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Research on the inversion method of coupled typical error source
in remote sensing imaging

Yan Junhua'?, Lyu Xiangyang'?, Shi Mengwei'”, Zhang Yin'”*, Ma Yue'?

(1. Key Laboratory of Space Photoeleciric Detection and Perception, Minisiry of Industry and
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Abstract : According to the error source and the error amount obtained by the remote sensing imaging coupled typical error source
inversion method, the imaging quality of the optical system could be improved. The high-quality remote sensing image plays a great role
in the military and civilian fields. Based on the distorted remote sensing image, this study proposes a method for the coupled typical error
source inversion of remote sensing imaging. Firstly, according to the modulation transfer function model of the typical error source and
the decoupling principle of the coupled error source, the coupled typical error decoupling equations are formulated. Then, the modulation
transfer function of remote sensing image is extracted by the edge method. The initial value of the coupled typical error source is
determined based on the long-short term memory network. Finally, the Levenberg-Marquardt optimization algorithm is used to solve and
calculate the coupled typical error decoupling equations. The typical error source and error amount are reversed. Experimental results
show that the relative error between the inversion value and the true value of the coupled typical error of the distorted remote sensing
image is no more than 8% , most of which are below 5%. The method has excellent inversion performance.

Keywords : coupled typical error source; error inversion; remotely-sensed imaging; modulation transfer function; long-short term memory
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Fig. 1 The overall flow chart of the inversion method for coupled typical error source of remote sensing imaging system
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Fig. 2 LSTM network architecture and initial value judgment of coupled typical error source
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(b) The relative error curve between the true value of the
coupled typical error source and the inversion result
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Fig.4 The error curves of the true values and inversion results of coupled typical error source
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x5 MEAMREBERESER
Table 5 Inversion results of coupled typical error source

o LSTM [ oy MANTHBERE ALY
AN 1] - A 1] 15
e masumiy  PEREEE Twomsgues  wmsiahmm

BWHE RIGEITRE SRR RZE/%
B4 E/mm 2.0 1.81 2.13 0.13 6.50
5 1 BB FHE RN (X107 mes™!) 1.0 1.23 1.05 0.05 5.00
REALIR S IR IR B/ pm 3.0 3.05 3.02 0.02 0. 67
BEMLIR Zh P e b v 22/ m 1.0 1.01 1.01 0. 01 1.00
B AEE/mm 2.5 2.42 2.49 0.01 0. 40
52 SRMEE B E A/ (X107 mes™") 2.0 2.17 2.16 0.16 8.00
REALIR SR IR 9 {E/ pm 6.0 5.92 6. 02 0.02 0.33
BEAL 3R 2 P e b v 22/ jm 2.0 2.01 1.96 0.04 2. 00
B A/ mm 3.5 3.48 3.50 0 0
3 LRPEE B A/ (10 mes™") 2.5 2.51 2.48 0.02 0. 80
FEHLIR 3 IR IR 24 (E/ pm 9.0 9.15 8.87 0.13 1.44
REALIR S PR IE AR HE S/ um 3.0 2.96 3.12 0.12 4.00
R/ mm 4.0 3.79 3.86 0. 14 3.50
- LEVEEFERE KN (10 mes ™) 3.0 3.25 3.08 0.08 2.67
FEHLIR B3 IR 4 (B wm 10.5 10. 30 10.55 0.05 0.47
REMLIE Zh PR I b v 22/ wm 3.5 3.35 3.40 0.10 2. 86
B/ mm 4.5 4.56 4. 48 0.02 0. 44
s LR VB EN RSN (X107 mes™!) 4.0 3.99 4.00 0 0
BEHLAR 24 18 2515/ um 12.0 11.91 11.93 0.07 0.58
REALIE 2 B3 I b v 22/ um 4.0 4.02 3.96 0.04 1.00
B4R/ mm 5.0 5.25 5.16 0.16 3.20
56 LEMEE BB K/ (X107 mes™!) 4.5 4.22 4.45 0.05 1.11
BEALIE 3 IR IR 298/ pm 15.0 14.99 14.97 0.03 0.20
BREHLAIR 2 P Db v 22/ wm 5.0 5.00 4.87 0.13 2. 60
B R/ mm 3.0 3.17 3.12 0.12 4,00
7 LI E AN (X107 mes™) 5.0 4.89 4.96 0. 04 0. 80
Bt LA 345 18 $57{E/ um 4.5 4.37 4.47 0.03 0. 67
FENLIR B P b v 22/ wm 1.5 1. 68 1.46 0. 04 2.67
B R/ mm 1.5 1.44 1.45 0.05 3.33
s BMHE I E KN (X107 mes™) 1.5 1.63 1.51 0.01 0.67
BEALIE 3 YR IR E/ m 7.5 7.65 7.59 0.09 1.20
REMLIE PR IR AR M 22/ wm 2.5 2.38 2.41 0.09 3.60
R/ mm 1.0 111 1.04 0.04 4.00
59 LR PEIB B A (X102 mes ™)) 3.5 3.70 3.62 0.12 3.43
) Wt ALE 395 IE 2/ pm 13.5 13.39 13.42 0.08 0.59
FEALIR B PR IE AR HE 2/ um 4.5 4.42 4.47 0.03 0. 67
B R/ mm 2.0 2.18 2.11 0.11 5.50
25 10 LR VRSB B R A/ (10 mes™!) 2.5 2.43 2.43 0.07 2.80
BEFLIR SR IR/ wm 9.0 8.87 8.84 0.16 1.78
FENLIR Zh IR IAR 1 22/ m 3.0 3.19 3.15 0.15 5.00




