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PIEU KHIEN BEN VUNG HE MIMO
v&1 BAT PINH PAU VAO

vU NGOC PHAN

Abstract. In the present paper we examine the problem of robust control where the ref-
erence input to be tracked by the plant output contains uncertainties. In the first section
the internal model principle will be described for showing in what way the following of
reference input can be realized. The specification of Teference input will be explained in
Section 2 where the two sets of normalized signals are introduced. In the next section,
Section 3, the fundamentals of the optimal control in the frequency domain will be pre-
sented and discussed. Finally, in Section 4 a design roach will be provided to solve the
tracking problem under the circumstance of reference input uncertainty.

MO PAU

- T4t cd cac mo hinh todn hoc cia moi hé thdng thit déu chira dung sy thiéu
chinh x4c mang tinh nguyén ly. Vi vdy cin phdi coi mé hinh chi 1& my mé td
danh dinh nhirng tinh chit cda d8i twong ma ta quan tdm dén. Trong quéa trinh
thiét ké hodc phan tich hé thdng diéu khi€n, sé t6t hon néu khéng dva vio mét
mé hinh duy nh&t ma dua vao mét ho cac mé hinh. D6 ciing 1a cach tdt nhdt dé
xr Iy nhirng bat dinh do sy thi€u thong tin hay nhirng han ché vé mit k¥ thuat
giy nén. Uu di€m 16n nay cda Iy thuyét dieu khié€n bén virng da thu hit su chd
¥ cia nhiéu nha chuyén mén trong hai thip ky gin day.

Trong nhirng nim cida thap ky 60, viéc mo td hé thong dieu khién bing
phuwong trinh trang théi khdi xuéng bdi R. Kalman 43 td ra c¢6 nhiéu hira hen cho
videgidi quyét vin dé phén tich v tdng hop cdc hé théng nhiéu diu vao nhiéu
dau ra [1]. Nhung gin hai chuc n¥m sau d6 nhiéu nha ly thuyét va thyc hanh
trén nhiéu linh vuc diéu khién tu dong cing di t&i két ludn: Phuong phdp khong
trang thai cé6 nhiéu nhuoc diém trong thyc té cong nghiép. Thuc té dé6 da dwa
nhitng ngudi hoat déng trén linh vire dieu khién tuw dong trd lai véi cdc phuong
phip st dung mién tin s86. P¥c biét, viec mé td hé thdng didu khié€n duéi dang
ham truyén cho phép xi& 1y mét cidch cé hiéu qud nhirng bat dinh chira trong mé
hinh [6], [21], [29], {35].

B4t dinh mé hinh c6 thé chia lam hai dang chinh: bat dinh tham s3 va bat
dinh dong iyc hoc (parameter uncertainty and dynamic-uncertainty). Thuyc ra
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trong moi md hinh déu chira dung nhiéu hodc it cd hai dang bit dinh nay. Viéc
chia thanh hai dang bat dinh cé ngudn gdc tir nhirng khé khin vé phuong dién
Iy thuyét nhiéu hon 1a ¥ nghia &ng dung. Trong trudng hop bat dinh tham s,
ta gia thiét ring moi thanh vién cida ho cic mé hinh c¢é cung dong luc hoc nhirng
tham s6 thi bién d6i. Mot ho nhw vay c6 thé dién td duéi dang

M(P) :={P(a,s) :a € N C R"},

trong dé (1 13 khéng gian tham s8 (thudng dugc gid thiét 1a compact). B&t dinh
ddng luc hoc 1a dang bat dinh khé phirc tap. Trong da s & cdc céng trinh nghién
ctru dé ciap dén bat dinh déng lic hoc thudng gid thiét rdng moi thanh vién cda
ho cdc mé hinh 13 1an cin cda mét thanh vién danh dinh dwoc biét diy dd. Ching
han cé thé dién td mét ho nhu vy bdi.

