Tap chi Tin hoc va Piéu khién hoc, T.22, S.3 (2006), 209-220
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Abstract. It is shown in [5, 6] that the semantics of terms-domains of linguistic variables presented
by hedge algebras (HAs) captures more information. Based on this, qualification of HAs can be
introduced and defined by a linear expression w.r.t. parameters to be fuzziness measure of the
primary terms and linguistic hedges. In this paper, we shall propose a method of fuzzy control based
on HAs with boundary parameters. Here, bounds are the limits of referential spaces of variables
control. It is shown that the method is simple and the bounds for every problem can be defined
suitably so that it produces better results in comparision with those of the method based on fuzzy
set considered in [9].

Tém tit. Dai s gia tir 14 cAu tric khé t6t dé biéu dién mién gid tri cida cic bién ngdén ngir. Hon
nita viéc dinh lwgng céc gid tri ngdén ngir vé dang s6 gitp qué trinh tinh todn thém dé dang. Trong
bai bdo nay chiing téi dé xuit mot phwong phép dieu khién diwra trén dai s6 gia tir véi tham s6 bién.
O day bién chinh 13 giéi han cia khéng gian tham chiéu cia bién diéu khién. Céc buéc thire hién
trong phwrong phép nay khd dom gidn. Néu ching ta xéc dinh dwgc tham s6 bién cho tirng bai toan
thi viéc dieu khién rat hiéu qud. Buéc dau thir nghiém tinh toan cho bai toan diéu khién truot mer
thu duge két quad t6t hon cdc phuong phap trong [9].

1. GIOI THIEU

biéu khién logic m& (Fuzzy Logic Control - FLC) 14 mot trong nhirng tng dung cta ly
thuyét tap mo duoc nhiéu tdc gid quan tam nghién citu [9]. Trong nhirng ndm gan day, logic
mo 13 cong cu quan trong dé dieu khién nhat 1a trong cac linh vuc dieu khién tu dong va
cdc tién trinh xit 1Iy. Logic m& cling duwge ding trong nhitng hé théng phitc tap, gitip cho
con nguoi tiép can xir 1y dé dang hon véi nhitng dit liéu dang khong 16 rang dong thoi mo
phdng t6t cdc hanh vi cia con ngudi [10]. Trong hau hét céc ting dung nhimg gid tri ngén
ngt duwoc chuyén veé dang s6. Mot ciu tric kha t6t dé xir 1y ngon ngit & dang s6 1a dai s
gia tir [2-6]. Cdc gid tri ngdn nglr cia mot bién ngdn ngr déu thudce ciing mot cau tric va
chiing c6 thé so sdanh dwgc véi nhau vé mat ngi nghia. Vi cdu tric nay dinh lwong duwoc céc
tir, chuyén ngon ngir sang nhirng gi tri thire trong doan [0, 1] bing mot biéu thirc tinh toan
dai s6 v6i tham s6 1a do do tinh md cda phén tit sinh nguyén thiy va cc gia tir nén ching
ta rat dé tinh toan, thao tac véi do chinh xdc cao. Moi qué trinh diéu khien deéu cé tap luat
tri thitc dieu khién. Thong thuwong tap luat duwoc cho & dang ménh de IF-THEN, phan IF
chinh 1 phan diéu kién con phan thit hai (phan THEN) la phan dieu khién. Dira vao dir liéu
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vao va tap luat con ngudi phai c¢6 nhitng hanh vi tirong thich dé dat diroc muc tiéu. Nhirng
luat don gidn c¢6 dang sau:
IF X; THEN U, i = 1,...,n.
(1)
X; la cdc nhan ngdén nglt cua cac tap mo véi ham thude p(X;(z)) trong dé = thudc khong
gian X, bién dieu khién U; 13 cdc nhian ngon ngir cia cac tap mo véi ham thuoc u(Us(u)), u
thuoc khong gian U.

Diéu khién don gidn 13 thi tuc 1ap luan dua trén quy tic modus-ponen (AA(A = B)) = B
titc 1a néu A ding va A = B ding thi B cling ding. Phuong phap lap luin chid yéu la dung
cdc phép todn kéo theo thay cho cdc quan hé mo. Vi c¢6 rdt nhiéu todn tir kéo theo nén khi
st dung cac toan tit kéo theo khac nhau sé cho két qua diéu khién khac nhau. Trong bai bao
nay ching toi trinh bay mot phirong phép diéu khién twong déi hiéu qua so véi phwrong phap
diéu khién mo [9]. Dieu nay dwge thé hién qua bang so sdnh céc két qua bdi cdc phuong
phap diéu khién cho Bai toan 4.1 & phan sau.