208 o &k %

{5 Ha2%E

AR VR I SRS AR LB o PR ki B 22 I
BRI 22 8% X — i il , 4 AR AR DR 22 i e HUE L
BB X AR T A SO 1 i 8 e PR 3o AN [ 1 22 U
AR PR e o FLRRIAE AR 3G A LSTM [ 288 36 3
FZEUR MTF J5 5 (R AE A S BRI B0 5853, I 468 T 4
TRZEIRPIME O ACHERR , Fhd i LM LA RIE R IUHR, &
KBS IR P RAFBORGRE . 7050 2 S P I B T &tz
SR ZERAINT 1R 22 S 8% H Mo i, 40 A7 Jt I vl E
LM BRAE AT OO AR AR, BT SR AR SR 50 See U0 ik 14 1A
B, 0% LM LA B i — ARG S5 SE0F P 5 BT LM
ST R A RAEYERE . SR, A SCER
H PRI 5 M 2605 2 RS A o SRS R G R i
TR ZE IR HAT AP AOPERE o

6 & it

AR SO H ) RS EoRR & SN TR 22 R S T WA RE R

K 3 S 9 Y 2 R SRR AR S B R 2 R M HR 22
atis S LEEHEE EAERE LR VRS O

FINB ARG HBRIRZ VT , 32T B R TR . I
Hb, AT LARR I S A 2 iR 22 Y SR 22 B, 15 SIS AE
JOL P G R IR v, 7 b i 3 5 R4 R DR vk S L R AR
JERERT: o AEAR SO R A 7 TR IRLRE AN 7 %k 8
BAGAT AR 2, X P12 22 20 00 PRI 48 1 47 S 52
Wi, 5 SE IR I IRA BT, LhiE— 248 T 18 IR IR 1R
Eolpikiigs
S0k
[ 1] #i%, B SRR IR 2GR 2 50 R
SATLT]. MRl 5 TR, 2011, 31(2) :1-5.
HU X, WANG Y. Analysis of influencing factors on
full-link imaging quality of optical remote
satellite[ J].
31(2):1-5.
LIXL, CULGL, YIW, etal. A fast maneuvering

sensing

Geomatic Science and Engineering, 2011,

(2]
target motion parameters estimation algorithm based on
ACCF[T]. 2015,
22(3).270-274.

ZHANG M, CHEHDI K, USS M, et al. Blind estimation
Image & Signal
2018 10427.1-

IEEE Signal Processing Letters,

[3]
of blur in hyperspectral images [ C ].

Processing for Remote

10427. 13.
ELMI Y, ZARGARI F, RAHMANI A M.