M (P) :={P(s) : P(s) = Po(s) + A(s)W (s)},

trong dé Po(s) 13 mé hinh danh dinh, A(s) 12 phin déng luc hoc bat dinh dugc
chu&n héa, W(s) 12 mét ham lugng cho thidy mtc d§ bat dinh cda tirng phin t
cia ma trdn ham truyén. Cach mé td ndy cho phép bao ham cic mode tin s
cao, mét thuc trang nan gidi trong qué trinh nhin dang déi tuong va 1 ndi s¢
hii cia cac nha diéu khién tu dong trong nhiém vu 6n dinh hé théng [32], [34].

6n dinh d&i tuwong, loai trir nhiéu ngoai lai v bam theo dai lwgng chi din
12 ba nhiém vu co bdn vd quan trong nhat cda dieu khién tu déng. On dinh
déi twgng diéu khién nhiéu diu vio nhiéu dau ra véi bat dinh mé hinh da dwgc
nghién cu nhiéu trong thoi gian gan déy (2], (4], [e], [9], [13], [15], [16], [26], [36]
Trong bai nay chung ta quan tam t&i vAn dé bam theo dai lwong chi din. Truéc
khi glal quyét van dé, trong phan 1 sé trinh bay modt thuc t€ mang tinh nguyén
tdc cla qué trinh bam: nguyén ly md hinh néi. Phin 2 cia bai ndy dién td nhirng
dic trung cia dai lwvong chi dn d8 1am co s& cho phuong phap thiét ké dua ra
trong phan 4. Phan 3 nhic lai co s& 1y thuyét t8i wu trong mién tin s va mé
td bai todn badm tiém cdn. Cudi cing, trong phan 4 sé dé xudt modt phwong phap
gidi quyét vin dé bam tiém cén khi dai lvong chi din cé chira nhirng bat dinh.

1. NGUYEN LY MO HINH NOI

Cho d8i twong diéu khién nhigu diu vio nhidu diu ra dién td bdi:
&(t) = Az(t) + Bu(t) + Gz(t) (1)
y(t) = Cxz(t) (2)

trong d6 £ € R™ 1a vecto trang théi, v € R' 12 vecto diu vio, z € R* 13 vecto
nhiéu, y € R™ 14 vecto diu ra. A € R**", B € R"*!, G € R"** va C € R™*"
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13 cdc ma trdn hé thdng tuong dng. Ta gid thiét rdng hé thdng da cho quan sét
dugc va didu khi€n dugc. Ngoai ra ta ciing gid thi€t ring nhidu z(¢) 13 dai lwong
phi ngdu nghién. Diu ra cda hé théng cin phai dwoc diéu khién sao cho ludn ludn
bam theo dai lwgng chi din r(t).

Khéng lam mit tinh chit tdng quit, ta c6 thé xem dai lwong chi din duoc
sinh ra bdi mét méay phdt cé6 md hinh trang thai sau day:

zi(t) = Wz, (t), z.(t =0) =z, (3)
(1) = Cra (1) (4)
Tuwong ty, ta gid thiét mé hinh nhiéu cé thé dién td bédi
z,(t) =Vz,(t), z.(t =0) =z, (5)
z(t) = Cazl(t) * (6)
Luat digu khién duoc chon dé gidi q uyét vdn deé trén day cé dang:
ut) = (K. K.](zt) z.()7 Q

trong d6 Kz, Ke la cidc ma tran hdng s6. Dai lugng z, sinh ra do b6 phdn hdi ¢6
dang

ze(t) = Dz.(t) + Ee(t) (8)

trong dé

e(t) = r(t) —y(2) (9)
13 d6 sai léch gitra dai lwgng chi din va diu ra. Két hop cic bi€u thic trén ta
thu dwoc phrong trinh dién t4 hé vong hé

