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A Study on the Design of an Adaptive Pole Placement Controller with
Improved Convergence Properties

#HOM K5 # s
(Yeon-Chan Hong - Jong-Hwan Kim)

Abstract - In this paper, a direct adaptive pole placement controller for an unknown
linear time-invariant single-input single-output nonminimum phase plant is proposed.
To design this direct adaptive pole placement controller, the auxiliary signals are
introduced. Consequently, a linear equation error model is formulated for estimating
both the controller parameters and the additional auxiliary parameters. To estimate
the controller parar:eters and the additional auxiliary parameters, the exponentially
weighted least-squares algorithm is implemented, and a method of selecting the
characteristic polynomials of the sensitivity function filters is proposed. In this
method, all the past measurement data are weighted exponentially. A series of
simulations for a nonminimum phase plant is presented to illustrate some features of
both the parameter estimation and the output response of this adaptive pole placement
controller.

Key Words : Adaptive Control( & $-#o]}, Pole Placement Control(=i# 2] 4o]), Least Squares Algor-
ithm(# £ =< ot5e}&), Exponetial Weighting (2l §l4-= 7}%), Bezout Identity
(Bezout &5 4l)

1. M &

‘IEf B CER#A Tok BT8R EERMm T
**1E & B KAIST €& o EF L% alzue- T

wen® 19014 58 38 71E 2 Ag Aladgy 2y 27 33 Y
s " -

1=k 4EIE © 19914 108 108 FAN} AHE Aoriz Adte] QR FHH
2RAEIE 199148 12A 308 dAe MAsls ulyolmz, A& 9 AH(mini-



mum phase) FAelzt 4§ sbeaieh, 2ev A
€ T Aol el ot FTH YxE
AGsed AFE Aame] pAAT W@
A EAE A= E ke Alolr] AdAle wyog
A, AF$E Azge] QY gao] T oA
£ 32z wHA 94 (nonminimum
2 7pF sl
A7) A ol wheb
4% Fula) Alolsh AR =g Fuhx Aof
2 $REh 2R A% PAA Aole 3 o
FAsted olF Bgolen Agsta o
A b Aol oJ3le] Aloir9] oA
5 ?‘3}% WA ols, A AL FulA Aoy
¥ 7} 34~ (criterion function) & # 4 5351 Aol 7)
of soRHFE AA FASE w4 o),
19 wiAHSTE dY 24 HAHow T3l
7] $3ste] Elliott[1]9} Elliotts [2]-2 Bezout 3
54 sk o Aozl EAA 4
£4& ElliottF[3]ol oJ3sle] A=
Feuer[4]+ 7|Z=2d& ol&3dle AL FulA
AelE k7] A A Y-S A<k
ol w2 w4 FH FRo HE¥S ojulr)
(sensitivity function filter) & %.¢J& 7elt}, =
gholl ofel7bx] A-g Fuhx| A7 Eol W Al
Soll et o %54 Aet(5~6].
E =rolde Ay A s 912 w4

A4 249 Aels g A 2L FuH Ao

T
4l
= od |
M . 2
bt
X

;\2
—\'—‘\I

1% Adbstnd qeh 2@ wANs 29 54
329 $% B4 AL s £ Ay A
g A Aol BEFE i3] RE AA
J W23 woletgel A4 Aoz AF[1]
=% Ax sz geh
2. 2% MH

2 ol e Aojsna s ol A7 FAE
4o e,

A Awae wd el Y w2 2R

t}e3 7to] ARMA ez Jepd 4 i)

Ale N(B)=B(g Hulk) 1)
th,

AlgD=1+ag '+ +ang™" (2)

Blg )=bqg '+ +bug™" (3)
A714 g7l w1 zlad ol 4lA} (unit delay opera-
tor) o] o},

312

Trans KIEE, Vol. 41, No.3, MAR. 1992

FA hsle] b AREL A g,

Al) ﬂE Rl /\)\r/]'

A2) »l Ao wiAMsEE TS Sl
Alg™ )3 Blg™ )& A = 4 (relatively

prime) o] o},
(1) A% o234 Zo] Jebd 4 3loh
Alg Nz(k)=ulk) (4)
y(k)=B(g")z(k) (5)

3714 2(k)e & A4 9 e (partial state

variable vector) o] o},
3. Dulx| g4
Alg™)3 B(q‘l)

Azdol 9
Ao %ﬂﬁ

A7t wel dele obAd ohakl Qg
Qg™ H)E 22t g3 3o Aodint
Qg D=qutgug '+ +aqng " qo=1 (6)
Qg™ ) =ge+gug '+ +gemg™ ", qu=1 (N
3 Q) Aol g &4 247] (dynamic compen-
23 ol FAY £ 9t
(g dk)=R(g y(k)+ S(g ) ulk) (8
w(k)=d(k)+ v(k) (9)
A71M w(k)e ¥ d™¥eln R(gH3 S(gH)e
i3 2o
Rig D=ng '+ +rg™" (10)
S(gN=s1g7 "+ +sag7" (11)
@A (9)Aeg veldlA Ao WAL FA
5 }

