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Abstract Traditional image registration techniques are inadaptable to aerial remote sensing image which does not
have obvious feature points, such as ocean, desert, and grassland. A registration algorithm is proposed for aerial
remote sensing image based on geo-location information. Using aircraft position and attitude information measured
by airborne position and orientation system and the gimbal angle from the encoder in an aerial camera, the projection
of registration point in geodetic coordinate system is solved by homogeneous coordinate transformation. Using the
earth ellipsoidal model which is defined by the world geodetic system-84, the longitude and latitude information for
matching points are solved, and the matching points with the same geo-location information are registered. The
influence of the aircraft position and attitude and the gimbal angle on geo-location accuracy and registration accuracy
is analyzed with Monte Carlo method. Experiments were carried out using actual aerial remote sensing images.
Experimental results show that the registration accuracy is less than 3 m, and the positioning accuracy of sea control
point in remote sensing image is less than 35 m, when the flight height of plane is below 2000 m and the
photography inclination angle is less than 18°.
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Fig. 1 Schematic of ECEF coordinate and NED coordinate
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Fig. 7 Diagram of aerial remote sensing image registration
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Table 1 Data in geo-location simulation program

Symbol Nominal value Standard deviation
oa /(%) 35.0215 0.0001
Aircraft GPS position An /) 121.6955 0.0001
ha/m 2000 5
¢ /() 45.50 0.02
Aircraft attitude 0/ 3.50 0.01
o /() 0.00 0.01
Oy /() —0.50 0.01
Gimbal angle Oron /() 18.000 0.006
O piien /() —2.600 0.006
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Table 2 Data in image registration simulation experiment

Symbol Nominal value Nominal value Standard Relative standard

(photol) (photo2) deviation deviation

oa /() 35.0215 35.0216 0.0001 0.00002

Aircraft GPS position Aa /(D 121.6955 121.6956 0.0001 0.00002

ha/m 2000 2003 5 1

¢ /() 45.50 45.80 0.02 0.01
Aircraft attitude 0/ 3.500 3.600 0.01 0.005
o /() 0.00 0.00 0.01 0.005
Oy / (*) —0.50 —0.70 0.01 0.01
Gimbal angle Ot /() 18.000 6.000 0.006 0.006
Opieen /() —2.600 —6.800 0.006 0.006
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Table 3 Comparison of the registration results with the Google Earth

Sample number 1 2 3 4
Latitude /(*) 18.27448 18.27433 18.27430 18.27414
Matching point position ) N
Longitude /() 109.51244 109.51246 109.51250 109.51244
Latitude /(%) 18.27429 18.27413 18.27410 18.27391
Google Earth position ) B
Longitude /(*) 109.51221 109.51224 109.51228 109.51225
Position error /m 32.15 32.11 31.36 31.78
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Table 4 Geo-location and registration results of two ocean aerial remote sensing images

Sample number Fig. 14Cal) Fig. 14(a2) Fig. 14(b1) Fig. 14(b2)
AC altitude /m 2043.1 2043.1 1997.3 1997.3
Roll gimbal angle /(*) 6.17 18.13 —17.96 —6.05
Latitude /(*) 35.02716 35.02715 35.06437 35.06435
Geo-location of boat
Longitude /(%) 121.69073 121.69076 121.71215 121.71216
Geo-location error /m 26.80 29.60 28.31 26.12
Registration error /m 2.95 2.40
Registration error /pixel 10.61 8.82

P 14 Jr 7 19 T 1 2 SRR 50 v T 9 TR0 L D) L S I A8 b A% S5 1) 7 9w AR AT TBC 1 SR SO O R R AT
B L AN 23 32 BT 28 PR R S SO B 52 ) . S 2 2R SR L AR S0P R AT W B2/ T 2000 mo I ¥ 5 H AR Y
SE LA BEAOL T 35 m, ¥ R SRR R BCHEAS BE AL T 3 m. RATSEER Y E 1% 22 LAy LS50 1 S iR 22 K,
B N e AR BIL 22 256 5t A v TGk DR UEME B2 A A il 5 DL A AR il 58 4 T 5 DRI, 2 i O i R 225
TRZEPEATIRAE o HE SR Y 22 & 15 22 AN 23 52 WAl R XS 1) 5 57 K5 JBE o DRI 0T PR 4 TG K JBE 52 e S K

5 4 ©

R L4 75 00 2 15 RAT BUARE 4 7 3 8 £ 8 R FE) WGS-S0 202 S I 3 BR A Bk A5 780 , s I 2 4 Jek 1
190 28 25 B £ B 0k PRURE AT 2 (00 T o 5 SR T S 0 0 0 b B T W 8 22 SR AT 407 . 938 ek 92 B R AT 50 %
W TIF R R B A AR o %7 T T 7 50 SR A A TR L 7 TRAT RS /N T 2000 m 4145 A BN T
18° i 8 B DT 35 m. BEMEREIE AR T 3 mo %007 W ek 0 A A0 2 308 SRR 1 10 20 6 JE 15 B8, A AT 1) 22 25
A {35 PR T 3 A7 T S 0 2 S0 A R 2 B0 T 45 498 i o 7 28 L TR A0 1 3 2 T 1 2 B 65 1
R B S5 XSt T A 0 T o TR o0 S 2 2 LI R G B S B B 00 . i 2 ML 28 5 O 28 46 LB 25 AR L
5 0 2 5 1 TR L O AL K 0 2 308 P B TR RS JEE 0 20— A5 2 7

& £ X #

[1] Wang Juan, Shi Jun, Wu Xianxiang. Survey of image mosaics technique[J]. Application Research of Computers, 2008,
25(7): 1940-1943, 1947.
EOMRLm E, RIER. BURBHERRGGRT] . TSN, 2008, 25(7): 1940-1943, 1947.

