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DXC) MARK Framework

h 4

Measurement description

Measurement setupspecifications
1. Flare

Flare bench

Standard compliance

TheFlare (also called stray light)easurement is
fully compliant with the standard draft IEEE/P2020
published in dec 2022.

Metrics details

Flare Intensity = 20tlog;q gmug

£6i 40

With Q¢4 an the illuminance received from the
light source on the surface of the lens, a0g; o 1. Device under test

the equivalent illuminance received on the sensor: 2. Indexed rotation stage to change fri
horizontal to vertical and diagonal axis

Oggiq= "t co _ 3. 6 axis alignment stage equipped with
sensitivity to in. 1ISO 1222 compatible screw, desig
Where: to support any camera and demoboarc
4. Collimated light sourcevith an apparer
1 tinsisthe exposure time diameter 0f0.95°
f x in DN is the linearized gray leweith 5. Motorized arm for rotating the ligl
dark level compensation sourcebetween-160° and +160°

{1 sensitivity in DN/cd/m?/s is the measured Spectrumof the LED lighsource:
flare sensitivity of the device

Reference article: E Souksava E Baudin C.
Greco, HP Nguyen,. LChanas, F. Guichard
Improvement of the flare evaluation for cameras

and imaging applications when using near
infrared lighting, in Electraa Imaging, 2023pp ' 7 ‘ |

3191 -3195. F—— R

© DXOMARK IMAGE LABS 2024 24/02/14 - PREPARED FOR CONFIDENTIAL CUSTOMER 4



DXC) MARK Framework

h 4
Measurement descriptio n

2. Distortion and lateral chromatic aberration

Standard compliance DOT Chart:

Thelens distortiormeasurement is fully compliant
with the standardlSO1785Q and the chromatic
aberration measurement is fully compliant with
the ISO 19084 standard

Metrics details

TVdistortion: 100"['%, with A and B defined on
the following figure:

]
.

Geometric distortion100 't'a, with | and L defined
on the following figure:

L

Chromatic aberrationsshift between R and G, and
between B and G:

Definition of chromatic aberration profiles

Measurement setugspecifications
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DXOMARK

Measurement description

3. Sensor Noise
Standard compliance

The noise measurement is fully
compliant with the standard draft
IEEBP2020 published in dec 2022.

Metrics details

Temporal Noiseand Fixed Pattern
Noise (FPNys well as dark signahd
autocorrelation are computed over 30
frames.

Total noise is computed as the
quadratic sum of Temporal Noise and
FPN

SNR is computed as the ratio between
mean signal and noise standard
variation.

SNR1in DN or in charge unitgs the
mean signalvhere SNR is equal to 1

Signal saturation in DN or in charge
unitsis the maximum signal levef the
image sensorHfective fulkwell in DN
or in charge unitds the mean signal
value of themaxinmum of the temporal
noise curve.

Dynamic range is computed as the gray
level ratio between effectivdull well
and SNR1

Simplified dynamic range is computed
as the gray level ratio betweesignal
saturationand SNR1.

© DXOMARK IMAGE LABS 2024
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h 4

SG(system gain)n DN/- is the ratic
between temporal noisepower anc
mean signaln photonicnoise regime
SG iaused to convert metrics in DN
charge units.

DSNUsthe FPN in the dark.

Temporainoise distribution is the
histogram of the pixel standard
deviationover darkframes

Noise autocorrelation mapsa
computed for completing P2020
metrics.Reference articled. Buzzi, F
Guichard, Noise in imaging chains:
correlations and predictions, IEEE
International Conference on Image
Processin@005 2005

Measurement setup specifications

DXOMARK HDPoise
targetis a 120dB chart
made of 30 neutral
densites

The chart is illuminated by a Nar
Evoke 1200 or a Litepan@&lemini 1x:
Both are DC driven, dimmable, ¢
have a stability over 95%.

Light level is measured using a gos
MAVOLUX 50F Temperature tes
was done using dahermal chambe
Binder.
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Measurement description

4. Dynamic Range
Standard compliance Where:
The Dynamic Rangeneasurement T 0s-@ o and Os g gon are
is fully compliant with the standard the mean signalthe ROIsA
draft IEEE/P2020 published in dec and B in the image
2022. T Osvao and O vgo are

the luminance valueghe
ROISA and B in the scene

Metrics details

The CNR(Contrast to Noise Ratio)

between a pair of ROIs A andi Dynamic Range is measuredGisf

(Contrast Detection Rat)o

defined as:
v n r— 50Yy = 20logy, Je@ 90Y>1
ovYOD,0 = —— Ugg OUY>1
o+ 02 n
Where Ug ¢y OOY> 1 anc
Where: Dg@ O0'Y> 1 are respectively th
maximum and the minimum luminan
T s andig are respectively values that verifyd0'Y > 1.
the mean signals of the
ROIsA and B AV rthreshold
1 .sand,y are respectively DR
the standard deviations of o
the ROISA and B Measurementsetup specifications

