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Abstract: Focusing on point cloud registration tasks, an effective missing point cloud registration
algorithm, the mirrored iterative closest point was proposed, to improve the registration between
point cloud pairs with low overlap. The core of the proposed algorithm is to establish the mirror-
type corresponding correlation between the source point cloud and the target point cloud. The
specific process is as follows: firstly, establish a forward correspondence between the source
point cloud and the target point cloud to capture the characteristic points located in the overlap-
ping regions. Then, establish a backward correspondence of overlapping regions to obtain a col-
lection of reliable matching pairs. In the end, estimate the optimal rigid transformation matrix
based on the reliable matching pairs. In addition, the KD tree construction and feature extension
are optimized to improve the algorithm efficiency. The proposed algorithm relies only on matc-
hing pair sets in overlapping regions and has excellent robustness and anti-interference. The re-
sults of experiment on Stanford dataset show that, for datasets with low overlap, the algorithm is

better than the previous algorithms in accuracy and efficiency, while for datasets with high over-
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lap, the algorithm improves the accuracy by 28. 8% and the efficiency by 47. 9% on average. Ex-

periments demonstrate that the algorithm registers missing point clouds quickly and reliably.

Keywords: missing point cloud registration; mirrored iteration closest point; limited overlap

degree; reliable matching pairs; feature extension
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Fig. 1 Schematic diagram of corresponding relationship
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Table 1 Error comparison of different algorithms on four datasets with different overlapping degrees

Bl TR E/mm
WRE  TrICP NDT SpICP SmICP  AAICP RTC A3

[ 19.7014 0.2340 19.5730 0.2589 0.3906 0.3036 0.2553 0.2777
Dragon mh 9.9137 1.3097 9.8485 0.4587 4.9042 4.6954 0.3648  0.209 4
1% 4.2867 0.6906 3.4996 0.7664 7.8868 9.7615 0.6324 0.5436
= 15.1816 0.1714 13.7306 0.1439 0.0914 0.1419 0.0953 0.0905
Bunny H 18.3610 0.6544 17.7161 1.2778 0.5517 2.7922 4.8412 0.2008
ik 26.9067 9.1761 26.5835 28.789  6.2887  10.697 24.6864 2.6168
= 19.5030 0.2710 19.1668 0.2823 0.3275 0.3054 0.2717 0.2220
Buddha H 13.4768 0.4788 8.3160 0.5127 1.0453 0.7917 0.4979  0.4425
1% 20.656 7 25.5448 23.1700 10.117  3.4368 25.1435 17.7621 0.9441
= 15.2654 0.2185 10.1142 0.1310 0.3102 0.2198 0.1991 0.1130
Armadillo LY 14.0995 13.9497 13.5925 7.3724 15.8955 16.2208 4.7224 3.5492
1% 29.2420 26.1592 29.0793 33.4823 8.2578 20.5058 23.3107 2.6650

< IR RO A B g
K2 AREHERRE RS 4 ADRAEE Lo B 470 AL

Table 2 Running time comparison of different algorithms on four datasets with different overlapping degrees

Bl T s
TrICP NDT SpICP SmICP AAICP RTC KNS

[ 0.474 3 0.4151  13.7335  2.4251 0.4207 1.7450 0.359 2
Dragon h 0.4657 0.299 3 9.254 9 3.5859 0.863 0 0.646 5 0.259 4
ik 0.236 6 0.502 5 2.770 0 2.097 1 0.2210 0.2188 0.077 1
& 0.5715 0.8127  22.5780  2.6691 0. 606 3 1.607 8 0.3755
Bunny th 1.178 1 0.5300  46.0659  3.3626 1.063 5 2.729 3 0.584 6
1% 1.456 3 0.5673  25.9155  5.2075 1.9016 2.294 0 0.494 6
& 1.256 5 0.8394  44.8440  5.4180 1.4003 7.768 8 1.1512
Buddha Hh 2.2350 2.6385  48.7757  5.9752 1.490 0 3.677 1 0.978 8
1% 7.478 8 0.9371  44.8740  9.3624 5.550 9 6.314 3 1.7922
& 0.252 6 1.3511  11.8336  1.8628 0.294 0 0.757 6 0.2300
Armadillo H 0.676 6 0.3006  13.2826  3.5376 0. 686 6 2.557 8 0.2956
ik 0.834 9 0.1567  42.7508  4.3811 0. 747 0 3.4214 0.498 1

