
as the illuminant. This method relies on the “gray-world” assumption, which predicts that the average color of a
natural scene will be neutral. This method will not work for artificial scenes, for example those with painted surfaces.

Select “(Al) detect from edges”, which uses a machine-learning technique to detect the illuminant using the entire
image. This algorithm finds the average gradient color over the edges in the image and sets that color as the
illuminant. This method relies on the “gray-edge” assumption, which may fail if large chromatic aberrations are
present. As with any edge-detection method, it is sensitive to noise and poorly suited to high-ISO images, but it is
very well suited for artificial scenes where no neutral colors are available.

Select “(Al) detect from surfaces”, which combines the two previous methods, also using the entire image. This
algorithm finds the average color within the image, giving greater weight to areas where sharp details are found and
colors are strongly correlated. This makes it more immune to noise than the edge variant and more immune to
legitimate non-neutral surfaces than the naive average, but sharp colored textures (like green grass) are likely to
make it fail.

» Select “as shot in camera” to restore the camera defaults and re-read the RAW EXxif.

The color patch shows the color of the currently calculated illuminant projected into sSRGB space. The aim of the chromatic
adaptation algorithm is to turn this color into pure white, which does not necessarily means shifting the image toward its
perceptual opponent color. If the illuminant is properly set, the image will be given the same tint as shown in the color patch
when the module is disabled.

To the left of the color patch is the CCT (correlated color temperature) approximation. This is the closest temperature, in
kelvin, to the illuminant currently in use. In most image processing software it is customary to set the white balance using a
combination of temperature and tint. However, when the illuminant is far from daylight, the CCT becomes inaccurate and
irrelevant, and the CIE (International Commission on lllumination) discourages its use in such conditions. The CCT reading
informs you of the closest CCT match found:

* When the CCT is followed by “(daylight)”, this means that the current illuminant is close to an ideal daylight spectrum
+ 0.5 %, and the CCT figure is therefore meaningful. In this case, you are advised to use the “D (daylight)” illuminant.
* When the CCT is followed by “(black body)”, this means that the current illuminant is close to an ideal black body
(Planckian) spectrum = 0.5 %, and the CCT figure is therfore meaningful. In this case, you are advised to use the
“Planckian (black body)" illuminant.
When the CCT is followed by “(invalid)”, this means that the CCT figure is meaningless and wrong, because we are
too far from either a daylight or a black body light spectrum. In this case, you are advised to use the custom
illuminant. The chromatic adaptation will still perform as expected (see the note below), so the “(invalid)” tag only
means that the current illuminant color is not accurately tied to the displayed CCT. This tag is nothing to be
concerned about - it is merely there to tell you to stay away from the daylight and planckian illuminants because
they will not behave as you might expect.

When one of the above illuminant detection methods is used, the module checks where the calculated illuminant sits using
the two idealized spectra (daylight and black body) and chooses the most accurate spectrum model to use in its illuminant
parameter. The user-interface will change accordingly:

* A temperature slider will be provided if the detected illuminant is close to a D (daylight) or Planckian (black body)
spectrum, for which the CCT is meaningful.

* Hue and chroma sliders in CIE 1976 Luv space are offered for the custom illuminant, which allows direct selection of
the illuminant color in a perceptual framework without any intermediate assumption.

Note: Internally, the illuminant is represented by its absolute chromaticity coordinates in CIE xyY color space. The
illuminant selection options in the module are merely interfaces to set up this chromaticity from real-world relationships and
are intended to make this process faster. It does not matter to the algorithm if the CCT is tagged “invalid” - this just means
that the relationship between the CCT and the corresponding xyY coordinates is not physically accurate. Regardless, the
color set for the illuminant, as displayed in the patch, will always be honored by the algorithm.
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When switching from one illuminant to another, the module attempts to translate the previous settings to the new
illumninant as accurately as possible. Switching from any illuminant to custom preserves your settings entirely, since the
custom illuminant is a general case. Switching between other modes, or from custom to any other mode, will not precisely
preserve your settings from the previous mode due to rounding errors.

Other hard-coded illuminants are available (see below). Their values come from standard CIE illuminants and are absolute.
You can use them directly if you know exactly what kind of light bulb was used to illuminate the scene and if you trust your
camera’s input profile and reference (D65) coefficients to be accurate. Otherwise, see caveats below.

CAT tab controls

adaptation
The working color space in which the module will perform its chromatic adaptation transform and channel mixing. The
following options are provided:

 Linear Bradford (1985): This is accurate for illuminants close to daylight and is compatible with the ICC v4 standard,
but produces out-of-gamut colors for more difficult illuminants.

* CAT16 (2016): This is the default option and is more robust in avoiding imaginary colors while working with large
gamut or saturated cyan and purple. It is more accurate than the Bradford CAT in most cases.

* Non-linear Bradford (1985): This can sometimes produce better results than the linear version but is unreliable.

* XYZ: This is the least accurate method and is generally not recommended except for testing and debugging
purposes.

* none (disable): Disable any adaptation and use the pipeline working RGB space.

illuminant
The type of illuminant assumed to have lit the scene. Choose from the following:

* same as pipeline (D50): Do not perform chromatic adaptation in this module instance but just perform channel
mixing, using the selected adaptation color space.

* CIE standard illuminant: Choose from one of the CIE standard illuminants (daylight, incandescent, fluorescent, equi-
energy, or black body), or a non-standard “LED light” illuminant. These values are all pre-computed - as long as
your camera sensor is properly profiled, you can just use them as-is. For illuminants that lie near the Planckian
locus, an additional “temperature” control is also provided (see below).

e custom: If a neutral gray patch is available in the image, the color of the illuminant can be selected using the color
picker, or can be manually specified using hue and saturation sliders (in LCh perceptual color space). The color
swatch next to the color picker shows the color of the calculated illuminant used in the CAT compensation. The color
picker can also be used to restrict the area used for Al detection (below).

* (Al) detect from image surfaces: This algorithm obtains the average color of image patches that have a high
covariance between chroma channels in YUV space and a high intra-channel variance. In other words, it looks for
parts of the image that appear as though they should be gray, and discards flat colored surfaces that may be
legitimately non-gray. It also discards chroma noise as well as chromatic aberrations.

* (Al) detect from image edges: Unlike the white balance module’s auto-white-balancing which relies on the “gray
world” assumption, this method auto-detects a suitable illuminant using the “gray edge” assumption, by calculating
the Minkowski p-norm (p = 8) of the laplacian and trying to minimize it. That is to say, it assumes that edges should
have the same gradient over all channels (gray edges). It is more sensitive to noise than the previous surface-based
detection method.

* as shot in camera: Calculate the illuminant based on the white balance settings provided by the camera.

temperature
Adjust the color temperature of the illuminant. Move the slider to the right to assume a more blue illuminant, which will
make the white-balanced image appear warmer/more red. Move the slider to the left to assume a more red illuminant,
which makes the image appear cooler/more blue after compensation.

This control is only provided for illuminants that lie near the Planckian locus and provides fine-adjustment along that locus.
For other illuminants the concept of “color temperature” doesn’t make sense, so no temperature slider is provided.

hue
For custom white balance, set the hue of the illuminant color in LCh color space (derived from CIE Luv space).
chroma

For custom white balance, set the chroma (or saturation) of the illuminant color in LCh color space (derived from CIE Luv
space).
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gamut compression
Most camera sensors are slightly sensitive to invisible UV wavelengths, which are recorded on the blue channel and
produce “imaginary” colors. Once corrected by the input color profile, these colors will end up out of gamut (that is, it may
no longer be possible to represent certain colors as a valid [R,G,B] triplet with positive values in the working color space)
and produce visual artifacts in gradients. The chromatic adaptation may also push other valid colors out of gamut, at the
same time pushing any already out-of-gamut colors even further out of gamut.
Gamut compression uses a perceptual, non-destructive, method to attempt to compress the chroma while preserving the
luminance as-is and the hue as close as possible, in order to fit the whole image into the gamut of the pipeline working
color space. One example where this feature is very useful is for scenes containing blue LED lights, which are often quite
problematic and can result in ugly gamut clipping in the final image.

clip negative RGB from gamut

Remove any negative RGB values (set them to zero). This helps to deal with bad black level as well as the blue channel
clipping issues that may occur with blue LED lights. This option is destructive for color (it may change the hue) but
ensures a valid RGB output no matter what. It should never be disabled unless you want to take care of the gamut
mapping manually and understand what you are doing. In that case, use the black level correction in the exposure module
to get rid of any negative RGB (RGB means light, which is energy, and which should always be a positive quantity), then
increase the gamut compression until no solid black patches remain in the image. Proper denoising may help getting rid of
odd RGB values too. Note that this approach may still be insufficient to recover some deep and luminous shades of blue.

Note 1: It has been reported that some OpenCL drivers don’t play well when negative RGB values are present in the pixel
pipeline, because many pixel operators use logarithms and power functions (filmic, color balance, all the CIE Lab <-> CIE
XYZ color space conversions), which are not defined for negative numbers. Although the inputs are sanitized before
sensitive operations, it is not enough for some OpenCL drivers, which will output isolated NaN (Not a Number) values. These
NaN values may be subsequently spread by local filters (blurring and sharpening operations, like sharpness, local contrast,
contrast equalizer, low pass, high pass, surface blur, and filmic highlights reconstruction), resulting in large black, gray or
white squares.

In all these cases, you must enable the “clip negative RGB from gamut” option in the color calibration module.

Note 2: A common case for failure of the color algorithms in color calibration (especially the gamut compression) is pixels
that have a luminance value of 0 (Y channel of the CIE 1931 XYZ space), but non-zero chromaticity values (X and Z channels
of the CIE 1931 XYZ space). This case is a numerical oddity that matches no physical reality (a pixel with no luminance
should have no chromaticity either), will produce a division by zero in xyY and Yuv color spaces, and will create NaN RGB
values as a result. This issue is not corrected inside color calibration because it is a symptom of a bad input profiling and/or
a bad black point level, and needs to be addressed manually either by adjusting the input color profile with the channel
mixer or in the exposure module’s black level correction.
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CAT warnings

The chromatic adaptation in this module relies on a number of assumptions about the earlier processing steps in the
pipeline in order to work correctly, and it can be easy to inadvertently break those assumptions in subtle ways. To help you
to avoid these kinds of mistakes, the color calibration module will show warnings in the following circumstances.

* If the color calibration module is set up to perform chromatic adaptation but the white balance module is not set to
“camera reference”, warnings will be shown in both modules. These errors can be resolved either by setting the white
balance module to “camera reference” or by disabling chromatic adaptation in the color calibration module. Note that
some sensors may require minor corrections within the white balance module in which case these warnings can be
ignored.

* If two or more instances of color calibration have been created, each attempting to perform chromatic adaptation, an
error will be shown on the second instance. This could be a valid use case (for instance where masks have been set
up to apply different white balances to different non-overlapping areas of the image) in which case the warnings can
be ignored. For most other cases, chromatic adaptation should be disabled in one of the instances to avoid double-
corrections.

By default, if an instance of the color calibration module is already performing chromatic adaptation, each new
instance you create will automatically have its adaptation set to “none (bypass)” to avoid this “double-correction”
error.

The chromatic adaptation modes in color calibration can be disabled by either setting the adaptation to “none (bypass)” or
setting the illuminant to “same as pipeline (D50)"” in the CAT tab.

These warnings are intended to prevent common and easy mistakes while using the automatic default presets in the
module in a typical RAW editing workflow. When using custom presets and some specific workflows, such as editing film
scans or JPEGs, these warnings can and should be ignored.

Advanced users can disable module warnings in preferences > processing > show warnhing messages .

channel mixing

The remainder of this module is a standard channel mixer, allowing you to adjust the output R, G, B, colorfulness, brightness
and gray of the module based on the relative strengths of the R, G and B input channels.

Channel mixing is performed in the color space defined by the adaptation control on the CAT tab . For all practical purposes,
these CAT spaces are particular RGB spaces tied to human physiology and proportional to the light emissions in the scene,
but they still behave in the same way as any other RGB space. The use of any of the CAT spaces can make the channel
mixer tuning process easier, due to their connection with human physiology, but it is also possible to mix channels in the
RGB working space of the pipeline by setting the adaptation to “none (bypass)”. To perform channel mixing in one of the
adaptation color spaces without chromatic adaptation, set the illuminant to “same as pipeline (D50)".

Note: The actual colors of the CAT or RGB primaries used for the channel mixing, projected to sRGB display space, are
painted in the background of the RGB sliders, so you can get a sense of the color shift that will result from your altered
settings.
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Channel mixing is a process that defines a boosting/muting factor for each channel as a ratio of all the original channels.
Instead of entering a single flat correction that ties the output value of a channel to its input value (for example, R_output

= R _input x correction), the correction to each channel is dependent on the input of all of the channels for each pixel
(for example, R_output = R _input x R correction + G_input x G_correction + B _input x B _correction). Thus a
pixel’s channels contribute to each other (a process known as “cross-talk”) which is equivalent to rotating the primary colors
of the color space in 3D. This is, in effect, digital simulation of physical color filters.

Although rotating primary colors in 3D is ultimately equivalent to applying a general hue rotation, the connection between
the RGB corrections and the resulting perceptual hue rotation is not directly predictable, which makes the process non-
intuitive. “R”, “G” and “B” should be taken as a mixture of 3 lights that we dial up and down, not as a set of colors or hues.
Also, since RGB tristimulus does not decouple luminance and chrominance, but is an additive lighting setup, the “G” channel
is more strongly tied to human luminance perception than the “R” and “B” ones. All pixels have a non-zero G channel, which
implies that any correction to the G channel is likely to affect all pixels.

The channel mixing process is therefore tied to a physical interpretation of the RGB tristimulus (as additive lights), which
makes it well-suited for primary color grading and illuminant corrections, and blends the color changes smoothly. However,
trying to understand and predict it from a perceptual point of view (luminance, hue and saturation) is going to fail and is
discouraged.

Note: The “R”, “G” and “B” labels on the channels of the color spaces in this module are merely conventions formed out of
habit. These channels do not necessarily look “red”, “green” and “blue”, and users are advised against trying to make sense
out of them based on their names. This is a general principle that applies to any RGB space used in any application.

R, G and B tabs

At its most basic level, you can think of the R, G and B tabs of the color calibration module as a type of matrix multiplication
between a 3x3 matrix and the input [R G B] values. This is in fact very similar to what a matrix-based ICC color profile does,
except that the user can input the matrix coefficients via the darktable GUI rather than reading the coefficients from an ICC
profile file.

R out Rr Rg Rb R in
[ G out ] = [ Gr Gg Gb ] X [ G in ]
B out Br Bg Bb B in

If, for example, you’'ve been provided with a matrix to transform from one color space to another, you can enter the matrix
coefficients into the channel mixer as follows:

* select the R tab and then set the Rr, Rg & Rb values using the R, G and B input sliders
* select the G tab and then set the Gr, Gg & Gb values using the R, G and B input sliders
* select the B tab and then set the Br, Bg & Bb values using the R, G and B input sliders

By default, the mixing function in color calibration just copies the input [R G B] channels straight over to the matching
output channels. This is equivalent to multiplying by the identity matrix:

R out 1 0 0 R in
[ G out ] = [ 6 1 0 :| X [ G in ]
B out 06 0 1 B in
For a more intuitive understanding of how the mixing sliders on the R, G and B tabs behave, consider the following:

« for the R destination channel, adjusting sliders to the right will make the R, G or B areas of the image more “red”.
Moving the slider to the left will make those areas more “cyan”.

« for the G destination channel, adjusting sliders to the right will make the R, G or B areas of the image more “green”.
Moving the slider to the left will make those areas more “magenta”.

« for the B destination channel, adjusting sliders to the right will make the R, G or B areas of the image more “blue”.
Moving the slider to the left will make those areas more “yellow”.

R, G and B tab controls

The following controls are shown for each of the R, G and B tabs:

input R/G/B
Choose how much the input R, G and B channels influence the output channel relating to the tab concerned.
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normalize channels

Select this checkbox to normalize the coefficients to try to preserve the overall brightness of this channel in the final
image as compared to the input image.

brightness and colorfulness tabs

The brightness and colorfulness (color saturation) of pixels in an image can also be adjusted based on the R, G and B input
channels. This uses the same basic algorithm that the filmic rgb module uses for tone mapping (which preserves RGB
ratios) and for mid-tones saturation (which massages them).

saturation algorithm

This control allows you to upgrade the saturation algorithm to the new 2021 version, for edits produced prior to darktable
3.6 - it will not appear for edits that already use the latest version.

colorfulness tab controls

input R/G/B
Adjust the color saturation of pixels, based on the R, G and B channels of those pixels. For example, adjusting the input R
slider will affect the color saturation of pixels containing a lot of “R” more than pixels containing only a small amount of
uR”

normalize channels
Select this checkbox to try to keep the overall saturation constant between the input and output images.

brightness tab controls

input R/G/B

Adjust the brightness of certain colors in the image, based on the R, G and B channels of those colors. For example,
adjusting the input R slider will affect the brightness of colors containing a lot of R channel much more than colors
containing only a small amount of R channel. When darkening/brightening a pixel, the ratio of the R, G and B channels for
that pixel is maintained, in order to preserve the hue.

normalize channels
Select this checkbox to try to keep the overall brightness constant between the input and output images.

gray tab

Another very useful application of color calibration is the ability to mix the channels together to produce a grayscale output
- a monochrome image. Select the gray tab, and set the R, G and B sliders to control how much each channel contributes to
the brightness of the output. This is equivalent to the following matrix multiplication:

G in

GRAY out = [r g b] X [Rin]
B in

When dealing with skin tones, the relative weights of the three channels will affect the level of detail in the image. Placing
more weight on R (e.g. [0.9, 0.3, -0.3]) will make for smooth skin tones, whereas emphasising G (e.g. [0.4, 0.75, -0.15]) will
bring out more detail. In both cases the B channel is reduced to avoid emphasising unwanted skin texture.

gray tab controls

input R/G/B
Choose how much each of the R, G and B channels contribute to the gray level of the output. The image will only be
converted to monochrome if the three sliders add up to some non-zero value. Adding more B will tend to bring out more
details, adding more R will tend to smooth skin tones.

normalize channels
Select this checkbox to try to keep the overall brightness constant as the sliders are adjusted.

darktable 4.4 user manual 94



Module Reference processing modules

spot color mapping

The spot mapping feature is designed to help with batch-editing a series of images in an efficient way. In this scenario, you
typically develop a single reference image for the whole batch and then copy&paste the development stack to all of the
other images in the batch.

Unfortunately, the light color temperature often changes slightly between shots, even within the same series captured in
the same conditions. This can be the result of a cloud passing by the sun in natural light, or a different ratio between
colored bounce light and main light. Each image will still need some individual fine-tuning if you want a perfectly even look
over the whole series, and this can be both time-consuming and frustrating.

Spot color mapping allows you to define a target chromaticity (hue and chroma) for a particular region of the image (the
control sample), which you then match against the same target chromaticity in other images. The control sample can either
be a critical part of your subject that needs to have constant color, or a non-moving and consistently-lit surface over your
series of images.

