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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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Table 1 Data in geo-location simulation program

Symbol Nominal value Standard deviation
oa /() 35.0215 0.0001
Aircraft GPS position Aa /(D) 121.6955 0.0001
ha/m 2000 5
o /() 45.50 0.02
Aircraft attitude 0/ 3.50 0.01
o /(D 0.00 0.01
Oy /() —0.50 0.01
Gimbal angle Oron /() 18.000 0.006
Opirer /() —2.600 0.006
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Fig. 9 Distribution of geo-location point and its error probability. (a ) Distribution of geo-location point ;

(b ) distribution of latitude error probability; (c) distribution of longitude error probability
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Fig. 10 Circular error probability of geo-location with different gimbal roll angles

2
Table 2 Data in image registration simulation experiment
Nominal value Nominal value Standard Relative standard
Symbol
(photol) (photo2) deviation deviation
oa /() 35.0215 35.0216 0.0001 0.00002
Aircraft GPS position A4 /(%) 121.6955 121.6956 0.0001 0.00002
ha/m 2000 2003 5 1
¢ /) 45.50 45.80 0.02 0.01
Aircraft attitude 9/ 3.500 3.600 0.01 0.005
o /(D 0.00 0.00 0.01 0.005
Oy /(D) —0.50 —0.70 0.01 0.01
Gimbal angle O /() 18.000 6.000 0.006 0.006
Opiver /() —2.600 —6.800 0.006 0.006
2048 X2048, 10 ym, 75 mm,
35.0230°, 121.6908°, CCD 11Ca)
11(b) . 12 o
360 F g : : W :
@ 550
300
500 -
S 250 =]
’_;f % 450 |
& 200 - &
400 |
150 TP e
350 |
100 150 200 250 300 350 400 1650 1700 1750 1800 1850 1900 1950
Pixel No. Pixel No.
11 CCD . (a) s (b

Fig. 11 Distribution of matching point projecting on CCD. (a ) The first image ; (b) the second image
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Fig. 13 Registration results of ground scenery image
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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
Longitude /(%) 109.51244 109.51246 109.51250 109.51244
Latitude /(°) 18.27429 18.27413 18.27410 18.27391
Google Earth position
Longitude /(%) 109.51221 109.51224 109.51228 109.51225
Position error /m 32.15 32.11 31.36 31.78
35 m, 4
, 3 m, o
4.2
, , 14 . 14 Ca)
35.02732°, 121.69051°;  14(b) 35.06914°, 121.71237°,
14 15 m, 14.816 km/h, 0.25 s,

2087 m 2041 m,

o b

0.278 m  0.272 m, 4 o
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Fig. 14 Registration results of two ocean aerial remote sensing images

4

Table 4 Geo-location and registration results of two ocean aerial remote sensing images

Sample number Fig. 14(al) Fig. 14(a2) Fig. 14(b1D) 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
14 s , s
o , 2000 m
35 m, 3 m, s
s s
o s o
S
) WGS-84 )
’ 5 ’
o s 2000 m,
18° 35 m, 3 m, ,
, s N
s o
s o
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