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log2SNR
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[bit]
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noise
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SNR Diagram

log2SNR
[bit]

Gain

[bit]

SNRmax =1/Sg Gain
noise

log2 p
[bit]

 ! +
SNR=1
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 p.min1/!
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<Temporal Noise>
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<Temporal Noise>

 
Optical Shot Noise

 np + np 2, np 1

  !"&-./01 (np ) + 2(1 3456 ( np )

 2(1+781 ( p) ! 9:1 (Sp) : Sp+  p

  np .;<=>1 (! p) ! ?@A BC1 (Np) DNp+ ! p

 Shot Noise
 ?@A#;<=>1$ D
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<Temporal Noise>

Photon Shot Noise

in the SNR Diagramin the SNR Diagram

(E F G A)

 SNR Diagram
 XD H"&- log 2SNR XD H"&-
 YDSNR

 IJ-#K+L$ .

log 2SNR
[bit] 

 SNRp +  p
1/2

 ! M N+ 1/2 .2O
log 2 

slope=1/2
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Photo Electron

<Temporal Noise>

Photo-Electron
Shot Noise

i h SNR Diin the SNR Diagram
(EFG B)

QEmax+  

log 2SNR
[bit] 

! [nm]

log 2 p

[bit] 
SNR=1

1/!
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<Temporal Noise>

Dark Noise

Spatial Noise
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<Temporal Noise>

Dark Noise

in the SNR Diagram

(EFG B)(EFG B)

log 2SNR
[bit]

 SNRd !  p
[bit]  

 ! M N+ 1 .2O

slo pe=1

log 2 p

[bit]

 SNRd+ ! p/" d +k.0

  p+ " d /!

p

SNR=1
[bit]  
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The Total Temporal Noise

log 2SNR
[bit] 

log 2 p

[bit] 
Saturation

SNR=1
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Spatial NoiseSpatial  Noise
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Spatial Gain Noise Spatial Offset NoiseSpatial  Gain Noise ,  Spatial  Offset  Noise
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Spatial Gain Noise

p

Spatial Gain Noise

[bit] 

log 2SNR
 ) * + " , &" #

 SNRg- 1/Sg . /0 1 1/SSNR

Spatial
gain
noise

 SNRg- 1/Sg . /0 1

 ! 1/Sg'234

 SNR' 56

1/SgSNRe.max

[bit]

log 2 p

 SNR' 56

 Sg ! 7 /PRNU . /8 1 Sg ! 7 /PRNU1288 . /8 1

33



S i lSpat ial

Offset Noise

[bit]

log 2SNR ) * 9 : ; < =&" #

  %!&"#' (> [bit]  

Spatial
gain

  %!&"#' (>
 ?* %!&"#@AB

 ! Total Dark Noise

1/SgSNRe.max

log 2 p

gain
noise

! Total Dark Noise

  d !  dt

[bit]

 d /!  !  dt /!
 Total Noise
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SNR Diagram C DESNR Diagram C DE

log 2SNR

 Temporal Noise

 Opt. Shot Noise

[bit] 

log 2SNR

 Temporal Dark Noise

1/Sg

 Spatial Noise

 Spatial Gain Noise
Spatial

gain
noise

g

log 2 p

SNR=1

 Offset Noise

 Total Dark Noise
[bit]

F GH 6 IJ

K
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Template #4/4 Derived DataTemplate #4/4 Derived  Data

! (" ) ` aFLGH! (" ) ` aFLGH
[%]

#p.min(" ) ` 6MIJ
[ ]

bc [! ]

[p]

SNRy(#p) ` SNR Diagram

bc [! ]

y p
[1] in bit & dB

deF [ ]
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l SNRlog2SNR
[bit]

1/Sg
Gain
noise

g

log2" p
[bit]

e L 0

1/!

e L 0

uveL0D-w,x dt /! d /!

