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«x% ABSTRCT *x#

The PID controller is one of the most popular devices for cont-
rol systems and the adjustment of its parameter is very important,
because the stability and the characteristics of feedback control
systems quitely depend upon the values of its parameters.

Among the various methods for parameter adjustment of the PID
controller, the methods which have been commonly used are the ulti-
mative sensitivity method, the transient response method, the Cohen
~Coon method and the modified Ziegler-Nichols method etc..

But, these methods are not recommendable in the view of saving
energy because those have been accomplished by semiempirical rules
and have been considered only in the view of improvement of the
control performance.

In the modern control uneory that is estabilished in the begin-
ning of sixties, a quadratic form(J=J2?(x(t)TQx(t) + u(t)TRu(t))dt)
is introduced as a criterion function which is considered not only
to improve the quality of control but also to save the energy
required for the control.

Mary pecples have studied to obtain the optimal control input

which minizizes the criterion function of quadratic form by means
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of the optimal control theory, that is, the calculus of variation,
the maximum principle and the dynamic programing etc..

It was required to discuss the relation between the modern opti
~mal control theory and the PID controller and a few of studies on
the parameter adjustment of the PID conteoller using the optimal
control theory have being done by Yen-Ping Shih & Chih-Jian Chen
and Stefano Marsili-Libell etc..

In this paper, author makes the augmented system equation which
is suited to the quadratic criterion function and proposes a
method Lo compose the optimal feedback control system by means of
the meximum principle minimizing the quadratic criterion function
and estab’ lishes a link between the conventional parameter adjust
~ment method and the technique of the modern optimal control theory
in the design of the PID controller.

and aulhor  pruposes a dethod to design the reduced order state
chssrver and  to comﬁoée ine optimal feed back conlrol systems for
bhe boeher order systems and confirms the utility of the method by
the dinital computer simulations for various plants.

b {ne cnd the vesl time optimat state feedback control
sosienc jor vartous plapls realizee by an analog computer are
<anntrocted by mezns of a  micrceomputer, A/D converter and DA
converter . Time responses of  the real time control systems arc
com ared with those obltained by Lhe digital computer simuiation and

treir well coincedence is confirmed.
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NOMENCLATURE

;augmented system matrix
; (n-1)th order controlled system matrix

;system matrix after ist nonsingular transformation

KII,KIZ,KZI,Kéz;segnent matrices of matrix K

'y

;System matrix after 2nd nonsingular transformation

ﬁil.ﬂié.ﬁél,ﬁaz;segnent matrices of matrix A

a.
1

aij
b

o R lewl @ W w
S

)

;coefficients of dominator of the transfef function of the
plant

;elements of matrix A7,

;coefficients of numerator of the transfer function of the
plant

;input matrix of the augmented system

;input matrix of the plant

;input matrix after st nonsingular transformation
;segment matrices of matrix B

;input matrix after 2nd nonsingular transformation
;segment matrices of matrix B~

;output matrix consist of matrix Ce and vector f

;output matrix of the augmented system

;output matrix of the plant

;output matrix after 1ist nonsingular transformation



B dolmw HiERee] Mol B3 5t
;segment matrices of matrix C
;segment matrix of the transform matrix Ty
:(n~2)§n matrix
;estimate error of the ohserver after 1st nonsingular
transformation
restimate error of the observer after 2nd nonsingular
transtormation
:solution matrix of the Ricatti matrix equation
celements of matrix F
roptimal feed back gains
ccoefficients of the standard digital PID controller
ccoef{icients of the modified digital PID controiler
1 {n-2)x2 segment malrix cf transform matrix T,
reiements of matrix H
coxn Identity matrix
‘performance indeces of quadratic form
‘dizcrete timelkT)
corenostional gain
sweighting matrices for state x{(u)
-diagonal elements of matr.x §
‘weighting matrix for vector input
sweighting coefficient for scalar input u(t)

