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Image deblurring method for satellite
platform caused by jitter
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Abstract: TDI CCD camera with its multi-level integral imaging features has become the mainstream sensor of current
high-resolution optical remote sensor imaging system, but if there is platform tremor in its imaging process, it will pro-
duce images blur, affecting image quality. The influence of platform tremor on imaging quality based on the imaging
principle of TDI CCD camera was analyzed. According to the jitter image trajectory obtained by jitter detection, a method
was proposed to eliminate image degradation caused by jitter. ZY-3 multi-spectral images were experimented. The expe-

rimental results show that the quantitative evaluation index of the image after the jitter image is improved, and the validi-

ty of the method is verified.

Key words: TDI CCD camera, platform jitter, image shift, deblurring

1 3515

TS EW N ARS) . R, e TR
HasATImE, T PAESE SIS, B FEghil
PRI IS 246 5 RS I — IR AER /N AR5 )
BN, TG REBULA MM e, 8
SRR, I BRI 25 G PR, BIRE
B R, RGN S BUME R R R

I ) ZER AR A LA R A (TDICCD) J2&—Ff
DA THIZEIR Ry (TDD HeAR TAEMIZRE CCD,  HistH
— HFRBH T 2 B ORI I GRS A kD). T

Wi BHEA: 2017-09-12
BIEMEE: &R, panjunl215@whu.edu.cn
EEWH: EFRAKRFFESHIE (No.91438112)

ik TDI H A AE KRG R], 7R i el e 1 [R]
I, g TANL R B SR, Sl B
Pax =SS uln S SN IR ST i M N B
(7= By A 5 [ TDI CCD HISAGAR, BEEE
ERE K TR HER I S, 1K R kR R W

Hochman!™ M 3 e 50 3 1%, 20T T gt s
HEEINT TDICCD MMLIK S R e, HRgh
HRB X PG ORI 3 RS0, ROEREREY, L
AT AR LA S A5kt IR 22 N D22 S A A 5K
SIS 4R T TDI CCD 4R8N S 5%, %
JHEAE RS S IBEER GO N, RT3

Foundation Item: The National Natural Science Foundation of China (No.91438112)

2017252-1



% Z1 W

IR, PEESE

P2 JPR VBT <187+

SR A B AL, A THA TR A R S
BRI7.8) M IRBh &t A, v Gt AT egud
P B R B A s Bk BAS B iUy L
(PSF, point spread function), H&J#ias) mid Hlek £k
BATH)E TDI CCD EIf%, Ml Tissiad s, (HEER
TR

WA & R B EEORI R R, O 2 M Ek
FEF G R B & 57, WIS T AR I (1) FE
WEE FET SR 6 5 Bk I DA A 3 ik 164 0 4t By
BEGREAT AR B 10 0y Y AR S AR B A
iz BG RS S V)RR B AR SR T AR 25BN 1) A
125, M TDI CCD ML G EE T, i
% BUN G TR R, IR 2B R A
B, 3R MEON R BUVR RS AL TR T 6 R BGY
BEBRIITE, BE, FHBE="5 265t
AT S50 RIS UEAS STV A Rk

2 DEFEESTEX TDI CCD Big&ERERE NN

2.1 TDICCD fif&/=1#

TDI CCD & —FfR H i [ 4EIR 143 (TDI, time
delay integration) F{AMIHFE CCD, 1M MIHE bk
etk CCD #fF, BRI T X H-—HAxs
BEAT 22 YRR B RE (M & e kBl M b
WIRARTT X, TDI CCD TR T TDI )5
%, BAEGRMARGRBUE, 1E6RE—E Mt
N, RS, SRR SR AT AL
B R AT, I B I G T 2 4
T B DRI SO G RE MW, AT DA Ak e R %
Lo Sy R 2 WA 0 JE U, RN T 4% o622 1] wi
I EPE, B E R L,

TDI CCD &5t 1 fron. Hod, MARER
B —ATI05E, N AR TDL IR 28, R 2
FARYRCA 1, 2, 3, N 9%, TDI CCD S£B5 (IR 73 2 %
NERI %, WEL 1. 4. 8. 164 32, 48 %%, M
SEPRI AR AT U E o« %) TDI CCD 1247
ZEPE CCD kRt HARBH TG, 7RSS,
VAT B N — 2, B i BN A —
hiZ H bR I A% e AT R B H . BRAR UG A1
N RE RSN Y R — IR T, AP
FEEIRE I T, 2318 2 AN A [R) DX ) Ay TR
M= A T R R
22 FEEGEBILEREZIWSHT

M HEAN R 7 B s, nT L TDI CCD

RIEIRIRA 7> S A AR CEHHERBRE) LK
AR GEEEE) .

