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TONG Hap HE THONG DIEU KHIEN nrn RAe DIEU CHE HON Hap. . . .
DlfA TREN PHU'aNG PHAp TOPO

NGUYEN CONG D~H

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.

T6JJl tlit. Bai bao gio'i thieu phtrong phap tapa du'a trsn graph d9ng dg t5ng hop cac h~ th5ng dieu khign
ro-i rac di'eu cM h5n ho-p t6i u-u theo tieu chu[n tac dqng nhanh. Cac mo hlnh graph dqng du-a tren graph
cac trang thai qua dq (GTTQD) mo d. cac h~ th5ng nay diro'c xay dung va thuat toan t5ng ho'p t6i iru cac
h~ th6ng tren dtroc dtra ra tiro-ng img vo'i rno hlnh h~ th6ng (y dang GTTQD. Thua t toan nay co thg ap
dung eho cac h~ th5ng ro-irac mqt chieu hoac nhi'eu chieu di'eu cM h5n ho'p,

Cac h~ thong dieu khi~n so, cac h~ thong co may tfnh so trong vong dieu khi~n ngay cang diro'c
su' dung rihieu trong cac nganh cong nghiep khac nhau nhu cong nghiep luyen kim, hoa h9C, cM tao
may ... cling nhu trong cac khi tai quan Sl!' (thiet bi bay, ra da). M9t lap h~ thong nho trong 16-pcac
h~ thong do la h~ thong dieu khi€n rai r~e vo'i dieu che h~n hop,

Dong thoi, cac lap phurmg phap dil co [phircng ph ap bien do'i Z, phirong trlnh sai phan v.v.)
khOng ap dung diro'c vrri h~ thong nay. Trong tai li~u [3] chung tai dil trinh bay phirong phap tapa
dua tren graph di}ng dang graph cac trang thai qua d9 (GTTQD) M phfin tich d9ng hoc cac h~
thong roi rac di'eu ehe h~n hop co eau true phirc tap. Trong bai bao nay chung tai trinh bay vi~c
phat tri€n plnro'ng phap graph d9ng d€ to'ng hop toi U'U h~ thong di'eu khi€n rai r~c di'eu cM h~n
h9'P nHm gop phan xay du'ng cong el! moi M nghien ciru va thiet ke cac h~ thong dong h9C phirc
t ap.

2. GlAl HAl TOA.N TONG HQ'F TOl UU BANG PHUO'NG PHA.P TOPO

Gii su' din phai to'ng hop h~ thong dieu khi€n rei rac dieu cM h~n h9'P toi U'U theo tieu chu~n
tac di}ng nhanh co doi ttro'ng di'eu khi€n (DTDK) dimg, o'n dinh va di'eu kien ban dau bhg khong.
Bai toan t5ng ho'p toi U'U h~ thong & day diroc d~t ra nhu sau:
Yeu cau xac ilinh day tin hi~u ilieu khitn u*(t) tren. ilau vao cda DTDK dv:ng, s« ilinh co khd nang
du:« DT-DK tV: tronq thai ban aau bling khOng vao tranq thai can b&ng mong muon sau mot khodng
thiri gian toi thieu khi co uic aqng aau vao dq.ng ham b~c thang ilo:« vi l(t),

Phuong phap tapa dira tren graph d9ng khao sat cac h~ thong dieu khi~n ro'i rac di'eu che h~n
h9'P co cau true va tham so plnrc tap nhir la cac h~ thong co cau true thay do'i [1, 3], Vi~c nghien
ciru 16-ph~ thong k€ tren diroc ph an thanh nhieu mire [rmrc macro va mire micro), H~ thong phirc
tap ban dau diro'c ma do th anh t~p hop hiru han cac h~ thong con co kich thiroc nho hon turrng irng
vci cac trang thai eau true cd a h~ thong ban dau va cac h~ thong con nay t ac di}ng tircng h~ vo'i
nhau theo tho'i gian. DU'm quan di~m h~ thong co cau true d9ng [I] cluing ta co th~ phfin ra mo
hinh h~ thong rai r~c phirc t ap ban dau th anh t~p h9'P cac phan tu' lien h~ rieng bi~t, Khi do bai
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toan t5ng hen> phirc tap ban dau tro- thanh t~p hop cac bai toan e6 kich thiro'c nho hon ttrong irng
voi cac trang thai eau true cii a h~ thong ban d'au,

