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Abstract: As the line of sight (LOS) measurement cannot be obtained accurately for a small-scale, air-
borne, electro-optical imaging system, a laser range finder (LRF) is proposed based on a target geolo-
cation algorithm. According to target locking and tracking characteristics of an airborne photoelectric
detection platform, the same target is measured repeatedly. The distance between the airborne elec-
tro-optical imaging system and target is measured by the LRF. Considering the ellipsoidal earth model
and global digital elevation model, which is defined by the World Geodetic System 1984, a system
measurement equation has been established. Owing to the nonlinearity of the measurement equation,
an extended Kalman filter is applied to the target geographical position estimation. The geolocation

calculation accuracy is primarily affected by the measurement errors of the GPS and LRF and is inde-
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pendent of the LOS measurement error. The influence of the aircraft position measurement and dis-
tance measurement errors on the target geolocation calculation accuracy is analyzed using Monte Carlo
method. The simulation result demonstrates that the proposed algorithm has high target geolocation
accuracy. The validity of the geolocation algorithm is verified by the flight test in which the plane flies
at altitude of 8 000 m for photographing the target and the root mean square error of the target geolo-
cation is less than 8 m. When compared with the traditional algorithm, the target geolocation accuracy
is improved by four times using our proposed algorithm. Further, this algorithm is easy to deploy and
has strong operability and great practical value.

Key words: airborne electro-optical imaging system; laser range finder; target geo-location; extended

Kalman filter; error analysis
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Fig.2 Flow chart of extented Kalman filtering
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Fig. 4 Simulation results of target geo-location
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Fig. 5 Influence of initial guess of target geograph-
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Fig. 10  Flight trajectory in flight test

Fig. 11

DGPS
(44,458 671°N,81. 164 713°E,1 849. 26 m) ,
0.2 m, o
GPS
25 m, 12 m,
30 )

40 prad,
(8]

1 800 m,
(44.459 238°N, 81.162 584°E,1 797. 63 m),
187.39 m,

(44.458 722 °N, 81. 164 701°E, 1 847. 54 m),
6.12 m,

11

Flight test results of target geo-location

) 8 000
m, 25 m,
10 m,
2.19 m, s

o WGS-84 8 000 m, 6.12 m,

GPS



(1]

(2]

(3]

(4]

[6]

[8]

[D]. ,2012.
TAN L G. Research of Target Automatic Positio-
ning Technology in Airborne Photo-electricity Sur—
vey Equipment [D]. Changchun:Changchun Insti-
tute of Optics Fine Mechanics and Physics, 2012.
L. ,
2015,23(9) :2506-2512.
ZHAN F J, SHEN H H,WANG P, et al.. Precise
ground target location of subsonic UAV by compensa-
tion delay of navigation information [ J]. Opt. Preci-
sion Eng. , 2015,23(9):2506-2512. (in Chinese)

s ]

[y » 2005, 13
(2):105-116.

WANG J Q. JIN G, YAN CH X. Orientation error
analysis of airborne opto-electric tracking and meas-

uring device [J]. Opt. Precision Eng., 2005, 13
(2):105-116. (in Chinese)

[DJ. ,2014.

HAO R X. Research on the Method of Localization
of Target Based on Laser Ranging Technology
[D]. Xi'an: Xi'an Technological University, 2014.
(in Chinese)

[D]. ,2012.
ZHAO B. Research on Positioning Technology of
Target in Airborne Photo-electricity Measuring
System [D]. Nanjing: Nanjing University of Aero-
nautics and Astronautics, 2012. (in Chinese)
GUO L, ANG H. ZHENG X. Ground moving tar-
get geo-location from monocular camera mounted on
a micro air vehicle [J]. SPIE, 2011, 8194:819419.
(Il ,2013,21

(12):3133-3140.
TAN L G, DAI M, LIU J H, etal.. Error analy-
sis of target automatic positioning for airborne pho-
to-electric measuring device [ J]. Opt. Precision
Eng., 2013,21(12):3133-3140. (in Chinese)

[yl 22009,17(2) ; 388-
394.

[10]

[11]

(12]

[13]

[14]

[15]

[16]

WANG J, GAO L M, YAO J F. Analysis on coor-
dinate conversion error of airborne measuring device
[I]. Opt. Precision Eng., 2009,17(2) . 388-394.
(in Chinese)

STICH E J. Geo-pointing and threat location tech-

niques for airborne border surveillance [C]. IEEE

International Conference on Technologies for
Homeland Security, 2013:136-140.
) s . . TDI-CCD
[J]. , 2017

(3):0328003.
DUY L. DING Y L, XU Y S, etal.. Geoloca-
tion algorithm for TDI-CCD aerial panoramic cam-
eral J|. Acta Optica Sinica, 2017 (3):0328003.
(in Chinese)
[Jl . 2017,25

(7):1714-1726.
QIAO CH, DING Y L, XU Y S, et al.. Ground
target geo-location using imaging aerial camera
with large inclined angles [J]. Opt. Precision
Eng. . 2017.25(7) :1714-1726. (in Chinese)
QIAO C, DING Y L., XU Y X, et al.. Ground
target geolocation based on digital elevation model
for airborne wide-area reconnaissance system/[ ] ].
Journal of Applied Remote Sensing, 2018, 12
(1):016004.
LIUCL, LIUJ H, SONG Y M, etal.. A novel
system for correction of relative angular displace-
ment between airborne platform and UAV in target
localization[ ] ]. Sensors, 2017,17(3) :510.

[yl : ,
2009,32(4):531-534.
WANG J, YANG L B, GAO L M. Target orien-
tation measuring of airborne EO platform [ J].
Journal of Changchun University of Science and
Technology: Natural Science Edition, 2009, 32
(4):531-534. (in Chinese)

[l » 2013(10):2265-2270.
XU CH, HUANG D Q. Error analysis for target
localization with unmanned aerial vehicle electro-
optical detection platform[]J]. Chinese Journal of
Scientific Instrument, 2013 (10).:2265-2270. (in
Chinese)

L1



16

27

[17]

[18]

, 2013,6(6):912-918.
SU H. Target localization and error analysis of
airborne electro-optical platform[]J]. Chinese Op-
tics, 2013,6(6):912-918.

. . 2015, 8(6):988-996.
SU H, LIZH Q, ZHANG J H, etal.. Target lo-
calization with intersection measurement for air-
borne electro-optical platform[J]. Chinese Optics .

2015, 8(6):988-996. (in Chinese)

. . [M].
(1985-). ,
,2008
»2012

’

» E-mail: zhanghe(@ ciomp. ac. cn

[19]

: ,2013.
CUIJ T, CHEN G R. Kalman Filtering with Re-
al-Time Applications [ M]. Beijing: Tsinghua U-
niversity Press, 2013. (in Chinese)

) , , . MEMS
LJ1. , 2016,9(4)
501-510.
ZHANG Y M, CHU H R, ZHANG HW, etal..
Characterists and compensation method of MEMS
gyroscope random error [ J .

2016,9(4) :501-510. (in Chinese)

Chinese Optics

(1991-), ,

» E-mail: qc chuan@163. com



