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Abstract

In this paper, the SCARA handling robot in the laboratory is selected as the research object, and its
kinematics analysis and simulation are carried out. Firstly, the improved MDH parameter method
is used to establish the coordinate system of each connecting rod and determine the D-H parame-
ters. Then, the kinematics equation of the end-effector was derived, and the correctness of the
model was verified by using the MATLAB Robotics Toolbox. The working space of the end-effector
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was plotted by using the Monte Carlo method. Finally, the algebraic method was used to analyze
and calculate the inverse kinematics, the inverse kinematics solution was obtained, and the solu-
tion process was encapsulated as a function in MATLAB. The optimal inverse solution can be ob-
tained by randomly inputting the orientation pose through this function, which verifies the cor-
rectness of the inverse solution algorithm. The results show that the kinematics analysis of the
wafer handling robot is correct, which lays a solid theoretical basis for the subsequent kinematics
calibration and error compensation.

Keywords

Wafer Handling Robot, Kinematics Analysis, MATLAB, The Simulation Calculation

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

FESR AL, AR Boh O AT S0 il R A IG5 e B 0 e S5 AN AR (K izt 5 )
B OBONBIZIZATILE R RIS R R, B BOE AL A N [ T M B 7y, B
R TR RGN B SRR AN AT FE R[]0 H o0k B ) 75 SR A b AR P RS K AN TN, BRI A 1)
L ESL ER R I A ER E . N TAREE T SRAR B 2K R XM AUE k. R
A s MLas ARSEEL. Rl I 5 s s N AIZ sl dr L s H @ AR A+ il 22

BRI IR A . IR REIEE R CRILES AR 0% T AR B R R S P T S A T2k
JEERR T ASARFERE , T T A S AT 4% A AL BANEES, SRAFIZ 30 IR A DH VA2 A i i BRI [3].
WK MITER D-H ¥k, K@ LS NIEF bR R R I E[4]. BAT, AR ARHE D-H
A D-H IR A R T 1%, D-H SRR E RE K27k, SR80, FraEr) D-H IR SEbr
JS2FH R AEAEVE 2 i B, SRR N P 91 B AR 5 EACE ) MDH A BEANERAR[S] . BRI, D T e brifE D-H
JTER BSOS ML NS 3 “A 0 O R A8, ASCURF BGE ) MDH D5 3006 FLEAT 70 it I fi
HI Matlab J6E3E 315270 #4851 i

HLEE Nig g2 BARPEHLE AAS AT SR B LE R, tHRE A S M 3 %35 M, X
NBLERNIIEE B2 6] . Dy TR HLAS ARG PAT 48 118 S A48 RE (1022 (R 28 BT — € i3I
2y, i EORE IR ). AR RE S ERIRT S, SRFEIEE) A AR TS, HEEG
FEAEE S TR AL BIB[715E N AR 0 IHE 545 3 1 L8 AR AR aRik a0 BI85 Akt
PLEs N a3 222y DU, R T LT oR AR AT — 0 R A S5 M LA A [ (r) A, 8 S A AR
WA E R o HLas AR FIZE 2R AN RET E BE T 15 2B MR, I DAASF 54 ppL g N
FEANFD, 7 EERRATA e B AA ) R AR 7 Ao

2. EENFENERE
2.1. B ERhFER

B 1 IR SO TR i B RE HLER . HoR AT /2 SCARA RUF S5 Ky, A 3 B THF A = AN 7KCT i
Ferg R, I H =AM o0 (MR A BAs, T BLSEI REEE), HA — D ARmiras, e
AAEEEE, PSR, T Zo W IANEIIZE)[9].
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Figure 1. Model of a wafer handling robot
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Figure 2. Structure diagram of wafer handling robot
2. RERIEHRAEDEE

HP 1 [ ah [ OE L e AR RS RIS B G i 2 B, Hodon 1875 a NERKE,
TR X il NZ BB Z BERS s o WA, FoRGe X Bl N Z, R R Z A do
ERTREE, Fonut Z B, A X BN X, IEEES; 6 RN, FRoRGEZ i, X TEER R X, A
d, NEFHREE, RoRIEZ B, X BEhE X, EEE . SRHLR RS ARG BT AE -~ d IR e 1
HLas NEFFIARFR R, AT AT 45 20,0 B s MLas A D-H 280k, 104k 1 fior.

