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PHUONG PHAP XAY DUNG MIEN ON DINH
ROBUST

LE HUNG LAN

Abstract. The problem of construting a robust stability domain in paramater space
is considered. The proposed technique is based on genelizating a classical D-partition
method [1] for control system with uncertain parameters.

I. DAT VAN DE

Gid st phuong trinh dic trung hé théng tuyén tinh:
H(s,t,q,)=0 (1)

phu thudc vio 2 nhém tham sé ¢ va g, trong dé t 13 cic tham s6 duoc chon dé
xem xét, con vé ¢ ta chi biét 12 né n¥m trong hop Q nao dé. Hé thdng 6n dinh
néu nghiém clda phuong trinh (1) ndm bén trai mit phing phirc s.

Mién &n dinh robust theo céc tham s6 ¢ dugc coi 1A mién Y (Q) trong khéng
gian cac tham s6 t, chtra cic di€m ma Wng véi né tinh on dinh hé théng duoc
ddm bdo véi moi gia tri ¢ € Q. Néu Q thu gon thinh mét diém thi mién &n dinh
robust trd thanh mién 6n dinh théng thudng.

Giéi han 6n dinh theo céc tham s8 t v&i gid tri ¢ dinh ¢ € Q dugc tao nén
tir cac dudng giéi han N, hofc céc dudng giéi han ki di N, [2]. Phuong trinh
duong giéi han mién 6n dinh nay c¢6 thé mé td qua dang khéng tudng minh sau:

H(jw, t, 4) = 0. (2)

Céc duong giéi han N, va N, tao nén mién 6n dinh Y (Q). Khi cé b4t dinh
tham s6 ¢ € Q cac dwong giéi han N, N, trén duoc mé thanh cic bing thu hep
mién &n dinh Y (¢) thanh Y (Q).

Dé x4c dinh mién 8n dinh robust ¥ (Q) c6 thé dva trén viéc xdy dung moi
gid tri w mién céc gid tri ¢t cho tat cd ¢ € Q [3]. Mién céc gid tri t nay sé duogc ky
hiéu 12 T(Q). Thuc té viéc x4c dinh T(Q) khong don gidn. P phirc tap cda né
phu thudc vao tinh phi tuyén da dang cia cac tham sé ¢ va g c6 trong da thirc dédc
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trung H (s, t, q). Trong [3] c6 dé cip dén trudng hop don gidn nhit khi phwong
trinh ddc trung cé dang

H(s, )t + R(s, ) =0, (3)

R(s, q) - da thic khodng.
Trong [2], s6 hang tht hai dwgc mé réng cho dang tuyén tinh tdng quit hon:

5, g) = Zai éi(s) - (4)

Trudng hop t 14 céc tham s6 bd diéu chinh PID dugc xét dén trong [4] cling
nim trong nhém cé tinh tuyén tinh cda s6 hang diu, mic di c6 xét dén tinh phi
tuyén bat ky cida sé hang tht hai.

Trong béo cédo niy gid thiét trong trudng hop tong quét tir phwong trinh (1)
nhén duoc:

t=f(w,q), (5)
f : R™ — R? 13 phi tuyén bat ky.
Véan dé dit ra la xac dinh dwgc mién gid tri T(Q) := {t, Vg € Q}. Diéu nay
c6 thé dat duge trén co s& dinh 1y sau.

IL. PINH LY TONG QUAT VE ANH CUA PHEP CHIEU PHI TUYEN
Xét ham lién tuc dao ham duoc:
f=Q— R?, (6)
trong d6 @ 13 hép cia R™
Q =dg= (Giyes Om) | &S G2 Byt = 1on, W), (7)
Anh hudng cda Q duwgc dinh nghia nhu f(Q):
[Q={er 1= f(g), 1€ Q)

va giéi han cda né 1a 3f(Q).
Ta néi ring tip K C Q la tap ki€m tra néu anh cia né phd 4f(Q):

f(K) > 0f(Q).



