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Abstract

This paper proposes a frequency transfer function synthesis for simplifying a high-order model with time
delay to a low-order model. The model reduction is based on minimizing the error function weighted by the
numerator polynomial of reduced systems. The proposed methods provide a better fitness within low frequency.
Four examples are given to illustrate the feasibilities of the suggested schermes.

Key Words : model reduction, transfer function synthesis

.M = o] PID Aloi71el dehAlolo) g BT Aol)
He BN Fehe) 215 Aollel Bk A7t

PD Alo7le Fohbalold AHSHT ol Alo] 2T ek 2 Aolygel ke FelolE
79 ojpEe ANsHs WEAS 2 ow, A BT, PID AojolNE FAEe] S ot
oftiel we} e} A9 Aoldelz BRE £ ¥ PD deiuleE ¥oz Aya] 9% 20
Sk o] AN Gk Aol7|e] ulES ANAY gl WA peAsolel Bk ojg} e Bay

o724 v RH, Bl AY £ 2-2H% Ao of wte} 1942:39l Zeglers} Nichols® PID g}a}o)
7] To2 ERErh olyd AMoiEe o]l Fe Bo] A Al Zxe] S a2t FxuHe
LEHRL, 2 F ANHE, AR, AR Al

B Ak b S C Uk d9) ¢4, HA) RYF) S8 5& Hed Y
Tel : 043-261~3330, Fax : 043-263-2419 g Eo] A7EL vk 22y ojREe) PID

E-mail : kimjusik@chungbuk.ac kr o 5 Eulgl i

Zd?‘;;} : 200};33 59 184 TERYHE 1 UP&_*ME ET73ta 5 SHE
13414} 1 2004 89 23 U Aol A e 958 45 BolAT dukAl A

AArgE R 12004 119 10¢

@ Journal of KIIEE, Vol. 18, No.6, November 2004



Solle $5% A FHE Vdsly] o9, 53
13} ZAEY Aol F g B EAAHS 7
itk webd PID AlojAY sia=t Ao oA
Mgsojer & JbF FR3 A F s 28e
ABAEE BEshe Alo71& Bt 4A 783
AaA aate] AojddE HARDZ ZALsEHE
Ro] Basich oW +astE Azl FARELS
By Axdle] B4 PR fAIStoF drh
[1-4].

o9} & Yo Wi HZ Wang 52 9
FRgoM D FA7 D] Nyquist =7}
— /28 — 2o YAHEE A AL e}
22 FARYEE Tk WS AN, o] F4
B2 o83t ;A U AHx gl ARAESE
ok T4 &3 PD Ao7) AANEE
A EFTH2). 28y o] WHE diFEe] FANA
S 5AS Ho|X| T, §EAF Foppnhe 123}
7) gl fe) AR RY 57t FFE 1N
2] & Nyquist A=ollA @271 Sagjict &g 7}
Aol nlAdgwg o] Fojxn, Newton-Raphson
HEE S o] g3to 2 A Alteko] Z718A AT o]
23 ZAHY AMIYo g 0, 34/27HE F7HE 2
o] AIZHAAE ZtE Sadhgol AEHATH3 AL
2y o] R 13 ofde] Alagly o] 7 He
SHsA ke Bdd 4ol o9, NEAA
AL E3}sly] W ol Abe] gk

E =Rre 9o & EAHES 4] ¢
A AAGE e DA 2R FoESHe
2RE 7hastd AR 2He] Foe ADETE
A s GubaQl B S Aergit) At WEe
aApA| 2] e SRS nejsted Ztzke) F
oA o)53} A3 Ho] EAEHY 44
o Fo|=F ZAlstE A} Fuig Ao digt
AeHE & FAsHs Waoth AtE W vHE
o] W gle TAsE AANS T3] B
of Zhhgt Aste]l o3 RASAE AHE 4 Ut
Aoke F2aWy o] oigt 2849 A4S AE3l
7] YA B =R E ol A dAE OF, o
o Ao digt Algeleld AFeA 7iEe] WEE
] gk

gy . HMHIRE=EN M18T Me, 2004d 118

2. Fig MEYS UPO AT Al
UXNG = MPAAHS 2
ETEES

AR QG e TANLDS Fhsggozy

B 2488 ALY ASRES ADADE
A7al7) dal Thet Be TR o ALHS
Glia) S AR ALY Gyljo) & TR,

Gyljw) = Gyliw)e "™

m, N
B §=i b(jw) i

(1)
= | Gy,(i0) | [cos{By (@)~ wTy}

+jsin{ ¢y (w) — oT4l]
G jw) =G (jw)e ™

)

