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Abstract
YA BREES Ao MY aby

usually, robot manipulators in production & UEsjA etz oa meb whEal
lines are operated with _reperting work g B Frixog Zayc). ola] ¥t
trajectories, 2abs BAE muFelole]e] EHY v

This paper presents the repeated adaptive dA] slold fst goe rdg A}
learing algorithm for robot manipulatoes for Z Fsted by B oR9lox wAerg,
the case of a trajectory. F, ZRE o EeoleldMdy HErE 4

This algorithm uses the nonlinear dynamic $3trg  zh o] WA sbE opuH.e g
model including the repeated friction q4y mdofa FAY 2 glg dry B
compensating term, v & abx|sbA Pof, o] ¥t FAl-2

The advantage of the scheme is that it 2rE uvEefolele] 54 AFE A
allows friction compensation which may be oAzl FH aFe] HHYYy Holma|=
otherwise difficult for differently dag ZejstA o,
constructed models, 2 EEdAME o FHY pdge men

A secondary advantage of the sheme is be [eis R | ( C.T.M : Computed Torque
that it can also adapt to torque Method )of o]-8-#lglr of-ged, AT AT
calculation in order to reduce the T W v g wbEe BE g ey
computational load of the control computer. o] delFE Abge] 24 stgion), a4

To show the efficiency oftheproposed 7hx] FHY ndoja  Fajglo] #Y s
controller, a computer simulation is T oA oy zefstod T oupApw sty A
performed for the planar robot manipulator 317 Aol whe} s AEstrga o
with a 2 degree of freedom, 2t Fod hrbe WA g reyboh,

opaba 2 gy S e Y5 A
% YE deEEs HestnEa g o
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2] o], wig B 17 ek, mpmgm g

o FH 4 Bebe] AF YF TelW q, qut
A 1,29 $iAe mAYG.  EaF, apary
& Viscous frictiond}t Coulomb frictiong

Abgs) Gratgict.
Y4

N-E el g Abg4T muE ofu]Befo] s

St YRAe chgn P

T(t) = M{q)d + V{q, 4) + Glq) + F(& (-1

cogn{d) + vy
5o ( )

cognl(ds) + va

of7]A, Mfq) & Nx N &4 ¥y
V(gd = Nxt $HY 9 ey
el ¥ e
Glq) = Nx1 2% ¥e
F(q) N x 1 opabe e

q v Nx1 ¢z e

e

g W Nx1 &% Hel

T & Nx 1 Tdof 7hsfal 220
e

¢ %= Coulomb w}i} Aba=

v = Viscous upi Asg=

gn = signum 5

2-2, Computed Torque #jo] ubA4]

aju] #efojele] A4t Aol A2 ofefst

ol By},

T(t) = M(q)U() + V(q, §) + G(a) + Au(d) 2-1)

vl o] % Kpgl ml o5 3y Kvol zhzte]
12, 42 248 Felaz Lt slERg
deted o FAst 2dof oy JHU spEx

£ Ayt

Ut) = §a + Ko(da - @) + Kplaa — @} (2-2)

JelEE e ao] YA

T(t) = M(a}{d + Ke(da - @) + Kplaa - @)}
+%(a, 4) + G(a) + Fx(a) (2-3)
odziM, N, ¥, 8 & ALY 9 22 w4
Bov e vae 38l A sof
2 AYE 27 g
qa T ¥ihE $Hx Wy
G £ Wb F= e
G0 & Wb vheE Wel
ke ted g4
2 (2-1)A 3} v] Zslod
whd, AL Ao HAel ¥ gt A
o &, M=, P=v,G=¢ = cgu e
24k Mg dEd,
# + Kot + Kpe = N-1(Fy - F) (2-4)
HAA N HFYY 2o g2 P vy o
F "Holxlng abgo] &4 stx] dEd.
{e=aa-q)
Zej), (DAL oMoz =2arE )
v Belolele] Feal wlAdgoe] FAlH 4
ol M) gkzt FAY gho] A2y YxlshA
ok whebd dA FEY xde] 4y
et glolds FubE Fogo] oYk, ey
zRE ofugefolelo] o WE M Asr
Mol g g sh3ich.
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2 2. Y 2eF Aol whae) 2% Mu

2-3. Mgt Aolzlel AA

E oEEoldr W eabg wabshrl s
ubAr Y wrg CT.M ¥ A3 W sofrixa
A AZE e v Y Fsl xR o
FEelolel - Ao} shsivt,

# pEold AVT FAY WAL it
et

T(t) = M(a)q + V(q, 4) + G(a) + F(Q) (3-1)

