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Improved registration algorithm for spatial non-cooperative
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Abstract: The problem of relative pose measurement of non-cooperative targets in space becomes the most
difficult task of the in-orbit operation task. By clustering the three-dimensional point cloud of the target obtained
by Lidar, a small-scale cluster point cloud with obvious characteristics is obtained, which effectively improves the
registration efficiency and precision. Aiming at the problem that clustering algorithm based on region growth can
not recognize clusters with similar features when clustering visible point clouds, a method for optimizing 3D point
cloud clustering with 2D images was proposed. This method established a mathematical mapping relationship
between the depth value information and the RGB color value. After the point cloud dimension was reduced, the
boundary was extracted using the color gradient mutation, the points within the boundary were reversely restored
to the original point cloud, and finally the various types of point clouds were combined to obtain a point cloud
with distinctive features that were easy to recognize. The experimental results show that under the condition of the
registration angle error is +5°, the size of the point cloud can be effectively reduced and the significant features

are preserved. It provide technical support and solutions for the real-time measurement of relative pose of non
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cooperative targets in space.
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Fig.1 Positional relationship of measurable points in radar coordinate

system
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Fig.2 Spatial non-cooperative target simulation visual point cloud
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Fig.3 Regional growth clustering results
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Fig.6 Clustering results of the proposed algorithm
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Fig.7 Small-scale distinctive feature point cloud

550G AT AL, AT UL A = MR I S 4 /DN
B MR B T AR 25 A TR 9 5 2, R 2 AR
A FURR A5 38 (02 1 s 2 phy T IR R R AR 7 —

SCE, WA DARAE, I R I 2 e o 8 57 % 7 5% 2R R4t
T2 gO0F, X B S B W IEAE A
3.4 (FEHEE ALK

SRR P B AT R LR . CPU K
Intel(R)Core(TM)i5-5200U @ 2.20GHz, 7£ N 174 4 GB
f) Windows 10 #:1F & 4t PC HL Lz 47, 5256 i ]
30 20 AT W = R, B A AR AL G A T A A
Z YRR IS S AR — Wil i =

23 ARG H A 0 5 28 T v 552 3o feff ] S b 3
B 51650 1CP BeifESR - A T RO EX Lb 5255

(1)l FH R — i 438 o] 40 = F S R A S
(SR 2 AT 3 B

(2) 8 FH T — Mot 438 ) 40 A 2 A0 2 i ) 4 n]
RS 2 AT 390 e

X = APT RS HE B KON A B L SR BRI AT
Geit, TS H ARG bR T SO BC TR ) B 25 SR AT
BRZEIIHT o Hoh sURFAE T 5 2R JE T i v A Ak
HAZBE 52 B K, 75 2R 2 5 R v AT B R
SEBRAE 55 B AT HEAT L 1 RS T 2 v R A R 55 £
HEAT B AR AL T, RIS . AN DL B a5 2 B i v 3 4 A
RS, PRI, SR R I A0 475 2R 2K 4 b S TE v I 1]
SCHR A B G AESE RN 1 TR, Hodh ax dy DL &

1 XHEERAELER

Tab.1 Registration results of proposed algorithm

Three axis translation distance

Groups
dx/mm dy/mm dz/mm
21-20 -0.4724 —0.5263 1.0306
22-21 —1.2240 0.6375 0.4955
23-22 —0.1181 —0.3058 0.7028
48-47 0.5716 —1.0855 0.3489
49-48 —0.9771 2.6975 —0.3801
50-49 —0.1905 0.9025 —0.4344
Three axis rotation angle
Groups
ax/(°) ay/(°) az/(°)
21-20 —0.0067 4.4969 —0.3413
22-21 —0.2573 4.5963 0.8183
23-22 —0.2653 49013 1.0290
48-47 —0.0173 4.6220 —0.2492
49-48 0.2148 4.8584 —0.0877
50-49 —0.1250 49179 —0.0648
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Tab.2 Registration results of ICP algorithm

Three axis translation distance

Groups
dx/mm dy/mm dz/mm
21-20 0.3604 —0.3464 0.4818
22-21 0.1552 —0.6967 0.5961
23-22 0.1630 —0.2454 —0.1001
48-47 0.0407 -0.1771 —0.4323
49-48 0.0297 —0.1239 0.2898
50-49 0.2101 0.1776 0.1921
Three axis rotation angle
Groups
ax/(°) ay/(°) az/(°)
21-20 —0.2088 4.8290 0.6914
22-21 —0.0787 47867 1.3158
23-22 0.1538 4.9692 1.0110
48-47 0.3225 4.8553 0.2024
49-48 0.3585 4.8523 0.1457
50-49 0.4546 47852 0.2026
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Tab.3 Algorithm time-consuming comparison
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Groups Proposed algprithm ICp algoriFhm
consumes time/s consumes time/s
21-20 12.9 295
22-21 15.9 333
23-22 17.4 375
48-47 13.1 49.8
49-48 13.0 44.1
50-49 12.0 40.7
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Fig.8 Pitch angle registration error
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Fig.10 Roll angle registration error
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Fig.11 Algorithm consumes time
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Tab.4 Registration cumulative error statistics
Three axis translation distance
Groups
dx/mm dy/mm dz/mm
Proposed algorithm 0.7101 24222 0.3235
ICP algorithm 2.0442 —0.7100 2.7629
Three axis rotation angle
Groups
ax/(°) ay/(®) azl(°)
Proposed algorithm 0.2624 10.4549 3.2799
ICP algorithm 2.2442 4.4245 7.8200
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