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● Absolute Sensitivity Threshold:  The smallest detectable amount of light.  Expressed in number of electrons.  The point where signal 
equals temporal dark noise.  This is important to understanding low light performance!

● Photon Shot Noise:  Signal noise equal to the square root of the incoming photons.  Due to the randomly distributed particle nature of light.
● Temporal Dark Noise:  Noise when no light is hitting the sensor, also known as read noise.  Due to electric dark current, quantization noise, 

and other noise sources depending on the specific construction of the sensor and the camera electronics.  
● Saturation Capacity:  The maximum number of electrons each pixel can hold before reaching non-linear response. 
● Dynamic Range:  Ratio of maximum signal (saturation capacity) to the minimum signal (temporal dark noise)
● Signal to Noise at Saturation:  Ratio of the maximum signal (saturation capacity) to noise (photon shot noise).  At saturation, temporal dark 

noise is insignificant compared to photon shot noise and can be ignored. 



IMX533 Sony Sensor LUX19HS (Alexima) 
Global Shutter CMOS



https://www.baslerweb.com/en/learning/cmos-se
nsor-selection/

LUX19HS (Alexima) 
Global Shutter CMOS

IMX533 Sony Sensor



Impossible to see muons…
mu+
source position: [0,0,30] cm
particle direction: [0,0,-1]
energy: 4 GeV

CONSTRUCTIVE PROPERTIES:

CubeSide           60 # mm  centered on the origin
ScintillatorIndex 1.59 # Index of the scintillator 
LensDistance      101 # mm  w.r.t origin, along an axis
FocalLength        30 # mm  
LensRadius         10 # mm  
SensorDistance    146 # mm  w.r.t origin, along an axis
SensorSide         20 # mm  centered on the axis

n of pixel 100x100
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… and Protons ?
proton
source position: [0,0,0] cm
particle direction: [-1,-1,0]
energy: 30MeV

CONSTRUCTIVE PROPERTIES:

CubeSide           60 # mm  centered on the origin
ScintillatorIndex 1.59 # Index of the scintillator 
LensDistance      101 # mm  w.r.t origin, along an axis
FocalLength        30 # mm  
LensRadius         10 # mm  
SensorDistance    146 # mm  w.r.t origin, along an axis
SensorSide         20 # mm  centered on the axis

n of pixel 100x100
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Image Intensifier (10^4-10^6 gain)

Possible Solutions 

Better performing sensors…  
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Exposure time: the time span for which a sensor is exposed to the light so as to record a picture. 

Quantum efficiency: how many photons are traducted into electrons

System Gain: represent the number of gray levels that each photoelectron is converted to. [e-/GL]

EM-Gain: an additional mechanism to multiply the number of photoelectrons generated from incident photons. 

Specifying machine vision terminology
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https://www.photometrics.com/learn/white-papers/photons-electron-and-gray-levels
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Readout Noise: includes pixel noise, circuit noise, and ADC quantization noise.

Dark current: noise caused by thermally generated electrons

Bias:  offset

Signal in grey level:   output of the camera pixel per pixel (due to AD conversion)

Signal in electrons: signal should be quantified in photoelectrons as these are real world values for intensity measurement that allow for consistent signal 
representation across all cameras.
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at exposure 
time ≠ 0

https://www.photometrics.com/learn/camera-test-protocol



Camera Test Protocol
step by step processes to 
evaluate the camera 
performances.
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