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If you are looking at a digital image on your monitor, you are probably familiar with notion of
pixel peeping where each image pixel is displayed on a single pixel on your screen. The concept
of magnification and normal viewing distance are not common parts of the discussion but they
are just as important.

A 24x36mm sensor is 0.9449x1.4173 inches. An image from it can be printed without cropping
as a 16x24 inch print. The print needs to be magnified (24+1.4173 = 16.93) from the original
format. This is independent of the number of pixels in the image or if it’s an enlargement from
film.

This image will not fit the 9:16 aspect ratio of a conventional display. A common 27 inch
(diagonal) monitor is 13.25x23.5 inches. If the full width of the image is visible, some of the top
and/or bottom of the image will be cut off. The magnification will be 23.5+1.417 = 16.58, close
to the magnification for a 16x24 inch print.

So a 27 inch monitor is a fair representation of a 16x24 inch print if you fit it to the full image
width and overlook the parts at the top and/or bottom that get cut off. Since a 27 inch 4k monitor
cannot be looked at closely enough for the individual pixels to be seen, you don’t need to pixel
peep further to look for noise and lens defects.

Normal viewing distance has several complicated definitions but the easiest one to remember is
that it's the same as the image width. If you are looking at a display or print that is 24 inches
wide from 24 inches, you are seeing it from a normal viewing distance. At that point you might
be aware that your 2k screen is made up of pixels displayed at 80ppi (pixels per inch) but you are
not likely to be able to notice this on a 4k screen at 160ppi.

A 300ppi value (pixels per inch) is the basis for judging depth of field in a 10 or 12 inch viewing
distance for an 8x10 or 8x12 inch print - 300ppi is the size of the circle of confusion at 10 inches.
For a 16x24 inch print viewed from 24 inches that drops to 150ppi. This significantly exceeds
our ability to judge focus and depth of field on a print or monitor. From a normal viewing
distance, a digital image more than 4000 pixels wide does not need to be viewed at 100%, even
on a 4k (3840 pixels) monitor. A 4k display is 160ppi and a 2k display (1920 pixels) is 80ppi.



As the number of megapixels increases, the magnification needed to fill a 24 inch display drops.

MP  Width %
12 4243 94
16 4899 82
21 5612 71
24 6000 67
36 7348 54
42 7937 50
46 8307 48
61 9566 42

If you view the image at 100% from 24 inches on a screen that is 24 inches wide, you would
need to adjust the viewing distance accordingly.

Viewing distance

MP Width 2k 4k
12 4243 53 27
16 4899 61 31
21 5612 70 35
24 6000 75 38
36 7348 92 46
42 7937 99 50
46 8307 104 52
61 9566 120 60

The more you magnify the image, the easier it gets to see noise and other defects that nobody
else is ever going to care about. You can waste a lot of time, effort and money fixing things that
the user will not see.

Does camera format size really matter?

Anyone who ever used film knows that larger formats made higher quality images, everything
else being equal. The “everything else” part was the film. Some films, like Tri-X and HP5, were
available for 35mm roll film through 8x10 sheet film and beyond. Since bigger film needs less
magnification to make a print, the quality will go up in proportion to the format size.

But as the format got larger, the lens quality did not increase at the same pace. The overall
quality went up but it was not in direct proportion to the format size.

The effort and expense to get to the final image went up also, out of proportion to the change in
format size.



A camera whose format dimensions are twice as large in linear size produces and image with
four times as much area.

Although an image has only two dimensions, a camera has three. The camera can be eight times
as bulky and heavy and hard to use. As smaller formats became practical, photographers scaled
down.

With digital sensors we need a reality check. If the final results are the same size, is there any
advantage to larger formats?

When we look at images on digital displays or social media, the answer is obvious. If we publish
our images in coffee table books, the answer is the same since it depends more on the publisher
than on the original image.

We might hope to create that masterpiece that will be printed at a very large size and hung in a
reputable art show so we can grab that brass ring. But there are over eight billion people in the
world today. Nearly two trillion photographs are likely to be taken in 2026. What are the odds?

Full frame vs. APS-C

Since we should reduce the magnification once we go above 12MP, what does that mean for the
format size? Consider the resolutions of the full frame D800 (2012, 36MP) and the APS-C
D7000 (2010, 16MP). The same thing happens with the D850 (2017, 45.6MP) and the D7500
(2017, 20.9MP). It also happens with the Z7 (2018, 45.6MP) and the Z50 (2019, 20.9MP).

