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TONG HQP HE THONG DIEU KHIEN RO1 RAC PIEU CHE HON HOP
DUA TREN PHUONG PHAP TOPO

NGUYEN CONG PINH

Abstract. This paper introduce dynamic correrspoding graph method based synthesizing optimal discrete
controlled systems with combined modulation to fast action criterion. Based on transitional state graphs
dynamic graph models describing these systems are formed and algorithm synthesizing the above mentioned
systems is also constructed according to the models of these systems in transitional state graphs. The
algorithms can be applied on SISO and MIMO discrete systems with combined modulation.

Tém tét. Bii bdo gisi thidu phwong phép t6pd dwa trén graph ddng d€ tSng hop cic hé théng didu khién
rod rac digu ché hén hop t8i wu theo tiéu chuin tic déng nhanh. Céc md hinh graph déng dua trén graph
céc trang thdi qud d6 (GTTQD) md td cic hé thdng nay dwoc xiy dung va thuidt todn t8ng hop t8i uu cic
hé théng trén dwgc dwa ra twong Wng véi md hinh hé théng & dang GTTQD. Thuit toin nay cé thé 4p
dung cho cdc hé théng r&i rac mét chidu hofc nhidu chigu digu ché hén hop.

1. PAT VAN DPE

Céc hé thdng digu khién s8, cic hé théng c6 mdy tinh s8 trong vong digu khién ngiy cang duoc
st dung nhiéu trong cdc nganh céng nghiép khic nhau nhu c¢dng nghiép luyén kim, héa hoc, ché tao
m4dy... ciing nku trong cic khi tai quan su (thiét bi bay, ra da). Mgt 16p hé théng nhd trong 1ép cac
hé thdng d6 13 hé thdng diéu khi€n rdi rac véi diéu ché hén hop.

Ddng thoi, cac 16p phuong phip di c6 (phuwong phép bién d8i Z, phuong trinh sai phan v.v.)
khong 4p dung duoc véi hé thdng nay. Trong tai liéu [3] ching tdi di trinh bdy phuwong phép topé
dua trén graph déng dang graph cédc trang thai qui d6 (GTTQD) dé phéan tich déng hoc cic hé
thdng roi rac dieu ché hdn hop cé cdu tric phic tap. Trong bai bdo nay ching tdi trinh bay viéc
phét trién phuong phip graph dong dé tong hop t8i wu hé thdng diu khién r&i rac dieu ché hdn
hop nhim gép phan xay dung cdng cu méi dé€ nghién ciru va thiét ké cac hé théng déng hoc phirc
tap.

2. GIAI BAI TOAN TONG HOP TOI UU BANG PHUONG PHAP TOPO

Gid si cin phdi tdng hop hé thdng digu khién roi rac digu ché hdn hop t8i wu theo tidu chuin
tdc dong nhanh c6 d8i twgng dieu khi€n (DTDK) dirng, Sn dinh va digu kién ban diu bing khéng.
Bai todn t6ng hop t8i wu hé thdng & diy dwoc dit ra nhu sau:

Yéu cdu zdc dink ddy tin hiéu diéu khién u*(t) trén diu vio cia DTDK ding, 6n dink cd khd ndng
dwa DTDK ti trang thdi ban diu bdng khéng vdo trang thdi cdn bdng mong mudén sau mét khodng
thot gian t6% thi€'u khi ¢ tdc dong ddu vdo dang ham bdc thang don vi 1(t).

