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Ground target geo-location using imaging aerial camera
with large inclined angles
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Abstract: Aiming at problems that operating range of laser ranging finder limits shooting distance of
aerial camera with large inclined angles, a directly target geo-location algorithm independent of
ranging equipment was proposed. Based on aircraft positions and attitude information measured by
airborne Position and Orientation System (POS), as well as outer and inner gimbal angles from the
encoder in the aerial camera, target to sensor vector in Earth-Centered Earth-Fixed (ECEF)
coordinate was solved by homogeneous coordinate transformation. Then according to ellipsoidal earth
model and global Digital Elevation Model (DEM), the longitude and latitude of the target were
determined. The Monte Carlo method was employed for simulated analysis on influences of
measurement errors of aircraft position and altitude as well as encoder on pointing accuracy of Line of

Sight (LOS). Compared with the geo-location algorithm which only based on ellipsoidal earth model,
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the algorithm effectively reduced the influence of uneven terrain on target location. When the standard
deviation of uneven terrain in the target area is over 10 m, the positioning accuracy of the wide-angle
inclined imaging is improved significantly. The flight test proves the feasibility of the target geo-
location algorithm, in which the Circular Error Probability(CEP) of the target geo-location is smaller
than 70 m when the flight height is 18 000 m and the roll angle of the photography inclination angle is
less than 63°. Consequently the proposed algorithm can meet actual demands of the project.

Key words: aerial camera; geo-location; homogeneous coordinate transformation; digital elevation

