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Fig. 1 Deployment of an array of point sources Fig.2 Remote sensing image
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Table 1 Distances of ground adjacent reflected point source

Direction Segment Distance/m Segment Distance/m Segment Distance/m
P-P; 35.8750 P.-P, 35.863 5 PP, 35.8779
_ PP, 35.8710 PP, 35.867 6 P,-P, 35.870 2

Linear array
P,—P. 35.8519 PP, 35.9134 P,—P 35.876 1
PP, 35.861 0 PP, 35.874 9 P,-P, 35.869 7
PP, 35.878 2 PP, 35.874 5 P.-P, 36.262 9
4 P.-P, 35.843 2 PP, 35.905 1 P.-P, 36.252 8
Flight

PP, 35.854 9 PP, 35.896 3 P,-P, 36.237 6
P,-P, 35.909 1 P,-P,; 35.860 3 PP 36.238 8

B8 R 2 ol RO B A AT R P BORE CE SRR LR S 1 A R G A AR, TR A 2 IR R
%ﬁﬁ@ﬁlﬁﬁ%%ﬁﬁﬁi%%ﬁﬁiﬂé/\ﬁi TR b B S o AR T SRR B A L AR Ol i R TR T
AE H 0K, 28 s U AR B2 2 22 T JE 4 A T B o L 28 b 3 I S 2 3 SRR A T R et A DE IR, 908 b BT B A
Eﬁﬁﬁﬁ%ﬁ?&&é@%ﬁﬁ%ﬂ“%ﬁﬁ?9OA,ﬁﬁ%fi%ﬂ‘ﬁ‘/ﬁEW&E‘Tkgi‘ﬁﬁgﬁﬁ‘ﬁ%ﬁﬂiﬁmﬂﬁﬂj%fﬂ“ﬁHK
TR, JF HAT B0 ) 15 W LU 5 AR ORI U T TOUARORS JEE 15 B o AR 1) RS B2 4 O 5 I — 2 A BT A, TR B i
TH I 2 8 R4 B 08 F3 A0 2 28 s B S5 A R OGS A B0 T, BT 52 69 B RUBE /DN T 328 JR A8 b T 15 T 70 k3 119

0428001-3



P/ R 4

NIRAR B B2 S R L T8 5 R P R 28 6 K BH 33 Sl B Y 1 S BR B UL, S BOKS AL T
TE TR ) G I R R

10% , LS B2 4k /)
O.1°AY S TR S VA P 1R 22 A HE 5 A BEARAS , W] [ 3l DT FE K PH G — 50 U8 B b -l 24 %
B0 18 52 B o5 VR A R SRR

AR S 38 s U5 SR AT L, ] 3 s A TR AR R O (BB 35 24 3 X3 R L Elt/l\fiﬂtﬁd?l_

S AR I 5 XS B F(H I REAS Ajb?ﬁ&ﬁ‘/ﬁﬁﬁﬂ‘]ﬂlﬂﬂ”ﬁ K 25 R FABEACA S IR OB A AT — 2
e S 1T AELA, AR 4 BT R, AR AR AU A R AR AT IR TR AR AR S AR AR A0 2 B, R T SR A% ,.\\{J?El’ﬂ%'
[} ER

Response value

700
700 - 650
B 600t 600
= / \
=
Z 500 23
ﬁ
ah i 500
A 400 ( /I,g’ﬁ"%"',:::@,»,go Ao Q A\
”/’/l,’}/,','ffl’f:?'q 'o’o’o’o":‘.o""‘?\ \\3\‘**%\\‘ o 450
///// I O ‘0”."0:0‘0““" ““‘“ \\§
300 ”"'""' R 400
2 Nu' ‘:00:‘5‘%‘:’::;‘;:‘::‘::%&3‘:“;\:3\‘\\3‘}&?
',",'um '%“‘“M o 350
5 300
E3 RAERYH% M4 shEmdb
Fig. 3 Image of reflected point source Fig. 4 Surface fitting
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Table 2 Pixel coordinates of reflected point source image
Parameter P, P, P, P, P, P, P, Py
X,/Pixel 633.788 633.671 633.452 633.508 644.890 644.737 644.582 644.503
Y,/Pixel 554.143 564.266 574.443 584.907 554.335 564.450 574.611 584.885
Parameter P, Py Py Py, Py Py Py Py
X,/ Pixel 656.135 655.958 655.745 655.620 667.289 667.138 666.954 666.711
Y,/Pixel 554.492 564.712 574.886 585.131 554.699 564.910 575.051 585.298
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Table 3 Ground pixel resolution

Direction Segment Ground pixel resolution/m Segment Ground pixel resolution/m Segment Ground pixel resolution/m

P,-P; 3.2309 P.-P, 3.189 0 PP, 3.216 0
i P,-P, 3.2411 P,-P,, 3.1956 PP, 3.207 9
Linear array
P,-P, 3.220 8 P,-P, 3.216 2 P,-P,; 3.200 3
P,-P, 3.2616 P,-P,, 3.226 2 P,~P, 3.2338
Average 3.22 Standard deviation 0.020 6 Relative standard deviation 6.4%,
P-P, 3.544 0 P,-P, 3.524 2 P,-P, 3.4654
) P.-P, 3.5432 P-P, 3.5332 P,-P; 3.528 5
Flight
P, 3.507 8 PP, 3.527 5 P,-P, 3.536 8
PP, 3.516 3 PP 3.5356 PP 3.5355
Average 3.52 Standard deviation 0.021 5 Relative standard deviation 6.1%
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Fig. 5 Point spread function Fig.6 System MTF
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Table 4 Co-linear detection

