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Understanding Camera Histograms

By Charlie Hutchins
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The Big Picture

A camera histogram is a visual map of how tones are distributed in a photograph, from deep
shadows on the left to bright highlights on the right. It is one of the most useful tools for
evaluating exposure, but it must always be interpreted in the context of the image itself. There is
no ideal histogram shape: a low-key photograph should naturally lean toward the shadows, a
high-key photograph toward the highlights, and a foggy, low-contrast scene may occupy only a
narrow range of tones. Pasted text

The most important use of the histogram is not to make the graph look balanced, but to
determine whether important tonal information is being preserved. Clipping at the far left can
eliminate wanted shadow texture, while clipping at the far right can destroy highlight detail.
Small areas of pure black or specular highlights may be perfectly acceptable; the photographer
must decide which parts of the image actually need detail. Pasted text
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Luminosity and RGB histograms provide different information. A luminosity histogram shows
overall brightness, while RGB histograms reveal whether an individual red, green, or blue
channel is clipping. This is especially important with strongly saturated subjects, where color
detail can be lost even when the overall image does not appear overexposed. Pasted text

Understanding the histogram also requires understanding how exposure works. Camera sensors
respond approximately linearly to light until they reach saturation, and collecting more light
generally improves the signal-to-noise ratio in the shadows. This is the basis of Expose to the
Right (ETTR): capture as much light as practical without clipping important highlights, then
adjust the finished brightness in post-processing. ETTR is not about forcing the histogram to the
right; it is about maximizing useful exposure while protecting critical detail. Pasted text Pasted
text

Finally, the histogram displayed by the camera is usually based on a processed preview rather
than the untouched RAW data. White balance, Picture Control, contrast, and other processing
choices can affect what the graph shows. For that reason, the histogram should be used together
with highlight warnings, RGB channels, image review, and experience with your particular
camera. The goal is not to create a “perfect” histogram, but to preserve the tones and detail that
matter most in the photograph.

A camera histogram shows how the tones in a photograph are distributed, from dark to bright. It
helps you judge exposure, identify possible clipping, and decide whether to capture more or less
light.

The histogram must be interpreted alongside the photograph. Its shape reflects the subject,
lighting, composition, and image processing. There is no single correct shape.

Reading the Graph

The horizontal axis represents brightness:
e The far left represents black and very dark tones.
*  The middle represents intermediate tones.
e The far right represents bright tones and white.

The vertical axis represents the number of pixels at each brightness value. A tall peak means that
many pixels share similar brightness. It does not mean those pixels are brighter.

A histogram does not show where the pixels are located in the photograph. A peak could
represent a background, sky, clothing, or part of the subject.
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In a typical 8-bit processed image, each color channel has values from 0 to 255. Zero is the
minimum channel value; 255 is the maximum. A brightness histogram uses a corresponding

dark-to-bright scale.

Blacks Shadows Midtones Highlights Whites

l

128 255
Processed brightness values

Tonal regions are not exposure stops

These are processed image values. They are not direct measurements of the light reaching the

SE€nsor.

The Five Tonal Zones

Number of pixels

The Five Histogram Zones

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
Blacks Shadows ' Midtones Highlights Whites

Brightness 255

0
128

Approximate tonal regions — not five exposure stops
Histogram height shows how many pixels fall at each brightness value.
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The histogram can be described using five tonal regions. Their boundaries are approximate. They
are not exposure stops, and they do not contain equal amounts of image information.

Zone 1 Blacks

The far-left region contains the darkest tones: deep shadows, black backgrounds, and very dark
objects.

Pixels at the extreme left are rendered at the minimum value. Pure black may be intentional, but
it can also indicate that wanted shadow texture is no longer visible.

Zone 2 Shadows

This region contains dark tones with visible detail, such as shaded foliage, dark clothing, and the
shadow side of a face.

Subtle differences within these tones reveal texture. When too little light is captured, those
differences may become difficult to separate from noise.

Zone 3 Midtones

The middle region contains intermediate brightness values.

The center of the histogram is not automatically the correct position for the subject, and it is not
necessarily the displayed value of an 18% gray card. The subject’s appearance and the camera’s
processing determine where its tones fall.

Zone 4 Highlights

This region contains bright tones that still show texture, such as white feathers, pale fabric, and
sunlit clouds.