(2)=(2e 5)(2)+(8)=+ (S 2)(5) o

va phuong trinh dién td hé vong kin

(2)=("ee ) (2)+ (T &) (7))  w

Trong cic biéu thic (10) va (11), cdc ma tran E, D, K, va K. 13 cdc ma tran
can phdi tim trong qua trinh thiét k&. Chiing phdi thda man nhirng diéu kién
nhst dinh. Ching han K, v K, phai chon sao cho hé théng (11) n dinh. O day
ching ta chua di sdu vao cau hdi, véi mét dbi twong cho trude cé ludn ludn ton
tai cich chon sao cho nhitng diéu kién vira néu duge thda min hay khéng. Truéc
hét ta gid thi€t z(¢) = 0 13 vin dé thi€t ké dwgc tién hanh véi doi hdi diu ra y(t)
bam tiém cén theo dai lwgng chi din r(t), nghia 13

lim e(t) = lim{r(t) — v(t)} (12)
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Véi gid thiét z(0) = 0 va z.(0) = 0, ta c6 phuwong trinh dién t4 sai sd diéu khién
trong mién tan sd:

e(s) = [I + Fi(s) F2(s)] 7 r(s) = Fr(s) r(s) (13)
o day
Fi(s)=C[sI-(A+BK;)|™'B (14)
Fy(s)=K.[sI-D|"'E (15)
Ky hidu _
F(s) = {1 + Fi(s) F2(s) (16)
ta co 1 .
detFR (S) = W (17)
T céc cong thic (13), (14) va (15) ta rit ra da thirc dic trung cda hé vong hd
(twong Ung véi quan hé gitra sai s6 dieu khién va dai lwong chi din): .
det(sI — Ao) = det(s] — A — BK,) det(sI — D) (18)

Ky hiéu det(sI — A.) 1a da thtrc d&c trung cia hé vong kin. Theo dinh 1§ Hsu
Chen [35] ta cé:

det(sI — A.)
d = —_—— 19
etF(s) det(sI — Ao) (19)
Tir (17), (18) va (19) ta rdt ra:
det(sI — A — BK;)

detF’ = det(s] — D 20
etFr(s) et(s det(s — A.) (20)

T (3) va (4) ta thu dugce dién td dai lwvgng chi din trong mién tin sd:
r(s) = CylsI — W] 1 £,(0) = Fy(s) z,.(0) (21)

F,(s) chtta nhitng cuc 6n dinh va khong 8n dinh. Khi xét vdn d& bam tiém cén
trén co s& doi hdi (12), ta chl quan tim téi nhirng cyc khéng 6n dinh cia F(s).
Vi Ié d6, khdng lam m&t tinh tong quat, ta c6 thé gid thiét da thirc det(sI — W)
chi ¢6 nghiém & nira mit phang phdi. Thay thé& (21) vao (13) ta cé

e(s) = Fr(s) Fy(s) z,(0) = Fe(s) z,(0) (22)

Digu kién can thiét d€ thda man doi héi bam tiém cén, nghia 13 (12) dwoc ddm
bdo véi moi z,(0), F.(s) phdila mét ma tradn ham truyén n dinh. Nhung F,(s)
chita cic cuc khong 6n dinh. Nhirng cuc khéng 6n dinh nay chi ¢6 thé dugc khir
bdi Fg(s). Diéu dé ham nghia, toan bé m? phin tt cda ma trdn Fg(s) nhin
det(s] — W) lam wéc s6 chung cida ching. T bi€u thtc (20) ta thiy ring, doi
hdi vira néi trén dwgc théa man khi va chi khi
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det(sI — D) = det(s] — W)™ (23)

Bi€u thtrc (23) chinh 1a ndi dung cia nguyén Iy mé hinh ndi (Internal Model
Principle). Mudén cho ddu ra cda hé théng diéu khién bdm tiém can theo dai
llro‘ng chi dan thi b6 diéu khién phél chtta m lin tit cd céc cuc khong &n dlnh
cia mé hinh dai lu'(mg chi dan.