V&i bai toan t5ng ho'p h~ thong ro'i r~e toi tru d~t ra (y day thi h~ thong roo rac N chieu b~e q
di'eu ehe h6n ho'p e6 th€ diro'c du a tIT tr ang thai ban dau bhg khOng dgn trang thai can bhg mong
muon sau n ehu ky roo rac (v&i n = min) nho lu~t di'eu khie'n toi iru can tlm v&i gi.l. thigt khOng e6
han ehg bien d9 tin hi~u di'eu khidn. So hro'ng ehu ky roi rac toi thie'u can tlm n, theo tai li~u [7],
diro'c xac dinh theo cong tlnrc

n ~ q/N,
trong d6 n lit so nguyen gan nhat va krn ho'n d so q/ N,

N la kich thurrc cu a vecto' dieu khie'n,
q la b~e cil a phtrorig trlnh vi ph an mo t<l.DTDK.

Doi vo'i cac h~ thong e6 han ehg bien d9 cua tin hieu di'eu khi€n thi so hro'ng ehu ky ro'i r~e toi
thie'u se lit n + s, trong d6 s la so ehu ky rei r~e phat sinh them do tin hieu di'eu khie'n bi han ehg v'e
bien d9,

H~ thong roo r~e di'eu ehe h6n hen> lit h~ thong e6 diu true d9ng va diro'c nghien ciru tren hai
rmrc d9ng hoc macro va micro, D€ mf t<l.d9ng hoc dlu true macro cua h~ thong cluing ta xay dung
graph d9ng cac trang thai eau true (GTTCT) du a tren cac quan h~ hai vi trf trong ly thuyfit t~p
hen> [3], GTTCT ciia h~ thong ro-i r~e dieu ehg h6n hop dtro'c md d 0- dang gi.l.i tich nhir sau:

(1)

C = (8, Rs, Rt),

8 = {81, 82, .• " 8m},

trong d6 Rs : 8 -> 8 lit tirong quan hai vi trf trong t~p hen> cac trang thai cau true 8,
n, = {(81, 82), (82,83), .•. , (8m, 8d},

(2)

n
Rt : 8 -> t", t" = U t, ,

i=l

ti = {{li+kTi, {Ii +kTi+Td,
i = 1, p, k = 0,1,2, ..,
{Ii la d9 virot pha cu a phan tl1-xung (PTX) thu- i,
T; lit ehu ky ro-i r~e cii a PTX thrr i,
Ti la d9 dai khoang tho'i gian PTX thir i d6ng,
8k lit trang thai dlu true thu k cu a h~ thong,
U lit phep roan hen> tren t~p hop cac tho'i di~m,
p la so hrong cac PTX trong h~ thong,
(8i, 8k) bie'u di~n SlJ chuydn d5i tIT trang thai cau true s, sang trang thai 8k,

Cac mo hlnh tapa cua h~ thong di'eu khie'n ro-i r~e eau true phirc tap di'eu ehe h~n hen> e6 eau
true nhieu mire. Tren rmrc micro, de' md t.l. va nghien ctru cac qua trinh d9ng hoc tirong irng v&i
tfrng trang thai eau true cluing ta xay dung graph d9ng dang GTTQD, GTTQD cua h~ thong di'eu
khie'n ro-i rac di'eu ehg h6n hen> tren rmrc d9ng hoc micro dira tren CO' s6' ly thuygt t~p hop turmg
irng v&i trang thai eau true 8j e6 dang gili tich nhir sau:

CHTj _ CDVj U CTDj U CDCj U CLTj U CLTj
t - t t t tRR tRK , (3)

trong d6 C~Vj = C~Vj (Xf' Fj, P) la mo hinh graph cua cac tae d9ng dau vao,

C:
Dj = C:

