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Research on calibration methods for tool coordinate systems
in vision-guided robotic grinding systems
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Abstract: The calibration of the tool-robot end coordinate system position relationship in the vision-guided robot grinding system is the
key to determine the grinding accuracy. In order to solve the problem of poor calibration accuracy and low efficiency in the calibration of
the robot tool coordinate system, this paper proposes a calibration scheme based on the grinding contour deviation correction of the test
block. The proposed method begins with high —precision hand-eye calibration using a combined optimization algorithm. Next, a line-
structured optical sensor scans the standard test block before and after grinding to establish the ideal and actual positional relationship
between the tool and the robot base coordinate system. A deviation matrix is introduced to compensate for discrepancies in the tool-to-
robot end coordinate system, effectively achieving tool coordinate system calibration. Simulation and experimental results show that the
position deviation of the tool coordinate system is within 0. 25 mm, and the attitude deviation of the three axes of the coordinate system is
less than 0. 01°. Furthermore, pipe seam grinding experiments reveal that the residual height of the weld seam after grinding is within
0.2 mm, meeting most industrial requirements.

Keywords : line-structured light sensor; hand-eye calibration; tool coordinate system calibration; weld seam grinding.
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Fig.2 Schematic diagram of grinding tool model

B4

K3 AT AR

Fig.3 Schematic diagram of grinding wheel model

], 7 #0515 R AR A H R IE RS, Y il T AR
A,

FHENT B I T LA AR S R I T L s S 19 ) AT f
BRI T HARR R | G S5 HLE ARG IE 22 A bR R
[E}Z I AR 2R
3.2 EHITEHRESER

ARSCXTEEEI T ELAR 2 B, B Se L — NS Ak
PRANIE | GM | T IALEE A s i) T e BAE R
BT RN ZSH S, IR EDR I Tk By 77 =X
WM ETEPR A { GRY, L HE | GRI 5 {6M | Z 18]
BRR S 25 56 27, BV AR B8 1) T AR bR 2R A S R AT
KEIE

BELARMbRE AL BRI

1) F gt R T B %

FE ] T - A8 A JE AR AR R BT B A B N
lchT = [rl Ty, Ty ,th;0,0,0,l] s Hrp N SN Lasips] gMT
R R XY Z BT, Dt = (0 Yo sZen)
FonT VPRSI 1, 1y 1y oyt B0 3 % 1 (5[] 4

FE X AR S 2 a5 0, AR I Atk () rp ot s A

N EI R AR R ST RE 2 BRI T RS 1O S B A5 BT
SR AR A0 R A T, 7 0 B ) T L AR R AR 2 T A
T, PRI 25 0 S ) T R 9 T PR ok, G — e
RIEHIREE 5 mm R 7RG 3 i) RS IR B2 A 5¢ i
PR o

FETMRBRE 58 Z S5, i FHZ 2540 D AL I 43 i b
A R WA A = B S o5 B B LA AL AL
PRAT QA 4 BT 738 38 3 A8 S A AT 0 g 25 1 6 B A
JSESEHE WNIIE E S UL E AR EFSE IR A
R B, PR S A — 1 a:

ax +by +cz+d=0 (10)

698
696
694
éy 692
690
688
686

0 -10 20 30 g0 =50 G
X/mm

K4 e oV M i
Fig. 4 The upper plane and edge points of the test block

Fe(10) 22BN I

b d

ZZ—ix—fy—f (11)

c c c

b d . N
Bay == a2 e, =, R A
c c ¢

z=apx tay+ta, (12)
PO AT ST /N "R DT R Ax=b o,

oy 1 2y

1 ‘o

x z
A=t ,x(a]),b (=3,

x, ¥, 1 @ 2y

(x1,70,21) 5 (23,5,2) 00, (x,,,,2,) R BER(E,
Beis /N SRR AT LIRS x = (A"A) A", A AR 3
a,b,c,d WME, ISP EE R E (a,b,c) .

FEST R, B e E LT AR RR A { GM ) Y TR A,
HEBR (% s Yoms Zum ) » A& X TTEEANTT < 30 28 40 22 B8040 Ak 1
il 4 &l ERyh 2t s B v, W81 8230 A7 3
ABRER Y T T A PSR X AR AR S IME , y,, BOAE
SRV TR AR AR 2R X Bl 1] B T 45301 ) Y A A
BISEIME K (x,, v, ) AR (10) AT RUAS H Z S5 1)
HAEARE 2, . HKOE X T HAFRR G X Y. Z f)y
W i e e, ey, Z 7 1) 16 & ory o TR ) G
(a, b, ¢) ¥ 4 KDDL EBFERUA Vs, K E



