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Abstract. This paper proposes an algebraic approach to control problems of nonlinear systems. As
observed by Ho and Wechler in [2,3], hedge algebras have a rich enough algebraic structure and,
therefore, these algebras can be take as an algebraic basic for kind of fuzzy logic.

To verify the effect of this approach, we have simulated the example, which is the problem of
balancing of an inverted pendulum. The simulation reveal that the novel controller using hedge

algebras is really better than the conventional fuzzy logic controller.

Tém tAt. Bai bdo dua ra phuong phép dai s6 cho cdc bai todn diéu khién hé phi tuyén. Céc téc
gid Nguyen Cat Ho va W. Wechler trong cac cong trinh [2,3] da dua ra nhan xét rang dai s6 gia tir
chita mot cau tric dai s6 di gidu va ¢6 thé xem nhu mét co s& dai s6 cho mot loai logic md.

Dé kiém tra hiéu qud cia phrrong phép nay, mot vi du vé diéu khién con lic ngrroc dwoc dua
ra thir nghiém. Két qud 1a diéu khién str dung dai s6 gia tir thuc sur t6t hon hin so véi diéu khién
mé truyen thong.

1. MO PAU

Trong nhitng nam gan day, nhieu cong nghé thong minh dwoc stt dung va phét trién manh
trong dieu khién cong nghiép nhu céng nghé noron, cong nghé mo, cong ngheé tri thire, gidi
thuat di truyen,... Nhitng cong nghé trén phai gidi quyét véi mot mike dd nao dé nhirng van
dé con dé ngd trong dieu khién thong minh hién nay, dé la xit Iy hwéng dén t6i wu tri thite
chuyén gia, trong dé cé hai bai todn quan trong I hoc va suy luan xap xi. Vuéng mic quan
trong trong qué trinh xir 1y tri thirc la viéc phai xir 1y chinh xdc tri thic dinh tinh.

Logic m& da dem lai cho cong nghé dieu khién truyén théng mot cadch nhin méi, cho phép
dieu khién dwoc khé hiéu qua céc déi twong khong rd rang vé moé hinh trén co sé tri thikc
chuyén gia day cam tinh. Tri thitc chuyeén gia la két qua nit ra tir qud trinh té chitc thong
tin phttc tap, da cap, da cau tric, da chiéu nham danh gid va nhan thitc dwoc (cang chinh
Xac cang tot) thé gigi khach quan. Cong nghé tinh todn mém la s hoi tu cia cong nghé md
va cong nghé noron va lap trinh tién héa nham tao ra cdc mit cat xuyeén qua té chitc thong
tin phttc tap néi trén, tang cuong kha ning xir Iy chinh xdc nhirng tri thic trire gidc cia céc
chuyén gia trén nhirng 14t cat nay.

Nhur vy c¢6 thé thay rang khoa hoc diéu khién dang can mot cong cu ¢é kha ning moé
hinh héa dwoc day du va chinh xéc cdc tri thitc chuyén gia dé tir A6 gép phan nang cao kha
ning dieu khién cdc déi twong phitc tap trong méi truomg day bat dinh. Vio nhitng nim
1990, N.C. Ho va W. Wechlerr [2,3] Iin dau tién da c6 gang mo ta cong cu nay duwdi dang dai
s6 gia tir. C6 thé day 14 mot su c6 gang lén nham mé ra mét hwéng gidi quyét méi cho xir
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Iy bién ngon ngtr twr nhién va van dé tu duy truc cam. Nhirng cong trinh cong bé gan day [4,
5] da cho thay rang c6 thé sir dung cong cu dai s6 gia tit cho nhiéu linh virc cong nghe khéc
nhau va mot trong nhirng s6 dé la cong nghé dieu khién trén co s& tri thite chuyeén gia. Pay
cung la muc dich chinh cia bai nghién ctru nay.

Néi dung ctia bai bdo nhwr sau: Muc 2 gom céc khdi niém quan trong cia dai s6 gia tit can
cho bai todn diéu khién. Thuat todn diéu khién dwa trén dai s6 gia tit dwroc néu trong Muc
3. D& kiém tra hiéu qui cia phwong phap dieu khién sit dung dai s6 gia tit trong bai béo,
Muc 4 dwa ra vi du minh hoa bai todn diéu khién con lic nguroc thwong cé trong cic phong
thi nghiém vé tu déong héa trén thé gidi va so sanh véi phwong phép diéu khién mo thong
thuomg. Muc 5 13 phan két luan va cdc van de can tiép tuc nghién ctru.