Phuong phip t6pd dua trén graph déng khédo sit cic hé thdng diéu khi€n roi rac diéu ché hén
hop c¢é cdu triic va tham s8 phic tap nhu la cic hé thdng cé cdu tric thay ddi [1,3]. Viéc nghién
ctu 16p hé théng ké trén dwgc phan thanh nhiéu mic (méc macro va mic micro). Hé théng phirc
tap ban ddu dwoc mé t4 thanh tip hop hitu han cic hé thdng con ¢ kich thwéc nhd hon twong ing
véi céc trang thai ciu tric cda hé thdng ban diu va cic hé thdng con nay tic déng twong hé véi
nhau theo thdi gian. Duéi quan di€ém hé thdng c6 cdu tric dong [1] ching ta c6 thé phin rd mé
hinh hé thdng rdoi rac phirc tap ban dau thanh tip hop cidc phin td lién hé riéng biét. Khi dé bai
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todn tong hop phic tap ban diu tré thanh tip hop céc bii todn c¢é kich thwée nhd hon twong dng
vé1 cdc trang thai ciu tric cda hé thdng ban diu.

V&1 bai todn t8ng hop hé théng roi rac t8i wu d3t ra & day thi hé thdng roi rac N chidu bac g
didu ché hén hop cé thé dwoc dwa tir trang thdi ban diu bing khong dén trang thai cin bing mong
mudn sau n chu ky r&i rac (vé6i n = min) nhe lust didu khién t3i wu cin tim véi gid thiét khéng cé
han ché bién dé tin hiéu diéu khi€n. S8 luong chu ky rdi rac t8i thi€u cin tim n, theo tai lidu [7],
dwoc xdc dinh theo cdng thic

n>g/N, (1)

trong dé n 13 s8 nguyén gan nhat va 1ém hon ti s6 ¢/ N,
N 13 kich thuéc cda vecto digu khién,
g 14 bic cda phuong trinh vi phin mé t4 DTDK.

D&i vé1 cac hé thdng c6 han ché bién dd cda tin hiéu digu khi€n thi s§ lwong chu ky r&i rac t6i
thi€u sé 13 n + s, trong dé s 13 s8 chu ky rdi rac phét sinh thém do tin hidu ditu khién bi han ché vé
bitn 45,

Hé thdng rod rac ditu ché hdn hop 13 hé théng c6 ciu tric déng va dwoc nghién ctu trén hai
mirc déng hoc macro va micro. D€ mé t4 déng hoc ciu tric macro cda hé théng ching ta xiy dung
graph ddng cdc trang théi ciu tric (GTTCT) dva trén cic quan hé hai vi tri trong ly thuyét tip
hop [3]. GTTCT cda hé théng r&i rac dieu ché hdn hop duwgc mé td & dang gidi tich nhu sau:

G= (S: RS) Rt); (2)

S = {S1; 82,55 Sm }5
trong dé6 Rs : S — S 13 twong quan hai vi tri trong tip hop cac trang thai cdu tric S,
RS = {(Sla S2)y (SQ» 53)1-'-: (Sm) Sl)}y
n
R :S—t t*=Ut,
i=1
t; = {0; + KTy, 0; + kT; + 7},
1=1,p, k=0,1,2,...
6; 13 d6 vuot pha cda phin t& xung (PTX) tht <,
T; 14 chu ky roi rac cda PTX thi 4,
7; 14 A6 dai khodng thoi gian PTX tht ¢+ déng,
Sk 13 trang thai ciu trdic tht k cda hé théng,
U 13 phép todn hop trén tip hop cdc thdi diém,
p 14 s8 luong cdc PTX trong hé thong,
(S:, Sk) bi€u dién sy chuyén ddi tir trang thdi ciu tric S; sang trang thii Sy.

Céc md hinh t6pd cia hé théng digu khi€n roi rac ciu tric phirc tap diéu ché hén hop cé ciu
tric nhigu mirc. Trén mirc micro, d€ mé td va nghién ctu cic qud trinh déng hoc twong Wng véi
tirng trang théai ciu tric ching ta xdy dung graph dong dang GTTQD. GTTQD cda hé théng diéu
khién rdi rac diéu ché hdn hop trén mic ddng hoc micro dua trén co s& 1y thuyét tip hop twong
ing vé&i trang théi cdu tric S; ¢6 dang gidi tich nhu sau:

HT; DV; TD, DC, LT; LT;