The dynamic rangesetup is ar

The TCG@TonalContrasiGain)is the assembly of 4 light pane
transfer function between the delivering 25 pathes that car
scene contrast and the image reach aleast150dB dynamic.

contrast

Us @ i
Us @ s
o, Ve 0

log,
“¥'00,0 =

log,
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v
Measurement description

5. Resolution
Standard compliance Measurement setup specifications

The Resolution measurement is fully
compliant with the standard draft
IEEE/P2020 published in dec 2022

Metrics detalls

The SFR is computed in a linearized
image, thanks to the gy patcles in the
target. The SFR is then averaged over 30

images of the same target to imp/e SFRneasurement compensate the
the SNR. targetprinter MTF. The target MTF is

measuredcompared to a true cutter
target, andt is then taken into account
during the camera MTReasurement.
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Measurement description

6. Flicker Mitigation
Standard compliance

Theflicker mitigationmeasurement is fully compliant with
the standard draft IEEE/P2020 published in dec 2022.

Metrics details

The Flicker Modulation Ind€lMI) s defined as:

"B G 100 x g lae

faont fae
Whereig ¢, andiy ¢ are respectively the maximum and

minimum values of the measured signal for the considered
time-range of the video.

The Flicker Detection Index (FDI) is defined as:

Where:
1 0 is the probability
1 1 o isthemeasured signal.
1 i:xis the measured signal when the PMW signal is
off.
 this a minimum threshold above which the LED is
considered visible.

© DXOMARK IMAGE LABS 2024

TheModulation Mitigation ProbabilityMMP)is defined
as:

000=01ijgpl 1 <i 0 <ijgal+]

Where

0 is the probability.

i 0 is the measured signal.

i1 00iS the expected signal.

1 is a parameter defining the lower and upg
bounds of thesignalintervalin which the device
considered asble to successfully mitigate the L
flickering

=a _= _a ==

Measurement setup specifications

Tenoit

The flickering is generated by thn: _:
DXOMARK Led Universal Timer.

This device provides a light modulated kg @
a square signal with frequency in range
[50, 2000]Hz adjustable dutyycle, phase and intensity
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DXOMARK

Measurement description

7. Contrast Performance Indicators
Standard compliance

The Contrast Performance Indicatorsneasurement is fully
compliant with the standard draft IEEE/P2Q2@er revsion

Metrics details

The CTA(ContrastTransfer Accuacy) quartifies the ability of a
camera torecord accurately the contrast in the sceé¥ =
0" = 0[6gf 1 1 Baai Gaf(l+1.)]

Where:

1 0Og and by qy are respectively the input contrast in the
scene and the measured contrast in the image.

1 1 and . are the parameters defining the lower and upper
bounds of the confidence intervah which the device is
considered as abldgo reproduce accurately the input
contrast.

The CSNR (Contrast SigimaNoise Ratio) quantifies the ability of a
camerato distinguishtwo objects
6f
0"'Y= —

nd

© DXOMARK IMAGE LABS 2024
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Where:

1 6&fis the mean of the contradetween two ROIs.
1 . is thestandard deviatiorof the contrast between tw
ROls.

Measurement setupspecifications

TheCPI charts an assemblpf 3 light panelswith a 7x7patche:
matrix on each charpatches The whole setugan reach at lea
140dB dynamic.
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Measurement description

8. Vignetting/Color Lens Shading

Standard compliance Color vignetting: each channe
vignetting divided by green (avere

The Vignetting/Color  Lensthading of G1 and G2hannel$ vignetting

measurement is fully compliant with

the standard ISO 17957. Measurement setupspecifications
Metrics details Integrating sphereROLIS3CR80with
510K.

Vignetting Profile: gray level value
divided by the gray level value at the
vignetting center, for each radial field
position and each color channel.
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DX{OMARK Executive Summary

Chip total size

Pixel size

Resolution

Full frame rate

Lens design

Lens aperture

Lens FOV ( diagonal)

Mode sensor Framerate

Frame Grabber image resolution

SW version Exposure time (ms)

Output gain

Overall Performance

DR (SNR1 40C) 110 dB DR P2020 99 dB

Saturation (D65) 17000 cd/m2 Male , True Raw
Autocorrelation

Dark (40°C) 26e-

Full Well Capacity 847860e-

Dark flatness 3.1
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DX{OMARK Flare Intensity
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DX{OMARK Flare Intensity
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DX{OMARK Flare Intensity

h 4
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DX{OMARK Flare Intensity
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Flare intensity (in dB)
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7~ Distortion
DXUMARK (D65 1500 Lux)

