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Cross-source point cloud registration using an improved spherical
voxel-based local shape descriptor

LI Jian', LI Huan-Tao', WU Hao’, CUI Hao"
(1. School of Geo—Science & Technology, Zhengzhou University, Zhengzhou 450001, China;
2. College of Urban and Environmental Sciences, Central China Normal University, Wuhan 430079, China)

Abstract: To address the registration challenges caused by cross-source point cloud quality disparities, this paper pro-
poses an improved spherical voxel local shape descriptor (Spherical Voxel Center Descriptor, SVCD) for cross-source
point cloud registration. SVCD effectively mitigates density and distribution variations through dual-weighted Local
Reference Frame (LRF) computation and spherical voxel segmentation. Its core innovation lies in feature encoding
based on the distance from voxel centers to keypoints, enhancing the distinctiveness and robustness of the descriptor.
The registration process establishes correspondences via the nearest neighbor similarity ratio and solves the rigid transfor-
mation using the singular value decomposition. Experimental results on the 3DCSR and real-world datasets demonstrate
that SVCD achieves a registration error as low as 0. 004 8, with recall rates of 82. 83% and 83. 45% (improving baseline
performance by 10.24 and 11. 16 percentage points, respectively) , and the Fl-scores are the highest (0. 803 and
0. 832). In Gaussian noise experiments, SVCD maintains an average recall rate of 76. 54%, significantly outperform-
ing comparative methods, validating its strong robustness in complex scenarios. This method provides an effective solu-
tion for high-precision cross-source point cloud registration.

Key words: cross-source point cloud registration, local shape descriptor, spherical voxel, voxel center, the nearest
neighbor similarity rate
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FARO S350 iy 350 2 000 000 +1 H:360 V:300 54 853 0.0117
GeoSLAM ZEB Horizon kil 100 300 000 +10-30 H:360 V:270 1031 633 0.001 2
#R2 3DCSREIBREHRESH
Table 2 3DCSR dataset parameters
. “labl”  “lab1”%k
) N SE NIl o . . N . o .
& MW RS Wiy e KATHGHE 2R/ (points/s) W BERS E /mm Wi/ K s Ay
51/ 1M
Boe  HEF/m
SFM  ZWEIUEE Wik A A MG S A FAPURE Mids WS 65470 0.002 8
Kinect S54RI i 0.5~5 30 Wi/ Fb (o 25 SR AR AR ) *2 H:70V:60 15031 0.0053
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Fig. 3 ' Auspicious poultry ' point cloud data acquired by dif-

ferent sensors
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precision + recall
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Fig.4 'labl ' point cloud data acquired by different sensors
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2 ™
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Table 3 Information on six descriptors

HRTF SAENAR mr E35S K JE/(bit)
Tril.CI 15 18X18%5 972
TOLDI 15 18x18%3 972
LOVC 15 15%15%15 3375
LOVS 15 15%15%15 3375
LvVC 15 10x10%10 1 000
SVCD 15 18x18%5 1620
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Fig. 7 RP curves on Real-world datasets
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Fig. 8 RP curves on 3DCSR datasets
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Table 4 Recall of six descriptors on Real-world and
3DCSR datasets(%)

Ik FLH A 3DCSR FE{E
LOVS 58.16 66.76 62. 46
LOVC 33.57 47.68 40. 62

LVC 73.21 40.17 56. 69
TriLCI 48. 66 62.71 55. 68
TOLDI 59.85 71. 67 65.76
SVCD 83.45 82. 83 83. 14
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Table 5 Fl-score of six descriptors on Real-world
and 3DCSR datasets

FSE MR T ST AT R B S EUE AR
3DCSR % ¥ % I AY Fl-score, SZ 5645 R B,
SVCD 7F . 5E 0 4is 4 A1 3DCSR #6411 F1-
score U0 A T ILALHG IR AT, R0 1 6K 1% DT fd
REFNES IR 5 = B Pk o HL ey DR OORG B2 AR g PR IR
W11 HAEAN R S = B B 3 AT S A% A5 50 ot it 2
SR ZE M. ML Z N LVC S AR AR
T RBRAF (A7 3DCSR £ 46 b i D BCPERE I B