2L AFFE AjaFe A

sator) &

y(k)= (12)

Q( _I)B( ) L}(/f)
Qg NA(g H—A(g™)S(g)~B(g MR(g™)

ezt nel obA7 hE A A*(¢T)E g e
A o] ghrt,
A*(g V=1+a*g '+t atg" (13)

A*(Q“M WAL AFEZ Aawle] Sl
ZA4E5L vehdign g 12)49 Emel (13)
4] £ A(a")—c A7 Folel dvt, =z
S(g™H3 R(g™& &9 #AAE 4710,



BB WHEE 0% 3% 19925 38

Alg)S(g )+ Ba YR(gN=Qu(g IAl¢g™)

—A*(g™] (14)

9714 Alg)# Blg™)e ME4elnz S
Rg™)e $4 49 8% 2],

A3 9AA 9x =l (linear equation error

model) & TA37] Hsted B2 AZ yllk),

vo(k), 282 v (k)& 72 ohg3} o] Hodd,

QLg vl B)=H (g Ny(k)+ K{g Dulk) (15)

=Bk (k) (16)

ve(B)=vs(k) — valk) (17)
e,

H(g )=lg -+ hag™ (18)

K@ Y=hq '+ +kaq™" 19)

B g )=b"g '+ + b g (20)

of7]Ad H(g ™) K(g™)& Ay WAy 24 =
ol olate] FA=ojof & e Folz B*g™)
£ 499 A7 oA ol},
a4, QA, 154, a6, z=lz an
Aol 9)dte y(h)E That 2ol F¥ 4 st
vl k)= 21

Qg7 )B* (¢ V- Alg VK (g™ )= Blg")H{(¢")
QZ((I )

v(k)

enAY y()E g4 H(g™)a K(g )2 =
A4stE gl 2ol o Ao 24
y(b)ek 21 AY ylh)e M2 2o, z2jzz
H(g ™) K(g™)e o9 #AAE sS4 71,

Alg MK +B(g DH(g ) =Q(¢ )[B*
(¢~ Blg™] (22)

o714 Alg ™) Blg )& AMEaelr] dlfel
Hg™)3 K@ e 34 %43 & Zevh
(14) A3 (22) Aol 23l b2 78 4 SUch

Qe NQLg)B* (g NA(g)=(g™)
QAg A (¢ HB(g™)

+@ulg HA* (@ D[A(g DK (g™

+Bl(g ) H(g™]

+ Qg B (¢ HA(gHS(g™)

+B(gHR(g™)] (23)
3714 S(g™), R(¢7'), H(g™"), z&lz K(g™)el
fFda AHE 27 gsld Qg HA e N
Qg )B*(g el MRAolojok it 3 A
W (ke (23)A]9 ok HIAE <lab4) 7]
2 (A (5)AE distd 23 Fe] Zhetd

Hie SH RYE FE HZ FuIR Mool WAl BY AT

% + ok

y (k)= ¢(k) 0" (24)
of 7] 4

y(&) =g Qe B (g Nulk)

—A* (g "y(k)] (25)
[ Q@Lg™ B (g )y(k—1)]

Q) B*(q )k — )
Qa8 (¢ Ytk 1)

Qz(q"])B"(Q’l)u(/f— n)

Qlg™HA* (g V¥(k—1) (26)

p(k)=

Qg DA (g vk —n)
(g A (g Nulk—1)

| Qg A (g ulk—n)]
H*:'[T’l, s Fny S Yy Sy
J/7ARTEN /S SRETONY 4 O (27)

(24) A2 elAY HAME A 93 4Y W
Heoz vepiz gl
4. AH HE Suix| Mo d2BE
H4 Alg)H BlgHe A4S dn
(14) Aez28¥ RN Sg e =)
£, & Aoi7]Y i ANSEE FT 4 3ok
21} "éﬂli Alg™MH3 Blg™)9) =i
Ao BZE (24) A& o|&3le] Aoy
% FAstelo} Bk
A(g™H3 B(g™o] oA o (24) A& o33}
7ol W Ehs o,
F*)= (k)"0 *(k) (28)

noed oo

=3
oh;].
:":

AN
kil
=z

o]

l

a
2

%7

G (R)y=[7k), -, Pulk), 5:(k), -, $alk),

k), o Balk), B(R), - EaR)]T
(29)
047]/H 5)\*(/(), é*(k)r ?z(lf)v 51(1[)! };z(k)v —1‘1]1
FAE)i=1,2, -, n)e 22 y*(k), 0% 7., su b,

e kel FAA
3 7o) A e)aieh,

e (B=y" ()= 5" ()

=" (k) — $(k) B (k) (30)

9 Ae A R4 oa =g JE T o,

24 23} (DF o

313



B* (@™

R B@™

vl u® 4G Y&
S{q™" E(a

d)

az 1l A AL Sela Ao FAE
Fig. 1 A block diagram of the direct adaptive
pole placement controller.
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