A71M | Gy liw) | & ¢y lw) — oTyE IAAZE
9] o]E57 Y-Sl n,2m,, n,)>n,lth

2 (D] B 2 FAGEA Y Alg, Teln ols
7 AEEE 714 grold, B =FoA Aekst
Fopr A A0 g Tashs EReH
of digt HYE HAsp] AT LATAY F A&
o] AFol5E B7IE 18d g 27 o&iA
2 (2)9] FETHEH Y AlFRES AAshe Wl
=

: 2 exio”
GH(](I)) —ijLd0+d0 ’

Co = Qy, d0= bO

E=

4 09 FI539% A9 =AN o RE 27

@



SURGAOIN NATIAS = NINAHY 2YAD
° FHESAIA P8 FAE o0l e A @)
£ ot 2o BEY 4 33,

gl cGw)” +iw;T;dy (Mi + jN,»)
= (dyM;— ¢p) + jd,N;

&)

A7 MSh N 22 e st o] Folxinh

__cos { ¢Ho(w,-) —w, Ty}
i | Gﬂo(jwi) |

@

No=— Sin{¢yo((0,‘) - (l),-TH}
S e Y

®)

A (A #,0] Brd wi= u=%, v=—’§-’—1, z

59 dole w=p=2012 Helatw, 4 (39

S o) E Thest g Moz Held % gtk

S cuio)t = 2 (=17ep0¥

v
+5 33 (D 0¥

6

a3 4 (62 4 @l sk, A5t ey
2 77} 7Este] Astd oga 22 #ANe
& & Sl

2(—1)76270)%7_0);TL‘10N;= dyM;— ¢ )
=

62)(—1)8025+1a)%6+1—a)iTLdOM,-= dyN; ®

A714 A (D3} (9)9 Z &S thet Ze] B9
&,

pgr=[-at of —of - (D e}]eR"

p%u=[(l),' —w; Wp (_l)ﬂw%v+l]eRv+l

c™=[c, ¢ ¢ = cplTER”

T po+
i) ERT!

c"ddz[cl 03 c; -

T 2e UAIRERNE FAY & AU,

ceﬂeﬂ
PR” 0 —dyoN}| - doM;~ ¢,

c° =[ )
0 »¥ dyoM, doN;

T,

N7l 9] 0|5 H 435S 183t 2 (9)21E
023 22 324" dAAYLAA L 9 F
At

X0=y (10)

A7 X, 6, 2L yi 27 e 2ok

(P50 —do,]
T 0 —dd
O L O e R ¥t D

0 pF du

0 25 dw,

0 oW duwsMy |
-dOMl_CO
doM;_Co

ceven
dyMy—c

0= codd ER”’+1, y= .1\_1_ 0 ERZN.
do.Nl

T; :

N,
4Ny |

22 7kA3kE A3} Al Ade] gigk njx)e] Alg
g &, 2 (10)¢] 3 88 HAAS(least square)d
of oA thg3} o] F& 4 Ut

Journal of KIIEE, Vol. 18, No.6, November 2004



=(XTX) 'XxTy 1

B =2RdME 9& T3] Ssix GHHaAls
(total least square)-& °]-&3tH, thad 22 A
o g3 2 AE 4L 5 Uk 4 0N BE
[X i y)eR™™*Po) g3t Sol3t ¥3l(singular
value decomposition)t T3} Zo] Yehd ¢ 3l
)

D=UTX:ylV

(12)
= diag (g), 0y, ***, 0 ,42)
71N U veE Z4Z de3 2o
U=[u; up upy)e R? (13)
V=[01 vyt u n,+2]ER("’+Z)X(”’+2) (14)
Bolgkol 020,220, 04y == 0,,4570°]
A, Householder ¥ &l o3 th&7 22 #AIE 7
= ¥4 Q5 7 # Ytk

[ Vipr) Vpya™

u,,,+2]0=[%' ;] (15)

agE A (15014 $Eae] nixg Jue
w={z ilTeR" 2R 4 (109 H& A7
B7h Theel 93l FolT56L

1]=—"“i (16)
3. 0% & AlZdo|M it

2 Al 1" o3 22 ] 9] dAE g
ok AIZERAGE 7HERARA] 5ol fle Alz2E# Z
3 /\]"‘"é a3 ARAIE XA Fe
7390l Nyquist A=A — 78 0o] EA8l= A|2d
I EABHA] G AlLHE 231 Al2"lo® 27 A

