AR 2 i a2 A R GE B A ] H AR B R R
] ER, FLBEAE 25 5 14 B 1] 31 Fl P 5 B0 A R0 X6 2 52 B a4 7 0 LA s s T
BRI 25 B R LI, LSRR e WS B B A R IR T — 22 4
BUAEHL & N4 AR 2 7Tz s .

P22 ) #2246 (ILC, iterative learning control) J& % GE4& il v H A
FEREBE R — 4> . 1984 4F, Arimoto™ U & AR H T 2kt )
M RS S Ok iE S T RA EE B SRR R B
MO T 25 G2 1O RS 1 i A5 8L B LR 5 7 20 19 J7 =X Ak BEOR T 2 B AH 24
FAEL RIS SIS R G, BT, 2 AR 2 S TE 2 ) Bk IRk
P B A ) R R TR FH T U T R R

5.1 =I5 BiENEENIIHMTFENEIES

A9 3 o SCHR L 4 % 4% 1l 07 12 1k AT TR A A S S0 ELO BT DO
— R T T8 A 3l L 3k A A W BB T i IR B R A
VEAATE WY [0 R 42 1 0 R B R B

S.1.1 [t i

& n R T S F BT .
D(qg’' (1) ¢’ (1) +C(q’ (1) .¢' (1)) ¢’ () +G(q' (1) ,¢' (1)) + T, (1)
=T (1) (5. 1)
Hr j RERE € [0.1,],q7 () ER" FIg” (1) € R" 4351 g K75 £4
BE AR N . D (¢ (1)) ER JBPEITN.C (g’ (1) q’ (1))
g’ () ER" TR B NIFEFIC S1.G (g (), q7 (1)) ER" HyF ) FE 4%
LT, (1) €R" AP AR T, T () € R ¥ A
BUBE T 3l 25 7 B2 il 2 2 T ek
(1) D(q’ () R RFFRIE RE 1A F4 1 5

(2) D(qg () —2C(q (1) ¢’ (D) HEFHFRIE, BIi 2 x" (D (q/ (1) —
2C(q’ () .q’ ()))x=0,



MUAR T 3h 25 7 A 0 2 T R B8 45 14
(D WA qu(OFE 1€ [0t JN =] F5
(2) AT W R WG S H) qa(0)—¢' (0)=0,g.(0)—¢q’(0)=0,;EN,

5.1.2 FEhldR et

HXT RS G. D S R LS AP (DR (2) DL R B3 (1) R (2) , T 45 i £ 1%
s

T (1) = Kje(t) +Kié(t) +T '(t), j=0,1,-,N (5.2)
A2 i A v Y g U4 R D Sy
K, = B()HK,, Ki = B(HKi, BG4+ 1 > p() (5.3)

Hrj=1,2,,N.T " (1)=0,¢ (1) =q(t) —q¢' (1), ¢’ () =q.(t) —q’ (1)K, Fl Ki H
PD 45 il 0 4y (%) % £y 38 25 B . EL# M IE A2 - BC) A F il 38 25, FLW 2 B(jH >1.

WA EhE TR G D LA RS BT (qu (0 qa(0) 1 §a (D) R )
ARG DT LML R R AL D (@ LM

_ oD
D(q) = D(qo) + g
,ﬁ\:':':' Op( - )ﬂ‘] D(Q)*@ﬁ%%ﬁﬂ@ﬁ%%aﬂp

. .. dD
—D(q) § =—D(qy) §— =
) 9q 94~ 5,

(g —qu) +O0p(e)

94

eq'*On(-) q
94

D(Qd) qa *D(q) q = D(qd) qa *D(qd) q*fD

aq eq'*On(-)ii

94

... dD
D(qq) e + %

de - D(q(l) ('I'd 7D(q(|) (']'*O[)(‘) q

q

i F
oD . aD I .. oD .. oD ..
DN o= (Gitdi—ioe=22| Gie—L2
aq ‘Iaqe (7(] 44 q 1 qie r7q ‘qule (7q ‘Idee
)
Do é P Ge—P| Ge=DG)§ D@D G0 G G
(7q qq aq a4
Gk
. . J d . .
Clq-p) = Cqugo+ 26 (q—q0+2C]  (G—dqo + 0
Iq la,.d, d q 94
el aC . aC .o aC aC ..
Ciq.q) é+2€ ( Lo € e
19 e+ (’)q qd’&d qle+(’)é "a";d ae ‘7‘1 qd"';d ¢ (’]q qd";d ¢¢
:C(qudd)(}A*C(QaCj)é*O(i(')é (5.5)
. . d Jd . .
Gq-d = 6id) + 2% (qq0+2C (G go 0.
aq 4494 Jd q 9%
WGl 96— Gguedo) — Gl + 06 (o) (5.6)
d q' 944 aq LERLM
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HRG.4) . KRG HFRG. 6)15

D(t)e+[C+C lé+ Fe+n(e,e.e,t) =H—(Dg+Cq—+G) (5.7
Hrp
i sapy D] L OC LI et Ou(e) GO — O
n(e,e,e,t) = 2q |, ee 2q | oy, ee P qd’édee+0n( ) q+0c(s) q—O0s(s)

ZWEIRET n(e, e e.0) KRG DIRARKG. D35 j UGERMHLI N Sh 12 RN
D) & () +[C)+Ci(]é ) +Fwe (1) —T.(t) = H) — T (1)
Hrp
D) = D(qi(1))

C(t) = C(qa(t),qa(1))

J . J
aw=%  ao+%
(’) q qd(z).qd(t) (’) q qd(t).qd(t)
_ D[, 0C 76
FQ) = aq a0 ga(2) + aq a0 .q,0 ga(2) + aq la,

H() = D(qu()) qa() +C(qa(t) sqa(t)) qa(t) +G(qi(t))
EEXTES 7 UAEARANES § + 1 kAR, (5. DR E R
{D(I) &) +[C)+Cp)]e) +F@we () —T.(t) = Hi) — T (1)

D) & () +[C)+Ci(]e () +Fwe ™ () —T,(t) = H@) — T (1)
(5.8)
AT A AR L K, =AK G I e X
v =¢ @) +Ae’ (1) (5.9
SCHRLA JB& T R E
EIE S 1 ARG AG DAL AR (PL, P2 i B 444 (A1, A2) . R
AR5, 2) R H I 45 I (5. 3) X F c€ [0, ). A

j—> oo j—> o

q @) @, ¢Ww q. (D)
Horpos ) 2 5 T W R &4
{ZP - Amin(Kg +2C1 - ZAD) > 0
I = A (KS +2C+2F/A—2C//A) >0 (5.10)

2
max

Hod 3 (A FHE A B ENFIEE, | M || ne=max || MO || s2€ [0,z ], [| M || A4
M BRIV %L,

1 > H | F/A— (C+C —AD)

5.1.3  Weahtksrbr

225 SCHRLA ], NI 25 7 6k E B 5. 1 AU BT B . 2 L Lyapunov R K

V= J exp(— pr) y"' Kyy'dr = 0
0



Horpr Ka=>0 2 PD il v D 42 i 350 (4 9 46 1 25 . o R IE 524K,
N GRL

oy =y =y =& + A — (& +A)) = 5e +Ade’ (5.11)

i = (5. 8) 75
D) —e ) =—[C)+Ci)]E " ) —e ()
—F) " (1) —e () — (T () —T (1) (5.12)
5. 1D (5. 12)48
DSy =D5e¢’ +DASe’ =D& —¢)+ DA (¢ —é)
=—[CH)+C W] W) —& W) —F e ") —e )
— (""" () =T () + DA (&' —¢&)
=—[Ct)+Ci(t)]soe’ —F(t)ge’ — (K, e (1) + K™ & (1)
+ DA (¢ —é)
H K)=AKS FIR (5. ) A K, —AK T %183 R (5. 1), 7] 75
DSy =—[CH+Ci 18y —Ade’) —F(t)de’ + DA (¢ —¢é)
—AK YT KT e
i T
DA (¢ —é¢) =DA[(y" —Ae’™) —(y —Ae’)] = DASy — DA *de’
AK/e KT e =K AT 6T = KTy T = KT oy +y)
Iy
Do y'=— (C+C) Sy’ —Ade’) —Foe’ + DASy — DA *o¢’ —Ki"' 0y’ + y")
=—(C+C, —AD +K;")oy’ —(F—A (C+C, —AD))de’ — Ky

