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LEPIH

1 1-m
fm(R)=?IR dR
logR
—d*7 m=2

- T m#2
(m—-2)R"*(R*-d?*)’

(3-6)

Cfi(R)AR 5 »> w[24]# * 20 2 ap iy ff & chre £ Silic o )

33 B & s HFenfiir it

Rypma 32 a1 diaf (R) 5 Lr''=1, > R=d R £, (R) § )+ §
FHCDER o AP S, 257 S QP My & Flw o g5 ZLAFIAR L ARA
PRB-d SHrBEATA 4 i T 40T

dS dS
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S
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2
Sui(0)= (R =17 +d” + (P))?), (3-8)
alogd, m=2
g,(a) = a 5 (3-9)
(m _ 2)dm—2 > m#F

A~

AV (3-8)¢ ’P{r BC 2 Fapedg > LR r &C el BirF]L > s
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BRI FFLIT R o (b)E 5z=00 > BT 5 OABCHT ffiw B it 4 F ehE i
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331 2 & s H (F m=1pF)

B4R T AL A HEY F m=1P > @ 4T %N

R +1I" d|. ., I'd
jfl(l)dl—lg +l_+F{tan1P0R_} (3-10)

Ko AR ET A RERY K F Ity 4 (force) LA o F - B
THOPRGRAEELFEY APBEXS - 22 ME RS I Y F T (4
Bl 3.3(a)) & BRSO RELEL(£10,£10,210) « AP F 3t B D
M E B B (%R [24]) B 33(b)% B 33(c)A kA F z=0% x=
YR 2 AN E AR o (F NG & RI330)RE A x>02 p>
0384 - B33 AR E N x>0y>0% z>0 884 ) APT Tl AR
Rl B e Mg i 2 2 MHR - f AA A LT e HE e b
B ARBIEE g 7 o NP R ek Y e LR o B 2
T A B AR R Tt AR R TR D eh R & o FE0T) o
332 B & tat Hcd] (F m>2E)
Hrm=2 ok enf @ g f () 5 F Rode A m 5 £ () R

FARG L F R T w2 AT D HP RS AW ke § PO OpF

PEETH NS Gk )

j £.(Ddl = d{tan PZO;_ ~tan”' PZO;{} G-11)
[ fu(Dal = F}[ - ——tanfl l—o}
C
1 A e
—F tan F—tan F (3-12)

B X (GT) AP S MY hE - Th 2 i R hcde ks (T @I
E R ATA L D e blheo § mE3 S KGR A T AR
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f%éz‘.[@y (‘xi = Zi_ayiaz)_q)s,i (xi = li+’yivz)]+g (3-13)
S i 4

<>

BNG-13)¢ s ¢E B C okHEs venx, 0y, z(z=d > 0) 4 hj;;fgii »—1, %
N8 > ZRECORER =h r #30Ca gt a9 D, (x,p,2) R

Y
E

XZ

X+ Y 42

D,(x,y,z) = ltan‘1 (3-14)
zZ

3440 x4
BOSHE-geir(X,),2) Ademn s v )Y NG-13) ) REHARE
E L = e AR S S
_Zvi [(D3,i('xi = li+7yiﬂz)_q)3,i(xi = li_7yi’Z)]+;iziz (3-15)
Ho o V2 Coortecni ek SEA e Jo 5 4 T U4 TH LN R

5% F19

o0; _ 4 (3-16)
ox (XY WXy 42
ob, —x(x*+2y* +2%) G317)
N 0 AR YR
tan”' g
oo, Y+ Y+
0z z?
2 2
D ) s

+
2(X*+ YOV + P+ + 2
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Bl 42 8 erBgg Bl (m=7,n=2) mirn¥ A4 -