2. MOT SO KHAI NIEM CO BAN VE PAI SO GIA TU

2.1. Pai sb gia t

Pé mo phong céc qud trinh suy luan cia con ngudoi, 1y thuyét dai s6 gia tir da ¢d gang
nhiing tap ngon ngir vao mot cau tric dai s6 thich hop va tim céch xem ching nhw 1a mot
dai s6 d€ tién de héa sao cho cdu tric thu dwge mé phdng tot ngir nghia ngoén ngit.

Xét mot tap gid tri ngon ngir 1a mién cia bién ngon ngir. Vi du tap:

T = {True, False, VeryTrue, Very False, More True, More False, Approzimately True,
Approximately False, Little True, Little False, Very More True, VeryVery True, ete...}.

+ Ta cé thé xem tap nay nhu la mot cdu tric dai s6: AT = (T, G, H, <) trong dé:
T 1a tap co s& cua AT,
G la phan tir sinh (khai niém nguyén thuy True, False),
H=H"UH",H" 1a poset cic gia tir dwong, H~ 1a poset cic gia tir am,
< la quan hé thi tu.
+ Quan hé < thé hién céc tinh chat dinh tinh ngit nghia cia tap T, chang han:
eh>zxifkr <z, véimoihc H' k€ H .
e Néu h < k thi (he > x = kx > 2) va (x > hx = ha > k).
e Néu Jz(z < ha < kha hodc @ > hx > khx) thi
Vy{(y < hy = y < hy < ky) va (hy <y = khy <hy <y)}.
e Néu Jz(z < khx < hx hodc x > khax > hz) thi
Vy{(y < hy = y < khy < hy) va (hy <y = hy < khy <y)}.
e Tinh di truyén ngtr nghia: ky hiéu o, 7 13 xau cdc gia tit:
Néu ngir nghia cia @ v ha duwgc biéu thi bang # < ha thi Vo(x < oha);
Néu ngir nghia cia @ v ha duwgc biéu thi bang @ > ha thi Vo(z > oha);
Néu ngit nghia cia ha va kx dwoc biéu thi bang ha < ka thl ohe < Tkx. Ta c¢6 the
néi 7,0 bao toan quan hé nglt nghia. Suy ra:
he < ke = H(hz) < H(kx),
trong d6 H (x) ky hiéu tap tat cd cac phan tir sinh ra tir « trong AX.

Pinh 1y 1. AT = (T, <) la tap sdp thit tw tuyén tinh.
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2.2, Lap luan m¢ da diéu kién
2.2.1. Pinh lwong dai s6 gia ti

M6 hinh 1ap luan mo thuwong moé phdng sw phu thuoe gitra hai dai lwong vat 1y, nghia la
cac gia tri ngoén ngtr xuat hién trong moé hinh md mo ta cdc gia tri vat 1y trén duong thang.
bieu nay goi ¥ cho ching ta thiét lap mot 4nh xa dinh lwong tir mién ngoén nglr sang dwong
thang.
Pinh nghia 1. f: X — [0, 1] goi & ham ngtr nghia dinh lwgng cia X néu:
[f(ha) — f(x)| | f(hy) — f(®)]
|f(kx) = f(@)] [ f(ky) = f(y)]

Véimoi h,ke€ H" hoac h,ke€ H vaax,yec X :

Tinh m¢ (fuzziness) cia mot gid tri ngén ngi:

Xét cac gia tri: True, Very False, ... lam thé nao dinh nghia tinh mo?

Trén quan diém dai s6 gia tit ta c6 mot cach dinh nghia tinh m& khé tre quan bang kich
¢& cia tap H(x) nhu sau:

Cho truéc mot ham dinh lwong ngtr nghia f cia X. Xét « € X. Tinh mo cda « khi dé do
bang dwong kinh cia tap f(H(z)) C [0, 1].

