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Micro-vibration detection of remote sensing camera
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Abstract; To deal with the effect of flutter of carrying platform on remote sensing camera, motion estimation
algorithm can be used to the image sequences taken by auxiliary high-speed array CCD camera during exposure
to estimate the vibration. Pixel binnng is proposed to compensate the time of exposure and to improve the
brightness and contrast as well as SNR of the images. And a region selection algorithm is used to select the im-
age region by which we can estimate the displacement using gray projection algorithm. The experiment results
show that the error is 1 pixel by utilizing the improved algorithm, which greatly enhance the accuracy and sta-
bility.
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Fig.3 Image before and after binning
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Fig.4 Images A of reference frame and target frame
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Fig.8 Images C of reference frame and target frame

H1P 8 45 2 A9 I B A G i 2 dn 181 9 fr
R,

MR Al T A R i (-2,5)
HHEAAB (5, -7) REMK, HIF R A
Bt LA TR KR EERRAE o0 AR

[ I
Y 1
i 4 IlI E | ur I|I R
- s o 1ok
. 14 . 1 II IR |r"-. " ,' |l. N IIII Ir."-'l
N IR T LR I
PR | k I : A
- I| b a ‘ |I
L] I .
I H H H ' ]
L DY AL
RIREEEE ) e T Pl TR AL
G0 Hime cactal pagaas ize wn ) Yerlival procezren e
El 9 IK-BEEE I BB AR DG 4 (BT X E 8 HH
TR )
Fig. 9  Horizontal and vertical projection curves ( ac-

cording to the two images in figure 8)

I BEARSCER 050k DRI 3 () 70 T4 x4
HEBI 16 A1 X8, B4 7 XK B A< 128 x



922 Hh[EDE2E

7 %

128, W& 10 (a) 7 ; o FH — B 4 {20 Dt T 4 /s
FIERSFE 1/(16 x 16) K/, WE 10 (b) iR
fd FHAR - K XTI (b) #4725 ] 1 3 DA T 2 6 113
PR TR] - DX 30 B AR AIE 110 560 55 (BB v 45 TITA &R
B 1), E 10 (e) FiR ; s I &1
DX IR A I — b K BE AR AR 55 , QiR 10(d) FiTR

P o TR 1L T |

[ R TN B L=
|l 'y et
P R T Bl L. ] Bt 1)
(LI B ria Bt S [

[LRCN I R PR M e

S Ha

Bl Ll ) Bl Ly

B0 XA LR K

Fig. 10  Sketch of region selection algorithm

all = kit

nerrrslour

DX ek e A e SR R 16 A1 Xk A Y
AT =B DX B R A1 A i, PR L 3 5 6 4
PR TP Xof 7 DX 3 P A5 S8 P T K B 4 Rk 15
SRS ZR an & 11 R,

‘ -1 o
LRt ]-M L Ll
-

ul ’ .H'!"'-.f:f "
LT B TR |

[Nl £ P 1 el -
Toeglinal prooeLzen surer

g 1-..r|'--=c|-=-':r.'
L AR G
ol Hi sl penjaaz s e e,
B 11 AP AR RO AR DG M 2R

Fig. 11  Horizontal and vertical projection curves

UL, 5 R R L 0 DX R B
SEERAS 2 AR AH S il 2 SR 17 B A W,

2R ENNSF-, SRR ], RS I 0 S s A T AN
JERRSRENE

R gyl T SO Bk ARG A R RE A XS
EANNNEE 2 Wit Sl Bl RElININEE Sivg i 88

Fx1 ARUBRETHITERIIL
Tab.1 Estimation results contrast under

different motion vectors

HINiR JEta bt Betinnay
(0,0) (-1,1) (0,0)
(3,3) (6,2) (4,4)
(4,6) (2,5) (4,6)
(7,8) (5,10) (6,8)
(9,9) (13,9) (10,10)
(10,10) (15,11) (10,10)
(12,7) (7,9) (12,8)
(14,10) (3,12) (14,10)
(15,12) (8,12) (14,12)
(15,15) (5,14) (16,14)

T2 FA—NUBRETSRMEITERITLE
Tab.2 Estimation results contrast under

the same motion vector

HSA K JEtn it A
(14,10) (3,14) (14,10)
(14,10) (6,9) (14,10)
(14,10) (17,11) (14,10)
(14,10) (14,12) (14,10)
(14,10) (8,9) (14,10)
(14,10) (11,9) (14,10)
(14,10) (13,11) (14,10)
(14,10) (3,12) (14,10)
(14,10) (8,12) (14,10)
(14,10) (12,9) (14,10)

T FIEE 2 Bl R AR Bk B Al
R RE 25 HARANERE s Sk i TR AE 2 x2 B0t
B ZIE AT B DU T2 R O R, A2
R 2 2E— o0, KRGS HARE TR

5 % #®

BT T AR DU OGR4 T 1 iz s
THR, $E 11 T 45518005 JF A X P54 Y



%56 1 SRR, 45 ARBROG S 1F N 1R B L IRIR 3l 2 AG 923

WK RS R  SdBoraIHRRERAE b iE R AP R AR S, SRR AR
JE PRI E MR L i B R A O %, B RSO B ARG B AN AR S M D T 2 B
o R GORBERAE SR 55 , e R P IR AR SRS ) LT ISR GAE AT R 22— MB0T, RERS
DU TR BB P e A TR BE R R il ARIBOLAAF R Rz sl i 2R

SE 3k

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[11]

[12]

[13]

[14]

