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Framework

Measurement description 

1. Sensor Noise

Standard compliance 

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

Metrics details 

Temporal Noise and Fixed Pattern 
Noise (FPN), as well as dark signal and 
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. 

 

Dynamic range is computed as the gray 
level ratio between effective full well 
and SNR1. 

Measurement setup specifications 

DXOMARK HDR noise 

target is a 120dB chart 

made of 30 neutral 

densities. 

The chart is illuminated by a Nanlux 

Evoke 1200 or a Litepanel Gemini 1x1. 

Both are DC driven, dimmable, and 

have a stability over 95%. 

Light level is measured using a gossen 

MAVOLUX 5032B. Temperature test 

was done using a thermal chamber 

Binder.
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Framework

Measurement description 

2. Dynamic Range 

Standard compliance 

The Dynamic Range measurement 

is fully compliant with the standard 

draft IEEE/P2020 published in dec 

2022. 

Metrics details 

The CNR is the contrast to noise 

ratio. 

 

 

The TCG (Tonal Contast Gain) is the 

transfer function between the 

scene contrast and the image 

contrast. 

 

 

 

 

Dynamic Range is measured as 

Contrast Detection Ratio (CDR) 

 

 

Measurement setup specifications 

The dynamic range chart is an 

assembly of 4 light panels, 

delivering 25 patches that can reach 

at least 150dB dynamic. 
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Framework

Measurement description 

3. Flicker Mitigation

Standard compliance 

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

Metrics details 

The Flicker Modulation Index is 

 𝐹𝑀𝐼 = 100
𝑙m a x 𝑡 −𝑙m in 𝑡 

𝑙m a x 𝑡 +𝑙m in 𝑡 
    

 
The Flicker Detection Index is  

𝐹𝐷𝐼 = 𝑃  
𝑙 𝑡 −𝑙𝑜𝑓𝑓

𝑙𝑜𝑓𝑓
≥ threshold    

The Modulation Mitigation Probability is 
𝑀𝑀𝑃 = 𝑃 𝑙𝑟𝑒𝑓      1 − 𝛿 < 𝑙 𝑡 < 𝑙𝑟𝑒𝑓      1 + 𝛿   

Measurement setup specifications 

The flickering is 

generated by the 

DXOMARK Led 

Universal Timer.  

This device provides a light modulated 

by a square signal with frequency in 

range [50 2000Hz], adjustable duty 

cycle, phase and intensity.

 

4. Resolution 

Standard compliance 

The Resolution measurement is fully 

compliant with the standard draft 

IEEE/P2020 published in dec 2022. 

Metrics details 

The SFR is computed in a linearized 

image, thanks to the gray patches in the 

target. The SFR is then averaged over 30 

images of the same target to improve 

the SNR.  

 

 

Measurement setup specifications 

SFR measurement compensate the 

target printer MTF. The target MTF is 

measured compared to a true cutter 

target, and it is then taken into account 

during the camera MTF measurement.
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Framework

Measurement description 

5. Flare 

Standard compliance 

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

Metrics details 

Flare Attenuation = 10 ⋅ log10  
𝐸𝑠𝑜𝑢𝑟𝑐𝑒
𝐸𝑓𝑙𝑎𝑟𝑒

  

With 𝐸𝑠𝑜𝑢𝑟𝑐𝑒  the illuminance received from the 

light source on the surface of the lens, and 𝐸𝑓𝑙𝑎𝑟𝑒  

the equivalent illuminance received on the sensor: 

𝐸𝑓𝑙𝑎𝑟𝑒 = 𝜋 ⋅
𝑥

sensitivity ⋅ 𝑡
 

 

Measurement setup specifications 

Spectrum of the LED light source: 

 

 

 

 

 

  

 

6. Distortion and lateral chromatic aberration 

Standard compliance 

The lens distortion measurement is fully compliant 
with the standard ISO 17850, and the chromatic 
aberration measurement is fully compliant with 
the ISO 19084 standard. 

Metrics details 

TV distortion: 100 ⋅
𝐴−𝐵

𝐵
, with A and B defined on 

the following figure: 

 

 

 

 

 

 

Geometric distortion: 100 ⋅
𝑙

𝐿
, with l and L defined 

on the following figure: 

 

 

 

 

Chromatic aberrations: shift between R and G, and 

between B and G: 
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Framework

Measurement description 

7. Vignetting/Color Lens Shading

Standard compliance 

The Vignetting/Color Lens Shading 

measurement is fully compliant with 

the standard ISO 17957. 

Metrics details 

Vignetting Profile: gray level value 

divided by the gray level value at the 

vignetting center, for each radial field 

position and each color channel. 

Color vignetting: each channel 

vignetting divided by green (average 

of G1 and G2 channels) vignetting. 