12 Little True Pos. True True MoreTrue VeryTrue 1

P o & >
< >

Diameter of i i Diameter of
f(H(Little True)) ~ Diameter of ~ Diameter of J(H(VeryTrue))
f(H(Poss True)) f{H(MoreTrue))

Diameter of f(H(True))
Hinh 1
Pinh nghia 2. (Do do tinh m&) Ham fm : X — [0, 1] dwoc goi 1a do do tinh m& néu:

(1) fm(c) =0 >0 va fm(ct) =1—0 > 0, trong dé ¢ va ¢ 14 cdc phan tir sinh am va
dwrong.

(2) Gid sit tap cdc gia tw 1a H = HTUH ,H™ = {h1,hg, ..., hp} v6i H= = hy > hy >
ptq
o> by v HT = {hpi1, e g} ¥6i By <o < hpig. Khi d6 > fm(h,e) = fm(c)
i=1
véice{c,ct}.

fm(ha)  fm(hy)
fm(@) — fmiy)

cdc phan tir @,y va do dé ta c6 thé ki hieu 1a p(h) va goi la dé do tinh mo (fuzziness

(3) Véibat ky @,y € X,h € H, , dang thitc nay khong phu thuoc vao

measure) cia gia ti h.

e Tinh chat cia fm(x) va u(h)

Ménh dé 1. Ta cé:
1) fm(ha) = p(h) fm(z), Ve € X;



26 vU NHU LAN, VU CHAN HUNG, DANG THANH PHU, NGUYEN DUY MINH

pTq

2) me(h,c) = fm(e), c€lc, ¢’

pTq

3) 3 fim(hi,e) = fm(e)

P ptq
)Y ulhs) = awvi Y p(hi)B véia, B> 0,0+ 8= 1.
i=1 i=p+1

e Xay dung ham dinh lwong ngtt nghia trén co s& dé do tinh mo cia gia tir.

Pinh nghia 3. Ham Sign: X — {-1,0,1}:

Sign (¢—) = —1 va Sign (he™) = +Sign (¢c7)néuhe <c

Sign (he¢™) = —Sign (¢ ) néu he™ > ¢ ;

Sign (¢7) = +1 va Sign (he™) = +Slgn (¢™) néu het > ¢t
) néu he < cT;

Sign (h'hz) = — Sign (ha) néu h’ la, negative doi véi h va R ha # ha;
Sign (h'hz) = Sign (ha) néu A’ 1a positive doi véi h va h ha # ha;
Sign (W hx) = 0 néu h'hx = ha.

(
(
Sign (hc™) = —Sign (¢
(
(

Xay dung ham dinh lwong ngir nghia:
Gia st cho trude do do tinh mo cda cde gia ti p(h) va céc gia tri do do tinh mo cia cde
phan ti sinh fm(c™), frn(ct) va gia tri 0 cia phan tir trung hoa (neutral).
Ham dinh lwong ngr nghia v cia X dwoc xay dung nhuw sau (@ = hyp,...Ri2, hirc):
D vie)=0—afm(c), vic") =0+ afm(ch);
2) fm(x) = fm(him...hiz, hire) = M(hzm) M<h12) p(hir) fmde);

3) v(hjx) = v(x)+ Sign (h;z) {me —= 1 Sign (hjx) Sign (h;h; x)(ﬂ—a)fm(hjx)}
77
néu j < p. ’
va

J
1
v(hjo) = y<x>+Sign<hjx)x[ >~ fmlhye)—5(1=Sign(h;e) Sign(hshse) (5—a) fm<hjx)}
i=p+
néu j > p.
2.2.2. Glidi bai todn ldp luan mo bang noi suy
Xét mé hinh mo:
(1) IF X=A THEN Y =B
(2) IF X=Ay, THEN Y — B

(n) IF X=A, THEN Y =B,

Goi X, Y la céc dai s6 gia tir sinh ra tir cdc gid tri ngon ngir twong rng xuat hién trong
moé hinh. Khi dé ta ¢6 thé xem moi ménh de if-then xdc dinh mot diém trong tich X x Y va
n ménh dé trén xdc dinh mot dudmg cong mo ¢ trong khong gian X x Y.

Goi fa va fy la cdc ham dinh Iwong ngtr nghia twong tng ciia X va cia Y. Céc ham nay
sé& chuyén duong cong mo ¢ thanh dudmg cong thue C trong khong gian [0, 1] x [0, 1].
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Nhir vay bai toan lap luan mo dwoe chuyén ve bai toan néi suy thong thwong nho ham

dinh lwong dai s6 gia tir.

