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from a raw (undemosaiced) image of an s
InfoDR or 36-patch HDR test chart _,-r‘

;g ' Dark, shot, FPN

B. EMVA 1288 results s

‘ o
Il. Running Simatest O of s
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IV. Brief intrOdUCtion tO |nf0|’mati0n theory 10° w;* 10° 102 10 ‘m“
Input RGB Level/16384 (DN normalized to 1)
V. Simatest results Photon transfer curve (PTC)
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Simatest Camera performance simulator

Generate Input image (test chart):
same resolution as image sensor

Lens degradation: from lens design program or measurement

Image sensor noise model:
from Photon Transfer Curve or EMVA 1288

ISP: Image Signal Processing: sharpening, bilateral filtering,
color correction, much more...

v

Display results: standard and information-based metrics

The effects of illumination level, lens, sensor, and ISP on results,
including information metrics, can be predicted and displayed.
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Simatest — Camera/Image Signal Processing (ISP) simulator

Calculate image sensor noise model and relative RGB sensi-
tivity from raw grayscale image or EMVA 1288 parameters

Input images

Raw or minimally- W Simatest
rocessed camera > a A
P . i Simulated Image Signal
image Physical :
properties Processing (ISP)
c - Simulated Adjustments Degradations
[ Simulated image 5 blur (MTF) Mosaic/Demosaic Noise
V »L Exposure/gain Filter (LPF)
Gamma
Simulated image : RGB balance, AWB Enhancements
run through lens design . SI mu lated :\/Ionct)chrome ;ECM (color.matrix)
| >| | Inver one mapping
RIOEEI (degraded -ul ag = eEioet Cos* lens shading Sharpening
sharpness, etc.) noise model Fog Bilateral filter
T

Y
|

T i
[ Visual assessment J [ Color/Tone ] {Rescharts (MTF (SFR), Image]

PTC, SNR, ... Information metrics...)

Note: Simulated or acquired Test Chart images are especially valuable, but any image can be used.
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Obtaining the Photon Transfer Curve (PTC)

Raw (undemosaiced and unprocessed)
images have a remarkable property.

the noise in each patch is a function of
the mean digital number (DN), indepen-
dent of color.

This allows the PTC — a plot of noise as
a function of exposure (-chart density)
to be measured from a raw image of a
High Dynamic Range (HDR) test chart,
such as the 36-patch DR chart shown in
RGB on the right.

The PTC can be used to derive an image sensor noise model that can
predict camera performance under a wide variety of conditions

pa (> imatest”

HDR chart image (RGB)
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Structure of the Photon Transfer Curve

A6000_60mm_f8_ISO100_s1-20_0336.ARW

The PTC — Plot of noise as a function of z
. . 2026-02-21 11:52:22 . InfoDR, 1-92-Confirm-Auto

exposure V (—chart density) combines 16-51 B8 max-14324 o 65505

three noise sources.

Estm. gamma = 0.993 '
Offset (orig / optimized) = 510/ 509.9 ’

Photon shot P

» Dark noise kygq, (fixed) noise-dominant ¢

« Photon shot noise kyguoVV : increases
with VV

Noise N(V), (V) (normalized)

« Photo Response NonUniformity kpgyyV Dark noise
; ; dominant 7
increases with V. \ //
2 2 2 REPPRNT | . e
G(V) = \/kNdark + sthotV + kPRNUV2 m T 154 ‘ 1(;“ - 10 — w

Raw input signal ¥V (normalized)

The heart of the noise model is the three coefficients, k. But before we
calculate them, we need to deal with the signal offset, DN, if present.
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Photon Transfer Curve — Digital Number Offset

“Raw” images often contain an offset, DN, (frequently unknown) that must
be removed to obtain a correct PTC.

For a chart where the mean (input) DN of each patch is V.,

V= Vpue - DN,y should be used to calculate the PTC.

If DN, is known, use it! But if DN,,is unknown. i <#
it can be estimated as DN,

st *
If DNof,Etis too high, i.e., if DN s > V,

S offEst min

some values of V<0, and data will be lost.

If DN, is too low (right), the dark noise- i .".
dominant region (x-axis) is compressed,
and dark noise cannot be obtained.

Noise normalized to 1
=
o
L

Noise

DN, = 0 (too low)
We have developed an algorithm for finding DN,

that works well for a wide range of linear cameras. V = Viou
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Estimating the Digital Number Offset, DN, for the PTC

Let D chart

be the set of measured patch densities for the test chart (sup-

plied in a file for film or photomask dynamic range charts). The minimum

and maximum values are D .
The Luminance ratio of the chartis L

Let the mean input Digital Numbers for each patch be DN =
minimum and maximum values, V,

and D

max?

ratio

min

The signal V for calculating the PTCis V=

and V,

max*

and the range is D, 44, =
= 1oDrange = 10Dmax/1oDmin .
with

V;

input?

Vinput = DNy

input

Dmax

'Dmin'

The goal is to find the value of DN, that makes the x-axis signal ratio iden-

tical to the luminance ratio.