Cau tric cda bai bdo dwoc trinh bay nhw sau: Ngoai phan mé dau va két luan, trong
Muc 2 ching t6i trinh bay tém tat ve dai s6 gia tir va cidc ham dinh lwong. Muc 3 trinh bay
lai cdc phwong phéap dieu khién trong tai liéu [9] 14 diéu khién md don gidn va dieu khien
dwa trén phuong trinh quan hé m& véi phép hop thanh sup-t, dong thoi ching to6i dé xuat
phwrong phap dieu khién dya trén dai s6 gia tir véi tham s bién. Vi du tinh todn minh hoa
duoc trinh bay trong Muc 4.

2. SO LUQC VE PAI SO GIA TU
2.1. Pai sd gia tir ciia bién ngdn ngir

Tap mo 1a cong cu hiru hiéu dé bicu dién ngit nghia cla cic gia tri ngdn ngir. Moi gia
tri ngoén ngir mang mot ngit nghia nhat dinh, ve truc gidc ching cé thé so sanh dwoc, chang
han nhu true > false, young < old... P& tinh toan dwoc trén céc gia tri ngdn ngi, nguoi ta
biéu dién ching bdi céc tap md. Mat han ché khi gan tap mo cho cac gid tri ngon ngi 1a né
khong bdo toan quan hé thit tuw trong ngir nghia cia ngdén ngir. Trong phan nay ching ta sé
mo tad mot dai s6 cia bién ngon ngir.

Giad st X 1a mot bién ngdén ngtr va mién gid tri cia X 14 Dom/(X). Mot dai s6 gia tir AX
twong tmg cia X 1a mot bo 4 thanh phan AX = (Dom(X),C,H,<) trong d6 C 1a tap cac
phan tir sinh, H 13 tap cdc gia tir va quan hé “<” 14 quan hé cam sinh ngtr nghia trén X. Vi
du nhur X 14 t6c do quay ctia mot moé to thi

Dom(X) = {fast, Very fast, Possible fast, Vsery slow, low...} U{0,1, W},

C = {fast, slow,0,1, W},

v4i 0,1, W 14 phan tir bé nhat, phan tit I6n nhat va phan tir trung hoa twong tmg, H =
{Very, More, Possible, Little}.

Trong dai s6 gia tir AX = (Dom(X),C, H, <), néu Dom/(X) va C 13 tap sap thit tu tuyén
tinh thi AX duogc goi la dai s6 gia tir tuyén tinh.

Tir day vé sau néu khong nham 1an chiing ta c6 thé str dung ky hiéu X thay cho Dom(X).
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Nhu ching ta da biét trong [3], cdu tric AX dwge xay dung tir mot s6 tinh chdt cia céc
phan tir ngon ngit. Céc tinh chat nay dwoc biu thi bdi quan hé thir tu ngir nghia < cia X.
Sau day ching t6i xin nhic lai mot s6 tinh chat trure gidc:

i) Hai phan tir sinh cia bién ngon nglr ¢6 khuynh huwéng ngir nghia trai ngugce nhau: fast cé
khuynh huwéng “di 1én” con goi 1a hwéng dwong ky hiéu ¢™, slow c¢6 khuynh huéng “di xuéng”
con goi 1a hudng am, ky hiéu ¢~. Pon gidn, theo quan hé thit tir ngit nghia ta c6: ¢ > ¢~
Chiang han old > young, true > false.

ii) Vé truc gidc, moi gia tir ¢ khuynh huéng lam ting hodic gidm ngir nghia ciia phan tir
sinh nguyén thiy. Chang han nhw Very fast > fast va Very slow < slow diéu nay cé
nghia gia tir Very lam manh thém ngtr nghia cia cd hai phan tir sinh fast, slow. Nhung
Little fast < fast, Little slow > slow vi thé Little c6 khuynh huéng lam yéu di ngir nghia
cla phan tir sinh. Ta néi Very 1a gia tir dwong va Little 14 gia tr &m. Ta ky hiéu H~ 14 tap
cac gia tir am, HT 13 tap cdc gia tir dwong va H = H~ U H™'. Néu ca hai gia tit h va k cing
thuoc H™ hodc H~, thi ta ndi h, k sdnh dwoc v4i nhau. Dé thiy Little va Possible 14 sanh
dwoc véi nhau va Little > Posible, vi Little false > Possible false > false. Ngugc lai,
néu h va k khong dong thoi thuoc Ht hodac H—, khi d6 ta néi h, k ngiroc nhau.