&
Nl | T
%
b4
Ji
Tl
_ ! - /]
M P S M

B 1 TDICCD I 4454

1) TDI J5 [f1

%7 ) IR IE W AR 2 BT IR W P AR ) —
PRt ¥, BIALEAT Bz 3K 520, TDI & —
BRI A T E R R, R
AR o, MEEER v, W vT=d, K, IE
WAGRE A R B e AE AR, BRI, 2 [
NAAAEARIE AR, W — 2R 70 I 10 1) X AN
— 3, A HL A ) R B R AR TRV, IR B BRSO
H I FETDI J7 o) R B 5 4

2) #EH TDI Jj i)

%7 W HE IE W B AR S A BB RAT 2
[AFEAE B A, W REBIE 2 (1) a HAR MR/
WA 238 AR o R RS, AN 53 1 G ASER
WURIAARINE K, WA AT Z A 25 7 AR A

3 ETROGBNEMNIEFERIEE
EARH

3.1 TDICCD Ef&iR{LIER

B E UG RS IR A B — AR AL
R, foy) WEARRN . WAHRBLEE, g(xp)Hh
BALEG, WA LUERBAL R S g (x, y) Fom At

g(x,y)=h(x,y)* f(x,y) (D

Hodr, *REGFEAE, h(x,y) B ST HER S
EAE ROCIR AR Z G RS BE A AT o AR i ok 5
SIHEI, fxy)n] LLRIR H

+00 +00

f@n=[ [ flap-a,y-pdadp )

KR B A RREE (SRR HED T 0(2)
5%

g(x,y)= I f§(x—a,y—ﬂ)[f(a,ﬁ)h(a,ﬂ)}dadﬂ

—00 —00

+00 +00

[ [f(r—ay-p)h(a.p)dadp ()

—00 —0

2017252-2



+ 188 ¢ ST =S

38 %

FEAFIERALNZEI N &, W@ rHoin] 3

g(m,m)= [ [ 8x=md,y—nd)[ f(x,)h(x, )] drdy

—00 —00

+00 +00

=[ [ f(x=md,y=nd)h(x,y)dxdy (4)
For, my n 23 AR B R g(ey) AT 5
IG5, d IR o

1 DAL AR AR T, A AR AL 5 R
gOe, )~ S HRE hGey) SO, nld s g E
JEB R BEAT R SRR, DISRIE B [ R A
BEE BRI 2 AN G Bl PSF (HERAl v 18]
(L NN IthihprE s N
32 PSFf&it75%

iz G PSE ]t g bt H AR
RS RN IR R B A L R . (PDF)
AT, B TDI J7 1) I RE SRR A X, (0)
HEFBH A Xo(t), T TDI J5 1) LI EE R A V().
WU BRSO S48 1) PSF kit CLGBARER L AT W)
AERAT > AL LA

PSF ]S (R e IR aldatl . i izAT iefBod ke
W2 AT RN IARAS B KM 8 &€ PSF RG], B
KPR BEH gD 5 8 KA R R th AL B Is S, JF
Fe 81 PSF P IRE s HIA6 10 0, DLEREATAR
XA M A S PR R B

BEAT B N A AL B WA R ) B I ge it X%
I 22 R AS « A SEICFEE 5 AR X PSF A
DA% AT B et .

4. thT PSF (PGl 1, PSF 4% ki (1)
AR 1, Bk, % RiARZEiH #3201 PSF 3

FEBkAs, i 4k 3 R AR 1 S A A o, 7 AR A
BRI Gt 22, JET = AR GIRE BN . A
KH — ML I g gk v &R vk, %07
EARFRAE RPN R R I, AT 3 SR 58 2.
HEAT A A o

A PR A B T 2R SR
TRVOREIGA 1, g a7 W 7" K&
fZIRARELRN f'(m,n)= f(m,n)w(m,n), H
o, wim,n) AR, HRGT SRS, §
XA 1, WREIAGAEHZIET 0, KR
A S 5 B e AT S e AR S v 43 2N JS
PRI S, BRI, I s PR B O X R
KRINE AR, DX RS EET 0. &
PR EIG £ EE S BERISE RS2 ok V R H, 183))
BRI BELE 2 A7) B2 B3 R Vst FH Hpsto
A A R TR BS9S] 2
iR, SANXKIEGEE R 1 P, X W i
[ERUENQ IR