Sensing,

[4]

[terative

approach for parametric PSF estimation[ J ]. Multimedia

(5]

[ 10]

[11]

[12]

Tools and Applications, 2020, 79( 1) ;29433-29450.
TR, EINEE, WA, . ST EiiR I A i it
et E G E R T 2014,
34(9) :110-117.

HE L R, HUANG J Z, FENG H J,

birke o 8

et al. Fast image
restoration method based on flutter detection and coded
2014, 34 (9):

exposure [ J ]. Acta Optical Sinica,

110-117.

REBRHE, DH, BRKAE, % KO ﬁéélsﬂmm% HOY
WS R N A [T ], Ok K% TR, 2016,
24(5) :1118-1127.

ZHU J Q, SHA W, CHEN CH ZH, et al. Calculation of
micro-vibration frequency response of large-aperture space
mass [ J ].
Engineering, 2016, 24(5) :1118-1127.

HWANG Y T, WEN H R, TSAI B C. Efficient block

camera image Optics and  Precision

adaptive point spread function estimation and out-of-focus
image restoration scheme [ C]. Proceedings of IEEE

International ~ Conference on  Consumer Electronics
(ICCE), 2015 388-389.

CHEN D J, CHEN H T, CHANG L W. Fast defocus
map estimation [ C]. Proceedings of the 23rd IEEE
International Conference on Image Processing ( ICIP),
2016, 3962-3966.

Jlzg, XUBINE, BAKTD 55 KRR RS HirE
BEIMET]. Jerak, 2018, 47(10) :80-87.
ZHOU L, LIU CH H, SHAN Q SH, et al. Determination
of target defocus amount in large depth of field imaging
system[ J]. Acta Photonica Sinica, 2018, 47 (10):
80-87.

LEE J, LEE S, CHO S,

et al. Deep defocus map

estimation using domain adaptation|[ C]. Proceedings of
the 2019 TEEE/CVF Conference on Computer Vision and
Pattern Recognition (CVPR) , 2019. 12214-12222.
AR, Mo, AUEA. RS RIEALA 3R
1], e HETR, 2019, 27(2) :450-457.

WEI G H, XIAO L, ZHENG ZH ZH. Automatic
focusing of a push-scan hyperspectral camera| J ]. Optics
and Precision Engineering, 2019, 27(2) :450-457.
PLIR. LM 55 35 SR A R 5% 22 R 2 M e /) — 3 1) A
211, FEWEL, 2016, 42(3) :12-16.

ZHU Q. Research on LM algorithm for solving large

residual nonlinear least squares problem [ J |. China



% 6 ]

P 4 R AR & SRR 2 R S I 9 209

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Measurement & Testing Technology, 2016, 42 (3).
12-16.

SHI X J, CHEN Z R, WANG H, et al. Convolutional
LSTM network: A machine learning approach for
precipitation nowcasting[ C]. 29th Annual Conference on
Neural Information Processing Systems ( NIPS), 2016,
ArXiv: 1506. 04214. 1-1506. 04214. 11.

XULZ, YANCX, GUZY, etal. Analysis of dynamic
modulation  transfer function for complex
motion[ J]. Applied Sciences, 2019, 9 (23). 5142.
1-5142. 15.

). HEHLIR X TDICCD AHALG B s34 [ D ].

IR R I R Tl Ry, 2013 20-33.

image

LI B. Analysis of the influence of random vibration on the
image quality of TDICCD camera[ D]. Harbin; Harbin
Institute of Technology, 2013, 20-33.

BETC. SRR RS IEREL[)]. S eRE T
2, 2015, 23(1) .1-9.

HAN CH Y. Performance optimization of photoelectric
imaging system [ J]. Optics and Precision Engineering,
2015, 23(1) :1-9.

JeAL, BEA. TSR/ ZIIE R ML R
BOIE 7k [T]. A R %4k, 2017, 38 (6):
1440-1446.

LONG L, HUANG J C. Method of error correction for
geomagnetic measurement based on recursive least square
method [ J]. Chinese Journal of Scientific Instrument,
2017, 38(6) :1440-1446.

KRR, BUE, TR, BT LSTM o £ R 4% i) TR &
OB HCCT RS pL A e 00 T #ABE IE A Af 1 [J]. X
FUFFIR, 2020, 41(10) :100-110.