Ké“y’ =—D§ 3;j —(C+C —AD —FKé“)é‘yj
—(F—A(C+C,—AD))de’ (5.13)
Ve .1
Vith = J[ exp(—‘or)y"‘H»]‘KﬁyH] dr
EX AV =V =V RGO ARG 1D IR GO IDUA LS

AV = [ exp( per oy’ 4 ) Ky + y)de— | exp(—pe)y! Kiy'de
0 0
= Joexp(* pT) 5y’ Koy’ + 20y’ Kiy')de

— 1 ! _ jT i+ j /vI‘ 1y
_B(j+1)J()exp( ) 8y’ Ki" oy’ + 28y’ Ki" y)de

— 1 ! _ it s i g J.[ _ i’ s
—[g(j+1){Joexp( oT)8y’ Ki''Sy'de—2 Oexp( o)y’ Do y'dr
—2J exp(— pr)dy’ ((C+C, —AD +Ki")3y’
0

+(F—A(C+C, —AD))de’)dr

i
il
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N o F AR 43 Ty i s IR A Uh S CA2) 1 oy’ (0) =0, U]

t

Joexp(—pf)b\yj»rD8 y'dr= exp(— {oz')&y"’]‘Dé\yj — L (exp(— pr)ﬁy]TD)/ﬁyjdr

0
— exp(— o)y’ (DD’ (1) +pJ0exp<— pe)dy’ Doy’ de
*J()exp(* pr)é‘yivI‘D6 jjdrfjoexp(*pr)(?ijr I.)6yjdr
K b P i [ 005 F L 15
zj()exm— o8y’ D6 ¥ de —exp(— pt)dy’ (DD(DSY (1)
+pJ()eXp(*pz')é\ijD(?yde
—J()exp(—pr)@ﬂr bﬁyjdr
45 (P2) L a] 5
Joé\y]'r D&yjdz‘ - 2[()8)’}]‘&?}’]&[

y
1

V=D

[~ exp(— prray D3y (1) o exp(— pr)oy’ Doy'de
—2[ exp(— 2oy’ (F— A (C+C, — ADY)oe'de
— [ exp prroy (Ki +2¢, — 2 ADYSy de|
BT
| exp— 20y Ky oy de= G+ D exp(— prroy” Kioy'de
= J';exp<— ooy’ Kidy'de
ARG 1D 04 oy’ JBIF S ¢’ T Ade’ 1

AV <Kﬁ [~ exp(— 028y D3y (1) = p| exp(— per0y” Doy'de
—2[ exp(— 8¢ (F—A(C+C, — AD))se’de

—24 [ exp(—pr)de’ (F—A (C+C — ADY)selde

— | exp— s (K + 20, — 2 AP0 éde

— 24 [ exp(— prrve (Ki+2C, — 2 AD)0é'de

—AZJ'exp(— pr)0e (K +2C, — 2 AD)de’dr |
I FH 43 BB R 43 O s s ARSI 4 254 . 0e’ (0) =0, ]



Joexp<— o3¢ (Kit 20 —2 AD)66’ de —exp(—pr)de’ (Ki+2Ci —2 AD)de’ |
— J — pexp(— pr)de’ (K4t 2C —2 AD)de’ de
— [ exp 20 (Ks+ 20— 2 ADYoe e

— [ exp—prr0e” (2 € — 2 ADYse de
W b 20 3 TR 0045 9 L I 7 s R R LA L 75
24| e o0’ (Ki+2C — 2 AD)6E de —Aexp(— pnoe’ (Ki+2C, — 2 AD)se
0

+ 04 [ exp(— prove’ (Ki+2C, — 2 AD)oe’de

-+ ZAJOeXp(*pr)Se’T (Alj —CDoe’dr

I
j 1 it j ' it j
AV gm{*exp(*pr)(h’ Doy’ (1) *pﬁ)exp(*pr)(?y Dsy’dr
— Aexp(— or)de’ (K4 2C, — 2 AD)oe’
— oA J()exp(* po)de’ (Kj+2C, — 2 AD)de’ dr — Lexp<— prmdf}
1 it iy | _ it i
<m{*exp(*pr)ﬁy D5y ) pﬁ)exp( pz’)5y D6y dr
*AeXp(*‘oz')ae]Tlp(?ej*pA J()exp(*p‘[)(?ejTl,768jd‘[*J()exp(*(or)wdr}
/\q:'

w= 66" (Ki+2C, —2AD)5é + 256" (F—A (C+C, —AD))de’
+240¢ (AD —Coe’ +A%0e’ (K +2C, — 2 AD)de’
+24A6¢ (F—A(CH+C —AD))oe’
— 56 (K§+2C, —2AD)3¢ + 2466 (F/A— (C+C, —AD))de’
+Ae’ (K)+2C+2F/A—2C/A)de’
W Q=F/A —(C+C,—AD) R (5.10) .73
w=1,|6¢ll*+2A5¢"Q5e +A"L | de |’

* | Cauchy-Schwart N4,
se¢'Qoe=— el [| QI wull oe |

w=1, 106" —2A 1961 1 Quill loel +A%L | se ]
. : 2 1 2 2
— (ol —Aoul loel) +A*(L—LlQl%) Isel®=0
i 3

n AV, <0, B
Vitt LV
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MT Ko RIEEME. V>0 HV 5,0 j>coif.y' (1) >0, BT e ()Fe’ () A
A E R A7 AR R, A R IE R B R QN j oo U €/ () —>0,e’ (1) >0,t€ [ 0,2/,
B LR, ARSI
7O >0, §W -4, 1€ [0]
EHS. 1 PR AEREEAANEZ L SRR EE T, 20 T 4 rkibik s
WinCe e e o), AWM T sh Ji 24 BN e ). &F XX — [ 8, 5. 2 5 i 45 i T el ik
A 4 ol A

5.1.4 fjEsEHl

B XU LA T sl A 7 R =0 (5. D HEAT 05 B, 7 2 v 119 4% 30 1R

l.1+l.2+27712r211C05qZ iz +)7”I27"211COS((12)
D(q) = [ . . }
i» + mer2licos(qs) iz
. —maraly ngil’l((Jz) - 77127’211((11 +qz)sin(qz)
Clq.q) = .
m27‘zll ChSiI’l(qz) 0

(miry +myly) gcosq) + mersgcos(qr + q2)
G(q) =
mors;gcos(qr + q2)
ﬂéﬁﬂ/ﬂﬂ“ﬁjﬁj dl(t):ao.?)sint, dz(t):aO. 1(1*9 ’),a:LTu:I:dl dz]’]‘o
;’%ﬁj‘%ﬁ[ﬁlmlzlo, m2=5, 11:19 1220.5, 7'1:0. 5, r2=O.25,i1=O.83+m1rf+
maoli i, =0.3+myrs,
. ) 10 NN
BIAHLE g, = sindt. g = cosdr A = | | BB SR K — K-
|:210 0
0 210

AEMBRE R x=[3 0 0 17", W ¢=5, BRI 5 . fHELRL

K 5.1 2K 5.5 fris,

0 1 2 3 - 5
time/s

]’b’(i):%Ké:ZjKﬁ, K,=2jK, j=1,2,--,N,

rJ
1

qld. ql
o

q2d. q2

A 1
0 | 2 3 4 5
time/s

B 5.1 KPS RERMWMUERR TR
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time/s

B 5.2 WKXWESKRHMUERE

Change of maximum absolute value

of errorl and error2 with times i

w T Mmoo = o
(=] S =1 = (=}

10112 pUB [JOLI2

B 5.3 WXFS5RUERIRNIRZEKSTRE

time/s

(bp p1bp

(=]

Tbp “pzbp

B 5.4 XWXFE S RHEERIE




Mg ANEH REMIZITEMATLABIFE—E#iRiT A&

Change of maximum absolute value

e of derrorl and derror2 with times i

derrorl and derror2

5.5 WXT S REERBREIRZWHTRE

15 ELAR T -
(1) F#FF: chap5_lmain. m

function [sys, x0, str,ts] = spacemodel(t,x,u, flag)
switch flag,
case 0,
[sys, %0, str, ts] =mdlInitializeSizes;
case 3,
sys = md10utputs(t, x,u);
case {2,4,9}
sys=1[1;
otherwise
error([ 'Unhandled flag = ',num2str(flag)]);
end
function [ sys, %0, str, ts] = mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates

sizes. NumDiscStates

~

sizes. NumOutputs =

sizes. NumInputs

sizes. DirFeedthrough

~.