Increasing exposure moves these tones toward the right edge. Watch important bright areas to
ensure their texture remains intact.

Zone 5 Whites

The far-right region contains the brightest tones. Pixels at the extreme right have reached the
maximum displayed value.

If important highlights are truly saturated in the underlying capture, their original brightness
differences cannot be fully recovered.
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What Histogram Shapes Mean

Low-key images

A low-key photograph consists mainly of dark tones. Its histogram naturally concentrates toward
the left.

A portrait against a black background may have a large shadow peak and relatively small
amounts of brighter data from the face and catchlights. Those brighter tones may be hard to see
because the background contributes so many more pixels.

A left-heavy histogram does not automatically indicate underexposure.
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Low-key portrait with strong left clipping

Clipping in the shadows
(many pixels at 0)

Number of pixels

Subject’s bright detail
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Most pixels are in the shadows with clipping at the left edge.
Typical for a low-key portrait with a black background.

High-key images

A high-key photograph consists mainly of light tones. Its histogram naturally concentrates
toward the right.

White flowers, pale backgrounds, snow, and light fabric may produce this distribution. A high-
key image can remain below the right edge and retain delicate highlight texture.

A right-heavy histogram does not automatically indicate overexposure.
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High-key image with bright tones of 32

Many bright pixels 2
Very few dark pixels
| '
0] 128 255
Brightness
Shadows Midtones Highlights

Most pixels are in the bright tones with very few dark pixels.
Typical for a high-key image with a white background and light subject.
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Low-contrast images

Fog, soft light, and subjects with similar tones may produce a narrow distribution. The graph
does not need to extend from black to white.

Low-contrast image in heavy fog
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High-contrast images

Bright areas and deep shadows can produce widely separated peaks. A bright sky above a dark
landscape is a common example.

If important detail is lost at both ends, the scene may exceed the camera’s usable dynamic range.
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Histogram for the high-contrast image

Many dark pixels Many bright pixels
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Clipping at the Edges

Clipping occurs when different underlying values are represented by the same limiting value,
removing their original separation.

Shadow clipping

Pixels at the left edge are rendered as black. If textured areas become indistinguishable, useful
shadow detail may have been lost.

However, a black background intended to look black is not necessarily a problem. The important
distinction is whether the affected area contains detail you want to preserve.

A processed preview may show black even when the RAW file retains some information.
Brightening those shadows can reveal detail, but it may also reveal noise and weak color.
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Image with shadow clipping

Shadow clipping
(many pixels at 0)

Number of pixels

Subject’s midtones
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Clipped shadows with subject’s tones in the midtones.
Typical for a low-key portrait with a black background and dark clothing.

Highlight clipping
Pixels at the right edge have reached the maximum displayed value.

White feathers, clouds, pale clothing, and skin highlights may lose texture if important areas clip.
When all relevant RAW channels are saturated, their original detail is unavailable.

Editing software may reconstruct an appearance from neighboring pixels or unclipped channels,
but reconstruction is not the same as recovering the original measurements.

The height of a clipping spike

The height of the edge bin depends on how many pixels reach the limiting value.

A few clipped pixels produce a small edge bin. A large clipped area produces a much taller spike.
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A large peak close to the edge is not necessarily clipping. The key question is whether values
actually reach the boundary.
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Image with highlight clipping

Highlight clipping
(many pixels at 255) ~a
0 128 255
Brightness
Shadows Midtones Highlights

Clipped highlights with many pixels at the far right.
When highlights are clipped, there is no detail in the whites — it is just pure white.

Pure Black and Specular Highlights

Not every photograph needs detail in every part of the frame.

Pure black can be appropriate in a background or deliberately deep shadow. Likewise, small
specular highlights —reflections on water, chrome, glass, or other shiny surfaces—may
reasonably clip.

Preserve meaningful subject detail rather than reducing exposure simply to save every sparkle.

A small reflection on water and a broad area of white feathers deserve different exposure
decisions.
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Luminosity and RGB Histograms

Luminosity histograms

A luminosity histogram summarizes brightness using information from the color channels,
typically giving more weight to green than to red or blue.

It helps you assess the overall tonal distribution, but it can conceal clipping in an individual color
channel.
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RGB histograms

RGB histograms show the red, green, and blue channels separately.
Each channel has its own distribution and can reach its maximum independently of the others.