The mapping process consists of two steps.

step 1: set the target

There are two ways of setting the target chromaticity for your control sample:

1. if you know or expect an arbitrary color for the control sample (for example, a gray card, a color chart, a product or a
logo of a specified color), you can set its L, h and c values directly, in Lch derived from CIE Lab 1976 space,

2. if you simply want to match the development of your reference image, set the spot mode to measure, then enable
the color picker (to the right of the color patch) and draw a rectangle over your control sample. The input column will
then be updated with the L, h, c values of the control sample before the color correction, and the target column will
show the resulting L, h, c values of the control sample after the current calibration setting is applied.

If you reset the L, h, c values, the default value is a neutral color at 50% lightness (middle-gray) - this can be useful to
quickly set the average white balance of any image. If you want to match the control sample against neutral gray, you only
need to reset the chroma slider because the lightness and hue settings have no effect on chromaticity for neutral grays.

Note that the target value is not reset when you reset the module itself, but is stored indefinitely in darktable’s
configuration and will be available on next launch as well as for the next image you develop.

The take channel mixing into account option lets you choose where the target is sampled. If disabled, the target color is
measured immediately after the CAT (Chromatic Adaptation Transform) step, which takes place before any channel mixing.
This means that if you have a calibrated profile in effect within the channel mixer, this profile will be discarded. If enabled,
the target color is measured after the CAT and the channel mixing steps, including any calibrated profile. This is the
recommended option for most use cases.

Note: If you are defining your target from a gray patch, you should know that the gray patch on color checkers is never
entirely neutral. For example, Datacolor Spyder has a slightly warm gray (hue = 20°, chroma = 1.2) while X-Rite pre-2014
has a colder but more neutral gray (hue = 240°, chroma = 0.3) and X-Rite post-2014 is almost perfectly neutral (hue =
133°, chroma = 0.2). In general, it is not desirable to match the control sample against a perfectly neutral gray target, and
it is actually wrong to do so when using gray cards and color checkers as a control sample.

step 2 : match the target

When you open a new image, the spot mode is automatically reset to correction. Using the color picker attached to the color
patch, you can then directly reselect your control sample in the new image. The proper illuminant settings required for the
control sample to match the memorized target chromaticity will be automatically computed, and the setting will be updated
in the same operation.

The take channel mixing into account option will need to be set the same as when the measurement of the target was
performed to ensure consistent results. Note that the target matching only defines the illuminant settings used in the
Chromatic Adaptation Transform - it does not alter the channel mixer settings, since the calibration is handled in the color
checker calibration tool. However, the channel mixer settings can be used or discarded in the computation of the illuminant
settings, depending on this option.

This operation can be repeated as many times as you have images in your series with no further work.
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Note: Perfectly matching your control sample against the target chromaticity may still not yield a similar perceptual result,

even if the numbers are exactly the same. The ratio of lightness between the control sample and its surrounding, as well as

the color contrasts at play in the frame, will alter the perception of colors in ways that are very difficult to model. To build an
intuition of this problem, see the gray strawberries illusion .

extracting settings using a color checker

Since the channel mixer is essentially an RGB matrix (similar to the input color profile used for RAW images) it can be used
to improve the color accuracy of the input color profile by computing ad-hoc color calibration settings.

These computed settings aim to minimize the color difference between the scene reference and the camera recording in a
given lighting situation. This is equivalent to creating a generic ICC color profile but here, the profile is instead stored as
module settings that can be saved as presets or styles, to be shared and reused between images. Such profiles are meant
to complement and refine the generic input profile but do not replace it.

This feature can assist with:

* handling difficult illuminants, such as low CRI light bulbs, for which a mere white balancing will never suffice,

* digitizing artworks or commercial products where an accurate rendition of the original colors is required,

* neutralizing a number of different cameras to the same ground-truth, in multi-camera photo sessions, in order to
obtain a consistent base look and share the color editing settings with a consistent final look,

* obtaining a sane color pipeline from the start, nailing white balance and removing any bounced-light color cast at
once, with minimal effort and time.

supported color checker targets

Users are not currently permitted to use custom targets, but a limited number of verified color checkers (from reputable
manufacturers) are supported:

» X-Rite / Gretag MacBeth Color Checker 24 (pre- and post-2014),
» Datacolor SpyderCheckr 24 (pre- and post-2018),
» Datacolor SpyderCheckr 48 (pre- and post-2018).

Users are discouraged from obtaining cheap, off-brand, color targets as color constancy between batches cannot possibly
be asserted at such prices. Inaccurate color checkers will only defeat the purpose of color calibration and possibly make
things worse.

IT7 and IT8 charts are not supported since they are hardly portable and not practical for use on-location for ad-hoc profiles.
These charts are better suited for creating generic color profiles, undertaken using a standard illuminant, for example with

Argyll CMS .

Note: X-Rite changed the formula of their pigments in 2014 and Datacolor in 2018, which slightly altered the color of the
patches. Both formulas are supported in darktable, but you should be careful to choose the correct reference for your target.
If in doubt, try both and choose the one that yields the lowest average delta E after calibration.
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prerequisites

In order to use this feature you will need to take a test shot of a supported color checker chart, on-location, under
appropriate lighting conditions:

» frame the chart in the center 50% of the camera’s field, to ensure that the image is free of vignetting,

* ensure that the main light source is far enough from the chart to give an even lighting field over the surface of the
chart,

* adjust the angle between the light, chart and lens to prevent reflections and gloss on the color patches,

* for the best quality profile you should capture an image with the appropriate brightness. To achieve this, take a few
bracketed images (between -1 and +1 EV) of your color checker and load them into darktable, ensuring that all
modules between color calibration and output color profile are disabled. Choose the image where the white patch has
a brightness L of 94-96% in CIE Lab space or a luminance Y of 83-88% in CIE XYZ space (use the global color picker).
This step is not strictly necessary - alternatively you can take a single image and apply the exposure compensation
as recommended in the profile report.

If the lighting conditions are close to a standard D50 to D65 illuminant (direct natural light, no colored bounced light), the
color checker shot can be used to produce a generic profile that will be suitable for any daylight illuminant with only a slight
adjustment of the white balance.

If the lighting conditions are peculiar and far from standard illuminants, the color checker shot will be only usable as an ad-
hoc profile for pictures taken in the same lighting conditions.

usage

The settings used in color calibration depend on the chosen CAT space and on any color settings defined earlier in the pipe
within the white balance and input color profile modules. As such, the results of the profiling (e.g. the RGB channel mixing
coefficients) are valid only for a rigid set of CAT space, white balance and input color profile settings. If you wish to create a
generic style with your profile, don’t forget that you will need to include the settings from these modules as well.

Use the following process to create your profile preset/style:

1. Enable the lens correction module to correct any vignetting that might mislead the calibration,
2. On the bottom of the color calibration module, click on the arrow near the calibrate with a color checker label, to
show the controls,

3. Pick the correct model and manufacturer of your color checker from the chart drop-down,

4. In the image preview, an overlay of the chart’'s patches will appear. Drag the corners of the chart so that they match
the visual references (dots or crosses) around the target, to compensate for any perspective distortion,

5. Click the refresh button to compute the profile,

6. Check the Profile quality report. If it is “good”, you can click on the validation button. If not, try changing the
optimization strategy and refresh the profile again.

7. Save the profile in a preset or style, or simply copy & paste the module settings to all of the pictures taken under the
same lighting conditions, from within the lighttable view or filmstrip.

Note: You don’t need to use the standard matrix in the input color profile module when performing a calibration, but be
aware that the “as shot in camera” default white balance will not work properly with any other profile, and that you will
need to always use the same input profile whenever you reuse such calibration settings.

reading the profile report

The profile report helps you to assess the quality of the calibration. The settings in color calibration are only a “best fit”
optimization and will never be 100% accurate for the whole color spectrum. We therefore need to track “how inaccurate” it
is in order to know whether we can trust this profile or not.

Bad profiles can happen and will do more harm than good if used.
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delta E and the quality report

The CIE delta E 2000 (AE) is used as a perceptual metric of the error between the reference color of the patches and the
color obtained after each step of calibration:

* AE = 0 means that there is no error - the obtained color is exactly the reference color. Unfortunately, this will never
happen in practice.

* AE = 2.3 is defined as the Just Noticeable Difference (JND).

* AE < 2.3 means that the average observer will not be able to tell the difference between the expected reference
color and the obtained color. This is a satisfactory result.

* AE > 2.3 means that the color difference between the expected reference and the obtained color is noticeable for the
average observer. This is unsatisfactory but sometimes unavoidable.

The quality report tracks the average and maximum AE at the input of the module (before anything is done), after the
chromatic adaptation step (white balance only), and at the output of the module (white balance and channel mixing). At
each step, the AE should be lower than at the previous step, if everything goes as planned.

profile data

The data generated by the profiling process comprises the RGB 3x3 matrix and the detected illuminant. These are
expressed in the CAT adaptation space defined in the CAT tab and are provided in case you want to export these coefficients
to other software. If the detected illuminant is daylight or black body, the matrix should be fairly generic and reusable for
other daylight and black body illuminants with the addition of a small white balance adjustment.

normalization values

These are the settings that you should define, as-is, for the exposure and black level correction parameters in the exposure
module, in order to obtain the lowest possible error in your profile. This step is optional and is useful only when the utmost
precision is required, but beware that it can produce negative RGB values that will be clipped at various points in the
pipeline.

overlay
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The chart overlay displays a disc in the center of each color patch, which represents the expected reference value of that
patch, projected into the display RGB space. This helps you to visually assess the difference between the reference and the
actual color without having to bother with AE values. This visual clue will be reliable only if you set the exposure module as
instructed in the normalization values of the profile report.

Once the profile has been calibrated, some of the square patches will be crossed in the background by one or two diagonals:

 patches that are not crossed have AE < 2.3 (JND), meaning they are accurate enough that the average observer will
be unable to notice the deviation,

 patches crossed with one diagonal have 2.3 < AE < 4.6, meaning that they are mildly inaccurate,

* patches crossed with two diagonals have AE > 4.6 (2 x JND), meaning that they are highly inaccurate.

This visual feedback will help you to set up the optimization trade-off to check which colors are more or less accurate.

enhancing the profile

Because any calibration is merely a “best fit” optimization (using a weighted least-squares method) it is impossible to have
all patches within our AE < 2.3 tolerance. Some compromise will therefore be required.

The optimize for parameter allows you to define an optimization strategy that attempts to increase the profile accuracy in
some colors at the expense of others. The following options are available:

* none: Don’t use an explicit strategy but rely on the implicit stategy defined by the color checker manufacturer. For

example, if the color checker has mostly low-saturation patches, the profile will be more accurate for less-saturated

colors.

neutral colors: Give priority to grays and less-saturated colors. This is useful for desperate cases involving cheap

fluorescent and LED lightings, having low CRI. However, it may increase the error in highly-saturated colors more

than not having any profile.

saturated colors: Give priority to primary colors and highly-saturated colors. This is useful in product and commercial

photography, to get brand colors right.

* skin and soil colors, foliage colors, sky and water colors: Give priority to the chosen hue range. This is useful if the

subject of your pictures is clearly defined and has a typical color.

average delta E: Attempt to make the color error uniform across the color range and minimize the average perceptual

error. This is useful for generic profiles.

* maximum delta E: Attempt to minimize outliers and large errors, at the expense of the average error. This can be
useful to get highly saturated blues back into line.

No matter what you do, strategies that favor a low average AE will usually have a higher maximum AE, and vice versa. Also,
blues are always the more challenging color range to get correct, so the calibration usually falls back to protecting blues at
the expense of everything else, or everything else at the expense of blues.

The ease of obtaining a proper calibration depends on the quality of the scene illuminant (daylight and high CRI illuminants
should always be preferred), the quality of the primary input color profile, the black point compensation set in the exposure
module, but first and foremost on the mathematical properties of the camera sensor’s filter array.

profile checking

It is possible to use the color space check button (first on the left, at the bottom of the module) to perform a single AE
computation of the color checker reference against the output of the color calibration module. This can be used in the
following ways:

1. To check the accuracy of a profile calculated in particular conditions against a color checker shot in different
conditions.

2. To evaluate the performance of any color correction performed earlier in the pipe, by setting the color calibration
parameters to values that effectively disable it (CAT adaptation to none, everything else set to default), and just use
the average AE as a performance metric.
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caveats

The ability to use standard CIE illuminants and CCT-based interfaces to define the illuminant color depends on sound default
values for the standard matrix in the input color profile module as well as reasonable RGB coefficients in the white balance
module.

Some cameras, most notably those from Olympus and Sony, have unexpected white balance coefficients that will always
make the detected CCT invalid even for legitimate daylight scene illuminants. This error most likely comes from issues with
the standard input matrix, which is taken from the Adobe DNG Converter.

It is possible to alleviate this issue, if you have a computer screen calibrated for a D65 illuminant, using the following
process:

1. Display a white surface on your screen, for example by opening a blank canvas in any photo editing software you like

2. Take a blurry (out of focus) picture of that surface with your camera, ensuring that you don’t have any “parasite” light
in the frame, you have no clipping, and are using an aperture between /5.6 and /8,

3. Open the picture in darktable and extract the white balance by using the spot tool in the white balance module on
the center area of the image (non-central regions might be subject to chromatic aberrations). This will generate a set
of 3 RGB coefficients.

4. Save a preset for the white balance module with these coefficients and auto-apply it to any color RAW image created
by the same camera.

8.2.12. color contrast

A simplified control for changing the contrast or separation of colors between the green/magenta and blue/yellow axes in
Lab color space. Higher values increase color contrast, lower values decrease it.

module controls

green-magenta contrast
Change the green-magenta color contrast. This is equivalent to raising or lowering the steepness of the a* curve in Lab.
Lower values desaturate greens and magenta, while higher values increase their saturation.

blue-yellow contrast
Change the blue-yellow color contrast. This is equivalent to raising or lowering the steepness of the b* curve in Lab. Lower
values desaturate blues and yellows, while higher values increase their saturation.

8.2.13. color correction

Modify the global image saturation to give the image a tint or as an alternative method to split-tone the image.

Note: Use the color balance rgb module for color modifications.

module controls

color board
For split toning move the white dot to the desired highlight tint and then select a tint for shadows with the dark spot. For a
simple global tint set both spots to the same color.

saturation
Correct the global saturation.

8.2.14. color look up table

A generic color look up table implemented in Lab space.

The input to this module is a list of source and target points and the complete mapping is interpolated using splines. The
resulting look up tables (LUTs) are editable by hand and can be created using the darktable-chart utility to match given
input (such as hald-cluts and RAW/JPEG with in-camera processing pairs). See using darktable-chart for details.
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module controls

color board

The color board grid shows a list of colored patches. The colors of the patches are the source points. The target color of
the selected patch is shown as offsets which are controlled by sliders beneath the color board. An outline is drawn around
patches that have been altered (where the source and target colors differ).

Click a patch to select it, or use the combo box or color picker. The currently-selected patch is marked with a white square,
and its number is displayed in the combo box below.

By default, the module will load the 24 patches of a classic color checker and initialise the mapping to identity (no change
to the image). Configurations with more than 24 patches are shown in a 7x7 grid.

interaction

To modify the color mapping, you can change the source and target colors, though the main use is to change the target
colors.

Start with an appropriate palette of source colors (either from the presets menu or from a style you have downloaded). You
can then change the lightness (L), green-red (a), blue-yellow (b), or saturation (c) of the patches’ target values with the
sliders.

To change the source color of a patch you can select a new color from your image by using the color picker and Shift+click
on the patch you want to replace.

Double-click a patch to reset it; Right-click a patch to delete it; Shift+click on empty space to add a new patch (with the
currently picked color as the source).

8.2.15. color mapping

Transfer the look and feel of one image to another.

This module statistically analyses the color characteristics of a source and target image. The colors of the source image are
then mapped to corresponding colors on the target image.

Two steps are required to use this module:

1. Open the source image in the darkroom view and acquire its color characteristics by pressing the “acquire as source”
button. A set of color clusters is generated and displayed in the “source clusters” area. Each cluster is represented by
a set of color swatches with the mean value in the center surrounded by swatches indicating the variance within that
cluster. The clusters are sorted in ascending order by their weight (the number of pixels that contribute to each of
them).

2. Open the target image in the darkroom view. The previously collected source clusters should be stored; if they are
not yet displayed, press the reset button. Now press the “acquire as target” button to generate a corresponding set
of color clusters for your target image, which are then displayed in the “target clusters” area.

When both source and target clusters are collected an automatic color mapping is applied to the target image. In its default
settings the overall effect is quite exaggerated. A set of sliders gives you control of the effect’s strength. You can also use
the normal blend mode along with the opacity slider to tame the effect. As the color mapping module comes early in the
pixelpipe, you can also finetune the colors with later modules.

module controls

acquire as source/target

Press these buttons to generate color clusters for the source and target image, respectively. The processing takes a few
seconds during which the GUI will be unresponsive.

number of clusters

The number of color clusters to use. This should roughly correlate to the number of dominant colors in the image. The
clusters are acquired through a statistical sampling process to represent the colors that occur most commonly throughout
the image. The random nature of the sampling process means that you might get different results each time you acquire
the clusters, especially if you have a larger number of clusters and/or a complex color palette in the image. If you change
this parameter all the collected color clusters are reset and must be re-acquired.
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color dominance

This parameter controls the mapping between source and target clusters. At the minimum value, the mapping is based on
color proximity. This typically leads to very subtle effects on the target image. At the maximum value, the mapping is
based on the relative weight of the color clusters - dominant colors of the source image are mapped to dominant colors of
the target image. This typically leads to a very strong effect. Intermediate values incrementally shift between these
extremes.

histogram equalization

Modify the target image’s contrast by matching its histogram with the histogram of the source image. This slider controls
the extent of this effect.

8.2.16. color reconstruction

Recover color information in blown-out highlights.

Due to the nature of digital sensors, overexposed highlights lack valid color information. Most frequently they appear
neutral white or exhibit some color cast, depending on what other image processing steps are involved. This module can be
used to “heal” overexposed highlights by replacing their colors with better fitting ones. The module acts on pixels whose
luminance exceeds a user-defined threshold. Replacement colors are taken from neighboring pixels. Both the spatial
distance and the luminance distance (range) are taken into account for color selection.

Due to a limitation of the underlying algorithm, reconstructed colors may sometimes be displayed incorrectly if you zoom
into the image in the darkroom view. If this happens you might observe a magenta shift in highlight areas close to high
contrast edges, or you might see colorless highlight areas when used alongside the “reconstruct color” method of the
highlight reconstruction module. These artifacts only influence on-screen image display - the final output remains
unaffected. It is recommended that you finetune the parameters of this module only when viewing the fully zoomed-out
image.

Note that similar functionality is also available in the reconstruct tab of the filmic rgb module.

module controls

threshold

The color reconstruction module replaces the color of all target pixels having luminance values above this threshold. Only
pixels with luminance values below the threshold are taken as valid source pixels for replacement colors. Setting this
parameter too high will cause the module to have no effect on any pixels. Setting it too low will minimize the “pool” of
replacement colors - if no suitable colors are available, the original colors are retained. This parameter therefore exhibits a
“sweet spot” characteristic with an optimum setting depending on the individual image.

spatial extent
The spatial distance that source pixels may have from target pixels in order for them to contribute to color replacement.

