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(Realization of Robot Manipulators Using
Computer Graphics)
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Abstract

In this paper, we developed.a method of describing the structure of robot arms and a
systematic way to use it as a robot-design-aid tool.

To describe the structure of robot arms, a robot was regarded as a collection of various
links in the form of polygonal pillars, With the aid of the homogeneous transformation,
a set of commands for describing the information on how all the links in the robot are connect-
ed was defined and used in graphically realizing complex link-based structures including robot
manipulators.
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Fig. 1. Modelling a cylinder.
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robot__arm 4[ num__

(a) .

link

link (0)
link (1)

link (num__link)
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Fig. 3. Data structure for a robot.
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Fig. 4. Data structure for a robot in detail.
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Table 1. Defined commands.
Rotation op (deg) about x axis RRX op
Rotation op (deg) about y axis RRY op
Rotation op [deg) about z axis RRZ op

Translation op [mm) along x axis TTX op
Translation op (mm) along y axis TTY op
Translation op (mm) along z axis TTZ op

Scaling op along x axis SSX op
Scaling op along y axis SSY op
Scaling op along z axis SSZ op
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Table2. Operation example.
*TTY 330(1 0 0 0
010 3%
0010
0001
*RRY 37 [cos37 0 sin370
0 10 0
—sin37 0 cos 3790
0 00 1
*RRX 23 [1 0 0 0
0 cos23 —sin23 0
0 sin23 cos23 0
00 0 1
*RRY 37. TTY 330. RRX 23 | 0.799 0.235 0.5 0
0 0.921 —0.391 330
—0.602 0.321 0.73%6 0
0 0 0 1
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Table 3. Commands related to joint variables.

Rotation about x axis as much as n-th joint variable JRX n
Rotation about y axis as much as n-th joint variable ~ JRY n
Rotation about z axis as much as n-th joint variable  JRZ n

Translation along x axis as much as n-th joint variable JTX n
Translation along y axis as much as n-th joint variable JTY n
Translation along z axis as much as n-th joint variable JTZ n

Scaling along x axis as much as n-th joint variable JSX n
Scaling along y axis as much as n-th joint variable JSY n
Scaling along z axis as much as n-th joint variable JSZn
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Table 4. Example.

o
K2
2
X
X
>
2
of
a3
aln
o
>
>
°\°°
O
o
2
il
0
)
B
vl
fu
[
o
e

A ARE E0eh 4 5 ASl ez 45
It jint variable-+- 23,7 of 9t 7ok welel zuEd AdAe: A9E W
2 jont variabie 130, sos st L AL el olf 4 b 24
3cd joint variable - 13.3
3 Hejo] Algld fHES HEstE o T B
*JRZ—1={cos(~jv1) —sin(—jw1}0 0]=[ 0.916 0.402 0 0
sin(—jv1)cos (~w1)0 0 —0.402 0.916 0 0 1. 29 & AA 33y
0 0 10 0 [} 10 W ol : o = o bebe
= X2 7| z - Glis 7 <
0 0 otl Lo o o1 & Aol oMol Bas rAsls ke 2u
#ITY-2=[1000 |={1000 E5 ool A ARiRE wbiE AR stel sk A
010 —w2 010 —13 S Al AAsk s BREo ey 18] 59
0010 0010 et
0001 0001
*JRY—3 = fcos (—3) 0 sin (—jv3)0]=1{0.973 0 —0.230 0
0 10 0 0 10 0 7
—sin(—jv3)0 cos (—jv3)0 0.230 0 0973 0
0 00 1 0 0 0 1
*RRX 23 JRY-3.TTY 30=| 0.973 0 —0.230 0
—0.090 0.921 -0.380 27.63
0.212 0.391 0.8% 1173
0 0 0 1 7

Operand® ¢+ A4 N 4%k ofbvel 544
5 AdEE ddch 9% @+ joint variable®| A

3% whito] assignslie= 81 7] wfdoll okl wig} X
1= o gAlele] whake] Abd sl xloh,

~Y

gl oful Mef Hae vAdxl zuee] $Hole a#5. s v4d 2eE 3
) ) Fig. 5. Two link robot arm.