A saturated red flower may have many red-channel values at 255 while green and blue remain
low. Its luminosity histogram can remain well below the white end because the overall perceived
brightness is much lower than the maximum red-channel value.

The flower can therefore lose red tonal or color separation without becoming white.

Check individual channels when photographing strongly saturated colors, sunsets, flowers, and
colored stage lighting.

[163] RAW E3L AF-C [0] [BA; EN

17200 2.8 50100 [ 163]
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Combined RGB histograms

A combined RGB histogram summarizes channel information together. It should not
automatically be treated as a luminosity histogram.

[163] RAW 3L AF-C [] @A, EN

ISO 100
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Red channel clipping
(no detail in highlights)

ezl

Color Clipping

Color clipping occurs when one individual color channel —red, green, or blue—reaches its
maximum value and can no longer record additional tonal information. When this happens, detail
in that color is lost even though the overall image may not appear completely overexposed.

A common example is a bright red flower. The overall luminosity histogram may look
acceptable, but the red channel can be pushed hard against the right edge. Once the red channel
clips, subtle texture and tonal variations in the petals disappear and those areas become a flat,
solid red.

This is why the RGB histogram is important. Look at each color channel individually. If the
red, green, or blue histogram is piled up against the far-right edge, that channel may be clipping.

Correcting color clipping
If important detail is being clipped, reduce the exposure until the affected color channel moves
away from the right edge of the histogram. Depending on how you are shooting, you can reduce

exposure by:
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*  Increasing shutter speed
*  Closing the aperture
e Lowering ISO
*  Using negative exposure compensation when Auto ISO or an automatic exposure mode is
controlling exposure
e Reducing flash or studio-light output when the light source is causing the clipping
The key point is:

Do not judge exposure only from the overall brightness of the photograph. Watch the
individual RGB channels. The channel that reaches the right edge first determines how
much exposure you can safely give the image if preserving that color detail is important.

For a red rose, for example, you may need to reduce exposure even though the photograph does
not appear excessively bright, because the red channel can clip before the overall luminosity
histogram does.

How the Sensor Records Light

During an exposure, each photosite collects light and converts detected photons into electrical
charge. The camera reads that charge and converts it into a numerical value.

Before saturation, the sensor’s response is approximately linear:
e Twice as much light produces approximately twice the signal.
e Half as much light produces approximately half the signal.

Most mirrorless cameras place color filters over individual photosites. Processing reconstructs
the full-color image from these measurements.

The sensor cannot distinguish increasing brightness indefinitely. Once a photosite saturates,
additional light no longer produces a distinguishable recorded signal. At the opposite end, very
weak signals become difficult to separate from noise.

Exposure Stops and Numerical Levels

One stop represents a doubling or halving of light.

The five histogram zones are not five stops. Equal sections across a processed camera histogram
do not correspond to equal exposure changes.

In an idealized linear RAW encoding, the brightest stop below saturation spans approximately
half the available numerical levels. Each successive darker stop spans half as many again.
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For a simplified 14-bit encoding with 16,384 possible values:

Exposure band below Approximate available Share of the
saturation levels total
Brightest stop 8,192 50%
Second stop 4,096 25%
Third stop 2,048 12.5%
Fourth stop 1,024 6.25%
Fifth stop 512 3.125%
Remaining darker values 512 3.125%

These are available numerical levels, not percentages of the photograph’s pixels, file size, or
guaranteed useful detail. Actual cameras also have black-level offsets, noise, and other
implementation details.

A 14-bit file does not automatically provide 14 stops of usable dynamic range.

Dynamic Range

Dynamic range is the span between the brightest recordable detail and the darkest usable detail
above noise. It is commonly expressed in stops.

A scene may contain a wider brightness range than the camera can capture in one exposure.

Changing exposure shifts which part of that range is captured; it does not remove the contrast
between the scene’s bright and dark areas.

When the range is too great, possible solutions include adding fill light, changing the lighting or
viewpoint, waiting for softer light, or bracketing exposures for an HDR blend when subject
movement allows.

Longer Exposures and Shadow Detail

A longer exposure can improve shadow detail by collecting more light, provided it does not
cause unacceptable blur or clip important highlights.

With aperture and lighting unchanged, doubling shutter time collects approximately twice as
much light. Changing from 1/125 second to 1/60 second is approximately a one-stop increase.

