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Fig. 3 Ground target localization based on laser ranging
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Table 1 Algorithm flow

Algorithm Global optimal localization algorithm based on laser ranging
Application: High altitude, long distance, large inclination, small intersection angle, and other restricted observation conditions
Input: N locations of the UAV and distances d,
Output: Target location &

1: Use Eq. (1) to get UAV location s, in the earth coordinate system
2 Establish weighted model Eq. (6)
3: Derivation of Eq. (9), use Eq. (10) to weighted centralization x and s,
4 Use Eq. (15) to find the eigenvector of the square matrix M
5: Inverse transform x;, = [I,y, Z,T, i=1, -+, 7 in the eigenvector to find 7 target locations
6: Select the real location of ground target according to the actual situation x
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Table 2 Running time of different methods

Method Time /s
Proposed method 9.7212
Distance intersection+1LM 400. 5146
LS+GN 15.9291
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Fig. 8 Influence of angle and number of points. (a) Different angles; (b) different number of points
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Table 3 Test parameters

Group 1 2 3 4 5 6
Angle /(%) 91. 2082 101. 4900 70. 5888 88.2109 76.6969 74.8772
Number of points 316 290 154 223 349 307
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K4 IR Tk RS BE iz 5 1)
Table 4 Localization accuracy and running time of different methods
Method Accuracy Group
1 2 3 4 5 6

Total /m 21.8932 29. 5559 22.2309 18. 1407 7.2741 13. 5806
X /m 0. 6426 7.7087 2.8339 2. 8780 2.4144 4. 0306
Proposed method Y/m 1. 2890 3.5265 4.6843 2. 8450 0. 5305 4.6432
Z/m 21.8476 28. 3141 21. 5464 17.6835 6.8412 12.1090
Time /s 0. 0090 0.0018 0.0012 0.0079 0.0099 0. 0085
Total /m 21.8930 29.5581 22.2499 18. 1466 7.2782 13.5825
X /m 0.6428 7.7073 2.8388 2.8834 2.4171 4.0298
Distance intersection+LM Y/m 1.2898 3.5275 4.7141 2.8293 0. 5209 4.6430
Z/m 21. 8455 28. 3167 21.5587 17.6913 6. 8453 12. 1115
Time /s 0.0412 0.0251 0. 0237 0.0419 0.0756 0.0342
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Global Optimization Method for Ground Target Localization of Electro-

Optical Platform under Limited Observation Conditions
Chen Chen'”, Guan Banglei"”, Shang Yang"*", Li Zhang"’, Yu Qifeng"”
'College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073,
Hunan, China;
‘Hunan Provincial Key Laboratory of Image Measurement and Vision Navigation, Changsha 410073, Hunan,
China

Abstract
Objective Unmanned aerial vehicle (UAV) shows extraordinary superiority on the battlefield with high mobility, low

cost, no casualties, and other advantages, which has changed the form of modern war and made unmanned intelligent war
mainstream. For example, using UAVs for reconnaissance provides helpful information for commanders on the
battlefield, which has excellent intelligence support value and operational command function. It should be noted that high-
precision and real-time target localization is a necessary condition for UAV reconnaissance and target strikes. The airborne
electro-optical platform is equipped with high-resolution imaging equipment to recognize the target at a long distance so
that the ground target can be tracked and measured without entering the target area. However, in the case of limited
observation conditions, such as large inclination angles and small rendezvous angles, the traditional localization method
can no longer meet the accuracy requirement. At present, most of the target localization methods to improve accuracy
under limited observation conditions can be divided into two basic types. One is based on image matching, and the other is
based on geometry. But under the condition of a large inclination angle, the localization method based on image matching
is seriously affected by the perspective transformation. Moreover, the results show that limited observation conditions
make the design matrix ill-conditioned, and the condition number of the least square method is very large, which seriously
affects the accuracy of the geometric localization method. Therefore, improving the target localization accuracy under

limited observation conditions is of great significance.

Methods The laser range finder has high measurement accuracy. It is not affected by the limited observation conditions
such as a large inclination angle and small rendezvous angle, which makes laser ranging have tremendous application value
in the field of ground target localization. In order to improve localization accuracy under limited observation conditions,
this paper proposes a global optimization method for ground target localization based on the platform’s location and laser

ranging. In this method, first, according to the continuous observation data of the static ground target, the weighted error
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equation in the earth-centered and earth-fixed (ECEF) coordinate system is established. Second, the nonlinear problem is
transformed into the problem of the eigenvector solution. Third, all stationary points are found by enumerating seven
eigenvectors. Finally, the actual location of the ground target is calculated according to the actual situation. In fact, the
critical point of this method is to transform the nonlinear problem into an eigenvector problem through data centralization,
singular value decomposition, and other steps. This not only accurately finds the global optimal solution of the equation

without iteration or optimization procedure but also improves the efficiency and stability of ground target localization.

Results and Discussions The ground target localization system is mainly composed of an airborne electro-optical
platform, integrated global position system (GPS) and inertial navigation system (INS), and laser range finder.
Furthermore, the platform flies in a circle over the ground target, obtaining the UAV's longitude, latitude, and height in
the world geodetic system-1984 coordinate system, as well as the distance between the UAV and the static ground target
at different time. The simulation experiment results based on the Monte Carlo method show that the localization accuracy
is affected by location error of the airborne electro-optical platform, distance error of laser ranging, and data size of
continuous observation (Fig. 5, Fig. 7, and Fig. 8). Furthermore, the flight test results show that the proposed method is
feasible and effective under limited observation conditions. The target localization error is less than 30 m when the
platform is 5 km away from the target, and the observation angle is 66.42°. Moreover, the operation time can be

controlled within 10 ms when the quantity of continuous observation data is within 300 (Table 3 and Table 4).

Conclusions In view of limited observation conditions such as large inclination angles and small rendezvous angles, this
paper proposes a global optimization method to improve the accuracy of ground target localization. According to the
location information provided by the integrated navigation system and the distance information provided by the laser range
finder, the corresponding measurement model and weighted error model are set up. A fast closed-form solution for
nonconvex optimization problems is obtained by deriving equivalent eigenvectors. The simulation and flight experiments
results show that the proposed method has the advantages of high localization accuracy, computational efficiency, and
robustness compared with the traditional localization method under limited observation conditions, which is of great

significance to the reconnaissance and attack of targets on the battlefield.

Key words target localization; limited observation; global optimal solution; laser ranging; airborne electro-optical platform
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