SgHez A Slete] chga 2 Abgol iy €

slodet, $41 7h glzel ek labae) AP vl

ofe] wedoly Folli=, joint variableof wlgfgholl u} 2yeg AAee A AL 7t dlas wddles
o ofel af o] Alabstodof ahir ol Ui b, A odofet, 2Rl 5ell4] o 4= glsol, AlAshelir wME
Foll ghwlub Alatal £ o Ao adle AR & = oPUMEE delel A1)k ikl geel ela2s 4
ol BYT oot mah ofy| glazh oldsle] Qi 5|01 oick, gz 12l Aol #HEES 186 a) o
Abgtoll A= of o] ael Exlqle) deks e, s shol A s Far pufikig mulald 4 qleh oo A
gael g A4 5 Uelok @i 2hi cral 6 (b)ok Atuh gz 2o) gl AFAE
ol Abef aref AR vhF3 A YR AREdte] & 1 7 (a) oF Fol AA3bet olol ute} melelat An
% 8hoi o}, = 28 7 (c) 9 At
$A odabe T8-S welv] flste wWdeln g 29 gag edeldt o v defeld AREAE ahAlol
Aoll uwpeba] setup descriptor®t joint descriptorgl Al Absted gledsby- o) 7hAb FEAIR S AfrE-F
o] 29| % 1o vhys| eiul AlAbsieof dh W Woleh, vl A3 el gasyy wdalshe
42 joint descriptorell, HFof gwul  AAbspy 74, thEdh AlALS HEEslob sli: Baldhg sfas)
)= w#jo] 52 setup descriptoroll EGHA|F o 2 4, 7} Qlsll, wkol ol el wlas mdalss 45
sl AlAbshE Hedole 45 Folx & dhgirt ol 1 BEAL 74a + v E/2 parameter &
=% joint descriptoroll &l ool AlAbal S g eg sy wulale] shg A sheich
= olH elambx] Aabsl AaE Yol ol A4 AAl el F-wls 2pA L 2l A collectionel]  sidebc)
ot 5. & °P°4*1 °‘9l ozt Aol dade Hel = =gl dielelgS dloje} Hﬂ°l¢°ﬂ ?,-‘—1510“] AL
bl sEHoR A 4+ USE offdcht v oold FollA ofw Hg Aelsld zwEL 4

(211)



30 1987 30 BETFIBERLE £ 4% F 2 %

4 e e A A}
agle, 273 Aol ¥AYH YAt ALgsiol
X / 28l 59 72 two link arm-3 AA sl = 7 $oll i,
Y/ A S WA Ba 1 H ga 2o cHE diolel 3t 2
olFE Aoz Y Has A™elrE sk
ot A sl FAE HolA base £ Blate] =iz
A A AE Ao sl
Two link arm3 &l F70e &=, g=a13 8la?
Y Y £ Adelsha LP"* 2.8 87 e Ag TRl AR
ojdel - AL BalM, w63 1y7HE =l
___ " }
°X Zo sl F aE 25 two link arm$ FA s Zvt
(a) Al 7hgol slolert, 5 Ak ofwAH Aets|eA,
joint variableoll wfelr ojw %8 slExlo]  olgl
50 —40 0 M= o)zl olgbg|a] ke Algolc,
50 40 0
—50 40 0 . link 1
o__ __a -1
750 740 0 w m rm r‘“ 7
50 —40  —500 50 —40 0
50 40 —500 50 40 0
- 50 40 —500 -50 40 0
—50 —40  —500 —50 —40 0
50 - 40 —500
() 50 40 ~500
321 6. Two link arm®} a1~ &3 —50 40 —500
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574 —13.8 0 5.74 —13.8 —300 Fig. 8. Data structure of two link arm.
13.8 — 574 0 13.8 — 5.74 300
13.8 5.7 0 13.8 5.74 —300
574 138 0 5.74 138 300 olAl, A 2A - Fella A wasl AgAE
~ 574 138 0 — 574 13.8 —300 ZlEdet, a-lsst 2o 725 A HelMe 2 g
~138 574 0 138 574 —300 Aol 59 e oAb ) Fw sk o] QlAbg
—13.8 — 574 0 —13.8 — 5.74 -—300 FHoz Helsr] osl M-3"”oA] ol T8 w2 A
— 5.74 —13.8 0 — 574 —13.8 —300 g8 Ase 262 po
(d)
2 7. Two link arm®] 5w 22 2. Hg
Fig. 7. Link 2 of the two link arm. S HollA 7htd Helo] ZRES o2 lu An

(212)



HiE a2efeag ol8¢ 2HWE divgdiolse 74 Wy

H 5. Two link arm$ 7|%35}7] 938 =izgio] ¥
Table5. Commands for the desired two link arm,
link 1 TTZ 500

RRX —-90
. TTY 270
link 2
TTZ 513.8
JRZ 1
¥ 6. %52 My
Table 6. Improved version of table 5.
Joint D, Setup D.
link 1 TTX 0.0 TTZ 500
link 2 JRZ 1 RRX -90
TTY 270
TTZ 513.8
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Fig. 10. Approximated Stanford arm.
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