:Laplace operator
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;sampling time
sderivative time
;integral time
;nonsingular matrix for Ist transformation
;nonsingular matrix for 2nd transformation
;input for the plant
;steady state value of input u
jug - u(t)
;optimal imput of u(t)
;measurement error vector
;state vector of the reduced order observer
;state vector of the augmented system
;steady state of state variable xl(t)
;state vector after 1st nonsingular transformation
;state vector after 2nd nonsingular transformation
;estimated state variable of x(t)
;segment vectors of state vector x(t)
;segment vectors of state vector X(t)
;output vector for the reduced order observer design
;output of the augmeuted system
;output of the PID controller

;z-transfrom operater

;state vecttor of the plant
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Rt ;output of the plant

/53 ;reference value
AN ;eigenvalue
dx(t)
x(t) = ———onue
dt

,fT ;transpose of matrix A and vector f

A ;inverse of matrix A
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Augmented system
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Fig.2 Block diagram of augmented system with

optimal gains
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Xy (£) 0 1 [, (¢) 0)
= + u (2.3.4)

:'(z(t) 0 -a xz(t) b |
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1
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= —(fyx) (1) + £x,(t) + £ax (t))

- —Kp(xz(t)+izsx2(t)dt+Tdi2(t)) (2.3.13)

o £ = b bp

, 51 PFi3 0 £, % By £ = PRy
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Tk 8 1302 3 MERBAR & A2 1L9eA K%
o fTHel HEE MEstel ol@ (222l RAREZH Py

of Y 4(2.3.208 AL 4k AMHERE & 5 Aok

2
b _2
- fFi3*qy =0 (2.3.14)
b? 2.3.15)
Fyp ~2Fy3 — ¢ F13F23 = 0 (2.3.
2
. b 2.3.16
Fyp -8yFy3 = F13F33 = 0 ( )
b2 2
b2
F,p -a;Fy3 +Fy3 =a,F33 = g FpgF33 = 0 (2.3.18)
b2_2
2(Fp3 -a;F33) - g F33 +q3 = 0 (2.3.19)
4 3 2
Fa3 +KyF33 *K P33 +K F33 *K, = 0 (2.3.20)
2.2
3 b
4r> 93 _ Jay/rq
€ K= B (F5 -2,93 -a; ¥ Eh
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w(t) = Azzw(t) + A21y(t) +'§2 (t) (3.1.8)
&y, Ww(0) =0

el BMES Mz T(t) &
at>=§gt>-wu> (3.1.9)

e(t) = Aj.e(t) , e(0) = Ezo (3.1.10)
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Auigoiz X, el w § ol&HAE WS Risystem b FE
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C
()

Gaowoxw &k TR T)& clfshed HKBEE x(Uof el
of ViR P FAIMEE AFech

x{t) = ’I‘lx(t} (3.1.2)

SUULE P eh BRI AL Ly almap e oglsta %

{ .. -
: A Moy e ) i
¢ : L R ; ’ (3.1.6":&)
1—5 .l" | ‘..Z\..‘
Ry 22 | B
5 P



>

od

|

b4

> |

REBEERR KB Rg 108

f3 O LI Y 0
0 0 LI Y 0
o
0
“3n-1
1 O ss 00 0
O 1 ses 00 0
-an_3 -an_4 -oo‘aIJ
(3.106-b)
(301.6"‘C)
3 2
(3.1.6-4d)



¢« 2 @ @ =

B slolu Bt kol BT W -

11Pa-2,27 D110 2,152 Po1 b2 153
+(h . )

R AL R *hy 2,197
0 n £f.-h..h £

Paot W2 (3.1.13-d)
Z‘iﬂzlz }.‘i'hllf:s O vsoee Q
1 e
+h2(. h21f3 - O :
¢ . " 2
. . l’
+ } \ : : !
ne2,152no2,2 TBne3*no2,153 T¥a-a TN

7

(3.1.13-¢)

i {3.1.13-1)
T



MBI KSR KB Rk F£10@
igt)=yu»