- B SRS ORISR R DG TS

(1) *z# i &> (Revolute joint) — 1-DOF joint

(2) ¥ B & (Sliding joint) ,+21-DOF joint

(3) F4+125 8 & ( Cylindrical jéint)- = 2-DOE-joint

(4) %% 8 & (Helical joint) — I-DOF joint

(5) z 2,k & (Spherical joint) ~— 3-DOF joint

(6) T & B & (Planerjoint) - 3-DOF joint
BZRZEY TR ABRIROF AL ELARCNSE AR P REFOIREL
AGIRFFAPRY B2 Bpd Rk kiR B43 5 - B pd

BIEA M &b o

FI43 = fd BME6I5 M & o

21



BRI BRTRE Y 0 A & P AT R LR B R 2 T S e
SR 2 0 B MoE B D i g L o B ¢ sy B 4 R
oA PR rﬁimﬁgpx LREFRE P R P REHPF ARG
RUEERPFUIoPR L FD FLUNF e i Dy 2EPFRE LT
FAAEF D 0 FF R EN SFLEATVLE IR G F LR Lo AR T

RPAUFEZE 2 BINA K - A AP OR RG] A

it AR KfRAAPM Ao Bfs > AR Y T i e gy e 3N

KGRI 0 F A5 At B RGO Rl R B T T o

4.2 1 R8T AR

hAhe niEE P o PRI RS R0 e Wik v d & A
d PR B 2P R A AP R SR PRI IIEL A
BEFHFIRESFFAEE ¢ NPl En - HERFAFI BN
B (L BE e [T SR A Ao 8] 4.4 1T e
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Attracted by bottleneck,
translate by distance a

h 4
Calculate the repulsive force and
—>»ladjust the position of the objeet on
V_Plane

s the distance adjusted
small enough ?

Translation
search done

YES—»|

NO
Y Is
Translation rotation search
search not done ?
finished
4 NO
A 4

Calculate the repulsive
torque and adjust the YES
rotation angle of the object

Rotation

YESH search done

Rotation search
not finished

F 3

Bl44 $HRESRY (- H) el d 057 %58 dy Ops AP oreniph @ o
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ARACE] 4.8 o T G KRR E EFerpR SR S 0 PG e
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t start '

A

n=N

.

Move the first link of the
manipulator to connect the object

L
A

Adjust the
joint angle

n=n-1
4<%by w$~l
NO
¥ Adjust the last two

Translate next link links (ﬂflg 2) of the
to connect the manipulator
previous link

A

end
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turn>max_turn ?

Translate this link to
connect the previous link

and recursively halve the NO
translation distance 4 and -
tralnslﬁ;e “;:th the new d 0=002, T=T,
b BB bl ot turn=turn+lI, rotate
> the angle of #in the
4 . .
direction of T
Calculate the YES
torque T !

Calculate the torque
and project it on the
Rotate the angle of 6 in the direction of T then

direction of T and NO get T”
recursively halve the rotation
angle 0’ and rotate with the

new #° value if collision <
oceurs

i

Calculate the torque

YES and project it on the

direction of T then
get T

.

n=n-1

NO <T7>00> <<§>
_
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( start '

h 4
Find the connection point
P of the last two links of
the manipulator
¥
The last two links of
manipulator connect at
point P

h

Calculate the torque, project
it onto T and then get T’

k. 4

The last two links

rotate the angle of @ |«NO

in the direction of T

@ YES =072
YES

Calculate the torque, project
it onto T and then get T”

h A

NO
- YES
0=0/2, = L
turn=turn+l, Adjust the joint angle
T=I1*T of the last two links of

manipulator along the
remaining DOFs

<Turn=>max_turn

end
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Translate the object
toward the bottleneck and e -
adjusts its position and T
rotation angle

Halve the
translation distance
and the rotation
angle of the object

NOAT

Can the
manipulator follow
the object?

YES

The manipulator follows
the object and adjusts its
position and joint angle

Does the

object arrive the NO———M—»
bottleneck?
Use that
bottleneck as

goal hottleneck
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