H
0 >
1 2 3
4 5 6
7 8 9

4
Y

B2 s a X dskdl

o o . %1 BHE & XA FREE
TRk, a3 313%47 BSR4k PSF. v VT;#EI o ps——
33 EFEMNEMENEEEES ol e ol e
NPT . . 1. 2.3 0, Vpsi—1 1. 4.7 0, Hyy—1
S AR IO e ﬂ >1 o ﬂ ”ﬁ
n " e NN NN Vsi—1, V=V NN Hyps—1, H—Hys
WA Sy, AR T T . (H R . e 1#) >y e 1;)
- N Db N N 7. 8. V=Vpst1,V . 6. H—Hpt1,
B TR e D AR (RIS 3 Pl R B P or 19 et
i ik i Hye -l i k ]
D> h(m,n) > > h(m,n) > > h(mn)
m=0 n=0 m=0 n=0 m=0n=k+H s —H
Vpsf—l k Vpsf—l HM—I
>0 h(m,n) 1 > h(m,n) (5)
m=0 n=0 m=0 n=k+H,;—H
Vs =1 & Vo =1 Hpp—1 Vst =1 Hyg—1
> Dh(mny D D h(mny Y Y. h(m,n)
_m:i+Vp5f7V n=0 m:i+Vpsf7V n=0 m:i+Vpsf7V n:k+HPsffH |

2017252-3



%71 RIEMEE: TR

34 EITERAE

tHT TDI CCD dt— 47 B R A A RIFE L (1)
BAk, ANEEF S PSF HH TGRS 2, ik
AR SR EUGRF— AT S AgEAT 52 I K Sl . TDI
CCD HHABAT RIS IR 1) A R E B R T P 3 o
M3 WTLUE H, AHARAT Z MG ih & Ar A 4k
HWAMES, FihaSEEGSE n 17 28 -1 17U
JER nr 1 AT BAT AR BE TR AR

T ERREGE n TSRS, MESHE
BUEEE n AT R, MBI B R TATEG
G (AR R B2 /DATHT PSF RSP
¥ PSF RSF 20 5X 5, WIFES RS n AT BUZRIN, W]
EHE[n—2, n2WERFEEIREG, WA R E G
AT T T (1) L2 Pk TV AT S, IR U R
Jii BUG A ATV R 5 n AT G 2SR 1) s 28 25

=)

x()

— o] L) + N N ~J [ \O
T T T T T T T T T

. . [ H . . . x0.1
0 0.5 1.0 |+ 1.5 2.0 25 3.0 35 4.0
-

h
f, t/ms

El 3 TDI CCD AHABATAR 3 I IA] PN FE B

3.5 BEBREFMistR

h TR BRI IR EGR E EAT 8 = L
BT, ARSCEECT 5 WG v FR b, il
X5 FR AR 1) 38 B 20 A1 LG AR 58 i BN ot 12 1) 0 & v
s NN S TEPEA FR bR EAT R 2
351 T E

P 5008 LE B2 e i 1 S H b 5 1 58] K I
ZEWIRN e SEE R K U IR LR,
RIEEFE, HhRPRR RO, Gy B i,
BHGORT LU R o 43 00h

C=5G,j) B, ) (©6)

Horlr, 8G, j)=|i — j| 1R THISE R R KA,
Py (i, j) AR TARARR F I K 226 0 S AR o

B REEUEAR W J AR 51 -+ 189 -
352 @iis
20715 B B M EMG R B A B A, I G R 41

TG R R, HARROC Ui I R b K 407k
P, MBMEE, HA S

Sue :;Zo-j(xay) (7)

Hby ol () I (M +1)x (2M +1) RIA 1077 2%,
IR

1

QM +1) ~

[fGctivy+ )=m (e

®)
Hef, m,(x,p) h QM +1)x (2M +1) KRR
B, WTRRN

o (x,y) =

M j=—M

i=M j=M

m(xy)—ZA:de(xﬂyﬂ) )
353 HBKA%sE
120 %% 2 BB P 40T R R AR AIE 1) B 2 R I
Iy EIRAR T ARG S E . BT EEA
Jr R, BRIk, AT DU ) e R I A ke
ATHE mIdsd 450, 13591 2 MH— LG HE T B
I3 0 BRI T B AR ERIH PR T RN, — %
FEINZ S By 73 21 UG 1) i 2k
e(x,y)=E,(f(x,y)+E,(f(x,))

o1
6 6 6
1 4 1
A 19
|
6 6 6
I
6 6 6
1 4 1
I A (
o1
6 6 6
G RE R E C
o, =%§;e (x,y) (12)
PG 3L S fig B ANAR T BB S i) i i R JiE
MFEREL, DG aeR B, B EIG P iL
GOl . BANE AR MR TR