é%(t) = X}zf;(t) + X}ly(t) + ﬁ}ﬁ(t) (3.1.14)
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Ho& #HReM Wh y(OP BUES y (HE MERE 4
xXey ERstA BuEHG SIS y (O PDAY mhow
Hooodriels  HUKY REBEA M BAHE BmEL HER
Hol gzl wiEol o9  HHM #HRE ERNA BEY +7
gict. @ty F AFol oM AEF Ao RETEH #
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s dalg PIDHSIE ( Modified digital PID controller)®) &
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Table 1 Model system used in the simulation

order parameter name remark
(n-1) 75 a a b
1 2 3
2 -3.0 2.0 0.0 1.0 system 1
0.2 1.0 0.0 1.0 system 2 eq.(2.
0.5 0.0 0.0 1.0 system 3 1.1)
3 2.2 1.4 2.0 1.0 system 4
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Table 2 values of optimal gain f1,£f2,f3
and cost function J of system 1

system 1;a1=~3, a2=2., r=0.1, unstable

9 | 9 | 9 £ t f J
1.0 1.0 1.0 3.16! 4.93 8.37 3.987
1.0 0.0 0.0 3.16{ 3.40 6.97 2.423
1.0 (10.0 1.0 3.16| 6.98 9.24 7.662
1.0 1.0 {10.0 3.16} 7.18 14.11 10.449

Table 3 values of optimal gain fl,£2,£3
and cost function J of system 2

r
Lw system 2; a1=0-2,a2=1.0, r=0.1, stable

| -

91 % |93 |1 h £ f3 J
1.0 | 1.0 | 1.0 |3-16 | 5.30 | 4.34 | 2.509
1.0 | 0.0 | 0.0 |3.16 | 3.10 | 2.30 | 0.682
1.0 {1000 | 1.0 3.16 |10.68 | 5.40 | 6.103
.0 | 1.0 [10.0 §3.16 | 7.92 [10.57 | 9.198

Table 4 Values of optimal gain f1,f2,f3
and cost function J of system 3

system 3; al=0.5, a2=0.0, r=0.1, ervo

a; | 93 | 93 g1 B £, J
1.0 1.0 1.0 [ 3.16 6.35 4.29 2.700
1.0 0.0 0.0 §3.16 4.35 2.49 0.976
1.0 |10.0 1.0 §3.16 111.69 5.30 6.346
1.¢ 1.0 !10.0 {3.16 8.88 10.36 9.277
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Table 5 Comparision with modified méthod
of Zieqler-Nichols

system 2; r=0.1, q;=1.0, q,=10.0, q3=1.0

; 2
method fl f2 f3 lez

method proposed
this paper 3.16 | 10.68 5.40 | 0.350 6.193

modified method 0.075% 0.69 | 1.591] 0.83Q 19.55

_mz}egler— Nichois

Table 6 Values of optimal gain f1,f2,f3,f4
and cost function J of system 4

system 4; a1:2.2, a2:1.4, a3:2.0, r=0.1
9; |9 193 194 £y 2 3 £y J
1.0 1.011.0 1.0y 3.16 6.68] 6.31] 3.43| 5.389 |
1.0 1.0;1.0 0.0f 3.16{ 6.069 6.72| 2.081 4.948
1.0116.0 1.0 0.0} 3.16711.26] 9.94 2.77113.242
1.0 1.010.¢C 0.0j 3.16] 8.15/12.69| 32.30{{12.305 J

Table 7 Vaiues of cost function J of system 4 when
the gain f1,f2 and £3 are optimal gains and the {4

. is_zero -

é ?z?{fm 4 al=2.2, azzl,éf a3:f.07.r20.i 3
oy - E o » B o f i T

B P TR T T T S W s T 7 N

§ Lol .o 1.011.0 z 3.16, 6.687 8.31| 0.0 {110.536

f 1.9% 1.0y, p 3.160 6€.09, 6.72) 0.C 6.807 !