G =G, UG, UG,y P UGz Y Girie s (3)
= GtDVj(X ; f , P) 1a mé hinh graph cda céc tdc ddng diu vao,
G?D = GTDj(XTD 7., P) 13 mé hinh graph cda céc bd tao dang,
GPY = GDCJ (Xpe, Fj, P) 1a mé hinh graph cda céc by didu chinh s8,
Gi" = 6" (R Ly, F;, P) 1a m6 hinh phin lién tuc cda hé théong,

LT
= Gtmji(XRR FJ’ P) UGtRK(XRK FJ) P),
U 1a phép todn hop cda tip hop,

trong dé GDV’

(S
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G5 (XRR | Fi P), GrYi (XRX | F;, P) la graph cia céc kénh lién hé truc tiép va lién hé

chéo nhau twong ¥ng cda DTPK nhiéu chiéu,

X}, Xrp, Xor... 1a che tip hop dinh cda cic graph dong twong ing,

F—"j 13 c4c tip hop hé s6 truyén dat trén cic graph dong twong ing,

P 13 tip hop cdc nhdnh trén cic graph déng twong #ng.

Dua trén phuwong phap bé khuéch dai c6 hé s8 khuéch dai thay ddi [8] két hop véi phwong phép
t6p6 ding graph dong thi cic bd diéu chinh s8 cin t8ng hop D;(z) duwgc mé td bing cic nhanh
graph dong dang GTTQD véi hé s8 truyén dat thay dsi K, .

Khi x3y dung xong GTTQD cda c3 hé thdng & mic ddng hoc micro, ching ta thuwc hién chuyén
ddi vao ving thoi gian va xiy dung céc biéu thirc gidi tich truy hdi dé tinh todn cic gid tri cic bién
trang thai cling nhu cac gid tri diu ra cda hé théng tai cdc thoi di€m roi rac theo gid tri cda tin hiéu
digu khién cin tim trén diu ra cda céc by diéu chinh s8 can tdng hop ub(5T). Céc bi€u thic gidi
tich dé c6 dang sau

21T+ t:) = o1 [zl(jT +ti — To), z2(JT + ti — T0), ..., up(§T + t; — To)]
22(JT + t;) = @2 [22(5T + t;: — To), 34T + ti — To), .., up (5T + t; — To)]

(4)
T (JT + ;) = Om[2m (5T + t;: — To), up(3T + t; — To)]
Céc diéu kién d€ thda mian tic dong nhanh trong hé thdng sé c6 dang sau:
y(¢To) = z1(qT0) = 1,
z2(qT0) = z3(qTo) = - - = zm(qTo) = 0.

Trong cac bi€u thirc (4) va (5) thi g 1a bac phuong trinh vi phan mé t4 phin lién tuc cda hé thdng,
To 1 chu ky luong t& cda PTX dang mét.

Khi t > ¢Tp thi cac tin hiéu sai léch cda hé thong bing khéng va cic tin hiéu trén diu vio cac

bd tich phan cda hé thdng trong so dd cic bién trang thdi cling bing khong. Tai thoi diém t = T}
chiing ta cé

(5)

1 (qTO) =11 [u'2(0+), u;(TJ), ...,u;(ng)]
22(qT0) = 2 [up(0%), uy(T5), -, up(g — 1T57))]

:cm(qTo) = ¢m[u'2(0+), ulz(TO+)’ "'aulz(mT(;L)] =0,

Gidi hé phuong trinh (6) ching ta sé nhin dugc diy tin hi¢u digu khi€n t8i wu cin tim trong
hé thdng ub(01), ub(Th), ..., ub(g — 1757). Dit cic gid tri cda tin hi¢u didu khién t8i wu tim dwoc
vio biéu thirc (4) ching ta sé xac dinh dwoc gid tri dai lvong diu ra tai cdc thoi di€m roi rac khéc
nhau z,(Tb), £1(270), ---, z1(¢ — 1Tb). Trén co s& d6 ham truyeén dat D;(z) cda bd diéu khién s& cin
tong hop dwoc xic dinh & dang sau

