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Abstract;: When an industrial robot is operational continuously at a high speed. the heating of the
motor and joint friction heat will result in a higher temperature in the manipulator; furthermore, the
position of the end flange will drift and significantly influence the robot’s repeatability and accuracy.
To deal with these problems, in this paper, an in-line thermal compensation method based on
binocular stereo vision was presented for an industrial robot working in the manufacturing field. A
thermal compensation model was established based on the principles of differential kinematics and
vision measurement method. In this method, a standard sphere was installed at the end of the robot
arm and a vision sensor was installed around the base of the robot. After working in a regular
circulation, the robot carried the standard sphere to the working field of the vision sensor to be
measured from different postures. Besides, significant parameters were chosen to compensate for the
thermal error from all joint parameters after analyzing their time-varying patterns. With fewer

parameters that correspond to the thermo-drifting pattern, the measuring times and time consumption
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could be effectively reduced. The experimental result demonstrates that the proposed in-line thermal

error compensation method can maintain the repeatability of the robot within 0. 1 mm and the

compensation time is approximately 10 s, which can noticeably improve the operating precision of the

industrial robot at the manufacturing site.

Key words: stereo vision; industrial robot; link parameter; thermal error; in-line compensation;

vision sensor
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Fig.1 Thermal error compensation model

RY A bR R AL & HLAR N K o vk 22 A bR R
O. X Y. Z WA NI R O, XY, Z, FR fEL
BAF AR R O XY, Zoo P € RV M —AFRE
STEPLEE AR ik 2 AR R O X Y. Zo T — 4
AR ) 3 P € R SA TR AE A5 7 T AL B AR A
FRZR O X Y. Zo F B9 = 4k A8 b ) 1, B8 5% ik Ak
N E S EIEC

P. P.
[J=TTT[J (D
1 1

Horp T ERVUVRT T € RV 43 ) Ay G o AL B A A
br 22 B HL A5 N L AL R 22 R JE AR BR R 3 K g 725 =% Ak
FR B FE B AR B . % T oS [l R B B B
NS RIR N -
=TT, -T-T - T;, (2
Her. T e R RHET i—1 26T i i8R R
AR, ARYE MDH 28 8l 2% 85 A, A1 48 3¢ 5 %
R T A dL 0, as s B B EE A
FRUI R IBE S A B R BEHL A AL 30 A3k
dis0;sa; R a; 23 50 T HE B OCATHE A EFT K
JEREATHLA LB N XL ZBhZE Y Sha N
ML DL — 5 o B i 2k T AR /N s
ST HUAIL & I LA B K 22 R B BE 4 2 R B
T I 3 T e LA AT R 2 AR MK . DA TG 5 BOPL A
NoR kL 22 B R EER . T E 1 RS
NRGE BEHEA DAL SR A5 [ A3, MLEs A DL —
[P 52 5 A5 8 7 A i i v BR 32 2 55 A v L A% TR
O AT A ) R R R AR AT DA R v
BRER O ) D 2 45 SR % AR A R T LA N TR
G B A% FLTEE RS O 1) A [, 30 DNt 245 2R
(R RS e h L AR IR 225

e B v R B0 A D R AR K B TEDL AR AR i
EZRIRAR O X Y Zo PSRN P TolkHLas A
YRS CHLAR A i AR 28 5 1 i J] g i o 3l AR i
D AR FHAE R AL IR AR A b B O XY Z0 R
A AR T HE Pooa € RN

PQ(‘OO PL‘
[ k l:|n. T‘g. |: :" (3)
1 1

Tl LA AN FAGE TR (ML A% A% 22 v 3 12 5)
Ja) AL NA R R IR G| 1Y 2 Bk AR A D
RUE 2B T kAR, RSk 11 ]z
1% 22 BRI 3R L P AIE A5 TE A HE A% IR 8 A bR R
O. XY Zo T HIAAR Povarn € RV RIS N

Pcwarm PC
[ ‘1 }TT (T2 +d10) - [1}, 4

Horp dTe € R AL A A I 23 25 10 722 Ak &, D
IR R T B9 A8 4, 23D R (4) AR AR
B 5 VAT FRAE S0 I i 0 2%
318 3h 2 R L g N is 3l 27 18 25 R Y Sk Al
ST MRS SCER 6,9 145 B4y A 4 AT R
dT? = TIAu Tsdd, + - + T{ Ay Tedpy + =+ +
TZAaiTédd, + .- TL TZAm Tédﬁi + .- TL
TiApdds + - + Ti A dfs =