38 LE HUNG LAN

Ky hiéu g; 13 cic dao ham riéng cda f:

gi(q)z%)—,izl,...,m,qEQ. (8)

Ta néi ring di€ém ¢ € Q 1a diém chinh (principal point), néu ton tai g # 0,
g € R? sao cho
>0, g=ua;
(9:s9)=¢ =0, a;<g <b; (9)
<0, ¢= bi
Diéu d6 c6é nghia la véi céc bi€n “w do” (a; < ¢; < b;) tit cd cdc dao ham
riéng 1a song tuyén (va vudng géc véi g), cdc dao riéng g; voi cdc bién “dudi”
(9; = a;) ndm trong nira bén kia, hai nita phan cich bing dudng tryc giao véi g.
T4p céc di€m chinh nhu trén dwoc ky hiéu la P.

Dinh 1y 1. Tdp cdc di€m chinh la tép ki€m tra:
8f(Q) c f(P). (10)

Chitng minh. Gid st f(q) € 8(Q). Khi d6 c6 thé rit ra cic két ludn sau.

a. T&at cd cdc toa dd tuw do phdi cé cdc dao ham riéng song song v&i nhau.
Gid thi€t nguoc lai, tirc a; < ¢; < b, ax < qx < bg véi ¢, k ndo dé va g; = agk,
a € R. Khi dé véi €, € dd nhé: |e;] < 6, 6§ >0, ¢ =1, 2 céc di€m

q= (ql,“'a qm) y @i = ¢ + €1
Gk=qct+e, a=q LFk
thudc vao Q. :

Ham R? — R?, p(e) = f(q), € = (€1, €2) c6 dao ham riéng %66{9) = gi(q),
%ﬁﬂl = gk(q), do d6 Jacobian J(e) = det %‘f khéng bang 0 tai 0. Dieu ndy cé
nghia 13 ©(0) 13 di€m trong cda p(Qs), Qs = {e € R% : |e1| < 6, |e2| < 6}.

Do dé f(q) la di€m trong cda f(Q) va f(q) & 91(Q).

b. Tat cd cadc dao ham riéng khic khong tng véi cic toa do “trén”, “duéi”
phdi dwgc phan tich ra bdi cidc dao ham riéng tng véi bién tu do, tic néu
9:(q) # 0, a; < ¢; < b;, thi ddu cia tich (gx(q), g:(¢).¢’°°) 1a gidng nhau véi moi
k c6 qx = ak, va nguoc lai véi moi k : gx = b. Gid thiét diéu dé 1a khong ding,

tic (gx(q), 9:().¢7%°) > 0, gx = ax va (g1(q), gi(q).¢’*°) > 0, ¢ = b; véi ¢ ndo dé:
a; < q; < b;. Xét diém:

4=(q1,-9m), i =¢ +€1, Gk =qr+€2, 1 = q — €3.
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Khi dé tén tai § > 0 sao cho:
g€EQkhie€Qs, Qs ={c=(e1,€2,€3):]61]| <6,0<¢63;<6,0<¢e3<6}.

Ham 3 bién ¢ : R® — R%, p(e) = f(g) cb cdc dao ham riéng tai O:

p(e) = ©(0) + €19:(g) + e29x(q) — £3g1(q) +o(e).
¥(e)

Theo gid thiét cic vecto gx(g) va —gi(¢g) ndm & hai nira mdt phang khac nhau
(do gk(g) va gi(g) & cung trong mét nira m¥t phing), phan chia bédi vecto g;(g).
Vi vay 0 € 89(Qs) (vi hinh nén tao ra bédi 4 vecto g:(q), —g:(q), 9x(q), —agi(q)
phd toan bd mit phing). Diéu nay ciing ding cho ham p(g). Néi cach khéc f(q)
khong phai la di€ém giéi han cia f(Q).

c. Néu khéng cé toa dd tu do ndo, cdc dao him riéng ng véi cc toa dd trén,
duéi phdi ndm & céc nira mit phing khic nhau. Diéu nay cé thé dwoc chirng
minh twong tw nhu chitng minh trén.

Két hop cic khing dinh trén ta dwoc diéu phdi chirng minh.