= = O N O O
~.

sizes. NumSampleTimes
sys = simsizes(sizes);

x0 = [];

str = [1;

ts = [00];

function sys = md1lOutputs(t, x,u)
qld=u(1l);q2d=u(2);
dgld=u(3);dg2d = u(4);

dgl = u(5);dg2 = u(6);

ql =u(7);q2 =u(8);

j=u(9);
el =qld—ql;
e2 =qg2d—-q2;

del = dgld—dql;



|chap5_l inputl
S-Function| Mux

Clock

5

Workspace|

de2 = dg2d - dg2;

Fai=eye(2);
Kd0 =[210 0;0 210];

if §==
betaj=1;
else
betaj=2x j;
end
Kp0 = [210 0;0 210];
KdO = Kp0;
Kpj = betaj * KpO;
Kdj = betaj * KdO;
ej=[el e2]";
dej = [del de2]"';
TJ = Kpj * e + Kdj » dej;
sys(1) = T3(1);
sys(2) = T3(2);

(2) Simulink 7% : chap5 1sim. mdl

]

To Workspace7 Tj

S-Function2

utl

To Workspace3 Fen

Ti=d

To Workspacel

i

chap5_1plant |—l

]

To Works i
- [ - >\

From “o,
Workspacel Switch

S-Function

To Workspace2

Constant
(3) WX R FFE)F : chap5_lplant. m
function [sys, x0, str,ts] = spacemodel(t,x,u, flag)

switch flag,
case 0,
[sys, %0, str, ts] =mdlInitializeSizes;
case 1,
sys = mdlDerivatives(t, x,u);
case 3,
sys = md10utputs(t, x,u);
case {2,4,9}

e BRMRARRHTHEE BES




Mg ANEH REMIZITEMATLABIFE—E#iRiT A&

sys=1[1];
otherwise

error([ 'Unhandled flag = ',num2str(flag)]);
end
function [sys, x0, str, ts] = mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates

1}
= O N B O B
~.

~.

sizes. NumDiscStates

~.

sizes. NumOutputs

sizes. NumInputs

sizes. DirFeedthrough

~.

sizes. NumSampleTimes
sys = simsizes(sizes);

x0 [3;0;0;1];

str = [];

ts [00];

function sys = mdlDerivatives(t, x,u)
a=1.0;

dl=a=x*0.3%sin(t);

d2=ax%0.1x% (1l-exp(—-t));

dql =x(1);
da2 = x(2);
al =x(3);
a2 =x(4);
toll =u(l);
tol2 =u(2);

ml=10;m2=>5;

11=1,12=0.5;
rl1=0.5;r2=0.25;

11=0.83+ml *rl"2+m2x11"2;
1i2=0.3+m2%xr2"2;

g=9.8;

D=[1il1+ 142+ 2% m2 % r2 % 11 % cos(qg2) i2+ m2 * r2 * 11 % cos(qg2);

12 +m2 * r2 % 11 % cos(g2) 1i2];
C=[-m2*1r2%11%dg2 * sin(g2), —m2 % r2 % 11 % (dgl + dg2) * sin(qg2);

m2 % r2 * 11 % dgl * sin(g2),0];
G=[(ml*rl+m2x1l)%gxcos(gl)+m2x*r2xgxcos(ql+qg2);m2*r2x*g=xcos(ql+qg2)];
5555555555555 %5%5%5%5%5%5%5%%

D2 = inv(D);
T=[dl;d2];
A= -D2xC;
Z= —-D2xG;

sys(1) =A(1,1) »x(1) +A(1,2) *x(2) +Z(1) +D2(1,1) % (= T(1) + toll) +D2(1,2) % ( —T(2) +
tol2);
sys(2) = A(2,1) » x(1) +A(2,2) % x(2) + 2(2) +D2(2,1) % (- T(1) + toll) + D2(2,2) * (- T(2) +



tol2);

sys(3) =x(1);

sys(4) =x(2);

function sys = md1Outputs(t, x,u)

sys(1) =x(1); % 5 — AW AHE dgl
sys(2) = x(2); % 5 AN M MUY dg2
sys(3) =x(3); % — AN RWME ql
sys(4) = x(4); S AR @2

(4 EHIEFRF . chap5_lctrl. m

function [sys, x0,str,ts] = spacemodel(t,x,u, flag)
switch flag,
case 0,
[sys, %0, str, ts] = mdlInitializeSizes;
case 3,
sys = md1Outputs(t, x,u);
case {2,4,9}
sys=1[1;
otherwise
error([ 'Unhandled flag = ', num2str(flag)]);
end
function [ sys, %0, str,ts] = mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates

1}
= = O N O O
~.

sizes. NumDiscStates

~

sizes. NumOutputs

sizes. NumInputs

sizes. DirFeedthrough

~.

sizes. NumSampleTimes =
sys = simsizes(sizes);

x0 = [];

str = [];

ts = [00];

function sys = md1lOutputs(t, x,u)
gld=u(l);g2d=u(2);
dgld=u(3);dg2d =u(4);

dql = u(5);dq2 = u(6);
al=u(7);q2=u(8);

j=u(9);

el =qld—-ql;
e2=qg2d—-q2;
del = dgld—dql;
de2 = dg2d - dg2;

Fai=eye(2);
Kd0o =[210 0,0 210];

% Iteration number

if §==

e BRMRARRHTHEE BES
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beta=1;
else
beta=2x j;
end
sys(1l) = betax 210 * (el + del);
sys(2) = beta * 210 * (e2 + de2);

(5) 84 2% : chap5 linput. m

function [ sys, x0, str,ts] = spacemodel(t,x,u, flag)
switch flag,
E case 0,
| [sys, %0, str, ts] =mdlInitializeSizes;
case 3,
E sys = md1Outputs(t, x,u);
I case {2,4,9}
sys=1[];
E otherwise
| error([ 'Unhandled flag = ',num2str(flag)]);
end
: function [ sys, %0, str,ts] = mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates

~

' sizes. NumDiscStates =
sizes. NumOutputs

sizes. NumInputs

U}
= = O b O O
~.

~.

' sizes. DirFeedthrough
I sizes. NumSampleTimes =
sys = simsizes(sizes);
5 X0 =[]
' str = [1;
ts [00];
E function sys = md1Outputs(t, x,u)
I gqld=sin(3 * t);
g2d =cos(3 % t);
E dgld=3 % cos(3 * t);
dg2d = -3 % sin(3 x t);

| sys(1) = qld;
sys(2) = g2d;
sys(3) =dqld;

1 sys(4) = dg2d;

5.2 HE T8 EIENEENYIHEFENRESEH BB
5.2.1 BEMGBGH

i ST ATHER 5.1 AR RN R AL s BT X AR R T, AN T4
PEALIR 22T ne’ v e’ v e o) s HAULW T3 127 J5 B 0 i E 19



R T RAN FRR R A R E R AR A S I SEI T AE R R
BRZET n(e’ e’ e o) R E WU 38 N kAR 2 T s il
WAHEEE TN AR EIIRANRGE S 1% TR
(D@ (1)) +AD(g' (D)) ¢ (1) + (C(g’ (1) g’ (1)) + AC(q’ (1) g’ (1))) ¢’ (1)
+G(¢ ()¢ (1)) + AG(g (1) ,q' (1)) +Ti(t) = T (1) (5.14)
Pt g G 1O E R
D¢ (1)) ¢ ) +C@ () ,q¢ @) ¢ @) +G(g@).q¢ () +d ) =T  (5.15)
Hrh
d () = AD(@g (1)) ¢ () + AC(g (1) .q' (D) ¢ (1) + AG(g (D) ¢’ (1)) + T5 (1)
RGP (qu () qa(0) o qa(0)) SRAZEH AR W 05, 15) T bl
D(t)e+[C+C lé+ Fe+n(e,e.e,t) =H—(Dg+Cq+G) (5.16)
Hrh