Higher values cause ever more distant pixels to contribute. This increases the chance of finding a replacement color but
can make the replacement color less well suited for the reconstruction.

range extent
The range difference (in luminance) that source pixels may have from target pixels in order for them to contribute to color
replacement. Higher values cause more pixels to contribute even if their luminance differs more strongly from the target
pixels. This again increases the chance of finding a replacement color but at the same time increases the risk of unfitting
colors creeping in.
precedence
This combobox defines whether certain replacement colors shall take precedence over others as follows:
* off (default): All pixels contribute equally
* saturated colors: Pixels contribute according to their chromaticity - the more highly-saturated a color, the more it
contributes
*» hue: Give precedence to a specific hue (see below)
hue
This slider is only visible if you set the precedence to “hue”. It allows you to select a preferred hue for replacement colors.
This only has an effect if the preferred hue is actually present within the selected spatial and range distance of the target
pixels (see above). A typical use case is repairing highlights on human skin in situations where diverging colors are in

close proximity (e.g. textiles or hair with a luminance close that of to skin). Setting a hue preference on skin tones
prevents these other colors from creeping in.
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8.2.17. color zones

Selectively adjust the lightness, saturation and hue of pixels based on their current lightness, saturation and hue.

This module works in CIE LCh color space, which separates pixels into lightness, chroma (saturation) and hue components.
It allows you to manipulate the lightness, saturation and hue of targeted groups of pixels through the use of curves .

You first need to choose whether you wish to adjust (select) pixels based on their lightness, saturation or hue. You can then
use three curves, on their respective tabs, to adjust the lightness, saturation and hue of ranges of pixels selected via this
method.

Note: This module should be used with care, as transitions between colors may not be graceful. Instead, use the color
balance rgb module with a parametric mask .

pixel selection method
The color zones module offers three different methods for selecting which pixels you want to adjust. They are:

select by hue (default)

Select pixels to manipulate based on their hue. For example, you may want to darken a blue sky, or to change a red
porche into a yellow one. The following image shows the full range of hues that you can choose to operate on:

edit by area

select by

select by lightness

Select pixels to manipulate based on their lightness. For example, you may want to make your shadows brighter, or to
make your highlights more yellow. The following image shows the range of lightness levels that you can choose to operate
on, from dark to light:

|
edit by area O
select by lightness v

select by saturation

Select pixels to manipulate based on their saturation. For example, you may want to tone down the saturation of some
already highly saturated pixels, or to change their hue. The following image shows the range of saturation levels that you
can choose to operate on, from a completely unsaturated monochrome gray through to the most highly saturated color:

edit by area O

select by saturation v

pixel manipulation curves

Once you have chosen a pixel selection method, the selected range of lightness, saturation or hue levels will appear along
the horizontal axis of the three pixel manipulation curves, which can be viewed and adjusted by choosing the appropriate
tab (lightness, saturation, hue).

If, for example, you were to choose to select by hue (the default), the horizontal axis (below the manipulation curves) would
show the range of hues you can work with, and the three pixel manipulation curves would appears as follows:
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lightness
By adjusting the lightness curve up or down in a given (hue) location, you can brighten or darken pixels matching hues

where the curve has been raised or lowered, respectively. In the example below the blue sky in an image has been
darkened for dramatic effect:

lightness saturation

saturation
By adjusting the saturation curve up or down in a given (hue) location, you can desaturate (make less colorful) or

resaturate (make more colorful) pixels matching hues where the curve has been raised or lowered, respectively. In the
example below, a red object in the background has been desaturated so it is less of a distraction to the main subject of

the photo:

lightness saturation hue oo

hue
By adjusting the hue curve up or down in a given (hue) location, you can shift the hue of pixels matching hues where the

curve has been raised or lowered, allowing you to replace one color with another. In the example below, a pink toy in an
image has been changed to blue:
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lightness saturation

The curves work similarly in the lightness- and saturation-based selection modes as well. See the section on curves to see
how spline curves work in general.

Note that these examples are somewhat contrived in order to illustrate the module’s usage. In practical use, they would
likely need to be combined with drawn and/or parametric masks to further isolate their effect.

range selection

When adjusting the pixel manipulation curves, it can sometimes be difficult to judge exactly where on the horizontal axis
pixels will fall. To the right of the tab controls are a pair of color pickers that can be used to assist with this.

If you click the left-hand color picker and choose a pixel in the image, you will see a dark vertical line showing where that
pixel falls on the horizontal axis. If you Ctrl+click or right-click on the same color picker you can choose a rectangular area
from the image - the range of values represented within the selected rectangle will be shaded vertically, with a similar dark
line showing the median value.

If you click on the right-hand color picker, you can similarly choose a rectangular area on the image and the display will be
shown as described above (a shaded area with a dark vertical line). However, in this case the color picker will also
automatically add some control points to the curve for you, representing the highlighted range (see below). Simply drag on
the center node to raise or lower the curve within the selected range. Alternatively, hold Ctrl while selecting a range to
automatically create a positive curve (push up the selected range) or hold Shift while selecting to create a negative curve
(pushed down).

lightness saturation

module controls

The following controls are available in the color zones module:

lightness, saturation & hue tabs

Each tab displays a pixel manipulation curve to allow you to alter “lightness”, “saturation”, or “hue” based on the pixel
selection method.
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edit by area
Choose how to interact with the curve. This setting is disabled by default, allowing the control points for the curve to be
freely placed. Check the box to fall back to the legacy “edit by area” mode, which functions in a similar way to the spline
curve controls used in wavelet modules.

@ | mask display

Enable the mask display to highlight pixels that have been affected by color zones adjustments in yellow.
select by

Define the horizontal axis (the range of values to work on). You can choose between “lightness”, “saturation”, and “hue”
(the default). Changing this parameter resets all pixel manipulation curves to their default state (horizontal straight lines).
If you want to work on multiple ranges, you need to create additional instances of the module.

process mode

Choose between a “smooth” (default) or “strong” processing mode. The default mode is less likely to cause artifacts.
mix

Use this parameter to tune the strength of the overall effect.
interpolation method

Define how the curve is interpolated using the user-defined control points. See the curves section for more details.

8.2.18. colorize

Add a solid layer of color to the image.

module controls

hue

The hue of the color layer.
saturation

The saturation of shadow tones.
lightness

The lightness of the color layer.
source mix

Controls how the lightness of the input image is mixed with the color layer. Setting this to zero will result in a uniformly
colored plane.

8.2.19. contrast brightness saturation (deprecated)

Please note that this module is deprecated from darktable 4.4 and should no longer be used for new edits.
Please use the color balance rgb module instead.

A very basic tool for adjusting the contrast, brightness and saturation of an image. Please note that a number of other
modules provide much more versatile methods of adjusting these parameters.

All module controls default to a neutral position (zero) and provide the ability to increase or decrease the relevant
parameter

Note: This module works in Lab color space and is prone to halos. Instead, use the color balance rgb module.

module controls

contrast

The contrast
brightness

The brightness
saturation

The saturation
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8.2.20. contrast equalizer

Adjust luminance and chroma contrast in the wavelet domain.

This versatile module can be used to achieve a variety of effects, including bloom, denoise, clarity, and local contrast
enhancement.

It works in the wavelet domain and its parameters can be tuned independently for each wavelet detail scale. The module
operates in CIE LCh color space and so is able to treat luminosity and chromaticity independently.

A number of presets are provided, which should help you to understand the capabilities of the module.

module controls

The contrast equalizer module decomposes the image into various detail scales. On each detail scale, you can
independently adjust the contrast and denoise splines for lightness (“luma”) and chromaticity (“chroma”, or color
saturation), as well as adjusting the edge-awareness (“edges”) of the wavelet transform. The luma, chroma and edges
splines are provided on separate tabs, and some examples of their usage are given in the following sections.

Below the spline graphs is a mix slider, which can be used to adjust the strength of the effect, and even to invert the graph
(with negative values). While your mouse is over the spline graph, the curve will be displayed as if the mix slider was set to
1.0, to allow for easier editing. When you move your mouse away, the graph will be re-adjusted to account for the mix
slider.

In the background of the curve you can see a number of alternating light and dark stripes. These represent the levels of
detail that are visible at your current zoom scale - any details without these stripes are too small to be seen your current
view. Adjustments made to control points within the striped section may produce a visible effect (depending on the strength
of the adjustment). Adjustments outside of the striped region will not. Zoom in to see higher levels of detail and make
adjustments to the more detailed areas of the image.

Tip: if you are having trouble visualising which parts of the curve will affect which details in the image, you can set the
blend mode to “difference”. This will make the image go black except for those areas where the output of the module differs
from the input. By raising the curve at one of the control points, you will be able to see which details in the image are
represented by that point.

luma tab

The luma tab allows you to adjust the local contrast in the image’s luminance (brightness). Adjustments are represented by
a white spline that begins as a horizontal line running across the centre of the graph (indicating that no change will be
made). Raise or lower this spline at the left end of the graph to increase or decrease the local contrast of coarse detail in the
image. Perform similar adjustments towards the right side of the graph to adjust the local contrast of the fine details in the
image.

When you hover the mouse pointer over the graph, a white circle indicates the radius of influence of the mouse pointer -
the size of this circle can be adjusted by scrolling with the mouse wheel. The larger the circle of influence, the more control
points will be affected when you adjust the curve. A highlighted region in the background shows what the spline would look
like if you pushed the currently-hovered control point all the way to the top or bottom on the graph - see the screenshot
below for examples of these features. For more information see the wavelets section.

The following image shows the default state of the contrast equalizer module before any adjustments have been made:

darktable 4.4 user manual 107


http://127.0.0.1:1313/dtdocs/en/module-reference/processing-modules/contrast-equalizer/contrast-equalizer-luma-orig.png

Module Reference processing modules

Raising the two control points at the right-hand end of the graph will increase the sharpness of the fine details (the eye and
feathers of the bird) while leaving coarser details (the rocks in the background) largely unaffected. The example below has
been exaggerated to better illustrate the effect.

Increasing the local contrast can also amplify the luma noise in the image. A second spline located at the bottom of the
graph can be used to denoise the selected detail scales. Raise this spline (by clicking just above one of the triangles at the
bottom of the graph and dragging the line upwards) to reduce noise at the given wavelet scale. In the example above, the
dark denoising spline has been raised at the fine-detail end of the graph.

chroma tab

The chroma tab allows the color contrast or saturation to be adjusted at the selected wavelet scales. See the following
example:
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Say you wanted to bring out the green color of the anthers at the end of the stamen. The pink petals of the flowers are
already quite saturated, but using contrast equalizer you can selectively boost the saturation on the small scale of the
anthers without impacting the saturation of the petals. By raising the third control point from the right, you can target the
saturation of the anthers only:

As in the luma tab, the chroma tab also has a denoising spline at the bottom of the graph. This can be used to handle
chroma noise at different scales within the image. Chroma denoising can generally be more aggressive on larger wavelet
scales and has less effect on a smaller scale.
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edge tab

The basic wavelet a trous transform has been enhanced in the contrast equalizer to be “edge-aware”, which can help to
reduce the gradient reversals and halo artifacts that the basic algorithm can produce. The edges tab does not directly act
on the edges in an image; rather it adjusts the edge awareness feature of the wavelet transform. If you have not adjusted
the luma or chroma splines, adjusting the edge awareness spline will have no effect.

To see the sorts of artifacts that the edges curve tries to combat, here is an example taken from the original paper “Edge-
Optimized A-Trous Wavelets for Local Contrast Enhancement with Robust Denoising” (Hanika, Damertz and Lensch 2011):

) S < F & Mgmmpms : F2

In the image on the left, the edges spline has been reduced to a minimum, effectively disabling the edge awareness and
resulting in halos. In the middle image, the edges spline has been increased too much, resulting in gradient reversals. In the
image on the right the edges spline has been set somewhere in between the two extremes, resulting in nice clean edges.

Usually the default central position of the spline is a good starting point, but if there are objectionable artifacts around the
edges, this control can be helpful in mitigating them. Some experimentation will be required.

8.2.21. crop

Crop an image using on-screen guides.

This module appears later in the pipeline than the deprecated crop and rotate module, meaning that the full image can
remain available for source spots in the retouch module. For best results, you are advised to use the rotate and perspective
module to perform rotation and perspective correction (if required), and then perform final creative cropping with this
module.

Whenever this module is in focus, the full uncropped image will be shown, overlaid with crop handles and optional guiding
lines.
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Resize the crop by dragging the border and corner handles.

Move the crop rectangle by clicking and dragging inside the crop area. Constrain movement to the horizontal/vertical axis
by holding Ctrl/Shift, respectively while dragging. Commit changes by giving focus to another module.

module controls

The crop module controls are split into two sections as follows:

crop settings

aspect
Set the aspect ratio of the crop, constraining the width:height ratio of the crop rectangle to the chosen aspect. Many
common numerical ratios are pre-defined. A few special aspect ratios deserve explanation:
* freehand: Crop without any restrictions
* original image: Retain the aspect ratio of the original image
* square: Constrains the aspect ratio to be 1:1
» golden cut: The golden ratio (1.62:1)

You can also enter any other ratio after opening the combobox by typing it in the form of “x:y” or as a decimal (e.g. “0.5”
to apply a ratio of 2:1).

The button beside the aspect combobox allows you to switch between portrait and landscape orientation if you have
selected a rectangular aspect ratio.

If you want to add an aspect ratio to the pre-defined drop-down list you can do this by including a line of the form
“plugins/darkroom/clipping/extra_aspect ratios/foo=x:y” in darktable’s configuration file $HOME/.config/
darktable/darktablerc. Here “foo” defines the name of the new aspect ratio and “x” and “y” the corresponding
numerical values (x and y must be integers). Note that you can only add new entries for ratios not already present in the
drop-down list. You can not use fractions as the actual crop size, however you can for the name. For example, if you want
an aspect ratio of 1.91:1, add the following to your darktablerc file: plugins/darkroom/clipping/extra _aspect ratios/
1.91:1=191:100

Note: When resizing an image in freehand mode you may retain the currently-set aspect ratio by holding Shift while
dragging on any of the resize controls.
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margins

These sliders allow you to directly set how much of the image to crop from each side. They are automatically updated if you
move or resize the crop area on the image using the mouse.

As this section is rarely used, it is collapsed by default.

left

The percentage of the image that should be cropped from the left side.
right

The percentage of the image that should be cropped from the right side.
top

The percentage of the image that should be cropped from the top.
bottom

The percentage of the image that should be cropped from the bottom.

guides

Tick the box to show guide overlays whenever the module is activated. Click the icon on the right to control the properties
of the guides. See guides & overlays for details.

8.2.22. crop and rotate (deprecated)

Please note that this module is deprecated from darktable 3.8 and should no longer be used for new edits.
Please use the crop module to crop the image, the rotate and perspective module to perform rotation and
keystone correction, and the orientation module to flip the image on the horizontal/vertical axes.

Crop, rotate, and correct perspective distortions using on-screen guides.

Whenever the user interface of this module is in focus, the full uncropped image will be shown, overlaid with crop handles
and optional guiding lines.
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Resize the crop by dragging the border and corner handles.

Move the crop rectangle by clicking and dragging inside the crop area. Constrain movement to the horizontal/vertical axis
by holding Ctrl/Shift, respectively while dragging. Commit changes by giving focus to another module.

If you intend to use the retouch module, you are recommended to use rotate and perspective for rotation and/or keystone
correction only, performing creative cropping in the crop module. This process ensures that the entire image is available for
source spots in retouch, since the crop module is placed after retouch in the pixelpipe.

Note: Some of the tools in this module (angle adjustment and perspective distortion correction) require the original image
data to be interpolated. For best sharpness results set “lanczos3” as the pixel interpolator in preferences > processing .

module controls

The crop and rotate module controls are split between two tabs as follows:

main tab

flip
Flip the image on the horizontal, vertical or both axes.
angle
Correct the rotation angle to level an image by setting a numerical value in degrees or using the mouse. To use the
mouse, right-click and drag to draw a line along a suitable horizontal or vertical feature. As soon as you release the mouse
button the image is rotated so that the line you drew matches the horizontal or vertical axis.
keystone
Correct perspective distortions. This tool is useful, for example, when you shoot a high building from the ground with a
short focal length, aiming upwards with your camera. The combobox allows you to select the type of correction you want
to use:
* vertical: Limit the correction to vertical lines
* horizontal: Limit the correction to horizontal lines
* full: Correct horizontal and vertical lines at the same time

Depending on the selected correction type you will see two or four straight adjustment lines overlaid on your image. Two
red circles on each line allow you to modify the line positions with your mouse. Each line additionally carries a “symmetry”
button. If activated (and highlighted in red) all movements of the affected line will be mirrored by the opposite line.

In order to correct perspective distortions, you need to find suitable horizontal and/or vertical features in your image and
align the adjustment lines with them. When finished, press the “OK” button located close to the center of the image -
corrections will be applied immediately. You can return to the module and refine your corrections by selecting “correction
applied” in the keystone combobox.
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automatic cropping
Automatically crop the image to avoid black edges on the image borders. This is useful when rotating the image.
aspect

Set the aspect ratio of the crop, constraining the width:height ratio of the crop rectangle to the chosen aspect. Many
common numerical ratios are pre-defined. A few special aspect ratios deserve explanation:

* freehand: Crop without any restrictions

* original image: Retain the aspect ratio of the original image
* square: Constrains the aspect ratio to be 1:1

* golden cut: The golden ratio (1.62:1)

You can also enter any other ratio after opening the combobox by typing it in the form of “x:y” or as a decimal (e.g. “0.5"
to apply a ratio of 2:1).

If you want to add an aspect ratio to the pre-defined drop-down list you can do this by including a line of the form
“plugins/darkroom/clipping/extra_aspect ratios/foo=x:y” in darktable’s configuration file $HOME/.config/
darktable/darktablerc. Here “foo” defines the name of the new aspect ratio and “x” and “y” the corresponding
numerical values (x and y must be integers). Note that you can only add new entries for ratios not already present in the
drop-down list.

Finally, the button beside the aspect combobox allows you to switch between portrait and landscape orientation if you
have selected a rectangular aspect ratio.

Note: When resizing an image in freehand mode you may retain the currently-set aspect ratio by holding Shift while
dragging on any of the resize controls.

show guides

Tick the box to show guide overlays whenever the module is activated. Click the icon on the right to control the properties
of the guides. See guides & overlays for details.

margins tab

These sliders allow you to directly set how much of the image to crop from each side. They are automatically updated if you
move or resize the crop area on the image using the mouse.

left

The percentage of the image that should be cropped from the left side.
right

The percentage of the image that should be cropped from the right side.
top

The percentage of the image that should be cropped from the top.
bottom

The percentage of the image that should be cropped from the bottom.

8.2.23. defringe (deprecated)

Please note that this module is deprecated from darktable 3.6 and should no longer be used for new edits.
Please use the chromatic aberrations module instead.

Remove color fringing, which often results from Longitudinal Chromatic Aberrations (LCA), also known as Axial Chromatic
Aberrations.