AL 2. Abof ofyr, el d <l -y wrd A
& Hsbe YAl oy Mtz o]l

T = Td((-lda qdy ‘Id) - %%:é - g’r—éé - ;_’:‘e

Adg rde TU Y dd mea

(e Aol W)

T(8) = M(q){aa + Ke(da — @) + Kplaa — @)}
+Y(q, ) + Gla) + Rr(9) o1 == (3-3)

A (3-2)2k (3-3)%  Hystel 2ap Fe]
A A% A mist ofeje} ok

0T
3q1°
=AM - Mg + (V- 9) + (F - Rpe-e)

(3-4)A 2] AF Mol npabd ol

M-IMs + (K, + ﬁ*%:,—}‘e + [Kp + M~

¢ W gmelde MEshrl gl M(q),

V(d,9), G(a) & ofelel o] shaiuret,

M(a) = M(a),V(a, ) = V(a, 4),G(a) = G(q)(3~5)
o7l M . Ryla) e Mg wsEle] 27l wE

of -gekdEr g art Exspx] ¢teryE ZF,

Pe(@y=F(@)ete 7hol WAl e,

Je R (3-5)4E Ze YA g A

84K, + ﬁ-'%:;}e + (K, + ﬂ”g}e
= M(F - Fy) (3-6)
Kp2} Ky ofzfd Sfgoluz zh g ghof
] 2 4} (decoupling)o| o] Fof Ik, (3-6)4
& EE ol B MU nAY Wiz
A &Y oshsl o 2o
§+Bé+ Ke=D - Dy (3-7)
of 7jal, D M P24 2 x2 ¥y
B P ma 2 x 2 e
B oEFelMy 2 Bl oY Mg f2
& olele} o] A etsbsict.
Pryr =Dy + Prax (3-8)
A7l M, Pg A% He oln el 2.4, ki
R SI4g Lhebuich,

Were g Ao

(3-8)4}2] Laplace

Brsa(s) = Da(s) + Pla)ex(s) (1-9)
(3-7)4l2] Laplace W g (3-9)4]of &5}
of ofef4l-g FEafch.
Busils) = Buls) + POEE)D() - Dilo))

1
(H(s) = m) (3-10)

Brsa(s) = {1t - P(&)A()}Dula)
+ P(s)H(s)D(s) (3-11)

@-1DA ] she gy g

of 7] A G(s)=1-P(s)H(s) o]m] Y- Ardeo|ct,
Dils) = D(s) + YG(s) (3-12)
gref, (3-12)4le] Fm % YGH(s) 7b e

Heg S7F Alzlera oof  rhghA gopd
S8 G- uwtebazt sk el s

g Hx oA AbgE el A A ¥
4= (criti-cal transfer funtion)2] ¢ 8o

¥ vpebdi,

Gls) = 1 - Ps)H(s) = %ﬂﬂ(a—m)
obeheh 7ol H3 Wel P(s)E M edsirr,

P(s) =8 + (B - p)s + (K - p) (3-14)
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od 7| A

(3-14) A&

e Mg ul-g(adaptive rate)o]i
(3-13) A el Mg 3o M e
G(s) & t¥tct.

_ ps+1
o) = F5 R K
| -2-g (adaptive rate) uv HA Y Yo

G(s)el s4e) 2rl® =¥l

(3-15)

IG(w)| = pl"@l_—?g (3-16)
Yo = E} -2 (3-17)

-1 (3-16)A1-& -3tod Ak weaxoll
ojgr 2ol vtebdd ot Ao,
B -1

IGiwax)l = p¥g— (3-18)

nE Fsidold 1act A Gow) &
-2

B -1

7] e 0 < ¥ <
o] mzlo] THEsjoF Yo,
Aol walel o]t A7t w2 ofejgt Fow
Tin) = M(g(m)){#{n) + Koe(n) + Kye(n - 1))
+ Vi{a(n), 4(a)) + G(n) + Fi(n) (3-19)

M) Ag By Aes 23 322 3¥ Yo,

ROBOT
MANTPULATOR

g o3, H-g- ehgy Yo

Ak

el gel =%t
L2 Aol Age] Y A

j¢d

3. A B e o] A

B ool AT Hg Yy Aolrle] 4
& Wrbslrl ¢irted 2 13 e 2HE
uju] Eefole] wde] niA W5E ohE Aol
e shsich,

Li=0.5 M, L2=0.5 M, m1=4.6 Kg, m2= 2.3 Kg
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