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Abstract In order to obtain the geographic location of photography areas accurately. the geo-location algorithm is
developed for time delay integral-charge coupled device (TDI-CCD ) aerial panoramic camera without the laser range
finder. Using aircraft position and attitude information measured by airborne position and orientation system (POS)
along with the depression angle and position angle from the encoder in aerial camera, line of sight (ILOS ) pointing
angle in geographic coordinate is solved by homogeneous coordinate transformation. According to the WGS-84
ellipsoidal earth model, longitude and latitude location is solved with the earth ellipsoid calculation theory. The
influence of aircraft attitude angle measurement error and the depression angle and position angle measurement error
on line of sight pointing angle calculation accuracy is analyzed with the Monte Carlo method. The impact of
photography inclination angle and topographic change of target region on geo-location precision is investigated ,
which shows that the precision of geo-location is higher when the photography inclination angle and topographic
change of target region are smaller. The validity of the geo-location algorithm is verified by the flight test in which
the plane flies at an altitude of 17750 m and the photography inclination angle ranges from 63° to 75°. The circular
error probability of target geo-location is less than 212.96 m, which meets the requirement of the project.
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Fig. 1 Diagram of aerial panoramic camera structure
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Fig. 3 Schematic of ellipsoidal earth coordinate frame and LOS pointing
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Fig. 4 Schematic of LOS projection on curved earth
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Table 1 Data in simulation experiment
Symbol Nominal value Standard deviation
Ot / () 45 0. 006
Opieen / (9 —15 0.006
a/(*) 0 0.01
B/ 3 0.01
Y/ 15 0.02
5) ¢ —44.1203°, —3.2763X10""'°, oy 0.0240°;
é 44.9871°, 5.3757 X107°°, oy 0.0115°,
, 6 , 40°~90° s
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Fig. 5 LOS pointing angle and its error probability distribution. (a ) LOS pointing angle ; (b) error probability distribution
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Table 2 Longitude, latitude and altitude of aircraft and target’s altitude

Symbol Nominal value Standard deviation
A/ () 87.5163 0. 0001
o/ (%) 41. 9642 0. 0001
hy,/m 17750 5
h./m 1095 10
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Fig. 7 Standard deviation of target's longitude and latitude. (a ) Standard deviation of target’s longitude ;

(b) standard deviation of target's latitude

0328003-7



7 ’ O~ Oy gb ’ + 900 ’
, 0°,180° , ;
¢ ) . .
(CEP)o,
o = v/ (aRncos @ )" + (o, R (30)
8 ,
b b o
; ( . . D 10.30,100 m .
b 9 o b
H .
N [16]
1400 ‘
1200 —0,=10m i
—0,=30m I
1000 —0,=100m I
= 800
S 600 i
400
pa
200 — 1
—
00 10 20 30 40 50 60 70 80 90
/()
8 9
Fig. 8 CEP of geo-location Fig. 9 CEP of geo-location with different photography
inclination angles
4
TDI-CCD , N
N ’ ’ 9 10 N
8 B
42.30
42.25
42.20
Ca2.15
<
E 42.10
54205
=
42,00 ,
41.95 AC
heading
870 87.1 872 873 874 875 876
Longitude /(°)
10
Fig. 10 Longitude and latitude information of the photography area
b b b
Google ; ) 3 o
’ 750 ’ 630 ’ ’
212.96 m, 74.43 m,
[17]

0328003-8



78.14 m, o : 1)
> s
, . 32) [17],
N N POS ( \ N
s s s o
3
Table 3 Result of flight test
Sequence number  Pixel position . Calculatior} ' Google ' Geo-location
Longitude /(°) Latitude /(°)  Longitude /(°) Latitude /(") CEP /m
(1349,6528) 87.06579 42.26608 87.06430 42.26452 212.96
(3815, 1626) 87.06982 42.25097 87.06795 42. 24980 202. 22
(13195,6312) 87.12973 42.22271 87.12816 42.22182 163. 35
(24354,1768) 87.17071 42.18494 87.16968 42.18403 132. 37
(24773,5778) 87.17868 42.18807 87.17765 42.18718 130. 67
(44160,6596) 87.24265 42.14691 87.24201 42.14644 74.43
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