. aD aC
n(e,e,e,t) =— — — =

ee
Iq 14 Jq
$ (51 FRA(G. 16) ,
D) &) +[C)+C(w)]e ) +Fe(t) +nle’,é,e,t)—d (1) = H) —T (1)
(5.17)

. eefE . ee+0[>(°)q+()((-)¢1*0<:(')
444y Iq gy,

Bd’()=—n(e e’ ¢ ) +d ) MG 15N
D) e () +[C)+Ci(]e ) +Fwe () —d’ () = HG@) — T (1) (5.18)
T2
D'+ [CoH+Ci]e (D) +Fwe ' (1) —d/’ (1) = H@) —T " ()
(5.19)
B R AR S P R
T () = Kye' (1) +Ki & (1) +T () + Esgn(3y’ "), j=0,1,2,,N (5.20)
Hepai™"o—di | =|ad) @ || <E.
IERR: WS P I FE n] 2 B 5. 1 iR AR
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Change of maximum absolute value of errorl and error2 with times i
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dqld, dql

dq2d, dg2

B 5.9 WXTE IS KEERE

Change of maximum absolute value of derror] and derror2 with times i

0.50 T

derrorl and derror2

time/s

10 15

B 5.10 WX 15 XFEERIRENIREKSHTRE

i BT -
(1) F#FF: chap5_2main. m

clear all;
close all;
L=3001;

t=[0:0.001:3]";
T1(1:L)=0;
T1=T1";

T™=T1;
T=[T1T2];

el(1:L) =0;

e BRMRARRHTHEE B0S




MBAEHEEMETSMATLABIRE— i it A%

el=el';

e2=el;

del =el;

de2 =del;

e=[el e2 del de2];

k(1:L) =0;

k=k';

5SS S T TTEE ST TS5 555S
M=15;

for i=0:1:M

i

pause(0.01);
sim('chap5 2sim',[0,3]);

al=aq(:,3);
q2=q(:,4);
dql =q(:,1);
da2 =q(:,2);
gld=qd(:,1);
g2d =qd(:,2);
dgld=qd(:,3);
dg2d = qd(:,4)
el =qld—-ql;
e2=qg2d—-q2;
del = dgld—dql;
de2 = dg2d — dg2;

’

figure(l);

subplot(211);

hold on;

plot(t,ql, 'b', t,qld, 'r');

xlabel('t (s)');ylabel('qld, gl (rad)');

subplot(212);

hold on;

plot(t, g2, 'b', t,q2d, 'r');

xlabel ('t (s)');ylabel('q2d, g2 (rad)');

j=i+1;

times(j) = 1i;

eli(j) = max(abs(el))
e2i(j) = max(abs(e2));
deli(j) = max(abs(del)
de2i(j) = max(abs(de2)
end

S5 TTET5S5T5555T5555%5S
figure(2);

subplot(211);

plot(t,qld, 'r',t,ql, 'b");

’

DF;
).

7



chaps Zinput ]

xlabel('t');ylabel('qld,gl");
subplot(212);

plot(t,q2d, 'r',t,q2,'b");
xlabel('t');ylabel('q2d,g2");

figure(3);

plot(times,eli,' * —r', times,e2i,'o—b');

title('Change of maximum absolute value of errorl and error2 with times i');

xlabel('times');ylabel('errorl and error2');

figure(4);

subplot(211);

plot(t,dqld, 'r',t,dql, 'b');
xlabel('t');ylabel('dgld,dql');
subplot(212);
plot(t,dg2d, 'r', t,dg2, 'b');
xlabel('t');ylabel('dg2d,dqg2"');

figure(5);
plot(times,deli, ' * —r',times,de2i,'o—b');

title('Change of maximum absolute value of derrorl and derror2 with times i');

xlabel('times');ylabel('derrorl and derror2');

(2) Simulink 7% : chap5_2sim. mdl

To Workspace7

S-Functionl —

Clock

[te]

From Workspace2

To

Fen From

t
Workspace3 : Workspacel

To

Workspaced

I'o Workspacel

i} E

Workspace
From
Workspacel =

Constant

chap5_2plant

S-Function

To
Workspace2

(3) XL F ¥ . chap5_2plant. m

function [sys, x0, str,ts] = spacemodel(t,x,u, flag)
switch flag,
case 0,
[sys, %0, str, ts] = mdlInitializeSizes;
case 1,
sys = md1Derivatives(t, x,u);

case 3,



""""" Mg ANEH REMIZITEMATLABIFE—E#iRiT A&

sys = md10utputs(t, x,u);
case {2,4,9}
sys=1[1];
otherwise
error([ 'Unhandled flag = ',num2str(flag)]);
end
function [ sys, %0, str, ts] = mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates

1]
= o N B O BN
~.

sizes. NumDiscStates

~

sizes. NumOutputs

sizes. NumInputs

sizes. DirFeedthrough

~-

sizes. NumSampleTimes
sys = simsizes(sizes);

x0 = [3;0;0;1];

str = [1;

ts = [00];

function sys = mdlDerivatives(t,x,u)
$a=1;

a=rands(1);

dl=a*0.3%sin(3*%pix*t);
d2=a%0.1x% (1l-exp(—-t));

dal = x(1); % 55— AR A B dal
dq2 = x(2); % 5 AN B dg2
ql = x(3); S H— RN ql
a2 = x(4); SH AR ME a2

toll =u(l);
tol2 =u(2);

ml=10;m2=5;

11=1;12=0.5;

rl1 =0.5;r2=0.25;
11=0.83+ml*rl"2+m2 % 11"2;
12=0.3+m2%1r2"2;

g=9.8,

D=[1il+ 12+ 2% m2 % r2 % 11 % cos(qg2) 12 + m2 * r2 x 11 % cos(q2);

12+ m2 * r2 % 11 % cos(g2) 12];
C=[-m2*1r2x%11%dg2 * sin(g2), —m2 % r2 % 11 % (dql + dg2) * sin(qg2);

m2 % r2 * 11 % dgl * sin(g2),0];
G=[(ml*rl+m2x11)%gxcos(ql)+m2xr2x%gxcos(ql+qg2);m2xr2x*gxcos(ql+ag2)];
5555555555555 %555%5%5%%

D2 = inv(D);
Ta=[dl;d2];
A= -D2xC;
Z= —D2xG;



sys(1) =A(1,1) % x(1) +A(1,2) % x(2) + Z(1) +D2(1,1) * ( — Ta(1) + toll) + D2(1,2) * ( — Ta(2) +
tol2);

sys(2) =A(2,1) *x(1) +A(2,2) *x(2) +Z(2) +D2(2,1) * ( = Ta(1l) + toll) +D2(2,2) x ( —Ta(2) +
tol2);

sys(3) =x(1);

sys(4) = x(2);

function sys = md1lOutputs(t, x,u)

sys(1) =x(1); % — AN M EE dgl
sys(2) = x(2); % 5 AN M dg2
sys(3) =x(3); S DX AE @
sys(4) =x(4); S A KN ME g2

(4 THIE TR : chaps_2ctrl. m

function [sys, x0, str,ts] = spacemodel(t,x,u, flag)
switch flag,
case 0,
[sys, %0, str, ts] = mdlInitializeSizes;
case 3,
sys = md10utputs(t, x,u);
case {2,4,9}
sys=1[1];
otherwise
error([ 'Unhandled flag = ', num2str(flag)]);
end
function [ sys, %0, str, ts] =mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates = 0;
sizes. NumDiscStates = O0;
sizes. NumOutputs = 6,
sizes. NumInputs = 13;
sizes.DirFeedthrough = 1;
sizes. NumSampleTimes = 1;
sys = simsizes(sizes);

x0 = [1;

str = [];

ts = [00];

function sys = md1Outputs(t, x,u)
gld=u(l);92d=u(2);
dgld=u(3);dg2d = u(4);

dgl = u(5);dg2 = u(6);

ql =u(7);q2 =u(8);

j=u(9);

el =qld—-ql;
e2=qg2d - q2;
del =dgld—dql;
de2 = dg2d — dg2;

’

el 1=u(10
e2 1=u(11
del 1=u(1
de2_1=u(1

’

)
):
2);
3)
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MBAEHEEMETSMATLABIRE— i it A%