This module uses edge-detection. Where pixels are detected as a fringe, the color is rebuilt from less saturated neighboring
pixels.
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module controls

operation mode

global average: This mode is usually the fastest but might show slightly incorrect previews at high magnification. It might
also protect the wrong regions of color too much or too little by comparison with local average.

local average: This mode is slower because it computes local color references for every pixel. However it might protect
color better than global average and allows for rebuilding color where actually required.

static threshold: This mode does not use a color reference but directly uses the threshold as given by the user.

edge detection radius

The algorithm uses the difference between the input image and a gaussian-blurred version of the same image to detect
edges. This parameter controls the spatial extent of the gaussian blur used in the edge detection. Try increasing this value
if you want a stronger detection of the fringes or the thickness of the fringe edges is too high.

threshold

The threshold over which a pixel is counted as a “fringe”. Try lowering this value if there is not enough fringe detected and
increasing it if too many pixels are desaturated.

8.2.24. demosaic

Control how raw files are demosaiced.

bayer filters

The sensor cells of a digital camera are not color-sensitive - they are only able to record different levels of lightness. In order
to obtain a color image, each cell is covered by a color filter (red, green or blue) that primarily passes light of that color. This
means that each pixel of the raw image only contains information about a single color channel.

Color filters are commonly arranged in a mosaic pattern known as a Bayer filter array. A demosaic algorithm reconstructs
the missing color channels by interpolation with data from the neighboring pixels. For further reading see the Wikipedia

articles on demosaicing and the Bayer filter .

Darktable offers several demosaic algorithms, each with it’'s own characteristics. The differences between them are often
very subtle and might only be visible while pixel-peeping. However, as the program works on a pixel-by-pixel basis and
demosaic generates the base data for the other modules, the choice of the algorithm can have a visually significant effect
on the quality of very fine details in the image. This can include the appearance of false maze patterns as well as the
rendering quality of colored edges.

Demosaic interpolation algorithms are often prone to produce artifacts, typically visible as Moiré patterns when zooming
into the image. The chosen algorithm might handle pre-existing Moiré- or Maze-like patterns in the raw data in a better or
worse way. In these circumstances VNG4 and LMMSE are often more stable.

The following demosaic algorithms are available for sensors with Bayer filters:
* PPG used to be darktable’'s default demosaic algorithm. It is fast, but other algorithms generally yield better results.

* AMaZE and RCD offer better reconstruction of high-frequency content (finer details, edges, stars) but might struggle
with color reconstruction overshoots or added noise in areas of low contrast. While AMaZE often retains more high-
frequency details it is also more prone to color overshoots than RCD. Since RCD now offers similar performance to
PPG, but with better results, it is now the default algorithm.

* LMMSE is better suited for use on high ISO and noisy images than AMaZE or RCD, both of which tend to generate
overshooting artefacts when applied to such images. It can also be useful to manage images that exhibit Moiré
patterns with other algorithms.

* VNG4 is better suited for use on images with low-frequency content (e.g. low contrast regions such as sky) but,
compared to AMaZE and RCD, it often causes loss of some high-frequency details and can sometimes add local color
shifts. VNG is no longer really recommended - for most images, other available algorithms usually provide better
results.

Note: The performance of the demosaic algorithms differs significantly, AMaZE being by far the slowest.
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sensors without bayer filters

There are a few cameras whose sensors do not use a Bayer filter. Cameras with an “X-Trans” sensor have their own set of
demosaic algorithms. The default algorithm for X-Trans sensors is Markesteijn 1-pass, which produces fairly good results. For
slightly better quality (at the cost of much slower processing), choose Markesteijn 3-pass. Though VNG is faster than
Markesteijn 1-pass on some computers, it is more prone to artifacts.

special algorithms

passthrough (monochrome) is only useful for cameras that have had the color filter array physically removed from the
sensor (e.g. scratched off). Demosaic algorithms usually reconstruct missing color channels by interpolation with data from
the neighboring pixels. However, if the color filter array is not present, there is nothing to interpolate, so this algorithm
simply sets all the color channels to the same value, resulting in a monochrome image. This method avoids the interpolation
artifacts that the standard demosaic algorithms might introduce.

photosite_color is not meant to be used for image processing. It takes the raw photosite data and presents it as red, blue or
green pixels. This is designed for debugging purposes in order to see the raw data and can assist with analysis of errors
produced by the other demosaic algorithms.

dual demosaic algorithms

Some images have areas best demosaiced using an algorithm that preserves high frequency information (like AMaZE or
RCD) and other areas that might profit from an algorithm more suited to low frequency content (like VNG4).

In dual demosaic algorithms (e.g. RCD + VNG4) the sensor data is demosaiced twice, first by RCD, AMaZE or Markesteijn 3-
pass and then by VNG4. Both sets of demosaiced data are retained for subsequent processing.

The data from the high frequency algorithm is then analysed for local data change and, using a threshold (there is a bit
more of maths involved here), the output image is written pixel-by-pixel for each color channel using data from each
demosaic algorithm weighed by the local data change.

In general, areas with greater detail are demosaiced by the algorithm best suited to that purpose (RCD, AMaZe, Markesteijn
3-pass) and any flat areas (like blue sky) are demosaiced using the second algorithm (VNG4).

The ’local data change’ is technically implemented as a gaussian-blurred single channel selection mask calculated from a
combination of the threshold value and the pixels’ luminance.

selecting the threshold

An automatically-calculated threshold is difficult to implement. Instead, the “display blending mask” button can be used to
display the selection mask so you can control the selection of the algorithm manually. The brighter the pixel in the displayed
mask, the more the output is taken from the high-frequency algorithm.

module controls

method

The demosaic algorithm to use (see above).
edge threshold (PPG only)

The threshold for an additional median pass. Defaults to “0” which disables median filtering.
Immse refine (LMMSE only)

Refinement steps for use with the LMMSE demosaic algorithm. Median steps average the output. Refinement steps add
some recalculation of red and blue channels. While the refinement options work well for luma noise, they may decrease
quality on images with heavy chroma noise.

color smoothing
Activate a number of additional color smoothing passes. Defaults to “off”.
match greens

In some cameras the green filters have slightly varying properties. This parameter adds an additional equalization step to
suppress artifacts. Available options are “disabled”, “local average”, “full average” and “full and local average”. This
option is not shown for X-Trans sensors.
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switch dual threshold (dual demosaic modes only)

Set the contrast threshold for dual demosaic modes. Lower values favor the high frequency demosaic algorithm and
higher values favor the low frequency algorithm.

display blending mask (dual demosaic modes only)

Show the blending mask that is used to differentiate between high and low frequency areas (adjusted by the “switch dual
threshold” parameter). For each pixel, the brighter the mask, the more the module’s output is taken from the high
frequency demosaic algorithm.

8.2.25. denoise (profiled)

An easy to use and highly efficient denoise module, adapted to the individual noise profiles of a wide range of camera
sensors.

One issue with a lot of denoising algorithms is that they assume that the variance of the noise is independent of the
luminosity of the signal. By profiling the noise characteristics of a camera’s sensor at different ISO settings, the variance at
different luminosities can be assessed, and the denoising algorithm can be adjusted to more evenly smooth out the noise.

Currently, darktable has sensor noise profiles for over 300 popular camera models from all the major manufacturers. If you
generate your own noise profile for a camera that is not yet supported by darktable, be sure to share it with the darktable
development team so they can include it in the next release! Please see darktable’s camera support page for more
information.

modes

The denoise (profiled) module implements two algorithms, each of which is available in either an easy-to-use “auto” mode,
or a more advanced manual mode with additional controls:

non-local means

This algorithm works in the spatial domain in much the same way as the astrophoto denoise module. It averages each
pixel with some surrounding pixels in the image. The weight of such a pixel in the averaging process depends on the
similarity of its neighborhood with the neighborhood of the pixel being denoised. A patch with a defined size is used to
measure that similarity.

Note that this algorithm is quite resource-intensive.

wavelets (default)
This algorithm works in the wavelet domain, and provides a simplified user interface. Wavelet decomposition allows you to
adjust the denoise strength depending on the coarseness of the noise in the image. This mode can be used in either
YOUOVO color mode (which allows you to independently control luminance and chroma noise) or RGB color mode (which
allows you to independently control noise for each RGB channel).

The wavelet algorithm is less resource-intensive than non-local means.

luma versus chroma noise

Both “non-local means” and “wavelet” algorithms can efficiently tackle luma (lightness) noise and chroma (color) noise.

In the past, it was suggested that you use two separate instances of this module to tackle chroma and luma noise
independently (using chroma and lightness blending modes). This is no longer recommended, since the denoise (profiled)
module is placed before the input color profile module in the pixelpipe (so that the profile parameters are accurate) and
color blending modes should only be used after the input color profile has been applied.

The new algorithms in this module now provide their own methods to separately handle luma and chroma noise, and in both
cases this can be handled with a single module instance.
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module controls

The denoise (profiled) module provides some controls that are independent of the algorithm used. These are described first,
before moving on to the algorithm-specific controls.

When describing the controls specific to an algorithm, we will first cover the simplified interface, and then move on to the
more advanced controls for that algorithm.

Note that sliders are provided with minimum and maximum values by default. However, these are only soft limits and,
where needed, higher values can be entered by right-clicking on the slider and typing a new value.

common controls

profile
darktable automatically determines the camera model and ISO based on the Exif data of your raw file, and searches for a
corresponding profile in its database. If your image has an intermediate ISO value, settings will be interpolated between
the two closest datasets in the database, and this interpolated setting will show up as the first line in the combo box. You
can also manually override this selection if necessary. Re-selecting the top-most entry in the combo box will return you to
the default profile.

mode
Choose which denoising algorithm to use (see above), and whether to present the simplified (“auto”) or full manual
interface for that algorithm.

whitebalance-adaptive transform
As the white balance amplifies each of the RGB channels differently, each channel exhibits different noise levels. This
checkbox makes the selected algorithm adapt to the white balance adjustments. This option should be disabled on the
second instance if you have applied a first instance with a color blend mode.

adjust autoset parameters (auto modes only)
Automatically adjust all the other parameters on the current denoising algorithm using a single slider. This is particularly
useful when you have had to increase the exposure on an under-exposed image, which normally introduces additional
noise (as if you had taken the shot with a higher ISO). This control compensates for that by using settings similar to those
used for a higher ISO image. The “effective ISO” used by the denoise algorithm is the actual ISO used, multiplied by the
value of this slider.

strength
Fine-tune the strength of the denoising. The default value has been chosen to maximize the peak signal-to-noise ratio. It's
mostly a matter of taste - whether you prefer a low noise level at the cost of fine details, or you accept more noise to
better preserve fine detail.

preserve shadows (advanced mode only)
Lower this control to denoise the shadows more aggressively. Usually, as noise increases, you will need to decrease this
parameter.

bias correction (advanced mode only)
Correct any color cast that may appear in the shadows. Increase this value if dark shadows appear too green, decrease if
they appear too purple.

non-local means auto sliders

central pixel weight (details)
Control the amount of detail that should be preserved by the denoising algorithm. By default, this will have a low value,
meaning that the algorithm will treat both luma and chroma noise equally. Move this slider to the right to reduce the
amount of luma denoising, so that the algorithm will primarily affect chroma noise. By adjusting this slider together with
the strength slider, you can find a good balance between luma and chroma denoising.

non-local means advanced sliders

When you take non-local means out of auto mode, the adjust autoset parameters slider is replaced with the following
controls. You can use the auto-adjust slider to arrive at some initial settings then, when you switch to manual mode, the
sliders will show the equivalent manual settings. You can then continue to fine-tune the manual settings from the auto-set
starting point.
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patch size
Control the size of the patches being matched when deciding which pixels to average - see astrophoto denoise for more
information. Increase this for images with more noise but be aware that high values may smooth out fine edges. The effect
of this slider on processing time is minimal.

search radius
Control how far away from a pixel the algorithm will attempt to find similar patches. Increasing the value can give better
results for very noisy images when coarse grain noise is visible, but the processing time is hugely impacted by this
parameter (the processing time increases with the square of this parameter). A lower value will make execution faster, a
higher value will make it slower. It most cases it is better to use the scattering parameter, which has a similar effect but
without the heavy processing cost.

scattering (coarse-grain noise)
Like the search radius, this slider controls how far from a pixel the algorithm will attempt to find similar patches. However,
it does this without increasing the number of patches considered. As such, processing time will stay about the same.
Increasing the value will reduce coarse grain noise, but may smooth local contrast. This slider is particularly effective at
reducing chroma noise.

wavelet curves

Wavelet curves are shown when one of the “wavelet” modes is selected.

The noise in an image usually consists of both fine grain and coarse grain noise, to varying degrees. The wavelet curves
allow the strength of the denoising to be adjusted depending on the coarseness of the visible noise. The left end of the
curve will act on very coarse grain noise, while the right of the curve will act on very fine grain noise. Raising the curve will
increase the amount of smoothing, while lowering the curve will decrease it.

For example, you can preserve very-fine-grain noise by pulling the right-most part of the curve down. When tackling chroma
noise (e.g. on a UOVO curve, or on a second module instance with a color blend mode) you can safely raise the right side of
the curve, since colors do not change a lot on fine scales. This can be useful if you see some noisy isolated pixels with the
wrong color.

wavelets vouvovo color mode

The preferred way to use wavelets is with the YOUOVO color mode. This mode separates the denoising curves into luminance
(Y0) and color (UOV0O) components. You can then use the YO curve to control the level of luma denoising, and the UOVO
curve to control the level of chroma denoising.

@ denoise (profiled) [ulO)

profile found match for ISO 320
+ whitebalance-adaptive transform

mode wavelets auto
color mode YOUOVO

YO uovo

adjust autoset parameters
——A

strength

——A
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wavelets rce color mode

Before the YOUOVO color mode was introduced, wavelet-based denoising could only be performed directly on the R, G and B
channels, either together or individually.

® denoise (profiled) T

profile found match for ISO 320
« whitebalance-adaptive transform

mode wavelets auto
color mode

all

adjust autoset parameters
——A

strength

——A

If you want to denoise the RGB channels independently, the best way to do this is to use an instance of the color calibration
module placed immediately before the denoise (profiled) module so that it outputs a gray channel based on the red channel
only, then denoise that monochrome image using the red wavelet curve. Repeat this procedure for the blue and green
channels. This procedure is time-consuming, but gives the best result because looking at the color of a noisy pixel is not a
reliable way to determine which channel to adjust. For example, a noisy red pixel could be due to a noise peak on the red
channel, but could also be due to a noise Iull on the blue and green channels.

The issue with independently denoising the RGB channels is that there can still be some residual chroma noise at the end
that requires excessive smoothing to eliminate. This was in fact one of the key motivations behind implementing the
YOUOVO color mode.

wavelets advanced sliders

When you take wavelets out of auto mode, the adjust autoset parameters slider is replaced with the preserve shadows and
bias correction controls listed above in the common controls section.

darktable 4.4 user manual 120


http://127.0.0.1:1313/dtdocs/en/module-reference/processing-modules/denoise-profiled/denoise-rgb.png
http://127.0.0.1:1313/dtdocs/en/module-reference/processing-modules/denoise-profiled/denoise-rgb.png
http://127.0.0.1:1313/dtdocs/en/module-reference/processing-modules/denoise-profiled/denoise-rgb.png

Module Reference processing modules

8.2.26. diffuse or sharpen

Diffusion is a family of physical processes by which particles move and spread gradually with time, from a source that
generates them. In image processing, diffusion mostly occurs in two places:

« diffusion of photons through lens glass (blur) or humid air (hazing),
« diffusion of pigments in wet inks or watercolors.

In both cases, diffusion makes the image less sharp by “leaking” particles and smoothing local variations.

The diffuse or sharpen module uses a generalized physical model to describe several kinds of diffusion, and can be used by
image makers to either simulate or revert diffusion processes.

As it is a highly technical module, several presets are provided to demonstrate its use for various purposes.
Diffusion can be removed in order to:

* recover the original image from sensors with an anti-aliasing filter or mitigate the blur created by most demosaicing
algorithms (use one of the sharpen demosaicing presets and move the module before the input color profile module
in the pipeline),

* reverse static lens blurring/defocusing (use one of the lens deblur presets),

* remove atmospheric haze (use the dehaze preset),

* add extra acutance for better legibility (use the local contrast preset).

Note that motion blurs cannot be reverted by undoing the diffusion process, as they are not diffusive in nature.
Diffusion can be added in order to:

* create a bloom or Orton effect (use the bloom preset),

* inpaint missing or damaged parts of an image (use the inpaint highlights preset),
* denoise in an edge-preserving way (use one of the denoise presets)

* apply a surface blur (use the surface blur preset).

Since the process is physical, even its glitches may be used for creative purposes. For example, you can:

» simulate line drawing or watercolor (use the simulate line drawing and simulate watercolor presets),
* create random patterns and textures by increasing noise (over time, with iterations, noise will connect with
neighbours to create random specks).

Note: This module is highly resource-intensive, as it is actually an anisotropic, multiscale, partial differential equation
solver. The module’s runtime increases with the number of iterations and OpenCL is therefore strongly recommended. Some
“fast” presets are also provided for use on systems without OpenCL.

concepts
time

Diffusion is a time-dependent process: the more time it has, the further the particles can spread. In this module, time is
simulated using the number of iterations (the number of times the algorithm runs on top of itself). More iterations can make
reconstruction (deblurring, denoising, dehazing) more accurate if properly set, but can also cause it to degenerate.

direction

Natural diffusion usually takes place from points with a high potential (high energy or high concentration of particles) to
those with a low potential (low energy or low concentration of particles). In an image, this means that diffusion always
occurs from the brightest pixels to the darkest.

This particular implementation can simulate natural diffusion, using what is called an isotropic diffusion (all directions have
the same weight, like heat diffusion), but can also force a weighted direction parallel to the gradients (forcing diffusion
across object edges and creating ghost edges), or a weighted direction perpendicular to the gradients, called isophote
(forcing diffusion to be contained inside edges, like in a droplet of watercolor). The relative weight of each direction
(gradient and isophote) is user-defined and can be found in the direction section of the module.
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speed

Depending how fluid the environment is, particles can move more or less freely and therefore more or less fast. The speed
of diffusion can be set in the speed section of the module.

When performing reconstruction (denoising, deblurring, dehazing), it is advisable to use smaller speeds for better accuracy.
This prevents numerical overshoots (and therefore degeneration of the solution) and may require more iterations. For small
numbers of iterations, higher speeds may be used. Note that large blurs need many iterations for proper reconstruction, so
the speed should be adjusted to avoid degenerating the solution.

All speeds are added (first to fourth orders), and the sums “first order + second order” and “third order + fourth
order” should never exceed £100%, unless you want to produce glitch art .

scale

Natural diffusion is supposed to happen only to the closest neighbouring coordinates. That is, at each iteration, each pixel
should only interact with its 9 nearest neighours.

Here, we fast-track things a bit to save time and reuse the multi-scale wavelets scheme from the contrast equalizer module,
so that we can diffuse at different scales. The maximal scale of diffusion is defined by the radius span parameter.

