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SRZURDNT S5 KRB, AT 52— P i 1) A HL-F Wi A9 Huber £2 55 = FCHESR % (Huber — ICP) , i 4%
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Robust Point Cloud Registration Algorithm Based on Huber Loss

Lan Lan' Huang Yan' Tian Baohui' Lin Yan' Wang Dongyang® Wang Yanku’
(1. Department of Transportation Information Engineering, Henan College of Transportation, Zhengzhou 451460, China
2. School of Automotive and Transportation Engineering, Shenzhen Polytechnic University , Shenzhen 518055, China
3. Institute of Internet of Things, Shenzhen Polytechnic University, Shenzhen 518055, China)

Abstract: Reliable point cloud registration is essential for agricultural machinery navigation in
unstructured field environments, but conventional ICP methods are easily affected by large initial pose
errors, dynamic vegetation interference and vibration-induced noise. To improve registration robustness
and efficiency, a robust point-to-plane ICP method based on the Huber loss, named Huber — ICP, was
proposed. The Huber robust kernel was introduced into the point-to-plane ICP objective function, and the
transformation parameters were estimated through an iteratively reweighted least squares optimization
process. In this way, point pairs with large residuals were assigned lower weights, whereas the
contribution of inlier correspondences was retained. Experiments were conducted on sequences 00, 02,
05, 07 and 08 of the public BotanicGarden odometry dataset to evaluate the proposed method under
different navigation conditions. Compared with point-to-point ICP and point-to-plane ICP, Huber — ICP
reduced the absolute trajectory error by 67. 97% and 46. 53% , respectively. Compared with Pi2Pi — ICP
and Pi2P] —ICP, the average number of iterations was reduced by 46.22% and 14.74% , and the per-
frame registration time was reduced by 11.43% and 35.42% . Under a translational perturbation of
1.0 m, the registration success rate remained above 80% . The results indicated that the dynamic
reweighting strategy improved both outlier suppression and convergence efficiency. The proposed method
can provide a practical registration solution for continuous localization of agricultural machinery in GNSS-
denied and high-vibration field environments.
Key words: agricultural machinery navigation; point cloud registration; iterative closest point (ICP) ;
Huber robust kernel; simultaneous localization and mapping ( SLAM ); computational
efficiency
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M RRT 158 28 AEL 2 D) 6T S R R P A
T TE B S HE A Jw S 28 4 AN G 5 25 i 22 55 K Y
TOLT , 5 Hh BB A S e v O B8 53T SRR
RESEI A ) Huber oR AL H/NGE 22 — IR AE 1)
FRER 22 AR , v] F T BRI 5 s X ICP
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Fig.1 Flowchart of Huber — ICP algorithm
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Fig.5 Source and target point clouds (3D View)

Zi b KSR s IR HE T 0.3 B IE M vfE iR
T B o s PR, A SRV P e T RRAR 7 S B AR A 0.3 ~
i 0050 s 0.6 X [ A 30E 3 B0, LI 5 (o K6 5 48P
?{ 0.025 b (B35 3 e 1
5 o0m0 3.3 EBERHW
R g 2 s, BT B2 (ATE \RPE) IS
OAOlS_ofl 02 03 04 05 06 07 R (CEEIEAC B A58 FE I 45 4k B X Pi2Pi —
ATl ICP.Pi2Pl -~ ICP 5 Huber — ICP M1 REHEATZET,
S Huber — 1CP 15 FFA WA 48 5 11 e B, B0 iF 7
By B FCAER I R By T 5 2 D8
Bl i K57 I, 534k P2Pi — ICP Al 1L, Huber — ICP
! ATE &1 67.97% , 5 VERETE S8 1Y Pi2Pl — ICP A
L0 He, ATE WEAI 46. 53% ,iEWI T HL0 5 A BCERS 12
z BRI, Huber — ICP W85 B e b, S 2 %
01 02 03 04 05 06 07 TRKAH He Pi2Pi — ICP 1 Pi2P1 — ICP 3 5] Jk >
O g 46.22% 1 14.74% . HWURCIEFE R AR L 195 % 43 51
F6  S%08 MR WD 11, 43% Fi1 35. 42% GCRHETH B
Fig.6 Ablation study analysis of parameter e, B 3 R [FERI AP B T Ak o

&2 A EE;E7 BotanicGarden 5 5| 3448k

Tab.2 Average performance of different algorithms on BotanicGarden sequences

GRS HA PR/ m A2 ZE4R P2 /m PR EAREL FLTILIERE I/ ms
Pi2Pi - ICP 0.6103 +0.365 1 0.0479 +0.027 8 15.06 £1.2 14.0 £16.0
Pi2Pl - ICP 0.3656 +0.1849 0.044 4 +0.0219 9.50+1.9 19.2+13.3
Huber — ICP 0.1955 +0.086 3 0.0417 +0.0213 8.10+1.5 12.4+9.2
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Tab.3 Freed computational resource allocation and benefits in typical application scenarios
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