6

8
DI ITIALTidg; (6)

i 1 g d
AT !
SR A= (DD e S0 dg JBLE A MDH
Bl 30 SR AR, U6 ARG
SR

Pswarm - Pscool o 8 RN . Pc
= D> D TiTAT: | " |dg =
0 i=1 q=d 1

i

6 B
>3 > kydgi = M+ AH, €8

i 1q d

Hifk, = TTA,T; [ﬂ ks € RV R B BE
M=[ky ko ks -  ky ks kgl
MER"" , ZH Ak g m i AX=1[dd, dd;
dd, -« dp dB  dB1TERY, HFX D
FS5 WG — A IeER A 0, I (7R
AL 3 A RMER,

BLAS N BT FEEBR DL m A AN 5] 48 25 76 A% Ui
PN i R G AT &0 5 I RS



2142 e KE TR

5% 26 &

j{fﬂ%%1ji%£j"7 Y} = Pswarmj 7Pscoolj ’Xd‘ﬂj/%ﬁ%ﬁ
%jj M‘,‘:M(lz;’,.:) ’ nlJ m /l\{ﬂﬂﬁﬁﬁéﬂﬁﬂgﬁﬁ
HH -

Y, M,
Y=Y, |=|M | -AX=A-AX. (8
Y. M,,

FIH SVD 43 i3 () KT S5 AX )
a2 T R AT R MR . IR IE SR RS B T
FEABOE T HEPR A 2~3 5. L& h
FHUHBE AC R SVD 432N .

A=U-+S- V', €))

Hrp,ue R Ve R 558 J7 . AAT 1

AT A A R AE [ A B R L SERT N A
)4 SR B L UG A

AX=V+S'.U"-Y. (10)

HRAE (10D KA &7 2 80m & AX, 7] 15 5
BRI AR AIERIR SYNC SRR i iR (= ]
R, IR HL S AR o vk = bR R Z E &
R S E L A . SCek[13 45 A
HLES 352 32 R R A B ik i T A B
AR A N O A BE TR 7 g R AR B T 3
WIS e . 45 LA N $2 R B 5 Y
S A A2 B, 1T LUK 4R LA AR o vk 25 Ak
b 2R L 2 L B SEIAL A5 NGB B i 25 4
2.2 HENERHZE

SR FH R i T 0 5 v Bk B0 L O oA AR
HERONE W B SRR R R F A,
SRR AR S 7 s R S 5 vk 2 R AT LR R H
L PRI IV E B SAE S A e DO 2
BRERCHEAT IR . HAT, R 2 R H 254
Jei RGN ey A A T R, (H R H 25
A A HRB AR5 45 M P 1 B s L X
BN AL N B B SRR K. ) n]
S AL N TR 1R 25 A A T LR AN 2 A AN TR
() S AHG S R A 2 2 AR A b AT I AL DA
PRAESHOR B 08 FE L 5 B 2540 56 /N I &
Rl W0 SR 52 3R 0 B A M AMEERG B2 . O 1 AR B H
SR OGN B R G0 0 0 RS BE L 45 H O B A A 2R
FE 457~ 751 3 i — 4 BRI T BL R R i 3 o
BRI i R, X E S SO D R G B
I A R, X Las iz gh BB N 53

Ab LB E Z5 RO I R Gl o A 45 T T
55 35 o 2RO 52 (R A (R A7 B R) 2 oK R Bk 0 AR
PRE X E Sk S8R I FR 48T DR 4k Bk
SRR A B BoSU B A HILIET T IR] 44 5 DG FC L A5 2]
FEWEER 1K = 0 s B LA B
3L I EORS BE LL B H AN B R S .

AR SCHE B R B R g il 2 BT
P4~ IMPERX B3320M A #L Jf % Bt ¥ 4>
ZEISS Distagon T" 2. 8/25 5 &5k . tHHL 7> ¢
FH 3 312 X 2 488, H AL N TI 2 Al 1
LightCrafter 4500 PRO, 3 # %~ 912X 1 140,
XA ML ER G AE TAERE 700 mm Ab i ¥ 37 29
570 mm X430 mm, AL A G2 B I R PR
TE L EER 7R 200 H 25 BUBOE AL IRER bR e Y R 2
0 I i 2 7 N i U A NP 2 S R 2 | WA e A
HIEKIZ S, AR IERR &R .

A o
Ji w2 '
A O R

BRAX

Z BB ERR

o

K2 WAL R S5

Fig. 2 Components of binocular vision measuring system
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Tab. 2 Ratio of monitoring direction with residual error less

than 0. 1 mm 2,
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1 43.18 73.86 90. 91
2 49. 41 80. 00 96. 47
3 48.05 87.01 94. 81
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