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Position Accuracy Control Method of Packaging Manipulator
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ABSTRACT: In order to improve the running accuracy of the packaging mechanical arm and solve the hand-eye calibra-
tion problem in the visual servo control system, a method for calibrating kinematics parameters of the manipulator was
designed based on genetic algorithm. Based on the definition of hand-eye visual coordinates, the transformation rela-
tions between different coordinate systems were given. By comparing the theoretical position with the actual position of
the manipulator end-effector, the calibration error model of kinematics parameters was determined. Based on the basic
principle of genetic algorithm, the fitness function was constructed and the pose of end-effector was updated according to
the error compensation. Finally, the joint debugging and experimental analysis of the manipulator motion control system
were carried out. The mean absolute value of the absolute deviation between the actual position and the theoretical posi-
tion is about 0.8 mm, and the maximum deviation is only 1.2 mm, so the accuracy is relatively high. The hand-eye cali-
bration method can significantly improve the motion accuracy of the mechanical arm and meet the requirements of the
relevant packaging industry.
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Fig.1 Visual coordinate relation
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Fig.2 Camera imaging model

B 43-HR 00 P B P (R G A 8 (U, ) > I
TEADB UM SRR A B 3 T IR BT % (%, o,
2,) ) A= HZ G RN
U, X,
v, Yo
1 1

A H =T 5T, YT, S AL ARHUAS - 1 A b
FR R 5 BT 2 B A8 s 28 2 [0] 1) IR BB 56 2R LR

—AE BT, R E TR M H R B,
SRJEFFHAR SCEEIN S FE R H, SEPRRCRAEAR R AR L
IR T A% A R PR S R 4 X R A S B
Al e, ZENT, HliE ., 2 AREFERZ R
IR, LA A28 XS BE AN o 3o, A8 k e
AR )RR 23 AR ZE o ARG IRLRE , SCrp 25 R A g
RN B SO T N IF B IE , ABR IR TR
AR

2 ETEHEEEENIMEZIFESH
FRIE

=H (D

M)

21 HRERE

LA 6 H i EEEEULME 0], SRH] D-H Tk
PEATIEAB 20T, ATAFEAT | AR THEAT i-1 228



a2k oM

WAL BT IR A I AR WU 07 RS L P 7 vk - 251 -

i71iT = Rx (ai—l)Dx (ai—l)Rz (HI)DZ (dl) (2)
A a, WIEFFREE; o WIEFHEE: o, N
HEATEE A 6, T i, 38 Ik A R A ofe BRI X

(2), ATRATR BIHUMRE A2 e 20 3T fsdE B, B

cos 6, —sin 6, 0 a_,
i sinf, cose; , cosf cose,, -—sing,, -sing d
v sind, cosq; , cosb cose;,, cose, cose
0 0 0 1
3)

TERFR AL BB iR 22 R vh, AT DK 45 3%
FES R NS T AR 25 X1 o R A i AU A T e 1)
SEBRA S R A6 143 22 1) 19 i 2 i 2 R o7 iR 2 AR A
M= (3) ATLAEH, R AT iy 28 4050 1 e £
T, 8, O FGESE, RN ST
2z . s Bk w223 i, v LRI 2 3
SRR U IR 220, HEINTf 2 D-H iR 2518140,

TEREFEALBR R, A B MBS $AUT 72K i ) LA o7
B P R ZSHUmERN, HSLERALE AT ]
PRI i LR E IS B 2 W22 4 AP,
RN

AP=P'—-P

{APz N,Aa+N_ Aa+ N,Ad + N, A0 @

A AaIEAF DR 22, N, A0 07 22 B0
FE; Ao NI FAIRZE, N, XTI RECHE RS ; Ad
RIEFTORIE IR 2, Ng X0 R s AQ Ty
FAIRZE, No AT R 58 RO I

Horr

Aa=[Aa, Aa, - Aa]

Aa:[Aal Aa, - Aan]T )
Ad=[Ad, Ad, - Ad,]

