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Several figures representing velocity transmission from joint space to task space are unalvzed and

compared with each other. The figures include velocity ellipsoid derived from Jacobian matrix, scaled velocity
cllipsoid derived from normalized joint velocities, polytope derived by numerical scaling, and polytopes derived by

Lincar

combinations of Jacobian column vectors. The results show that the

optimal directions given by the

measures are not the same and the conventional velocity ellipsoid is not good choice as optimization measure das

(i as the

moving direction 18 concerned. Simulation examples for 3 d.o.f.

redundant robot manipulators in

2-chmensional task space are given for comparison study.

Kevwords, Manipulability, Velocity Ellipsoid, Velocity Transmission Ratio, Polytope.

FPA] RF=Al A A
olg& FEsG 1 o) 23
gith. 2Rl Wl £xg Fole
I, AEg Aol s 3} )
& ol el E £ I E ol A
2 9l o] fHﬂ"i f"‘ﬁ 717 delef ’3‘3&25‘3 “r}
= ovEdadE 2 gyad

I ‘il‘x gty #H A9 7},\“2 "‘b 7E HE=2 sted, 2 o
M4 Eo] Wl v ER uHLI%fﬂt”alEl Bl
wl v & ”a‘ 315191 ’HLét?_ Yoshikawal5]ell 23] /‘4%
i, .\'ingh"ﬂ 915}1 et & eb9 sidel AiH UG
g% 1 et "H‘f]%dt”?— € &% el HIld 8
SheH 1, ’] °] **7“"1 o] Hlel #]] Tl #gvly
4l Mglele] BAE Jelfie 2Fvigr FH L A=y £ F
(Singular Valuc De(,omposmon Al dAlE s AFgEL] Fa
uleh ek ez Ao "Hu12] o Mg Yz Adstes F od
bl e i Eedeiele Fodle] 7 2R 2 REe] oy

HeMelE gdAabele] FEYdes veid F 3Ugg BoF

rJlO facs

rym

2ME A

AFH3) 2y 9o = 9o siuEeldely B
B =Bl e dAALE] WE uddA g,
670=1 = A sl B delE Badg PaRgeh B8
dlAi= 24 BEAL&Ee Hd Ha g weld 5 wdepelx
# ol Ee e gde gostn, 44 Hof, Ha pEns
Zoll s aAAT FARZE o|&IUE B £= AP

g masch

73

2. viv &gy g

n Afws e dyEgelg st mad &3l 2w,
. L

@Azt 0, (i=1...n) 3 AAFVAA) )/ A2 ¢ e
& UEE X, (G=1...m) %o BAZ o2y ol HAIS
=3

X=F(6) (0
& Xe=[x, %0, ...,x,070 0=16,, 6, ....,6] °lch

J 7 25 &k olE AAFE
e MEs ADE Ag + AT
X=J(6) 8 2)

mn ARV gL ol 2

2.1 wjF¥el¥ely o
(Manipulability Ellipsoid)
DL ElWE 232 Amaiet J oo o ehglg vt
e Ao 29 Wte] shFaith

16 117 =1 (3
116 11°= 0670

= XU X

=XTnH"x =1 (1)

7M. =7 e
AN A= «8lx oz ede
Ag ofuE

FEAMAE AEuE|er @Ho|ct,
W ael g, oA Aefw e
g2l E edolztn Fho} A zho) )

SERIRIES



U walmz o] gele dluEsolele] FAbdl o wdth
U#dd e g9 dde mugddady M & S3sc
He 2)s ol 4A 7 & Utk

M=V det { XOIOT} (4)

Aibel gt B ol2[glel o Amuler J & ¥ e An

of
o

-

o] e, s} A

a4 JeR™™ 3 Vepr™™ o §92 vEhd & 3o
J=uzv’ (5)
o 0 0 |
0 o 0 |
o714 ¥= |0 eR™™"
0 0 %{
0)20:2.., 206,20 (6)
O, Osr v, Oy 3= Abam)gl i o] a2 gleelt
22 4% AGul(Velocity Transmission Ratio)
AelA 2AE 222 §7=1 2 AVARE A$ 4D
e 2% A7 Hed, £% X § 3o wges el d
doprare] ofwl wheko meo] whWlE ¢ 2o L TEMHY @ 4
worlglel® 1 A pdEes ¥ F e 58S I8
39l
67— XX =1 0
(B 77" (B =1
Fu 7 =1
=10 W ®)

ol Al W SEeUde 7k 4 % £ dgueln dn.
Aol AAlA sl EHCIEE wal FAAAE st A9

IS
ZAg-ol= ojUEdele oA &= Hgnz & YT
a7

EAA e o] ARsl, 2HPY L FIUF Aols g3
Eael A ouEdeld Bl LmAguist A2 GE
o wyo Lalol= Aol ulEAst)
23 wweto]xr= £ gl

N ZeEng 070=1 2 AJANA gn 2249 @A 2
Zusl 7Hd o e HY9E wiyEdelE eldel EEAIFA
el e AL ozte] 4£Fe] Basith nve] 2 BA
o] Holgl, Hagkel ohgn Zokn @ o,

0[; maxS 91 ggi; max (9)

g

A

AA AeEe %% 2 e

Yot 2k,

3]
NS

i

b =w'e
W= diagl 0\, max. 02, max + ++ - Orr wox ]
osvbdaEe] @) gleR e sloluE @™ot o
QoM &= ¥ o) Ba gaAsA thga 2k
x=]0

~g

1

L

o1 714

Jw

740

wabd 29 Aol oz 23
g W Fa FH A #EH AL5R9
Zh2u kg Al "o

© Aznigr ddol gelyg=
Hole ua® N2

o

3. ¢ &~ (Polytope )

A 7

%jj—‘l

o] A, HAFE olFoix=

Xv:[fl I ]m] [01 d: f/;n]f
o htalt...t dnln

el A7) S
paznswole Az

(11)

Z|

4.1 AAH

713 24
a2 ke
3= QP(Quadratic
¥ MATLABE o©]
A s @A slE=
Q& AlEeold e
stk #Hzlaeke

A i )

= 6.]‘ 9;]‘:E+ .
Eel7t

2ol £ AT F 9
Problem)Z & &3kt &2
£30H9). ATH HAH5 2

sls 3t7) Aldais

2
Hol o %
ZRog
2] 7hx] &7y
2 F#H4d 72M=
L& A R JaE
NANE Fe agoelth

2 &}

==

=

2

s o]

1

Bt

¥ 1289 27AAME.
Fig 1. The initial configurations.
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