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Calibration and guidance-positioning method for
UAV-mounted laser rangefinders

Guo Runze,Sun Xiaoyong,Sun Bei, Dang Zhaoyang, Su Shaojing

(College of Intelligent Science, National University of Defense Technology, Changsha 410072, China)

Abstract: Laser ranging has become the mainstream technology in the field of high-precision spatial perception due to its excellent
directionality, long-distance transmission capability, and anti-interference performance. Especially in recent years, the growth of smart
city construction and military reconnaissance demands have driven the technology of high-precision ranging and positioning for UAV-
mounted systems to become a research hotspot. Addressing the issues of wide-ranging error sources and large positioning errors in
airborne laser rangefinders, this paper proposes a multi-dimensional joint calibration and guidance-positioning method. First, the error
sources, generation mechanisms, and spatiotemporal correlations of airborne rangefinder calibration and positioning are systematically
studied and analyzed, providing a theoretical basis for algorithm research. Second, a calibration method for airborne laser rangefinders is
designed, which integrates mechanical alignment, pod spatial calibration, and sensor time synchronization, reducing the ranging error of
unmanned aerial vehicles in low altitude flight scenarios. Subsequently, a guidance-positioning method is proposed, which achieves high-
precision target positioning through active detection, laser guidance, and geometric calculation. Finally, the calibration and positioning
methods are experimentally validated in scenarios of variable speed and turning motion scenarios. The experimental results show that
when measuring targets within a 10 000 m range, the proposed method yields a distance measurement error of less than 2 m. Compared
with the single drone positioning method, the average distance error of the guided positioning algorithm in variable speed motion is
2.22 m, and the positioning accuracy is improved by 80% , meeting the high-precision calibration and positioning requirements of drone
detection.
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Fig. 1 Analysis of error source
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Table 1 Distance measurement value

YO FEMESL N2 FMEN3 FMEN 4 FLfEAS
1 345.20 1687.30 2208.50 7578.70 9 481.50
2 345.50  1687.50 2208.60 7579.20 9 481.50
3 345.40  1687.70 2208.80 7578.80 9 480.80
4 345.40  1687.60 2208.70 7578.80 9 481.60
5 345.80  1687.60 2208.70 7578.90 9 480.20
6 345.60  1687.50 2208.50 7578.70 9 480.60
7 345.30  1687.40 2208.50 7578.90 9 480.30
8 345.50  1687.50 2208.70 7578.30 9 481.20
9 345.20 1687.60 2208.60 7578.20 9 480.60
10 345.30  1687.30 2208.60 7578.90 9 481.90

SEME 345.42 1687.50 2208.62 7578.74 9 481.02
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Comparison of the difference between the actual value

Fig. 9

and the measured value (points 1~3)
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Fig. 10  Comparison of the difference between the actual value

and the measured value (points 4~5)
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Fig. 11 Positioning test scene
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SEIHE B R 25K 2,22 m, 75% FHE B 1R 25 7F 2. 94 m LU
W,CEP 4 2.37 m, B, ] A4S 2 H AR AR #E 81 i
T Bl S EAOREER 2. 37(CEP) , H AR T B 7 87k
P75 83. 84% .

x2 BIREEREHEHRRE

Table 2 Distance error of variable speed motion of targets

(=R/R YA BME O RKRE 25% 50% 75%

HHLENM  14.81  13.34  16.06 14.31  14.67 15.40
BlSEM 2.22 0. 64 4.05 1.41 2.37 2.94

3 RR T HARPUE SN P B R 2E N5t
g, AP BE AL L m AR, X T Rl Bk
SEIREES R 22N 13,77 m,75% FME B 25 7E 15. 66 m L)
W,CEP 2} 14.00 m, X F 5] 5@ 5%, I s ik 22
H5.71 m, 75% [ FE B iR 25 7F 25.83 m LN, CEP
5.60 m, K, o LAAS 2] H AR P i 25 1 00 R 51 5 A
FEEEN 5. 60( CEP) , HLAHXF BAM B e 25 60%

x3 HHNREERSHEEIRE

Table 3 Distance error of rapid turning of targets

e P BME RKE 25% 50% 5%

HpLEN 13.77  9.15 16.79 12.32  14.00 15.66
Bl&ENM 571 4.88 7.97 5.29 5.60 5.83
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