C6 thé thdy phwong phip nay c6 mot s6 wu diém sau:

e Cho mot ¥ twdng truc quan ro rang ve cdch thire giai bai toan.

e Trong phuwong phap gidi duwa trén 1y thuyét tip mo cé rat nhiéu yéu t6 giy sai sd va
khong dé cé true quan nhw: xay dung ham thudc; chon cich gidi nghia ménh dé if-then
bang quan hé m& (thue chdt la chon viéc gidi nghia toan tir kéo theo); chon toan tir
két nhap (aggregation) cdc quan hé; chon phép hop thanh dé tinh output; chon phwong
phép khir mo.

Trong phwong phép ndi suy trén chi phai tap trung lra chon do do cia cdc gia tir va ching

tré thanh hé tham s6 cia phwong phép. Vi vay né rat gan gii véi céc cach gidi kinh dién.

Khong can phwong phap khir mo! Luwu ¥ rang trong ly thuyét tap mo ¢é khé nhieu

phuong phip khir mo.

Qua thuce nghiém cho sai s6 nho.

3. CHUYEN DBIEU KHIEN MO SANG DPIEU KHIEN DUNG DAI SO GIA TU

Bai toan dieu khién me thong thuomg ¢ céc bude sau day:
Budc 1: Xéac dinh bién vio, bién trang thai va bién dieu khién (bién ra) va xdc dinh tap nén
cla cdc bién.
Budéc 2: Phan hoach tap nén va gdn nhan ngoén ngir cho moi tap mo (o héa).
Buéc 3: Xéac dinh dang ham thudc cho moéi tap mo.
Buédc 4: Xay dung quan hé mo gitra cdc tap mo dau vao, tip mo trang thai va tip mo dieu
khién tao thanh hé luat dieu khién (bang dieu khién trén co s& tri thitc chuyén gia).
Buwdc 5: Gidi bai toan 1ap luan xap xi, xdc dinh tap mo dau ra dieu khién theo tirng luat
(phép hop thanh).
Budc 6: Két nhap (aggregate) cic dau ra diéu khién mo.
Buéc 7: Giai mo, tim diéu khién ré.

bé st dung dai s6 gia titr can phai chuyén lan lwot cdc buéce trén day sang dang dai s6
gia tr nhu sau:
Budc 1: X4c dinh bién vao, bién trang thai va bién dieu khién (bién ra) va xic dinh khoang
lam viéc cla cdc bién. Xdc dinh cdc diéu kién tinh todn (chon céc bo tham so tinh todn cia
dai 86 gia tir).
Budce 2: Tinh toan cac gia tri dinh lwong ngir nghia cia bién dau vao, bién trang thai va
bién diéu khién (dp céc gia tir 1én céc khodng lam viéc cia céc bién).
Budéc 3: (Twong dwong véi buée 3 va bude 4 & trén). Chuyén bang dieu khién mo sang
bang dieu khién véi cdc tham s6 ngit nghia dinh lrong cta dai s6 gia tir thay thé cho cac tap
mo.
Budc 4: (Twong dwong véi buée 5 & trén) Gidi bai toan 1ap luan xdp xi trén co s& dai s6
gia tir dé x4c dinh ngit nghia dinh lrong cia dieu khién, trang théi.
Budc 5: (Twong dwong véi budce 6 & trén). Két nhap céc gia tri nglr nghia dinh lwong cia
dieu khién va xay dung dudng cong ngit nghia dinh lwrong.
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Budc 6: (Twong dwong véi buée 7 & trén). Trén co s& dieu kién ban dau cia bai todn diéu

khién, gidi bai toan noi suy dwomg cong ngir nghia dinh lrong, xdc dinh gia tri dieu khién
thue.

4. PIEU KHIEN CON LAC NGUOC SU DUNG DPIEU KHIEN MO
VA PAI SO GIA TU

4.1. M6 ta ddng hoc con 13c nguoc

Phwong trinh mé t4 dong hoc con lac ngwoc duwoc nhiéu tac gid nghién ctiru ([1]) trong dé
phai ké dén cong trinh [6], theo dong hoc con lic nguoc cé dang sau:

—ml2d%p /dt* + milgsiny = u(t). (1)

O day, m la khéi lrong con lic ngwoc; 1 la géc léch theo chiéu thuan kim dong ho so véi
truc tung la géc dwong, nguwoc lai 1a géc am; u(t) la dong dién lam quay con lac nguwoc theo
chiéu ngwoc kim dong ho 1a dwong, thuan 13 am; ¢ 1 thoi gian; g 1a hang s6 hap dan.