. 1.0,10.07 1.0 0.6 3.16 ‘1.26! 9.94! 0.0 1119.709

Q };Q{ 1.110.6 ] 0.0 3.16, 8.15!12.6%J .0 i115.264 j
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e x (D)ol 2% HEAK 1, 9, .95 % PID W@ES e
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Table 5 Comparision with modified method
of Zieqler—-Nichols

system 2; r=0.1, q;=1.0, g,=10.0, q3=1.0

[ 2
method fl f2 f3 Y X5

J

method proposed -
this paper 3.16 | 10.68 5.40 | 0.350 6.103

modified method 0.075 0.69

1.591 0.830 19.8#

Table 6 Values of optimal gain f1,£f2,£f3,f4
and cost function J of system 4

system 4, a1=2.2, a211.4, a3:2‘0, r=0.1
d; |9 |93 |9 5 1T [ B3 114 J
1.0 1.0 1.0 1.0 3.16] 6.68] 6.31] 3.43| ©.389 |
1.0 1.0 1.0 0.0/ 3.16/ 6.09 6.72] 2.08}| 4.948
1.0110.0 (1.0 0.0 3.16{11.26| 9.94| 2.77(13.242
1.0, 1.010.C 0.0} 3.16; 8.15]12.69| 3.30{{12.305 |

Tabie 7 values of cost function J of system 4 when
the gain f1,f2 and £3 are optimal gains and the {4

%,, ?ﬁéiﬁm 4: a1:2.2,]a2:1.é, a3:2.0f>F:0.1

gy tay lay e [ f |y Ly | f J

S 3.0l 1.0 1.0 1.0 | 3.16, 6.68] 8.31] 0.0 {10.536
190 1.00 1.0 9.0 | 2.16, 6.09 6.72( 0.0 | 6.807

| 1.0010.0) 1.0 0.0 | 3.16 11.26/ 9.94] 0.0 [[19.709 |
1.0 1.0{20.0 0.0 | 3.16 8.15[12.69] 0.0 |15.264
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o2 5o HMBAN JV@)SE 92 ERez Y wWid AR
Bl thel HEAK 9,3 ro Meole THEE BUd. 3z r & RER
W HEAN 2o TJESS A Rste 2ol wigA sid,



Bl Hol=y HEAK MRl WY B
-2 PIDHIBI&S stejuled JWgo e B

A WReAM  RBES: Kk osrm HEKHKo 2x bl
FlBse Pl =: PID HEEz B ) o] = wf i 8
e BRY 3+ deyd, 3xwm UED HEHgd o

[+

e 4 (2.3.28) o4 B wpgl Aol PID®E Hel Aep m o)
=9 Eifkol  slejo} B@ivojm HERES BRY 3 s
& 5 9l

Ee 2aWE Aaggo) ay Xt it HEERR q & 0o
28t 4 (2.3.14)e7 ng F13°) 022 sz oj7g (2.3
I3) A 719 [ @eo]  Fipsial Urue Je 4 £ 9y,
Tatle 2, Table 3, Tahle 4ol WAz owiel el HERE 9
of AA Hel wa g (U5 3 fpol #dunez 3
el (,2-,;. 7AA T & A9 f27}, . 7b ZA HE axAa
f37h B8 aA4 8¢ o 3 o, of AL wEF AL 4, 9y
437t A ef ;{i(i;), xzﬁ.?, x3(t) 2 & (weight) o) 7} o) - o) t},
BhE Y RS PIDREHY HHu™ Kp, Ti, Tdel
Behit  sieduin gx Fig.8. Fig.9 ® Fig. 00w Fe oS3
COE L R N

Fooia S YA RE uig ol p 4y q_3% BlsE s} 1 &

WmAzid ojel Kpe mmeip a% Tdy gheid. ow Fig.9

129



130

MRS KB WK F0P
L e q7h 2A Hel wet ke Tie WNsZ e Wb

toh. Fig.1022 ¥e qy 7t 2A do = Kp, Ti, TdE¥
7 Mt MBE 2o U

mq o A 19& FRO LK XU tad AE ERE
% 4 s

OBt WS Kool MUY EET o, a9y BRE 2
B oay S WEEZ R a2t elRe o AW xbd KR
Faoln PIDMMES) PHfEE 4¥ xy(t)ol el olFoixisl o
golet.