(Vmax - DNoff)/(Vmin -
(Vmax

Solving, DNoff =

DNoff) = min(l'ratiov 105) = LrTarget
- VminLrTar,get)/(1 - LrTarget)

This gives areliable estimate of Kygark: Knshorr @Nd Kpgay, €vVEN though
the x-axis (V) may be a little off in the dark (no signal) region.
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Finding the PTC coefficients by optimization

Input data for calculating the PTC con-

sists of the measured patch noise for all
channels, N(V), as a function of the mean
(corrected) Digital Number (DN = V),
shown as colored dots, e e e o).

The Levenberg-Marguardt optimizer finds

the values of k that minimizes

Error = (N*(V) — a?(V))/N2(V)

where

O-(V) = \/ Ndark + sthotV + kPRNUV

Noise N(V), a(V) (hormalized)

ASDDO S(Imlr\ 18, ISU‘W 1 2ll DBJE&HW

PHOTON TRANSFER NOISE
2026-02-21 11:52:22  InfoDR, 1-92-Confirm-Auto

16-bit B&W max=14324 of 65535
Estm. gamma = 0,993
Offset (orig / optinized) = 510/ 509.9

Photon shot
noise-dominant

Dark noise

domlnant /

ob...

10 107 103

Raw input signal ¥V (normalized)

Division by N?(V) is critical to obtaining good results. Without it, large values
of N have excessive weight, and k?,,,,, cannot be accurately estimated.

March 2026  N. Koren:

Image Sensor Noise model for Image System Simulation

O imatest”



3/4/2026

PTC from the 36-patch Dynamic Range chart

For the camera under
test (24MP APS-C; pixel
pitch = 3.9 um)

Kygark = 0.0001623
Dark noise (total)

sthot= 0.005499
Photon shot noise

kppyy = 0.005397
PRNU fixed-pattern noise

Gain (DN/e-) & RGB balance
(0.426 1 0.674 )also
important

March 2026  N. Koren:

A6000_60mm_f5.6_ISO100_s1-20_00219.tiff

PHOTON TRANSFER NOISE

16-bit B&W max=8468 of 65535

Estm. gamma = 0,842 o

Offset (orig / optimized) = 0/ 5103
’l

$
4
[ 4

PN
O-(IQ’ 'o"'. *‘g
P /

'y

P
” \?e
k

Dark, shot, FPN

'

[
2026-02-22 10:23:24 - SDR-36-Confirm-/ Measured PTC

Zoom  Jidealinput spiit > sRGB

Dark, shol noise | {

Chart  36.patch Dyn Rng v

Read image file Reload

Embeded cs override () Acquire from Device
Color

space SRO8 -
Ref |Last fle: 914915 cow S
Display Input Correction matrix

ORIV b

Ndark

Noise o(V) normalized —

Display.
2 |11, Moise analysis (not for all charts)

10% 10* 10% 102 107"
Input RGB Level/16383 (DN normalized to 1)

DN Offset (orig / optimized) = 0/ 510.3; Satlevel = 16383;  RGB balance = 0.426 1.000 0.674
Min max Patch DN = 510.4 8051.7; Pixel DN = 488 8468
SIN=1 (0dB)@x=0.000178; S/N =10 (20 dB) @ x = 0.00391
Dynamic Range = 5619=75dB = 125 EV;  Maximum SNR (EMVA 1288) = 40.2 dB

[Dark, shot noise coefficients] = 0.0001611, 0.00567; e = 0.5454
[Dark, shot, PRNU noise coeffs for Simatest] = 0.0001623, 0.005499, 0.005397; err = 0.2677
Gain (DNfe-) = 0.4955; e- per normi signal = 33067;  Saturation capacity = 15221 e- @x = 0.4603
Dark noise = 0.0001623 (5.368 e-) FIT [ =0.0001626 (5.376 e-) meas ]

Raw noise Help

Settings... Image Stats
10. Noiss vs. pixal (all: raw OR)

() Display patch {not channel) colors

Log X scale normiz. 1 ~

| Saescreen | HelD g4 0p3 ALPHA

O imatest®

Save data Exit

Photon Transfer Curve (PTC) & results

Image Sensor Noise model for Image System Simulation
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PTC from new InfoDR chart

Taken about three months
after the DR36 image.
Same camera.