! -FLGH #p.min = Absolute Sensitivity Threshold
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S ti l N i Eff t

<Spatial Noise>

Spatial Noise Effects

SNR Diagram

9

10
SNR Light

SNR A60xf temporal

SNR A60 f ti l

8

9

g

SNR A102f temporal

SNR A102f spatial

Ph t C

6

7

8
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t]

SNR A60xf spatial

Photon Cursor

SNR Cursor
CMOS

CCD

3

4

5

S
N

R
 [

b

1

2

3

0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

# photons collected [bit]

 Spatial Noise is relevant esp. for CMOS cameras.
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by F.N
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 EMVA1288TM Downloads ! http://emva.org/home/content/view/526/171/

L M q 9Mod.1)

Basic Information
rsN !"#tu

Mod.1 vwxy Avwxy

STz{456ab

tuq{ Template
47



EMVA1288 l m $ n o p
 Basler HP! ! EMVA1288{ Camera Characterization
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Measurement setup
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Measurement Setup
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 Homogenous illumination
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Measurement setu p options
fgÊËÌ‡ËÍ 2

EMVAlmp p

Illuminato Module 1 measurement
r < 50nm 
FWHM

DN

Module  1 measurement

Integrating sphere

Integrating sphere

Collimator Diffusor

Tint

LED Array
Collimator Diffusor

`ÑÒfg 9 Bright run)
>?@ÓEÔÕ7ÎºÖ×

(Tint= integration time)(Tint= integration time)

Ø@Òfg 9 Dark run)
ÙÚµÛÜËÍÙÚµÛÜËÍ
ÝÆÞÓEÔÕ7ÎºÖ×
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! Ext!d Photon Transfer Method "
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EMVA1288

® 7.3.1
Ver1.03 : P13~P14
Ver2 01: P15~P16Tempora l Noise Ver2.01: P15~P16

è g  `Ñ9 F8HNéêëì9 30#  !"#$%&'(  0 

 A/D)* !

Dark Run ( +,-./ 01 2  Texp! Scan ( 3 45  
. /

 Dark Run ( +,-./ 601 7 2  6Texp! Scan ( 38 45  

 Bright Run(9:-./ 6Texp! Scan ( 3845 

 ;<=>? ! Spatial Noise@ABCD
; < = > ?

E F G

E F

 RAW Measurement Data

 !

E F H

I

 ! Basic Parameter
 ! Derived Data

I J
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EMVA1288

Q 7.3.1
Ver1.036P14
Ver2 01: P16

RS6 Temporal Noise=T. ( P14,U 24 
Ver2.01: P16

 RS6 Temporal Noise=T.

 VW6XYZ[\@ABCD
 XY][^Z[\
 XY_`a7b

cde?=AB fge?=Ph
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 Ext•d Photon Transfer Method !

EMVA1288

Q 7.3.1
Ver1.036P14
Ver2 01: P16

Raw Measurement Data  
Ver2.01: P16

; i j k ( . / l  

; i j k ( m n l  ; i j k ( m n l  

Z[ \ ( ? o l  

 E F 6; < = > ? O P
 ! XYZ[\@ABCD

 ][^Z[\!_`a7bZ[\
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Raw Data ! Basic Parameter 1/5

EMVA1288

Q 7.3.1
Ver1.03 : P14
Ver2 01: P16

p q r s ] [ ^ = P h
Ver2.01: P16

Raw DataRaw Data

KK
tu=vw ! K
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 Ext•d Photon Transfer Method !

Raw Data ! Basic Parameter 1/5

EMVA1288

Q 7.3.1
Ver1.03 : P14
Ver2 01: P16

p q r s ] [ ^ = P h
Ver2.01: P16

Raw DataRaw Data

Ktu = v w! K Ktu = v w! K
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Q 7.3.1
Ver1.036P14
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} ~ • € = P h
Ver2.01: P16

KU (3) K U (3)
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Raw Data ! Basic Parameter 3/5

EMVA1288

Q 7.3.1
Ver1.036P14
Ver2 01: P16Raw Data ! Basic  Parameter   3/5

• ‚ ƒ l = P h #1
Ver2.01: P16
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KNd
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EMVA1288

Q 7.3.1
Ver1.036P14
Ver2 01: P16Raw Data ! Basic  Parameter   4/5

• ‚ ƒ = P h #2
(• ‚ ƒ „ …† ‡ ˆ ‰= Š ‹  
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