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Abstract: The planar-array-based imaging radar can achieve transient 3D detection and is suitable for pose
measurement of moving platforms or non-cooperative targets. A multi-view point cloud auto-registration method
for pose measurement of spatially non-cooperative targets was proposed for non-uniform grid point clouds with
crosstalk characteristics between adjacent pixels. Based on the principle of improved coherent point drift (CPD),
the method treats the target point cloud as the data distribution set and the source point cloud as the set of center-
of-mass points of Gaussian mixture model (GMM). The likelihood function of the constructed GMM model is
solved by using Bayesian posterior probability formula and Expectation-Maximum (EM), and the weight of the
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point set are adaptively adjusted by the overlap of the point clouds in the optimization process. The distance

residuals between source point set after one EM iteration are ranked, the optimal transformed point cloud pair is

selected, and the local perturbation quantity is established using the nearest neighbor method to obtain the spatial

transformation matrix for each drift iteration. To avoid getting into local solutions, the attributes of the point set

involved in the drift operation are alternated by supervising the mean square error update rate of the point cloud.

For spatially targets, two simulation conditions are established to obtain multi-view non-cooperative target point

cloud datasets. The results show that the method is robust under the strong noise and pixels blurring interference,

and the average largest common point set corresponding is improved by approximately 61% compared with the

other coarse-fine registration strategy, which can be applied to the non-cooperative target pose measurement

under the spatial planar-array-based 3D imaging platform.

Key words: array point cloud registration;
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Fig.1 Diagram of the proposed adaptive CPD registration strategy for spatial planar-array-based point clouds
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Fig.3 (a) Case 1: The platform rotates around the Y axis of the 80 m target, and the satellite moves around the Z axis; (b) is the correspondence between

the target attitude and the observation angle; (c) Case 2: The platform moves along the Y axis from 90 m to 40 m, and the satellite moves around

the X axis; (d) is the link between the target attitude and the detection distance
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Fig.4 (a) Absolute simulation point cloud at a certain pose; (b) Degraded simulation point cloud with noise perturbation
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(d) Proposed

Fig.5 Registration results when the difference between the viewing angles of adjacent point cloud is 90 °under Case 1: (a) SAC+ ICP; (b) NDT + ICP;

(c) PCA + ICP; (d) Proposed method
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Tab.1 Evaluation of registration results when the viewing angles are 0° and 90° respectively in Case 1

Method SAC+ICP NDT+ICP PCA+ICP Proposed
Run time/s 2.03 1.85 1.72 2.10

Rough 5.1% 15.1% 32.0%

LCP 69.2%
Precise 18.0% 8.3% 63.6%
Rough 0.651 0.504 0.131

RMSE 0.106
Precise 0.174 0.474 0.102

BEAh, B X T80 1 8R4, 46 8 B8 RO AR AR (i
A5 R S A5 T ¥ 55 2 MR A7) 22 A 53 30 R 30011 60°, i
fri#ge el 15 6, SO RS HE T I TEAR AR LA
250 30°0), Bifi 5 BUEOF £ AN W2 3l LCP Il B e

0.75~0.95 Z [H] 52 9t A8 B A8 4, 45 H A 2228 SOULi
PR S 2R . AR ESE
H1 RMSE 3452 3 BOR IR FE 3R, I 1 B T A R #2
R, BB
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Fig.6 Registration results when the viewing angle difference is 30° and 60° in Case 1: (a)-(d) are the results of SAC+ICP, NDT+ICP, PCA+ICP and the

proposed method when the viewing angle difference is 30°. Similarly, (e)-(f) correspond to the 60° viewing angle difference
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(a) Original

(b) SAC+HICP

(d) PCA+ICP

RMSE 73 335 2] T 58.8% 1 0.105, {H & i} 2 A Jir 4
T X F F AT O, AR M ) e 25
I RAFFFAEEC b R FCE L S . P A e A
T o5 RS B 1k AE FE B & fil RMSE I, A XF SAC+
ICP Jy ke, A Z R T 2 34%, M (b) Al
(e) ML HELS ST LAE B, WA 7 IS RN E S
JEBA B AT