iii) Hon nira, chiing ta nhan thdy moi gia tir déu ¢6 sy dnh hudng (lam tang hodc lam gidm)
dén ngtr nghia cia céc gia tir khac. Vi vay, néu k lam ting ngir nghia cia h, ta néi k
13 dwong déi v6i h. Nguoc lai, néu k lam gidm ngtr nghia cia h, ta néi k 1a am déi véi
h. Chéng han xét céc gia tt ngon ngx V (Very), M (More), L (Little), P (Possible), cia
bién ngén ngtr TRUTH. Vi L true < true va VL true < L true < PL true, nén V la
dwong d6i véi L con P 1a am déi véi L. Tinh am, dwong cia céc gia tir doi véi céc gia
t&r khac khong phu thuoc vao phan tir ngén ngit ma né tac dong. That vay, néu V duong

doi voi L thi véi bat ky phan tr z ta ¢6: (néu
x < Lz thl Ly < VLz) hay (néu x > Lz thl Lz >
V Lz). Nhin chung, véi bat ky h, k € H, h duogc goi
14 dwong ddi v6i k néu (Vo € X){(kx > v = hkx >
kz) hay (kx > © = hkx < kx)}. MOt cdch twong
tu, h dugce goi 14 am ddi véi k néu (Vo € X){(kx >
x = hkx < kz) hay (kx < ¢ = hkx > kx)}. Tinh

am, dirong ctia céc gia tir dwoc thé hién trong Bang
1. Bang 1
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iv) Mot tinh chdt ngir nghia quan trong cia cdc gia tit dwoce goi 1a tinh k€ thira. Tinh chat
nay thé hién & choé khi tdc dong gia tir vao mot gia tri ngon ngir thi ngit nghia clia gid tri
nay bi thay d6i nhung van gitt dwoc ngir nghia goc cla né. Diéu nay cé nghia 1a véi moi
gia tit h, gid tri he thira ké ngit nghia cia x. Tinh chit ndy gép phin bdo ton quan hé thit
tu nglr nghia: néu hx < kz thi A'he < k'kx, hay b/ va k’ bdo ton quan hé ngir nghia cia
hz va kx mot cach twong trng. Chang han nhu theo truc gidc ta c6 Ltrue < Ptrue, khi dé:
PLtrue < LPtrue.

2.2. Cac ham do trong dai s6 gia titr tuyén tinh (xem [5, 6])

Trong phéan nay ta st dung dai s6 gia tt AX = (X,C, H, <) 1a dai s6 gia tir tuyén tinh
v6i C = {c, et} U{0,L,W}. H = H- UH*, H™ = {h_1,h_2, ... h_y} thoa h_y < h_s <
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o < h_g VA H* = {hy, ha, ... hy} théa hy < hy < ... < hy,

Goi H(x) la tap cic phan tir cia & sinh ra tir  bdi céc gia tit. Nghia 1a H(x) bao gom
cdc khai niém md ma né phdn anh y nghia nao d6 cida khdi niém z. Vi vay, kich thuéce cia tap
H(zx) c6 thé biéu dién tinh mo cida z. Tir d6, ta c6 thé dinh nghia d6 do tinh mo nhw sau: Do
do tinh m¢ cua z, ta ky hiéu la fm(z), 1a duwong kinh cua tap f(H(z)) = {f(u) : v € H(z)}.

Pinh nghia 2.1. Cho dai s6 gia tt AX = (X,C,H,<). Ham fm : X — [0,1] duoc goi la
ham do6 do tinh m& cia cdc phan tit trong X néu:
fml) fm(c™) + fm(ct) =1va > fm(hu) = fm(u), Vu € X;
heH
fm2) fm(z) = 0, véi moi x sao cho H(x) = {z}. Pac biét, fm(0) = fm(W) = fm(1) = 0;

fm3) Va,y € X,Vh € H, fm(hz) _ fm(hy)

fm(z) — fm(y)
goi la dd do tinh mo cia gia ti b, ky hiéu la u(h).

, ty 1& nay khong phu thuoc vao z,y va dugce

Dieu kién fm1) c6 nghia la cdc phan tir sinh va céc gia tir 1a di dé€ mo6 hinh héa ngir nghia
clia mién gid tri thue cia cic bién vat 1Iy. Tap gia tt H va hai phan tir sinh nguyén thiy
di dé phi toan bo mién gia tri thure ciia bién ngon ngir. Vé truc gidc, ta ¢ dieu kién fm?2).
fm3) thé hién s téc dong cia gia tr h nao dé vao céc khai niém mo 1a giong nhau (khong
phu thudc vao khéi niém mo).

