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Fig. 4 Schematic diagram of circle fitting

2+ y taxr+by+c=0
ra=—2x.3;0=—2y.;c=al+y.—R,

n

Fla,b,¢c) = Z (xi tyi fax, + by, +cy’

i=1

X Vi
Fla,b,c) ’
b.c ’ ’
F(x) ,
275 - ZZ(I% + i tax; +by, +)x; =0
i=1
27]}; = 22(1'12 + i tax, by, F oy =
i=1
%f = D2@at 4 yi taxi+by +o) =0
i1
(6)
a.b.c, ’
(rory) = (— 4, -2
Ter Ve *( 2’ 2)
R — Va0 A
¢ 2
Z | (ri — 2" + (i — 3" — R
=1
n
o= R

Ocl »

O0c2 o
:/35 B
S = (1
(1_2 (fl”d
S l
o S
[ o
€9 ’
(5
a. ’
4
(6)
7
>
(8) Fig. 5

Ocl ~\Oc2
O'<k5R(. (9)
0,D o )
Z‘Rcl 7Rc‘2
Ro TR, )
*~Tc2)2 + (ycl *ycz)z (10)
R TR )
11 13
1
(Ic’ yg) Rco
o , (10)
S, S
1.5m

Schematic diagram of coordinate calculation



1334

Apr. 25 2015 Vol. 36 No. 4

R; W
D; A
; (o ’yl)
;(1'2 9_’)/2) ;(1'3 9_’)/3)
;(14 73’4)
R(‘ o
4

Rc -0
(T151) = (I(. —ﬁ(D—A)cos 45°,

R . . .
yc—O—ﬁ(D A)sm45>

R. R.
(T2sY2)= (xc - ﬁ(R + W) ,yc+§(R +W))

R. R.
(T35Y5)= (z + R (REW) .y~ (R +W>)

R. o
(Tiayi)y= (.TC + R (D — A)cos 457,

Ve —I;'(D—A)sin 45°>
(1D
) kch yk@
" 7
> > lal
24| la| ===
Olal = po—1 12
a (1) sn )
’ Olq| Ooo
’ ° Olq
2°, o
y=ax+tb,
kR, (k; 1
) s o
4 0
N o s 2 6

5
6
6
Fig 6 Demonstration experiment equipment
0.3 m ,
7(8) ’
7(b) 7(a) ,
. 7(c)
, 3 ) 1 o
2.0 G,CPU
3 40 GHz, 2 Hough .
[9]
Hough [9] .
s 3
2.8.2 . 7(d) o
4 s 3
0.3.0, 7(e)
. 2
, (D,

84 ms,



1335

7

Fig. 7 Experiment results of each step
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Table 1 Results of circle detection R
Circle No . Center/pixel Radius/ pixel 9 R
1 (419, 123) 15. 108 164 9 R
2 (622, 650) 103, 065 788 N o
3 (426, 865) 15. 408 779 ’
4 o s
2 H
Table 2 Comparison of time spent on circle detection 0.3~1L5m o
Method Hough Ref. [12] Proposed method 4 8
Time/ms 643 89 72 0 8 4
115 200 o s
L5m . 0.5 m 97. 2%, ;
, 8 o 7 8

s 03 ~L5m o
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Fig. 8 Recognition results when target distance varies
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Fig. 9 Recognition results under different lighting conditions
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Abstract: When space station’s robot arm performs auxiliary docking or target arresting, position and orientation between the
visual sensor fixed on robot arm and the cooperative target on object must be measured in reat-time, and its prerequisite is
fast recognition of cooperative target. A fast recognition algorithm of cooperative target is proposed. The algorithm consists
of three steps. To begin with, Sobel operator and the improved non-maximum suppression algorithm are hired to extract sin-
gle pixel edges in the picture of cooperative target. Moreover, every edge is split into two sections. and each section is fit-
ted into a circle using least square circle fitting method. If two halves have similar fitting results, the edge belongs to a cir-
cle. Finally, we draw two square windows around each circle according to the circle’s radius, one big and one small. The
number of straight lines that are in the complement area of the two windows and are close to the circle center is counted, and
the cooperative target is identified if the number of straight lines suites the predetermined condition. Experiments using hand-
eye camera, six-DOF turntable and the cooperative target are executed to test our algorithm. Results demonstrate that the
proposed algorithm can accurately identify the cooperative target within a distance of 1. 5 m regardless of lighting condition.

In conclusion, the cooperative target recognition method is fast and stable and has strong anti-interference capability.

Key words: robot vision; target identification; non-maximum suppression; circle detection; line detection

Received: 2014-05-06; Revised: 2014-05-26; Accepted: 2014-06-10; Published online: 2014-06-18 10:55
URL: www. cnki. net/kcms/detail/10. 7527/S1000-6893. 2014. 0118. html

Foundation item: National Basic Research Program of China(2013CB733103)

% Corresponding author. Tel. : 0431-86176560 E-mail: wangyj@ ciomp. ac. cn



