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Monocular vision calibration method of the stereo target
for robot pose measurement

Zhang Xu, Wei Peng

(School of Mechatronic Engineering and Automation, Shanghai University, Shanghai 200072, China)

Abstract: The full pose measurement of industrial robot was valuable to robot assembly and robot
calibration. In order to decrease the influence of ambient light and expand the target movement space, an
active target was designed, and a method of the target calibration based on monocular vision was
proposed. The initial pair was selected to enhance the accuracy of the translation vector which was
decomposed from essential matrix. Then, images were added one by one and they all were used in the
bundle adjustment to compute the high accuracy of 3D structure in the whole scene. Further, the points
of the calibration board was adopted as the scale factor, and all the information was transformed into
metric. The experimental results demonstrated that the 3D reconstruction precision is less than 0.035 mm,
and the method could satisfy the requirement of stereo target calibration. Besides, the robot pose is
effectively identified, and the position accuracy is improved by 37%.
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Fig.2 Process of feature surface recognition

2 IRTRERERTE R RIR

2.1 RGEEAMFMIIERE

FEF 5 H S Y = 4 A 250 B TAE s
3 Fin , BB RAEBARAL ST ARAREE S I bR AR
BT DB EAF TN, SOARPREEBCA — A RS
BC#s, TR IR S 0 s B, AE USSR AR,
SEARBRHE 0 H R B T SR R, B R ST A AR
AP bR 2 AR RRAE 5 52 B — 3, PR H D — 4k
5 P RIE S AR AR — A R 7, X A
S THAR SE MR R AE A B W R T

ST AT HAH S AR AE A BT A R 900, FE—
ME i 2R BB 3 MR, ASRER S F
AT, SCH R4 BIR A4 FRAE T AL bR R AE
STARFREE A AR F2 A7 L3 SR o o T 5 o AR 2 ) A
AT ARAR R Op—Xpi Vi Zr(i=1,2, +++,5) ,SEAK
FREOAR AR R O5—XYsZs FF-TH B 5E AL BR R O,-X,
Y, Zy, WE 3R, IHRE 0-X,Y.Z, 5 On—XnYrnZn
A, X HURE ST RAR R AR E [V R 0,-X LY, Z,
T On—Xr Yri Zi 7 % B K i 10, 75 243 ) R 4R
Facel #ll Facei [F]i) HBLAY R4, B G*2, G, G
 GY9E N, T Facel Fl Face3 e AT, B
AERAE G2VEk GO 38 1 AR e 1 vk B A
#:3 0,-X,Y.Z,,

ERMGERE S BT, 3R E G2,GY, GV
GV G*VEK GOV 4 MG TERR A BRI R AR
TE AR 0 R F TAR E ARCRR RN ST A AR S R R
HULEF IGO0 T, B Bl 2B AHML I — B4 | ARIBUAR TR]
FHMLO, T AL il AL JR B2 A B, EA T4
TEHTRAIE s i =2, il AR RRAE ] L A ST A bR
R, SRASRRAIE T (R AE RTS8 | T 10 A e 381) 7 (A b 8 Al

FRET , I 5E A7 AR FR R B b5 2 TAE , 2240 PRI
FEE 30,

(a) Wik R 58

(a) Hardware system

‘ Image acquisition ‘

l

‘ Feature surface recognition ‘

]

‘ Features 3D reconstruction

l

Establishing coordinate system

]

‘ Stereo target calibration ‘

YRS
(b) Software system
I 3 RGN TR ER
Fig.3 Schematic diagram of system configuration

and working principle

2.2 R
KAEFNY 4 2 EUE h A BR 0 T vk —
FE X AT G2 T TR AN 21
Facel FAFE—454E 5 PP (m=12, ---,10) TEOp—
XnYnZn FRIFFRAEFR A PP =X Yiim Ziw 117
Face2 [E—4FE& PP #E Op—XpnYnZen LIIFFIR
HERR R PP=[X 1y Yo Zieow 117, TR AS A A7 2R [] 9 AH
XTRFRN
PP"=[R, 1] PF" (1)
KA R, t HFRER Op—XinYrZe 5 Op—XpoYroZp 1]
) T e L W RN RS LI AR B A DL LAY
P*=K[R, 1]P* (2)
K P=[u v 11" R BRI S5 IR AR 5 K R HAS AL
WS PA=[X Y Z 11" Ry 28 Al PR — a5, 51501
WS K 7EN R RS TAERTE SbrEid, E A
i, PR HLTE SEPR G R v S AR AR | SRy e la)
RIS | 3% FL B B AR LT AR O RS LR I

1117005-4



9Nk TAE

% 11 21

www.irla.cn

% 46 %

e L R L A 1
XF, AT ATHGE AL A A X 7 28 S5 — 4R
PLAEFR R T =285 P, (m=1,2,---,20), 7E 3.1 5
TTVRA A, X T —dH B h e B R P, <

P, (m=1.2,---20) X G F , i AR @73 I Ry
XA EAAE P 4 LAY PNP [a) ), DIFRIS HE
AHPLARXS FHAZHL 1 B2, UL 3.2 95, T
B RRAE 5 Bl — AN ROBE R 7, (8 b e Al L 53853
FRAE S DX A ), PR DL 3.3 715, e, i ad EE A
(10 = 2k i ST ARRAE AT A AR R, ARATAS AN FRAE 1 AR A
FRAESLARARHEARAR R T AL, 58 B SL R AR R A
FE AR 3.4 75,

3 IRFREEARE

SCHrR Y O R T AR AR IR LA Y A L
EERILENGIEEIE S S re e I S IESPIRGES
ZUE 4 FR,

Oy,

[l 4 PR Z I i L] G 2R [

Fig.4 Geometry relationship of images
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‘ Measure target ball ‘
T 2 0.025 255 090 0.012978 79
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Tab.2 Experiment results of stereo target calibration

Target surfaces Rotation matrix

Translation matrix

0.011549 -0.003 532 0.999 927

Face2 0.004 168 0.999 985 0.003 484 0.474 252
—0.999 925 0.004 127 0.011 564 -57.644 376

0.999 733 -0.002833 -0.022916 78.615771

Face3 -0.002908 -0.999991 0.003 077 0.495 707
0.022907 0.003 143 —-0.999 733 —198.930 732
0.001 537 -0.002 145 —-0.999 997 —-58.269 667

Face4 —-0.002908 0.999 991 -0.002 148 0.102 312
0.022907 0.003 143 —0.999 733 -138.551 362

0.999997 0.000301 0.002 379 0.369 321
Face5 0.002 379 -0.002 335 —0.999 994 —45.794 733
=0.000295 0.999997 -0.002 336 —-138.358 599

138.409687
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Fig.8 Robot positioning errors based the theoretical

and the optimized D—H model
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Tab.3 Mean, standard and maximum values

of the robot positioning error

No. Mean/mm Std/mm Max/mm
Theoretical value 0.649 3 0.559 6 2.1259
Calibration value 0.474 2 0.296 7 1.3311
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