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Abstract A stable adaptive control approach using dynamic neural networks
(DNN’s) has been developed for a class of multi-input multi-output (MIMO )
sampled-data nonlinear systems with unknown dynamic nonlinearities. Unlike static
NN’s (SNN’s) to approximate nonlinear components in the dynamic system,
DNN'’s are used to approximate the whole dynamic system. The system control law
is composed of the dynamic inversion of the DNN system, adaptive compensation

and NN variable structure control(VSC) components. The NN variable structure
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control 1s used to guarantee the stability of the controlled system and improve the
system dynamic performance. The proof of complete stability and tracking error
convergence 1s given by using Lyapunov stability theory, and the learning algorithm
for the DNN system is obtained thereby. Simulations for a two-link manipulator
show that the stable adaptive control approach using DNN’s has a better dynamic

performance than that using SNN’s.

Key words Dynamic neural networks, dynamic inversion, sampled-data nonlinear

systems, adaptive control, discrete variable structure.

Tk

1 5

E+Z2ER,ETHSHEMENELKERZAGNERNEBH T ZHPFR SN
W HTERRGEE -SSR, - 1ME30MNELEE - P AR, 76
Aﬁlﬂ%%@ﬁ&ﬁ)‘a_@%i‘:r ZERBKRT, U0 X Z AT E LR 2% N G4 R 2 fiR
METAY AETHISHEMEHENEH . HEMLENMBEENERRHAERMERET
BHEBMNEXERE . EENEINRETANEEL. FLEHERAEWSSHEME 5ENE
HE—TREMBHWERTE Y, AWM. BN RFPEERSLS L

DHEMBENAFFEBRETAGEHNREMNTE —BEF AR E LGB EHIEHK
BT REAVWRESAIRBELFN . UBELFEILRBFHEMNEZNETFRBIFA—E K
M3

DRFELKHERANSIEMEMN BT E B EMIES F %, R T Rovithakist*
EHAHENSSHENEZREF . HENERHEE T RAVERRAENRETE, B
. ZEZEHARELEEX FHSHIEHEME RS,

AXAR T —BERXEHFEFEEREVITSHEMB B EIENEW , W IEN I
SHEMBREF . HEMEBEERHBIT RAWESISHAENME RSG5 SWRE, B &
T 1TM"EEEXNITHHEZMENERE. D TEBEHAEMNBRENSIATIENSTIAEHZ
MG RGBS EMENE RER RSB R TIT RN TERRES B EE
SRR TREDYPREVENE. AXAH THEHEMBRAENG WA ETEE 54
e E A ARRALeREEHNIER. &8I - MR EBHEWRTFNGERIE TR E
1 77 B P E .

2 RARHEHEIR

ZER T 5 XER(3IHFMRERBEERERS
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s(k) = Ce(k), (2)

XH sB)=(s;(B)ys,(B) s+ ys, () e(B)=x(k) —x,(k)=(e1 (k) ei (k) =+, et (k),
e (BT E R x (k)= (a1, x ooy, e, ) " EREFRHERNHERARS,

C = diag(e; e 5¢,) € R ™ ¢, = [c}yciyeee,cfi | € RV, (3)

ERPCHBEEFEREXE3]. S 3XEk [ 3 1A G)~ QDM [E #7157 2
G ' (x(R))stk + 1) =G ' xk))rs(k) + G ' (x(k))h(k) +

w(x(k),u(k)) + ulk), (4)
XB r=1—7r>0,w(x(&),u(R))BEXHFECHE 3], E XN
h(k) = (C(A — Dx(k) + rs(k) + C(x, (k) — x,(k +1))) € R™. (5)
RVEMHEMBZRAEN
x(k+ 1) = Ax (k) + Gy (x (&)Y (uk) — a(k)) + wy(x(k),u(k)), (6)
X B x=[zl, 2l aD x5, 282 JTER™ 2t =z, 2l T =i (=1, ymj=1,yn,—

1), uER" BEFH B A,Gy(x (k) =diag(g,(B) s+, g, (k) ER™ ™, g. € R ,wy(x(k),
u(B)ER Y u(B)NRGELKEEHRT, K X/INEEDHSHEM S RERSFE LR
AERSHWEL.FSHBTE UNDESHENERESTREALZE M A/ REEM.
EXNEMEMBRAVBHEREERN
(k) = Ce,(k), (7)
X B CeR™HE LRI e (B)E XN
e, (k) = x(k) — x,(k) = [eb (B), e (k) yeoeyelt, (B) yormyeim (B)]T € R™.  (8)
B R (6)—(’)H/F)
Gl (x(B))sy(k + 1) =G (x(B))rsy (k) + Gy (x(B))h(E)
wy(x (), u(k)) + uk) — ulk), (9)
XE Gy(x(B))=CGn(x()) ER™ ™, wy(x(B),u(k))=Cwy(x(k),u(k))ER"  h(k)=
C(A—Dx(k)+rso(k)+C(xs(k)—x,(k+1)) ER™,
EXNLFRAESHENBEENREREER
s.(k) = Ce,(k), (10)
X H e, (B)=x(B)—x(k)=[el, (k) el (B) yorrselr (k) yoerseim (B)]TE R™.
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AR ERFIRSBERXOF R RERBEIELZERS, NN (OMAO)F
x(k) = x(k),a(k) = 0,Gy' (x(£)) = G ' (x(k)),
wy (x (k) ,u(k)) — w(x (k) u(k)). (11)
XEE,RBASIAMEZME REWEN S BES I H R @, (OFMA0EFE
s.(k + 1) =rs, T || o s

