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Abstract Given that the precise pose of space non-cooperative targets is difficult to obtain during close rendezvous
and docking, an efficient and reliable pose measurement method of space non-cooperative targets based on the time-
of-flight (TOF) camera is proposed. Firstly, in view of the characteristic that light intensity can be stored in gray-
scale images taken by the TOF camera, a dot calibration board made from retro-reflective materials is adopted to
improve the calibration accuracy. Secondly, the ellipse detection method based on the combination of edge arcs is
applied for calculating the inner and outer ellipse parameters of the target surface butt ring. Thirdly, the connected
components of the depth image are analyzed via the region growing method based on local thresholds and the target
surface connector is extracted under constraints such as area and aspect ratio. Finally, a target coordinate system is
established through the docking ring and the connector and the three-axis position and attitude angle of the system in
the camera coordinate system are calculated. Besides, a ground verification system is set up to verify the robustness
and measurement accuracy of the proposed method. To this end, the proposed method and the ORB (Oriented
FAST and Rotated BRIEF) method are compared using the experimental results of 4 groups of 100 frame images,
indicating that the TOF camera has broad prospects in the pose measurement of non-cooperative targets.
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Fig. 2 Camera calibration results. (a) Initial image; (b) result of dot extraction
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Fig. 4 Relative position of segmental arcs. (a) Searching
area; (b) the same direction; (c) the opposite
direction; (d) the face-to-face
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Fig. 3 Turning points of segmental arc. (a) Curvature at A, is large; (b) direction of curvature at A, is changed
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Fig. 5 Docking ring detection process. (a) Original image; (b) edge arc; (c) arc segmentation;

(d) ellipse fitting; (e) cluster verification; (f) result
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Fig. 6 Detection process of connector. (a) Original image; (b) binary image connected component detection;

(¢) morphological operation; (d) area filtering; (e) aspect ratio filtering; (f) fill degree filtering
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Fig. 9 Pose information of satellite model in test 1 with our method. (a) Relative position of X-axis; (b) relative position

of Y-axis; (c) relative position of Z-axis; (d) rotational Euler angle a of X-axis; (e) rotational Euler angle 8 of Y-

axis; (f) rotational Euler angle ¥ of Z-axis
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(b) rotational Euler angles of three axis

&9 AT, AR SO I HIRAR B Xl X7
BAE—25.6 mm 2] —24.2 mm Z[HF3h,Y fh4s x5t
MEAE—18.2 mm B —17.2 mm Z [ 3h, Z #id
XF 07 B AE 4155 mm 2| 4170 mm 2 b, 3 3 78 Bl ik
F 15 mm, HEFM o 16 1. 4°%) 3. 1°Z [P 3h . e §%
B AE—2. 278 O M B 8l i FLE fA v #E —40. 3°F)
—39.7°Z [P 3h, K 10 Frs, ORB J7 e # 1k
ARE R BT 52 8 Z B KR 22 1 LAk #)
40 mm, AL A e KR 22 0T DLk B 4%, 2t b vl

P ARSCTT R B 25 2R T ORB Ik AR E , &
P4

Hi T Z Sl X 0 8 2 th TOF AL B 5] B 4%
PR, SR TR B AR B80H — 1R AE 256 4 K AH
WL AR 22 25 R ILZ R R 22 W T
R BE R0 0% o R il DR B0 3 B VA 1V L AR SR 100
BB AL B BIEAE A R . % 2 TEANSIH T 5%
B 1~4 AU TR R 100 WUEMR R85
DR 1 ) P {E S AR 22

2 ML A

Table 2 Measurement results of relative pose

Test Parameter X /mm Y /mm Z /mm a /(®) B/ y /(®
Test 1 Mean value —24.9450 —17.7542 4160. 9610 2.1898 —1.1236 —40. 0284
- Standard deviation 0.2714 0. 2437 2.8402 0.3269 0. 4944 0.1210
Teet 2 Mean value —24. 7347 —17.5638 4161. 6241 2.3504 —1.3453 —50. 1938
Standard deviation 0.2615 0.2739 2.7273 0.3097 0.4273 0. 1508
Test 3 Mean value —24.8963 —17.6972 3160. 7328 2.2107 —1.0863 —50. 0215
- Standard deviation 0.2243 0.2357 2.3254 0.27874 0.3743 0.0987
Test 4 Mean value —25.0107 —17.5758 3161.4673 —2.7394 —1. 3826 —50. 1332
Standard deviation 0.2386 0. 2466 2.3649 0.3672 0.3581 0.1264
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F 3 ANE BT AR XS i
Table 3 Relative pose of different working conditions
Method Test X /mm Y /mm Z /mm a /(") B/ VA
Tests 1 and 2 0.2103 0. 1904 0.7091 0.1606 0.2217 10. 1654
Our method Tests 2 and 3 0.1616 0.1334 1000. 7926 0.1397 0.2590 0.1723
Tests 3 and 4 0.1144 0.1214 0.7345 4.9501 0.2963 0.1117
Tests 1 and 2 0. 8430 0.7595 1.0391 0.4108 0. 3364 10. 9608
ORB method Tests 2 and 3 0.6414 0. 5487 1002. 2569 0. 3361 0.2927 0. 3260
Tests 3 and 4 0. 6837 0.6268 0. 9582 5.5835 0. 3681 0.2732
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