ZHENG T X, HE J, ZHANG L B. Combustion timing
estimation of mixed-fuel HCCI engine under complex
operating conditions based on LSTM neural network[ J].
Chinese Journal of Scientific Instrument, 2020, 41(10) .
100-110.

KINGMA D P, BA L. J. Adam: A method for stochastic
optimization [ C]. Proceedings of the 3rd International
Conference for Learning Representations, 2015, ArXiv:
1412. 6980. 1-1412. 6980. 15.

RUDER S. An overview of gradient descent optimization
algorithms [ EB/OL ].  ( 2016-1-19 ). http.//

sebastianruder.  com/optimizing-gradient-descent/ index.

html.

B AR, REW, 2T, F J1E K ES R AR AL
MTF i J5 & 0 52 [T ). Do 506 R, 2013,
11(2).71-73.

HUANG H L, ZHU L M, PENG Y, et al. Research on

[21]

the method of detecting MTF of space camera by edge

method[ J]. Optics & Optoelectronic Technology, 2013,

11(2).71-73.
EEE T
‘ . B85 CGEMEMEE ), 1993 4F T/ 2t
2R KT RAG 5 AL, 2001 4F T g 5T
Wz AR R 5 AR AG BT+ % 7, 2004 4F F i
SIS LR R 2 AR A e 2 o7, B T
Az LR K2 8%, AR5 7 18 R AR
B PR, ZIR1E BELS, HARG I | B R

FG.
E-mail; yjh9758@ 126. com

Yan Junhua ( Corresponding author) received her B. Sc.
degree, M. Sc. degree and Ph.D. degree all from Nanjing
University of Aeronautics and Astronautics in 1993, 2001, and
2004, respectively. She is currently a professor at Nanjing
University of Aeronautics and Astronautics. Her main research
interests include image multi-source

quality assessment,

information fusion, target detection, tracking and recognition.

B 18R, 2018 45T i s s i K K24k
P L, B B 2 AR R A - F
Fetk, EEBIT R AR B R IR 22 R
&, BGEEI .

E-mail; Ixyang1996@ nuaa. edu. cn

Lyu Xiangyang received his B. Sc. degree
from Nanjing University of Aeronautics and Astronautics in 2018.
He is currently a master student at Nanjing University of
Aeronautics and Astronautics. His main research interests include
error inversion of optical remote sensing imaging and image
quality assessment.

BEEFER, BL A P T 28 A K K 24 A B
A, EBEMIETT 1A Ot A IR AR IR 25
B, BRI
E-mail . 2292387189@ (q. com

Shi Mengwei is currently an undergraduate
at Nanjing University of Aeronautics and
Astronautics. Her main research interests include error inversion

of optical remote sensing imaging and image quality assessment.



210 S/ X £ % &

42 %

3K B, 2009 4T3 MoK S 3R 4G 2 2
2, 2011 4F T Ba IRV Toolb R 24 3R A5 A 12
31,2016 4FF B4R IE Tolb K2 kA8 i+ 2%
A7, BARE LA 0K K2 P, £ ZE R 5T
7 1) S G F R 5 B0 B 5 A B, D' R B
YOGS R R

E-mail ; zhangyin1986@ nuaa. edu. cn

Zhang Yin received his B. Sc. degree from Jilin University in
2009, received his M. Sc. degree and Ph. D. degree both from
Harbin Institute of Technology in 2011 and 2016, respectively.
He is currently a lecturer at Nanjing University of Aeronautics and

Astronautics. His main research interests include simulation and

processing of photoelectric detection information and spectral
radiation characteristics of photoelectric detection scene.

T, 2015 4 F KK G
(RS VST et NN o R R 7 e S =
BEBTFEDT 1l R G i R AR R 22 B, I (R
RPN,

E-mail; mayue3019@ nuaa. edu. cn

Tianjin University in 2015. He is currently a master student at

Ma Yue received his B. Sc. degree from

Nanjing University of Aeronautics and Astronautics. His main
research interests include error inversion of optical remote sensing

imaging and image quality assessment.



	Page 200
	Page 201
	Page 202
	Page 203
	Page 204
	Page 205
	Page 206
	Page 207
	Page 208
	Page 209
	Page 210