€ =arg min{p| |l ()|l < 0,k € Z, ), (12
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u(k) =— Gy (x(B)h(E) — wy(x(R) ,u(k)) + a(k), (132)
a(k) = u,(k) + u,(k). (13b)
ERF G (xB)) ywy(x(B) ,u( ) BHEAIE =3 & Liu, (k) u, (&) 49 H 8 & B A 1
MAAELZEREH T u, DR FRIFESESHMENBEFHARBETENREN 2 RABE
M, B REMNHE MR BT IREN S BT,
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so(B+ 1) = 0. (14)
X so(b+1)=s,k+1)—rs;(B). XM TREFHEEN, EREFRIEIEHENE RS
FOR S HR T E RIS T BB 8k,
B WEERX D, FRAKXA3D (1475 3]
G (x(B)s, (b + 1) =({G ' (x(k)) — G (x () ) h(k) + w(x () ,u(k)) —
wi((x (k) ,u(k)) + p(k) + u, (k) + u,(k), (15)
. G U(x(B) =diag (I (x(B)) s+, I (x (D)), Gy (x (&) =diag (I'y,; (x (B)) 5+,
Py (x(B))) sw(x(B)yu(k)) = (w (x(B)su(k)) s+ yw, (x(B),u(I)DTER™ ,wy (x (k) ,
u(k))=(wy  (xE)su(k)) s swym (xR s u(EINNTER" h(E)=(h (k) s+ h,(E))TE
R™u, (k) =ty (B) y*** sty m(E))TER™,
p(k) =(0,(k),+++,0, (AT = (G (x(R)) — G 1 (x(k)))h(E) +
w(x k), u(k)) — w(xk),uk)) + Gy (x(B))AR(R), (16)
H AR =hk)—hR). HTF G "(xE)wkxB) , N MR xAOHEERE . BEAE
R BRI IERA p(k), 15 5
p(k) =Dey (k) + Fe, (k) + 0(k,8) + Gy'(x(k))Ah(k) =
Dyyu (k) 4+ 0(£,8) + G (x(k))Ah(k), (17>
X oen(k)="Ce] (BIh (), e] (BIhu (BT yu (k)= (yi(B) s sy H (k)= (e} (k)
e, (R)'ERH, np=(m~+1) Xm0(k,8)="C(0,(£:8), 0, (k)T TR F &Kik &,
Y x(WDEERGERER 0k, OB—N/NE. I Dy=(W,,*,d,)"=[D FJER ™, H

D =9G (x)/oxT JF = ow(x,u)/ox! . (18)
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I''(x(k)) = @y, (x()) 4+ v, (k) yw; (x(B) ,u) = @l y (x(k),u) + Y, (k)i = 1, ,m

(19)

Xy, (x(0)) = (201 R) 350 (R) 5o 535, (B)) T € RY%, y (x () yt) = (3 (B) 5 352 (B) 5 o0 s

Yo, (D) ERRBREFEERH B W ERY,0. € REFR BB BUE v (R),7: (B) (i =

Lyensm)RAMEWBIERE. BUMNERNE w0 EXHEx(OMu i THESE L##H
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u,(k) =— Gy (x(k))Ah(k) + Dy (B yu(k), (21)
X B Dy(R)=(d, (), ,d,(R)DTER" RBEHEE Dy MELMIT. HXNAD~CDRA
7 (15) 18 &
Gl (x(B))s.(k + 1) = (@, — Yy (B)A (R yoor s (W, — W, (B, (B)) Ty, (x(R)) +
(@, — @ (B))y ey (@, — Pu(BIN Ty (x(B)yu) + Dyyy (k) + (k) + u, (k). (22)

E X
G ' (x(k))s.(k+ 1) =y ()G () + e(k) + u,(k), (23)
W= 23)EUE RE#ENER AN
Fy(xB)si(k+ 1) = 8T (B)y, (k) + &k) + u,, (k) (24)
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R, Y(E)=diag(y,(k) s+ s y.(B)) E R ,,(k) =0, (k)R (k) + 7Y, (k) +0,(ks]) (k)=

(e, (k) yoorse, (k)7
£, = sup(\le(k)llm),l = 1, ym,j = 1,2, (ny, 4+ n,). (25)
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X sgn(- )ﬁf—’fv%ﬁ,amb;ﬁm d;;%iﬁﬁéﬁ E%x 7 (30).
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L — hy, Se (R vy, ; (RN (R) => 0, ;3
hes Se 1 (B) yo,; (B) <— vy ;,
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dz.j = N yH,JSE,z(k)Es/éz,ja 15 2Ry, ; (k) | & i (30c)
— hy, sea(R)yy (R)Y > & ..

E3H 77=diag(771,---mm)ﬁﬁ*ﬁﬁﬂé?‘lﬂ%%‘*ﬂ%-ﬁ:sug( 16,,,(B) | ) G=1,+yn.) F B,
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WS, Ko AN (k) =T (k)T (k—1).
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ZME IR g A=1,m)H L
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X B, BT M A% ) B S N R E R XN R E R GEB LK R).
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ss(RYA s s, (ORE, Hp s(B)=s(B)T = (5;(E) s+ 45, ()T, T=diag[sgn(I", (&),
oo ysgn (I, (k)) ], B 58 3 1458 [F] 4 B 57 IIE BA A] 47 58 B 100 #EE 3 1T7).
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4,(t) = 0.5(sint -+ sin2¢) ,¢,(¢t) = 0. 5(cos3t + cos4t). (33)
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2[R F CERE3 . P48 A R F DU By o 4% BE 38 v R 4, B0 4B K 2 0. 001 %D, #5535 28 SR
JIHA R O0. OSRM. (F LW BE 45 E R | 0C0) 6(0) $(0) ¢(0)]=[1.0 —0.5 1.0
—2.0].
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