Ménh dé 2.1. Cho fm la ham @¢ do tinh mo trén X. Ta cd:

i) fm(hz) = p(h) fm(z),Vz € X;

ii) fm(c™) + fm(c*) =1;

iii) So  fm(hic) = fm(c) véice {c,c};

—q<isp,i#0

iv) > fm(hx) = fm(x)

—q<isp,i#0

V) > plhi)=awva >, p(hi) =0, trong @0 o, >0 va o, B = 1.
—g<i<—1,i#0 1<i<p,i0

Pinh nghia 2.2. Ham dau sign : X — {—1,0,1} duoc dinh nghia dé quy nhu sau:

i) sign(c™) = —1, sign(c™) = +1;

ii) sign(h'hz) = —sign(hz) néu b’ 4m doi véi h va W he # ha;

iii) sign(h’hx) = sign(hz) néu h' dwong doi véi h va h'hx # ha;

iv) sign(h’hx) = 0 néu h'hz = hz.
Ménh dé 2.2. Vi moi gia t h vd phan t x € X néu sign(hz) = +1 thi hx > z vd néu
sign(hz) = —1 thi hx < x.
Dinh nghia 2.3. Cho fm la ham do do tinh m¢ trén X'. Mot ham dinh lwong ngtr nghia v
trén X (két hgp véi fm) duge dinh nghia nhu sau:

) v(W)=60= fm(c),v(c”) =0 —afm(ch), v(ict) =0+ afm(c), vé4i 0 < 6 < 1;

j
ii) v(hje) = v(z) + sign(hyz){ Y fml(hi) - w(hjz) fm(hz)}, i € [~q Apl,
i=sign(j)
trong d6 w(h;z) = %[1 + sign(hjz)sign(hph;z)(8 — )] € {o, B}, [—g AP ={j:—q <
j<pvaj#0}
Ménh dé 2.3. Vdi moi phdn tv x € X ta ¢6 0 < v(z) < 1.
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3. PHUONG PHAP PIEU KHIEN MO VOI THAM SO BIEN

Trong phan nay ching toi sé trinh bay lai mot s6 phwong phap diéu khién trong [9] d6 1a
phwrrong phép diéu khién don gidn va phuwong phap diéu khién dva trén phwong trinh quan
hé m&. Pong thoi ching t6i cliing dé xudt mot phwong phap dieu khién méi dua trén dai s§
gia ti.

3.1. Phuong phdp diéu khi€n m¢ don gidn (Simple Fuzzy Control - SFC)

Nhw ky higu quan hé (1), dieu khién mo trong [9] dwge cho nhw sau:

R, =X;xU;,i=1,2,...,n.

R = Ui R;,

U =XOR,
trong dé  ky hiéu cho phép todn kéo theo, © 1a phép hgp thanh sup —¢ (trong bai nay chinh
14 sup — min) va |J 1a ham 18y maximum ([10]). Dt litu dau vao dugce xdc dinh trén khong
gian X, ky hiéu dit liéu ndy 13 X (x). Dit lieu mo diéu khién tinh toan dwgc trén khong gian
U, ky hiéu U(u). Quan hé R; dwgc xéc dinh trén khong gian X x U, R; duwgc tinh nhu sau:
Ri(z,u) = X;(x) * Uj(u) = min{X;(x),U;(u)} v6i moi z € X,u € U trong d6 X;(z),U;(u)
dwoc biéu thi bédi cdc ham thuoc. Quan hé hop thanh sup — min dwoc xac dinh:

U(u) = X(z)OR(z,u) = sup{min{ X (z), R(z,u)}}, (2)

zeX

chiing ta cé thé viét lai :

Ulu) = ilel)lz{min{X(fC)a URz'(%U)}} = EEE{U min{ X (z), Ri(z,u)}}

= jg}}g{u min{ X (x), X;(z) * U;(u)}} = Uzlelg{mln{X(x), Xi(x)}} + Ui (u)

vGi A; 1a mot gid tri vo hudng con goi 1la kha nang twong thich cia X (z) véi X;(z). Ta cé:
A = II(X (z)/ Xi(x)) = Sug{min{X(w),Xi(x)}}-
fAS]

Trong trudmg hop cu thé khi X (z) 1a gid tri rd

X(2) 1 néuzx=x
xTr) =
0 trong truong hop khac

thi A; dwoc tinh nhu sau:

A; = sup{min{1, X;(xo)}, min{0, X;(z)}} = X;(x0).