Shadow areas produce weak signals. Collecting more photons improves the signal relative to
noise, making existing texture and tonal differences easier to distinguish.
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This does not increase resolution or create new detail. It improves the recording of detail already
present.

A tripod controls camera movement but cannot freeze a moving person, animal, or leaf.
Automatic changes in aperture or ISO can also change the result. Very long exposures introduce
additional considerations, including sensor heating and dark-current noise.

Exposing to the Right

Exposing to the right, or ETTR, means collecting as much light as practical while avoiding
clipping in important highlights.

For RAW photography, the capture may initially look brighter than the intended finished
photograph. Its brightness can then be reduced during editing.

The benefit comes primarily from collecting more photons and improving signal relative to noise
—not from making the displayed graph look tidy.

More light can be captured through a longer shutter time, wider aperture, or added illumination.
Each has practical consequences for movement, depth of field, or lighting.

ETTR does not require most pixels to occupy the right side. A dark subject can remain
predominantly left-heavy even when its exposure has been optimized.

Leave a margin for changing light and movement, and check individual color channels. ETTR is
not a fixed amount of positive exposure compensation.
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Exposed to the right without clipping

50,000 -
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(=]
3
E 20,000 |
z
10,000 - No clipping
0
0 128
Brightness
Shadows Midtones Highlights
Bright exposure with highlight detail preserved.
For RAW, collect more light without clipping important highlights.
ISO and the Histogram

Increasing ISO can brighten the rendered image and move its histogram right.

At unchanged shutter speed and aperture, however, increasing ISO does not collect more

photons. It changes how the captured signal is amplified or represented.

Higher ISO generally reduces available dynamic range, although the behavior varies with sensor

design and ISO setting.

Use an ISO that supports the shutter speed and depth of field required. A sharp ac
at higher ISO can be more useful than a blurred photograph at lower ISO.

tion photograph

By Charlie Hutchins



Page 23 of 32
Understanding Histograms

RAW and JPEG Histograms

Camera histograms generally describe a processed preview rather than untouched linear RAW
measurements —even when the recorded file is RAW.

White balance, Picture Control, contrast, tone curves, and other processing can change the
displayed distribution.

The RAW file may retain information beyond what appears available in the preview, but there is
no universal amount of extra highlight headroom.

Use consistent preview settings and compare test photographs with their RAW files in an editor
to learn how the camera’s warnings relate to actual clipping.

For JPEG photography, aim more closely for the intended finished brightness in camera. JPEG
offers less latitude for large tonal adjustments.

Exposure Compensation

Exposure compensation tells an automatic exposure system to make the photograph brighter or
darker than its metered baseline.

Positive compensation generally brightens the image and shifts tones right. It may improve
shadow recording but can increase highlight clipping.

Negative compensation generally darkens the image and shifts tones left. It may protect
highlights but can leave shadows noisier or without useful detail.

The setting does not itself guarantee that more or less light reaches the sensor. Its effect depends
on the exposure mode and whether the camera changes shutter time, aperture, or ISO.

In manual exposure with fixed ISO, exposure compensation generally changes the metering
reference rather than automatically changing the captured exposure. With Auto ISO enabled, it
can influence ISO.

My Nikon Zf’s compensation dial uses one-third-stop increments. Near 1} stops, the available
settings are 15 and 1% stops, commonly displayed as 1.3 and 1.7.
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Live View and Playback

A live histogram lets you assess the preview while composing. When the preview reflects
exposure settings, you can watch tones move as you adjust exposure.

A playback histogram lets you review the processed preview associated with a recorded
photograph.

Both should be checked alongside the image. A tiny bright subject may contribute so few pixels
that clipping is difficult to see in the overall graph.

Highlight warnings, often called “blinkies,” help locate potentially clipped areas. Their behavior
and thresholds depend on the camera.

DISP AF-ON

9400 [ 3.2k]
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Camera Displays and Enlarged Charts

Camera histograms are compact and usually do not show numbered pixel counts. Small
distributions can be difficult to see beside a very large peak.

A logarithmic count scale can reveal those small amounts of data in a separate analytical chart. It
changes the vertical display scale, not the image data, and should be clearly identified.

