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What does Dual Gain mean?

A camera reads the electronic signal from the sensor and records data in the raw file as integers from O-
4095 (12-bit binary), 0-16383 (14-bit) or 0-65535 (165-hit) for three colors — red, blue and green.

The sensor has only a single electronic base 1SO, often 100 or 200. When the camera’s ISO is set higher
than base ISO, the electronic values are multiplied by a constant gain proportional to the ratio of the
selected 1SO to base ISO. SO 200 for a camera with a base 1ISO of 100 would use a gain of 200/100=2.
The value recorded cannot be higher than the upper limit defined by the bit depth.

In a normal scene, an object with a particular brightness might be recorded a value of 1000. Another
object that is twice as bright would be recorded a value of 2000. This relationship is linear throughout the
normal range of brightness values unlike film where nothing is linear over the entire range.

ISO settings below base 1SO reduce the brightness of the JPEG but record the raw values at base 1SO or a
little higher. This not recommended because it can result in accidentally blown raw highlights.

The camera uses a gain algorithm to ensure a linear response for the linear sequence of light values
reaching the sensor, even at base ISO. When the ISO is increased, the gain algorithm continues to
provide a linear response regardless of the brightness being recorded.

At some level, the gain algorithm that is used at base ISO may find it difficult to continue to produce a
linear response as the signal drops proportionately to the reduction in brightness. To remedy this, most
modern cameras switch to a second gain algorithm for the higher 1SO range. The second gain algorithm
is usually the only other method applied although there are some cameras that do something even more
complex than using just two gain algorithms.

What is photographic Dynamic Range?

There are two ranges, the dynamic range of the scene and the dynamic range of the medium on which it is
recorded.

A scene can be measured in light values (LV). Ascene in broad daylight can be considered to have an
average LV of 15. Agray card in direct sunlight will also report that for a gray card as will an incident
meter pointed at the sun.

A camera can faithfully record a brightness level in broad daylight of about three stops brighter than that,
18. That’s the upper limit of the range. The value recorded depends on the light value, the 1SO and the
exposure — aperture and shutter speed,

Since a daylight scene might include some areas in open shade, the lower limit of the range might be
about 12. From Wikipedia Exposure value where LV=EV at ISO 100:


https://en.wikipedia.org/wiki/Exposure_value

Table 2: Exposure values (ISO 100) for various lighting conditions[“]

Lighting condition EVio00
Daylight
Light sand or snow in full or slightly hazy sunlight (distinct shadows)[*! 16
Typical scene in full or slightly hazy sunlight (distinct shadows)Flv] 15
Typical scene in hazy sunlight (soft shadows) 14
Typical scene, cloudy bright (no shadows) 13
Typical scene, heavy overcast 12
Areas in open shade, clear sunlight 12

This would have a dynamic range of 18-12, six stops. Of course, there may be things in deeper shade
below LV 12 and it would have a wider dynamic range.

But consider a scene with a heavy overcast. The LV for middle gray is about 12 but, without the sun to
provide bright highlights, the upper limit might be only 13 and the lower limit around 10, only 3 stops of
dynamic range.

The camera has its own dynamic ranges that vary with the ISO setting. The widest range will start at
base 1ISO. At each doubling of the ISO the camera will lose about a stop of dynamic range.

How can we measure the camera’s dynamic range? It begins at about 3 stops above middle gray (EC+3).
There are three things that determine the upper limit:

1. The physical limit of the sensor — At base I1SO, the sensor cannot react in a linear fashion to light
brighter than about LV 18. The buckets (pixels) get full.

2. The numeric limits of the raw file — Above base 1SO, even though the buckets may not be full, the
numeric values cannot record a value higher than the limits of the bit depth — 4095 for 12-bit,
16383 for 16-bit or 65535 for 16-bit.

3. The signal being recorded for brightness drops as the light value decreases either because the
exposure is cut in half or the light value drops one step. In either case, the shot noise (the
randomness of the arrival of photons) continues to increase in proportion to the signal, the ratio of
signal to noise gets so low that it is unacceptable. If noise makes the upper limit unacceptable,
the lower limit will be even worse and there will be no dynamic range to speak of.

The signal to noise ratio (S/N or SNR) is a concept inherited from sound recording. It is expressed in
decibels, dB, a logarithmic value. A value of 0 dB represents a ratio of 1:1. In photography, a value of 15
dB may be a reasonable lower limit for the dynamic range but any value could be used.

Normal Viewing Distance

This is often overlooked. It applies to noise just as it does to depth of field, sharpness and diffraction. If
we enlarge an image enough, we might see noise that the normal viewer will not see. It has nothing to do



with sensor resolution. It is governed by cropping, image size, viewing distance and visual acuity. Here
is how it applies to depth of field (DOF) as calculated by Cambridge In Colour:

DEPTH OF FIELD CALCULATOR

A depth of field calculator is a useful photographic tool for assessing what camera settings are
required to achieve a desired level of sharpness. For a background on what everything here
means, also see the tutorial on depth of field.

Depth of Field Calculator hide advanced

Max Print Dimension 25

Viewing Distance

default: 25 cm

Eyesight

default: manufacturer standard

Camera Type

35 mm (full frame)

Selected Aperture
/5.6

Lens Focal Length mm

Focus Distance meters Vv

CALCULATE Nearest Acceptable Sharpness:

Furthest Acceptable Sharpness:
Total Depth of Field:

Hyperfocal distance:

Here are the factors that influence normal viewing distance in this example.