Be WABM TiZh Wbt e SEAF q & WA
dolz AWM 147 WNSE AE WERE o7 WNY A
g, ol%E qF 937t £3WE Ad x (1) 2 phA B
& BEASdT AW x (e BY xb) S B HEshe
QLA o o 2A Pl Be WEEM T 17 diheled
MATES B /TS Ze B4 Sel BRE PGt R
Shrol & HEE AdsA B2 q st 3A 5 RABHE
2 hEE AAsA ®mz 47¢ & 4t



131
Bl Hol=xy HigRstel Mol BE3 wHoe

-3 EE AFEdojMd uY KBH

& EiodMv WHEe] ERECd oY REMEE WRe (757
Brol Ba@slol= Ao Rgkel oY daly FFe N EEAE
ol dd 7e #RA el e,
Systew 1 ARZEY  Aeddidolgdoy & Afoa BEsi:
el el Feledl BEALE WHHEE TAstge Fe
BEol FEsBAL BiFstobs g Fig. 112 ¥ o 4 Qloh
= ool Fig e A U RS BESN 27 shEAs
d7b S B (MR 2 RorE #E 7 98 Mrialel 2sug
BEHEXE =i 2xpEs 34 dojyal o&s dveuzn
Wooole AE XL 0, ag() FAA xS FEE 2
ATl B o )F EHHY Rez ye ¥2¥ Rez 3
Foglomi, olsl sAHAolgYe o ASNd ad: 3e o
osleh ol BB ol 2SS EBEEA dY aEAS g 0.1
el R v HES U8 x(Od ot @l &
WAZL ot 5 el aRERERS BREH( [0

TORLT sl mgsh e A sl dejale Ben &Y

B, b iz Flgl134lA B owist oy BEIT % (System 2)
W Aelg T (System 3ol wsladx nl2d BRI Jelda i

brgoiaes 0 BEFSR R Fon ¥ S Systen 28 Mojof o



132

WEBH AR KB5S R L1108
2 %l PID M7l 7 sjguiele) Xe&  KEW  Ziegler

Nichols'iel ojs) % o= Kpo] HHEe 2RBR2ER B
D7 SIER 29 Glold. 1z Wy Aex F AToA4
EEst: Fro: U AYAYes MmMEBEE Faw 349 K
Bo2d o ¥ H9E Hwel Bk Fgo] WHD 2 % 5}
g9 A& & 4+ gl

EY oJEE H#EMY oz HEe B o BREN J9
A 2RMEAEME FeIL Table So44] B upsg) Aol ¥
A el AAY HAZZH HEE T Ao} e A

Fig.15% 32t (System 4)el  w%t Aoz i 23749 2534

(g M ] ! 1
|




Bl 1ol =9 g pgol Wioll BH3 wior
73 BE MBSO M og

F oA WHo EBazo o REHHE WB {77
Biol Ba#idol=w  mojZgel o HAE FREZ N EEAR
Bl AL T8 REe dshx wat et
System 12  REES Heldiidolgiod & odpeu RE

CHA L rsleil BEAUCR BMERS Fasids Ao

TR ooh Fig lle Atel x(4)e L R
W7 T A (e &g #R)7F e AztAe) Az w g
BEEX: wzdid  ewass 59 doival B3 Yeuzm

SH, ol Aty x, (), X000 kg (1) F el A x(L)e) HEE a
A Fo Ay x(L)F EHY Rew wuy HEE oz 3
Tosom,cm A ye g mewq aos RE o
ToSE o BEBL o A% B e A s 0.1
foTel BRERA vt H®a e xine ogw @iy ®
W7D welu % Myl ommzmge wa@m[e%)m.)

g Pohw By thsl el mrm L Sshaly mew L

8 i ey v S SRR - P
EooFi 20 Kig 13ead B wlg qo REY F(Systen 2)
WM LE T Syatem Dol W Bale Al BHg u ehf gl