Véi dinh 1y nay thd tuc tim cac di€m chinh P tao nén mién gia tri T(Q) =
f(Q) nhu sau:

- Tim c4c dao ham riéng g; = 8f/9¢;, 1 = 1,..., m, g; € R?.

- Tim trong s8 cac g; trén nhém goém k phin t&, k = 2,..., m, 13 céc vecto
song tuyén véi nhau:

gillar, 7#1.

Céc gia tri ¢; tim dwoc 13 mét trong hai nhém gié tri toa do d€ xac dinh di€m
chinh.

- Nhém gid tri thi hai 13 cdc toa d6 dinh a; hodc b; con lai (cé tinh lan luogt
céc dinh trong khi cic bién con lai thay ddi). ‘

- K&t hop cac nhém gid tri tham s6 tim dwoc trén ta dugc tap cac di€m chinh
P can xac dinh.

Thuec té c6 thé nhin dwoc nhirng cac két qud don gidn hon trong s6 trudmng
hgp dic biét, thuong gdp cia ham f.
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1. Cic ham cé tinh chat D

-GidstvéimoigeE Qvamoik=1,..,m, 1 # k cé:

gk(q) # 0, gi(q) # agk(q), @€ R. (11)
Nhirng ham c6 cic huéng dao ham riéng khic nhau nhw vay duoc goi la ham

c6 tinh chdt D (distinct directions of derivatives).
Gid st chiing duwoc sip xép theo thir tu ting din cda argument
argg; < arggy < +-- < arggym . (12)
DPinh nghia 2m canh clda Q sau 13 cdc canh chinh (principal edge) (PE):
EX ={qige=0k; k<t & <qi'%Chi; p=Up, k>4}

E-={q:qx="bk, k<i; a;<qi<b;, gp =ar, k>1}

PE = O (Ef VET). (13)

=i
Hé qud 1. Cdc canh chinh la tdp ki€m tra cho cde ham c6 tinh chdt D:

af(Q) c f/(PE).

Vidu: Gidstm =3, ¢; <a; <b;, 1=1,2,3, argg, < arggy < arggs. Khi do

céc canh chinh cia hép Q nhv sau: £*
N %4 &
Ef ={qa1<a1<T; ¢2=2; ¢ =103}
Ef ={aa<a1<T; 2=q2; ¢ =g} -
Efyf ={a1=01; 2<¢:<%; =0 £ ;
. o o 2
Ey ={e1=T1; 2< 02 <@; g3 = g3}
It 5
Ef ={a1=015 2= 9, <3< 3 :

Hinh 1
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2. C4c ham hiru ti véi cau tric phan 16p
Xét ham: .
No+ ) Ni(q*)
fla) = TR (14)
Do + 3_ Di(q*)

1=1

a.= [y (1) € R, ¢ & BP%,

¢: € B' = {qi : a‘,'c < qfc = b};, =1 vy mi},

B=B!x-..-x B",
trong 46 N; : R™ — C, D; : R™ — C la cdc ham da tuyén (tuyén tinh véi
tirng tham s6 néu c4c tham s6 khéic c8 dinh).

Ta néi ring ¢ = (¢*,..., ¢") € B ndm trong canh mé& réng cia B néu nhiéu
nhit c6 mét ¢* khdng phdi 1a dinh cda B*:

¢€B, " eVF k#i
(VF 13 tap hop céc dinh cida B¥).
Hé qua 2. Cdch canh md rong cia B ld tdp kiém tra cho ham (14).
3. Cic ham hiru ty vé&i cdc bién doc lap
Néu céc bién & tir s6 va miu s8 cda ham (14) 1a ddc 14p véi nhau thi hé qud

2 c6 thé duoc phat bi€u cu thé hon.