5512 1

REE GG AT O N R G TR ARR R AR E T LT 161

IR R X Gl AT — S0 A X Bl 1] )
aor, YRR ry = ey, BUAFSE ST O mm BE
TR T B 4 2, T, @S B2, T, W35k

JERTABAR (5, s Yo 2 ) 101 T 8935 i) 45 T 1] S8 0
PFTI IR

2) JE I T RSB as (8] o7 28 A

Sy SRS R ) 2 S B 0 81 8, AR SR
TR I T B 5, 18 3 2o 2540 6 AL IR AR 11 40
HLJE e B R A R T TR AR B 2R, WNIRL 5 B 7Ry
JEE W) T HAEAG I Tk b 2 i B W, SE PR DR 5
AR 7R BEAT, B4 0 S PR I i AR . SRl
HRARE B0 ) T RN I AR

2B B TR

AR BRI AR

K5 BEHIS 2 PR AR S BT

Fig.5 Actual and ideal contour drawings after grinding

R RAEBEE G B PRE B , FEATR AR B ER
MR, T EA NS S EME S s, RERISE
ZHAENE 6 iR,

FH A
6961 /
694} aatf0\\ v ol
£
£
S o0}
690k
S )42 e
L 1980
688 H3 = 1960
40 =30 20 10 0 101940 o

X/mm

Ko MEHIE LRSS
Fig. 6 Upper plane point cloud after grinding

AR B I I B ) v A A R B AR LA R
TRE A FT I AR A A DA I A5 B Y i ) T AR AR R
{GRY P 7, T,

FE LT HAHLAF NI AL bR R SBRAL LA B Ny 0, T =
[ql 2,495 ’iRt;O9O9O9] 1, Hrp q,.9,9; 535k f‘RT e
BARIE XY Z BT i, Gt = (x,,y,,2,) " R 6T
(PRSI g, 4, gy, ot 900 31 HOBIT A

EXTHAFRRIGRI W XY . Z #iJ5m & q, .q, .
g0 RN = BIbR AR P A 10 (4 5 B, X I
e AR A S0 /N e LA L LR e
x—x():y—yozz—zo (12)
m n p
o (m,n,p) WEL TR, (%, ¥, 2)
KEL F—A L, (m,n,p) N X BT m A g, % H
LR AN B A BE LR, 1103 R S oo 05 4858 7 (B A B
R IR R | GRY B SR AR AR (v, y,, 02, ), AR
ARG ), B Z BT ) i g, Y R
o] [ q, =g, %q5.
3) M IE BE I T H AR AR 2R 37 48
WHT{GR} , { GM | # & AEHLER AN FL AL bR 2R T B 7
EREESHIA, | GRY 7]l — M T 403 | oM |
myfz s, AT (13) .
onT =T X T

onT =pT X, T (13)
onT =pT Xy T

FRAEEC(13) AT e

T=,T" x;T (14)

AR T #M2 RIS T B AR & | B AT R HY Hi
SN P

T =5, T xT! (15)

i B AP BR a] S8 O ) T ELAR AR R AR E |, LA
BORAESZBR N v | AL A Rl R i A2 e 2 D Affy 2t 455 27
JER T HBGRBB AL E XA B K B Y =5
[P DA N TR A MR =N g E o IR S
H o R A B

4 fRAEZH

9 S UE A SCT7 1 04 n] AT P A A T R R R R
e EA I R 22 AR G0 ) TR A TR A ST R
FERE . Hh bSO 4 B A A0 B AT R0 ) R A A
M BE S R T [ FE AU BORE A I&T 7 B, ]
B RFT S22 40 mm , T B AR TE bR il b H AR
BT 2~5 mm AR, HZ S5 HOLM4& IR B A
MHEDR 22, N A 20 45 4 Ol A% A 1 DI IR 22 T 4
& BET TR 0 [ A T A ¥R 20 a5 0L R A
FAR SR R A

LA R A TS 41 A0 T B I A S T i
JEL O 10 A 2k, 2R 45 M O AL A R T R R
+0. 02 mm, f1 575 2 79 B MR Bp A2 SE SR 45 SR T, e T IR
AR E U8, 40 1 R 5 S P TR R 22 AR OR
0.2 mm, 4 T BAUSCPR A AT BRI B AR 22, e =



162 DO O a5k
fod, od, od, od, od, od, ad, ][]
dx, dy, 9z, dv, dv. dv, IR || J
od, od, od, od, od, od, ad, ||z d‘
dx, dy, 9z, dv, I, dv, OR ||v, |= '2
e M ] : : : : : : : Yy d
ad, od, dd, odd, dd,6 ad, ad, ||y "
722 mm | 9%, dy, 9z, dv, dv,  dv, OR | 'R |
K7 TR (17)
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