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Abstract; To estimate quickly the relative pose of a space target based on point cloud., a Binary
Rotational Projection Histogram (BRoPH ) feature descriptor was proposed. Firstly, a Local
Reference Frame (LRF) for the feature point was established; Then, the density and depth images
were generated under different views by rotationally projecting the local surface of feature point,
Finally, the multi-scale binary string of the feature point was produced based on the images. For
implementing the pose estimation of space target in real time, a Hamming distance threshold based
feature matching strategy was proposed further to exclude false matching pairs to accelerate coarse

pose estimation procedure. The comparison experiments were performed with SHOT descriptor and
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FPFH descriptor. The results demonstrate that BRoPH achieves an accurate pose estimation with
only about 1/80 average memory cost of SHOT and FPFH descriptors. The average attitude error of
BRoPH is under 0.1 °, and its average translation error is less than 1/180R. Besides, the Hamming
distance threshold based feature matching strategy speeds up the subsequent RANSAC by 7 times,
and the overall pose estimation frequency exceeds 7 Hz, which is 3 to 6. 8 times faster than those of
SHOT and FPFH descriptors respectively. The proposed feature descriptor is compact and efficient,
and the pose estimation method is accurate and robust for the requirements of space target pose
estimation.

Key words: space target; pose estimation; point cloud register; rotational projection histogram;
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INT A 0 SHOT 0.356 2 0.168 0 0.252 7 45.066 8 37.545 7 41.873 6
FPFH 1.1235 0.319 1 0.994 3 191.156 3 103.542 5  130.366 8

BRoPH 0.000 9 0.00 1 0.001 3 0.155 5 0.334 2 0.430 0
0.1 SHOT 2.651 3 0.740 4 1.304 4 264.293 9  310.769 1  198.553 8
FPFH 2.303 4 0.832 4 1.693 3 303.809 9  268.084 6  244.918 1

BRoPH 0. 000 9 0.001 0 0.001 2 0.146 6 0.335 7 0.427 9

K —5 0 SHOT 0.476 9 0.133 0 0.259 2 1.686 9 3.144 5 2.109 6
FPFH 2.502 1 0.791 8 1.369 8 11.380 5 17.279 2 12.553 6

BRoPH 0. 000 2 0. 000 4 0. 000 3 0.004 1 0. 005 0 0.00 7

0.1 SHOT 2.123 3 0.587 8 1.764 3 13.4517 12.390 4 11.456 2

FPFH 2.578 4 0.662 2 1.912 6 14. 943 1 16. 608 1 10. 969 1

BRoPH 0.003 8 0.003 2 0. 006 1 0.004 5 0.032 8 0.093 5
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4.4 LERBITHRSH

ARATAIR LA/IMT B Ttokawa 43 M 7S S 24 N
X4, Gi it SR FHAS [ 435 A0F 486 3 25 i 07 4 3 4% 3R
AT ] ISR AL Trokawa A5 Y 4
589 234 L MR B 33 479 A
FRAE SRS SE 275 3 1 819 A ., 4 1F DT g 75 3]
F - 2 50 5 B2 RANSAC J5 %8 45 56 (N S %0
WM 4 PR, OLEAGTHS R RER ST 25 3 an 2
5 FN,

x4 EERAIH
Tab. 4 Number of matching pairs

SHOT FPFH BRoPH

HEAE DT 5 %) 196 96 560

RANSAC F 43 5% 11 6 137
x5 MEGITESRTERA
Tab.5 Time for different procedure (ms)

SHOT FPFH BRoPH
2 A 29. 38 29. 38 0. 00
REAF A6 13.73 13.73 13.73
FRAE 3 75.92 677.81 55.43
EER U 148.75 43. 86 35.93
RANSAC 93. 36 125. 82 4.05
GICP 69. 89 74. 29 32.03
At 431. 04 964. 89 141.17

MF 5 AT LLE B, SR F , BRoPH ¥ H
Wt /b A 3 5 o A T AR 2 141 ms,
HWJE SHOT, it 25 431 ms,FPFH 12, %
25965 ms, B 5E,.SHOT Ml FPFH F 84 4 =

(9 ) HE L T BRoPH N7 B, 4% AF K6 I 4 72 3
B, FRERAR SRR FPFH ARt T 3T
677 ms, 1M SHOT #l BRoPH #E& I AH 24, 4#1F T
Bed A, R4 BRoPH JHRY 22 1R HH A
KA Hamming B 55, UC A @ 5 J& &t 9, 1
FPFH P FRE 48 FE A%, BRI FLANN fin
R LU FE AR P, SHOT W) R R R AiF 4 )5
e ST RRCHE B VR FE , BDAE R JH T FLANN i 2
R WK SRR 12, RANSAC 3 #2 SHOT Hi
FPFH #EWT &R He BRoPH B W B K, = E W N 7E
A M EIE T ,SHOT Ml FPFH /9 R¢1iF UG it 25
B 2% , RANSAC W sh i 218 . 1 BRoPH X M
AU, HL 3T Hamming B9 {8 B9 45 AF DT g 9 2>
T T — 2 A HRAE DT EE T A EE AR ] Hamming
9 {8 A 4R AE DTS (L 36 2) , RANSAC g 805 B 42
BT TS, BT GICP, Hi S i £ Bk T
£ %M Ak 7T /Y KS B, Bk T SHOT, FPFH Al
BRoPH {37 24k 11 7 107 28 K5 U6 3145 (14 °F 35 121
WA M A 11,083,131 A 3.2, MK b, BT
BROPH M7 Al ot 7 7 Hz, bk SHOT
P 3 4%, Ik FPFH 1 6. 8 1%,
4.5 (IERHBIHER

H T A B R A R AR TR T
BRoPH #ifi i 1 By £ 24k 1 553k B 7/ 7 B
Ttokawa , KB — 5 K W H AR K 2% 19 Bunny £ A
(R 5 5, 15 B A AL 5 37 57 05 2 1 T o 45 R
K6 fF 7, Hoh 22 0 ok 0 MLl 45 3 L A5 91 R
ZREWME SR, LA, RN EA AN A
JL ) e 3 238 S O A B AL B A B S b L A
Y553 55 8 AR R T T o RO B A
XA VLW T 5 T BRoPH i A it 2k A

R g

RANSAC coarse pose  GICP pose refine
(a) Itokawa & B 7 5 57
(a) Secene 57 of Itokawa with noise

RANSAC coarse pose  GICP pose refine
(¢)Bunny % 180°# f
(¢) Bunny model with 180° visual angle

RANSAC coarse pose  GICP pose refine
(b)) KB — 5 A M 5% 30

(b) Scene 30 of TianGong I with noise

6 WA R YA 45 B o 20 (5 R B 2 L 5 R b A

Fig. 6 Pose estimation result, red indicates model clouds while green indicates scene clouds
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% TR

5 25 &

5 & #
ASCE X3 18] B AR ZAG TR SR B — F i
e %52 R E A 47 BRoPH , 31 H.7E 2 1 H:

PEREry AL b, 3 —Fh 2 T Hamming 55 B
{HL AR R I DG 5 SR W, 7T LA 300 o A o Al 5 X, B
A %A% 31 89 3 . BRoPH H &5 il SHOT HI
FPFH FE¥NFR 1/80 Mk 8 T FHERIR2E
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