In all three cases, using the same lens on both formats will render the level of details since each
camera has the same pixel size. At 100% using the same lens, they would appear to have the
same quality.

All three pairs of cameras are above the 4000 pixel width that produces an image with more than
150 ppi when viewed from 24 inches. In all three cases, using an APS-C crop with the full frame
sensor will produce the same image as its companion APS-C version.

The only advantage to full frame is that the image can be arbitrarily cropped, but only as far as
the APS-C format. You don’t need to be as careful framing the shot. But a crop tighter than
APS-C will produces the same result from the same lens with either camera.

To get the same image using the entire sensor calls for a shorter focal length for the crop sensor —
50mm vs 75mm, 35mm vs 52.5mm, 24mm vs 36mm, etc. The crop sensor would produce more
depth of field. That can be almost exactly offset by opening the aperture by a full stop. An extra
stop allows a full stop lower ISO which means that twice as many photons reach the sensor
equalizing the noise level.



Do sensor megapixels affect noise?

The measure of visible noise in an image is defined by the signal to noise ratio (SNR). Since we
should be looking at the image from a normal viewing distance, that’s how we should compare
sensors. But to be fair, we should compare sensors from about the same time period.

Unfortunately, the only source for this information is DxOMark and not all of their information
IS consistent.

Z6 (24MP) vs the Z7 (45.7MP)

SNR 18%
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The Print view shows a small difference with the Z6 to be slightly better than the Z7. But that
might be measurement errors.



Full frame D4 (16MP) vs D800 (36MP)
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Almost identical but the D4 goes three stops higher. But going higher does not really mean more
dynamic range. The higher ISO settings show progressively worse SNR.

If you pixel peeped that comparison using the Screen view.

Sceies Ceaians m Lanses test
150 Semattin SRR S Oynams Hange s Rangy aning
SNR 10%:
N l
& L .
16
s
-
4
L
-
2 <
]
= 120 00 “c L1] 1020 1200 8400 2800 23¢0: 31200 &0
Massure d 130
B -

You would be convinced that the D4 is much better. The D800 data looks only worse because it
has been magnified more by pixel peeping.



Dynamic Range (DR) vs SNR

You might have noticed that the SNR ratios are continuous and relatively straight lines. This
means that the SNR is directly proportional to the ISO. Since SNR is actually the true measure
of dynamic range, you might have wondered about the DR plots from DxO and Photons to
Photos.

DxO shows a discontinuity between 1SO 200 and 400.

raphic Dynanm

P2P is more precise and shows it happening between ISO 318 (nominally 320) and 400.



They don’t agree on the definition of DR. P2P is more conservative (by about 3% stops). P2P
states that, “For more cameras (derived from DxOMark data) see DxOMark Photographic
Dynamic Range Chart. However, data on this chart, when available, is considered to be more
accurate.”

But since the true measure of dynamic range is whether you can see the noise, they are both
wrong. The evidence is that little discontinuity that shows up in the DR plots for cameras using
dual gain sensors. While it has something to do with improving high 1SO performance of the
camera, it does not affect SNR.

Conclusion

Megapixels don’t affect SNR since viewing from a normal distance puts them on an equal
footing.

Sensor size does not affect SNR in a print viewed from a normal viewing distance. It shows up
as a continuous increase in noise with an increase in ISO offset bay a reduction in exposure.

Although we commonly refer to DR, our two primary sources for DR comparisons can’t agree
on a definition. They are not even independent since one of them is using data provided by the
other.

Only one of them provides information on SNR. That does not show any evidence of the effect
of dual gain sensors. We can’t it in our own raw data because it gets removed by the camera
before saving the raw data to satisfy the need for reciprocity between 1SO and exposure.

Noise is actually independent of the camera altogether. It’s caused by the level of background
noise in the signal relative to the brightness of the subject. The human can’t see the difference in
film projected much faster than 24 frames per second. We can’t actually experience noise until it
gets very dark.

Light arrives at the camera as individual pixels. Their random nature is easier to see if we don’t
expose enough. Read noise plays a small part or in extreme cases. With astronomical
photography you might amplify noise along with the signal to see faint start. The only remedy,
if you need it, is to use some form of noise reduction during post processing.

If you can use enough exposure to keep the 1ISO low, you can avoid noise altogether.