Biéu thic (2 ) 13 dieu kién cin d€ tim ma trin D trong bai todn thiét ké.
Ngoai ra D va E phai dugc chon sao cho (10) 1a mdt hé théng quan st dugc va
diéu khién dwgc. D€ tranh cadc mét 4n (hidden mode) gy mat 6n dinh trong he
thdng diéu khién, trén co s& bi€u thic (13), cic nghiém cda det(sI — D) khéng
duogc trung véi cdc nghiém cda det(] — Ac). Doi hdi nay xem nhu dugce thda méan
vi ta ¢6 thé dung K. d@ inh hudng lén A.. Khé kh3n 16n nhit 13 1am sao xéc
dinh ma tran D thda man nguyén Iy mé hinh ndi. Piéu ndy cang khé khin hon
khi mé hinh dai lwong chi din khong diy dd. o} day c6 céai gi d6 tuwong tu nhu
mét nghich 1. Cian phai bam theo dai lwgng chi din trong khi chinh dai lugng
chi din lai chwa dwoc xé4c dinh.

2. MO TA DAI LUONG CHI DAN

- Nhu trén khi da chi r6, muén dat dwoc tinh chdt bam tiém cin cin phdi biét
. 16 nhitng d¥c trung cia dai lwgng chi din. Sau dé trong qué trinh thiét ké dieu
khi€n, mé hinh cda dai lvgng chi din phdi 1am sao dwgc thé hién nhu 13 mot
phin cda bé dieu khién. Trong truomg hop thiéu théng tin diy dd vé dai lwong
chi din, diéu nay c6 thé lam dugc bang cach dwa vio mot sy mé td thich hop dai
lrong chi din va mét thuit todn thiét ké twong thich.

Khi khdo sit tinh chit bim tiém cin, trong Iy thuyét diéu khién cd dién
ngudi ta thuong st dung tin hiéu chi dan ¢é dang bwéc nhdy hing s6 hojc dang
xung véi bién d6 vé bé réng xéac dinh (thi du r(t) = sin®(t)). Trong bai nay ta
coi cic dai lwong chi din dwoc sinh ra bdi céc tin hiéu duwge chuin héa. Nghia 13
r(s) gid thiét dwgc sinh ra bing céch cho tin hiéu chu&n v(s) di qua mét khdi cé
ma trdn ham truyén V(s). Dva vao truyén théng, ta quan tdm dén hai loai tin
hiéu chu&n héa sau daiy:

M,(v) := {v(s) : v € R™, v = const} (24)

M;(v) := {v(s) : N2(v) < 1} - (25)

Biéu thirc (24) mb td tap cdc tin hiéu khong ddi theo thai gian. Biéu thirc (25)
mo td tip céc tin hiéu c6 phd ning lwong nhé hon hodc bang don vi. Tuwong ing
véi (24) va (25) t- cb cdc dai luong chi dan: '
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M (r) :={r(s) : r(s) = V(s) v(s), v € M.(v)} (26)
M;(r) := {r(s) : No(V~1r) <1} (27)

Ta c6 thé nhan thidy qua (27), néu méit dé phd cla r(s) nim trong dai hep tap
trung tai tan s8 w* thi ndng lurong cda r(s) bi han ché bdi

(V= w*) r(Gw*)) (V= Gw") rGw?)) <1 (28)
Cin nhin manh rdng, trong cic bi€u thic trén V(s) chita bat dinh. Tuy nhién

ta c6 thé hy vong V(s) 1én tai cic tan s6 thdp va nhd & céc tin s8 cao. Néi cach
khéc, ta hy vong dai luong chi dan khéng bién dong qua nhanh theo thoi gian.

3. PIEU KHIEN TOI UU TRONG MIEN TAN SO

D¢ gidi quyét van dé bam theo dai lwong chi dan, ching ta chon ciu tric dieu
khi€n dién t4 trong hinh 1. O’ dsy bo didu khién bao gbm hai phin C;(s) va Cy(s)
cho nén con cé tén goi 13 b dieu khién hai bic tu do (Two-Degree-of-Freedom
Controller).