Table 1. D-H parameter table

# 1.D-H 8H%
i a,,/mm a,,/rad d,/mm 6, /rad
1 0 0 d, 0
2 0 0 d, o,
3 a, 0 d, o,
4 a, 0 d, 0,
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Figure 3. Robot model in MATLAB
3. Matlab ##1 88 AHEH

SHE MATLAB BT r fR AL BT IEAT RO iz s, KN H SSupa R IR —5, Rk, iRz
1 i E OB L2 EF AR RS D-H SEUR IEHIR, T —5800] LT SR RE 3h 2 IE R 5 T 5.
2.2. IEBEHFESH

FiBs RGOSR BB ST, EBEiHE, RAEIRGGPHAT R 5 R 7] 1)
PR R ARE[10]. ARG LR T B SGE D-H SR P RIEIEAE 2, 3 FRIRR R E5RTIR MR
R, AR RTHMERR, KIES B RGIAT AR T IR R FHRAS G M, & iris
e HiIL. AT RIREE, FIC AIS, A RIR%Esing Fcosd,, S, #isin(6,+6,). Hieilliy D-H

SRR fh O VLA N % AL 52 2 (8] H A 456 [ A«
100 0 c, =S, 0 0 C, -5, 0 a C, -S, 0 a
ro_ 0100 T s, C, 0 0 e s, C, 0 0 e s, C, 00
001 d 0 0 1 d, 0 0 1 d 0 0 1 d,
000 1 0 0 0 1 0 0 0 0o 0 0 1

PR 22 20(1) BI AT 3R H e ) IR 38 B 4 T R o

C234 _8234 0 a3C23+azCz
Sy Cops O ;5,3 + 8,5,

0 _ 10717273 _
T =TT T = 0 0 1 d+d,+d,+d, @)
0 0 0 1
REGTHAT 28 B G AL An R{EMHAT T AL br R{AYHISHIR A [ A -
1 00 a
, |[010 0
Te = 0010 )
0 0 0 1
FH 2 (2) FT A5 A S P AT 2% I AL B R{EMAHXT T FE JE bR 2R 57 IR AL bR AR 5 B«
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O B O O

N T EEHE T RS S R IR, 7E Matlab BN FIR IEIZE B % R SR AR AT R AR
IR Ly — AR B TL MOLRAF . ERTAMBE R RFRUKEE NS E — ENE
q=[0,pi/4,—pi/4,pi/3], FHACNZE] Matlab Hl &5 N THAAH fkine &z 5, FrisdiiRin:

0.5000 -0.8660 0 281.7
o _|08660 05000 0 1167
710 0 1 99

0 o o0 1

FRRE o AN R B R ATIZ R . b xf b, RIAS H A5 RN EaR &5 FAH TR, U B S i

R HL A A TE 83D 7RI o
3. TfeziEn®

o [P RIS AL 8% A A A 22 [ 8 L 2 o w] A SAA (0 2 (8] A A B R B . AR A [a R 1 AR
PAT A, RH AN EEHEE) 2 AER. X i B 0E Mg N AR 2 8] 4 3 A A S ) 5% e )

it 98 B A s2BrE X [12].

CL i [ HOS HLEE AN #5263 25 Hodb d, A0, 3001 mm 2 [RIFBE ML, 45 5% 5h M Hva B 7 [-1707,
+170°12 8], X Q)& iahE 5B a2 MR R, 18 Matlab HFAKHE & T 12 350 B F1E3)
TR, NS RISIE[L3]. Ll R WG LS A AR R, s 4 Fios.