3.2. Phuong phép diéu khién dya trén phuong trinh quan hé mo véi phép hop
thanh sup —t
(Fuzzy Control based on Fuzzy Relational Equation with sup — ¢ composition - sup — t_FC)

Twong tir nhu trong phwong phap SFC, gid tri dieu khién U dwoc tinh trong phuwong
phép nay cing nhd vao phép hop thanh sup — min. Su khac biét gitta sup — t_FC doi véi
SFC & chd 13 trong phrrong phép sup — t_FC st dung phép kéo theo Godel ¢ thay cho phép
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min va phép toan minimum () thay cho phép toan mazximumJ. Phwong phap dieu khién
dua trén phurong trinh quan hé m¢ trong [9] dugc cho:
Ri = XigoUi, 1= 1, ey N

R:ﬂm
U= XOR, (3)

trong dé () 1a ham minimum ([10]), todn tit ¢ la phép kéo theo Godel [1,9] dugc xéc dinh
nhuw sau:

1, p(X(2)) < (Y (),

p(X (), u(X(@)) > pY(y))-

T (2), (3) ta thu duge U(u) = sup{min{X (z), ﬂ Ri(z,u)}} phép hop thanh sup —min
zeX

khong phén phdi d6i véi phép giao ([10]): XO(Y N Z) « (XOY) N (XOZ) vi vay dé tinh
dwgce U(u) thi phéi tinh quan hé mo R(z,u). Tuy nhién, trong trudmg hop dir liéu dau vao
cta dieu khién & dang 16 thi phwong phap nay khong can tinh quan hé mo R(z, u). Diéu nay
dwoc khang dinh béi dinh 1y sau:

(XpY)(z,y) = X(2)pY (y) = {

Dinh 1y 3.1. ([8]) Trong truong hop di liéu diu vao cia FLC ¢ dang 1o, gid tri dicu khién
mo thu dwoc bang phwong phdp dieu khién dwa trén phwong trinh quan hé mo véi phép hop
thanh sup — t ma khong can tinh quan hé mo R(z,u).

3.3. Phuong phéap diéu khién véi tham sé bién (Hedge Algebra Control with
parameter N - HAC(N))

Trong ca hai phwong phép diéu khién vira néu, méi quan hé R; dwoc tinh nho vao mot
phép tinh kéo theo. Khi thay doi phép toan kéo theo sé dan dén thay doi két qua diéu khién
mot cach déng ké. Chuing ta sé nhan thdy su thay doi déng ké nay trong vi du minh hoa &
Muc 4. DPiéu dang quan tam & day la c6 rat nhiéu phép todn kéo theo vi vay viéc chon lhra
phép toan nao dé cho phit hop trong qué trinh diéu khién 13 twong ddi khé. Pé truc quan, dé
dang tinh todn va khong phu thudc vao phép todn kéo theo, ching t6i dé xudt mot phwong
phap dieu khién dura trén dai s6 gia tir. Trong phiwong phap nay, chiing ta xem mién tri cia
mot bién vat 1y nhu mot dai s6 gia tir. Dwra vao ham dinh lwrong ngir nghia trong céc dai s6
gia tir cling véi phép todn két nhap don gidn, ching han phép todn min, ching ta chuyén
duge moi luat dang (1) vé mot diém trong khong gian hai chiéu (xem chi tiét trong [5]). Khi
dé6 tap cac luat sé twong ing véi mot duong cong trong mat phang. Nhu vay véi moi dir lieu
dau vao cia qua trinh dieu khién ching ta dé dang tinh dwoc dau ra nho vao phwong phap
noi suy trén duong cong do.

Chiing ta déu biét trong 1y thuyét tap mo moi gia tri ngon ngit deu dwgc bidu dién bdi
mot tdp mo trén khong gian tham chiéu cda né. Twong tu, trong dai s6 gia tir moi gid tri
ngon ngr sé twong tng véi mot gid tri dinh lwgng ngtr nghia trong doan [0,1], tir gid tri ngt
nghia nay sé cho twong trng mot gid tri thue trong khong gian tham chiéu ban dau. Thoéng
thwong chiing ta xem moi khong gian tham chiéu cia cling mot loai bién ngon ngir 1 gidng
nhau. Tuy nhién, véi quan niém dé dé dan dén kém hiéu qua trong viéc 1ap luan x4p xi déi
véi tirng bai toan cu thé. Ching han nhir khi quan niém khong gian cia bién Van_téc chiing
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ta c6 thé c6 khodng xdc dinh 1a [0,120] (km/h). Dai s6 gia tir clia bién Vdn_téc c6 cdc phan
tr sinh 1 {chdm, nhanh}, gid tri s6 cia hai phan ti sinh 1& {30,70}. Khong gian trén 1a hop
Iy néu chiing ta xét van tdc cla xe mdy. Tuy nhién néu xét van téc cia mdy bay thi khong
gian [0,120] khong con hop 1y nita. R6 rang tdc dd nhanh, chdm cia mdy bay khac véi téc
do nhanh, cham cia xe may. V§i té¢c do may bay khong gian tham chiéu cia van toc sé 1a
[0,1200] va cap phan ti sinh {chdm, nhanh} sé c6 gia tri s6 1a {300, 900}. Nhu vay bién cua
khong gian tham chiéu cia bién ngon ngir rdt quan trong ddi véi tirng bai todn. Viée xdc
dinh bién trong bai todn diéu khién 1a van dé rdt nhay cdm. Dé dat dwoc hiéu qua trong
qué trinh diéu khién ching t6i xem cac bién cia khong gian tham chiéu cda bién diéu khién
nhur moét tham s6. Tham s6 nay phu thudc vao tirng bai todn nhat dinh nén khong cé cach
chung dé wéc lwong né. Biang thuc nghiém ching ta sé xdc dinh dwoc tham s6 nay. Véi
phuwong phap duogc trinh bay sau day cung véi viéc thuc nghiém xéc dinh bién ching ta sé
dieu khién dwoc mot cdch hiéu qua. Két qua dieu khién cho Bai todn 4.1 bdi cac phiwrong
phép dwoc téng hop & phan sau.