model; error analysis
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3 —42°~—48°
Tab. 3 Result of flight test with roll gimbal angles from —42° to —48°
1 2 3 4 5 6 7 8 9 10
row 526 988 1102 570 1776 1270 554 1048 1787 601
col 1550 1073 362 2126 445 992 285 1068 817 1425
gﬁA/(o) 36. 39895 36.40525 36.41013 36.41154 36.41324 36.41755 36.41925 36.42221 36.42533 36.42829
Aa/ () 7872927 78.73376 78.73725 78.73826 78.73947 78.74255 78.74376 78.74588 78.74810 78.75022
ha/m  17987.25 17987.46 17987.72 17987.74 17987.27 17987.68 17987.71 17987.61 17987.66 17987.83
gb/(o) 30.0457 29.8919 30.0237 30.0402 30.0567 30.0347 30.0072 29.9248 29.9468 30.0237
0/ 3.3903 3.3628 3.4013 3.3958 3.3848 3.3903 3.4068 3.3683 3.3738 3.4013
gc/(°) —0.0110 0.0000 0.0000 —0.0110 0.0000 —0,0110 0.0385 0.0385 0. 0659 0.0110
Bon/ () —45.2273 —44. 5345 —47. 6918 —43. 8217 —47. 6912 —45. 9304 —45. 6151 —44. 2035 —44. 2310 —42. 7665
O/ () —2.4880 —2.5270 —2.5106 —2.6094 —2.4990 —2.4373 —2.5272 —2.5040 —2.5074 —2.52749
gOT/(O) 36. 33771 36.34604 36.34426 36.35460 36.34735 36.35795 36.35931 36.36683 36.37026 36.37374
Ar/(°)  78.85769 78.85957 78.87606 78.85743 78.87992 78.86954 78.86936 78.86386 78.86701 78.86534
gOT/(O) 36. 33810 36.34641 36.34462 36.35506 36.34776 36.35830 36.35973 36.36723 36.37061 36.37409
Ar/(°)  78.85800 78.85991 78.87633 78.85767 78.88014 78.86987 78.86961 78.86414 78.86735 78.86559
e/m 51. 069 52. 205 46. 879 55. 857 49,515 49,003 51. 811 51.429 49,155 45,537
4 47°~53°
Tab. 4 Result of flight test with roll gimbal angles from 47° to 53°
1 2 3 4 5 6 7 8 9 10
row 1842 2117 1251 1031 20 2014 609 345 1347 1977
col 727 361 2308 256 1797 204 1855 323 1278 1445
goA/(o) 35.48256 35.48959 35.49093 35.49186 35.49222 35.49473 35.49626 35.49742 35.49742 35.49766
A4/ 80.98314 80.99173 80.99337 80.99451 80.99495 80.99802 80.99988 81.00131 81.00131 81.00160
ha/m  17987.16 17987.23 17987.83 17987.08 17987.96 17987.82 17987.40 17987.26 17987.87 17987.14
(/1/(0) 45,0677 44,8919 44,9413 44,9523 44,9798 45,0347 45,0512 45,0677 45,0677 45,0622
0/ 3.7848 3.7628 3.7738 3.7793 3.7958 3.7903 3.7848 3.7848 3.7848 3. 7848
go,/(o) —0.0110  0.0000 0. 0549 0. 0659 0.0769 0. 0000 0.0000 —0.0275 —0.0275 —0.0110
Oon/ (7)) 48,4836  48.1411 51.9420 52.9940 48.7681 50.9527 51.2923 50.9800 50,9800 48.1528
Opiren/ (7)  —2.5601 —2.6650 —2.4856 —2.2734 —2.6284 —2.4513 —2.5057 —2.4477 —2.4477 —2.6775
SDT,/(O> 35.57386 35.58095 35.59935 35.60244 35.58595 35.59637 35.59988 35.59808 35.60032 35.59148
Ar/(%)  80.87258 80.88040 80.85938 80.85862 80.87720 80.87504 80.87121 80.87645 80.87554 80.88759
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(p-r/(o) 35.57422 35.58131 35.59959 35.60277 35.58621 35.59671 35.60021 35.59836 35.60062 35.59184
Ar/() 80.87296 80.88070 80.85981 80.85901 80.87764 80.87538 80.87167 80.87684 80.87595 80.88802
e/m 52.334 48,904 46. 832 50. 900 49, 869 48. 328 54, 897 47,577 49,521 55.692
5 57°~63°
Tab.5 Result of flight test with roll gimbal angles from 57° to 63°
1 2 3 4 5 6 7 8 9 10
row 2050 471 447 136 2154 11 2088 1547 1534 1959
col 1366 948 1151 1972 1617 2006 1335 202 1693 493
gﬁA/(o) 36. 55156 36.55374 36.56069 36.56109 36.56278 36.57450 36.57499 36.57692 36.57708 36.58218
Aa/CC) 77.98182 77.98110 77.97879 77.97866 77.97810 77.97420 77.97404 77.97340 77.97335 77.97165
ha/m  18012.51 18012.15 18012.50 18012.15 18012.56 18012.99 18012.50 18012.25 18012.63 18012.48
gb/(o) —14.9763 —15.0038 —15. 0807 —15. 0587 —15. 0477 —14. 9433 —14. 9543 —14. 9598 —14. 9653 —15. 0532
9/ 4,1013 4, 0958 4,0683 4, 0683 4,0793 4, 0848 4,0903 4, 0958 4,0903 4.0738
gb/(o) 0.0110 0. 0659 0. 0385 0. 0604 0. 0659 0.0055 —0.0055 —0.0110 —0.0110 0.0659
Oeon/ (7)) 61.2829 60,1862 59.1412 62.6412 62,9928 57.0610 61.2991 62.3685 60.9647 57,3777
Opirern/ (7)  —2.1004 —2.1150 —2.1550 —2.0400 —1.8507 —2.2234 —2.0969 —1.9219 —2.0476 —2.3617
gﬁ'r/(o) 36.49948 36.50140 36.51053 36.50335 36.50864 36.52717 36.52290 36.52358 36.52504 36.53665
Ar/ (%) T7.73848 77.74621 77.75490 77.72483 77.72331 77.76263 77.73003 77.72463 77.73214 77.76065
go’r/(o) 36. 49904 36.50095 36.51011 36.50292 36.50822 36.52672 36.52247 36.52309 36.52455 36.53620
Ar/(®)  77.73887 77.74654 77.75529 77.72518 77.72374 77.76298 77.73030 77.72508 77.73255 77.76091
e/m 59.023 57.523 59.470 56. 839 60. 392 58.514 54,029 67.765 66.194 55. 300
o b
5 .
s s WGS-48 80° 180 m o
s 63°
DEM, 70 m, o
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