Dj
(XTD' ~., P) la ma hinh graph cu a cac b9 tao dang,

C~Cj = C~Cj (XDC, Fj, P) la ma hlnh graph cii a cac b9 dieu chinh so,

C~Tj = C~Tj (XLT' Fj, P) lit ma hinh phan lien tuc cria h~ thong,
_ LTj ~RR ~ LTj ~RK ~
- CtRR(X ,FJ, P) U CtRK(X ,Fj, P),

u lit phep toan hen> cti a t~p hen>,
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CLTj (X-RR F- P) CLTj (X-RK F- P) l' h cua ca kA h l'A hf .", l'A hAtRR ,j" tRK ,j, a grap eua eae en ien ~ tnre tiep va ien ~
cheo nhau ttrong img cu a DTDK nhieu chieu,

Xj, XTD, XLT ... 111.cac t~p hop dinh cu a cac graph d9ng ttrong irng,

Fi 111.cac t~p hop h~ so truyen dat tren cac graph d9ng ttrong irng,
P 111.t~p ho'p cac nhanh tren cac graph d9ng tirong irng.

DV'a tren phtro'ng phap bi? khudch dai e6 h~ so khuech dai thay d5i [8] ket hop voi plnrong phap
topo dung graph d9ng thi cac b9 dieu chinh so ean t5ng hop D;(z) dtro'c mf d. b~ng cac nhanh
graph d9ng dang G TTQD v6i. h~ so truyen dat thay d5i Kv'

Khi xay dung xong GTTQD cii a d. h~ thong d rmrc d9ng hoc miero, chiing ta thu-c hi~n chuydn
d5i vao vimg thai gian va xay dimg cac bie'u thirc giai tieh truy hoi de' tinh toan cac gia tr] cac bien
tr ang thai ciing nhir cac gia tri dau ra cua h~ thong tai cac thai die'm rai rac theo gia tri cii a tin hieu
di'eu khie'n ean tim tren d'au ra ciia cac bi? dieu chlnh so ean t5ng hop u~ (fT+). Cac bie'u thirc giai
tich d6 e6 dang sau

xdjT + t;) = 'PI [xdjT + t; - To), x2UT + t; - To), , u~(jT + ti - To)]
x2UT + t;) = 'P2 [x2UT + t; - To), x3UT + t; - To), , u~UT + ti - To)]

(4)

xmUT + ti) = 'Pm [xmUT + ti - To), u~UT + t, - To)]

Cac dieu ki~n de' thoa man tae di?ng nhanh trong h~ thong se e6 dang sau:
y(qTo) = Xl(qTO) = 1,

X2(qTO) = X3(qTO) = ... = xm(qTo) = O.

Trong cac bie'u thirc (4) v a (5) thl q 111.b~e phiro'ng trinh vi ph an rnd ta phan lien tuc cua h~ thong,
To 111.ehu ky hro'ng tli' cii a PTX dang m9t.

Khi t > qTo thi cac tin hieu sai l~eh cua h~ thong bhg khOng va cac tin hieu tren dau vao cac
b9 tich phan cua h~ thong trong so do cac bien trang thai ciing bhg khOng. Tai thai die'm t = qTo
chung ta e6

(5)

xdqTo) = tPd u~ (0+), u~(To+), ,u~(q - 1To+)] = 1,
X2 (qTo) = tP2 [u~ (0+), u~(To+), ,u~(q - 1To+)] = 0,

(6)

Xm(qTO) = tPm[u~(O+), u~(TO+-), ... , u~(q - 1To+)] = 0,

Giai h~ phiro'ng trinh (6) chiing ta se nhan dtro'c day tin hi~u dieu khie'n toi U"U ean tim trong
h~ thong u~(O+), u~(To+), ... , u~(q - 1To+). D~t cac gici tr] cua tin hi~u dieu khie'n toi U"U tim diro'c
vao bie'u tlurc (4) chung ta se xac dinh diro'c gia tr] dai hrong dau ra tai cac then die'm roi r~e khac
nhau xdTo), xd2To), ... , xdq - 1To). Tren CO' s& d6 ham truyen dat D;(z) cua bi? dieu khie'n so ean
t5ng hop duoc xac dinh Cr dang sau

n

, () L: Kv.U2( vTo+)·z-v
Ddz) = u2 z = .:;..v=_o=-n _

U2(Z) L: u2(vTo+)'z-v
v=o

(7)

Cac bi? dieu chlnh so t5ng ho'p dtroc ean phai kha thi ve m~t v~t IY. Yeu eau nay d~t ra mi?t
so dieu kien h an ehe doi v&i dang ham truyeri dat D( z) cua bi? dieu chinh so ean t5ng hop. Ham
truy'en dat D( z) cua b9 di"eu chinh so 111.