Kngark = 0.0001568 Dark noise

(total) — Slightly lower: tempera-
ture-sensitive (was 0.0001623)

Knshot = 0.005576  Photon shot
noise — Close (was 0.005499)

Kpsny = 0.005367  PRNU fixed-
pattern noise (was 0.005397)

RGB = (0.401 1 0.554)

Results are virtually identical, even
though the charts are different.
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A6000_60mm_f8_IS0100_s1-20_0336. ARW

PHOTON TRANSFER NOISE
2026-02-2111552:22InfoDR,,1-92-Canfirm-Auto o
16-bit B&W max=14324 of 65536 £
Estm. gamma = 0.993 P
Offset {orig | optimized) = 510/ 508.9 y
&’
B 4
°
H e
g 03
E 10 L] Zoom ~ Jdsatinput spit patches
&
H T4
o ¥ Chart  Info Dyn Range v
E P4 Read image file Reload
F
‘,' :z: ZC:} N : :: ci ‘r:-'ned ed cs overide () Aequirs from Device
Dark space  Adobe RGB (1998) v
o PN Ref |Last fla: CRC_200KI_density_referen...
Data smoothed
¢ Rw Display Input Correction matrix
ﬂ' ®  Greenr Display
. ® Bl
--a ® Greend 2 |11, Noise analysis (not for all charts)
10% 104 10° 102 101 Settings... Image Stats

Input RGB Level/16383 (DN normalized to 1)

DN Offset {orig / optimized) = 510 /509.9; Sat level = 16383, RGB balance = 0.401 1.000 0554
Min max Patch DN = 0.07126 13331; Pixel DN = 488 14324
SIN=1 (0dB)@x=0.000174;  S/N =10 (20 dB) @ x = 0.00396
Dynamic Range = 5742 =752 dB = 125EV;  Maximum SNR (EMVA 1288) = 41.7 dB
[Dark, shot noise coefficients] = 00001567, 0.005742; err= 0971
[Dark, shot, PRNU noise coeffs for Simatest] = 00001586, 0.005576, 0.005357; err=0.4225
Gain (DNJe.) = 0.5094; e- per norml signal = 32150; Saturation capacity = 26166 e- @»x = 0.8137
Dark noise =0.0001586 (5.1 e-) FIT [=0.0001567 (5.104 e-) meas]
Raw noise Help

10. Noise vs. pixel (all raw DR)

() Display patch (not channel) colors.

Log X scale nomiz, 1

| Save screen | Help

16.1.0.6.3. ALPHA

O imatest®

Save data Exit

Photon Transfer Curve (PTC) & results

Image Sensor Noise model for Image System Simulation
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Comparison of InfoDR C, plots: Experimental and Simulated

A6000_60mm_f8_ISO100_s1-20_0336.tiff 22-Feb-2026 20:41:20 gaus 0.65 Noise 2 0.000167 0.00555 0.00548 0.5
Edge Info Capacity C, bits/px Edge Info Capacity C, bits/px

C, Dynamic range dB Ved C, Dynamic range dB V-od
iges — ges
Exc (C,=2): 244 4 Exc (C,=2) 254
4 High (C,=1): 37.7 High (C, =1): 40.1
Med (C,=0.5): 456 35| Med (C,=05): 47.9

Low (c,=02: 486 Experimental Low (c,=02: 546 Simulated

3| Bad (€, =01): 67.3 3| Bad (C,=01): 61
.‘: 42 = £C ADensity - C4A = 1C,ADensity
5.50 bitsipixel .64 bits/pixel

2 | 136 Wb total 2 4.05 Mb total

C,A —-the area undgr Fhe Results (C,A& DR) are close, but
C, curve —is a prelimi- total pixel size is very different.

y C 4 bits/px

Capacity C4 bits/px

nary figure of merit. 458 “ogs ‘ / o5
An & 54 R
ols ——— T T — 0 61_
4 35 -3 25 -2 -5 g pg@maaqd 35 3 25 -2 15 4 05 0
= O 2026-02:25 16:29:50 infodr =, 051 20060222 20:46:09 info
E 6024 x 4024 pixels (WxH)I_24.241 Mpxls E 925 x 775 pixels (WxHY_0.717 Mpxls
=z -0.5 [ 48-bit color max=65535 of 65535 = 48-bit color max=16767 of 65535
=] Gamma = 0.450 = 1/2.22 8 | Camma=0425= 11235
g - Max = -1.656-06 z Max = -0.593
= Best around -0.10 = Bestaround 0.10
2 a5f 2
2 D2 15}
e 5 Luminance cd/m? =2049.9 e Luminance cdim? = 2049.9
o Aperture (%) = 8.0; Shutter speed = 1/20's o Aperlure (f#) = 8.0; Shutter speed = 1/25s
2 25 | Ref; Last file: CRC_200KI_density_reference_fixed.csv | £ 2 | | Ref: Default values |
"5 -4 -3 -2 -1 0 1 -5 4 -3 -2 -1 0 1
Lugw(Expusure H Lux-seconds) for 6440 Lux max Lugm(Exposure H Lux-seconds) for 6440 Lux max
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Unfinished work: modeling High Dynamic Range (HDR)
sensors
SNR Curves: PTC and SNR Curves