~ ufs .Y(S}
ris) __e(s) Cyes) ) 6(s) >

Cots)

Hinh 1. Hé théng véi bs disu khién hai bac tu do
T hinh 1 ta dé dang x4c dinh duoc céc quan hé sau:
y(s) = {I+GC; + GC3]7' GC; r(s) . (
y(s) = {I + FC,| "' FCyr(s) (
e(s) = [I + GCy + GC3| ™[I + GC3]r(s) (
(

W W W N
N e O ©
— N Nl e

e(s) =[I + FCy]7 r(s)
F(s) =[I+GCs]7 '@ (33)

Tir (32) ta nhan thdy ring chit lwvong bdm phu thudc hoan todn vao tinh chit
cia ma tran.
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E(s)=[I+ FcCq]™! (34)
Vi FC, la ma trdn ham truyén chan chinh [55], nén

Jim F(s)Ci(s) =0 (35)

Bi€u thic (35) ndi 1én réng, néu ma ran ham truyén vong hé 13 chan chinh thi
sai s6 bam tai thoi di€m khdi dau luén luén bing don vi. Nhu vay cin phadi lam
cho E(s) caing nhé cang t&t tai moi tin s6. Ta néi rang ma tran haim truyén FC,
¢6 bdc m x m thudc loai k néu véi k 13 s6 tv nhién 1én nh&t thda man

rank( ‘}1_1'1(1) s¥ F(s) Cy (s)) =m _ (36)

Ta c6 thé dé dang ching minh ring, néu ma tran ham truyén vong hd thda man
diéu kién (36) thi

lin%s“‘ E(s)=0, 1<i<k (37)

Nhu vy, néu ma tridn ham truyén vong hé thudc loai k va hé vong kin én dinh
thi khi ¢ — oo diu ra sé bam hoan todn theo dai lwong chi din ndm trong tip
M,(r).

Doi héi lam cho sai s6 bdm cang nhd cang t6t dva ta t&i ¥ twdng cda bai toan
cuc ti€u héa. Ham muc tiéu & ddy 1a chudn Na(e) hoic N, (e) (xem phin phu
luc cia bai ndy). Cin nhic lai rdng e(s) phu thudc vio cdc tham s§ cia C;(s) va
Ca(s). Vi Cy(s) va Cy(s) 1a ma trdn c6 phan ti 13 cdc phin thirc phu thudce s (goi
tit 1a cdc ma tran phan thirc) nén ham muc tiéu c6 dang kha phirc tap. D€ don
gidn héa vdn d&, ta gid thiét rdng F(s) va Cy(s) c6 thé thira sG s héa. Nghia la

F(s) = Q(s) P(s) (38)
Cu(s) = T(s) S~ (s) (39)

trong dé P(s), Q(s), S(s) va T(s) 1a cdc ma tradn cb céc phin ti¥ 13 da thirc phu
thudc s( goi tdc 1a cdc ma trdn da thirc). Khi d6 bi€u thirc (34) sé c6 dang

E(s) = S(s)[Q(s)S(s) + P(s)T(s)] ™" Q(5) (40)

Chudn N,(e) va N, (e) sé dugc thay bing Ny(Er) va N,(Er) trong dé E duoc
x4c dinh theo (40). Trong phin 1 ta gid thiét ring hé théng diéu khién dwa vao
khao sat c6 m dau ra. Dinhién trong thuc té doi hoi sai s6 bam cia m dau ra nay
khéng nhu nhau, néi cach khéc, tinh chidt bdm cda d3u ra cé trong lwgng khac
nhau. D6 13 Iy do ta dua vao ham trong W (s) va thay vi cuc ti€u héa N,(Er)
hoic N,(Er) ta cuc ti€u héa cdc chudn No(W Er) hogc N, (W Er). Viéc chon
ham trong W s) c¢6 anh hudng rit 16n t&i chdt lugng cda 1oi gidi t8i wu. Mudn
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tim hi€u sdu hon vai tro cda ham trong ta c¢é thé xem [34]. Ngoai ra dé chac chan

101 gidi t6i wu 13 bo dieu khién thé hién duogc (ma trin ham truyén &n dinh) cin
phdi dua ra nhitng han ché thich hop va gidi bai todn t8i wu c¢6 rang budc.