AO=[A6, A6, - A6,

PUBRE 2 B2 AR 0 D-H iR2E M L= (5),
THARFRR RIS .
22 BEEHEE

M 3 2 LR A g PR T 4 15 22 A AR 3 e
EATLLUEI, xR b & L 2 R AR &, andi
AUASR FH AL 45 7 e AR M T 4 T, 4R ) K
B KT R I R A . 5 e BB AL Bk A AT IR
Uihe, FRVEMME . Ul SR, AR, LA b5
fERE R I 2 SRR R A —E A

ik e B PRI 2ZE T A, , Aa, Ad,,
AONERAR, DUERMIRZED B Ae) , Ad), Ad/,
AGNE R AME B IE R HUIRE 2 32 S8, dhniE
iz s 2RO

Tot A BRI 3 N eR SR B T S B A AR X
I B 2B 2 2 ) 2R ZR R o

15 S F bRt S R L 515 25 fe/IMEL T
Mgk, RIS EUREBIEE.

fBE B AL & N A, AN 565 | 4 SE PRy
Bl T 2R N (%, Y 2,06 ] - GBS SR
FRES AL KRN (X, Y20l wl @] . BBt
SRV 1) 3 7 FE PR F T ROR N

- He 5 5
Vﬂ['ﬂ/][‘bf”

N S R (= REN ORI K = R AN RS
AR .

1) A D-H 285 a0 MUV 45 15 AT 52 b S 50k
mHea . a, df6RIER,

2) BT AU AR i P T A8 BB BUE, A
FH 3532 8l 2 05 R H SR [ A7 2 B0 BT X o7 4% 3% ¢
YA B

3) FFIEIZ ghF A5 AR fift A0 B MU AR v A T 4
ST % P,

4 ) KRR AT T IR s A8 s i 45 FE AT A2 B
Ivi) 00 5 2 WA A it PHA T 2 SE B o7 8 P, [l s
ICEA AT T PRIR B AR e (E, 765 M B FEAR

5) TR AL B AR i PR T 7 R 25 AP

6) W IbriRZEH Aa, , Aa,, Ad,, AGTEN
AN, BEHLIE B AR BT IR RN . SCRRE R
FREEALVE AL L 028 L ARANEE, a4 . sCHic fn
SRAF N[ DL A — R R R

7) VIR 6 AR 2SR | Ae , Ad], Ad],
A0 ERAME R R ALE B S48, IR
FOB A SR A TER L

8 ) P it £ B0 L o B0 I e (37 S A
WA BRI, WSS AR AR 2
FUR, MEE AR 58, AL HUMUE b AR WL 3

3 XK

R B UE BT T IR bR GE 5 3 6 AL B AL iz sk
FERREN, SO %k E RERot-V-6R KIS [ i 4241,
AN RIS S AT T MG A 5T, IR 5 WA
4, 4 EdTFRbRE RN B A, Rl
B R/RZS ) 2 AR M EARLE . 78 A ST,
B UEHLARE 12 TR B o

AN 2 TTR N RIEE 2, By Lk
BRERESL, SRR LIRS IR 2E | T i A iR
25 HUBRCB I B AR 22 | T T B R 5 22 5
XSRS B 5 SOMUAE 1 RS FE RIS AR SRR A
AT LU DR AR 22 AN B R R AT SR A R T

(6)




<252 . % TR

2021 4E5 H

T

Y

FhERIIR 1L

A

MR, W, R, RES

Y
FHB AR, T e
HIRAT BB RS —
S
v A
I L R B
l X

WA LA

LIRS ZESSES

B3 A BB b AR

Fig.3 Packaging mechanical arm calibration process
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Tab.1 Test results

B2 I 22 246 6 /mm
JF5 HAr 547 B /mm
Xrik WA
1 A=(515.5,0, 132.5) 0.6 4.6
2 A=(515.5,0, 132.5) 0.7 5
3 A=(515.5,0, 132.5) 1.2 3.2
4 A=(515.5,0, 132.5) 1.1 1.0
5 A=(515.5,0, 132.5) 0.2 2.6
6 B=(432.3, 256.7, 132.5) 0.5 3.0
7 B=(432.3, 256.7, 132.5) 0.7 1.8
8 B=(432.3, 256.7, 132.5) 0.6 3.7
9 B=(432.3, 256.7, 132.5) 0.8 4.2
10 B=(432.3, 256.7, 132.5) 1.0 2.4
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