Néu @y = ;w9 = dip/dt 1 céc bién trang thai thi khong gian trang thai cia hé phi tuyén
(1) trd thanh:

d.%‘l/dt = X2, <2>

dao/dt = (g/1) sina; — (1/mi*)u(t). (3)

Khi t6c dd quay nhd hoic géc léch nho, cé thé xem siny = 1,1 duoc do bang radian.
Nhuw vay phwong trinh (2), (3) dwoc tuyén tinh héa nhw sau:

d.%‘l/dt = X2, <4>

dao/dt = (g/l)x1 — (1/mi®)u(t). (5)

Khi chon cédc tham s6 [ = g va m = 180/7g?, phwong trinh dong hoc tuyén tinh mo ta
con lac nguoc dudi dang khong gian trang thai diroc roi rac héa thanh:
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$1<k’ + 1) = $1<k’) + .%‘2(]6),

xo(k+ 1) = 21 (k) + x2(k) — u(k).

dyrdt

Hinh 2

4.2, Biéu khi€n mo con lic nguoc

Khoang xé4c dinh cia céc bién trang théai va cdc bién dieu khién nhw sau:
—2° < ay(k) <2° —5°%/giay < wo(k) < 5%/giay; —10 mA < u(k) <10 mA.

C4c ham thuoc dwoc xay dung trén cdc khodng xdc dinh cia céc bién nhu sau:

V4
P
N .
P - positive
Z — zero
N - negative
-2 0 2 X
Hinh 3. Phan hoach dau vao trang thai o
V4
P
N P - positive
Z — zero
N - negative
-5 0 5 X2

Hinh J. Phan hoach dau vio trang thai xs

P - positive

Z — zero

N —negative

PB- positive big
NB- negative big

-24 -16 -8 0 8 16 24 U

Hinh 5. Phan hoach dau ra diéu khién u
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Tri thitc chuyén gia diéu khieén dwoc dic két trong bang dieu khién dwéi day (dwoc xay
dung theo 9 luat twong tng véi 2 dau vao, 1 dau ra; moi dau vao cé phan hoach chita 3 ham
thuoc; phan hoach dau ra chira 5 ham thuoc):

Bdng 1. Bang dieu khién trén co s tri thitc chuyen gia

x>
X P V4 N
P PB P Z
Z P Z N
N Z N NB

bieu kién ban dau dé khéi dong qué trinh diéu khién mo nhuw sau:
) (O) = 107
22(0) = —4°/gidy.
Trén co s& bang dieu khién va dieu kién ban dau nhw trén, phwong phap diéu khién me
truyen théng dién hinh 1a [6] cé thé tém tat nhu sau:
k =0 ¢6 4 luat hoat dong:

Néuwx; = Pvawy = Zthhu=P min (0,5;0,2) = 0,2(P).
Néuz =P vaixs=Nthhia=27  min(0.5;0,8) = 05(7).
Néuw) = Z vawy = Zthhu=2 min (0,5;0,2) = 0,2(7).
Néuz =Zvawy=Nthiu=N  min(0,5;0,8) = 05(N).

Sau khi gidi m& bang phwong phap trong tam, nhan dwoc:
w(0) = —2mA.

bieu kién ban diu méi tai thoi diém ti€p theo dwoc tinh nhuw sau:

.%‘1(1) = .%‘1(0) + .%‘2(0) =1+ (—4) == —3,

w2(1) = 1(0) + 25(0) —w(0) = 1+ (—4) = (=2) = —1L.

Trén co s& bang dieu khién va diéu kién ban dau méi, tai thoi diém:
k=1 c¢é6 2 luat hoat dong:
Néuz; = N vaiag = N thi u= NB min (1;0,2) = 0,2(NB).
Néuz; =N vawg=Zthiu=N  min(1;0,8) = 0.(N).
Sau khi gidi m¢o nhan dugc (1) = — 9,6 mA.
Qu4 trinh tinh toan dwoc lip lai véi k = 2,3, ... va cac két qua tinh todn nay dwoc dua

vao bang 3.
4.3. Bieu khién con 13c nguorc st dung dai s6 gia ti
Budéc 1: Bién trang thai 1 = ; —2° < 2 < 2°

%; —5°/giay <@g < 5°/giay.