4. BAM TIEM CAN

T bi€u thirc (40) va cidch mé td dai lugng chi din trinh bay trong phan 2,
ta nhdn duogc sai s8 bdm duéi dang

e(s) = 5(s) [Q(s)S(s) + P(s)T(s)] ™" Q(s) V (s) v(s) ,(41),

Dé don gidn cho viéc trinh bay, ta dit _
H(s) = 5(s) [Q(s)S(s) + P(s)T(s)] ™" Q(s)V () (42)

Bi€u thic (41) sé rit gon thanh 4
e(s) = H(s) v(s) (43)

Van dé thi€t ké t6i wu theo tinh than trinh bay & muc 3 quy vé bai todn cuc
ti€u héa chudn N2 (W Hv) hodc N, (W Hv). ’

Nhu da biét, cé rat nhiéu cidch mé td nhirng bat dinh trong hé théng diéu
khi€n. Trong phin niy ta gid thiét rdng cdc bat dinh cda hé ¢ thé dién t3 bdi

U(v) := {A: A =diag(Ay, Agy...y Ay),y Smax(At) < v Vw} (44)

Goi u(H) la gid tri ky di k&t cdu cda H (xem [35]). C4ch md t3 bat dinh sau
day khéng nhirng bao quat dwgc bit dinh mé hinh, bat dinh dai lwong chi din
ma con ghi nhan cd nhirng baf dinh xudt hién do sai s6 tinh toan trong qué trinh
thi€t ké. Ta cé két qud sau day:

Dinh ly. Gid thiét H(s) 6n dinh véi moi A € U(v) va sai s6 bdm ld It gidi cda
bai todn cue ti€u héa N, (W Hv) cho trudng hgp khéng cé bdt dinh. Lot gidi t6t
vu s€ dvogc bdo todn khi va chi khi

p(H) <1Vw ' (45)
Ta c6 thé tém tit nhirng diéu di trinh bay thanh mét phwong phap thiét ké
hé dieu khi€n gom céc buéc sau:

BaAi todn. Cho d8i tuong diéu khién ¢ mé hinh danh dinh G(s). Thiét ké dieu
khi€n d€ 8n dinh d6i twong va thda man doi héi bdm tiém cin moi dai lwgng chi
din mé td bdi tap

M;(r) := {r(s) : Na(V"1r) < 1} | (46)
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Phuong phéap thiét ké

e

Chon c&u tric diéu khién theo hinh 1.

Tim C;(s) d€ 8n dinh d38i twong trén co s& sir dung mét phwong phip cé sin,
ching han mét trong cdc phuong phdp néu trong [32]. Tét nhat 13 chon mét
phuwong phép 6n dinh bén virng.

T G(s) danh dinh va Cs(s) da tim dugc & budce trén, tinh F(s).

Phan tich F(s) thinh thira s theo bidu thirc (38). O day cé thé st dung
phuong phédp thira s6 héa cia Kucera hodc cdc phuwong phidp gidi phuong
trinh ma tran phtc (xem [26)).

Chon dang thich hgp cho ma trin T'(s) va S(s). Trong buéc niy ta can luu y
réng, cuc cda Cy(s) chira trong S(s). Vi vay d€ khéng 1am mét tinh 6n dinh
vira thiét 14p dugc qua Cy(s), c6 thé dwa ra nhitng han ché mién bién thién
cdc tham s6 cda S(s).