A histogram calculated from an image is an actual measurement. An illustrative histogram can
explain a concept, but its shape should not be presented as the measured distribution of that
photograph.
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Practical Exposure Checklist

1. Identify important detail. Decide which highlights and shadows must retain texture.
2.  Set shutter speed and aperture. Account for movement and depth of field.

3. Read the distribution in context. Expect dark subjects to lean left and bright subjects to
lean right.

4. Inspect both edges. Determine whether limiting values affect meaningful detail.
S. Check RGB channels. Strong colors can clip before overall brightness reaches white.

6. Locate the affected areas. Use warnings and magnification rather than relying on the
graph alone.

7. Adjust and review. Collect more light when practical and safe; reduce exposure when
important highlights clip.

8. Recheck when conditions change. Light, framing, and subject movement can alter the
histogram.

A histogram is most useful when it helps you preserve the tones that matter to the photograph. Its
shape is evidence to interpret, not a target to imitate.
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Vocabulary and Key Terms

Histogram

A graph showing how the tones in an image are distributed from dark to bright. The left side
represents darker tones, the center represents midtones, and the right side represents brighter
tones.

Blacks
The darkest tonal values in an image. At the extreme left edge of the histogram, pixels may be
rendered as pure black.

Shadows
Dark areas of an image that can still contain visible detail and texture.

Midtones
Intermediate brightness values between the shadows and highlights. Many important subject
tones fall within this region.

Highlights
Bright areas of an image that still retain visible detail and texture.

Whites
The brightest tonal values in an image. At the extreme right edge of the histogram, pixels may
reach the maximum displayed value.

Clipping
The loss of tonal information when image values reach the minimum or maximum limit and
different original brightness values can no longer be distinguished.

Shadow Clipping
Occurs when dark tones reach the extreme left edge of the histogram. If those areas contain
important subject detail, texture may be lost or become difficult to distinguish.

Highlight Clipping
Occurs when bright tones reach the extreme right edge of the histogram. If important highlights
are truly saturated, their original tonal differences cannot be fully recovered.

Color Clipping

Occurs when one individual color channel —red, green, or blue —reaches its maximum value.
Detail and tonal variation within that color can be lost even though the overall image does not
appear completely overexposed.

Luminosity Histogram

A histogram that summarizes the overall brightness of an image using information from the color
channels. It is useful for evaluating tonal distribution but may not reveal clipping within an
individual color channel.
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RGB Histogram
A histogram that displays the red, green, and blue color channels separately. It is particularly
useful for detecting color-channel clipping.

Combined RGB Histogram
A histogram display that combines information from the red, green, and blue channels. It should
not automatically be interpreted as a luminosity histogram.

Dynamic Range
The range between the brightest recordable detail and the darkest usable detail above the noise
level. Dynamic range is commonly expressed in stops.

Stop
A unit used to describe exposure. A change of one stop represents a doubling or halving of the
amount of light.

Exposure

The amount of light captured by the camera during an exposure. The amount of light reaching
the sensor is primarily determined by shutter speed, aperture, and the illumination falling on the
subject.

Exposure Compensation
A control that tells an automatic exposure system to make the photograph brighter or darker than
the camera’s metered baseline. Its actual effect depends on the exposure mode and which settings
the camera is controlling.

ETTR — Expose to the Right

A RAW exposure technique in which the photographer captures as much light as practical while
avoiding clipping in important highlights. The resulting image may initially appear brighter than
desired and can be adjusted during post-processing. ETTR is about maximizing useful exposure,
not simply forcing the histogram toward the right.

Sensor Saturation

The point at which a photosite can no longer distinguish additional increases in light. Once
saturation is reached, additional exposure cannot record additional highlight information at that
location.

Signal-to-Noise Ratio
The relationship between useful image information and unwanted noise. Collecting more light
generally improves the signal relative to noise, particularly in darker areas of an image.

High-Key Image

A photograph composed primarily of bright tones. Its histogram will naturally contain more data
toward the right side.
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Low-Key Image
A photograph composed primarily of dark tones. Its histogram will naturally contain more data
toward the left side.

High-Contrast Image
An image containing a large difference between its darkest and brightest tones. Its histogram
may show widely separated groups of shadow and highlight values.

Low-Contrast Image
An image containing a relatively narrow range of brightness values. Fog, soft lighting, and
subjects with similar tones commonly produce this type of histogram.

RAW File
A file containing minimally processed image data recorded by the camera. RAW files generally
provide greater flexibility for adjusting exposure, tonal values, and color than JPEG files.