Direction Co-linear relationship Result Co-linear relationship Result
P .P,+P.P,— PP, 3.10X107° P,P,+P,P,—P.P,, 5.91X107°
PP, +P,P,—PP, 3.22X107° PP,+P,P,—PP, 4.04X107°
pP,P,+P,P,—P,P, 1.26 10" P,P\,+P,P,—P;P, 8.90x 107
Linear array p,P,,+P,P,—P,P, 1.97X10°° pP,P,+P,P,—P,P, 5.65X10°°
pP,P,+P,P,—P,P, 2.53X107" P,P,,+P,P;—P,P 2.75X107"
P.,P,,+P,P.—P.P, 9.89X107° P,P,+P,P,—P,P,; 7.77X107°
P.,P,+P,P,—P.P, 1.61<107° P.P,,+P,P;— PPy 1.39X107*
PP,+P,P;—P,P, 8.96 10" P.P,+P,P,—P,P; 1.51x107*
P.P,+P,P,—P P, 2.52X107" pP,P,+P.,P,—P,P, 1.86x107"
P P,+P,P,—PP, 1.66x10°" PP,+P,P,—P P, 4.02X10°°
P,P,+P,P,—P,P, 4.17X10°° P,P,+P,P;— PPy 1.46x10""
Flight P,P,+P,P;— PP, 1.92X10°" P.,P,+P,P;— PP, 4.57X10°°
P,P,,+P,P,—P,P, 3.33X107° P,P,+P,P,—P,P, 1.94 107"
p,P,,+P,P,—P/P, 1.63<107" P,P,,+P,P,—P/P, 2.0X10°°
P,P,+P,P;,—P,P, 2.86x107° P, ,P.+P.P,—P,P, 7.9X107°
PP+ P;P,;—P,P,, 1.79%10°* P,P,+P,P;—P,P 1.29x107"
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Image Quality Evaluation Method for Optical Remote Sensing Satellite
Based on an Array of Point Sources

ZHENG Yujun'?, XU Weiwei', LI Xin', SI Xiaolong', YANG Baoyun', ZHANG Liming'
(1 Key Laboratory of Optical Calibration and Characterization, Hefei Institutes of Physical Science, Chinese
Academy of Science, Hefei 230031, China)

(2 University of Science and Technology of China, Hefei 230026, China)

Abstract: Ground pixel resolution and modulation transfer function are two important parameters for image
quality evaluation of high spatial resolution optical remote sensing satellites, which are of great significance
in target recognition, image interpretation, and information extraction. We present an image quality
evaluation method for remote sensor using an array of point sources, which takes the light, small, and
automated reflected point source array as reference. Two image quality evaluation parameters of remote
sensor ground pixel resolution and modulation transfer function can be obtained at the same time. The two—
dimensional Gaussian model is used to describe the point spread characteristic of the optical remote sensing
satellite imaging system. Selecting the 5X5 pixel values of each reflective point source remote sensing
image into the point spread function model and use the least squares method to fit the two—dimensional
Gaussian surface to obtain the image point coordinates. According to the ground pixel resolution detection
principle and combined with the ground point source position measurement, the ground pixel resolution of
the remote sensor is obtained. Based on the image point coordinates, all point source image data are
positionally registered, and the image data after data rearrangement is fitted again with the two-
dimensional Gaussian surface to obtain oversampled, sub—pixel interpolated optical remote sensing satellite
imaging system point spread function, and then obtain the system modulation transfer function. In the
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image quality evaluation test of ZY-3 satellite based on reflective point sources, a 4 X4 reflective point
source array with non-integer pixel intervals was concentrated on the calibration test site along the flight
direction and the linear array direction. The distance between adjacent point sources is 10.25 pixels, and the
distance between two point sources is 20.5 pixels. The point spread function of the optical remote sensing
imaging system can be sub—pixel interpolated to 0.25 pixels, which can effectively overcome the sampling
effect of the imaging system and suppress the influence of random noise. According to the principle of
collinearity test, the sum of the centers of adjacent reflection point sources should be equal to the distance
between the centers of phase reflection point sources. The test results show that the error of the collinearity
test results between the optical remote sensing satellite detector linear array and the flight direction is less
than 0.002 pixels. It shows that the extraction result of array point source image point has high precision and
accuracy. The standard deviations of the ground pixel resolution detection results in the linear array
direction and flight direction of optical remote sensing satellite detectors are 0.020 6 and 0.021 5, relative
deviations are 6.4%, and 6.1%,, which shows that the point source image pixel extraction accuracy is high
and the linear array detection element of the remote sensor has good rigidity and stability in a local area.
Comparing the results of the on—orbit modulation transfer function detection of the ZY -3 satellite by the
array point sources method and the double-edge method, the difference between the two methods in the
flight direction and the linear array direction is 0.000 2 and 0.012 6. Compared with periodic targets, array
point sources have the characteristics of light weight, miniaturization, and automation. In the process of
quantitative detection of the ground pixel resolution of optical remote sensing satellites, the array point
source method is not affected by the subjective factors of image interpreters and can suppress the influence
of atmospheric and random noise. The array point source method is a two—-dimensional modulation transfer
function direct detection method according to the physical definition of modulation transfer function, which
can intuitively describe the point spread characteristic of the photoelectric remote sensing imaging system.
The array point sources can also be used as a reference target for the radiometric calibration of optical
remote sensing satellites. The on—orbit radiometric calibration of remote sensors can be realized by setting
up a multi-level point source array on the ground, combined with the measurement of atmospheric optical
characteristic parameters. Therefore, the array point sources can comprehensively realize the image quality
evaluation and radiometric calibration of optical remote sensing satellites.

Key words: Remote sensing; Image quality evaluation; Modulation transfer function; Ground pixel
resolution; Array of point sources
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