(c) NDT+ICP

(e) Proposed

K7 FET00 2 FARSR S S BE R 30 m I AUCHESS SR (a) WIIRDIES; (b) SACHICP; (c) NDTHICP ; (d) PCA+ICP; (e) X177k

Fig.7 Registration results when the distance between adjacent point cloud is 30 m under Case 2: (a) Initial position; (b) SAC + ICP; (c) NDT + ICP;

(d) PCA + ICP; (e) Proposed method
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Tab.2 Evaluation of registration results in Case 2 when the detection distance is 90 m and 60 m respectively

Method SACHICP NDT+ICP PCA+ICP Proposed
Run time/s 2.62 2.28 2.54
LCP 58.8% 11.0% 34.5% 78.6%
RMSE 0.105 0.459 0.146 0.114
AN, AT SRR HTAR &R W IR 2 34 S AR B BCHE R 7y 40°) BF, fdf L3R T i R AT G o, G 45 R an 5] 8 i

A FE RTINS D 1 2 1 2 S T B, R
RIS A5 2 1 8 1) o A1 DA Al o 7B 2200
B2 10 m (X B AR 22 0 20°) F 20 m (X BIHE A 22

No HCHTLAFE H, SCRImEER TR 2 U L E R
IR B AR B AR A H, FAE R AT T
LT 2 5 BEHE TS vk
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Fig.8 Continuous registration results for the point cloud with the distance difference between adjacent frames of 10 m and 20 m in Case 2:

(a)-(b) corresponds to Ad=10 m, (c¢)-(d) corresponds to Ad=20 m

23 BERBERMH THEZSHEEITE

7% 8 B A HL S 2 AR S 5 P AT ARG L : 52 5588
TS R S R A R R B, 2 {5 MR L s T T )
UG R ERERAL, (AT HL R BE T 6 28 AR 55
4 AN ) F2 E ,  BO 5 A AR A
AATEEXHZ IR RIS 5 T i 2 BEAT (5 B T ofe
BUE . SRAT L 00 2 BEIEEES S 90 m (i HAK
R AR s, WA s P maTEsh 30 m f5, 7F

Tic o 2 2 AR XA 2500 60 . 7RIS =
W BE Al L, MR INFRHE 22 0k 0.02 F1 0.05 A4
i, RN 0.5 F1 0.8 [T B B B ML o5, e X
a0 2.1 AT . BRI i 45 AR T ) = R
WV JE TR DI 19 SACHICP HEZR | 3L a4y
43 M +ICP R T A K SCHP R B T ik, LT o
SERITM AR bR a2 3 PR .

®3 T2 ARREAEME TRMEEE 535325 90 m F1 60 m BB BLAE 45 ST

Tab.3 Evaluation of results when the distance is 90 m and 60 m respectively under strong noise disturbance in Case 2

Method Evaluation c=0.02,7=05 0=0.02,7=0.8 0=0.05,7=0.5 o =0.05,7=0.8

RMSE 0.154 0.110 0.133 0.143

SACHICP
LCP 25.4% 51.9% 25.0% 22.5%
RMSE 0.142 0.110 0.102 0.112

PCA+ICP
LCP 33.7% 52.0% 41.6% 38.7%
RMSE 0.118 0.123 0.105 0.125

Proposed
LCP 67.2% 69.1% 49.5% 48.4%
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it R AR R ZUT B IS, P BT A [ B A R A

R ) R MR P R o 22 o R R, LA UK A2 B B S R
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Fig.9 Registration results under extreme strong noise : (a) - (d) are the results of SAC-ICP framework under different noise level; (e)-(h) is PCA + ICP;

(i) - (1) Correspond to the registration method in this paper
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