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Calibration for robot-based measuring system

LI Ai-guo, MA Zi, WANG Wen-biao

(Automation Research Center, Dalian Maritime University, Dalian Liaoning 116026, China)

Abstract: A platform composed of a line-structured-light vision scanner and an industrial robot is established for 3D

surface digitalization. A mathematical model for the measuring system is constructed by using the homogenous coordinate

transform principle and a solution to hand-eye matrix is proposed through measuring a fixed point at different robot hand

postures. Considering the absolute accuracy of the robot, a scheme involving scale information and fixed point information

is proposed to estimate the robot kinematic parameter errors and hand-eye errors. Test results of real experiments on an

industrial robot are reported and analyzed.
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2 (Mathematical model

for measuring system)
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Fig. 1 Measuring robot system

2

Fig. 2 Coordinate system definition

1) Ow − XwYwZw,
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2) Oh − XhYhZh,
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.

3) Oc −XcYcZc,
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.

(

) (Rx, tx),

(Rh, th), 3

,

xw = Rh(Rxxc + tx) + th, (1)

: xw, xc

. Rh, th ,

Rx, tx .

Rx, tx (1)

, (Rh,

th) xc , (Rh, th) xc,

(Rh, th) xc xw ,

.

3 (Measuring robot calibra-

tion)
3.1 (Hand-eye calibration)

, ,

.

‖xc − xoc‖ = R. (2)

, , xc = 0.

,

(yc − yoc)2 + (zc − zoc)2 = R2 − x2
oc. (3)

(yc − y′
oc)

2 + (zc − z′
oc)

2 = r2. (4)

yoc = y′
oc,

zoc = z′
oc,

xoc = ±√
R2 − r2,

(5)

xoc .

:

xi
oc = [xi

oc, y
i
oc, z

i
oc]

T, i = 1, · · · , n. (6)

xi
b = Rhi(Rxx

i
oc + tx) + thi. (7)

1) Rx .

, Rhi = Rhj ,

Rx(xi
oc − xj

oc) = RT
hi(thj − thi), (8)
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RxA = B

, Rx (9) [7]:

Rx = V UT, (9)

U , V ABT .

2) tx .

(7):

(RhiRxx
i
oc + thi) − (RhjRxx

j
oc + thj) =

(Rhj − Rhi)tx. (10)

Ax = b ,

tx:

tx = (ATA)−1ATb, (11)

3.2 (Accuracy analysis)

, 3

x, y z , 3 .

0.02 mm, 0.05 mm.

Rx =

⎡
⎢⎣
−0.9995 −0.0128 0.0272

0.0271 0.0085 0.9995
−0.0131 0.9999 −0.0081

⎤
⎥⎦ ,

H = [−1.9195 0.4428 178.9612]T.

3
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1 :

x̄ =
1
n

n∑
i=1

xi, ȳ =
1
n

n∑
i=1

yi,

σ =

√√√√√
n∑

i=1

(xi − x̄)2 + (yi − ȳ)2 + (zi − z̄)2

n − 1
.

1

Table 1 Test data for repeatability

x /mm y /mm z /mm

624.665 623.425 624.486

1 −39.308 −39.940 −40.818

−232.139 −232.687 −233.294

624.709 623.431 624.399

2 −39.400 −39.975 −40.806

−232.131 −232.658 −233.253

624.716 623.437 624.471

3 −39.370 −39.985 −40.751

−232.118 −232.699 −233.269

624.696 623.437 624.410

4 −39.358 −39.966 −40.831

−232.122 −232.726 −233.258

624.675 623.35 624.394

5 −39.351 −39.983 −40.835

−232.102 −232.729 −233.315

624.699 623.418 624.409

6 −39.378 −39.996 −40.828

−232.094 −232.717 −233.261

624.707 623.573 624.413

7 −39.362 −39.968 −40.854

−232.063 −232.830 −233.215

624.701 623.487 624.463

8 −39.247 −39.932 −40.864

−232.221 −232.617 −233.265

σ 0.069 0.092 0.075

3.3 (Optimization of

robot kinematic and hand-eye parameters)
1) .
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.

a d

α θ4 .

, .

MOTOMAN HP3

, DH [8]
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.

Th = A1A2 · · ·A6, (12)

Ai=

⎡
⎢⎢⎢⎣

cos θi − sin θi cos αi sin θi sin αi ai cos θi

sin θi cos θi cos αi − cos θi sin αi ai sin θi

0 sin αi cos αi di

0 0 0 1

⎤
⎥⎥⎥⎦,

2 HP3 DH

Table 2 Nominal DH parameters of HP3

αi/(
◦) di/mm ai/mm

A1 −90 100 0

A2 180 370 0

A3 −90 85 0

A4 90 0 −380

A5 90 0 0

A6 180 0 −90

2) .

4 [9,10],

(open loop) [11,12] (close

loop) [13,14].

,

, .

,

DH

, :

,

,

.

, .

,

.

p

, PR

p :

PR = f(p), (13)

x0,

(PR − x0)T(PR − x0) = r2, (14)

,

min
p∈R

O(p)=min
n∑
i

|(PRi−x0)T(PRi−x0) − r2|,
(15)
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Table 3 Robot postures (◦)

θ1 θ2 θ3 θ4 θ5 θ6

1 0.159 32.491 −13.237 11.365 −44.959 40.474

2 −0.586 32.493 −15.873 11.365 −40.699 40.473

3 −0.586 32.493 −15.873 11.365 −40.699 40.473

4 −0.586 32.493 −15.873 11.365 −40.699 40.473

5 0.907 32.247 −15.388 14.351 −40.699 84.279

6 0.211 32.249 −15.391 13.080 −39.579 120.998

7 −0.136 32.821 −15.394 13.080 −39.582 140.195

8 −0.981 32.503 −15.354 10.240 −39.585 189.715

9 0.801 69.523 44.697 9.194 −100.105 185.209

10 −1.195 32.472 −15.960 10.240 −39.588 278.713

11 −3.579 15.358 −43.381 18.918 −2.646 332.432

12 −5.322 15.623 −45.764 74.047 2.887 308.438

13 −4.525 15.054 −46.435 52.973 2.887 308.438

14 −6.175 14.704 −46.292 38.542 1.115 289.710

15 −4.800 14.686 −46.396 20.863 2.110 277.499

16 23.406 79.012 19.417 −117.00 102.827 202.08

17 26.333 62.94 −29.719 −81.317 88.526 182.326

18 28.055 61.302 −41.645 −70.759 91.577 172.11

19 28.054 61.306 −41.646 −70.76 90.753 236.397

20 −3.579 15.358 −43.381 18.918 −2.646 332.432
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4 HP3 DH

Table 4 Modified value of HP3 DH parameters

δαi/(◦) δdi/mm δai/mm

1 −0.039 0.437 −0.037

2 0.031 1.048 0.040

3 0.039 0.589 −0.040

4 −0.023 −0.164 0.280

5 −0.023 0.653 0.037

6 0.125 0.877 0.040

3

Fig. 3 Repetitive accuracy test

4 (Conclusion)
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