Plgo b BFso 2 gax L Systen 2% Mjof oy b

131



132

BRBEACR KB Re £108
2 oz PID Aoisle)l 2z stuieis)l R KEE  Liegler-

Nichols® el o8} P& o= Kpo BHEE 2RERER R
M7t HER 2P% Aod. I KW Fee F ATAA
BEste HEoz ¢ 3NALeE MHBSE FAE ZFA K
gogM o F ALE W 2w X Hikol BEI &HEsl
de A& ¢ & Ud

=g olB& HEMY oz HEH 2 S BREN I
% 9 2EBZEME TR Table SolA R wist ol &
o] oel  AAY BHEASEH HEE T8 297t FAde R
& 2 5 =

Fig.15% 321 (System 4)od A% B2 23AS F$-8

38

We Blat #EE 2on g
Fig.16& 324 (Systen 4)ol  cheh Ammol= A £, f,,
f, f,@ TohR ol ol 1,8 022 © 2% Z, PIDHH B
frrez Aoslg FAT 2% A x(t) % HEAS T
o mHE EAstm dewm o Aok Fol wyAsiy 2y B
Sz 7 Wel BEAKE @kstd 2A Yot A o

a»

Qo

%, Table 6, Table 72} HMWMY HBANE BREE ol
aA s FA Eeoe A& ERA @ £ 4.

a2EE2R, X Fikd 2y aHsjol=d AUL T HE
e TAHE A$E o FHoj=v AU E2F¥FE FMejc} ¥+
Ag w4 £ glen olF HelA: AMeldyo]l i RlEU AR



Bl wolod HgRetol Mol BEs wR
Fol  chsie WARL pFEsihe AR okgd & £ o
B ol AR E System 4ol Hhel £ A7old REEshe K
mog ajy vol=dh Ag Fshu, ooz Ry B xy (t)
UL xgE B2 Sel= A7 g™ x (e 548
AORME Fike oY WEEwJ 2UE #EY A 08
dofzdd U W EFEES Jedn gle Fig it wmE

YAE EEEA Soinw Ll mes EAS FRs: fie 5

& ket 2¥ mEoz= o) edEa L EEs o —

e
T Fig e v gl RS ®a® AW x @)
4 s

A @ En REew 448 RS & WEE 40: WD
“

LR LY

Ghood e VAL A} e By oY 4 ) e < r y . gt g
i R S k-SSP P § 4
- e - - . -
s 1 A0 2} 2 A f3 s -2 A

o
¢
i
1
i
i
.
i
&
-
3
P
e
B
L
.
o
2
R
13
s
Eis
mr

Ceogies Hter £ RE

At R mpel= 0 ajw

ST s (R4 Sl axl Beyg J o gol =

OE AR x (el HBE =) §F 9% ¢

s

=3 S
4 = A - X
oogrtgs J WE BinEe arke Wx ¢

4

et

133



134
WEMGERE KB Rk L1008

o MR Ul wield fBtel W, Fig.1l ~Fig, 139 2
Yohd @ & glEel BMER WO @HAN ars WE
€ e Hed 2 Har oed el 4 4 sl

F, & Hxed v Fese MEEN Y2 (NQL1D)
& Gp(s)et stz PIDH@MBL WEEME Gpplo)sh ¥ = Bm
AN RIS BfER US) Alolde oe4s e BEZ D,

GPID(S)
R(S) 1+ GPID(S)GP(S)

(7.3.1)

of Ko H{ HFE Sol AW FHEAor ¥HsIW HF7 (n+l)
R2A GRS ik Eg @ R EA S wEd 4(7.3.1)

T HEa3 Aol & F Slgh

US) = o5 + ¢, +G,(S) (7.3.2)

R(S) 1 2
4714 G1S)e A REZE nelz HFY K7 g %

& Sl BEA KT HmSE MEENOIT.
Bed RO=1/S 4 W F, r(t)7t HERBEEY o9 Tt
& 2ol ¥,

T
U(t) = ¢, 8(t) + o, +f g(t)az (7.3.3)
0

g, @=L [6,6)]
¢ ¢y ¢ WY
8(t) : dirac  delta function
R(7.3.3) o4 & 5 Fol TH)Y X tel: PeiPis @
as7] =i MEMoZ 2RE HA . o WepgiE PID