1
0,

(6)

; i K, .uz(vTg).277
Di(z) = 12l2) _ v=0 (7)
t uz(2 zi: uz(vTy).27v

Céc bd diéu chinh s8 t8ng hop dwoc cin phai khd thi vé mit vat Iy. Yéu ciu nay dit ra mot
s8 dieu kién han ché d8i v6i dang ham truyén dat D(z) cda b diéu chinh s8 cin tdng hop. Ham
truyén dat D(z) cia bd di€u chinh s8 la
U(z) uwotwz lduz24+. . 4+u,z™

Dg)= E(z) e +erz7l+ez72+..+ez"

(8)

sé kha thi vé mit vat Iy, néu diy vo han



76 NGUYEN CONG DINH

D(z)=co+ecrz 7t +cpz72 +... (9)
nhin duoc do chia da thirc ti s cho da thitc miu s8 khéng chira cic s6 hang c6 s& mii dwong 271,
212 2*3 .. Néi cach khéc di 12 yéu ciu tin hiéu trén diu ra cda bd digu chinh s8 dwoc tdng hop
khéng duoc vuot truéc tin hiéu trén dau vao cda né.

Véi céc hé thong dieu khién r&i rac cdu tric phirc tap didu ché hn hop sé cin gidi quyét hai
trwdong hop sau:

a. ¢To < 71 T: qud trinh qud d3 (QTQD) trong hé thdng két thic sau khodng thoi gian nhd hon

thoi gian déng cda PTX dang hai v, 7.

b. ¢To > 71 T: QTQD trong hé théng két thic sau khodng thoi gian 1ém hon v, T.

Véi trudmg hop thir nhit, viéc tdng hop hé thdng rdi rac véi didu ché hén hop duogc tién hanh
giéng nhw qui trinh t8ng hop cic hé théng dieu khi€n roi rac diéu ché dang mét da trinh bay trong
céc tai lidu [4] va [5]. QTQD trong hé thdng sé két thic trong khodng thdi gian ma PTX dang hai
déng. Khi PTX ndy mé ra ciing khéng phét sinh QTQP méi vi khi d6 tin hi€u sai léch cing nhu
tin hiéu trén diu vio cda cdc b tich phin trong hé thong bing khong.

Trong trudng hop thi hai, viéc tinh toin hé thdng r&i rac véi diéu ché hdn hop ¢ nhirng diém
dic biét. QTQD trong hé thdng khong thé két thic trong thdi gian déng cia PTX dang hai. Bdi
vay can phdi nghién ciu hé thdng khi PTX dang hai déng ciing nhu khi PTX dang hai m4. Khi dé
trén co s& GTTQD cda cd hé théng ching ta xiy dung cic bi€u thirc gidi tich d8i véi cic khodng
thoi gian ma PTX dang hai mé. Céc bi€u thirc d6 ¢6 dang nhu sau

21 (5T + tx) = @121 (5T + ti—1), 22(3T +tk—1)s ) Zm (3T + th—1)],
22 (3T + tx) = 222 (5T + tk-1), 23(5T +tk-1), s Zm (5T + tk—1)], (10)

Zm (JT + tk) = Om[zm (JT + tr-1))-

Khi d6 thoi gian QTQD cda hé théng sé ting 1én. S8 lwong chu ki roi rac t6i thi€u ciing sé bing

q+1, trong dé v 1a s8 lwong chu ki roi rac phat sinh thém. Diéu kién ddm bdo tic déng nhanh trong

hé thdéng sé c6 dang sau

i S— (11)

z2(q + 770) = z3(g + 7T0) = ... = zm (¢ + 7T0) = 0.