JPEG
A processed and compressed image file created according to the camera’s image-processing
settings. JPEG files generally provide less latitude for major tonal adjustments than RAW files.

Live Histogram
A histogram displayed while composing a photograph. It allows the photographer to evaluate the
camera’s processed preview and watch tonal values change as exposure is adjusted.

Playback Histogram
A histogram displayed after a photograph has been recorded. It represents the camera’s processed
preview of the image rather than untouched linear RAW sensor data.

Highlight Warnings — “Blinkies”
A camera display feature that flashes or marks areas that may be at or near highlight clipping.
Highlight warnings help identify where potentially clipped pixels are located in the photograph.

Specular Highlight
A very bright reflection from a shiny surface such as water, chrome, glass, or metal. Small
specular highlights may reasonably clip and do not always require reducing the exposure.

Photosite
A light-sensitive location on the camera sensor that collects photons during an exposure and
converts the detected light into an electrical signal.

Bit Depth

The number of numerical levels available for representing tonal or color information. Greater bit
depth provides more available numerical values, but bit depth alone does not determine the
camera’s usable dynamic range.
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Noise
Unwanted variations in brightness or color that can become particularly noticeable in dark areas
or when weak signals are strongly brightened during processing.

Tone
The relative brightness of an area within an image, ranging from black through shades of gray to
white.

Tonal Range
The span of brightness values present in an image, from its darkest recorded tones to its brightest
recorded tones.
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References and Further Reading

Nikon — Z f Reference Guide
Primary reference for Nikon Zf camera operation, exposure controls, playback information,
shooting displays, and firmware-specific features.

https://onlinemanual .nikonimglib.com/zf/en/

Nikon — Z f Reference Guide: Exposure

Reference for shutter speed, aperture, exposure compensation, exposure indicators, and the
behavior of exposure compensation in Manual mode and with Auto ISO.
https://onlinemanual .nikonimglib.com/zf/en/exposure 38.html

Nikon — Learning How to Use Your Camera’s Histogram

Overview of histogram interpretation, tonal distribution, exposure evaluation, clipping, highlight
warnings, and RGB histograms.
https://www.nikonusa.com/learn-and-explore/c/tips-and-techniques/learning-how-to-use-your-

cameras-histogram

Adobe — Camera Raw: Make Color and Tonal Adjustments

Reference for histogram interpretation, RGB levels, shadow clipping, highlight clipping, and
tonal adjustment during RAW processing.
https://helpx.adobe.com/camera-raw/desktop/using/make-color-tonal-adjustments-camera.html

Adobe — Introduction to Camera Raw

Background on RAW processing and Adobe Camera Raw, including histogram and clipping-
warning tools.
https://helpx.adobe.com/camera-raw/desktop/get-started/overview-and-setup/introduction-
camera-raw.html

Adobe — Lightroom: Histogram and Clipping Indicators

Reference for Lightroom’s shadow and highlight clipping indicators and using the histogram
while editing.

https://helpx.adobe.com/lightroom/desktop/edit-photos/edit-photos.html

Cambridge in Colour — Understanding Digital Camera Histograms: Tones & Contrast
Detailed discussion of histogram shape, tonal range, high-key and low-key images, clipping, and
the relationship between histogram width and image contrast. It also emphasizes an important
point made throughout this article: there is no single ideal histogram shape.
https://www.cambridgeincolour.com/tutorials/histograms1 .htm

Cambridge in Colour — Understanding Digital Camera Histograms: Luminosity & Color
Reference for luminosity versus RGB histograms, individual color-channel clipping, and
situations in which a color channel can clip without the overall luminosity histogram reaching its
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limit.
https://www.cambridgeincolour.com/tutorials/histograms2.htm

Cambridge in Colour — Digital Exposure Techniques

Discussion of Expose to the Right (ETTR) and the principle of increasing exposure while
avoiding important highlight clipping in RAW capture.
https://www.cambridgeincolour.com/tutorials/digital-exposure-techniques.htm

Cambridge in Colour — Understanding Dynamic Range in Digital Photography
Background on sensor saturation, shadow noise, photosites, bit depth, and the relationship
between the brightest recordable signal and the darkest usable signal.
https://www.cambridgeincolour.com/tutorials/dynamic-range.htm
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