Photon-Transfer Curve SNR [dB]
1010 e o e : : : . 50 - : : ' : :
2
— - - 100% i i 36 dB
. (’g:mDD‘WD H i a0l 35dB ;—
107 0‘2“”"" ) : "ﬁ‘f\- 10 dB/ decade ! e _’:yﬁ
— + —orpy! 100% i f",‘*:“ 30 \ W "‘: 4
105 b a2 0.4% i #.;;f(/ ] \
— — —a2:100% - 207 1
W; ”tzm r,"‘ /1 g 25 dB 28 dB
e 2049
& 10t h Tior' 04% St 1 x 10r 1
o =z
= 7]
ol ]
10 - - _SNthmp: 100% LED Power |
B SNR . 04% LED Power
3 20 — = —SNR,: 100% LED Power
—+SNR,: 0.4% LED Power
1 H H i i i 30 . . . : " "
107 10° 10° 102 10° 104 10° 10° 107! 10° 10’ 102 10° 10* 10° 108
Mean Signal [DN] Mean Signal [DN]

from IEEE P2020 Noise Metrics — A Review
Orit Skorka and Paul Romanczyk (2022)

HDR sensors have steps in noise and SNR.
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Key EMVA 1288/ISO 24942 measurements
The key EMVA 1288 results needed to model noise are

Temporal dark noise O4 OF Opgx  ©-
Dark Signal Nonuniformity DSNU DSNU5o e-
Dark current (noise) e OF ipark e-/s

(Photon shot noise = \/K/DN 4, )

Photo Response Nonuniformity PRNU PRNU g4 %

Gain (DN/e-) K DN/e-

Saturation capacity Me sat e-
From ISO 24942, section 15.2 and Annex A or EMVA 12288 4.0, section G.

DN = Digital Number; e-=-electrons; s =exposure time (seconds)
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EMVA 1288 measurements for the noise model
For DN = Digital Number and e- = electrons, and s = exposure time, where
V = normalized amplitude = DN/DN,,,, Where

DN,,..is the maximum DN for the system, typically 2¥1 for bit depth = N,

The key EMVA 1288 measurements for Simatest input are

knpari = total dark noise = \/afl + DSNU? + (ipgrk 5)? X Gain(V/e—)

. Gain(DN/e-) K
Knshot = photon shot noise = =

DNmax DNmax
kprvy = PRNU Fixed Pattern noise = PRNU(%)/100

www.imatest.com/imaging/image-sensor-noise/#emva
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EMVA 1288 vs. Imatest PTC measurements — summary

EMVA 1288 measurements are
« well-established and documented: ISO 24942 standard.

* highly accurate and detailed: temporal noise and fixed pattern noise (DSNU,
PRNU) sources are kept separate. Valuable for image sensor designers.

» time-consuming to acquire. 30+ images of a dark field and a flat field (around
14 saturation illumination) are required.

The Imatest Photon Transfer Curve (PTC) method is
* new and relatively unfamiliar (though the PTC has been around for a while).

+ asubset of EMVA 1288 with less detail. Fixed pattern and temporal dark noise
are combined, BUT it is sufficient for modeling camera performance.

» fast and convenient. One or at most two images are required.

EITHER measurement provides input for Simatest simulations.
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lll. Running Simatest
Characterize the image sensor noise

* Acquire a raw image of an HDR test chart and calculate the key parameters — kygo.» Knshot» Kosnu
, Gain (DN/e-), and relative RGB amplitudes — from the PTC — or —

* Convert EMVA 1288 measurements to the key parameters.

‘Simatost 18F/Camora Simulator

Open Simatest. Ty

Simatost Sattings

g gama = 0.45]

Open an ideal test chart image: HDR chart with grayscale
at least one slanted edge recommended.

Enter the key parameters in the settings window, then
update the calculation. You can use different settings to

* Simulate the PTC by converting the image into pseudo-
raw, or

* Simulate the camera for normal operation, including
low light.
Open the simulated image in an Imatest analysis module _:T S =—esn B[ seees Tur J(om (st (o —
to measure performance. . L .
P New DR test chart designed to minimize ghost images
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Simulated Photon Transfer Curve

Read an ideal image in Simatest. 4012025110733 45 g 055 Notse 210000165 0/0055610/0058810.5
Enter parameters obtained by analyzing the 0 105BL B Conbm A /]
16-bit B&W max=13627 of 66535 . 4]
raw HDR chart. EZM- | Noise (gaussian) - sensor v H Z;‘g‘e“?:igﬂ/‘im ‘|?chu;=512/511 SI mu I ated .
k k | PTC
Ndark Nshot ! 4 +| 0.5 Luma frac
- c
k P R’_N u Noise coefficients E .‘! N
Gain (DN/e-) Dari Shot  PRNU (Fix Pat) H O'(V P g
0.0001678 = 0005559 0.005876 E 107 b ' b ]
RGB balance gL 4 N
. . ser |8 Filter Gaussian (imgaussfilt) ~ a i
Noise and filter 2 | ," — ]
H o J| Q&Y <Zga J’ Dark, shot noise
settings E & o §
i
[Input gamma = 0.45] Data smoothed
si 01>>Gamma Targ 1 M Red
imatest process-  03>>RGB mult0.310.6 " roont |
P 05>>Filter gaus 0.6 o | et ¢ Sm

