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Abstract: In order to improve the autonomous detection ability of the airborne optronics pod of a UAV un-
der special working conditions, this paper developed a targeting technology suitable for the airborne optron-
ics pod in an actual engineering project, and realized the functional verification on the embedded GPU
(Graphics Processing Unit, Jetson-TX2i platform model). Firstly, we proposed an improved SURF (Speeded
Up Robust Features) algorithm and GPU-accelerated digital image processing scheme to detect and match the
real-time features of two images acquired at different focal lengths. Secondly, geometric cross-ratio invari-

ance was used to correct the position information of distorted feature points at image edges. Finally, we used
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the least square method to estimate the depth information of the target and combines the quaternion space

model to determine the attitude information of the target to determine its position. Experimental results show

that the improved SURF algorithm is superior to the classical SURF algorithm in feature matching accuracy

and speed. If the corner characteristic position error is controlled within one pixel, the depth error is no more

than 2% and the angle errors of azimuth, pitch and roll angles are less than 4°, 5° and 2°, respectively. This

error meets the target positioning accuracy requirements of the airborne optronics pod. In addition, when pro-

cessing a set of images (two frames) at 1080 P resolution, the processing time can be increased to 74 ms

through GPU acceleration, which meets the real-time demand for data processing in the airborne optronics

pod.
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Y = arctan [2(qogs + 9192)/(¢3 + ¢} - 45— 42|
(32)
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Fig. 8 Feature extraction results obtained by the proposed (©) Rl %

algorithm under different conditions
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Tab.1 Correct matching rates and processing speeds of

the three algorithms (Unit: ms)

A SURF Harris-SIFT
1%
re t re t re t
1 6.17 7.17 3.01 11.83 6.17 10.60

2 74.85 9.28 76.89 30.26 51.33 39.25

3 50.15 8.87 51.50 20.27 34.39 26.30

4 28.44 7.82 29.21 11.49 19.51 14.92

5 62.13 9.01 63.82 25.67 46.26 35.27
6 39.67 8.32 40.75 13.67 27.94 20.82
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Fig. 10 The target and coordinate system used in the ex-

periment
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Tab.2 Comparison of the results obtained by two cam-

era calibration algorithms

S A3 97275
EORIELES L Irs o L.D,....Is
ki/x1073 3.132 3.131 3.132 3.129
ko /%1073 3.227 3.225 3.226 3.225
k3 /x1073 0.002 0.001 0.001 0.002
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P2 0.0001 0.0001 0.0003 0.0001
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Fig. 11 Depth error caused by feature point deviation
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Fig. 12 The relation between position accuracy of feature point and calculated attitude angle
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Tab.3 The processing speeds of the two algorithms at

different resolutions (Unit: ms)

fob P s A]
K& 5 P
CPU % GPUTE

640x320 84 17
640x512 161 32
1024x768 304 52
1920x1080 596 74
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