Regardless of the diffusion, a sharpness parameter allows you to increase or decrease the details at each scale, much like
the spline controls of the contrast equalizer. Along with the edge sensitivity slider, this provides the same features as the
contrast equalizer module (luma and edges tabs) but in a scene-referred RGB space.

module controls

properties

iterations

The number of times the algorithm should run on top of itself. High values slow the module down but allow more accurate
reconstructions, provided that the diffusion speeds are low enough.

central radius

The main scale of the diffusion. Zero causes the diffusion to act more heavily on fine details (used for deblurring and
denoising). Non-zero values define the size of details to be heavily diffused (used to increase local contrast).

radius span

This allows you to select the band of details radii to act on, around the central radius. The span of diffusion defines a range
of detail scales (between center - span and center + span) within which the diffusion is confined. High values diffuse
on a large band of radii, at the expense of computation time. Low values diffuse closer around the central radius. If you
plan to deblur, the radius span should be approximately the width of your lens blur and the central radius should be zero.
If you plan to increase the local contrast, but don’t want to affect sharpness or noise, the radius span should be 3/4 of your
central radius maximum.

The radii are expressed in pixels of the full-resolution image, so copy+pasting settings between images of different
resolution may lead to slightly different results, except for pixel-level sharpness.

For electrical engineers, what is set here is a band-pass filter in wavelets space, using a gaussian frequential window
centered on central radius with a fall-off (standard deviation) of radius span. Wavelet scales are analogous to harmonic
frequencies and each wavelet scale defines the radius of the details to act on.

speed (sharpen e diffuse)

In the following controls, positive values apply diffusion, negative values undo diffusion (i.e. sharpen) and zero does nothing.

1st order speed (gradient)

The speed of diffusion of the low-frequency wavelet layers in the direction defined by the 1st order anisotropy setting.
2nd order speed (laplacian)

The speed of diffusion of the low-frequency wavelet layers in the direction defined by the 2nd order anisotropy setting.
3rd order speed (gradient of laplacian)

The speed of diffusion of the high-frequency wavelet layers in the direction defined by the 3rd order anisotropy setting.
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4th order speed (laplacian of laplacian)
The speed of diffusion of the high-frequency wavelet layers in the direction defined by the 4th order anisotropy setting.

direction

In the following controls, positive values cause diffusion to avoid edges (isophotes), negative values make diffusion follow
gradients more closely, and zero affects both equally (isotropic).

1st order anisotropy

The direction of diffusion of the low-frequency wavelet layers relative to the orientation of the gradient of the low-
frequency (1st order speed setting).

2nd order anisotropy

The direction of diffusion of the low-frequency wavelet layers relative to the orientation of the gradient of the high-
frequency (2nd order speed setting).

3rd order anisotropy
The direction of diffusion of the high-frequency wavelet layers relative to the orientation of the gradient of the low-
frequency (3rd order speed setting).

4rd order anisotropy
The direction of diffusion of the high-frequency wavelet layers relative to the orientation of the gradient of the high-
frequency (4th order speed setting).

edge management

sharpness

Apply a gain on wavelet details, regardless of properties set above. Zero does nothing, positive values sharpen, negative
values blur. This is mostly useful as an adjustment variable when blooming or blurring, to retain some sharpness while
adding a glow around edges. You are not advised to use this for sharpening alone, since there is nothing to prevent halos
or fringes with this setting.

edge sensitivity
Apply a penalty over the diffusion speeds when edges are detected. This detection uses the local variance around each
pixel. Zero disables the penalty, higher values make the penalty stronger and more sensitive to edges. Increase if you
notice edge artifacts like fringes and halos.

edge threshold
Define a variance threshold, which affects mostly low-variance areas (dark or blurry areas, or flat surfaces). Positive values
will increase the penalty for low-variance areas, which is good for sharpening or increasing local contrast without crushing
blacks. Negative values will decrease the penalty for low-variance areas, which is good for denoising or blurring with a
maximal effect on black and blurry regions.

diffusion spatiality

luminance masking threshold

This control is useful if you want to in-paint highlights. For values greater than 0%, the diffusion will only occur in regions
with a luminance greater than this setting. Note that gaussian noise will be added in these regions to simulate particles
and initialize the in-painting.

workflow

The main difficulty with this module is that while its output can vary dramatically depending on its input paramaters, these
parameters have no intuitive link to everyday life. Users are likely to be overwhelmed, unless they are already familiar with
Fourier partial differential equations. This section proposes some ways to approach this module without the burden of
having to understand the underlying theory.
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general advice

If you intend to deblur your image using this module, always start by properly correctiong any chromatic aberrations and
noise in the image, since the deblurring may magnify these artifacts. It is also important that you don’t have clipped black
pixels in your image. These can be corrected with the black level correction of the exposure module.

Since it works on separate RGB channels, it is better to apply this module after color calibration , so that you start with a
fully neutral, white-balanced, input image. Note that increasing local contrast or sharpness will also lead to a slight color
contrast and saturation boost, which is usually a good thing. Since it uses a variance-based regularization to detect edges, it
is also better to put this module before any non-linear operation.

starting with presets

The provided presets have been tuned by the developer and tested on a range of images for typical purposes. The easiest
way is simply to start from the presets, and then tweak them as needed:

« if the effect seems too strong, decrease the number of iterations,

* if edge artifacts appear, increase the edge sensitivity,

« if deblurring starts to affect valid blurry parts (bokeh), reduce the radius,

« if deblurring seems correct in bright areas but excessive in dark areas, increase the edges threshold,
» if deblurring clips black pixels, lower the black level correction in exposure module,

* fine-tune the sharpness to your taste.

starting from scratch

The module’s default settings are entirely neutral and will do nothing to your image. The spirit of the module is that each
order affects the texture of the image in a particular way.

Start by tuning the first order parameters (speed and anisotropy) to get an initial base. Then adjust the radius. This will
affect coarser textures (either blur or sharpen them). Remember that the first order acts on the low frequencies of the
wavelet scale and follows a direction parallel or perpendicular to the gradient of the low frequencies.

Next, start to tune the second order parameters (speed and anisotropy). The second order also acts on the low frequencies
of the wavelet scale but this time follows a direction parallel or perpendicular to the gradient of the high frequencies, which
can either be the direction of maximal sharpness or of noise. This can be used to reduce noise (using the second order in
diffusion mode, with positive values) when you used the first order in sharpening mode (with negative values).

These two steps can be performed on the zoomed-out image. Remember that, while great care has been taken to make the
algorithm’s visual result fairly scale-invariant, the preview will be exact only when zoomed 1:1. In any case, anything
happening at pixel level (radius < 2px) will not be visible for zoom levels lower than 50%.

At this point, you may want to tweak the edge sensitivity to take care of any edge artifacts. In theory, diffusing in the
isophote direction ensures that diffusion is contained inside edges, but this is not sufficient when corners and sharp convex
shapes are present in the image.

When the edge sensitivity control has been adjusted to produce satisfying results, the image usually becomes quite soft. In
most cases it will be necessary, at this point, to increase the number of iterations in order to compensate. This will come
with a performance penalty so tread carefully with the performance/quality trade-off depending on your hardware. If you
can’t increase the number of iterations, you will have to increase the diffusing speed.

The final step is to fine-tune the third and fourth order, which take care of the high frequencies of each wavelet scale. You
will need to be a lot more gentle with these settings than for the first and second orders, as they can cause noise to blow-up
really fast.

The third order follows the gradient or isophote direction of the low frequency layer, so can be used to guide the high
frequency diffusion in a direction that is more likely to be legitimate regarding real edges (and less prone to catch noise).

The fourth order follows the gradient or isophote direction of the high frequency layer and is more likely to catch noise.
Diffusing on the fourth order is the best way to reduce noise without affecting sharpness too much, either as a stand-alone
denoiser, or as a regularization step in a deblurring process.
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using multiple instances for image reconstruction

Noise post-filtering may benefit from introducing a diffusion process - this can be applied as an extra step after the
denoise (profiled) module.

Conversely, the following optical issues may benefit from reconstruction by undoing the diffusion process:

1. blur introduced by a sensor’s low-pass filter (LPF) and/or anti-aliasing performed by the demosaic module,

2. static lens blur,

3. haze/fog,

4. light diffusion (using a diffuser that is too large), leading to even lighting and lack of local contrast on the subject.

While more than one of these issues can affect the same picture at the same time, it is better to try to fix them separately
using multiple instances of the module. When doing so, ensure the issues are corrected from coarse scale to fine scale, and
that denoising always happens first. That is, your instances should appear in the following pipe order :

1. denoise,

2. local contrast enhancement,

3. dehaze,

4. lens blur correction,

5. sensor and demosaic correction.

Starting with the coarser-scale reconstructions reduces the probability of introducing or increasing noise when performing
the finer-scale reconstructions. This is unintuitive because these processes don’t happen in this order during the formation
of the image. For the same reason, denoising should always happen before any attempt at sharpening or increasing
acutance.

notes and warnings

While this module is designed to be scale-invariant, its output can only be guaranteed at 100% zoom and high quality or
full-size export. Results at lower zoom levels or export dimensions may or may not match your expectations.

When setting a deblurring algorithm, try to bear in mind that many of the greatest images in the history of photography
were taken with lenses that were not remotely as sharp as those available today. Although the current trend is to build and
sell increasingly sharp lenses and have software apply insane amounts of sharpening on top, this fashion does not lead to
better imagery and makes the retouching process more tedious. Soft focus and a bit of blurriness have some poetic merits
too, which surgically-sanitized HD images may fail to convey.

It should be noted that global contrast (using simple tone curves or black/white levels) also affects our perception of
sharpness, which is quite different from optical sharpness (optical resolution). Human eyes are only sensitive to local
contrast, which may come from optical sharpness (e.g absence of diffusion - thin edges) as well as from amplified tonal
transitions. If some global tone mapping is in place to increase the contrast, the image will look sharper. If a tone mapping is
used to decrease the contrast, the image will look more blurry. In none of these cases are the actual edges of objects
affected in any way, and the perceptual consequences are pure illusion.

Part of the aging process is a loss of eyesight. The amount of sharpening that people over 50 find pleasing may not be the
same as for people in their 20s. It is worth considering sharpening to obtain a plausible result (matching your everyday
perception) rather than a pleasing result (that may look good only to people with the same eyesight as yours).

Finally, assessing the sharpness of images zoomed to 1:1 (100%) or more is a foolish task. In museums, exhibitions and
even on screen, the general audience looks at images as a whole, not with a magnifying glass. Moreover, in most practical
uses, photographs rarely exceed a resolution of 3000x2000 pixels (roughly a 300 DPI print at A4/letter dimensions) which,
for 24 Mpx sensors, means downscaling by a factor of 4. When examining a 24 Mpx file at 1:1, you are actually looking at an
image that will never exist. Sharpening at pixel level, in this context, is a waste of time and CPU cycles.
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8.2.27. dither or posterize

This module eliminates some of the banding artifacts that can result when darktable’s internal 32-bit floating point data is
transferred into discrete 8-bit or 16-bit integer output format for display or export. It can also be used for creative
posterization effects.

Although not an inherent problem in any of darktable’s modules, some operations may provoke banding if they produce a
lightness gradient in the image. To mitigate possible artifacts you should consider activating dithering when using the
vignetting or graduated density modules. This is especially relevant for images with extended homogeneous areas such as
cloudless sky. Also watch out for banding artifacts when using a gradient drawn mask .

Viewing an image dithered into a very low bit depth from some distance (e.g. “Floyd-Steinberg 1-bit b&w”) will give the
impression of a homogeneous grayscale image. darktable attempts to mimic this impression when rendering zoomed-out
images in the center view, the navigation window and thumbnails. This is accomplished by dithering those images into a
higher number of grayscale levels. Note that, as a consequence, the scopes module - the data for which is derived from the
navigation window - will show this increased number of levels and is therefore not a full match to the output image.

module controls

method
Choose the dithering method to use.

Floyd-Steinberg (default): Systematically distribute quantization errors over neighboring pixels. This method can be
selected with some typical output bit depths. Alternatively, you can select Floyd-Steinberg auto, which automatically
adapts to the desired output format.

random dithering: This method just adds some level of randomness to break sharp tonal value bands.

posterization: This method quantizes the pixel values into the indicated number of distinct levels per color channel (similar
to Floyd-Steinberg) but does not redistribute the quantization errors, producing a posterization effect. Selecting two levels
per channel produces eight possible output colors, three levels produces 27 colors (3x3x3), and so on. Use other modules
affecting colors or tone curves (such as tone equalizer or color balance rgb ) to fine-tune which pixels produce which
posterized colors. You can also use various blending modes to control the colors of the result.

damping (“random” method only)

Controls the level of added random noise expressed as a damping factor in a 10*log 2 basis. A value of -80 is a good fit for
8-bit output formats as it corresponds to a maximum change of one of the 256 possible levels; -160 is a good fit for for 16-
bit output.

8.2.28. exposure

Increase or decrease the overall brightness of an image.
This module has two modes of operation:

manual
Set the exposure, black level and clipping threshold manually
automatic (RAW images only)

Use an analysis of the image’s histogram to automatically set the exposure. Darktable automatically selects the exposure
compensation that is required to shift the selected percentile to the selected target level (see definitions below). This
mode is particularly useful for automatically altering a large number of images to have the same exposure. A typical use
case of automatic mode is deflickering of time-lapse photographs.

module controls

mode

Choose the mode of operation (automatic/manual).
compensate camera exposure (manual mode)

Automatically remove the camera exposure bias (taken from the image’s Exif data).
exposure (manual mode)

Increase (move to the right) or decrease (move to the left) the exposure value (EV). To adjust by more than the default
limits shown on the slider, right click and enter the desired value up to +/-18 EV (see module controls ).
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The color picker tool on the right sets the exposure such that the average of the selected region matches the target
lightness defined in spot exposure mapping options.

clipping threshold (manual mode)

Define what percentage of bright values are to be clipped in the calculation of the exposure and black level correction.
Use the color picker to sample a portion of the image to be used for this calcuation.

percentile (automatic mode)

Define a location in the histogram to use for automatic exposure correction. A percentile of 50% denotes a position in the
histogram where 50% of pixel values are above and 50% of pixel values are below that exposure.

target level (automatic mode)

Define the target level for automatic exposure correction (EV) relative to the white point of the camera.
black level correction (manual and automatic modes)

Adjust the black level point to unclip negative RGB values.

Note: Do not use the black level correction to add more density in blacks as this can clip near-black colors out of gamut by
generating negative RGB values. This can cause problems with some modules later in the pixelpipe. Instead, use a tone
mapping curve to add density to the blacks. For example, you can use the relative black exposure slider on the scene tab of
the filmic rgb module, or establish a deeper toe in the base curve module.

spot exposure mapping

The spot mapping feature is designed to help with batch-editing a series of images in an efficient way. In this scenario, you
typically develop a single reference image for the whole batch and then copy&paste the development stack to all of the
other images in the batch.

Unfortunately, the light often changes slightly between shots, even within the same series captured in the same conditions.
This can be the result of a cloud passing by the sun in natural light, surface reflections having less “shine” from a different
angle, or simply due to unavoidable variability in the mechanical diaphragm aperture. Each image will still need some
individual fine-tuning if you want a perfectly even look over the whole series, and this can be both time-consuming and
frustrating.

Spot exposure mapping allows you to define a target brightness, in terms of exposure, for a particular region of the image
(the control sample), which you then match against the same target brightness in other images. The control sample can
either be a critical part of your subject that needs to have constant brightness, or a non-moving and consistently-lit surface
over your series of images.

The mapping process consists of two steps.

step 1: set the target

There are two ways of setting the target brightness for your control sample:

1. if you know or expect an arbitrary lightness for the control sample (for example, a gray card, a color chart, a product
or a logo of a specified brightness), you can set its L value directly, in CIE Lab 1976 space,

2. if you simply want to match the development of your reference image, set the spot mode to measure, then enable
the color picker (to the right of the exposure slider) and draw a rectangle over your control sample. The input column
will then be updated with the lightness value of the control sample before the exposure correction, and the target
column will show the resulting lightness of the control sample after the current exposure setting is applied.

If you reset the lightness value, the default value is 50% (middle-gray) - this can be useful to quickly set the average
exposure of any image.

Note that the target value is not reset when you reset the module itself, but is stored indefinitely in darktable’s
configuration and will be available on next launch as well as for the next image you develop.

darktable 4.4 user manual 127



Module Reference processing modules

step 2 : match the target

When you open a new image, the spot mode is automatically reset to correction. Using the color picker attached to the
exposure slider, you can then directly reselect your control sample in the new image. The proper exposure setting required
for the control sample to match the memorized target lightness will be automatically computed, and the setting will be
updated in the same operation.

This operation can be repeated as many times as you have images in your series with no further work.

Note 1: Trying to match lightness of moving parts of a subject across frames can prove tricky because they can have
legitimate changes in their illumination as their orientation changes with respect to the main light source. For example, a
part of the face can be fully lit in some frames and partially shaded in others. An inconsistently-lit control sample will
generally not provide a robust reference for lightness matching across a series and may result in more work than manually
matching it with visual feedback.

Note 2: The exposure module works (by default) in the scene-referred, linear, camera RGB part of the pixel pipeline, before
the input color profile is applied. However, the conversion from camera RGB to CIE Lab 1976 space relies on the input color
profile. All of the lightness L metrics given in the spot mapping settings will use the input profile defined later in the input
color profile module to perform the conversion accurately, but the conversion itself assumes a linear (RAW) signal and will
not work for JPEG and PNG images (which are non-linearly encoded before the input color profile module). If you want to use
this feature on non-RAW images, you will need to move the exposure module to after input color profile or to use the
module order preset v3.0 for JPEG/non-RAW input.

Note 3: Perfectly matching your control sample against the target lightness may still not yield a similar perceptual result,
even if the numbers are exactly the same. For example, if your subject sits in front of a background made of some bright
parts and some dark parts, the ratio of bright areas / dark areas will affect the perception of contrast and brightness. If this
ratio changes across your series, the subject brightness will not appear constant even though the lightness value is exactly
constant. For more details, see the checker shadow illusion and the Chubb illusion .

8.2.29. fill light (deprecated)

Please note that this module is deprecated from darktable 3.4 and should no longer be used for new edits.
Please use the tone equalizer module or the exposure module with a drawn mask .

Locally modify exposure based on pixel lightness.

This module pushes exposure by increasing lightness with a Gaussian curve of a specified width, centered on a given
lightness.

module controls

exposure
The fill-light exposure (EV)
center

The median lightness impacted by the fill-light. The lightness must be set manually but a color picker can be used to
provide a guide based on a sample from the image. The lightness of the selected point/area is displayed in the gradient
bar.

width

The width of the Gaussian curve. This number is expressed in zones, with the full range being 10 zones.
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8.2.30. filmic rgb

Remap the tonal range of an image by reproducing the tone and color response of classic film.

This module can be used either to expand or to contract the dynamic range of the scene to fit the dynamic range of the
display. It protects colors and contrast in the mid-tones, recovers the shadows, and compresses bright highlights and dark
shadows. Highlights will need extra care when details need to be preserved (e.g. clouds).