Fai=eye(2);
Kd0 =[210 0;0 2107];

if §==
betaj=1;
else
betaj =2 j;
end
E=1.0;

delta y=[del —del 1+el-el 1;de2—-de2 1+e2-e2 1];

Kp0 =1[210 0,0 210];
Kd0 = Kp0;

Kpj = betaj * Kp0;
Kdj = betaj % KdO;
ej=[el e2]";

dej = [del de2]"';

Deltaj = [E * sign(delta y(1)) E * sign(delta y(1))]';
Tj = Kpj * ej + Kdj * dej + Deltaj;

sys(1) =Tj(1);
sys(2) = Tj(2);
sys(3) =el;
sys(4) = e2;
sys(5) =del;
sys(6) =de2;

(5) 84 F . chap5_2input. m

function [sys, x0, str,ts] = spacemodel(t,x,u, flag)
switch flag,
case 0,

[sys, %0, str, ts] =mdlInitializeSizes;
case 3,

sys = md10utputs(t, x,u);
case {2,4,9}

sys=1[1;
otherwise

error([ 'Unhandled flag = ',num2str(flag)]);
end
function [ sys, %0, str, ts] =mdlInitializeSizes
sizes = simsizes;

I
= P O B O O
~

~.

sizes. NumContStates

~-

sizes. NumDiscStates

835

sizes. NumOutputs S
sizes. NumInputs =

sizes. DirFeedthrough

~.

sizes. NumSampleTimes
sys = simsizes(sizes);
x0 = [1;

str = [];

ts = [00];




function sys = mdlOutputs(t, x,u)
qld=sin(3 % t);

g2d=cos(3 * t);

dgld =3 % cos(3 * t);

dg2d= — 3% sin(3 * t);

sys(1) = qld
sys(2) = g2d
sys(3) = dgld
sys(4) = dg2d

5.3 ETVIHMEBEMNABXTIMFEREIES

SCHRES JET S 22 A HULMC T4t 1 — b A 0 Bk A S 3 O s 1207 1 ERAR &
Hf) PD S il (4 At 38 o 2k AT IR AL A A 2R G 0 A TR 2 ORI P Ok (9 AN B S
Mo AT AESCHRES TR A E L B3t 1 B AL T A9k AU o ) 5k R i T %0
A W WS 23 B B Ay L4

5.3.1 [k

BT HLEE N B G5 1 Bl 1 SR g
10, + b6, +mglcosy = o +di(0) (5.21)

Horh b N IE OB R AR REL 000 B0, 43 AR ZEE A b UGE AT I B L A
T BE L T % ShAB L b Sy 36T B ARG T R R M m SO I R L R 6N I R
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VS A S RSBt SMATLABI H— % #i8 it 5 ik
Horp
S (D) =8 () 7| énD) | (5.23)

H o1 (O)=0.er()=00)—0: ()0 W kyobary WRTEM () 60O o (O T
L5 k %Bﬁﬁ'»ﬂﬁlimek(t):klimék(t):O,z‘,G [o T7.
R T R UL L AE R T A R A AR A T (D),

5.3.3  WestkEarbr

W S 3 i A BR AR -
1. GER] W, 4 i3 12
BN B Lyapunov e 4L
W) = V(o) +2iyﬁ)§z<f>df (5. 24)
Horp o S F T HE AR BERUE B A A 1 0 T
SE 0=tk Mk, T STBLTE A AEAL( BBOHE L R 60 (0 B8 REAN 3 6, 0F I
S =0—8(t) . BXVi(D)H
Vil = LI6HD + Lhyeb () (5. 25)
il
AW, = Wi — W, =V, — Vi, + Ziyj;<§z<f> — 5 () dr
—V, Vi, —Ziyﬂwzjtz&m)df (5.26)
Ho 8, =8 —8 1.
X Vo () sk — By 50, 88 5 X I ALy ml 75
V(1) = Vi(0) +Jh;(1éké.k+kpek ¢ dr (5.27)
YRR 2 vH V(0 =0, F (5. 21) KBk 1-4, 7] 1%
Vi) = J 60 (I — 10, + ke de

0

- J oo (I e+ b+ mglcosts — to — dy + ke dr

0
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B (5. 22) R A b, i
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B = (5. 23) T 15
‘ ék |: l((§k _é\kfl) - lgk
Y Y
il
Vk <— de; éid‘[’"’%f;g&kdf_ 7J 5k3kd‘[‘ :—de ekdf+ J gk((;kdf
B EXACAK (5. 26) . 7T
AW, <— kdf Gide+ if 50 ide— Vit — Zij (87 + 250 de
0 YJo
v, - J akdf—/edj e < 0 (5.29)
RV W, AR E S B H S W, A5 Rk Al U W A R
2. GEBA W, (1) 8 A Rk
WHEAG. 20mE XA
W () = Vo (o) +2ijt£§é<z>dz
YJo

W, (0 —V0<z>+2i 20 (5.30)
B (5. 20) A5 Vo (1) — J;ue‘o Gyt hyes 60 e HiEt (5. 21) T

Ié.o e~ mglcosf,
— kyeo + kg 60+ Sosgn(éy) +do — by — mglcosd
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B2 (5. 2D A 8 (D =y é0 (0 | % ERARAR (5. 30) , 7T 4
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f5 ELAR P« B B0 ) R HILAR T 04 19 3 0 3k 4 2 2 43 1l
(1) EFFF: chap5_3main. m

clc;
clear all;
close all;

global old_delta
t=[0:0.01:1]";
k(1:101) =0;
k=k';
delta(1:101) =0;
delta = delta';

M=50;
for i=0:1:M
i

pause(0.01);

old_delta = delta;
sim('chap5 3sim',[0,1]);

ql=aq(:,1);
dql =q(:,2);
gqld=qd(:,1);
dgqld=qd(:,2);
e=qld—-ql;
de =dgld—dql;

figure(l);

hold on;

plot(t,ql, 'b', t,qld, 'r');
xlabel('time(s)');ylabel('qld,ql');

j=1i+1;
times(j) = 1i;

ei(]) =max(abs(e));
dei(j) = max(abs(de));
end

figure(2);

subplot(211);

plot(t,qld, 'r',t,ql, 'b");
xlabel('time(s)"');ylabel('qgld,ql');
subplot(212);

plot(t,dgld, 'r',t,dql, 'b');
xlabel('time(s)"');ylabel('dgld,dql"');

figure(3);

subplot(211);

plot(times,ei,'* —r');

title('Change of maximum absolute value of error with times i');
xlabel('times');ylabel('angle tracking error');

e R BRMRARRHTHEE BES




s AEGRRENIEITSMATLABIIE—%E# iRt 7

subplot(212);

plot(times,dei,'* —1r');

title('Change of maximum absolute value of derror with times i');
xlabel('times');ylabel('speed tracking error');

figure(4);

plot(t,delta, 'r');
xlabel('time(s)"');ylabel('Delta Change');
figure(5);

plot(t,tol, 'r');
xlabel('time(s)"');ylabel('Control input');

(2) Simulink 7% : chap5 3sim. mdl

switch flag,
case 0,
[sys, %0, str, ts] =mdlInitializeSizes;
case 3,
sys = md10utputs(t, x,u);
case {2,4,9}
sys=1[1];
otherwise
error([ 'Unhandled flag = ', num2str(flag)]);
end

function [ sys, %0, str,ts] = mdlInitializeSizes

sizes = simsizes;
sizes. NumContStates = 0;
sizes. NumDiscStates = 0;

To Workspace7
To Workspacel To Workspaced
chap5_3input
G M . -
S-Functionl  __| . Mux »{ chap3 3ctrl |ﬁr>| chap5_3plant F»»l q |
i S-Function3 S-Function To
Workspace2
chap5_3adapt
S-Function2
[t.old_delta)
From
To Workspace3 Fen Workspacel
[tk] I : -1 N
From IZI_,_>_° h
Workspace2 Switc
Constant
Clock To Workspace
(3) #THIFFFF: chap5_3ctrl. m
function [sys, x0,str,ts] = spacemodel(t,x,u, flag)



sizes. NumOutputs

[N

sizes. NumInputs

sizes. DirFeedthrough

~.