Sing Steps 07>>Bayer rggh - * * -

-5 4 3 -2 -1
11>>Noise 2 0.000168 0.00556 0.00588 0.5 10 10 10 10 10
Input RGB Level/16384 (DN normalized to 1)

DN Offset (orig / optimized) =512/ 511.9;  Sat level = 16384; RGB balance = 0.773 1.000 0.945
1 Min max Patch DN = 1e-06 12681; Pixel DN =502 13582
Convert the RGB image to pseudo-raw (Bayer — jnreramon- et iz selon 50 10902 ooert
b Dynamic Range = 5527 =74.8 dB = 12.4 EV; Maximum SNR (EMVA 1288) = 41.3 dB
rg g ) [Dark, shot noise coefficients] = 0.0001629, 0.005818; err = 1.305
[Dark, shot, PRNU noise coeffs for Simatest] = 0.0001665, 0.005537, 0.005859; err = 0.07385

Open Color/Tone tO Obtain the PTC (”g ht) Gain (DN/e-) = 0.5022; e- per norml signal = 32622; Saturation capacity = 25249 e- @ x = 0.774

Dark noise = 0.0001665 (5.43 e-) FIT [ = 0.00017 (5.545 e-) meas]
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Measured and simulated PTC: side-by-side

A6000_60mm_f5.6_ISO100_s1-20_00219.tiff 04-Oct-2025 10:33:46 gaus 0.55 Noise 2 0.000168 0.00556 0.00588 0.5
PHOTON TRANSFER NOISE y s
T 2026-02-22 10:23:24 SDR-36-Confirm-" | 2025-10-04 10:36:32  sdr-36-Confil i
16-bit BEW max=8468 of 65535 . 16-bit B&W max=13627 of 65535 .
Eom ganina <0842 Measured Esm.gamma 105 Simulated
mg | Ofietlong optimized) = 0/5103 Offset (orig / optimized) = 512/ 511.9 /
Q PTC PTC
N 4
-
=l Fd - 4
< » 2 -
b S
g .’ § ] 74 S
Bt > s . O <
’ oo £ 103 &
=] F] *,Q | 5 a3
2
= .f Chart  36-patch €
') 4 Readimagefile 2
L Dark, shot, FPN d Dark, shot, FPN
N~ 1Y Dark, shot noise | DE:"‘M“ esownide Dark, shot noise
(<) & Dark e SRGB Dark
B Shot P Shot
) S PN Ref  Last file: 914.915 FPN
* Data smoothed Data smoothed
E ® ke Display Input ® Red
®  Green M. ®  Greenr
=) kN dark | e suwe Display ooo® Kydark ° Bl
Z ®  Greend 2 |11 Noise analysis (1 boed ®  Greend
10° 10 10° 10 107 Seiinge_. J| __ image 10 107 103 102 107!
Input RGB Level16383 (DN normalized to 1) 10, Noise 1 Input RGB Level/16384 (DN normalized to 1)
DN Offsot (orig / optimized) =0/510.3;  Satlevel = 16383;  RGB balance = 0.426 1.000 0.674 (1) Display patch (not che DN Offset (orig/ optimized) = 512/611.9; St level = 16384;  RGB balance = 0.773 1,000 0.945
Min max Patch DN Pixel DN = 488 8468 Min max Patch DN = 1e-06 12681; Pixel DN =502 13582
SIN=1 (0dB)@ SIN = 10 (20 6B) @ x = 0.00391 SIN=1 (0dB) @x=0.000181;  S/N =10 (20 dB) @ x = 0.00411
Dynamic Range = 5619 = 75,08 = 125 EV;  Maximum SNR (EMVA 1288) = 40.2 dB LogX 3¢ Dynamic Range = 5527 = 74.8 dB = 124 EV;  Maximum SNR (EMVA 1288) = 41.3 dB
[Dark, shot noise coefficients) =~ 0.0001611, 0.00567; err = 0.5454 [Dark, shot noise coefficients] = 0.0001629, 0.005818; err = 1.305
[Dark, shot, PRNU noise coeffs for Simatest] = 0.0001623, 0.005499, 0.005387; err = 0.2677 [Dark, shot, PRNU noise coeffs for Simatest] = 0.0001685, 0.005537, 0.005850; err = 007385
Gain (DN/fe-) = 04955, o- per normi signal = 33067;  Saturation capacity = 15221 o~ @ = 0.4603 W Tr— Gain (DN/e-) = 05022 e- per normi signal = 32622;  Saturation capacity = 25249 e- @ x = 0.774

"' Dark noise =0.0001665 (5.43 e-) FIT [ = 0.00017 (5.545 &-) meas.]
Raw noise Help Save data Ex

Photon Transfer Curves (PTCs) .
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Dark noise = 0.0001623 (5.368 e-) FIT [=0.0001626 (5.376 e-) meas.]
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o —————————
Simatest settings

To change a setting

Choose a processing block.