The module is derived from another module of the same name in Blender 3D modeller by T. J. Sobotka. While it is primarily
intended to recover high-dynamic-range images from raw sensor data it can be used with any image in place of the base
curve module. The following video (by the developer of this module) provides a useful introduction: filmic rgb: remap any
dynamic range in darktable 3 .

filmic rgb is the successor to the filmic module from darktable 2.6. While the underlying principles have not changed much,
the default settings and their assumptions have, so users of the previous version should not expect a 1:1 translation of their
workflow to the new version.

Note: Despite the technical look of this module, the best way to set it up is to assess the quality of the visual result. Do not
overthink the numbers that are presented in the GUI to quantify the strength of the effects.

prerequisites
In order to get the best from this module, your images need some preparation:

capturing (ETTR)
In-camera, it is recommended that you use a technique known as “Expose To The Right” (ETTR). This means exposing the
shot so that the exposure is as bright as possible without clipping the highlights. It is called “exposing to the right”
because the in-camera histogram should be touching all the way up to the right hand side without peaking at the right
hand side (which could indicate clipping). This technique ensures you make maximum use of the dynamic range of your
camera’s sensor.

The default auto-exposure metering mode in your camera will normally expose the image so that the average brightness
in the image tends towards middle-gray. Sometimes, for scenes dominated by light tones, the camera will underexpose
the image to bring those light tones more towards middle-gray. For scenes dominated by dark tones, it may over-expose
the image and end up clipping the highlights. In such cases you can use the exposure compensation dial in your camera to
raise or lower the exposure - the darktable exposure module can automatically take this into account when processing
your image.

In some cases (e.g. specular highlights reflecting off shiny objects) it may be acceptable to have some clipping, but be
aware that any clipped data in your image is irrevocably lost. Where data has been clipped, filmic rgb offers a “highlight
reconstruction” feature to help mitigate the effects of the clipping and blend it smoothly with the rest of the image. The
settings for this feature are on the reconstruct tab. Some cameras also offer a “highlight priority” exposure metering mode
that can help to maximise exposure while protecting the highlights, and many offer features such as “zebras” or “blinkies”
in the live view to alert the photographer when parts of the image are being clipped.

adjust for the mid-tones
In the exposure module, adjust the exposure until the mid-tones are clear enough. Don’t worry about losing the highlights
at this point - they will be recovered as part of the filmic processing. However, it is important to avoid negative pixels in
black areas else the computations performed by filmic rgb may produce unpredictable results. For some camera models
(Canon, mainly), rawspeed (the raw decoding library of darktable) may set an exaggerated black level, resulting in
crushed blacks and negative pixel values. If so, brighten the blacks by setting a negative black level correction value in
the exposure module.

white balance, denoise, demosaic
If you plan on using filmic rgb’s auto-tuners, use the white balance module to first correct any color casts and obtain
neutral colors. In RGB color spaces, luminance and chrominance are linked, and filmic rgb’s luminance detection relies on
accurate measurements of both. If your image is very noisy, add an initial step of denoising to improve the black exposure
readings, and use a high quality demosaic algorithm. You don’t need to worry about noise if you are planning to set up
filmic manually, without using the auto-tuners.
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disable tone mapping modules
If you plan to use one of filmic rgb’s chrominance preservation modes, avoid using base curve and the various tone
mapping modules. These may produce unpredictable color shifts that would make the chrominance preservation useless.
None of these modules should be required when using filmic rgb.

usage

The filmic rgb module is designed to map the dynamic range of the photographed scene (RAW image) to the dynamic range
of the display.

This mapping is defined in three steps, each handled in a separate tab in the interface:

» The scene tab contains the “input” settings of the scene, defining what constitutes white and black in the
photographed scene.

* The reconstruct tab offers tools to handle blown highlights.

* The look tab contains the artistic intent of the mapping that is applied to the input parameters (as defined in the
scene tab). This part of the module applies an S-shaped parametric curve to enhance the contrast of the mid-tones
and remap the gray value to the middle-gray of the display. This is similar to what the base curve and tone curve
modules do. As a general guideline, you should aim to increase the latitude as much as possible without clipping the
extremes of the curve.

* The display tab defines the output settings required to map the transformed image to the display. In typical use
cases, the parameters in this tab rarely require adjustment.

» The options tab includes some optional advanced settings and parameters.

filmic rgb tends to compress local contrast, so after you have finished adjusting settings here, you may wish to compensate
for this using the local contrast module. You may also want to increase the saturation in the color balance rgb module, and
perhaps to further adjust the tones using the tone equalizer .

The ranges of filmic rgb’s sliders are limited to typical and safe values, but you can enter values outside of these limits by
right-clicking and entering values with the keyboard.

Note: filmic rgb cannot be set with entirely neutral parameters (resulting in a “no-operation”) - as soon as the module is
enabled, the image is always at least slightly affected. You can, however, come close to neutral with the following settings:

* in the look tab, set contrast to 1.0, latitude to 99 % and mid-tones saturation to 0 %,
* in the options tab, set contrast in shadows and in highlights to soft.

In this configuration, filmic will only perform a logarithmic tone mapping between the bounds set in the scene tab.

graphic display

The graphic display at the top of the filmic rgb module offers multiple views to help you to understand its functionality. You
can cycle through these views using the icon to the right of the graph display. You can also toggle the labels on the

axes on and off using the icon.

The following views are available:

look only
This is the default view. The main bright curve shows how the dynamic range of the scene (in EV) is compressed into the
display-referred output range. The orange dot shows the middle-gray point, the white dots either side mark out the
latitude range, and the orange part of the curve at the bottom and top indicates an overshoot problem with the spline (the
look tab has some controls to deal with this).
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% display look only
100 o

+0.0
EV scene

look + mapping (linear)

This view shows the mapping of input values [0,1] to output values in linear space, including the dynamic range mapping
and the output transfer function. Note that in a scene-referred workflow, input values are allowed to exceed 1, however
the graph only shows in/out values in the interval [0,1] in order to make the shape of the graph comparable to other tone
curve mapping tools such as base curve or tone curve. The actual value of the scene white point is shown in brackets on
the X axis (expressed as a percentage of an input value of 1).

% display look + mapping (lin)
100

100 -
% camera (702 %)

look + mapping (log)
The same as the previous view, but plotted in log space.
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% display look + mapping (log)
100

18
% camera

dynamic range mapping

This view is inspired by the Ansel Adams Zone System, showing how the zones in the input scene (EV) are mapped to the
output. Middle gray from the scene is always mapped to 18% in the output (linear) space, and the view shows how the
tonal ranges towards the extremes of the scene exposure range are compressed into a smaller number of zones in the

display space, leaving more room for the mid-tones to be spread out over the remaining zones. The latitude range is
represented by the darker gray portion in the middle.

dynamic range mapping

(%) o0
display

Note: When some parameters are too extreme, resulting in an unfeasible curve, filmic rgb will sanitize them internally.
Sanitizing is illustrated in two ways on the look views:

* A dot becoming red indicates that the linear part of the curve is pushed too far towards the top or the bottom. In the
look tab, reduce the latitude or recenter the linear part using the shadows & highlights balance parameter.

* A dot becoming a half circle indicates that contrast is too low given the dynamic range of the image. Increase
contrast in the look tab, or the dynamic range in the scene tab.
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module controls

scene

The controls in the scene tab are similar in principle to those of the levels module (black, gray, white). The difference is that
levels assumes display-referred pixels values (between 0 and 100%), whereas filmic allows you to work on scene-referred
pixels (between -infinity EV and +infinity EV), which forces the use of a different interface.

middle-gray luminance (hidden by default)

This setting allows you to decide what luminance in the scene should be considered the reference middle-gray (which will
be remapped to 18% in display). Use the color picker tool to read the average luminance over the drawn area. If you have
a photograph of a gray card or a color chart (IT8 chart or colorchecker) shot in the scene lighting conditions, then the gray
color picker tool can be used to quickly sample the luminance of the gray patch on that image. In other situations, the
color picker can be used to sample the average luminance of the subject.

This has an effect on the picture that is analogous to a brightness correction. Values close to 100% do not compress the
highlights but fail to recover shadows. Values close to 0% greatly recover the shadows but compress the highlights more
harshly and result in local-contrast losses.

When modifying the middle-gray luminance, the white and black exposures are automatically adjusted accordingly, to
prevent the dynamic range from clipping and to help you set the right parameter faster. If you are not happy with the auto
adjustment performed by the gray slider, you can correct the white and black exposure parameters afterwards.

Note: You are not advised to use this control to set middle-gray, hence it is now hidden by default. You should instead use
the exposure module to set the middle-gray level (see usage , above). However, if you wish to make this slider visible, you
can enable it with the use custom mid-gray values checkbox in the options tab.

white relative exposure

The number of stops (EV) between the scene middle-gray luminance and the scene luminance to be remapped to display
white (peak-white). This is the right bound of the scene dynamic range that will be represented on the display - everything
brighter than this value on the scene will be clipped (pure white) on the display. The color picker tool reads the maximum
luminance in RGB space over the drawn area, assumes it is pure white, and sets the white exposure parameter to remap
the maximum to 100% luminance.

black relative exposure

The number of stops (EV) between the scene middle-gray luminance and the scene luminance to be remapped to display
black (maximum density). This is the left bound of the scene dynamic range that wll be represented on the display -
everything darker than this value on the scene will be clipped (pure black) on the display. The color picker tool reads the
minimum luminance in RGB space over the drawn area, assumes it is pure black, and sets the black exposure parameter
to remap the minimum to 0% luminance. The black color picker measurement is very sensitive to noise, and cannot
identify whether the minimum Iluminance is pure black (actual data) or just noise. It works better on low ISO pictures and
with high quality demosaicing. When the color picker puts the black exposure at -16 EV, this is a sign that the
measurement has failed and you will need to adjust it manually.

The black relative exposure allows you to choose how far you want to recover lowlights.

dynamic range scaling and auto-tune

The auto-tune color picker combines the above color pickers, and allows you to set the white and black exposures at the
same time, using the maximum of the drawn region as the white and the minimum as the black. This gives good results in
landscape photography but usually fails for portraits and indoor scenes.

When no true white and black are available on the scene, the maximum and minimum RGB values read on the image are
not valid assumptions any more. Dynamic range scaling symmetrically shrinks or enlarges the detected dynamic range
and the current parameters. This works with both color pickers, and adjusts the current values of white and black relative
exposures.
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Note: There is no direct relationship between your camera sensor’s dynamic range (to be found in DxoMark.com or
PhotonsToPhotos.org measurements) and the dynamic range in filmic (scene white EV - scene black EV). Many things
happen before filmic in the pipeline (for example a black raw offset that could map black to 0) such that filmic sees a
theoretically infinite dynamic range at its input. This has to do only with pixel encoding manipulation in software, not actual
sensor capabilities.

The scene-referred workflow forces a black level correction of -0.0002, in the exposure module, which ensures that the
dynamic range seen by filmic’s input is around 12.3 EV most of the time. Decrease this value even more if setting the black
relative exposure in filmic to -16 EV fails to unclip blacks.

reconstruct

This tab provides controls that blend transitions between unclipped and clipped areas within an image and can also help to
reconstruct colors from adjacent pixels. It is designed to handle spotlights that could not possibly be unclipped when taking
the shot (such as naked light bulbs or the sun disc in the frame) and aims at diffusing their edges as film would do. It is not
designed to recover large areas of clipped pixels or in-paint missing parts of the image.

It can sometimes be useful to disable the highlight reconstruction module in order to provide additional data to the
reconstruction algorithm (highlight reconstruction clips highlight data by default). You should note that this can lead to
magenta highlights, which will need to be handled with the gray/colorful details slider.

Firstly, a mask needs to be set up to identify the parts of the image that will be affected by the highlights reconstruction.
There are then some additional controls to fine-tune some of the trade-offs made by the reconstruction algorithm.

highlights clipping

These controls allow you to choose which areas of the image are impacted by the highlight reconstruction algorithms.

threshold

Any pixels brighter than this threshold will be affected by the reconstruction algorithm. The units are in EV, relative to the
white point set in the scene tab. By default, this control is set to +3 EV, meaning that pixels need to be at least +3 EV
brighter than the white point set in the scene tab in order for the highlight reconstruction to have any effect. In practise,
this means that highlight reconstruction is effectively disabled by default (for performance reasons - it should only be
enabled when required). Therefore, to use the highlights reconstruction feature, first click the display highlight
reconstruction mask icon to show the mask, and lower this threshold until the highlight areas you want to reconstruct are
selected in white by the mask. It may be useful to first review the image using the raw overexposed warning to show you
which pixels in the raw file have been clipped, and whether those pixels are clipped on just one RGB channel or all of
them.

transition
Use this control to soften the transition between clipped and valid pixels. Moving this control to the right will increase the
amount of blur in the mask, so that the transition between clipped and non-clipped areas is softer. This allows for a
smoother blending between the clipped and non-clipped regions. Moving this control to the left will reduce the blur in the
mask, making the transition in the mask much sharper and therefore reducing the amount of feathering between clipped
and non-clipped areas.

display highlight reconstruction mask
Click on the icon to the right of this label to toggle the display of the highlight reconstruction mask. It is recommended
that you turn this on while adjusting the above controls.

balance

These controls allow you to balance the trade-offs between the various reconstruction algorithms.

structure o texture

Use this to control whether the reconstruction algorithm should favor painting in a smooth color gradient (structure), or
trying to reconstruct the texture using sharp details extracted from unclipped pixel data (texture). By default, the control is
in the middle at 0%, which favors both strategies equally. If you have lots of areas where all three channels are clipped,
there is no texture detail available to reconstruct, so it is better to move the slider to the left to favor color reconstruction.
If you have lots of areas where only one or two channels are clipped, then there may be some texture detail in the
unclipped channel(s), and moving the slider to the right will place more emphasis on trying to reconstruct texture using
this unclipped data.
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bloom e reconstruct
Use this to control whether the algorithm tries to reconstruct sharp detail in the clipped areas (reconstruct), or apply a blur
that approximates the blooming effect you get with traditional film (bloom). By default, this is set to 100%, which tries to
maximise the sharpness of the detail in the clipped areas. Move this slider to the left if you want to introduce more blur in
these areas. Introducing more blur will usually tend to darken the highlights as a by-product, which may lead to a more
colorful reconstruction.

gray < colorful details
Use this to control whether the algorithm favors the recovery of monochromatic highlights (gray) or colorful details. Move
the slider to the right if you want more color in the highlights. Move the slider to the left if you want to reduce the
saturation of the highlights. It can be helpful to reduce the saturation in the highlights if you start seeing magenta or out-
of-gamut colors.

look

When working on the /look tab, it is recommended that you monitor the S-curve spline on the look only graph. This curve
starts from the scene/display black levels at the bottom left of the graph, and should smoothly increase up to the scene/
display white levels at the top right. Sometimes, if the constraints on the S-curve are too tight, the splines in the shadows
and/or highlights regions can “overshoot” the limits of the display, and an orange warning is shown on those parts of the
spline.

If you see the orange warning indicator at either end of the S-curve, corrective actions should be performed to bring the S-
curve back to a smooth monotonically increasing curve. This may involve:

* reducing the latitude and/or contrast,
* adjusting the shadows/highlights slider to shift the latitude and allow more room for the spline,

* ensuring that the scene-referred black and white relative exposure sliders on the scene tab have been properly set
for the characteristics of the scene,

* setting one or both of the contrast settings on the options tab to safe or hard.

If the target black luminance setting on the display tab is non-zero, this can also make it difficult for filmic rgb to find a
smooth monotonic spline, and reducing this can also help to relax the constraints. See the display section to understand the
implications of this.

contrast

The filmic S-curve is created by computing the position of virtual nodes from the module parameters and interpolating
them. This is similar to how the tone curve module operates, but here, the nodes cannot be moved manually. The curve is
split into three parts - a middle linear part, and two extremities that transition smoothly from the slope of the middle part
to the ends of the exposure range.

The contrast slider controls the slope of the middle part of the curve, as illustrated in the graph display. The larger the
dynamic range, the greater the contrast should be set to, in order preserve a natural-looking image. This parameter
mostly affects the mid-tones. Note that global contrast has an impact on the acutance (perceived sharpness) - a low-
contrast image will look unsharp even though it is optically sharp in the sense of the Optical Transfer Function (OTF) .

Setting the contrast to 1 almost completely disables the S-curve, though there will be a very small residual effect from the
splines in the highlights and shadows.

hardness (previously target power factor function)
Known as the target power factor function slider in older versions of filmic rgb, this slider is hidden by default, and is
adjusted automatically based on values in the scene tab. To make this slider visibile, you need to uncheck auto adjust
hardness in the options tab.

This parameter is the power function applied to the output transfer function, and it is often improperly called the gamma
(which can mean too many things in imaging applications, so we should stop using that term). It is used to raise or
compress the mid-tones to account for display non-linearities or to avoid quantization artifacts when encoding in 8 bit file
formats. This is a common operation when applying ICC color profiles (except for linear RGB spaces, like REC 709 or REC
2020, which have a linear “gamma” of 1.0). However, at the output of filmic rgb, the signal is logarithmically encoded,
which is not something ICC color profiles know to handle. As a consequence, if we let them apply a gamma of 1/2.2 on top,
it will result in a double-up, which would cause the middle-gray to be remapped to 76% instead of 45% as it should in
display-referred space.
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latitude

The latitude is the range between the two nodes enclosing the central linear portion of the curve, expressed as a
percentage of the dynamic range defined in the scene tab (white relative exposure minus black relative exposure). It is the
luminance range that is remapped in priority, and it is remapped to the luminance interval defined by the contrast
parameter. It is usually advisable to keep the latitude as large as possible, while avoiding clipping. If clipping is observed,
you can compensate by either decreasing the latitude, shifting the latitude interval with the shadow & highlights balance
parameter, or decreasing the contrast.

The latitude also defines the range of luminances that are not desaturated at the extremities of the luminance range (See
mid-tones saturation).

shadows « highlights balance
By default, the latitude is centered in the middle of the dynamic range. If this produces clipping at one end of the curve,
the balance parameter allows you to slide the latitude along the slope, towards the shadows or towards the highlights.
This allows more room to be given to one extremity of the dynamic range than to the other, if the properties of the image
demand it.

mid-tones saturation / extreme luminance saturation / highlights saturation mix

At extreme luminances, the pixels will tend towards either white or black. Because neither white nor black have color
associated with them, the saturation of these pixels must be 0%. In order to gracefully transition towards this 0%
saturation point, pixels outside the mid-tone latitude range are progressively desaturated as they approach the extremes.
The darker curve in the filmic rgb graph indicates the amount of desaturation that is applied to pixels outside the latitude
range. Moving the slider to the right pushes the point where desaturation will start to be applied towards the extremes,
resulting in a steeper desaturation curve. If pushed too far, this can result in fringing around the highlights. Moving the
slider to the left brings the point at which color desaturation will start to be applied closer to the center, resulting in a
gentler desaturation curve. If you would like to see more color saturation in the highlights, and you have checked that the
white relative exposure in the scene tab is not yet clipping those highlights, move the mid-tones saturation slider to the
right to increase the saturation.