TE < IR K R SR D0 5 T R 2 Bl 2 m AT .
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Fig. 5 Registration results on the Bunny low overlap dataset
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Fig. 6 Convergence results of the present algorithm on

all datasets
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Table 3 Registration results on Buddha and Armadillo datasets with different noise

M7/ E/mm
Bk
dB Hapn Hapwm Hapy, Army Army Armp,
50 0.270040.0017 0.4750+0.0108 25.544940.0024 0.2164-+0.0039 13.942540.007 0 26.1364+0.004 1
TrICP
25 0.283240.0110 0.4738+0.0110 25.585140.0414 0.2087=+0.0120 13.937540.0373 26.1649+0.0297
50 19.153640.014 7 8.312840.0663 23.1756+0.0271 10.0757+0.0915 13.677 8+£0.0201 29.009 7£0.351 1
NDT
25 19.1282+0.076 2 8.297040.2311 23.2209+0.0679 10.1428+0.1703 13.5557+0.4898 29.206 2+0. 6080
50 0.280340.0051 0.5182£0.0016 10.128440.0132 0.1319£0.0011 7.146340.5324 33.4871+0.0741
SpICP
25 0.265640.0139 0.520040.0082 10.2017+0.1457 7.176040.4361 0.144340.0141 34.0313+0.4744
50 0.326440.0009 1.051340.0109 3.431540.0229 0.3107=40.0007 15.4207+1.6274 8.2453740.06014
SmICP
25 0.324840.0036 1.0547+0.0664 3.936240.2460 0.1978=+0.0101 13.2147=44.0933 11.0353+2.8961
50 0.306940.0013 0.791740.0019 25.1442-40.0078 0.220140.0010 16.2186-£0.0021 20.5150-£0.007 5
AAICP
25 0.325040.0102 0.8006+0.0111 25.194740.0435 0.2228+0.0128 16.186140.0260 20.5167+0.0348
50 0.271640.0014 0.4953£0.0030 17.756640.0048 0.2016+0.0028 4.722340.0057 23.3722+0.1475
RTC
25 0.283640.0116 0.478440.0110 17.7739+0.0769 0.1978=40.0121 4.4460+0.3336 23.5651+0.8421
50 0.2226%0.0027 0.4342£0.0032 0.9464+0.0050 0.1151£0.0022 3.5534£0.0048 2.5505%0.1523
A

25 0.23341+0.0077 0.4453£0.0403 0.9758£0.0327 0.1165%0.0089 3.523240.0783 2.60721+0.1608

& : Hapy . Hapy Al Hapy, 43 %7~ Buddha 045 48 0 B & P AR E & B2 A9 5 = 6 s Armyg s Army A1 Army, 23 313678 Armadillo £ 48

B AR T S B A R X IR R iR .
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Table 4 Error and runtime for the ablation experiments on the Dragon dataset

Dray Dray Dra;.
(R VETE S
E/mm T/s E/mm T/s E/mm T/s
1CP 1.624 3 0.656 3 29.1335 1.390 2 39.706 3 0.7302
MICP 0.276 0 1.905 3 0.438 3 1.6409 0.484 4 2.612 9
MICP+ Skp 0.276 0 1.037 6 0.438 3 0.962 6 0.484 4 2.023 2
MICP+ Sgg 0.2777 1.180 2 0.209 4 0. 960 0.543 6 0.2368
MICP+ Skp + Sgx 0.27717 0.3592 0.209 4 0.2594 0.543 6 0.077 1
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