Bl wol=n HEFM WK B FI%
WaE wef D ®fF wiEd AAY oz WEE:

= Aol

£, Fig.158  Fex HESE BBo PID ®Hf A4 4w
(s soi=df githel glovy oreaist YL EHEE Boln gl

an R x,0 e s

G B Fig loje L LW

5otk

o=

&

0]

1
}
[N
e
w
e
L
R
e
Y
S
o
i,

rEY &

135



136

BEEEAS KB Rk B10R
-4 REH #ARKERY 9% &N

F WRAM o2 £ System 1, System 2, system 3, system 4
of dHslel Wik uzg PIDHEAES neFoz nlolaz F
Fel24 PID WESEE FAsted RiTY XEH HARRBRY #R
(Fig.24~Fig.2N) %t g Algsol e A (Fig.11 ~Fig.13,
Fig.15)& LLwigislz] $isted o ¥ 2% HIHKRSE I
3 ewjfeist awle] EBME Tablez HRsh™ Table 10~Tab-
le 133 o] ¥},

£ system 4o djsl uxlg Bl MY HR(Fig. 159 B
¥ dYxe PIDHBR=+ XEM BPHERRY &R(Fig.20% &%
¥ uAE PIDAe7IZ4 NRH HARBRY HR(Fig.2808 H®
witstzl $lsted el wWY ¥ S HRRY NS Table 143
At

system 1o &= Fig.113% Fig.24 E+& Table 1044 & £
A vk el @)y A (ADel HY HEEN r & 0.1%
etz e x(t)ed ot FERNGTH Q) HAES a5 9y
%7 B 1.0 Ae), AEHo A Mt sdewges) 22.28
olx wie]  RME 2.4 doud, REH #HERBY &#-
Hoaewsee 6.5%002 2w RHE 3.4BD24 REH HE
e R eviges A BEAFEE =A 3. = (b)
(@ FeE oL #EE debd: oy ()Y BS
v AEsol At #Re desgeEzt 11.60%0lxn awlo)

K



Table 10 Comparision of

B Hol=d HEFH WK WT Bk

simulation results

137

and real time responses for system 1
‘weighting facter simulation real time response
aQ, q, as max. over | time {{max. over | time
-shoot (%) | (sec)!-shoot(%) | (sec)
(a){1.C}; 1.0 1.0 22.28 2.4 6.0 3.4
(b), 1.0} 0.0 0.0 30.65 2.1 6.2 2.
(¢} 1.0;10.0: 1.0 11.50 1.8 x x
{(d) 1.0] 1.0 {10.0 20.12 3.9 12.0 4.8
Tabie 11 Comparision of simulation results
and real time responses for system 2
[ weighting facter simulasion real time response
L. -
i
| 4y 93 | 93 max. over|time max. over | time
) ’ -shoot{%) | ( sec) ~shoot{%) | (sec)
(a){ 1.0 1.0, 1.0 25,19 e 11.0 2.4
(b){]1.0] 0.0 0.0 50.10 1.85 28,0 1.9
()1 1.6410.¢ | 1.0 12.65 1.€ 4.0 2.1
(d) 1.0} 1.0110.0 20.51 3.8 16.0 4.3
Tabie 12 cComparision of simulation results
and real *ime responses for system 3

| weighting facter

simueration

real time response

-

E Gy 5 94 | Uy ‘maf* Qv§§%time max. over | time
f N _“§?9Ff%f’(8?c} -shoot{%) | (sec)
(ayl1.00 1 01, 24.73 2.2 20.5 2.5
eyl 1.0 c.oo.0 4z (1.95 30.5 2.0
(ey[1.c o 1.3 (1.7 12.0 2.4
(ay{1.0] 1.0 po.c 20.71 .9 20.5 4.3
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