=Y . TINYH|9R| =27 T|18Y M6, 2004 118

21315t djof] 71&9] WY £ =wolA] Atd @
HE 45 AE vjasle] Ak 7hAas) wale]
84 2 A4S FFeh g 4zhe w4
S vty A Frpg o 9jeje Fakeg
oA iRy} Az13HE 24 Rl Fugge
ZHRE dF 7479 olF5 F HF st ojg Aol
QAo UXAF Fat o9 ATl A T A
S5 i 43 A9 et e 18t
=

B 12 ZHZof] gigh AlEold FAE Jehd A
olt}, 71& whle] & £4RHL FuEY (2]~
[4]9] Aolm, & =HolA ATd WIE L3t
o & 23t FARIELS 33 2 Foeddy
oAl 3d Zojtk A AL 10 ‘<w<10™®
rad/sec], F WA= 107 *<w<10°%®[rad/sec], Al
HAE 107 4<w<10""[rad/sec], ZE]X u] HH=
10 *<w<10%[rad/sec] WY olA tH(logarithm)
2 Aoz S0 HelHE o] & Astelrh
vl ¥iA o X A3l —6.6812x10 " o] 2 2
IQTh 1¥ 1~4¢ 42t AfEd i’ 3
SET Mgl X 2+ 3/HEHE 42 el
W} 71N, 5, 107 %<w<10"[rad/sec]®] ¥
oAl 10074¢] dlojEle] didt AR 2 F{FH &
atoll ik Hdjgrel Frkde|n, S,E 0<e<40
[secle] WA 0.05[sec)d] 2HHo 2 FolW &
59 ool oigt Ao e 2o}, o] 1YEiA

AHE o] uArdoln HAHL FaEH [2),
e Znid 317 (419 238 42 vehdch
a8]3 AL A wHel R AA S
< 383 Aot} o] A{EZRE At A
Hell o3 RASAHE V)& R $4
¢ E4S JEhiL eS¢ F Utk 53
Nyquist A% Aol AU &= Hol e 4%
Wang®] i 288 4 gilon, Faed (49
FAE e B =704 AtE WAl 948
EAS YEIAE Z3lth 53] & =54 Al
ote WS FA3td FHA S et il 2
aF Bdol] S3te 7]&] HE B} g At
3} g2jo|o},

@



RORFANM NIUNAZ NE= MINQEY ZAZL

E: 3 1. AlBH0|M 23}
Table 1. Simulation Results

case 1 Wang's method

(nonoscillatory process
with time delay)

: -1  _-oss
high order model Gu(s) GrDGTE°
Wang( 3y 1 —~0.606s
O = T T 30,3154 25,200 ©
) Hwang, — 1 —0.6072s
Hwang’s method O™ () = G a3 + 32, 15065 + 250632 ©
the presented method GIS(s)= 1 ~0.5566

10.313s° + 33.514s + 25.000 ©

high order model

= _._____1—___ ~0.1s
CHd= a T D+ ) ©

case 2 Wang's method

G,'fh"’(s) = - 0.837s

1
5.6485% +4.9505+ 4.497 ©

(oscillatory process

case 4

i3 wa; — 1 —u. S
with time delay) Hwang's method Gl )= G e .90 T AL S
the presented method GI™(9= 5904s2+51 S A
high order model Cil9= 355
case 3 ) Wang( ) — 1 - 3.4904s
, Wang's method G = 3 44,5129+ 1.0447 ©
(nonoscillatory process ]
without time delay) Hwang’s method Gl ()= 5 e + A8t 1003 C
TLS; ) — 1 — 3.3490s
the presented method Gl ) = e T 447735+ 10000 ©
high order model Gl = TG T D

(nonoscillatory process Hwang's method

Huang( ) — 1 —0.0186s
GL ()= 5 576957+ 3.90305 + 7.500 ©

without time delay)

the presented method G = {00057 8,000 ¥ 15,0000
2. RN
Table 2. Evaluating results
case method S, (10~ 5<0=<10"[rad/sec]) S,( 0<1<40[sec])
Wang's method 3.4052x10 "2 2.5676x10 !
case 1 Hwang’s method 2.7005%x10 2 8.6177x10 2
the presented method 2.4978x10 2 2.9393x10 2
Wang's method 2.6451x10° 2.0236x101
case 2 Hwang’s method 1.4674x10° 4.0875x10°
the presented method 5.9932x10 ! 1.4497x10°
Wang's method 3.9977x10° 2.3925x10!
case 3 Hwang's method 2.2869x10° 1.1948x10!
the presented method 1.4281x10° 6.2817x10°
case 4 Hwang's method 6.6653x10 2 3.9339x10 2
the presented method 9.5688x10 ™15 4.8331x10~ 18
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