D(z) = U(z) = Uo + UIZ-1 + U2Z-2 + + umz-m (8)
E(z) eo + elz-1 + e2z-2 + + enz-n

se kha thi ve m~t v~t ly, neu day vo han
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D{ ) -1-2Z = Co+ CIZ + C2Z + ... (9)
nhan diro'c do chia da thirc tli- so cho da thirc mh so khong chira cac so hang co s5 mii du'ong z+l,
z+2, z+3, .... Noi each kh ac di HI. yeu c"au tin hieu tren d"au ra cua bi? dieu chinh so diro'c t5ng hop
khOng diro'c virot trurrc tin hieu tren d"au vao cua no.

V&i cac h~ thong dieu khie'n rai rac cau true phirc tap di'eu che h5n ho-p se can gi,h quyet hai
trirong hop sau:

a. qTo < ,IT: qua trinh qua di? (QTQD) trong h~ th5ng ket thuc sau khoang then gian nho hen
thai gian dong cii a PTX dang hai ,IT.

b. qTo > ,IT: QTQD trong h~ thong ket thuc sau khoang then gian Ian hon ,IT.
V&i trtro'ng ho'p thrr nhdt, vi~c t5ng hop h~ th5ng roi r,!-c v&i di'eu cne h6n hop diroc tien hanh

gi5ng nhir qua trlnh t5ng hop cac h~ thong di'eu khie'n ro·i rac di'eu che dang m9t dii trlnh bay trong
cac tai Ii~u [4] va [5]. QTQD trong h~ th5ng se ket thuc trong khoang thai gian ma PTX dang hai
dong. Khi PTX nay mo ra cling khOng ph at sinh QTQD rnoi VI khi do tin hieu sai I~ch cling nhir
tin hieu tren d"au vao cua cac bi? tfch phan trong h~ thong bhg khOng.

Trong truo'ng ho'p thir hai, viec tfnh toan h~ thong ro'i rac voi dieu che h6n ho'p co nhirng die'm
d~c bi~t. QTQD trong h~ th5ng khOng the' ket thiic trong then gian dong cua PTX dang hai. Ba.i
v~y can phai nghien ciru h~ th5ng khi PTX dang hai dong cling nhir khi PTX dang hai mo. Khi do
tren CO" s6· GTTQD ciia d. h~ th5ng clning ta xfiy dung cac bie'u thirc giii tich doi v6i cac khoang
thai gian rna PTX dang hai mo. Cac bie'u thirc do co dang nhir sau

xdJ·T + tk) = <I>dxdJT + tk-d, x2UT + tk-d, , xmUT + tk-l)],
x2UT + tk) = <I>2[X2UT+ tk-d, x3UT + tk-d, , xmUT + tk-d]'

(1O)

xmUT + tk) = <I>m[xmUT + tk-d]·

Khi do thai gian QTQD ciia h~ thong se tang Ien. So hrong chu kl rai r,!-c toi thie'u cling se bhg
q + "t trong do , Ill.so hrong chu kl rai r,!-c phat sinh them. Dieu ki~n darn bao tic di?ng nhanh trong
h~ thong se co dang sau

xdq + ,To) = 1,

X2{q + ,To) = X3{q + ,To) = ... = xm{q + ,To) = O.
(11)

Chung ta xay dung tiep cac bie'u thirc de' tinh toan tai then die'm t = (q + ,)To :

xdq + ,To) = Fd u~{O+), u~{To+), , U2{q + ,- 1To+)] = 1,

X2{q + ,To) = F2[ u~{O+), u~{T;), , U2{q + "t ': 1To+)] = 0,
(12)

Xm{q + ,To) = Fm [u~{O+), u~{To+), ... , U2{q +, - IT;)] = O.

