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Estimation method for noise parameter of electron multiplying CCD

Zhang Wenwen, Liu Jingjing, Chen Qian, Gu Guohua
(School of Electronic Engineering & Photoelectric Technology, Nanjing University of Science & Technology, Nanjing 210094, China)

Abstract: In order to evaluate the size of image noise of electron multiplying CCD (EMCCD)
quantitatively and achieve an accurate estimation of the EMCCD image noise parameters, the ECMMD
noise distribution and its parameter estimation methods were studied. Firstly, the sources and statistical
properties of EMCCD noise were discussed, and thereby an EMCCD noise distribution model was
established. Then two EMCCD noise parameter estimation methods —-the moment estimation method and
the Gauss —-Newton method were proposed and Monte Carlo simulation was done to verify their
performance. The results show that both the average relative error and the relative standard deviation of
the two methods are of 102 magnitude, presenting high estimation accuracy, and the Gauss —-Newton
method get better performance. With integration time of 50 s, a series of EMCCD images of the dark
field with no gain and images of the background with gain of 50 were obtained. Using the moment
estimation method and the Gauss-Newton method, the dark current noise, clock induced charge noise and
readout noise were estimated. The results present that the estimated value is consistent with the EMCCD
index value, which proves the moment estimation method and the Gauss -Newton method are able to
estimate the noise parameter effectively and has a high accuracy.
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Tab.1 Parameter estimation of monemt method

1 2 3 4 5
© 1 2 3 4 5
i 0.994 2,000  3.024  3.984  4.955
I 0.053  0.042  0.035 0039  0.028

Pirso 0.066  0.057  0.039 0065  0.059
o 2 3 4 5 6
¢ 1.992 2988  4.005 5002  5.986
&' 0.026  0.025  0.02L 0023  0.021
. 0.03L 0031  0.026 002  0.02

®2 s -FEENSHAIHE

Tab.2 Parameter esimation of Gauss-Newton

method

1 2 3 4 5

m 1 2 3 4 5
i 0.997 1.993 2.981 4.015 5.040
& 0.019 0.031 0.028 0.025 0.033
firo 0.022 0.039 0.042 0.033 0.046

o 2 3 4 5 6
G 2.001 3.005 4.008 4.991 5.966
&' 0.014 0.010 0.011 0.015 0.018
Grso 0.020 0.012 0.016 0.020 0.025
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Fig.3 Noise samples with no gain
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Tab.3 Noise parameter estimation results of

moment estimation method with no gain

1 2 3 4 5
i 2.00 203 218 188 185
Goe--pixelt.-st  0.052 0.051 0.053 0.049 0.051

odle - pixel st 0.05 0.05 0.05 0.05 0.05

04 7.36 7.39 7.37 7.40 7.35
ole - pixel™ 13.50 13.50 13.50 13.50 13.50
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Tab.4 Noise parameter estimation results of Gauss-
Newton method with no gain
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Tab.6 Noise parameter estimation results of Gauss-
Newton method with gain of 50

1 2 3 4 5

1 2 3 4 5

i 1.91 1.76 214  2.09  1.89
Gole--pixelt-s  0.049  0.047 0.052 0.051 0.052
ogde -pixel*-st 005 0.05 0.05 005 0.05

s 7.46 739 7.44 743 742

Gde-- pixel 13.32 13.35 13.39 13.33 13.42

i 0.0319 0.0309 0.0321 0.0316 0.0322
&Je - pixel 0.319 0.314 0.320 0.317 0.320
e pixelt 0.316 0.316 0.316 0.316 0.316

G 741 744 7.40 7.40  7.36

G.Je- - pixel ! 13.28 13.32 13.37 13.30 13.35

ole - pixel™ 13.50 13.50 13.50 13.50 13.50 ole - pixel™ 13.50 13.50 13.50 13.50 13.50
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Fig.4 Noise samples with gain of 50
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Tab.5 Noise parameter estimation results of moment
estimation method with gain of 50

1 2 3 4 5

I 0.0318 0.0324 0.0321 0.0317 0.0319
Gole - pixel ! 0.318 0.321 0.320 0.318 0.319

ole - pixel ™ 0.316 0.316 0.316 0.316 0.316

& 735 733 741 7.36 7.40
&6 pixel 13.13  13.10 13.23 13.14 13.22
oe - pixel ™ 13.50 13.50 13.50 13.50 13.50
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