[2] Di Yingchen, Chen Yunping, Chen Yingying, et al. Survey on image mosaic algorithm of unmanned aerial vehicle[]] .
Journal of Computer Applications, 2011, 31(1): 170-174.
KFR, B ¥F, BR2%, & TANEGIHER RG], AN, 2011, 31(1): 170-174.

[3] Zhou Qian. Research of automatic remote sensing image mosaic technique[D]. Xi’an: Xidian University, 2012.
J ¥ BIEGEAR A S PR ORI (D] . W W TR R, 2012,

[4] Wu Fenxia, Li Hong. Fusion parallel algorithm based on the edge of the image intensity matching[J]. Electronic Design
Engineering, 2014, 22(23): 168-173.

0828001-10



e ES Es i

(5]

(6]

7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

R, A AL HET ISR VO EC R ER R A IR T R RORT ST (U] e T IT TR, 2014, 22(23): 168-173.

Li Ying, Wei Hezhang. Study of scene matching algorithm based on edge strength[J]. Tactical Missile Technology,
2010(2): 59-63.

% 5, WA, JET ISR ERHIE B SRR T ROk BT[] . BOR S BEOR, 2010(2) : 59-63.

He Peipei, Wan Youchuan, Yang Wei, et al. Automatic registration of urban laser point cloud with aerial image data
based on straight-lines[J]. Acta Optica Sinica, 2015, 35(5): 0528001.

ff¥sss, TN, B B, AF BT RAMENX DR = 524 ASEHEL]. St 2015, 35(5): 0528001.
Huang Yuan, Da Feipeng, Tao Haiqi. An automatic registration algorithm for point cloud based on feature
extraction[J]. Chinese J Lasers, 2015, 42(3): 0308002.

BB, KRS, REEET. —FhAETARE SRR = A SIECHESR 2 (T P EEOE, 2015, 42(3): 0308002,

Wu Mengqi, Li Zhongwei, Zhong Kai, et al. Adaptive point cloud registration method based on geometric features and
photometric features[J]. Acta Optica Sinica, 2015, 35(2): 0215002.

AR, 2, B B, 5. ST ILATRAE AN R ARHE 0 s = B IR REBHE T 8 0] OB22 4, 2015, 35(2): 0215002,
Wang Zhishe, Yang Fengbao, Ji Li’e, et al. Optical and SAR image registration based on cluster segmentation and
mathematical morphology[J]. Acta Optica Sinica, 2014, 34(2): 0215002.

Edsk, B, L8, 5. T RIEEIFIEEZ M W6 S SAR BHRECHELT] . S6a= %4k, 2014, 34(2): 0215002.
Wei Xing, Fan Shaosheng, Gao Shan. Rapid matching and transform algorithm of images based on the BRISK[]].
Eletronic Measuremet Technology, 2015, 38(3): 43-47.

TR, B, R L. BT BRISK f ERRE LS AR ] I EOR, 2015, 38(3): 43-47.

Hu Y H, Li BJ, Shi L P. The remote sensing image matching based on SURF algorithm[C]. SPIE, 2014, 9142: 91421T.
Yang K D, Zhao W J, Li D J, et al. Missile placement analysis based on improved SURF feature matching
algorithm[C]. SPIE, 2015, 9443: 94430S.

Zhang Huajun, Li Guihua, Liu Cheng, et al. Reliable initial guess based on SURF feature marching in digital image
correlation[J]. Acta Optica Sinica, 2013, 33(11): 1112005.

AR, R, 0 R, 5. AET SURF Rk UT G 19505 SR SC A TEE FTSE A 31 [T . Je2p2# 4, 2013, 33(11):
1112005.

Liu Yingfei, Liao Guisheng, Yang Zhiwei. Fast region correlation SAR image coregistration method based on
interferometric phase effect elimination[J]. Journal of Data Acquisition & Processing, 2011, 26(5): 526-530.

XVERSE, BAEAL, HaEfh. PR R E AR G InSAR BIRRCHE T 2 (] . iR AE S4B, 2011, 26(5): 526-530.

Li Jingyu, Shen Huanquan, Cheng Yan, et al. Algorithm of medical image registration based on maximum mutual
information[J]. Chinese Journal of Interventional Imaging and Therapy, 2010, 7(3): 325-327.

BUET, RMAR, M, S B TEAREFBMEREBRECHER L] PEN AR SIRITH, 2010, 7(3): 325-327.
Yang Aiping, Hou Zhengxin, Wang Chengyou, et al. Image registration based on all phase spectrum analysis[J].
Journal of Tianjin University, 2008, 41(12): 1465-1472.

BB, RIEGE, TAAE. . T4 R0 A U7 00 IR (1. JHR RS, 2008, 41(12): 1465-1472.

Cao Wen, Li Bicheng, Deng Zijian. An image registration method based on wavelet transformation[]J]. Bulletin of
Surveying and Mapping, 2004(2): 16-19.

B, AR, WTHE. AR TN AR R RN T R ] ME AR, 2004(2) ¢ 16-19.

Zhou Qianfei, Liu Jinghong, Xiong Wenzhuo, et al. Multi-target self-determination orientation system based on
airborne photoelectric imaging platform[J]. Acta Optica Sinica, 2015, 35¢(1): 0112005.

JATR, XURLL, RESCH, &5 HLEDEHUNRF A E Bis A EE M REMR ], 6%, 2015, 35(1): 0112005.
Siouris G. Aerospace avionics system: a modern synthesis[M]. New York: Academic Press, 1993.

Hilkert J] M. Kinematic algorithms for line-of-sight pointing and scanning using INS/GPS position and velocity
information[C]. SPIE, 2005, 5810: 11-22.

0828001-11