Céc buéc tién hanh cia phwong phéap diéu khi€n dua trén dai sd gia tir:

B1. Goi AX; = (X;,C, H,<) 1A dai s6 gia tr twong ng cda bién vat ly X;. Chuing ta can
x4c dinh tap phan tir sinh C, phan tr trung hoa W va tap cdc gia tit H cho céc dai so.
Péng thoi ching ta ciing xac dinh dé do tinh m& cla céc gia tir dé tinh todn trong ham
dinh lrong ngir nghia.

B2. Tinh toéan gid tri cho bdng SAM (Semantization Association Memory). Moi gid tri ngon
ngtt trong cdc luat dang (1) cda bién vat Iy X; sé duge dinh lwgng sang mot gid tri thue
trong doan [0,1] nhd vao ham dinh lwgng nglr nghia v; trong dai s6 AX;. Nhu vay, tir cdc
gi4 tri ngdn ngir dwrge cho trong bang luat diéu khién FAM (Fuzzy Association Memory) ta
chuyén dwoc sang bang céc gia tri thire. Bang gia tri nay dwoc goi 1a bang ngit nghia dinh
lwgng SAM.

B3. Xay dung duong cong ngit nghia trung binh dya trén bang SAM va toan tir két nhap
T. Thong thuong phan IF ciia moi ludt diéu khién c6 nhieu diéu kién, vi vay dé tich hop
cac dieu kién ta can chon mot todn tir két nhap. Nhw da dé cap trude day, moi luat dwoc
xem la mot diém trong khong gian hai chiéu véi hoanh @6 1a gid tri tich hop thu dwoc con
tung do 1 gia tri dieu khién. Khi d6, bang dinh lwong ngit nghia SAM sé twong tng véi
mot dwong cong C trong mit phang. Trong mot sd truwong hop, khi tich hop céc dir liu
dau vao sé cho nhirng gié tri giong nhau tng véi gid tri dieu khién khac nhau nén chiing ta
sé c6 nhiéu diém c6 chung hoanh dd nhwng khac nhau vé tung do. Khi dé, cac diém nay sé
dwoc bicu dién bdi mot diém duy nhat véi hoanh do chung con tung do 1a trung binh cong
cua cdc tung do khac nhau d6. Pudng cong C con dwoc goi la dudng cong nglr nghia trung
binh.

B4. Xéc dinh tham s6 bién cta lyc diéu khién F cho tirng bai todn dieu khién cu thé.
Thong thudong khong gian tham chiéu cho bién dieu khién cé dang [~N, N] nén chiing ta
chi can x4c dinh tham s6 N.

B5. Véi tham s6 N duogc xéc dinh trong B4, ta xay dung dnh xa:

fn:[0,1] = [-N,N], fn(z) = N2z —1) véiz €[0,1].

Goi dit liéu dau vao cia qud trinh diéu khién sau khi dwoc tich hop la z,. Ding phirong
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phdp noi suy tuyén tinh trén duwong cong C chiing ta sé tinh dwoc gid tri ngir nghia dau
ra ys (ys € [0,1]). Luc diéu khién F twong tmg véi dau vao x5 dwge tinh theo cong thirc
F = fn(ys)-

4. UNG DUNG PHUONG PHAP HAC(N) VAO BAI TOAN PIEU KHIEN
TRUQT TREN MAT NGHIENG

4.1. Bai toan diéu khién ([8])

Gid st ¢6 mot vat khoi lwong m duge dit trén mot mit nghiéng. Bai todn dit ra la
diéu khién dé giir vat thé tai vi trf ban dau, biét rang luc tadc dong tong hop lén vat 1a F, F
duogc cho bdi cong thire sau:

F = Fp + Fy+ Fy,
trong d6 Fy, 1a luc chuyén dong, F,; nhiéu luc, Fy 1a lyc diéu khién.
G’ G’
Fy = F, ) mg (p) ’
V1+(G'(p))? V14 (G'(p)?
G'(p) 14 ham co s& thong thuong 1a cdc ham sau:

G1(p) = exp(—p?), Ga(p) = —p*.
Vi trf (p) va van téc (v) cda vat thé duge tinh theo khodng thoi gian At theo cong thire

st p(t+1) = p(t) +v(t)At,
v(t+1) = v(t) + F(t)/mAt — Cyo(t), Cy la hdng s6 ma sat.

(4)

Céc gid tri ban dau dwoc cho:
m =10 Kg; g = 9.81 m/s?; At = 0.01s; Cy = 0.04; p(0) = 0.

A

G) VAN TOC

VI TRI NS ZR PS
NB PB PB PS
NS PS PS ZR
ZR PS ZR NS
PS ZR NS NS
> PB NS NB NB

Hinh 1. M6 phéng vi du Bang 2. Céc lut diéu khién FAM

PA
NB NS ZR |, PS PB

| | } } | >
-0.75 -0.5 -0.25 0 0.25 0.5 0.75 [m]
-600 -400 -200 0 200 400 600 [N]

Hinh 2. Ham thudc cua p va Fy
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A
NS ZR | PS
} | . . } —>
-1.5 0.5 0 0.5 1.5  [m/s]

Hinh 3. Ham thudc cia van toc

Luu y: PB-Possitive Big; PS-Possitive Small; ZR-Zero; NS-Negative Small, NB-Negative
Big.

Céc luat dieu khién dwgc cho trong Biang 2. Ham thudc cia vi tri va liyc dieu khién
duoc cho trong Hinh 2, hdm thudc cia van toc dwoc cho trong Hinh 3.

Gid stt cdc dieu kién moi trwong, nhiéu lire va tap luat 1a nhu nhau khi thire nghiém céc

phuong phap diéu khién. Téng binh phwong cic nhiéu lwc theo thoi gian ¢ dwgce cho:
3000

> Fi(t) = 2.176 x 10°(N?).
t=1

4.2. Céc buéc gidi Bai toan 4.1 bing phuong phap HAC(N)
Budéce 1. Ching ta xem mién tri ngdon ngir cia bién vi tri (p) va bién van toc (v) 1a cac dai
s6 gia tir déu c¢6 chung tap gia tt H, H=H UH', H = {Less}, H" = {Very} va céc
tham s6: W = 0.5, u(less) = 0.5, p(very) = 0.5. Céc gid tri ngoén ngr twong tng la:

NB NS | ZR PS PB
small | W Very large

Very small Large

Budc 2. Dinh lwgng céc gid tri ngoén ngir trong Bang 2 ta thu dugc bang sau:

VAN TOC
VI TRi 0.25 0.5 0.75
0.125 0.875 0.875 0.75
0.25 0.75 0.75 0.75
0.5 0.75 0.5 0.5
0.75 0.5 0.25 0.25
0.875 0.25 0.125 0.125

Bdng 3. Bang dinh Iugng ngit nghia SAM

Budce 3. Puong cong ngir nghia trung binh véi phép todn két nhap 14 phép todn min (Hinh
4).

Buéc 4. Quan sat (4) ching ta thay rang lirc chuyén déng Fy, phu thudc vao ham co s&
G'(p). Khi stt dung cic ham co s& khac nhau thi lirc chuyén dong F,,, bi thay doi dan t&i
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lirc tong hop F téc dong lén vat thay doi theo. D& giir vat tai vi trf can bang thi liyc dieu
khién F '+ clng phai thay doi cho phit hop. Khéi niém I¢n hay bé cla luc diéu khién cé
twong quan dén lyc tong hop F. Chang han: lrc tong hop F = 1000 thi lirc diéu khién
Fy =800 la l¢n , nhung néu F = 500 thi khéi niém I6n cia lyc diéu khién 14 400. Do dé
khong gian tham chiéu cia lirc dieu khién phu thudc vao lwc F hay ciing chinh 1 phu thuoc
vao ham co s& G’'(p). Bang thurc nghiém ta x4c dinh duwgc tham s6 bién cia lirc dieu khién
F¢ 1a Ny = 233 va N = 65 tng v6i ham co s& Gi(p) va Ga(p).

1.0
0.9
0.8

Ff
A

S

0.7
0.6
0.5

0.4
0.3
0.2

- \-

0.1

>l

1.0
min (ps’Vs)

0.0 T T T T y T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Hinh j. Pudng cong ngir nghia duoc xay dung tir Bang 2.