Please note that this desaturation strategy has changed compared to previous versions of filmic rgb (which provided a
different slider control labelled extreme luminance saturation). You can revert to the previous desaturation behaviour by
selecting “v3 (2019)” in the color science setting on the options tab. Since filmic v6 and v7 use accurate gamut mapping
to the output color space, the desaturation curve is removed and the extreme luminance desaturation becomes a method
to control the bleaching of highlights.

This control is set to 0 by default and it is now recommended that saturation is handled earlier in the pipeline. A preset
“add basic colorfulness” has been added to the color balance rgb module for this purpose.

display
The parameters in this tab should rarely require adjustment.

target black luminance

The destination parameters set the target luminance values used to remap the tones. The default parameters should work
99% of the time, the remaining 1% being when you output in linear RGB space (REC709, REC2020) for media handling log-
encoded data. These settings should therefore be used with caution because darktable does not allow separate pipelines
for display preview and file output.

The target black luminance parameter sets the ground-level black of the target medium. By default it is set to the
minimum non-zero value that can be encoded by the available number of bits in the output color space. Reducing it to
zero means that some non-zero luminances will be mapped to 0 in the output, potentially losing some detail in the very
darkest parts of the shadows. Increasing this slider will produce raised, faded blacks that can provide something of a
“retro” look.

target middle-gray
This is the middle-gray of the output medium that is used as a target for the S-curve’s central node. On gamma-corrected
media, the actual gray is computed with the gamma correction (middle-gray”~(1/gamma)), so a middle-gray parameter of
18% with a gamma of 2.2 gives an actual middle-gray target of 45.87%.

target white luminance
This parameter allows you to set the ceiling level white of the target medium. Set it lower than 100% if you want
dampened, muted whites to achieve a retro look.

To avoid double-ups and washed-out images, filmic rgb applies a “gamma” compression reverting the output ICC gamma
correction, so the middle-gray is correctly remapped at the end. To remove this compression, set the destination power
factor to 1.0 and the middle-gray destination to 45%.
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options

color science

This setting defaults to v7 (2023) for new images, and defines the algorithms used by the filmic rgb module (e.g. the

extreme luminance desaturation strategy). To revert to the behavior of previous versions of filmic rgb, set this parameter

to v3 (2019), v4 (2020) or v5 (2021). The difference between these methods lies in the way in which they handle

desaturation close to pure black and pure white (see the background section for details). If you have previously edited an

image using older versions of filmic rgb, the color science setting will be kept at the earlier version number in order to

provide backward compatibility for those edits. v7 (2023) removes the preserve chrominance option (see background ).
preserve chrominance (not available with color science v7)

Define how the chrominance should be handled by filmic rgb - either not at all, or using one of the three provided norms.

When applying the S-curve transformation independently on each color, the proportions of the colors are modified, which
modifies the properties of the underlying spectrum, and ultimately the chrominance of the image. This is what happens if
you choose “no” in the preserve chrominance parameter. This value may yield seemingly “better” results than the other
values, but it may negatively impact later parts of the pipeline, for example, when it comes to global saturation.

The other values of this parameter all work in a similar way. Instead of applying the S-curve to the R, G and B channels
independently, filmic rgb, divides all the three components by a norm (N), and applies the S-curve to N. This way, the
relationship between the channels is preserved.

The value of the preserve chrominance parameter indicates which norm is used (the value used for N):

* no means that the ratios between the RGB channels are not preserved. This will tend to saturate the shadows and
desaturate the highlights, and can be helpful when there are out-of-gamut blues or reds.

* max RGB is the maximum value of the R, G and B channels. This is the same behaviour as the original version of
the filmic rgb module. It tends to darken the blues, especially skies, and to yield halos or fringes, especially if some
channels are clipped. It can also flatten the local contrast somewhat.

e luminance Y is a linear combination of the R, G and B channels. It tends to darken and increase local contrast in the
reds, and tends not to behave so well with saturated and out-of-gamut blues.

* RGB power norm is the sum of the cubes of the R, G, and B channels, divided by the sum of their squares (R3 + G2
+ B3)/(R? + G2 + B?). It is usally a good compromise between the max RGB and the luminance Y values.

* RGB euclidean norm has the property of being RGB-space-agnostic, so it will yeild the same results regardless of
which working color profile is used. It weighs more heavily on highlights than the power norm and gives more
highlights desaturation, and is probably the closest to a color film look.

There is no “right” choice for the norm, and the appropriate choice depends strongly on the image to which it is applied.
You are advised to experiment and decide for yourself which setting gives the most pleasing result with the fewest
artifacts.

contrast in highlights

This control selects the desired curvature at the highlights end of the filmic rgb spline curve. The default setting (safe) is
guaranteed not to over- or under-shoot but has quite muted contrast near white. Selecting hard places a tighter constraint
on the slope of the spline, which makes the curve sharper and hence introduces more tonal compression in the highlights.
Selecting soft loosens this constraint, resulting in a gentler curve with less tonal compression in the highlights.

contrast in shadows
This control selects the desired curvature at the shadows end of the filmic rgb spline curve. The default setting (safe) is
guaranteed not to over- or under-shoot but has quite muted contrast near black. Selecting hard places a tighter constraint
on the slope of the spline, which makes the curve sharper and hence introduces more tonal compression in the shadows.
Selecting soft loosens this constraint, resulting in a gentler curve with less tonal compression in the shadows.

use custom middle-gray values
Enabling this setting makes the middle-gray luminance slider visible on the scene tab. With the current version of filmic
rgb, you are advised to use the exposure module to set the middle-gray level, so this setting is disabled by default (and
the middle-gray luminance slider is hidden).

auto-adjust hardness
By default, this setting is enabled, and filmic rgb will automatically calculate the power function (aka “gamma”) to be

applied on the output transfer curve. If this setting is disabled, a hardness slider will appear on the ook tab so that value
can be manually set.
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iterations of high-quality reconstruction

Use this setting to increase the number of passes of the highlight reconstruction algorithm. More iterations means more
color propagation into clipped areas from pixels in the surrounding neighbourhood. This can produce more neutral
highlights, but it also costs more in terms of processing power. It can be useful in difficult cases where there are magenta
highlights due to channel clipping.

The default reconstruction works on separate RGB channels and has only one iteration applied, whereas the high quality
reconstruction uses a different algorithm that works on RGB ratios (which is a way of breaking down chromaticity from
luminance) and can use several iterations to graduately propagate colors from neighbouring pixels into clipped areas.
However, if too many iterations are used, the reconstruction can denegenerate, which will result in far colors being
improperly inpainted into clipped objects (color bleeding) - for example white clouds being inpainted with blue sky, or the
sun disc shot through trees being inpainted with leaf-green.

add noise in highlights

This artificially introduces noise into the reconstructed highlights to prevent them from looking too smooth compared to
surrounding areas that may already contain noise. This can help to blend the reconstructed areas more naturally with the
surrounding non-clipped areas.

type of noise

This specifies the statistical distribution of the added noise. It can be helpful to match the look of the artificially generated
noise with the naturally occurring noise in the surrounding areas from the camera’s sensor. The poissonian noise is the
closest to natural sensor noise but is less visually pleasing than gaussian, which is probably closer to film grain. Also note
that most denoising modules will turn the sensor noise from poissonian to slightly gaussian, so you should pick the variant
that blends better into the actual noise in your image.

background

The color science parameter (in the options tab) defines the strategy that is used to desaturate colors near pure white
(maximum display emission) and pure black (minimum display emission). The problem can be explained with the graph
below, which represents the gamut of the sRGB color space at the constant hue of its green primary, with varying lightness
(vertical axis) and chroma (horizontal axis):
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As we approach pure black and pure white, the chroma available in gamut shrinks considerably until it reaches zero for
lightness = 0 and lightness = 100% of the medium emission. This means that very bright (or very dark) colors cannot be
very saturated at the same time if we want them to fit in gamut, with the gamut being imposed by the printing or displaying
device we use.

If colors are left unmanaged and are allowed to escape gamut, they will be clipped to valid values at the time of conversion
to display color space. The problem is that this clipping is generally not hue-preserving and definitely not luminance-
preserving, so highlights will typically shift to yellow and appear darker than they should, when evaluated against their
neighborhood.

To overcome this, filmic has used various strategies over the years (the so-called color sciences) to desaturate extreme
luminances, forcing a zero saturation at minimum and maximum lightness and a smooth desaturation gradient. These
strategies were all intended to minimize the hue shifts that come with gamut clipping.

Since all of these strategies were approximations (and often over-conservative ones) v6 (2022) introduces a more accurate
and measured approach. It performs a test-conversion to display color space, checks if the resulting color fits within the [0;
100]% range, and if it doesn’t, computes the maximum saturation available in gamut at this luminance and hue, finally
clipping the color to this value. This ensures a minimal color distortion, allowing for more saturated colors and better use of
the available gamut, but also enforces a constant hue throughout the whole tone mapping and gamut mapping operation.

This gamut mapping uses the output color profile as a definition of the display color space and automatically adjusts to any
output space. However, only matrix or matrix + curve(s) ICC profiles are supported. LUT ICC profiles are not supported and,
if used, will make the gamut mapping default to the pipeline working space (Rec 2020 by default).

Note that the hue used as a reference for the gamut mapping is the hue before any tone mapping, sampled at the input of
filmic. This means that even the none chrominance preservation mode (applied on individual RGB channels regardless of
their ratios) preserves hue in v6. This mode will only desaturate highlights more than the other modes, and a mechanism is
in place to prevent it from resaturating shadows - this behaviour can be bypassed by increasing the extreme luminance
saturation setting.

v7 (2023) improves over v6 (2022) by replacing the chroma preservation methods with a single slider. Chroma preservation
methods aim at anchoring saturation and hue across the tone-mapping operation, by preserving RGB ratios compared to a
norm. The choice of norm is important when it comes to managing how the gamut is used and how the contrast of bright
objects (relative to their neighborhood) is rendered by the tone-mapper. Several norms have been proposed since filmic v1
(2018), none being objectively better and only one of which (max RGB) has some theoritical justification (allowing display
peak primary colors to be reached after the transform).

The approach in v7 is to offer a mix between the max RGB norm and the no-preservation option (where the output hue and
saturation are still forced to their input values). The proportions of the mix are driven by the highlights saturation mix
setting as follows:

* -50% is strictly equivalent to the v6 no-preservation option,
* +50% is strictly equivalent to the v6 max RGB option,

* 0% is an average of no-preservation and max RGB,

* intermediate values are weighted averages between no-preservation and max RGB,

* values beyond £50% (up to £200%) are linear extrapolations.

Positive values favor saturated highlights and are generally suitable for skies, but need to be handled with care for portraits
(producing accurate skin tones), whereas negative values favor bleaching of highlights.

The highlights saturation mix slider provides fine control over the amount of saturation vs. bleaching expected in the
highlights. Regardless of this setting, the saturation algorithm will never permit the output saturation to be higher than the
input saturation. This setting is not designed for creative purposes, but only to drive the complicated trade-off that comes
from remapping RGB values from one color space to another, each having different gamuts and dynamic ranges.
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caveats

color artifacts

As filmic versions 6 and 7 are so far the best approach for retaining saturated colors at constant hue, they are also much
less forgiving to invalid colors like chromatic aberrations and clipped magenta highlights, which are much better hidden
(albeit not solved) by simple curves applied on individual channels (no chrominance preservation) with no care given to
their ratios.

It is not the purpose of a tone mapping and gamut mapping operators to reconstruct damaged signals, and these flaws
need to be corrected earlier in the pipeline with the specialized modules provided. However, there is a mechanism in filmic
v6 that ensures that any color brighter than the white relative exposure degrades to pure white, so a quick workaround is to
simply set the white relative exposure to a value slightly lower than the exposure of the clipped parts. In other words: if it is
clipped at the input, let it be clipped at the output. Chrominance preservation options that work the best for this purpose
are the luminance and euclidean norms, or simply none.

inconsistent output

With filmic v6, if you export the same image to sSRGB and Adobe RGB color spaces, and then compare both images side by
side on a large-gamut screen (that can cover Adobe RGB), the sRGB export should have more desaturated highlights than
the Adobe RGB version. Since the sRGB color space is shorter than Adobe RGB, its gamut boundary is closer to the neutral
grey axis, and therefore the maximum allowed chroma is lower for any given luminance. This is by no means a bug but
rather is proof that the gamut mapping is actually doing its job.

8.2.31. framing

Generate a frame around the image.

The frame consists of a border (with a user-defined color) and a frame line within that border (with a second user-defined
color). Various options are available to control the geometry and color of the frame.

module controls

border size
The size of the frame as a percentage of the underlying full image.
aspect

The aspect ratio of the final module output (i.e. the underlying image plus the frame). Right-click on the slider to enter a
custom aspect as a ratio (e.g. “6:5").

orientation

The orientation of the frame (portrait/landscape). Select ‘auto’ for darktable to choose the most reasonable orientation
based on the underlying image.

horizontal/vertical position

Select from a set of pre-defined ratios to control where the underlying image will be positioned on the horizontal/vertical
axis. You can also right click and enter your own ratio as “x/y”.

frame line size
The percentage of the frame line size, relative to the border size at its smallest part.
frame line offset

The position of the frame line, relative to the underlying image. Choose 0% for a frame line that touches the image.
Choose 100% for a frame line that touches the outer border.

border color / frame line color
A pair of color selectors which allow the border and frame line colors to be defined. Clicking on the colored field will open a
color selector dialog which offers a choice of commonly-used colors, or allows you to define a color in RGB color space. You
can also activate a color picker to take a color probe from the image.

show guides
Tick the box to show guide overlays whenever the module is activated. Click the icon on the right to control the properties
of the guides. See guides & overlays for details.
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8.2.32. global tonemap (deprecated)

Please note that this module is deprecated from darktable 3.4 and should no longer be used for new edits.
Please use the filmic rgb module instead.

Compress the tonal range of an HDR image into the limited tonal range of a typical LDR output file.

Global tonemap processes each pixel of an HDR image, without taking the local surrounding into account. This is generally
faster than local tone mapping (deprecated) , but might lead to less convincing results with very high-dynamic-range
scenes.

module controls

operator

The operator to use. Reinhard, Filmic and Drago global tonemap operators are available. Depending on the selected
operator, different parameters can be adjusted.

Some operators are fully self-adjusting, and do not require specific controls.

bias (Drago operator only)

This parameter influences the contrast of the output image. It is an essential parameter for adjusting the compression of
high values and the visibility of details in dark areas. A value of 0.85 is recommended as a starting point.

target (Drago operator only)

A scale factor to adjust the global image brightness to the brightness of the intended display. It is measured in cd/m, and
should match the brightness of your output device. Higher values lead to a brighter image, while lower values lead to a
darker image.

detail (all operators)

This parameter controls how much detail is preserved from the original input image and transferred back into the output
image after tonemapping.

8.2.33. graduated density

Simulate a graduated density filter in order to correct exposure and color in a progressive manner.
A line is shown on screen allowing the position and rotation of the gradient to be modified with the mouse.

This module is known to provoke banding artifacts under certain conditions. You should consider activating the dither or
posterize module to alleviate these issues.

module controls

density
Set the density of the filter (EV). A low value underexposes slightly whereas a high value creates a strong filter.
hardness

The progressiveness of the gradient. A low value creates a smooth transition, whereas a high value makes the transition
more abrupt.

rotation

The rotation of the filter. Negative values rotate clockwise. The rotation can also be set by dragging the end of the
gradient line with the mouse.

hue
Choose a hue to add a color cast to the gradient.
saturation
The saturation of the color cast to add to the gradient (defaults to a neutral color cast of 0)

8.2.34. grain

Simulate the grain of analog film. The grain is processed on the L channel of Lab color space.
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module controls

coarseness

The grain size, scaled to simulate an ISO number.
strength

The strength of the effect.

8.2.35. haze removal

Automatically reduce the effect of dust and haze in the atmosphere. This module may also be employed more generally to
give pictures a color boost specifically in low-contrast regions of the image.

Haze absorbs light from objects in the scene but it is also a source of diffuse background light. The haze removal module
first estimates, for each image region, the amount of haze in the scene. It then removes the diffuse background light
according to its local strength and recovers the original object light.

Setting both of the module’s controls to unity maximizes the amount of haze removal but is also likely to produce some
artifacts. Removing the atmospheric light entirely may render the image flat and result in an unnatural looking style.
Optimal values are typically below unity and are rather image dependent, but also a matter of personal aesthetic
preferences.

module controls

strength

The amount of haze removal. At unity, the module removes 100 percent of the detected haze up to the specified distance.
Negative values increase the amount of haze in the image.

distance

Limit the distance up to which haze is removed. For small values, haze removal is restricted to the foreground of the
image. Haze is removed from the entire image if the distance parameter is set to unity. If the strength is negative the
distance control has no effect.

8.2.36. highlight reconstruction

Attempt to reconstruct color information for pixels that are clipped in one or more RGB channel.

clipping

Clipping occurs when the amount of captured light exceeds either the capacity of a camera’s sensor to record that light
(photosite saturation) or the capacity of the Raw file to store it (digital clipping). Once a pixel is clipped we can no longer
know the precise brightness of that pixel - only that it is equal to or greater than the maximum value that pixel can store.

Ideally, the photosite saturation point would be the same as the value at which digital clipping occurs (to make maximum
use of the camera’s dynamic range) but these values often differ between cameras. Darktable uses a camera’s “white
point” to determine whether or not a given channel is clipped. If the white point is set incorrectly for a given camera, this
can lead to valid pixels being clipped and can adversely impact the effectiveness of this module.

When a camera captures light (using a normal Bayer sensor) each pixel represents a single color (R,G,B), which is then
interpolated by the demosaic module to calculate the color of neighboring pixels. The result will often be pixels (in the
demosaiced image) that are clipped in some (R,G,B) channels but not others.

If these pixels are left partially clipped it can result in unrealistic colors appearing in the image. These incorrect colors can
then be further skewed by the white balance module, which adjusts the ratios of the R, G, and B channels to account for the
overall color of the scene. For example, where only the G channel is clipped (and R and B are close to clipping) the white
balance module can cause the R and B channels to be adjusted above the clipping point of the G channel leading to pink
highlights that would otherwise have been white.

The crude method to resolve this is to clip the R and B channels to the clipping point of the G channel (the “clip highlights”
reconstruction method), but this can result in the loss of valid pixel data that may be useful in highlight reconstruction, and
may also cause other artefacts and hue shifts.
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highlight reconstruction methods

A number of highlight reconstruction methods are provided within this module. These methods all use unclipped channels
and/or adjacent pixels to reconstruct the missing data.

inpaint opposed (default)

Restore clipped pixels by using an average of adjacent unclipped pixels to estimate the correct color. This works well for
the majority of images but may fail where the clipped areas are adjacent to areas of a different color.

segmentation based

A more sophisticated algorithm that uses adjacent unclipped pixels to estimate the correct color, by treating each clipped
area separately (as an individual segment). The color of each clipped segment is estimated by analysing the color ratios of
the adjacent pixels. Pixels that are too dark or appear to be an edge are rejected by the algorithm. If all surrounding pixels
are rejected, that segment is reconstructed using the “inpaint opposed” method (above). Segments that are close
together are often parts of the same object and so can be treated as if they were a single segment.