2017252-4



. 190 - o

¥k

38 %

354 288

BG5S R s T B B o A 1 SR 4
FebE, R T BRI TG B . (5 8 Mnh 5
H

H(w) ==Y p(b)Ibp(5) (13)

Horp, PARKIENE, b AR | FI KA
p(b) 2k b T B BLIIERE o A5 B RO, D)
P R I SRR
355 F¥HHE

PG (1)~ 350 B 155 2 P48 Wl 2 DE AN 1) — AN
TEFRAR, X FEAR 0] S GO0 Al 0 e R IA B
73, “FIREREIMEROR, TN s 22 (AR A i 5
TR, PG . A ROR N

s__ L

ET M -n(v -1

) \/(f(i,j)—f(i+1,j))2 (£ (i)~ £ (1. +1))
i1 j= 2

(14)

4 THEHH

4.1 SKIGHUE

PR 2N IR Sk 40, Tk
4 NGB, BTN AHEN 5.8 me ASGET
W= 2012 42 H 3 HE T ARG, EsRERN
R d T Ll AR 1) 22 S e A b S 90 2k
TERIL A 1000x1 000 [AIXIBIHEATSESG, 78 BUBR
M2 B Git 3 MEBD WK 4w, %K
B AR S 5038 2 Fios .

HHEHLT TDI CCD 73 AL KV 6 Rz Bk 45
RO, SRR TR ISR A 45 RN 3 R,
4.2 HRH

K 4 g Y5 =5 2 IR O AR B AT S 4
Ja B JRFRxT b, 3R 4 A2k AR JEOI T R 4 N
R RN ARARE, S WE A, B2
J 07 UG 5 T S T PR 4R A 0 W i, Tl
18 SR B ot L LUK s s VPN S 5 Le e T 4, 22
PR I RIS A AR YT S E . IS, B
T ARSL 7RI =5 2 0l AR W R AR LB 1)

() ASCTTHELB 268 AR5 2

SRR EREE P-4 SR lEhalHd

2017252-5



EAR] RIGEMREE: TR 5 R BUSAR I LB 5 V5 - 191
x2 RR=ZSZ HIETRERKERE HER
BB BRI Tl /s AV S SRS I )/
Bl 0.000 803 470 612 0.012 856
B2 0.000 803 470 612 0.006 428
B3 0.000 803 470 612 0.006 428
x3 BR=ZSEZEREDELRRREBMAITER
P bEE8
iy
B e AL LIS e GiEEDA
23 0.656 1 0.904 6 -0.301 6 0.643 6 0.5010 —0.498 3
B2 0.656 1 0.904 6 0.2018 0.643 6 0.5010 —0.004 4
B3 0.656 1 0.904 6 0.625 8 0.643 6 0.5010 0.4115
x4 RRE=ZSEZREREEEMETREGREITMNIERE
24 F L g RER uEe 1A 5 BH TEIBE(X 107)
TR 1% 372.474 4 73.156 4 157.083 2 6.854 3 1.1753
LR 568.5112 75.945 2 306.258 1 7.788 0 1.445 6
ﬁ g{ﬁ‘l"_:t o nology of satellite' s angle micro vibration[J]. Transducer and Micro-

T DL B9 S B A 4 DL K S 6 & SR 23 # vl
AT TR BB BRI ERBY EAEN @
Yo ZWBCEBRRBIRBMIAL BN, AR A B
(M R AT B BB AL B

5 H#HRiE

AILHET TDI CCD Z YR B g Bl
T DR GRS G LB L. H5E, X
RS 1) 3 28 S L 45 ) J A8 o = 1) s i kAT
THT: SRJE, X TDI CCD [(f E5 B AL R 34T
THHE, e T BB TP 2 ANEMA: PSF @
AT LA G ST SRR R e 8, IR 2 AN ]
B T ARSI s R, RS20k
WRCBRIAT T AR, BEME B &I0E o
PN bR W BT, WIEE T A SO A 3L
Yo A7 EARE T BAA A R B A%
AR ZAE . D0 TAET, B CanifE
BT R B AR L TR AT AME, SERRASC 16
T3 LA A M TR R

system Technologies, 2011, (3): 4-6,9.