Simatest settings  Description
Ieiial procoming & sdfusmenns
Input gamma = 0.45 .| | g

Sany 00216 ABO0D

The Sat deopd
sthon,

Degradations fusise, blur)

copy operatio
aing the

oparation

o 0 the ISP Blacks
sequonce.

Image Signal Processing (ISP) Blacks

jo1_Bayer rogb

02 Demosaic rggb
03

04

Adjust its parameters.

Use the Set dropdown menus to
copy it to a line in the ISP blocks

box (right). (Empty lines &
comments (%) are ignored.)

The contents of the ISP Blocks

box can be edited (moved,

deleted, disabled, etc.) using the

buttons below the window.

Pressing OK updates the
Simatest calculations if Auto
update is checked.
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sat Exposuret o | o B o o
St Gain = 1iExpasure for IS0 (1) = 1 il 06 Gamma Targ 1
= 1 07 Fiter gaus 0.55
Set Gain ' 08
Noise cosfficients 09 % Exposure 262
e B Da Shat  PRNU (FicPat) 10 RGEmukt0.3106
; acoaiera | | oosssa | | o.oosare "
set | Damosale  Standard MATLAB | 12 Noise 20.000167 0.00855 0.00548 0.5
[set | Filtar Gaussian (imgaussiil)
[N RoBbeinee Mty b
. +] 055 sigma 15 % Sharpen Std2 150
L] € 1 8 oe — 18 % 1/Exp 0.0312
Pesis Kamel 17 RGB div 03106
N canm 045 | Torgm 1
19 Gamma Targ 0.45
Sat Fogare) 0 <[ | - 2
Calor and tone adjusimonts, incluing HOR 21
Set WManachrome raance poon -
st o matr Sut COM 7
= 2%
Broakpont Sal Sa Tone Mepping Senemed Empty lines will be ignored.
Set Resize - nearest Seale 1 . R Conirols for mseding, remawng. and maving Ines.
SN 5] & T faxh Insert Move up Clear
o Add [ 5
cos"dlens shading — Delete Move down Clear all
orrect Foc LthiDiag 1
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| | 2 Radus A0 0| 4
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Save images - 16 01, Tl ampl. except raw Offset (DN) Saturation (ON) 15383
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Simatest — Results: Side-by-side view

The original simulated
image is on the left.

The processed image
with blur, noise, sharpe-
ning, etc., is on the right.

Processing steps are
displayed on the left.

Buttons on the bottom
let you select the results
display or send results to
Imatest modules for
further analysis.
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Input (1) eSFR_1B00H_for_Simatest png (2400x1600 uintB) Processod

Simatest ISP/Camera Simulator

Read image file =

Simatest Settings 20
[Input]

01>>Gamma Targ 1

03>>Filter gaus 0.85

04>>Exposure 0.25

06>>RGB mult 0.5410.54

08>>Bayer rggb

10>>Noise 0.00526 1 1 0.000259

11>>1/Exp 0.25

12>>Demosaic rggb

14>>AWB-grayworld

16>>Sharpen Std 2 1.6 0

17>>Gamma Targ 0.5

LRSI [T i |
LU U RO BT |

[View Process Log Geometry

File size: 1600 2400 3; gamma input =046
min,mean,max = 0, 0,584, 1

gamma processed = 0.5
min,mean,max = 0, 0.548, 1

Calculate.
Update calculations Input

[ Display results for 15 during update -
— e —
SEtECgnicaiciiations oD Processed (R) + Gamma Targ 1 + Filter gaus 0.85 + Exposure 0.25 + RGB mult 054 1 0.54 +
I PR g (re)mosaic{rggb} + Noise 0.00526 1 1 0.000259 + 1/Exposure 0.25 + demosaic{rggb} + Sharpen
ep & show single bloc! T e Std 2150 + Gamma Targ 0.5
Anaysis and View
essed image Zoom out {eage statuiles Crop [ save screen |
Read image e @) Rescharts MIF | MTFnn ssim Det.faces No crop Save seftings
Help Processed > Ioput | | Proc img > clphd ColoriTone OCR | MTFnnP | PSNR&DIf | | Dat pecple Exit
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V. Information theory & metrics — Introduction

Developed by Claude Shannon at Bell Labs in 1948-9.

Information is the amount by which uncertainty is resolved. Classic
example: The result of a “fair” coin flip (P(head) = P(tail) = 0.5) has one
bit of information. Lower for a biased flip.

Widely used in electronic communications, where channels are
characterized by information capacity C in bits/second.

Images are communication channels where € has
units of bits/pixel or bits/image.

Imatest has developed a method to conveniently calculate C by measuring signal power,
S(f), and noise power, N(f), at the same slanted-edge location.

C, is the amount of information a 4:1 object can convey. It is measured directly from 4:1
contrast slanted edges. C,,,, is the maximum information the image can convey. Its calcu-

lation involves extrapolation — not valid for HDR sensors.