Bién diéu khién % : —10 mA < u < 10 mA.

bieu kién ban dau: z1(0) = 1°; 22(0) = —4°/giay.

Chon bo tham s6 tinh todn céc gid tri ngir nghia dinh lwong cia cdc bién nhu sau:
C = {0, Small, 0, Large, 1}
H- =A{Little} = {h 1}; g=1

X9 —
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Y ={Very} ={m}ip=1
0 =05
w(Very) = 0,5 = u(h1); (8 = 0,5)
w(Little) = 0.5 = p(h_1); (v = 0.5)
Nhu vay:
fm(Small) =0 = 0,5,
fm(Large) =1 — fm(Small) =1-0,5 = 0,5.
Buoc 2:

Tinh todn céac gid tri ngtr nghia dinh lwong cia cic bién:
1) v(Small) = 0 — afm(Small) = 0,5 - 0,5 x 0,5 = 0,25.

2) v(VerySmall) = v(Small) + Sign(VerySmall) x

l

31

" fm(hiSmall) — 0,5fm(hSmall)} = 0,25 + (~1){0,5 x 0,5~ 0,5 x 0,5 x 0,5} =

=1
0.125.
3) v(Little Small) = v(Small) + Sign(Little Small)x

-

{3 fm(hiSmall) — 0,5 fm(hySmall)} = 0,25 + (+1){0,5 x 0.5 — 0.5 x 0,5 x 0,5} =

=—1
0,375.

4) v(Large) = 0 + afm(Large) = 0,5 + 0,5x 0,5 = 0,75.

5) v(VeryLarge) = v(Large) + Sign(Very Large) x

1

> fm(hiLarge) — 0,5fm(hiLarge)} = 0,75 + (+1){0,5 x 0,5 = 0,5 X 0,5 x 0,5 } =

=1
0,875.

6) v(Little Large) = v(Large) + Sign(Little Large) x

—1
{> fm(hiLarge) — 0,5fm(h_Large)} = 0,75 + (=1){0,5 X 0,5 - 0.5 x 0,5 x 0,5} =

i=—1
0,625.

Qua trinh dp cdc gia tir cho cdc bién nhu sau:
Dai véi trang thai y:

P — Large(L)

N — Small(S)

Z — Medium(M)
Dai véi trang théi s :

P — Large(L)

N — Small(S)
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Z — Medium(M)
Déi véi dieu khién u :
P — Large(L)
N — Small(S)
Z — Medium(M)
NB — Very Small(VS)
PB — Very Large(VL)

Budéc 3: Chuyén bang diéu khién sang dai s6 gia tir nhu sau:

Bdng 2. Bang gia tri dinh lwong ngtr nghia cia cdc gia tir

L=0.75 M=0.5 S=0.25
L=0.75 VL =0.875 L=0.75 M=0.5
M=0.5 L=0.75 M=0.5 S=0.25
S=0.25 M=0.5 S=0.25 VS =0.125
Gid tri u thuc u
+H 10t
0
0.87 o
5
0.75
0 0.5

0.2
5
0.125 e i i i
10 i i i | | | | >
X, X X,
0.0625 0.125 0.1875 0.25 0.375 0.5625

Hinh 6. D6 thi duong cong ngit nghia
Buaoc 4:
Bai toan suy luan xap xi dua trén dai s6 gia tir véi cdc tham s6 da dwoc tinh todn &
cac budce trén twong dwong véi viee thiét 1ap mot anh xa dinh lwong tir mién ngon ngir
sang dwomng thing. Toan bd cic két qua tinh todn bao gom 9 di€m twong tmg véi 9
luat, trong dé cé 3 diém trung nhau dwoc dwra vao dwdmng cong ngit nghia.