B, 3%, #himoh . TDI CCD ARMLEY TR BSRUE W[ T]. F Bk S ,2013,6(5) :767-772.
XUE X CH,FU Y,HAN CH SH. Confirmation of satellite attitude stabilization for TDI CCD cameral J]. Chinese Optics,
2013,6(5) :767-772. (in Chinese)
R KA RE, X ], TR ARG X TDI CCD AALAYSEM[ )], »6 /R i% Tk X 5 574 ,2002,34 (3 ) :382-384.
LONG F N,ZHANG W,LIU J F. Effect of satellite attitude control accuracy on TDI CCD cameras| J]. J. Harbin Institute
of Technology,2002,34(3) :382-384. (in Chinese)
JANSCHEK K,TCHERNYKH V,DYBLENKO S. Integrated camera motion compensation by real-time image motion track-
ing and image deconvolution[ C]. International Conference on Advanced Intelligent Mechatronics Monterey , California,
USA ,24-28 July,2005.
HOCHMAN G,YITZHAKY Y, 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) ;4345 .4354.
At A ST IR R s SO RS WAL BOR OIS [ D], Kb BB AHOR KA 2011
XU SH K. Research on motion blur image deblurring technology based on computational photography[ D]. Changsha:Na-
tional University of Defense Technology,2011. (in Chinese)
BARTE IR B, L ORI R AEIR RS CCD AR ZHATHI KR IR 2 [ 1], e - #k,2012,23(3) :
572-578.
SHI J X,GUO Y F,XUE X CH,et al.. Motion blurres image restoration of spaceborne TDICCD camera[ J]. J. Optoelec-
tronics + Laser ,2012,23(3) :572-578. (in Chinese)
HRAT R, B A ALK, . m SR RS D Bk U RO [ ] s S AL T A2 55 2 R ,2004,23 :15-20.
CHEN Q R,LU Q SH,CHENG L ZH, et al. . ldentification the scale of the point spread function from the motion blurred
image[ J]. Computer Engineering and Applications 2004 ,23:15-20. (in Chinese)
ok, BaX 8. FETAUK TDICCD AHHUEFE /M Wi PSF Al M PGS IS8 [ )], F AL S 4R,2010,31(3) :936-
940.
XIE B,JIAO B L. The PSF estimation method and image restoration algorithm based on image-motion analysis of space-
borne TDICCD camera[ J]. J. Astronautics ,2010,31(3) :936-940. (in Chinese)
IR, £ &, RS RIS SIBIKE J5 ik KAFRRERTFE [ T]. ALK 8 = 5 % £ ,2009,30:18-25.
WANG B,JIANG ZH G,ZHAO D P. Research on technologies and quality evaluation for restoring remote sensing motion-
blurred image[ J]. Spaceraft Recovery and Remote Sensing ,2009,30:18-25. (in Chinese)
FEAL, K. ST R EBEEEIZ ST RS CCD P REAMEIE[ 1], B R 5 ,2009,30(3) :417-422.
REN H,ZHANG T. Image CCD translation compensation method based on movement estimation of gradation projection
technology[ J]. J. Applied Optics,2009,30(3) :417-422. (in Chinese)
AT, &4 BIE Noble B F VLA HL FRURIE[ )], 5 M % 142,2014,22(1) :204-212.
CHU SH Y,XI ZH H. Digital image stabilization based on improved noble feature matching[ J]. Opt. Precision Eng. ,
2014,22(1) :204-212. (in Chinese)
SR IR IR F R SR AT SURF ML PRI TA[)]. b5 #5% 142,2011,19(8) :1964-1972.
ZHANG K,XU T F,WANG P,et al.. Real-time full-frame digital image stabilization system by SURF[J]. Opt. Preci-
sion Eng. ,2011,19(8) :1964-1972. (in Chinese)
A R i ST PO G SRIC LA 2 N (LS EWESE[ )] . 31 FoAuiml £ 5 4241 ,2010,18(7) : 1641-1644.



924

DG

7 %

CAI SH L,ZHANG H Q. Research on indoor position algorithm based on block match of image sequence[ J]. Computer

Measurement and Control ,2010,18(7) :1641-1644. (in Chinese)

[15] A0, PREUOR BB Bk RLE i PRSP R LT ). B 5 M % T42,2007,15(3) 412416.
SUN H. Fast gray projection algorithm and its application to electronic image stabilization[ J]. Opt. Precision Eng. ,
2007,15(3) :412-416. (in Chinese)

EEEN:

IRIER (1989—) , U5, VL PI g B A, il £
WFFEAE 2012 4F T35 MO 315 2 12
{37, 32 R AL B B FPGA R HIJ7
TS, E-mail ; leguoqing@ yeah. net

ATK(1961—) , 5, EMRKEN, B
B A U, 1990 4F T e R B
A RTINS Yy BRI T 3R A5 1
S, EENFOSLHR BN, CCD 71t
SEAL R 4 0 A 7 TR F ST, E-mail ;
guoyongfei@ 163. com

XIEA(1983—) , &, HHKFEA, i,
B FRRSY O, 2007 4FF S IR Tl K2
A2, 2013 4EF v [ R E Bk
SRR 2 7, BN R
AR VMG 45 77 T A 5T, E-mail ; yu_
hit2007@ 163. com

HRY(1984—) , L, HMKFEN 1,
B PRWESE b1, 2006 4F- 2008 4F T 7 bk K
2oy AR A B, EE N E]
FRAL B RS L AR P BTSN AR
JF A5, E-mail : math0319 @ yahoo.

com. cn

AREL(1984—) , &, N5 ARl A Tl
&, B BEBFSY 51,2007 4E T ok 5 3k15
27,2012 AF T A E R B K2R
P20, 3228 A SO L R A AR K
FEURALHL TS 0 5T, E-mail ; 19031121
@ 163. com