0]
¢ =
N

~.

sizes. NumSampleTimes
sys = simsizes(sizes);

x0 = [1;

str = [];

ts = [00];

function sys = md1lOutputs(t, x,u)
gqld=u(1);dgld=u(2);

ql =u(3),;dql = u(4);

e=qld—-ql;
de =dgld—dql;

Kp=5.0,Kd=5.0;

delta=u(5);
S=2;
if S==
tol = Kp * e + Kd % de + delta * sign(de);
elseif S==
fai=0.02;
if de/fai>1
sat=1;
elseif abs(de/fai)<=1
sat = de/fai;
elseif de/fai<—1
sat= —-1;
end
tol = Kp % e + Kd * de + delta * sat;
end
sys(1l) = tol;

(4 HIENEETFH#F: chap5_3adapt. m

function [sys, x0, str,ts] = spacemodel(t,x,u, flag)
switch flag,
case 0,

[sys, %0, str, ts] =mdlInitializeSizes;
case 3,

sys = md1Outputs(t, x,u);
case {2,4,9}

sys=1[1;
otherwise

error([ 'Unhandled flag = ', num2str(flag)]);
end
function [ sys, %0, str, ts] = mdlInitializeSizes
sizes = simsizes;

sizes. NumContStates

~

sizes. NumDiscStates =

N

sizes. NumOutputs
sizes. NumInputs =

~.

I
=~ P O O
~

~.

sizes. DirFeedthrough
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sizes. NumSampleTimes = 1;
sys = simsizes(sizes);

x0 = [1;

str = [];

ts = [00];

function sys = md1Outputs(t, x,u)
gld=u(1l);dgqld=u(2);
gl =u(3);dal =u(4);

de =dgld—dql;

Gama = 20;
delta = Gama * de' * sign(de); % Adaptive law
sys(1) = delta;

(5) HFEXME TP chap5_3plant. m

function [sys, x0, str, ts] = spacemodel(t,x,u, flag)
switch flag,
case 0,
[sys, %0, str, ts] =mdlInitializeSizes;
case 1,
sys = mdlDerivatives(t, x,u);
case 3,
sys = md10utputs(t, x,u);
case {2,4,9}
sys=1[1;
otherwise
error([ 'Unhandled flag = ',num2str(flag)]);
end
function [ sys, %0, str, ts] =mdlInitializeSizes
sizes = simsizes;

sizes. NumContStates

~.

sizes. NumDiscStates

835

sizes. NumOutputs =
sizes. NumInputs =

sizes. DirFeedthrough

~.

= O = N O N
~

~.

sizes. NumSampleTimes
sys = simsizes(sizes);

x0 = [0;1];

str = [];

ts = [00];

function sys = mdlDerivatives(t, x,u)
g=9.8;

m=1.0;

1=1.25;

b=2.0;

I=4/3%mx1"2;

a=x(1);
dg=x(2);
tol=u(l);
dk = sin(t);



S=1inv(I) * (tol+dk—m* g* 1% cos(q) —b*dq);
sys(1) =x(2);

sys(2) =S;

function sys = mdlOutputs(t, x,u)

sys(1) =x(1); s
svs(2) = x(2); % 1 o i
(6) ¥4 T chap5b_3input. m

function [sys, x0, str,ts] = spacemodel(t,x,u, flag)

switch flag,
case 0,

[sys, %0, str, ts] =mdlInitializeSizes;

case 3,

sys = md1Outputs(t, x,u);
case {2,4,9}

sys=[1];
otherwise

error([ 'Unhandled flag = ',num2str(flag)]);

end

function [ sys, %0, str, ts] = mdlInitializeSizes

sizes = simsizes;
sizes. NumContStates =

sizes. NumDiscStates
sizes. NumOutputs

sizes. NumInputs

|
= O O N O O
~

sizes. DirFeedthrough
sizes. NumSampleTimes =
sys = simsizes(sizes);

x0 = [];

str = [];

ts [00];

function sys = md1lOutputs(t, x,u)
qld = sin(t);

dgld = cos(t);
sys(1) = qld;
sys(2) = dqld;
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P ERT (—): SRAEH 5. 2 XU AU T B 15 N1k 2% > 5 )
(1) EFEF: chap5_7main. m

clear all;
close all;

t=[0:0.01:1]";
k(1:101) = 0;
k=k';

thetal(1:101) = 0;

thetal = thetal';

theta2 = thetal;

theta3 = thetal;

thetad = thetal;

theta5 = thetal;

theta = [ thetal theta2 theta3 thetad theta5];
5555555555555 5555%55%

M=5;
for i=0:1:M
i

pause(0.01);
sim('chap5 4sim',[0,1]);

ql=q(:,1);
dal =q(:,2);
q2=q(:,3);
dg2 =q(:,4);
qld=aqd(:,1);
q2d=qd(:,2);
dgld=qd(:,3);
dg2d =qd(:,4);
el =qld—ql;
e2=qg2d—-q2;
del = dgld—dql;
de2 = dg2d — dg2;

figure(l);

subplot(211);

hold on;

plot(t,ql, 'b', t,qld, 'r');
xlabel('time(s)"');ylabel('qld, ql (rad)');

subplot(212);

hold on;

plot(t, g2, 'b', t,q2d, 'r');
xlabel('time(s)"');ylabel('qg2d, g2 (rad)');

j=1+1;

times(j) = i;

eli(j) = max(abs(el));
e2i(j) = max(abs(e2));
deli(j) = max(abs(del));
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de2i(j) = max(abs(de2));

end

S5 T5T5TFTF5T5T555S
figure(2);

subplot(211);

plot(t,qld, 'r',t,ql, 'b");
xlabel('time(s)"');ylabel('qld,ql');

subplot(212);

plot(t,qg2d, 'r',t,q2, 'b");
xlabel('time(s)"');ylabel('q2d,g2"');

figure(3);

plot(times,eli,' * —r', times,e2i,'o—b');

title('Change of maximum absolute value of errorl and error2 with times i');
xlabel('times');ylabel('errorl and error2');

figure(4);

subplot(211);
plot(t,dgqld, 'r', t,dql, 'b');
xlabel('time(s)"');ylabel('dgld,dql');
subplot(212);
plot(t,dg2d, 'r', t,dg2, 'b');
xlabel('time(s)"');ylabel('dg2d,dqg2"');

figure(5);

plot(times,deli, ' * —r',times,de2i,'o—b');

title('Change of maximum absolute value of derrorl and derror2 with times i');
xlabel('times');ylabel('derrorl and derror2');

(2) Simulink F#2£J¥: chap5 4sim. mdl

To Wpace'?

To Workspacel
chap5_4input | -
- Mux —
S-Function| Mux
- —-—I chap3_4ectrl I——-lchap5_4plant|—<
S-Function3 S-Function
&

S-Function2

theta_|
:

From
To Workspace3 Fen Workspacel —Q
o H>

15
Switch

From
Workspace3  Constant

I ——m

Clock 1o Workspace

To
Workspace2



(3) BHhl# TR chap5_4dctrl. m

function [sys, x0,str,ts] = spacemodel(t,x,u, flag)
switch flag,
case 0,
[sys, %0, str, ts] =mdlInitializeSizes;
case 3,
sys = md1Outputs(t, x,u);
case {2,4,9}
sys=1[1;
otherwise
error([ 'Unhandled flag = ', num2str(flag)]);
end
function [ sys, %0, str, ts] =mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates = 0;
sizes. NumDiscStates = O0;
sizes. NumOutputs = 2;
sizes. NumInputs = 13;
sizes.DirFeedthrough = 1;
sizes. NumSampleTimes = 1;
sys = simsizes(sizes);

x0 = [];

str = [];

ts = [00];

function sys = md1Outputs(t, x,u)
gqld=u(1);g2d=u(2);
dgld=u(3);dg2d = u(4);

1}
o
—
o)
—
~

ql =u(5);dql
q2=u(7),;dq2 =u(8);

el =qld—ql;
e2=qg2d—-q2;
e=[el e2]"';
del = dgld—dql;
de2 = dg2d - dg2;
de=[del de2]';

Kp=10 * eye(2);
Kd = Kp;

thetal = u(
theta2 = u(
theta3 = u(
thetad = u(
theta5 = u(13);

theta = [ thetal theta2 theta3 thetad theta5]';