March 2026  N. Koren: Image Sensor Noise model for Image System Simulation ~ P. 21 Q Imatest”

Shannon-Hartley equation for C,

4:1 contrast edges are specified by ISO 12233 e——
and widely used for practical measurements. F

2
S(F) = (Viight — Vaarr) SFR())" /12

is the mean signal power derived from the edge, -

V(x): includes sharpness (SFR(f)). Viark

:

Edge V(x) -:

Imatest 26,10, ALPHA Mastor

piaa ey

w S(f) C, is the amount of information that
Cy = f log, <1 + >df can be conveyed in a 4:1 contrast
0

edge. It is sensitive to exposure.
W is always the Nyquist frequency, NPS(f) is the Noise Power
0.5 Cycles/Pixel. Spectrum, from the noise image

NPS(f)

C,is acomplete pixel-level performance metric that combines
partial metrics: Signal amplitude, sharpness, and Noise.
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C, vs. Exposure (log,o(H)) from the new InfoDR chart

LX7_10.8mm_f5.6_ISO80_s1-40_1060265.RW2

C |S relat|Ve|y unaffected 25 Edge Info Capacity Cdbitslpx
i ¢ 4 Dy ic range dB
by reversable image B it vl i
processing. £ |Hen@=n: e
@ 2[Med (C,=05): 332
. . a Low (C,=0.2): 40.4 C4 plot
C4 IS acompromise. o Bad (C,=0.1): 48.2
. o | ¢,A =XC,ADensity
Contrast is § 2.69 bits/pixel
8 1 27.1 Mb total 200
» typical of objects of 2 g R
1 o Dvnam | c Chart 12. InfoDR v
Interest. 2 05 éan ge B2 Read image file | Save Reload
« Low enough to easily B i St lanoeves
. X | e— t t * * . e ;
avo | d S at u rat| O n. 0 3 25 2 15 Z 05 0 New analysis of the current n\agfu
- 0 ) Setup... More Settings...
. =3 20260225 12:26:10 infodr / -
+ High enough to have I | s e i oo Bl s
decent SNR 8 [ amma=0.41 = 11227 OECE : i B--
. Max = -0.000505
- S 4 tofial  sesmson | R
AISO SNRI (Ideal ‘,E; is response) [JLogarithmic y-axis  Image Stats
i- e -1 ﬁ dim? = 2049.9
? bs ert\)/_er S ’(\jl R qu at;nl:l > Aperture (f#) = e—,LZf"éf&‘fsfsp:ed =1/40's pE———
S { Ref; Last file: CRC_200KI_density_reference_fixed.csv | U A
Ies object detectability 2, " - 5 . . S B v anh
Log,  (Exposure H Lux-seconds) for 6440 Lux max Save data Exit (3 imatest®
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A few more notes on information

(a big subject — new and unfamiliar in imaging science. )

Information capacity C is (relatively) unaffected by reversable image processing (linear
with no response nulls for < fy, 0.ic; )-

C cannot be increased by image processing, but bilateral filters, which sharpen edges
but smooth low contrast areas, can falsely increase the measured value of C. They are
nearly universal in JPEG files from cameras.

Several metrics derived from C, are affected by image processing, which can be
optimized with an approximate matched filter.

The most important is ideal observer SNR (SNRi), which is
a metric for object detectability, affected by image
processing, image contrast and object size.

Information capacity and the new metrics are the basis of
the proposed 1SO 23654 standard.

Full description: Image information metrics from slanted edges

March 2026  N. Koren: Image Sensor Noise model for Image System Simulation P. 24 6 Imatest”
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V. Simatest results: acquired vs. simulated image

Edge rise distance, MTF50, MTF
Area PkNorm, and Information
capacities are similar.

The shapes of the MTF curves
are somewhat different.

045

go.x

035
g 03
!025
S 02

Woits

01

AB000_CADR_60mm_fB_ISO100_s1-8_0291.1iff

RO 183293 pixels
4% right of ctr

C,=3.35 b/p

Edge (linear, unnormalized)

05-0ct-2025 09:52:13 gaus 0.6 Noise 2 0.000168 0.00556 0.00558 0.5

Edge linear unnorml: Horiz (V-edge) (segittal) 05002025 09528

1910 x 1600 pixels (WaH)

3.06 Mpxls 16 bit 10-90% rise = 1.83 pixels
ROI: 134x189 pixels.
9.1% right of etr

Y-channel (YR 9)

cice image method (mean N) Pkimean =1.39

C,=3.10 b/p

Imatest 26.1.0. ALPHA Master

Edge angle = 5.00°

0614

por- Imatest 26.1.0. ALPHA Master |
5 0 5 10

Pixels (Hor) AEe

5 0 5 10
Pixels {Hor)

Using parameters from

the PTC or EMVA 1288,

simulated results from
Simatest are close to
experimental results.
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MTFS0 = 02831 Cy/Pxl
= 2278 LWPH NR

4
- \
MTFS0P = 0.283 C/P = 2277 LWIPH 4
indersharpening 257"
MTF area PkNorm =0.288 CyPxi
MeamROﬂ!-t:\ 0267 ‘
|