Giai h~ phuong trinh (12) chiing ta se tim diro'c day tin hi~u di'eu khie'n toi tru trong h~ thong
can t5ng ho'p u~{O+), u~{To+), ... , u~{q + "t > ITo+). Ham truyen dat cu a bi? di'eu chlnh so din t5ng
hop se co dang (7) v&i tham s5 n = q + "t - 1.

Thu~t toan giel.ibai toan t5ng hop h~ thong rai r,!-c cau true va tham s5 phirc tap vo'i di'eu che
h6n ho'p toi iru theo tieu chuin t ac di?ng nhanh dua tren phirong phap graph di?ng khi di'eu ki~n ban
dau bhg khOng va tac di?ng vao dang ham b~c thang dan vi bao gom cac buxrc sau.

Algorithm:
1. Tren quan die'm h~ thong co cau true di?ng xay dung GTTCT dang (2) M md tel.di?ng h9C cau

true macro ciia h~ thong ban d"au.

2. Tren rmrc di?ng h9C cac qua trlnh trong h~ thong xay dirng GTTQD dang (3) turrng irng vo'i
tu-ng trang thai cau true ciia h~ thong diro'c khao sat.
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3. Xay du-ng GTTQD cil a d. h~ thong gom d. cac be;>di'eu chinh so din t5ng ho p a dang cac nhanh
graph de;>ngc6 h~ s5 truyen dat thay d5i c6 tinh den de;>ngh9C macro cua h~ thong dtro'c khao
sat.

4. Vo'i truong hop thii' nhat khi qTo < lIT trrc 111. QTQD trong h~ thong ket thiic sau khoang thai
gian nho hon thai gian d6ng cd a PTX dang hai 11T thl vi~c t5ng hop h~ thong rai r,!-c dieu che
h~n hop diro'c thtrc hi~n gidng nhir doi vrri h~ th5ng r01. r,!-c di'eu che dang me;>ttrong cac tai li~u
[4] va [5].

5. Trong triro'ng hop thrr hai khi qTo > 11 T nghia 111. QTQD trong h~ thong ket tlnic sau khoang
thai gian Ian hon 11T thl so hrong chu ky rai r,!-c toi thie' u se bhg q + I voi I 111. so chu ky
rai r,!-c phat sinh them. Xay dV'11gcac bie'u tlnrc giai tfch doi vo i cac khoang thai gian rna PTX
dang hai mo' a dang (10). Xay dV'11gva giai h~ phiro'ng trlnh dang (12) c6 tinh Mn di'eu kien
dam bao t ac dong nhanh (11) trong h~ thong ta se tim diro'c day di'eu khie'n t5i U'U can t5ng
hop u~(O+), u~(TO+-),... , u~(q+I-1TO+-).

6. Ham truyen dat cua be;>di'eu chinh s5 can t5ng hop dtro'c xac dinh a dang (7) vo'i tham so n
tircng irng vo i t irng triro'ng ho'p ke' tren,

Chung toi da phat trie'n phtro ng ph ap topo dua tren graph dqng de' giai bai toan t5ng hop cac
h~ thong dieu khie'n rai r,!-c di'eu eM' h~n hop toi U'U theo tieu chuin tac de;>ngnhanh va de ra cac
buxrc cu the' cua thu~t toan t5ng ho'p h~ th5ng.

Die'm d~c bi~t cua thu~t toan t5ng ho'p dira ra (y day g~n lien voi d~c thii cua lap h~ th5ng
diro'c nghien ciru, d6 111. trtro'ng hop khi qua trlnh qua de;>trong h~ th5ng khong the' ket thiic trong
tho'i gian d6ng cii a phan tu' xung dang hai. Phircng phap dira ra a day c6 the' ap dung cho cac h~
thong r01. r,!-c mot chieu ho~c nhieu chieu, cac h~ thong c6 cM de;>lam viec phirc t ap cua phan xung.
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