Chiing ta xiy dung tiép céc bi€u thic dé tinh todn tai thoi difm t = (¢ + )T :
z1(q +1T0) = Fi[ub(0T), ub(Toh), ..., ua(g + v — 1T =1,
22(q + 7T0) = Fa[up(07), up(Ty), ..., ue(g + 7 = 1757)] =0,

:Em(q +'7T0) =Fn [u’2(0+)l U‘I2(T(T)) sevy uz(q +9 - 1T0+)] =0.

Giai hé phwong trinh (12) ching ta s& tim dwgc day tin hiéu digu khi€n t8i wu trong hé théng
cin t8ng hop w4 (07), ub(Ty), ..., ub(g + v — 175" ). Him truyén dat cda bg dieu chinh s cin tdng
hop sé c¢6 dang (7) véitham s n =g+ v — 1.

(12)

Thuit todn gidi bai todn tdng hop hé thdng roi rac cdu tric va tham s8 phirc tap véi diéu ché
hén hop t3i wu theo tiéu chuin tic déng nhanh dwa trén phuwong phép graph dong khi diéu kién ban
dau bing khéng va tac dong vao dang ham bic thang don vi bao gdm céc buéc sau.

Algorithm:
1. Trén quan di€m hé théng c6 ciu tric ddng xiy dung GTTCT dang (2) d€ mé td ddng hoc cau
tric macro cda hé thong ban dau.
2. Trén mirc déng hoc cidc qué trinh trong hé thong xiy dung GTTQD dang (3) twong tng véi
ting trang thai cdu tric cda hé théng dwoc khio sit.
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3. Xiy dung GTTQD cda cd hé théng gom cd cdc bd diéu chinh s8 cin tdng hop & dang cic nhénh
graph déng c6é hé s8 truyén dat thay d8i c6 tinh dén ddng hoc macro cia hé théng dwoc khio
sat.

4. Véitrudng hop thi nhit khi g7y < ;T tirc 13 QTQD trong hé théng két thic sau khodng thoi
gian nhd hon thdi gian déng cda PTX dang hai «; T thi viéc t8ng hop hé thdng r&i rac diéu ché
hén hop dwoc thuce hién gidng nhu d8i véi hé thdng rod rac ditu ché dang mdt trong céc tii lidu
(4] va [5].

5. Trong truwdmng hop thi hai khi ¢7 > ;T nghia 13 QTQD trong hé thdng két thic sau khoing
thoi gian 1én hon ;T thi s8 lwong chu ky roi rac t8i thi€u sé bing g + v véi v 14 s8 chu k¥
roi rac phéat sinh thém. Xay dung céc bi€u thirc gidi tich d8i v&i cac khodng thdi gian ma PTX
dang hai mé& & dang (10). X4y dung va gidi hé phwong trinh dang (12) cé tinh dén diéu kién
ddm bdo tic dong nhanh (11) trong hé thdng ta sé tim dwoc day diéu khién t3i wu cin tng
hop up(0F), up(TG ), oy ublg +v — 1T7).

6. Ham truyén dat cda bo diéu chinh s§ cin t8ng hop dugc xic dinh & dang (7) véi tham s8 n
twong Gng véi timg trudng hop ké trén.

3. KET LUAN

Chiing t6i da phat trién phwong phap top6 dwa trén graph déng dé gidi bai todn téng hop céc
hé théng diéu khi€n r&i rac diéu ché hdn hop t8i wu theo tiéu chuin tic déng nhanh va dé ra cac
bwéc cu thé cda thuidt toin tdng hop hé thong.

Di€m dic biét cda thuit todn tdng hop dwa ra & diy gidn lién véi dic thu cda 16p hé théng
dwoc nghién ctu, d6 13 truwdng hop khi qué trinh qué dd trong hé thdng khéng thé két thiic trong
thoi gian déng cda phin tir xung dang hai. Phwong phip dwa ra & diy c¢6 thé ip dung cho cac hé
thdng roi rac mdt chieu hodc nhigu chigu, cdc hé théng cé ché d6 lam viéc phirc tap cia phin xung.
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