Detected dots (280 matched)
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Distortion model error, in px

TV Distortion -46.83% -27.27%
Geometric Distortion (avg) +7.81% +4.55%
Geometric Distortion (Max) +21.48% +11.00%
CPIQ LGD (Max) -98.73% -59.81%
CPIQ LGD (JND) -15.17% -15.17%

Good fitting of the distortion model (small reprojection error)
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Lateral Chromatic Aberration

DX{OMARK

(D65 1500 Lux)
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Chromatic Aberrations are negligible (less than 1 pixel

in the full measurement area)
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DX{OMARK

Field Of View
(D65 1500 Lux)
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Fisheye lens: The field of view is linear with the field radius
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DX{OMARK Noise - Summary

h 4

AMeasurement conditions
A6 exposures from 100 to 70 000 cd/m?2
A30 images per exposure
Allluminant D65
A5 temperatures from 20 °C to 115°C (sensor temperature)

AResults:
ASensor level dynamic range: 110dB for sensor temperature 40 °C

AWith the current lens, the sensor saturates for objects with luminance
equal or higher than 17 000 cd/m?

AThe sensor has 3 exposures. The system gain of the first two exposures is
the same

AAutocorrelation graphs show that the raw files are not processed

ANo significant row and column noise

ASNR is 15dB lower at 115°C sensor temperature, compared with 40°C
AThe dark signal has strong non -uniformity at 115 °C
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T sensor=23°C

(thermal chamber -8°C)

SNR Curves

DX{OMARK
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T sensor=40°C

(thermal chamber 20°C)

SNR Curves
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T sensor=66°C

(thermal chamber 40°C)

SNR Curves

DX{OMARK
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T sensor=87°C

(thermal chamber 60°C)

SNR Curves

DX{OMARK
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T sensor=115°C

(thermal chamber 80 °C)

SNR Curves

DX{OMARK
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SNR vs Mean Signal (Channel G1)
Sqat: 8.35e+06 DN, SNR1: 109.5 DN

Sensor-level DR: 9

6 dB, Simplified sensor-level DR: 98 dB
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DXC)MARK Noise KPIs Details

Over temperature

h 4

OC)

Sensor junction temperature ( °C)
Lower System Gain [DN/e-] 9.94 9.96 9.89 10.28 9.47

KPlIs in digital number

Dark signal [DN] 239.1 239.1 239.9 240.2 180.8
SNR1 [DN] 22.6 22.8 25.2 38.8 109.5
Signal saturation [ KDN] 8375 8366 8366 8347 8347
Effective full -well [kDN] 7180 6880 7743 7612 7110

KPls in charge units

SNR1 [e] 2.27 2.29 2.55 3.78 11.56

Signal saturation [ ke-] 843 840 846 812 881

Effective full -well [ke-] 723 691 783 741 751
KPIs in dB

Sensor-level dynamic range [dB] 110.0 109.6 109.8 105.8 96.2

Simplified sensor -level dynamic range

[dB] 111.4 111.3 110.4 106.6 97.6
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Noi D il
DXOMARK oise Curves Details

at ambient temperature 20 °C

Row and Column fixed pattern noise

Noise Power vs Mean Signal (Channel G1)

System gain (Channel: G1): ['9.83', '128.64'] DN/e-
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DXC)MARK Noise autocorrelation

at ambient temperature 20 °C

L =15 cd/m?2
GL =5600

L = 150 cd/m?2
GL = 69000

L = 1.5kcd/m?2
GL = 725000

L = 15 kcd/m?2
GL = 6710000

i

0 0.5

The autocorrelation is a measure of resemblance of a signal and a version shifted of itself. High
value means a high correlation.
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DX{OMARK

Sensor Temperature 23°C - Channel G1

Dark Signal Over Temperature

h 4

D§rk Level = 239;11, DSNU = 3'1.7

Dark Signal Non-Uniformity Map

Sensor Temperature 40°C - Channel G1
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Notice that map scales are different for

each temperature.
2 phenomena can be noted:

A A strange shape of lower dark signal

on top left corner.

A Anincreasing non-uniformity of the
dark when the temperature raises.
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DXC)MARK Dark Signal Over Temperature

Spatial Noise Distribution

h 4

Sensor Temperature 23°C - Channel G1

.k y AP Sensor Temperature 40°C - Channel G1
Dark Statistics: Mean Signal Distribution

Dark Statistics: Mean Signal Distribution
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The graphs are at the same scale for
each temperature.
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