):

0);
1);
2);

’

9
1
1
1

faill = dg2 * sin(g2);fai2l = —dgl * sin(qg2);
fail2 = faill — fai2l;fai22 =0,

e e BRMRARRHTHEE 2ES




""""" Mg ANEH REMIZITEMATLABIFE—E#iRiT A&

fail3d = cos(ql);fai23=0;

faild = cos(ql + g2);

fai24 = cos(ql + g2);

fail5 = sign(del);

fai25 = sign(de2);

Fai=[faill fail2 fail3 faild fail5;
fai2l fai22 fai23 fai24 fai25];

tol = Kp * e + Kd * de + Fai % theta;

sys(1) = tol(1);
sys(2) = tol(2);

(4 BEMNEE TR chap5_4adapt. m

function [sys, x0, str, ts] = spacemodel(t,x,u, flag)
switch flag,
case 0,

[sys, %0, str, ts] =mdlInitializeSizes;
case 3,

sys = md1Outputs(t, x,u);
case {2,4,9}

sys=1[1];
otherwise

error([ 'Unhandled flag = ',num2str(flag)]);
end
function [sys, x0, str, ts] = mdlInitializeSizes
sizes = simsizes;

sizes. NumContStates =

sizes. NumDiscStates =

~

sizes. NumOutputs

sizes. NumInputs

sizes. DirFeedthrough

~.

1}
= = 0 U O O
~-

sizes. NumSampleTimes
sys = simsizes(sizes);

x0 = [1];

str = [1;

ts [00];

function sys = mdlOutputs(t, x,u)
qld=u(l);q2d=u(2);
dgld=u(3);dg2d = u(4);

ql =u(5),;dql = u(6);
q2=u(7),;dq2 = u(8);

del = dgld—-dql;
de2 = dg2d — dg2;
de=[del de2]';

faill = dg2 * sin(qg2);fai2l = — dgl * sin(qg2);
fail2 = faill — fai2l;fai22 =0,



fail3d = cos(ql);fai23=0;

faild = cos(ql + g2);

fai24 = cos(ql + g2);

fail5 = sign(del);

fai25 = sign(de2);

Fai=[faill fail2 fail3 faild fail5;
fai2l fai22 fai23 fai24 fai25];

Gama = 10 * eye(5);

theta = Gama * Fai' x de;

sys(1) = theta(1);
sys(2) = theta(2);
sys(3) = theta(3);
sys(4) = theta(4);
sys(5) = theta(5);

(5) X Z FR)F . chapS_4plant. m

function [sys, x0,str,ts] = spacemodel(t,x,u, flag)
switch flag,
case 0,
[sys, %0, str, ts] =mdlInitializeSizes;
case 1,
sys = mdlDerivatives(t, x,u);
case 3,
sys = md10utputs(t, x,u);
case {2,4,9}
sys=1[1];
otherwise
error([ 'Unhandled flag = ',num2str(flag)]);
end
function [ sys, %0, str,ts] = mdlInitializeSizes
sizes = simsizes;

sizes. NumContStates =

1]
= O N B O
~.

sizes. NumDiscStates

~

sizes. NumOutputs

sizes. NumInputs

sizes. DirFeedthrough

~.

sizes. NumSampleTimes =
sys = simsizes(sizes);

x0 = [0;2%pi;1;0];

str = [];

ts = [00];

function sys = mdlDerivatives(t,x,u)
g=9.81;

ml=1;,m2=1;

11=0.5;12=0.5;
1cl1=0.25;1c2=0.25;
11=0.1;12=0.1;

ql =x(1);
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dql = x(2);
a2 =x(3);
dg2 = x(4);

mll=mlx*1lcl"2+m2x (11"2+1c2"2+2% 11 % 1c2 % cos(g2)) + I1 + I2;

ml2 =m2 % (1lc2 2+ 11 % 1c2 % cos(qg2)) + I2;
m21 =ml2;

m22 =m2 % 1lc2 "2+ 12;

M=[mll ml2;m21 m22];

h= -m2 % 11 % 1c2 * sin(qg2);
cll =h=xdqg2;
cl2=hxdql + hx dg2;

c2l1 = —hxdql;

c22=0;

C=[cll cl2;c21 c22];

Gl=(mlxlcl+m2x11) % gxcos(qgl) +m2x 1c2 % gx cos(qgl +q2);
G2 =m2 * 1c2 * g * cos(qgl + g2);

G=[Gl;G2];

dl = rand(1) * sin(t);

d2 = rand(1) * sin(t);

d=[d1;d2];

tol =[u(1) u(2)]';

S=1inv(M) * (tol+d—-C=x [dgl;dg2] - G);

sys(1) =x(2);

sys(2) =5(1);

sys(3) = x(4);

sys(4) =8(2);

function sys = mdlOutputs(t, x,u)
sys(1) =x(1); % Anglel:ql
sys(2) =x(2); % Anglel speed:dql
sys(3) =x(3); % Angle2:q2

sys(4) =x(4); % Angle2 speed:dqg2

(6) 84 F ¥ : chap5_4input. m

function [sys, x0, str, ts] spacemodel (t, x, u, flag)
switch flag,
case 0,
[sys, %0, str, ts] = mdlInitializeSizes;
case 3,
sys = md10utputs(t, x,u);
case {2,4,9}
sys=1[1;
otherwise

error([ 'Unhandled flag ', num2str(flag)]);



end
function [ sys, %0, str, ts] =mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates

1}
= = O BN O O
. ~.

sizes. NumDiscStates

~

sizes. NumOutputs

sizes. NumInputs

sizes. DirFeedthrough

sizes. NumSampleTimes
sys = simsizes(sizes);
x0 = [];

str =[],

ts [00];

function sys = mdlOutputs(t, x,u)

gqld=sin(2 * pi* t);
g2d=cos(2 * pi* t);
dgld =2 % pix cos(2x pixt);

dg2d= — 2 % pi* sin(2 * pi* t);

sys(1) = qld;
sys(2) = q2d;
sys(3) = dgld;
sys(4) = dg2d;

P BLAR P ()« HE T U0 £5 09 22 5 AL T35 02 S i CRATEHL 5. 3)
(1) F#FF: chap5_5main. m

% Adaptive switching Learning Control for 2DOF robot manipulators
clear all;
close all;

t=[0:0.01:1]";
k(1:101) =0;
k=k';

thetal(1:101) =0;
thetal = thetal';

theta2 = thetal;

theta = [ thetal theta2];
5SS ST EEE555555 5555555555555 S

M=5;
for i=0:1:M % Start Learning Control
i

pause(0.01);
sim('chap5 5sim',[0,1]);

ql=q(:,1);
dal =q(:,2);
a2=q(:,3);
dg2 =q(:,4);
gqld=qd(:,1);
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gq2d=qd(:,2);
dgqld =qd(:,3);
dg2d = qd(:,4)
el =qld—ql;
e2 =qg2d—-q2;
del = dgld—dql;
de2 = dg2d — dg2;

’

figure(1);

subplot(211);

hold on;

plot(t,ql, 'b', t,qld, 'r");

xlabel('t (s)');ylabel('qld,ql (rad)');

subplot(212);

hold on;

plot(t, g2, 'b',t,q2d, 'r');

xlabel ('t (s)');ylabel('q2d,q2 (rad)');

j=1+1;

times(j) = 1i;

eli(j) = max(abs(el));
e2i(j) = max(abs(e2));
deli(j) = max(abs(del));
de2i(j) = max(abs(de2));

end % End of 1
55555555555 555555%55%55%5%5%5%
figure(2);

subplot(211);

plot(t,qld, 'r',t,ql, 'b");
xlabel('t');ylabel('qld,ql");
subplot(212);

plot(t,qg2d, 'r',t,q2, 'b");
xlabel('t');ylabel('qg2d,q2");

figure(3);
plot(times,eli,' * —r', times,e21,'o—b');
title( 'Change of maximum absolute value of errorl and error2 with times i');

xlabel('times');ylabel('errorl and error2');

figure(4);

subplot(211);

plot(t,dqgld, 'r',t,dql, 'b');
xlabel('t");ylabel('dqgld,dql");
subplot(212);

plot(t,dg2d, 'r',t,dg2, 'b');
xlabel('t');ylabel('dg2d,dg2");

figure(5);

plot(times,deli, ' * —r',times,de2i,'o—b');

title('Change of maximum absolute value of derrorl and derror2 with times i');
xlabel('times');ylabel('derrorl and derror2');