Budc b5:
Puong cong nglt nghia tuyén tinh tirng doan di qua cdc diém twong tng véi cac luat
dieu khién dwoc biéu dién trén hinh 6.



| | | Khoéang xac dinh x,

3 0 +3
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I I Ngit nghia dinh luong x,
0.25 0.5 0.75

Hinh 7. Chuyén doi twong dwong gitta ngit nghia dinh lwong 21 va khodng xéc dinh 24

| | | Khoang xac dinh x,
-5 0 +5

| | | Ngit nghia dinh luong x,
0.25 0.5 0.75

Hinh 8. Chuyén doi twong dwong giira ngit nghia dinh lwong 22 vi khang x4c dinh 2
Budce 6: Véi diéu kién ban dau
k=20
21(0) = 1° twong tng véi gid tri dinh lwong ngtr nghia 21 = 0,584.
x2(0) = —4°/giay twong tng véi gid tri dinh lwong nglr nghia x5 = 0,3.

21 X g = 0,584 % 0,3 = 0,175 no6i suy theo dwong cong nglr nghia nhan dwoc u(0) = —1
mA.

k=1
21(1) = 21(0) + 22(0) = 1 — 4 = —3 twong ting véGi gid tri dinh lwong ngir nghia a1 =
0,25.

x2(1) = 21(0) + 22(0) — uw(0) = 1 —4 — (—=1) = —2 twong bng véi gid tri dinh lwong
nglr nghia zo = 0,4.

1 X 29 = 0,25 X 0,4 = 0,1 ndi suy theo dudmg cong nglr nghia nhan dwoc u(1) = —6

mA.

k=2
21(2) = 21(1) + 22(1) = =3 4+ (=2) = —5 twong ing véi gid tri dinh lweng ngtr nghia
21 = 0.25.

22(2) = 21(1) + 22(1) — u(l) = =3+ (=2) — (—6) = +1 twong Gng véi gid tri dinh
lrong nglr nghia 22 = 0,55.

1 X2y = 0,25% 0,55 = 0,1375 ndi suy theo dudomg cong nglr nghia nhan dwoc w(2) = —4

mA.

k=3
21(3) = 21(2) + 22(2) = =5+ 1 = —4 twong tng v6i gid tri dinh lwong nglr nghia
@) = 0, 25.

22(3) = 21(2) + 22(2) —u(2) = =5+ 1 — (—4) = 0 twong tng véi gia tri dinh lwgng
ngx nghia zo = 0,5.

21 X x = 0,25 x 0,5 = 0,125 noi suy theo duong cong nglr nghia nhan dugc u(3) = —5
mA.
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21(4) = 21(3) + 22(3) = —4 + 0 = —4 twong tng véGi gid tri dinh lwong ngt nghia
= 0,25.

x2(4) = 21(3) + 22(3) —u(3) = —4 + 0 — (=5) = 1 twong tng véi gid tri dinh lwong
nglt nghia xo = 0,55.

1 X wg = 0,25% 0,55 = 0,1375 nodi suy theo dudng cong nglr nghia nhan dwoc w(4) = —4
mA.

21(5) = 21(4) + 22(4) = —4 + 1 = —3 twong tng vGi gid tri dinh lwong ngt nghia
— 0,25,

22(5) = 21(4) + 22(4) —u(4) = -4+ 1 — (—4) = 1 twong tng véi gia tri dinh lwong
nglt nghia xo = 0,55.

1 X2y = 0,25% 0,55 = 0,1375 nodi suy theo dudng cong nglr nghia nhan dwoc w(5) = —4

21(6) = 21(5) + 22(5) = =3 + 1 = —2 twong tng vGi gid tri dinh lwong ngtt nghia
— 0,334,

.%‘2(6) — &1 (5) + .%‘2(5) - u(5)
ngt nghia o = 0,6.

—3+1—(—4) = 2 twong tng v4i gid tri dinh lwong

21 X 23 = 0,334 x 0,6 = 0,2 no6i suy theo dudng cong ngr nghia nhan dwoc u(6) =
0,0mA.

k=17

21(7) = 21(6) + 22(6) = —2 +2 = 0 twong tng véi gid tri dinh lwgng nglt nghia z; =
05

.%‘2(7) == .%‘1(6) + .%‘2(6) — u(6)
nghia &z = 0,5.

—2 42 —0 = 0 twong &¢ng véi gia tri dinh lvong ngtr

1 X xo = 0,5%0,5 = 0,25 ndi suy theo dudng cong ngr nghia nhan dugce u(7) = 0,0mA.
k=28
21(8) = 21(7) +22(7) = 0+ 0 = 0 twong ing véi gid tri dinh lwong nglr nghia 1 = 0,5.

