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ABSTRACT Computer Aided Design (CAD) systems are an important tool when the modern control

theory is applied to designing a controller of practical system. Recently various CAD systems of control

systems have been developed. However all these systems are based on numerical calculations. Hence

they are not available for the problem in which the parameters of mathematical models are given as

symbols.

A CAD system which can handle symbolic parameters is necessary for the approach to the structural

problem of control system. So the authers are developing a symbolic manipulation CAD system. This

paper explains the outline of this system. First in section 1, the motivation is clarified by using simple

electric circuits. Secondly section 2 treats the symbolic process language, LISP and symbolic and alge-

braic manipulation system, REDUCE 3. Thirdly section 3 describes how to construct the CAD system
based on REDUCE 3. Finally section 4 deals with the actual examples and shows the availability and

several points of this CAD.
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Computer Aided Design of Control System Using
Symbolic Manipulation Language. By Osami Saito,
Takeyuki Takahashi & Tomio Hirata (Toyohashi
University of Technology)
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WBLDE YRR (List) &\ 5 F— 25 TH5

VA ML, DEZELTELE, EREOYVTHS.
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PROCEDURE CHARACT A;
BEGIN SCALAR N1;
MATRIX !=A;
1xA = A
N1 := COLUMN!= !=xA;
1aA = - 13AS
FOR I:=1:N1 DO !=A(I,I):= § + !1xA(I,I):
RETURN DET !=A;
END;
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MATRIX CNTS
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4 3 2
P iz (S xTAxTMxTS2TL + S xTMeTSaTL + S =TAx(TM + TL) + Sx(TM + TL))/(TA=«TMxTS=TL)
T(a) [EIE: vORFESER
2
P iz (S2(S xTMsTSaTL + TM ¢ TLI=(SaTA + 1))/(TAaTMsTS2TL)
T(b) HHLHEXORKIMORER
PART=-FRAC(2) za 1/(Ss(TM &+ TL))
3 2 2
2 PART-FRAC(3) = € = TA J/CCSaTA + 13a(TA 2TM + TA sTL 4+ TMsTSaTL))
G t= 1/(S+(S xTM=TS=xTL & TM + TL)=(SxTA + 1)) 2
PART-FRACCA) im € = (SaTMsTSsTL + TAsTM + TASTL)sTMeTSaTLI/((S xTMeTSaTL + TM + TLI=(

B 8(a) FEIE: ~DEEMK

y=Czx (12)
zQlne e nu .07

0 YT, O 0 -
-yYT, 0 T, 0

0 —-1/Tw 0 YTk

0 0 0 1T,
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TIT o g it~V RUOBEBEOEGEEE, ik
P2, i XEETER, Ti T, Tu ke -,
Az, BEREBOBRONER T. 1ERAREOS
REERTHS.

Ca] #HHESHER
VAT ATFIADHESER p(s) 12

p(s)=det(sI-A) (13)
TEHEIND. KCAD vAF At (13) X% kDB
B3 CHARACT MA#@Ih T3, IDARDAXA
77 L CHARACT ¥ HVTEXE : OFtESHA %R
BHBHL s OFERZIFEOZFARELE LTHT(a)D k5K
A Eh5. p(s) %% FACTORIZE ¥ A\ TEK
RBRLUICERARIT(b)THS. ZhivEHAER
DL S=0, S=1/Ts, S=VTu+To/(Tulsly) i
Eleh, EREI VD VAT ATBBIFER Ty, Tw, Ts
RN BEY &> THE#MECS DOBMREFETS
BE% LTWBZ EMbab. otiLE CAD Tits
HAOFEABEPLHZER % L SORBE S BITEET, =
OBE sH(TuTsT)+Tu+TL O 2 RADOFELERAT

AL

CHAINRD. LR TEE I AN LVTy+ T/ (Tu

T Ts)i Is2BBRAYFHELOZLET(b)DEE LA
HIZHE L TPALENBS. AKX LISP i&EM
TChIEEBTHHIDTSH CAD v AF 4+ AL
PERYRENLEEFETED IS5 ThI—BRAR
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PRFIS94E11 A _

2 2 2 2 2 2 2
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8(b) (ZEBK DR/ B
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REFER L VEEEAK GG) 2
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R &bz oHERT PART-FRAC(2) »5 PART-
FRAC(4) FTon HZEBETEHLIND 3 2D XD
WHHER THERBTES Z LAbr 5.

Ccl wrHIfEfTS & ATHIMEAERE X TH

A HIETS V 48% CONTROLLABLE *¥H\C
RKDOLEFI(a)DE 3B LHRD. ZOVD
THREI(b)THY, EEIADVATFMI1IE
DBRICBOBAE LRI D A5 2 — 2 HEBL SEL
TAHEE o EY LTV B Eabn3.
EREFIHEROEN - RITCED THANSEE
mEXeFroRBRHRTH D, (11), 12)KROTH
HEEMYBHT 5. TrhbBLAHETHV 0T
F

L L

V- 1 = ._4.2_. .%. 3}2 b T-] .l.!é.
A LAY

Iy LA®
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A CAD iz OnHIEHEREF 2 EHERD 558 CAN
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ABOHEATHB. 2D L 2O—KERTIIT 2 HI
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MATRIX ot .
1= -1
: 0 0 0 1/(TASTMaTS2TL) : P t= DET CNT;
: 2 1 4 3 2
; [ 0 1/(TAxTH=TS) €= 1)/(TA =TM2TS) | P i= 1/(TA =TM 27§ =TL)
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i 2 3 & :
13ITA (- TA 1/TA - 1/7a 1
I !
1- -1
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r i ] i
1o 0 0 ! |0 |
: h ! !
: [ 0 1 ° : : 0 ;
l , , ,
1o 0 0 1 : f |
i 1 1 |
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- ‘ -1 -
X f HEF 5!
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. MATRIY TT = o
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EIARESB L3 o0BYE2DT, ThbXE¥
EHCBETALENDS. [cIORBETRLELSIZ
NI A= 2R DIETHETH DO TREY 4 ~
FRy 7R o THEDOBEENRTRELHBE R TH
5. TITRIDLEDT 4~ FR, 254 vKWiS
T REXGLXHEHLTES. WEADNRDOVAT A
IZHREEY 4, — F, 2

u=Kz, KO[K\KK:K.] (15)
YRT LA~ THER
z=(A+BK)z (16)
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ThHsd. —H(2)OHKEFER
det(sI-A-BK) (18)
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ATEHINTETH DL ETHS. Lo LERAED
PRI M XTI > T &, BIERE
FICHET IR OB - R ERREST
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4 3
P tx (S sTASTMsTS2TL + S sTMsTSsTLs( = K4 + 1) + S 2 = K3xTSsTL + TAaTM + TAsTL) + S

2( - K4xTM = KéxTL = K2=TL + TM + TL) - (K3 + K1))/7(TAxTM=TS2TL)
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