Dynamic Range (DR) — What Does It Really Mean for Our Images
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There is a lot of discussion about this topic and, as usual, plenty of misinformation. Let’s begin with a
definition of what DR means.

For a particular scene, there can be a wide range of brightness values from the darkest parts of the scene

to the brightest. Before you are tempted to look for an expensive spot meter to measure this, think about
whether you really want to capture the full range. Your image might not benefit from showing detail in

the deep shadows or even in the highlights in the case of a backlit subject.

Without a good understanding of DR you might be tempted to play it safe by spending a lot of money on
a camera reputed to have a wide DR. You may be surprised to find out, too late, that the latest and
greatest sensors don’t actually add much DR, if any. And cameras with lots of megapixels may make
things worse by tempting you to pixel peep.

If you are holding out, you might want to play it safe and stick to base ISO because you have heard that
this is where the camera has its widest DR. But modern cameras already have a lot of DR. You can often
get away with using higher 1SO settings.

The penalty for recovering shadow information can be that you will recover a lot of noise and then you
may want to use noise reduction. And if the brightest highlights happen to be light sources or glare, you
might be better off looking for ways to avoid that or simply live with it.

Other than experimenting with our own cameras, where can we go for more information? There is one
primary source, Sensors Database - DXOMARK (Dx0), and a secondary source that takes that data and
looks more deeply in to the details, Photographic Dynamic Range versus ISO Setting (P2P).
Unfortunately, these two sources show different values for DR with P2P offering a more conservative
rating.

DxO indicates a maximum DR at base ISO for some of the best cameras that are higher than 14 stops, a
value that doesn’t really make much sense since most of those cameras use 14-bit raw files and can’t
possibly go that high. P2P tops out at a more reasonable 12 stops (log2(EV)).

P2P also provides a lot of educational material about read noise which can limit a sensor’s ability to avoid
adding noise as the data is passed from the sensor to the raw file. There are charts that show where
cameras with dual gain sensors switch from one method to the next as they work to limit the read noise at
high ISO settings.

But dual gain sensors present a mystery that is not explained. They produce a discontinuity in the DR
plots. But that discontinuity does not show up in another important indicator, the signal to noise plots that
are only provided by DxO. After all, visible noise is the result of a low signal to noise ratio (SNR). If the
discontinuities caused by the dual gain sensors show up in the DR plots, why is there no evidence of them
in the SNR plots? This question has been asked but there has been no response.


https://www.dxomark.com/Cameras/
https://www.photonstophotos.net/Charts/PDR.htm

DxO provides another feature that does not appear in P2P, a distinction between the Screen plot (where
the information is measured at 100% enlargement) and the Print plot where the information is measured
for a more conservative enlargement to be viewed from the normal viewing distance (NVD), about equal
to the print width. P2P only offers the Screen version and does not even acknowledge the difference.
This is a critical consideration since the visibility of noise is completely dependent on the viewed image
size. You can post something online and never see the noise that you saw when you were pixel peeping
at 100%. And you may never see it in a print either since prints normally viewed from the NVD. The
problem created by pixel peeping is that you are likely to spend a lot of time and effort reducing noise that
a normal viewer was never going to see anyhow.

Where does the noise originate in an image? Light reaches the sensor as individual photons which have a
color value and a quantum of energy. Brightness is a function of how many photons arrive during the
exposure, the more photons there are, the brighter the image. But during the exposure they get there in a
random distribution. If a lot of them arrive, the randomness is averaged out and noise is hidden. But if
they are sparser, the noise does not get covered up.

The DxO Screen version comparing DR for three cameras:
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Notice that the D610, a much older camera, outperforms the Z7 in the Screen view but not in the print
view:
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This tab displays the print performance
measuremeant values and graph
derived from a RAW image after a
normalization step that transforms all
images, regardless of original
resolution, to an 8Mpix image. The
print size we have chosen is a
standard 300dpi 8"x12" format, which
corresponds to about the physical size
of an 8Mpix image printed at 100%
magnification.
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“dpi” is a misnomer. It’s “ppi”, pixels per inch.



The P2P plot:
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All three plots show the dual gain discontinuity for the Z7 and Z6 but the D610 does not have a dual gain
sensor. It still outperforms the Z6 at low 1ISO and matches the Z7 at higher ISO.

But none of these DR plots really tell us what the DxO SNR plots reveal:
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Pixel peeping makes the Z7 look bad but the D610 still looks as good as the Z6. Notice that there is no
trace of the dual gain discontinuity.



Finally, here is the Print view for SNR:
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Once more, the Print view is an equalizer that reveals something important. Between the release of the
D610 in 2013 to the release of the Z6 Il and Z7 Il in 2020, there was no improvement in the SNR over the
normal range of I1SO settings, just an extension of the 1ISO range. Additionally, there is no performance
difference between the Z6 11 24MP and the Z7 11 46MP sensor and that shows that megapixels and pixel
size have no impact on the print. The only way to improve is with a larger sensor.

There is more useful information in the SNR plots. Notice the green dashed line at 38 dB (decibels). At
that level (around ISO 800) there will be no visible noise. This has been confirmed with actual images.

Noise can start to show up where the yellow dashed line at 32 dB meets the curves at around 1SO 1600.
By the time the curves reach the red dashed line at 20 dB, the noise will be obvious.

If SNR can only be improved with a larger sensor, what happens with a smaller sensor?



To see this, here is a comparison between two cameras with the same pixel size and different sensor sizes,
the 45.7MP D850 and the 20.9MP D500. First, the effect on the Print view:
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The image from the smaller sensor will need to be enlarged more to make an 8x12 inch print than the one
from the full frame sensor. In this case, 8”/16mm = 12.7 times instead of 8”/24mm = 8.47 times. As you
enlarge the image, the noise becomes easier to see. The difference is about one stop.

With the Screen view, each pixel from either sensor occupies the same amount of space on the display.
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This shows that the noise visible in the print depends primarily on the sensor size and the exposure. In
this case, the smaller sensor has a crop factor of 1.5. For a common medium format sensor, the crop
factor is about 0.79. The improvement in noise would be less than a stop.

Increasing the 1SO while reducing the exposure has consequences. The next images show what happens
to a scene as you do that. The illustrations from a Z7 are shown at a size to emulate a full print at normal
size.
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In this series of shots, you might not want to bother with noise reduction until you get to 1ISO 25600.

Conclusion

SNR is a clear way to define dynamic range based on noise visibility in the final image. It changes very
gradually and consistently as 1ISO increases.

Discontinuities in the DR plots are unrealistic, academic and misleading.
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