F50—0 283 c/p

MTE: Horiz (V-odge) wiNR

SFR (MTF)

MTF50 = 0.2869 Cy/Pxl
=918.1 LWPH NR
(RGB) = 0.286 0.287 0267 CyPxl
MTF50P =0.287 C/P = 918.6 LW/PH
Undersharpening 18 3%
MTF area PkNorm = 0.301 Cy/Pxl
Mean RO level =0.154
MTF at Nyquist = 0.215

TF50=0.287 c/p

Nyquist {

MTF: Horiz (V-edge) wiNR ’

[
0 01 02 03 04 05 06 07 08 09 1

d

Frequency, Cycles/Pixel

Acquired image
emosaiced raw with minimal
processing)

(] 02 04 06 08 1
Frequency, Cycles/Pixel

Simulated image

Noise model from undemosaiced
raw image. Filter blur set to match

Image Sensor Noise model for Image System Simulation

MTF50 (demosaiced).

O imatest”

Simulating low light (high ISO speed) performance

Simulated image from an ideal

edge with blur added to match

MTF50 of demosaiced acquired
image.

Noise model was calculated from
an I1SO 100 raw image.

High 1SO speed (equivalent to low
light) was simulated by attenuating
the signal, adding the modeled
noise, then restoring the signal.

Simatest can predict
system performance for a
wide variety of conditions,
including low light and ISP
tuning.

Edge profile (linear)
e o o o
S 8 &§ & .

Acquired (measured)

A6000_60mm_f5.6_ISO100_s1-10_00216.ARW

sittal)

©1S0 100

ROI1: 159231 pixels
6.8% right of ctr
Yechannel (YR 7)

10-90% rise = 1.59 pixels

= 2524 per PH

| over rundershoot = 1.6% / 0.4%

[ VL Rimeanay= 0339 040 0238 0221
| mfocapc,=3.7; ¢, =489bip;
Noisa image mehod (mean noise)

Edge angle = 5.36°

C,=3.37

Coax = 4.89 b/p

< hmatost 25.1.0. ALPHA Mas ter.

Edge profile (linear)
o o o
S & &

o

.8 | ROI1: 159x231 pixets.

5 0 5 10
Pixels (Hor)

AG000_60mm_f6.3_IS03200_s1-320_00212 ARW

Hal) 01-Apr-2025 23.98:30
§ a1g

ISO 3200

| 10.90% rise = 1.60 pixels
= 2520 perPH

8.8% fight of ctr
Y-channel (YR 7)

Over /undershoot = 3.3% / 2.7%

£ Noise image method (mean noise)

Coc = 2,61 b1p

Edge angle = 5.35°

C,=11

bo ; ~Imatost 25,1.0 ALPHA Master
5 0 5 10
Pixels (Hor)

% g = "
508 ot 3t ivee jnf:a;q rhop = 1.59 pixels
S | omrenorer : oy
£06 £ | viRmean) =028 00707 0201 018
% Info cap C, =3.32; C . =497 bip;
g } Noise image metnod (mean noise)

04
&
S | eweanges stz

02

Edge profile (linear)

Simulated

01-Apr-2025 23:25:58 gaus 0.55 Noise 2 0.000167 0.00555 0.00548 0.5

1 sita)

11S0 100 °

017012025 232504

. ;'cmax_497b/p

0 po Imatest 25,10 ALPHA Master.
5 [} 5 10
Pixels (Hor)

01-Apr-2025 23:38:23 gaus 0.5 Noise 2 0.000167 0.00555 0.00548 0.5

q ay

ISO 3200 °

012012025 233830

L] S —— 1090% e = 1.2 il
vt
9% lef of ctr £} Overfundershoot = 2.0%/ 30%
e £ ViLRmean.a) = 0.28 00787 02 0.18
Info cap C, = 0.993; .67 blp;
04 |3 Noise image method (mean noise)
02
Cmax =2.67blp
0 i Imatest 25.1.0. ALPHA Master
-5 0 5 10
Pixels (Hor)

www.imatest.com/imaging/Simatest-overview/
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Image sensor noise model — Summary

We have described an image sensor noise model for use in camera simulations
that can also predict the effects of lens blur and ISP on camera performance over
a wide range of conditions — most importantly, for low light.

The image sensor noise model derived from either

* Photon Transfer Curve (PTC) measured from a raw test chart image, with coefficients
calculated by an optimizer, or

« EMVA 1288 measurements

The simulation can display information capacity and related metrics, which are
superior to sharpness and noise or SNR as predictors of system performance.

The Simatest camera performance simulator allows camera designs
to be soft-prototyped and low light performance to be simulated,
saving development time and money.
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Thank you.

Contact me at norman@imatest.com.

Documentation is linked from Please visit the Imatest

image information metrics Simatest booth. I'll be happy to
answer questions.

www.imatest.com/solutions/image-information-metrics/
www.imatest.com/imaging/simatest-overview/
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