Tim ma tran H(s) theo bi€u thirc (42). X4c dinh A tir cic thong tin c¢6 sin
ve déi twong va wéc luong sai s8 cda qué trinh tinh toan.

Gidi bai todn t8i wu theo ham muc tiéu N, (W H(T, S)v) theo T va S vé&i rang
budc (45) bdng mot thuit todn 1ip. Trong budc nay cé thé st dung phuong
phdp tinh N,(.) néu trong [30].

KET LUAN

Bai nay dé ciap dén mét van dé rat kinh di€n nhung ciing rat quan trong cda

diéu khién ty déng, d6 13 van dé bam theo dai lvgng chi din (setpoint or reference
signal tracking). Nhirng bat dinh chita trong dai lwong chi din cho dén nay méi
chi dwoc quan tdm rat it mic du né cé y nghia thuc té rat 16n. Khé khdn chinh
cdn trd sy virom téi cda cdc cdng trinh Iy thuy€t chinh 1a nguyén Iy mé hinh néi.
Sau khi di sdu vao ban chat cda nguyén lf niy, mét phuwong phép thiét ké trong
mién tin s8 di dugc dé xuit trén co s& 4p dung chuin N,,.
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PHU LUC

Cho E 1a mé6t khéng gian tuyén tinh trén truong s6 F. Ta goi ham gid tri
thee N(.) 13 chu&n trén E khi va chi khi:

N(z) >0Vz€E, z#0 (1)
N(z)=0&z=0 (2)
N(az) = abs(a) N(z) Va € F, Vz € E (3)
N(z+y) < N(z)+ N(y) Vz,y € E (4)

Cho E := {z : z = (zi, z2,..., Tp)} 12 khdng gian vecto n-chiéu. Chué,’.rjl'
trén E c¢6 thé dinh nghia béi: ' ‘

Np(z) = abs(z1)? + abs(z3)? + -+ -+ abs(z,)P)/? p=1,2, co (5) _

ChoE:={A: A= (a;), a;; €F, i=1,2,..,n, 7=1,2,..,n} chuan
trén E ¢6 thé dinh nghia bdi:

N,(4) = max Z ab s(a;) ()
N,(A) = maxz ab s(aij) , (D)
[Z Z aba a,])] 2 (8)

N2(4) = [max ,\,-(A*A)] 12 (9)
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Néu ta coi ma trdn A la 4nh xa cda khéng gian vecto n-chiéu E vao chinh

né. Khi dé:

N(4) = sup{N (4z)/N (2], = € B (10)
hay N(A) = N?u)]f—_l[N(Az)] ,z€E (11)

goi 1a chu&n cdm sinh cda 4nh xa A trén khong gian vecto E.

Trong trudng hop cic phin ti cda khéng gian vecto tuyén tinh 1a cdc ham
phu thudc bién phic s, ta dinh nghia chuan trén E bdi:

M) = [ [ v vty (12)

Tuong tu, trong trudng hop cic phan ti cda khdng gian tuyén tinh la"céc
ma trin phu thuéc bién s (c4c ma trin ham truyén), ta dinh nghia chuin béi:

oo

N, (G) = [% / trace[G* (jw) G(jw)] dw] i 213)

— o0

Cho G(s) 12 ma tran ham truyén cdp m X n. Ta dinh nghia

1/2

6i(G) = (MG (Jw)G(jw)] " i1=1,2,.... k, k= min(m, n) (i4;

la cac gia tri ky di cda G, trong d6-gid thiét §; > 6, > --- > 6. Cé thé de dang
nhén ra rang 6max(G) = 61(6) = N2(G). Ngoai ra ta thdy ring, véi

y(s) = Gls) u(s) (15)

trong dé y(s) va u(s) 1a cac phian ti cida cdc khdng gian vecto tuyén tinh va G(s)
12 4nh xa (cé chidu twong thich), chudn cdm sinh cda G dugc xdc dinh béi:

Nus(G) = sup bmax(G(7w)) (16)
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