HH ] 4 mT43, HLEs AR ImBAT #8305 x S 303 [l 29 8 [-330, 330] mm, # y fi#2 3l [l 29 5 [-327, 327]
mm ¥ z FIIFE SVE 2028101, 397] mm. TAEZS (B2 (Al sl o A 508, A BRI B, 10 B o [
EHLAE NREBET B B ST R, R R W& I S5, N2 G0 B HEE v

N B SRPAT A PRI BEE 1 M SR BB AR [14] o
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Figure 4. Workspace of wafer handling robot
E 4. RERENFZATEZE
4. EEFEFERIE
4.1. EERIFE S
Wiz 7L hbr bR R i @, B CAARm AT 2L EAEDS, DI ENL S N & R AL &
fME[3]. X T SCARA B FEMEEHLE N, REFHEWUNZSH p, . py« p, M O BLEEHIE H AR b E,
VYA ZH 59 & R I PAT 25 AL bR F AR T- B AR AR 22 ARG (1) 7 A 1 A =AM KR 23 B
g, WOREALFR 2 3 AR 28 A AR [ A«

nX OX aX pX

T= n, o, a p ()
nZ OZ aZ pZ
0 0 0 1

T A% 6 o EL R — RS A ST 52 T A 3 1 40 B TR 52 1 2 1] L
R FI@RSE, TLEE 4 MR, SRS, 6. 6,. 6, R TizEhs

itk o
p, =a,C0S6, +a,cos(6, +6,) (5)
p, =a,sin6, +a,sin (6, +6;) (6)
p,=d, +d,+d, +d, @)
0, =atan(n,,n, )-6, -0, (8)
K 2 (G) I (6) IR I ~F-J7 28 J5 A n T 45 2]
P + Py = a; +a; +2a,a,C0s6, )

Q) P HEH cos g, « sing, . 6,

2

p2+p’-al-al

cosd, = 28,8,
2

(10)
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0) iy — AR oxef B, HAEIRAE-1 5+1 Z 18], 7T LA I 5 R4 ToAR 17 0 R W A S AT 4% 42 75 7
FIEYE RN . BRORHAETTIATE R N« P =M R BOC RT3

sin @, = +/1-cos’ 6, (11)
FIH 2 g ) BV A a5 6,

6, =atan2(sin6,,cos6;) (12)
QA2) AT IE A PIAEIL, RIS REAS 7] 8 SR R o 524 5015 A IR IE 5L AR SZAE i 8 I, JL R IRt e 17
£ Matlab % 5 RIS, SERRIGHLZ N ] 2 W8 [ IED) 2 A BE R AR IE B R 75 4
4k =a,+a,c0s6,, k,=a,cosd, N(5) (6)n itk
p, =k, cos@, -k, siné, (13)
p, = k,siné, +k, cos 6, (14)

¥ (13) 7 k, b 20 (14) e k, i3
k,p, +k,p, (a,+a,cos6,)p, +a,sind,p,

cosd, = —
©open o7+ p?
sing, = kipy —ko Py (a, +a,cos6,) p, —a,siné;p,
i pf + pi pf + p)zl
] 1= (12) 775 ] KA
6, = atan2(sin g,,cos 6, ) (15)
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4.2. BRYFSEMRLEIE

1T Matlab FHHLE2 AT L85 TR AR ARRY ikine B 5O R AR 0 AREO IR AR AR L2 T4 B OO 4.1
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RS2 BB —RE, BUARARMRI14]. BRI, AT LA SR B 0IE Sh 0 R E R, 4k A kR i ia 3h 2
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5. &5i%
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DOI: 10.12677/mos.2021.103068 682 e RSE TR


https://doi.org/10.12677/mos.2021.103068

AR TR

>> nj([0.5000 —0. 8660 0 0. 2475
0. 8660 0. 5000 0 0. 1429
0 0 1 0. 299
0 0 0 1)
>> Wafer_Toolbox (0.2, pi/3, -pi/3, pi/3) ans =
0. 2000 0. 0000 1.0472  —0. 0000
_ 0. 2000 0.0000 —1.0472 2.0943
ans = 0. 2000 1. 0472 1.0472  -1.0472
0.5000 -0.8660 0 0. 2475 0. 2000 1.0472  —1.0472 1.0471
0. 8660 0. 5000 0 0. 1429 0. 2000 0. 0001 1.0472  —0. 0000
0. 2000 0.0001  —1.0472 2.0943
0 0 1 0.299 0. 2000 0.7137 1.0472  -0.7137
0 0 0 1 0. 2000 0.7137 —1.0472 1. 3806

Figure 5. Results of inverse kinematics solution
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X dh B IS L8 NSRS s RN B 22 0 W IER,  IEWIS s A SR IER, A Rt Bl ks
PLEs AR S HAT 48 UL RIRI . 1830 A5 E HiIR ZEAMEBUE T SL BRI .
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