WRES ELHR R 3DCSR SR
LOVS 0. 472 0. 403 0. 438
LOVC 0.238 0.210 0.224

LVC 0.781 0. 683 0.732
TriLCI 0.523 0. 483 0. 503
TOLDI 0.594 0.541 0. 568
SVCD 0.832 0. 803 0.818

(2) & PRV 3l 355 A [R] e 307 M P K 1Y
RP 2RI 3 510 i) 6 MR T i & stk A
TP X LE R R AT L v SR T A R £ P
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Table 6 Recall of six descriptors on the ~ Auspicious

poultry ~ data under different levels of
Gaussian Noise(%)
Jii: 0.1 mr 0.5 mr 0.9 mr T
LOVS 63.34 52.58 43. 87 53.26
LovC 42.74 29.70 19. 81 30.75
LvVC 75. 47 64. 39 54.92 64.93
Tril.DI 50. 13 41.39 35.61 42.37
TOLDI 52.85 44.07 40. 44 45.78
SVCD 81.99 76.70 70.93 76. 54
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Table 7 Registration accuracy of ten algorithms on Real-world datasets
B RE icp FGR LOVS  LOVC  LVC  TilCl  TOLDI C;Zs;_ VRHCF  This article
S ErrorR  135.992'1 10.462 6 3.1733 6.1319 1.4068 4.2421 3.0815 1.2103 1.0539 0.5367
Errort 9.072 4 7.8276 4.249 8 6.1127 1.5332  4.4989 3.326 1 0.062 3 0.0512 0.0396
v  ErrorR - 159.7179 4.036 8 3.9288 7.1958 1.7140 4.4637 3.5752 1.5134 1.204 5 0.056 0
i Errort ~ 240.4820 12.8121 4.3272 6.562 6 1.6827 4.7067 4.1850 0.896 2 0.7945 0.214 1
s ErrorR  175.5272 17.642 4 4.0947 7.4073 2.1758 5.5539 3.8000 1.454 1 1.204 4 0.8128
Errort 78.3539 9.3123 5.266 4 8.5735 0.9823 6.4186  6.9567 0.9533 0.8424 0.1524
1 ErrorR  112.5229 7.0308 3.6274 6.6343 1.5795 5.4899 2.1637 0.8453 0.7539 0.3165
Errort ~ 271.2570 9.5053 4.2193 7.790 2 1.7018  5.5658 3.4331 1.9842 1.8642 0.900 5
®8 T+ EEEIDCSREFEE PR ERSE
Table 8 Registration accuracy of ten algorithms on 3DCSR datasets
R i Icp FGR LOVS  LOVC e omier torol O yemer o
PCR cle
) ErrorR  28.6930 10.0802 2.5365 6.2133 6.0768 4.6103 3.8517 2.2313 2.0634 1.8450
Chair2 Errort 10.7155 7.3803 0.0420 5.1557 4.1599 2.1928 2.1941 0.0683 0.0632 0.0471
ErrorR 35.9128 9.0798 3.7553 4.9797 3.9179 3.7262 1.9179 1.9034 1.8563 1.2282
Labl Errort 15.0775 7.2143 3.1145 6.0326 4.5327 3.0332 1.0327 0.0944 0.0842 0.0282
Sofawhale ErrorR  23.656 6 9.2108 3.0224 4.8506 3.4767 3.0828 2.0974 1.7834 1.5032 0.5128
Errort 10.795 6 5.8057 2.1312 2.1363 2.0552 3.0293 0.0763 0.0612 0.0543 0.0048
Computercluster! ErrorR 27.9918 8.5445 1.7078 3.8748 5.7020 3.0556 1.9803 1.8031 1.7312 1.5264
Errort 13.478 5 9.3510 2.5469 4.1061 6.1391 0.0953 2.0731 0.1041 0.0831 0.0324
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Fig. 9 Registration results of ' Auspicious poultry ' data using ten algorithms
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Fig. 10 Registration results of ' lab1 ' data using ten algorithms
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Table 9 Comparison of registration time for ten algorithms on Real-world and 3DCSR datasets

Cross—
L& BlitE ICP FGR LOVS LOVC LVC  TilCl  TOLDI VRHCF This article
Time/(s) HIE 476.3  48.69 261.26  299.63  33.72 142.37  112.24 40. 65 28. 86 120. 58
me/\ s
3DCSR 49.99  4.04 37.27 41.77 9.41 19. 80 19.24 13.42 8.32 23.01
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