Measurement setup specifications 

Integrating sphere RO-LIS-3CR80 with  

5100K. 
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Testing Conditions

Overall Performance

Lens design

Lens aperture

Lens FOV ( diagonal)

Mode sensor ---

Frame Grabber

SW version

Output

Framerate

image resolution

Exposure time (ms)

gain

Chip total size

Pixel size

Resolution

Full frame rate

DR  (SNR1 40°C)

Saturation (D65)

Dark (40°C)

Full Well Capacity

Dark flatness

DR P2020

Noise 
Autocorrelation

Ex ec u t i v e  Su m m ar y
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Noise - Summary

• Measurement conditions
• 6 exposures from 100 to 70 000 cd/m2
• 30 images per exposure
• Illuminant D65
• 5 temperatures from 20°C to 115°C (sensor temperature)

• Results:
• Sensor level dynamic range: 110dB for sensor temperature 40°C
• With the current lens, the sensor saturates for objects with luminance 

equal or higher than 17 000 cd/m²
• The sensor has 3 exposures. The system gain of the first two exposures is 

the same
• Autocorrelation graphs show that the raw files are not processed
• No significant row and column noise
• SNR is 15dB lower at 115°C sensor temperature, compared with 40°C
• The dark signal has strong non-uniformity at 115°C
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S N R  C u r v e s  –  T  s e n s o r = 2 3 ° C
( t h e r m a l  c h a m b e r  - 8 ° C )
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S N R  C u r v e s  –  T  s e n s o r = 4 0 ° C
( t h e r m a l  c h a m b e r  2 0 ° C )
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S N R  C u r v e s  –  T  s e n s o r = 6 6 ° C
( t h e r m a l  c h a m b e r  4 0 ° C )
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S N R  C u r v e s  -  T J = 8 7 ° C
( t h e r m a l  c h a m b e r  6 0 ° C )
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S N R  C u r v e s  -  T J = 1 1 5 ° C
( t h e r m a l  c h a m b e r  8 0 ° C )
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N o i s e  C u r v e s  d e t a i l s
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Dark Signal Over Temperature

Notice that map scales are different for 
each temperature.
2 phenomena can be noted:
• A strange shape of lower dark signal 

on top left corner.
• An increasing non-uniformity of the 

dark when the temperature raises.
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L = 15 cd/m²
GL =5600

L = 150 cd/m²
GL =69000

L = 1.5 kcd/m²
GL =725000

L = 15 kcd/m²
GL = 6710000

N o i s e  A u to c o r r e l a t i o n

0                                      0.5                                    1

R G B



© DXOMARK IMAGE LABS 2023 23/06/05 - PREPARED FOR CONFIDENTIAL CUSTOMER             19 

D y n am i c  R an g e  
a t  a m b i e n t  t e m p e r a t u r e  2 0 ° C

R G1 B G2

CDR (dB) 94 dB 99 dB 99 dB 100 dB

150dB setup with maximum 
scene luminance 37000 cd/m²

The P2020 dynamic range (CDR) value is only 10dB lower than 
the sensor level dynamic range, which means that the lens is 
well fitted to the sensor.
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P 2 0 2 0  F l i c k e r  m i t i g a t i o n

• Measurement conditions:
• 10 LED PWM frequencies in Hz: 51, 66, 84, 108, 139, 179, 230, 296, 381, 490
• 3 LED PWM duty cycles: 10%, 50%, 90% 
• 3 test conditions:

• Background at 10000 lux, LED light intensity at 3000 cd/m²
• Background at 180 lux, LED light intensity at 90 cd/m²
• Background at 0.5 lux, LED light intensity at 6 cd/m²

• Results:
• The exposure time is 10ms:

• Significant flickering for frequencies below 100Hz (1 / exposure time)
• Limited flickering for high frequencies

• No other visible LED flicker mitigation effect
• The response to flickering is the same for the 3 tested lighting conditions
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Background at 10000 lux, LED light at 3000 cd/m²

P 2 0 2 0  F l i c k e r  m i t i g a t i o n
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Background at 180 lux, LED light at 90 cd/m²

P 2 0 2 0  F l i c k e r  m i t i g a t i o n
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Background at 0.5 lux, LED light at 6 cd/m²

P 2 0 2 0  F l i c k e r  m i t i g a t i o n
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S F R  /  R es o l u t i o n

The measurement is performed for different positions in the field of 
view of the device.

• Measurement conditions:
• Illumination: D65 360lux
• Through focus to find the best sharpness in the center
• DUT to chart distance: 7m
• Number of images averaged: 30
• Viewing condition for acutance computation: 

• Distance: 600mm
• pixel pitch: 0.254mm
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• Through Focus

• Chosen position for best focus is 7m. 

S F R  /  R es o l u t i o n
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S F R  /  R es o l u t i o n

• MTF at 7m, chart illumination : D65 360 lux 
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Flare Attenuation
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Flare Attenuation
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Flare Attenuation
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Flare Attenuation



© DXOMARK IMAGE LABS 2023 23/06/05 - PREPARED FOR CONFIDENTIAL CUSTOMER             33 

Flare Attenuation
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Flare Attenuation
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Flare Attenuation
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D i s t o r t i o n
( D 6 5  1 5 0 0  L u x )

Results Results (extrapolated)

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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L a t e r a l  C h r o m a t i c  A b e r r a t i o n
( D 6 5  1 5 0 0  L u x )

Chromatic Aberrations are negligible (less than 1 pixel 
in the full measurement area)
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F i e l d  O f  V i e w
( D 6 5  1 5 0 0  L u x )

Fisheye lens: The field of view is linear with the field radius

Horizontal Vertical Diagonal

Field of View 145° 77° 170°
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Vignetting and Color Lens Shading

Vignetting Measurement done with an integrating sphere with 
illuminant D50
Results: Good vignetting and color lens shading performance



24-26, quai Alphonse le Gallo

92100 Boulogne-Billancourt - France

corp.dxomark.com
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