1. The viewing distance is equal to the maximum print (image) dimension, presumably in landscape
orientation.

2. Eyesight for depth of field defaults to “manufacturer standard” but 20/20 vision is 3x as critical
and it would reduce the depth of field from 1.37 meters to 0.43 meters.

3. Incalculating DOF, cropping an image is the same as reducing the sensor size from 24x36mm to
something smaller since it means the final image will be enlarged more. The same applies to
noise.

The rest of the dialog is related to the DOF calculation.


https://www.cambridgeincolour.com/tutorials/dof-calculator.htm

The Sources of Data for Dynamic Range Measurement

DxOMark is one original source of information about the performance of camera sensors. After
November, 2023, DxOMark no longer updates their camera testing results on their own web site but they
still pass their measurements on to Photons to Photos.

The lower limit for dynamic range was never defined by DxOMark and, based on the dynamic range
values they published, it must have been unbelievably low. A camera with a 15 stop dynamic range
would need to cover a brightness range from three stops above middle gray (EC+3) to twelve stops below
(EC-12). With ISO as the horizontal axis would mean that they would have to reach an ISO of 3276800.

It’s no surprise that Photons to Photos feels that the DxOMark dynamic range values are excessive. A
lower dynamic range is suggested using a more conservative lower limit. But for an 11 stop dynamic
range the upper limit would be only ISO 204800, still an incredible value.

But DxOMark shows the difference between a print viewed from a normal viewing distance and an image
displayed on the screen at 100%.

DxOMark also shows a plot of the SNR (Photons to Photos does not) including a suggestion that 20 dB
might represent some form of lower limit. That would have produced much lower dynamic ranges. But
they only show the SNR for middle gray (SNR 18%, EC+0). We are interested in noise in the shadows
that we might want to recover, much darker than middle gray,

But both sources make the same fundamental mistake. The horizontal axis of the dynamic range and the
SNR plots are ISO values. But when an image is captured, only one I1SO is used. What actually varies is
the scene brightness which could be expressed as a range from EC+3 (the brightest recordable value for
most cameras) and EC-10, a range of 13 stops.

Thirteen stops is also the range from a 1 second shutter speed to a 1/8000s shutter speed.


https://www.dxomark.com/best-nikon-cameras
https://www.photonstophotos.net/Charts/PDR.htm

Dual Gain

Here is visible evidence of the presence of dual gain algorithms. For the Nikon Z7 11, DxOMark shows it
happening between ISO 200 and ISO 400, a bit vague.

Dynamic Range Nikon Z711
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Photons to Photos is more explicit about the transition, between ISO 320 and 1SO 400.
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This comes from the same data that was provided by DxOMark. Photon to Photos identifies the 1ISO
where the gain switches between algorithms.

You might wonder if it wouldn't be simpler to eliminate the first range altogether. Apparently, that's
exactly what Sony did with the A7 V (but not the A7R V) so they could claim increased dynamic range.



What does that bump in the dynamic range plot actually mean? DxOMark gives us a hint in the signal to
noise plot that it might not show up in the image.
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There is no bump. It does not show up in another of the DxOMark Dynamic Range plots:
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We may never know why DxOMark provided two different versions of dynamic range, this one with no
bump, a vertical axis labeled “bits”, and the one on page 5 a with vertical scale labeled “Ev” and the
bump showing the transition between gain algorithms.



The real effect of Dual Gain

Here is a more current example using the Nikon Z6 111, the camera with the biggest bump tested.
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There is a very pronounced bump between ISO 640 and 800. But what actually happens when we plot the
progress of signal (S) from EC+3 down to EC-10, 13 stops using a fixed 1SO and a series of shutter
speeds from 1s to 1/8000s.

Note: Measurements are taken from a 150x100 rectangle in the center of the images.
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The ISO 100 line remains straight over the 13 stop range of exposures. The ISO 640 line is also straight
to EC-6, 9 stops and then it begins to separate from the ISO 100 line. The ISO 800 line stays with the
ISO 100 line through about EC-9 and then begins to separate. If you are concerned about tonality
between EC-6 to EC-9, you might want to use 1ISO 800 instead of ISO 640. Otherwise, for a scene with a
dynamic range of about 9 stops, it doesn’t really matter.
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Noise (SD) is a different matter. It gets worse as the ISO increases because the light value is lower. But
for the first 5 stops, the noise for 1SO 640 is about the same as the noise for ISO 800. After that, ISO 800
is significantly better beyond about 7 stops of dynamic range in the scene. By EC-10 the separation is
dramatic but that is only significant if a scene has more than 7 stops of dynamic range.
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ISO 100 is clearly better. At an arbitrary lower limit of 15 dB, the dynamic range is from EC+3 to almost
EC-7%, 10% stops. 1SO 640 reaches about 8 stops of dynamic range at 15dB and ISO 800 reaches 8%
stops.

The question of significance really depends on the dynamic range of the scene and whether we want to
recover the shadows or just move the black point up and hide the noise. It’s up to the photographer, an
aesthetic decision, not a technical one.

A photographer with an artistic viewpoint probably stopped reading this article around page one. It’s a
wonder | made it this far myself.