Buéc 5. Véi gia tri p(t), v(t) tai méi thoi diem ¢(¢t = 1,...,3000), dung ham dinh lwgng ngir
nghia ta thu dwgc hai gid tri thyc ps, vs twong dng. Ap dung phwong phdp ndi suy tuyén
tinh dé tinh gid tri diu ra ys dwa trén dir liéu vao 1a z, = min(ps,vs). Luc dieu khién tai
thoi diém ¢ dugce tinh béi cong thie Fr = f(ys). Tir d6 ta tinh duge F(t).
Thu tuc tinh todn cho Budc 5:
void tinhtoan(){
int ¢;
double g = 9.81, delta_t = 0.01, c; = 0.04, m = 10.0;
double p,v, F, Fm, Fd, F f,ps,vs, F fs;
double gf, PE = 0.0, FP = 0.0;
p =0.0,v = 0.0, //xuat phat p(0) =0
Fd=(double)sqrt(2176/3);
Ff = 0.0;
Fm =mx*g/sqrt(2);// Fm = 0.0 khi ham co so la gf2
F=Fm+ Ff+ Fd;
for(t = 1;¢t <= 3000;t + +){
p = p + vkdeltay;
v = (v+ F/mxdelta; — cf xv);
PE+ = px*p;// Position error
FP+ =FfxFf;// fuzzy power
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ps = pv_pvs(p, 1.0);
vs = pv_pvs(v, 1.0);
F fs=linear(min(ps,vs), z,y,n);// noi suy

Ff=Ffs_Ff(Ffs,N);//tinh luc dieu khien F'f
9f = 9f1(p);

Fm =m=x*gxgf/(double)sqrt(l + gf * gf);
F=Fm+ Ff+ Fd;

}

printf(“Position error: %lf” PE);

printf( “Fuzzy power: %lf” FP);

}

Két qud diéu khién bdi 3 phwong phap véi gia tri ban dau p(0) = 0 nhw sau:

Bdng 4. Két qua thir nghiém

Ham co sé& SFC Sup-t FC HAC (N) N
PE 0.535 0.172 0.065
G,(p) 233
FP 4.589 6.727 27.829
PE 0.434 0.162 0.024
G,(p) 65
FP 4.656 6.803 2.176

trong do ta stt dung céc ky hiéu viét tat nhw sau:
SFC: Phuong phép diéu khién m¢ don gidn (Simple Fuzzy Control).
Sup—t_FC: Phrong phap diéu khién dira trén phwong trinh quan hé mo (Fuzzy Control
based on Fuzzy Relational Equation with sup-t composition).
HAC(N): Phwong phép diéu khién diya trén dai s6 gia tit v6i tham s6 bién N (Hedge
Algebra Control with parameter N).
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PE, FP 13 tong binh phuwong céc sai s6 vi tri v tong binh phwong cic luc dieu khién:

3000

PE = Y p’(t)(m?),

30d0!

FP =Y F7(t)(10°N?).
t=1

RG rang, tir sai s6 vi tri trong Bang 4 cho thay phirong phap diéu khién v&i tham s& bién

cho két qud to6t hon hai phwong phép trude.

5. KET LUAN

Khi dir liéu vao cia qud trinh diéu khién 13 di liéu r6 thi phwong phép diéu khién trong
[9] khong phai tinh todn cdc quan hé mo. V&i phwong phap diéu khién dura trén dai s6 gia
t1r véi tham s6 bién thi ching ta khong can tinh quan hé md& cho cd hai loai dir liéu: dir liéu
ro va dir liéu mo. Vi viy phuong phép nay khong chiu sy éanh hudng cia cdc phép toan
kéo theo. Két qua diéu khién ban dau cho vi du minh hoa trong Phin 4 thé hién tinh hiéu
qua khi diéu khién bang phwong phap HAC(N). Viéc diéu khién dé giit vat thé tai vi tri
ban diu trong 30 gidy bang phwong phdp HAC(N) cé tong binh phiwrong sai s6 vi tri rat
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nhd (khodng 0.065 ho#c 0.024 cho mdi ham co s&), bé hon nhiéu so véi cac phwong phép da
de xuat trong [9]. Piéu nay cling khang tinh chinh x4c cao trong qud trinh tinh todn khi sir
dung dai s6 gia tir. Tuy nhién van dé con ton tai & day 1a chwa c6 cach chung dé xdc dinh
tham s6 bién N, chiing t6i hy vong sé ¢ phwong phdp xéc dinh tham s6 nay cho tirng bai
toan diéu khién khac nhau trong thoi gian téi.
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