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A Hand-eye Calibration Method of Line Laser Profile Scanning Robot
Based on Standard Cylinder
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Abstract: For the hand-eye calibration problem of the robot platform equipped with a line laser profile sensor, the cal-
ibration relying on the 2D point cloud information output by the line laser profile sensor, is of disadvantages of complex
calibration process and low calibration accuracy. To solve these problems, a hand-eye calibration method based on cylin-
drical side-face constraint is proposed. By changing the end pose of the scanning robot, the scanning data of the cylindrical
side-face in different poses are obtained. For the elliptical profile obtained by the intersection of the laser plane and the
cylinder side-face, the random sampling consensus (RANSAC) algorithm is used to get the coordinates of the center point
of the ellipse section. The constrained optimization equation is established by using the distance from the estimated center
point of the elliptical profile to the central axis of the cylinder, and thus the hand-eye calibration problem is transformed
into the constrained optimization problem. A fusion algorithm of particle swarm optimization (PSO) algorithm and gener-
alized Lagrange multiplier method are used to solve the constrained optimization problem, and the transformation matrix
is obtained for hand-eye calibration. Finally, simulation and scanning reconstruction experiments are carried out based on
the proposed method. The effects of the error of calibration data, the position of calibration reference object and the initial
values of calibration parameters on the calibration results are discussed, and the hand-eye calibration accuracy is verified.
The results show that the method is not affected by the position of the calibration reference object and the initial values of the
calibration parameters. It is of characteristics of a simple operation, a universal versatility, and a high calibration accuracy.
The calibration accuracy is within 0.15 mm, which is suitable for a robot hand-eye in-field calibration.
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Fig.1 Hand-eye calibration diagram
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Fig.2 Flow chart of the hand-eye calibration scheme
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Tab.2 Value ranges of the initial values of calibration parameters
WMESE an an an  aiz an  ax H/mm  tH/mm  f3/mm xo/mm yo/mm  zo/mm  m l n
BRAKfE01 1 1 1 1 1 300 300 300 300 300 | T
wm/AME -1 -1 -1 -1 -1 -1 0 0 0 0 0 -1 -1 -1

R 3 OARESEAIAG NS b 45 R A
Tab.3 Influence of the initial values of calibration parameters
on calibration results

M5 T NFMEBHIETE /mm @A FE /mm

1 1.884 x 10%7 8.348 x 1071
2 3.004 x 107 9.640 x 10'3
3 3337 x 0~ 2.759 x 10~'4
4 6.169 x 108 1.489 x 107
5 9.335 x 10% 1.273 x 107
6 2.430 x 104
7 2.399 x 10% 8.261 x 10715
8 1.595 x 1074
9 1.901 x 1074
10 1.807 x 10~ 1.479 x 107
11 9.581 x 101 2.794 x 104
12 4393 x 1074 3.280 x 1074
13 1.844 x 107
14 2.730 x 1088 8.051 x 0~
15 9.721 x 10 8.759 x 10715
IREIES 33.3% 100%

HI3& 3 ATLAE L ARoE 2 ) in fEL xS R A
I SChi R B H 3 TR AR LR T R A AR R 5
Wil 7E 15 dSLme, A 4 dRMELE SN 5 E A
(), 6 HRMAIRIFNWEL (at), AfF 54
RIBLIRNACTTRE f(x) F5R/AMENT 107 mm, &
WIARE ), HobR 8 AN 33.3%. AT X
T B H 3175 5 PSO BIE B Rl & FE BUAR 7€ B
AN 100%, LA R SCRAEA 245 52 S 48]
SEME .
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B2 R 208 1078 mm.  SUBHLE A AL,
AT T 5 AR AE AL U T AR AE, 1D % 2 4L
TR EHR AN BT, tHRARES R, SR
HERAE LS N AAR R P IOALE, T2 A%
%, Al EIREVAREUERE, 4R WE 4 Prow,
B4 B br B BB AR N T O IR R %, R
S BUHLER NI FIRARE. 7T LU, AR T3

(13] I TTE, AR & TT kA 2 b 2 AL B 52
R
4 bRAE R IR E X b E 2 R R R
Tab.4 The effect of position of the standard cylinder on

calibration results

PRUE AT o B ERH HARREE /mm

[ FE #2877 N (1,0,0) 4 3.454 x 10715
B FEHl 28 77 =4 (0,1,0) 3 8.697 x 10°17
[ H 28 77 14 (0,0, 1) 2 1.889 x 10713
[ FE 2R 77 M (1,1,0) 3 4.415 x 10777
B FERZE 77 M (0,1,1) 2 4415 x 1077
[ LR 28 7 1 (1,0,1) 2 7313 x 10713
R 2R 7 m o (1,1,1) 3 3.454 x 10715
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Fig.7 The influence of calibration data errors on calibration
results

4.1.5 FREEZERIXTEL LI
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Fig.8 Comparison of hand-eye calibration error
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Fig.9 Experimental platform for the hand-eye calibration
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Tab.5 Data of robot poses

M5 HLEAFR (x0,b,25) /mm
1 (431.766,89.401,63.301)
2 (431.726,62.136,75.488)
3 (431.755,51.297,75.495)

WEFE & n /(%)
(2.841,—0.403,—-0.159)
(~2.769,0.329,0.269)
(~2.663,0.305,0.278)

29 (507.851,145.988,112.794) (—2.862,0.925,0.643)
30 (507.856,115.142,94.849) (—2.872,0.859,0.318)
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Fig.10 The distance between the center of the elliptical profile

and the axis of the standard cylinder
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Fig.11 Measurement of different surfaces on the part
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Fig.12 The distance between the laser profile data and the

fitting plane
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Fig.14 The angle between the directions of vector n; and m

5 %2 (Conclusion)
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Fig.15 Diagram of the line laser plane intersecting the
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