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Assessment of image quality for spot-detecting camera
with anisotropic Gaussian fitting
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Abstract: To evaluate quantitatively the image quality of a spot-detecting camera, a 2D anisotropic
Gaussian fitting method was proposed. A spot-detecting camera was used to collect the infinity point
target coming from a star simulator, and a certain area of energy distribution was obtained. Based on
the correlation of the Gaussian energy distribution and the original distribution, this energy distribu-
tion was used in anisotropic Gaussian fitting to solve the parameters such as Gaussian radius and ani-
sotropic factor. Then, the size of 80% of the energy was obtained by numerical integration. The ex-
perimental results show that the background threshold and anisotropic factor are optimized automati-
cally and the influence of the noise on test results is reduced since the correlation is introduced. More-
over, the introduction of anisotropic factors, evaluation of pixel-phase error and the effect of optical
system aberration on the imaging quality of the camera can be used as the testing condition criterion

for defocused spots. The experimental results show that the repeatability of equivalent area circle di-
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ameter for the defocused spots is 0. 15 pixel under the crisscross-shaped condition and that is 0. 19 pix-

el under the farmland-shaped condition, respectively. The proposed method implements the defocused

spot test by spot-detecting cameras, and also controls better imaging quality.

Key words: spot-detecting camera; pixel-phase error; background threshold; anisotropic Gaussian fit-

ting; correlation; anisotropic factor
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Fig. 1 Imaging quality evaluation system for spot-de-

tecting camera
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Fig. 2 Flow chart of image processing
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Tab. 1

Under crisscross-shaped condition results of five times repeated measurements

_ Mik  EBER WA Sk A5 SUAERE 80 0 (1 XU K/ / pixel
WHC FREE KE A7 MR X#%EH#KFE YHRER SUEER 7Y
1 37 0.998 2 1.001 0.998 3 1.91 1. 90 2.15
2 39 0.993 7 1. 004 0.993 8 1.99 1. 97 2.23
Choe Y,
L) 3 39 0.996 8 1.003 0.997 1 1. 86 1. 84 2.09 2.09
N 5
4 40 0.992 4 0.984 0.992 5 1.70 1.76 1. 95
5 40 0.996 1 1.026 0.996 8 1. 86 1. 76 2.04




3192 e KPE TR 5 25 3
gx1
W IR AN Wt AR st et s BB 80 X6 1 X I8 K /N / pixel
WHK Sw B KE P+ MXEE  X4HAF YHER SRRER FY
1 48 0.989 4 1. 037 0.990 8 1.92 1.79 2.09
(—0.7 W7, 2 50 0.982 0 1.069 0.985 2 1. 94 1.70 2.05
L) 3 50 0.984 7 1.041 0.986 7 1. 86 1.71 2.01 2.05
4 51 0.980 3 1.069 0.984 3 1.91 1. 67 2.01
5 51 0.9850 1. 080 0.988 6 1.98 1.70 2.07
1 53 0.981 5 1. 089 0.986 2 2.10 1.77 2.17
(—0.7 W%, 2 53 0.972 6 1. 080 0.976 6 2.23 1.91 2.33
L ) 3 55 0.981 1 1.062 0.984 5 2.12 1. 88 2.25 2.22
4 55 0.976 1 1. 094 0.981 2 2.00 1.67 2.07
5 56 0.983 6 1. 045 0.985 5 2.09 1.92 2.26
1 39 0.981 5 0. 96 0.982 8 1.97 2. 14 2.32
Cho W 2 38 0.990 7 1. 001 0.990 7 2.22 2.21 2.50
0.7 W) 3 38 0.987 6 0.984 0.988 3 2.24 2.31 2.57 2.43
4 39 0.986 0 0.969 0.986 6 2.04 2.18 2.38
5 38 0.988 1 0.981 0.988 9 2.07 2.15 2.38
1 51 0.988 6 0. 986 0.989 0 1. 83 1. 89 2.10
Chon W, 2 1}9 0.991 6 0.9?1 0.991 6 2.03 2.07 2.31
0.7 W) 3 52 0.986 6 0.957 0.988 3 1. 67 1. 82 1.97 2.13
4 51 0.989 4 0. 956 0.990 8 1.71 1. 87 2.02
5 52 0.990 8 0.982 0.991 1 1.95 2.03 2.25
x2 “H'ZIRSKMNEER
Tab. 2 Under farmland-shaped condition results of five times repeated measurements
- LIRS wEH Wl AE s kA= e 80 %0 Ay X 48k K /N / pixel
KE S AE KJE P+ tHEE XHHE YHER FSHEHEE T
1 45 0.996 8 1.029 0.996 9 1.75 1.65 1.92
b W 2 50 0.992 9 1. 009 0.993 0 1.55 1.52 1.73
L) 3 48 0.991 4 1. 145 0.992 4 1.79 1. 37 1.76 1. 83
4 48 0.995 2 1. 028 0.995 4 1.75 1. 66 1.93
5 49 0.993 4 0.947 0.993 5 1.51 1.69 1. 80
1 54 0.983 9 0. 987 0.984 2 1. 84 1. 88 2.10
(—0.7 W, 2 54 0.984 4 0. 987 0.984 9 1.91 1. 96 2.18
) 3 54 0.984 7 1. 046 0.984 9 1. 97 1. 80 2.13 2.23
4 51 0.986 7 0.995 0.987 4 2.16 2.18 2.45
5 52 0.987 0 1.015 0.987 6 2.06 2.00 2. 30
1 41 0.979 3 0.902 0.983 4 1.79 2.20 2.23
0.7 Wi, h 2 42 0.986 0 0.978 0.986 6 2. 10 2.19 2.42
3 42 0.964 9 0. 855 0.975 6 1.62 2.22 2. 14 2.24
DD -
4 42 0.984 6 0.851 0.992 9 1.62 2.24 2.15
5 41 0.976 1 0.907 0.977 9 1. 83 2.22 2.27
1 45 0.961 2 1. 233 0.975 5 2.63 1.73 2.41
s W, 2 43 0.987 6 1.034 0.989 2 2.49 2.33 2.72
. 3 45 0.978 8 1. 068 0.980 8 2.43 2.13 2.57 2.52
—0.7 5 1 18 0.9787 1074  0.9814  2.36 2. 04 2.48
5 49 0.977 1 1. 062 0.979 6 2.26 2.01 2.41
1 60 0.983 9 1.039 0.984 6 2.26 2.09 2.45
Gl W5 2 64 0.988 0 1.063 0.989 4 1. 90 1.68 2.02
0.7 W) 3 63 0.992 2 1. 030 0.992 6 1. 96 1. 85 2.15 2.28
4 60 0.981 2 0.990 0.982 1 2. 14 2.19 2.44
5 61 0.987 7 0.992 0.988 1 2.05 2.08 2.33
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