Segmentation based reconstruction is able to rebuild large areas where all channels are clipped by examining the
surrounding gradients. However, you should think of this method more as a way to “disguise” clipped areas with
something plausible, rather than a way to “magically” repair them.

guided laplacians

Use an algorithm (derived from the diffuse or sharpen module) to replicate details from valid channels into clipped
channels and to propagate color gradients from valid surrounding regions into clipped regions. This is a computationally-
intensive method designed for maximum smoothness and seamless blending of the reconstructed regions into their
neighborhood, and is designed primarily to reconstruct spotlights and specular reflections. This mode is available for Bayer
sensors only.

clip highlights
Clamp all pixels to the white level (i.e. clip the remaining color channels). This method is most useful in cases where
clipped highlights occur in naturally desaturated objects (e.g. clouds).

reconstruct in LCh

Analyse each pixel with at least one clipped channel and attempt to correct the clipped pixel (in LCh color space) using the
values of the other (3 for Bayer or 8 for X-Trans) pixels in the affected sensor block. The reconstructed highlights will still
be monochrome, but brighter and with more detail than with “clip highlights”. This method works fairly well with a high-
contrast base curve, which renders highlights desaturated. As with clip highlights this method is a good option for
naturally desaturated objects.

reconstruct color
Use an algorithm that transfers color information from unclipped surroundings into the clipped highlights. This method
works very well on areas with homogeneous colors and is especially useful on skin tones with smoothly fading highlights.

Please note that this method can produce maze-like artifacts on highlights behind high-contrast edges, for example well-
exposed fine structures in front of an overexposed background.

Note: When using the highlight reconstruction included with the filmic rgb module it may be better to avoid using this
module in clip highlights mode (so that filmic rgb has more information to work with).

module controls

common controls

method

The method used to reconstruct highlights.
clipping threshold

Pixels above this value are considered to be clipped.

Click the icon beside the slider to visualise what areas of the image are considered to be clipped (the clipping mask). If the
clipping mask does not match the RAW over-exposed warning , you may need to correct this value.
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“guided laplacians” mode

noise level

Add Poisson noise (natural photon noise such as you would find in sensor readings) to the clipped regions. For high-ISO
images, the valid regions of the image will be noisy, but the reconstructed clipped areas will be smooth, which may look
odd. Adding some noise in the reconstruction helps to visually blend the result with the rest of the image.

iterations
The guided laplacians mode is an iterative process that extrapolates gradients and details from the neighborhood. Each
new iteration refines the previous reconstruction but adds more computations that will make the module slower. The
default number of iterations should provide reasonable results but you can increase if magenta highlights are not
completely recovered - increase this parameter gradually but carefully, to manage the speed/quality trade-off.

inpaint a flat color
Inpainting a flat color is an algorithmic trick that may help recover magenta highlights in difficult cases (large blown areas)
by smoothing RGB ratios. It can be seen as a “reconstruction booster” that may reduce the number of iterations required
to entirely remove magenta in clipped highlights. However, this also makes the reconstruction less accurate and can lead
to non-smooth reconstructed edges and unrelated colors being inpainted (e.g. blue sky or green leaves bleeding into white
clouds). Use this setting with caution.

diameter of the reconstruction
The guided laplacians mode uses a multi-scale algorithm that tries to recover details from each scale independently. The
diameter of the reconstruction is the largest scale used by the algorithm. Large scales will increase memory consumption
as well as runtimes, and may also cause unrelated colors or details to be inpainted in clipped regions. You are advised to
use a diameter roughly twice as large as the largest clipped area to be reconstructed. It is also possible that a given
diameter may not suit all clipped areas, in which case you should use several instances at different scales and mask the
clipped areas accordingly.

“segmentation based” mode

clipping threshold
Since this controls the number of pixels that are considered to be clipped, it also changes the size of the resulting
segments and the location of the adjacent pixels used for the reconstruction. For accurate adjustment, you can use the
exposure module to ensure that no highlights are clipped in the histogram (or the image you see on screen). Then raise
the clipping threshold until the highlights are no longer white and slowly lower it again until they look acceptable.

combine
The radius at which close segments are combined and considered to be part of the same segment. Increase (to combine
more segments) when different parts of the same object have been incorrectly reconstructed to different colors. Decrease
(to separate segments) when different objects have been incorrectly reconstructed to the same color. Click on the button
beside the slider to see the outlines of the resulting segments.

candidating
Choose whether to prefer choosing candidate pixels (used to obtain color data) with segmentation analysis (high values)
or inpaint opposed (low values). Click the button beside the slider to show the segments that are considered to have good
candidates.

rebuild
Choose how to rebuild areas that have all channels clipped. The “small” and “large” modes are tuned for segment sizes
less than 25 and greater than 100 pixels in diameter, respectively. The “flat” modes attempt to ignore narrow un-clipped
features (powerlines, branches) to avoid gradients. Finally, the “generic” modes attempt to find the best settings for each
segment.
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“guided laplacians” mode and filmic’s highlight reconstruction

It is important to note that the highlight reconstruction module is quite early in the pixel pipeline - before input color profile
and the full chromatic adaptation in color calibration (if you use the modern chromatic adaptation workflow). A common
trick to solve clipped highlights is to simply desaturate them to white but, because white is not defined before the full
chromatic adaptation and the input color profiling, it is not possible to use this trick here. Technically, there is no color yet at
this point in the pipeline, only an arbitrary 3D signal.

The guided laplacians approach has been designed specifically to be immune to white-balance discrepancies and to avoid
any concept or method related to color (so there is no explicit desaturation). It only handles gradients (transitions) in the
signal and aims at connecting them smoothly, in order to fill the missing parts. This process is quite heavy though, since it
falls into the category of supervised machine learning (gradient-based optimization through multi-scale curvature), which is
a sub-branch of artificial intelligence.

Filmic’s highlight reconstruction uses a simpler color propagation algorithm coupled with a desaturation option that can
favor an achromatic reconstruction. Not only does it know about color (because it comes after the full color profiling and
chromatic adaptation) but it also uses a simplified and faster version of the algorithm used by the guided laplacians
approach. Namely, this variant will not try as hard to restore details and will favor a smooth blur instead.

The filmic reconstruction is good enough for very large clipped patches and offers the benefit of being able to degrade to
white as a last resort. It is also better and faster to inpaint solid color into clipped areas, at the expense of details. Its main
drawback is that it is not as selective in the source of the colors being inpainted in clipped parts, so it may inpaint unrelated
colors.

All in all, you are advised to use the guided laplacians highlight reconstruction mode to:

1. smooth the boundaries of clipped areas,

2. recover spotlights and clipped areas of diameter below approximately 256px (on the full-resolution RAW),

3. remove chromatic aberrations, which can occur during demosaicing (the next module in the pipeline) at the boundary
between clipped and valid regions.

If you find yourself having to increase the diameter of reconstruction past 512px to get a full recovery from magenta, the
best approach is usually to cap the diameter to 512px, do the most you can with this setting, and then enable filmic’s
highlight reconstruction to finish the work. This will give more bearable run-times with a very similar result.

8.2.37. highpass

A high pass filter.

This module is primarily intended to be used in combination with a blend mode . For example, try using the module with a
blend mode of “soft light” for high pass sharpening.

Note: This module performs blurs in Lab color space, which can result in undesirable effects, and is no longer
recommended. Instead, use the contrast equalizer module for fine sharpness or the local contrast module for general
sharpness.

Module Controls

sharpness

The sharpness of the filter
contrast boost

The contrast boost

8.2.38. hot pixels

Automatically detect and eliminate hot pixels.

Hot pixels are pixels which have failed to record a light level correctly. Detected hot pixels are replaced by an average of
their neighbors.
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module controls

threshold

How strong a pixel’s value needs to deviate from that of its neighbors to be regarded as a hot pixel.
strength

The blending strength of the hot pixels with their surrounding.
detect by 3 neighbours

Extend the detection of hot pixels - regard a pixel as hot if a minimum of only three (instead of four) neighbor pixels
deviate by more than the threshold level.

mark fixed pixels
Visually mark the corrected pixels on the image and display a count of hot pixels that have been fixed.

8.2.39. input color profile

Define how darktable will interpret the colors of the image.

This module takes the color space used by the image source (e.g. camera, scanner) and converts the pixel encodings to a
standardized working color space. This means that subsequent modules in the pipeline don’t need to be concerned with the
specifics of the input device, and can work with and convert to/from a common working color space.

Where an image has been captured in a raw file, the input color profile module will normally apply either a standard or
enhanced color matrix specific for that camera model, which will be used to map the colors into the working profile color
space. If color space information is embedded in the image, the input color profile module will use this information when
mapping the colors to the working profile color space. The user can also explicitly specify a color space for the incoming
image, and can even supply a custom ICC color profile specifically made for the input device.

As part of the mapping from the input color space to the working profile space, the colors can be confined to a certain
gamut using the gamut clipping options, which can help to mitigate some (infrequent) color artifacts. This is also influenced
by the chosen rendering intent .

Note that the final color profile that will be used when exporting the image is controlled by the output color profile module.

module controls

input profile
The profile or color matrix to apply. A number of matrices are provided along with an enhanced color matrix for some
camera models. The enhanced matrices are designed to provide a look that is closer to that of the camera manufacturer.

You can also supply your own input ICC profiles and put them into $DARKTABLE/share/darktable/color/in or

$HOME/ . config/darktable/color/in (where $DARKTABLE is the darktable installation directory and $HOME is your home
directory). Note that these color/in directories are not created by the darktable install; if you need to use one, you must
create it yourself. One common source of ICC profiles is the software that is shipped with your camera, which often
contains profiles specific to your camera model. You may need to activate the unbreak input profile module to use your
own profiles.

If your input image is a low dynamic range file like JPEG, or a raw file in DNG format, it might already contain an
embedded ICC profile, which darktable will use by default. You can restore this default by selecting “embedded icc profile”.
If you hover your mouse over the input profile combobox on such an image, details of the embedded profile will be shown
in a tooltip.

working profile

The working profile used by darktable’s processing modules. Each module can specify an alternative space that it will work
in, and this will trigger a conversion. By default darktable will use “linear Rec2020 RGB”, which is a good choice in most
cases.

darktable 4.4 user manual 146



Module Reference processing modules

gamut clipping
Activate a color clipping mechanism. In most cases you can leave this control in its default “off” state. However, if your
image shows some specific features such as highly saturated blue light sources, gamut clipping might be useful to avoid
black pixel artifacts. See possible color artifacts for more information.

Choose from a list of RGB profiles. Input colors with a saturation that exceeds the permissible range of the selected profile
are automatically clipped to a maximum value. “linear Rec2020 RGB” and “Adobe RGB (compatible)” allow for a broader
range of unclipped colors, while “sRGB” and “linear Rec709 RGB” produce a tighter clipping. Select the profile that
prevents artifacts while still maintaining the highest color dynamics.

8.2.40. invert (deprecated)

Please note that this module is deprecated from darktable 3.4 and should no longer be used for new edits.
Please use the negadoctor module instead.

Invert scanned negatives.

module controls

color of film material
Clicking on the colored field will open a color selector dialog which offers you a choice of commonly used colors, or allows
you to define an RGB color. You can also activate the color picker to take a color probe from your image - preferably from
the unexposed border of your negative.

8.2.41. lens correction

Automatically correct for (or simulate) lens distortion, transverse chromatic aberrations (TCA) and vignetting.

You can choose to either use lens correction data embedded in your Raw file (where present/supported) or correction data
provided by the external lensfun library .

lensfun correction data

If your system’s lensfun library has no correction profile for the automatically identified camera/lens combination, the
controls for the three photometric parameters (below) are replaced with a warning message. You may try to find the right
profile yourself by searching for it in the menu.

If your lens is present in the list but has not been correctly identified, this may require some adjustment within the exiv2
program (see this post for details). Note that you may need to re-import the images once such adjustments have been
made as the lens name is retrieved as part of the import process.

By default, only the lenses that are directly compatible with your camera’s mount are listed and automatically identified. If
you are using lenses for a different mount with an adapter (for example a Four Thirds lens adapted to a Micro Four Thirds
body), then you must run the lensfun-add-adapter tool to enable those lenses.

If you can’t find your lens, check if it is in the list of currently supported lenses, and try running the lensfun-update-data
tool. If there is still no matching profile for your lens, a lens calibration service is offered by Torsten Bronger, one of
darktable’s users. Alternatively you may visit the lensfun project to learn how to generate your own set of correction
parameters. Don’t forget to share your profile with the lensfun team!

module controls

correction method
Choose which method to use to correct distortions. Some cameras are able to embed lens correction data into the
metadata of their Raw files. Where supported metadata is found, you can choose to use either the embedded correction
data (choose “embedded metadata”) or that provided by the lensfun project (choose “lensfun”). Additional controls will be
provided depending on the option selected.

corrections
Choose which corrections (distortion, TCA, vignetting) darktable should apply. Change this from its default “all”, if your
camera has already performed some internal corrections (e.g. vignetting), or if you plan to undertake some corrections
with a separate program.
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corrections done

Occasionally, for a given camera/lens combination, only some of the possible corrections are supported. This message box
appears at the bottom of the module to indicate which corrections have actually been applied to the image.

show guides

Tick the box at the bottom of the module to show guide overlays whenever the module is activated. Click the icon on the
right to control the properties of the guides. See guides & overlays for details.

lensfun controls

The following controls are provided for the “lensfun” correction method only:

camera
The camera make and model as determined by the image’s Exif data. You can override this manually and select your
camera from a hierarchical menu. Only lenses with correction profiles matching the selected camera will be shown.

lens
The lens make and model as determined by the image’s Exif data. You can override this manually and select your lens
from a hierarchical menu. This is mainly required for pure mechanical lenses, but may also be needed for off-brand / third
party lenses.

photometric parameters (focal length, aperture, focal distance)
Lens corrections depend on certain photometric parameters that are read from the image’s Exif data: focal length (for
distortion, TCA, vignetting), aperture (for TCA, vignetting) and focal distance (for vignetting). Many cameras do not record
focal distance in their Exif data, in which case you will need to set this manually.

You can manually override all automatically selected parameters. Either take one of the predefined values from the drop-
down menu or, with the drop-down menu still open, just type in your own value.

geometry
In addition to correcting lens flaws, this module can change the projection type of your image. Set this combobox to the

desired projection type (e.g. “rectilinear”, “fish-eye”, “panoramic”, “equirectangular”, “orthographic”, “stereographic”,
“equisolid angle”, “thoby fish-eye”). To correct the aspect ratio of an anamorphic lens, use the rotate and perspective
module.

scale

Adjust the scaling factor of your image to avoid black corners. Press the auto scale button (to the right of the slider) for
darktable to automatically find the best fit.

mode
The default behavior of this module is to correct lens flaws. Switch this combobox to “distort” in order to instead simulate
the flaws/distortions of a specific lens (inverted effect).

TCA overwrite
Check this box to override the automatic correction parameters for TCA. This will expose the TCA red and TCA blue
parameters below. Un-check the box to revert back to automatic corrections.

TCA red; TCA blue
Override the correction parameters for TCA. You can also use these sliders to manually set the parameters if the lens
profile does not include TCA correction. Look out for colored seams at features with high contrast edges and adjust the
TCA parameters to minimize those seams.

Note: TCA corrections will not be applied to images that have been identified as monochrome (see developing monochrome
images for more information).

Note: The lens correction module will fill in missing data at the borders by repeating the borders’ pixels. For strong
corrections, this filling can be visible (especially on noisy images). Crop the image if necessary.

embedded metadata controls

The following controls are provided for the “embedded metadata” correction method only:

use latest algorithm

This control appears for images using an older version of the “embedded metadata” correction algorithm. Check this box
to irreversably change to the newer algorithm.

darktable 4.4 user manual 148



Module Reference processing modules

distortion fine-tune

Fine-tune the distortion / chromatic aberration correction.
vignetting fine-tune

Fine-tune the vignetting correction.
TCA red fine-tune

Fine-tune the red chromatic aberration correction.
TCA blue fine-tune

Fine-tune the blue chromatic aberration correction.
image scale

Override the image scaling.

8.2.42. levels (deprecated)

Please note that this module is deprecated from darktable 4.4 and should no longer be used for new edits.
Please use the rgb levels module instead.

Adjust black, white and mid-gray points.
The levels tool offers two modes of operation:

manual

The levels tool shows a histogram of the image, and displays three bars with handles. Drag the handles to modify the
black, middle-gray and white points in absolute values of image lightness (the L value from Lab).

Moving the black and white bars to match the left and right borders of the histogram will make the output image span the
full available tonal range, increasing the image’s contrast.

Moving the middle bar will modify the mid-tones. Move it to the left to make the image look brighter and move it to the
right to make it darker. This is often referred to as changing the image’s gamma.

Three color pickers are available for sampling the black, white and gray points from the image. The “auto” button auto-
adjusts the black and white point and puts the gray point exactly in the mean between them.

automatic

The module automatically analyses the histogram of the image, detects the left and right histogram borders, and lets you
define the black point, the gray point and the white point in terms of percentiles relative to these borders.

Note: Under certain conditions, especially with highly saturated blue light sources, the levels module may produce black
pixel artifacts. See the “gamut clipping” option of the input color profile module for information about how to mitigate this
issue.

module controls

mode
The mode of operation (automatic or manual).
black (automatic mode only)
The black point in percentiles relative to the left border of the histogram.
gray
The gray point in percentiles relative to the left and right borders of the histogram after having applied the black point and
white point corrections.

white
The white point in percentiles relative to the right border of the histogram.

8.2.43. liquify

Move pixels around by applying freestyle distortions to parts of the image using points, lines and curves.
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nodes

Each of liquify’s tools is based on nodes. A point consists of a single node and a line or curve consists of a sequence of
linked nodes defining a path.

Each instance of the liquify module is limited to a maximum of 100 nodes - for more nodes, use additional instances.
However, please note that the liquify module consumes a lot of system resources.

Drag the central point of a node to move the node around. The radius describes the area of the effect (distortion occurs only
within this radius). To change the radius drag the handle at the circumference. A strength vector starting from the center
describes the direction of the distortion, and its strength is depicted by the length of the vector. Change the vector by
dragging its arrow head.

points
A point consists of a single node and strength vector.

Click the point icon to activate the point tool and then click on the image to place it. Hold Ctrl while clicking on the point
icon to add multiple points without having to click the icon again each time. Right-click to exit creation mode.

point modes

The strength vector of a point has three different modes. These can be toggled by holding Ctrl and clicking on the
arrowhead of the strength vector.

linear

A linear distortion inside the circle, starting from the opposite side of the strength vector and following the vector’s
direction. This is the default mode.

radial growing

The strength vector’s effect is radial, starting with a strength of 0% in the center and increasing away from the center. This
mode is depicted by an additional circle with the arrow pointing outwards.
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radial shrinking

The strength vector’s effect is radial, starting with a strength of 100% in the center and decreasing away from the center.
This mode is depicted by an additional circle with the arrow pointing inwards.

TS|

feathering

default mode

By default the strength varies linearly from 0% to 100% between the center and the radius of the control point. It is
possible to modify the feathering effect by clicking on the center of the circle.
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