22(8) = 21(7) + 22(7) —u(7) = 0+ 0 — 0 = 0 twong ing véi gid tri dinh lugng ngtr
nghia &z = 0,5.

21 X xo = 0,5%0,5 = 0,25 ndi suy theo duwdng cong ngir nghia nhan duoc u(8) = 0,0mA.

Két luan: Con lac ngwoc da dimg yeén.
Céc két qua tinh todn theo phuwong phép diéu khién mo théng thuomg va phuwong phap
dieu khién sit dung dai s6 gia tir dwoc thé hién theo bang 3.

Bdng 3. Két qua hai phwong phap diéu khién mo truyen théng va ding dai s6 gia ti



5 -3 1 -4 1.12 0 432
6 2 2 0 1.12 -3.2 0.8
7 0 0 0 -2.08 -2.28 -9.86
8 0 .0 .0 -4.36 ., . 5.5 0.0
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9 0 0 0 1.14 1.14 6.8

4.4. So sanh hai phuwong phép diéu khién

Dé so sanh hai phwong phap dieu khién can xay dung ham sai s6 dieu khién con lac nguwoc
(r =0; Ar =0) dang:

e(k) = [(21(k) — )2 + (22(k) — Ar)2]2 véir ~ 0; Ar & 0

A . N . < oA . X ~ N
Do thi ham sai s6 con lic nguoc dugc bieu dien trén hinh 8.

Nhur vay dieu khién mo chi ¢é6 kha nang dwra con lac nguoc dao dong nhe xung quanh vi
tri can bang; trong khi dé dieu khién diing dai s6 gia tir ¢6 thé giit con lic ngwoce ding yén
tai vi tri can bang sau 7 chu k¥ dieu khién.

5. KET LUAN

bieu khién st dung dai s6 gia tir 1a mot huwdng nghién c¢itu méi vé khoa hoc diéu khién.
Qua. vi du cu thé ve diéu khién con lac ngwoc 1o rang rang phuwong phap diéu khién dung dai
s6 gia tir cho phép dat dwoc két qua t6t hon han so véi phuwong phép dieu khién mo truyen
thong.

(fan phai cé cdc nghién citu va chirng minh chic ché vé mit todn hoc hiéu qua dieu khién
clia phwrong phép stt dung dai s6 gia tit so v&i phwong phap dieu khién mo truyen théng. Tuy
nhién cé thé thay mét s6 loi diém cia phuwong phip diéu khién st dung dai s6 gia tir nhw
sau so véi digu khién mor:

+ Khi trén phan hoach cia cdc bién dau vao cé s6 ham thuoc 1ém, khoi lwong tinh todn
dua trén dieu khién mo ting lén rat nhanh tai tirng thoi diém k, trong khi @6 khéi
lrong tinh toan duwa trén dai s6 gia tit tang lén khong ddng ké.

+ Dieu khién st dung dai s6 gia tir khong can chon dang ham thuoc va ciing khoéng can
gidi bai todn gidi mo. Nhitng van dé nay 1a nhirng nguyén nhan gay sai s6 nhieu khi
rat 16n trong phwong phép dieu khién mo truyén théng. Véi nhitng wu diém trén cé
thé dwa dai s6 gia tit vio nhiéu bai todn dieu khién khac nhau nhw dieu khién thich
nghi, diéu khién bén virng, diéu khién trong ché doé truot mo,...
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Hinh 9. Do thi ham sai s6 diéu khién con lic nguoc

Y tudng cia ly thuyét dai s6 gia tir ve xdy dung mét cau tric tinh todn di gidu trong

ban than ngén ngit tw nhién cla con nguwdi 1 mot ¥ twdng tot, cé thé dé dang mé phéng tinh

bat dinh trong ngén ngi tir nhién néi chung va trong bai toan dieu khién néi rieng. Diéu nay

goi v cho céc nghién citu tiép theo vé mé hinh héa dong hoc va dieu khién qud trinh phitc

tap chita bat dinh. Khai niém ngir nghia dinh lwong trong 1y thuyét gia tir ciing ¢é thé la

co s& cho céc nghién ciru, phéat trién bién ddi Laplace - mot cong cu t6i quan trong cia 1y
thuyét dieu khién.
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