Gia str:

t .
No + Z_:l fi(q")

flg) = n — 4= (¢%,..., q") € R™, ¢' € R™, (15)
Do+ ) filg")

1=t+1

n
Y mi=m, ¢ €B, B=B"x---xB",
i=1 ,
n . .
trong dé: f; : R™ — C la cic da tuyén va Do+ . fi(q) #0 véi ¢* € B*.
i=t+1

Ta néi rdng ¢ = (¢*, ..., ¢*) € B ndm trong canh chinh md rjng cia B néu
véi1 <4 < n ndo dé ¢* 13 di€m chinh cda f; trén B* va cic ¢* khac 13 cc dinh
chinh cda fi trén B*: '

¢ €P, q" €PVi, k#1
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(P - tap cc diém chinh, PV - tip cic dinh dong thoi l1a di€m chinh).

Hé qua 3. Cde canh chinh md rong cida B la tp ki€m tra cho ham (15).

11I. MIEN ON DINH ROBUST MACH NOI TIEP

M3ic di c6 thé coi dinh 1§ trén 13 phwong phép tdng d€ mién 8n dinh robust,
thuc té viéc tinh todn ciing khéng don gidn, chd yéu do tinh phtc tap cda ham
f(w, g) trong (5). Tuy nhién néu trong ciu tric mach héi hé thong cé thé phan
thanh hai phin néi ti€p nhau, mét phan chira cdc tham s8 ¢t cin quan tam, phan
con lai chitra cdc tham sé bat dinh ¢ (hinh 2):

Z(-), (q(-) - céc ham phi tuyén,
thi viéc tinh todn dugc don gidn di nhiéu nho dinh Iy 2 sau [5].

Z(t) hig) -

Hinh 2. Mach hé hé théng

Dinh 1y 2. Tdp kiém tra cia ham h(w, q) ciing chinh la tip ki€m tra cia ham
t=(w, q).
Néu chii y ta sé thiy thuc t& c&u tric hé thong nhu trén rdt hay gip, ching

han khi cdc tham s6 ¢ ndm trong bd diéu chinh, con cac tham s6 bat dinh cé chira
trong mé hinh d8i twong (hinh 3):

Ccst) Psp

Hinh 8

Cu thé lac nay cé thé xdy ra 3 trudmg hop:
+ t = (t1, t2) ndm & tir s6 ham truyén bo dieu chinh (ching han trudng hop
PID da dwoc dé céap trong [4]). Phuong trinh dic trung ¢é dang:

t141(jw) + t2 Az (jw) = —As(jw) P~ (jw, q) + As(jw),
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A;(jw), 1 =1,..., 4 - cic hing s6 phirc.

+ t = (t1, t2) ndm & mau s8. Khi dé:
t1B1(jw) + t2Bz(jw) = —Bs(jw) P(jw, ) + B4(jw) ,
B;(jw), 1 =1,..., 4 - cdc hang s6 phirc.
+ t1 & t s8, t2 & miu s (hodc nguoc lai). Lic nay:

t14:(jw) + Az(Jw)
thl(].OJ) + Bz(].w)

= —P(jw, q).

Tir cdc dang phuong trinh dic trung trén cé thé rat ra ham ¢t = f(w, q).
Noi dung dinh 1y 2 thé hién & chd cic diém chinh ¢* € Q tao nén giéi han mién
dP(jw, ¢) ciing chinh 13 céc di€m tao nén giéi han mién df (jw, ¢). Him truyén
P(jw, q) néi chung don gidn hon f(jw, q) va quen thudc hon - dé 13 mién gia tri
mé hinh bat dinh. Céng cu tim c4c di€m chinh ¢* mot cdch tong quat 1a dinh Iy
twong tu nhu dinh 1y 1 cho phép chi€u phi tuyén f : R™ — C.

IV. KET LUAN

Trong c4c bai todn vé diéu khi€n robust mét trong nhirng van dé khé khin
nhit, chwa dwgc dé cip nhiéu 1d tim ra cic bd diéu chinh robust cho mét dsi
twong bat dinh cho truéc. Phuong phap phan chia D 13 mét phwong phip tong
quét cho phép gidi quyét bai todn dit ra.

Ngoai ra khai niém on dinh robust & diy cé thé dwgc mé réng hon khi dwa
ra cic khai niém vé on dinh tuyét ddi, twong ddi véi cac do du trir d, « can thiét
[4]. Cdc két luan trong bai khi dé van gilr nguyén gia tri.

Im Im
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