VS, AR, MK, S PR RS R U BRI Y
A VHEBLINE S5, 2011, (9): 2206-2209.

JIANG G W, ZHOU X B, SHEN J F, et al. Study and application of
micro-vibration virtual simulation of satellite[J]. Computer Measure-
ment & Control, 2011, (9): 2206-2209.

W B, AR IR e AL W R IE AR ()], MR R [R5 RE K,
1997,18(2): 19-22.

YANG B X. Research for lightened design of spaceborne remote sen-
sor[J]. Spacecraft Recovery & Remote Sensing, 1997,18(2): 19-22.
HOCHMAN G, YITZHAKY Y, KOPEIKA N S, et.al. Restoration of
images captured by a staggered TDI camera in the presence of me-
chanical vibrations [J]. SPIE, 2003,5203: 559-570.

HOCHMAN G, YITZHAKY Y, KOPEIKA N S, et.al. Restoration of
images captured by a staggered time delay and integration camera in
the presence of mechanical vibrations [J]. Applied Optics, 2004,43(22):
45-54.

JEl ik T A S BOM TE IR RIS R (T X (D). IS /RIE: WK
TR, 2002,

ZHOU Q. Study on the influence of satellite overall parameters on

remote sensing image quality[D]. Harbin:Harbin Institute of Technol-

S 3Tk :
(1] LK, S, 22, S T o B R B2 I BA ). ogy, 2002.
TEIRER S MRS, 2011,(03): 4-6, 9. (71

HUO H Q, MAM J, LI Y P, et al. High precision measurement tech-

2017252-6

FRE, FK K, B, HURKRGERES CCD IR
EMEI R[], Jar T « 0%, 2012, 23(3): 572-578.



©«192 « w

38 %

(8]

SHI J X, GUO Y F, XUE X C. Motion blurred image restoration of
spaceborne TDI CCD camera[J]. Journal of Optoelectronics ¢ Laser,
2012, 23(3): 572-578.

SUN T, et al. 2015. Application of attitude jitter detection based on
short-time asynchronous images and compensation methods for Chi-

nese mapping satellite-1 [J]. Optics Express, 23(2): 1395-1410.

[9] R o B 2E 18 K TR 0T & R A FE 7 D] L

[10]

(1]

[12]

[13]

[14]

IR, 2016.

ZHU Y. Research on jitter processing methods for high resolution opt-
ical satellite imagery[D]. Wuhan: Wuhan University, 2016.

Wi, 2 TYE TDL CCD & EARNLINES 0T [0]. e
HiLFE, 2001, 28(4): 64-67.

TONG S F, LI D Z. Analysis on the characteristics of TDI-CCD
high-resolution camera for remote sensing[J]. Opto-Electronic Engi-
neering, 2001, 28(4): 64-67.

JEZEEE. FRIBEN R TDI CCD AHUSIS R R /T S5 i 2L D].
MRS IR Tl K2, 2011,

ZHUANG X X. The effect analysis and simulation of platform motion
on image quality of spaceborn TDI CCD camera[D]. Harbin:Harbin
Institute of Technology, 2011.

UKL BB M]. I IR AL, 2003.

JIAY H. Digital image processing[M]. Wuhan: Wuhan University Press, 2003.
WU J G, ZHENG Z Z. Restoration of TDI camera images with motion
distoration and blur[J]. Optics & Laser Technology, 2010, 42:
1198-1203.

TAN K C, LIM H, et al. Windowing techniques for image restora-
tion[J]. Graphical Models and Image Processing, 1991,53(5): 491-500.

2017252-7

FTE V)N o U0 o SO <8 -3 Tl S W LT N
HrA o 2 1 R TR R AL B

[15] x5, R, sk, 5. 38 SRR B 5L Sk 8 2000 i 16 77 1%

D] A TREEBR, 2013,36(5): 62-67.
WANG J, SHI G, ZHANG L, et al. Algorithm on border ringing effects
reduction of motion-blurred image[J]. Electronic Measurement Tech-

nology, 2013, 36(5): 62-67.

EEEN:

SREEFK (1992-) , 2, WEBEHEN,
R K2 A, B W &y
PR 2% B TR R A PR

FEE (1992-) , B, WdLREE AN,

EBE (19790 , B, WdbFHTOA,
{1 S W) = E I%Hnﬁﬁﬁ
e A AR B AL B L v o R
GRS IR DR .



	26-170536-‰SŠ