(2) Simulink F#2J¥: chap5 5sim. mdl

To Workspace7
chap5_4input | -

To Workspacel
S-Function! M Mux—-—l chap3_Setrl I——-lchapS 4plant|—<—-—|z|
p—=— - -
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S-Function2
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(3) s FRF: chap5_5ctrl. m
function [sys, x0,str,ts] = spacemodel(t,x,u, flag)

switch flag,
case 0,
[sys, %0, str, ts] =mdlInitializeSizes;
case 3,
sys = md1Outputs(t, x,u);
case {2,4,9}
sys=1[1;
otherwise
error([ 'Unhandled flag = ',num2str(flag)]);
end

function [ sys, %0, str, ts] =mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates = 0;
sizes. NumDiscStates = 0;
sizes. NumOutputs = 2;
sizes. NumInputs = 10,

sizes. DirFeedthrough 1;

sizes. NumSampleTimes = 1;
sys = simsizes(sizes);

x0 = [1;

str = [];

ts = [00];

function sys = md1Outputs(t, x,u)
gqld=u(1);g2d=u(2);
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dgld =u(3);dg2d = u(4);

el =qld—-ql;
e2=qg2d—-q2;
e=[el e2]';
del = dgld—dql;
de2 = dg2d — dg2;
de=[del de2]';

Kp =10 * eye(2);
Kd = Kp;

xite = [del sign(del);de2 sign(de2)];

thetal =u(9);
theta2 = u(10);
theta = [ thetal theta2]"';

tol = Kp * e + Kd * de + xite % theta;

sys(1l) = tol(1);
sys(2) = tol(2);

(4 HEMNEETFFF: chap5_badapt. m

function [sys, x0, str,ts] = spacemodel(t,x,u, flag)
switch flag,
case 0,
[sys, %0, str, ts] =mdlInitializeSizes;
case 3,
sys = md1Outputs(t, x,u);
case {2,4,9}
sys=1[1;
otherwise
error([ 'Unhandled flag = ',num2str(flag)]);
end
function [sys, %0, str, ts] = mdlInitializeSizes

sizes = simsizes;

sizes. NumContStates

sizes. NumDiscStates =

~-

sizes. NumOutputs

sizes. NumInputs

sizes. DirFeedthrough

~.

[}
= = O N O O
~.

sizes. NumSampleTimes
sys = simsizes(sizes);
x0 = [1;

str = [];

ts [00];

o e e A e o e
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function sys = md1Outputs(t, x,u)
qld=u(1);q2d=u(2);
dgld=u(3);dg2d = u(4);

del = dgld—dql;
de2 = dg2d - dg2;
de=[del de2]';

Gama = 10 % eye(2);
xite = [del sign(del);de2 sign(de2)];
theta = Gama * xite' % de;

sys(1l) = theta(1l);
sys(2) = theta(2);

(5) #EFEXF L FRF: chap5_4plant. m

[ “fy ©AR Sy (—)7

(6) 84 F#J¥ . chap5_4input. m

[ “f HAR S (—)7,
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(1) FFF: chap5_6main. m

% Adaptive switching Learning Control for 2DOF robot manipulators
clear all;
close all;

t=[0:0.01:1]";
k(1:101) = 0;
k=k';

delta(1:101) =0;

delta = delta';

S S TS ST TTTTTTSSSSSSS
M=10;

for i=0:1:M % Start Learning Control

1

pause(0.01);
sim('chap5 6sim',[0,1]);

ql=q(:,1);
dal =a(:,2);
q2=q(:,3);
dg2 =q(:,4);
qld=qd(:,1)
gq2d=qd(:,2)
dgld=qd(:,3

’

);
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dg2d = qd(:,4);
el =qld—-ql;
e2=qg2d - q2;
del = dgld—dql;
de2 = dg2d - dg2;

figure(1);

subplot(211);

hold on;

plot(t,ql, 'b', t,qld, 'r'");

xlabel ('t (s)');ylabel('qld, gl (rad)');

subplot(212);

hold on;

plot(t,q2, 'b', t,q2d, 'r'");

xlabel('t (s)');ylabel('q2d, g2 (rad)');

j=1i+1;

times(j) = 1i;

eli(j) = max(abs(el));

e2i(j) = max(abs(e2));
deli(j) = max(abs(del));
de2i(j) = max(abs(de2));

end % End of 1
5555555555555 55555%5%5%
figure(2);

subplot(211);

plot(t,qld, 'r',t,ql, 'b");
xlabel('t');ylabel('qld,ql");
subplot(212);

plot(t,q2d, 'r',t,q2, 'b");
xlabel('t");ylabel('g2d,g2"');

figure(3);
plot(times,eli,' * —r', times,e2i,'o—b');
title( 'Change of maximum absolute value of errorl and error2 with times i');

xlabel('times');ylabel('errorl and error2');

figure(4);

subplot(211);
plot(t,dgld, 'r', t,dql, 'b');
xlabel('t');ylabel('dgld,dqgl"');
subplot(212);

plot(t,dg2d, 'r',t,dg2, 'b');
xlabel('t');ylabel('dg2d,dqg2");

figure(5);

plot(times,deli, ' * —r', times,de2i,'o—b');

title('Change of maximum absolute value of derrorl and derror2 with times i');
xlabel('times');ylabel('derrorl and derror2');



(2) Simulink F#2J¥: chap5 6sim. mdl

To Workspace7
chap5_4input | -

To Workspacel
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(3) BHhl#sFREF . chap5_6ctrl. m

function [sys, x0, str,ts] = spacemodel(t,x,u, flag)
switch flag,
case 0,

[sys, %0, str, ts] =mdlInitializeSizes;
case 3,

sys = md10utputs(t, x,u);
case {2,4,9}

sys=1[1];
otherwise

error([ 'Unhandled flag = ', num2str(flag)]);
end
function [ sys, %0, str, ts] =mdlInitializeSizes
sizes = simsizes;

sizes. NumContStates

~-

sizes. NumDiscStates

PN

sizes. NumOutputs =

sizes. NumInputs

sizes. DirFeedthrough

~.

= = O N O O
~

~.

sizes. NumSampleTimes
sys = simsizes(sizes);

x0 = [1;

str = [];

ts [00];

function sys = md1Outputs(t, x,u)
qld=u(1);q2d=u(2);
dgld=u(3);dg2d = u(4);
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ql =u(5);dql = u(6);
q2=u(7);dq2 =u(8);

el =qld—ql;
e2=qg2d—-q2;
e=[el e2]';
del = dgld—-dql;
de2 = dg2d - dg2;
de=[del de2]';

Kp=10 x eye(2);
Kd = Kp;

delta=u(9);
tol = Kp * e + Kd * de + delta * sign(de);

sys(1l) = tol(1);
sys(2) = tol(2);

(4 BEMNEE TR chap5_6adapt. m

function [sys, x0, str,ts] = spacemodel(t,x,u, flag)
switch flag,
case 0,

[sys, %0, str, ts] =mdlInitializeSizes;
case 3,

sys = md10utputs(t, x,u);
case {2,4,9}

sys=1[1;
otherwise

error([ 'Unhandled flag = ',num2str(flag)]);
end
function [ sys, x0, str, ts] = mdlInitializeSizes
sizes = simsizes;

sizes. NumContStates

~.

sizes. NumDiscStates

~.

sizes. NumOutputs
sizes. NumInputs =

sizes. DirFeedthrough

~.

= = 00 = O O
~

~.

sizes. NumSampleTimes
sys = simsizes(sizes);

x0 = [1;

str = [];

ts = [00];

function sys = mdlOutputs(t, x,u)
qld=u(l);q2d=u(2);
dgld=u(3);dg2d = u(4);

del = dgld—dql;
de2 = dg2d — dg2;



de=[del de2]';

Gama = 10;

delta = Gama * de' * sign(de);

sys(1l) = delta;

(5) WXL TFERF: chapb 4plant. m
[ “fh R (—)7,

(6) 84 T F: chap5 4input. m

[ “fh BREP (—) 7,

Bt 5%
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