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TOM TAT - Con lic nguoc la déi tuong co rét nhiéu ng dung trong thuc té. Diéu khién con ldc nguoc la bai todn da duoc
nhiéu nha khoa hoc nghién ciru véi cic phwong phdp diéu khién khdc nhau nhw siv dung bé diéu khién PI, diéu khién truot, diéu
khién sir dung mang no ron, diéu khién bang logic mo, ... Trong bdi bdo nay, ching t6i nghién ciru 2 bé diéu khién cho déi twong
“con ldc ngwoc ¢ lién két dan hoi — can nhot chiu tai chu ky” @6 la diéu khién mo truot sir dung logic mo (Sliding Mode Fuzzy
Controller — SMFC) va diéu khién mo triegt siv dung dai s6 gia tir (Sliding Mode Hedge-Algebras Controller — SMHAC). Két hop
Véi viéc g dung gidi thudt di truyén dé téi wu hod cdc tham s6 mo ciia SMHAC dé dat duoc chdt luwong diéu khién tét hon. Muc
tiéu nghién citu la so sanh, danh gia chdt lrong dzeu khién va kha nang iimg dung dai $6 gia tir trong diéu khién mo truot. Ket qua
dat dirge cho thiay SMHAC diéu khién duwa con ldc vé vi tri cin bang nhanh hon cd vé thoi gian xdc ldp, dg chinh xdc va dg én dinh
ciia con ldc so véi SMFC. Qua d6 cho thdy tinh hiéu qud ciia dai s6 gia tir trong 16p bai todn diéu khién mo truot dya trén hé ludt
ngon ngir.

Tir khoa - Fuzzy, Genetic Algorithm, Hedge Algebras, Inverted Pendulum, Sliding Mode Control.
I. GIOI THIEU

Diéu khién 6n dinh cho ddi trong con lic ngugc 1a mot trong nhimg van dé co ban va quan trong nhét trong ky
thudt diéu khién. Con lic ngwoc 1a mot déi twgng phi tuyén, kho diéu khién [9] va thuong dugc diéu khién boi céc
phuong phap diéu khién hé phi tuyén [6]. Trong 16p bai toan nay, nhiéu nha nghién ctru da phat trién cac phuong phap
diéu khién khéac nhau. Tuy nhién, n6 van ludén la mot linh vuc nhan duge nhiéu sy quan tim béi tng dung rong rii cua
n6 nhu trong ky thuat vé tén lira, huéng dan hanh trinh tén lira, dia chén va trong cac hé théng dién tir hang khong (vi
du nhu may bay, tau con thoi khong gian, vé tinh, tau thuy, robot, 6t, ...). Vi v@y n6 dugc coi nhu mot mo hinh ti€u
biéu dé thu nghiém cdc ky thuét diéu khién kinh dién va hién dai [7], [8] [10], [11]. Cho dén nay, da c6 rit nhiéu
phuong phap diéu khién con lic nguoc. Cé thé chia thanh may nhém nhu sau: nhém phwong phap diéu khién kinh
dién, chang han nhu PI, PID [8], [9]; nhém diéu khién hién dai nhu diéu khién truot thich nghi [7], diéu khién trugt bén
virng [10]; nhom cac phuong phap st dung tri tué nhén tao nhu mang neuran, logic mo va dai so gia tur [2] két hop voi
giai thuét di truyén (GA), toi wu bay dan (PSO) [10], [17]. Nguyén ly chinh dugc trinh bay trong cac phuong phap d6
1a diéu khién goc léch cua con lic ngugc so véi vi tri can bang.

Diéu khién theo nguyén ly truot, hay con goi la didu khién trong ché do truot 1a mot phuong phap didu khién
bén virng cho hé phi tuyén. Bo didu khién truot kinh dién dwoc biét dén v6i nhidu nhimg tmg dung trong diéu khién tac
ddng nhanh. Chung thudng bao gdm hai khau PD va Relay 2 vi tri méc nbi tiép dé tao ra tin hiéu diéu khién. Tin hiéu
diéu khién cua bd diéu khién s& nhan gié trj Uy, hodc — Upygy. Chinh vi vy ma xay ra hién tuong truot (sliding) va
kem theo sy rung (chattering), 1a hién twong ma quy dao trang thai “truot” zich-zac theo mat trugt ve gbc toa do. Hién
tugng nay co thé gy hai cho céac co céu co khi ctia dbi twong. Dé han ché diéu nay, viéc mo hoa tin hiéu didu khién va
cac thong tin dau vao ciia bo diéu khién giup cho c6 thé giam dugc hién twong chattering. Co thé thay nhiéu nha nghién
ctru da sur dung phuong phap diéu khién trugt két hop véi diéu khién mo [7] — [10], [12]. Khi d6, bo diéu khién duoc
g0i 1 bo diéu khién mo trong ché do truot [14].

Diéu khién theo logic md ¢6 mot dic diém dé 1a khong doi hoi phai biét vé mo hinh toan hoc cu thé cua ddi
tuong va cho phép tiép can mot cach truc quan hon dé thiét ké so véi cac bo didu khién kinh dién. Ngoai ra, cac bo
diéu khién logic m& c6 kha nang xtr 1y tin hiéu khong chéc chin, khong rd rang. Mic du tap mo dwoc sir dung trong
diéu khién mo voi myc dich dién dat ngir nghia cua ngén ngir tyr nhién xuét hién trong luat diéu khién mo nhung lai
khong c6 mdi lién hé chit ché gitra tdp mo véi cac tir ngdn ngilr nay vé mét ngtr nghia. Trong thuc té, khi thiét ké bo
diéu khién mo ngudi thiét ké thuong lwa chon va sip xép cac tip md cha yéu 1a theo kinh nghiém. Nhiing han ché nay
lam giam kha nang mo ta chét ché gitra tap mo va ngilr nghia ciia ngdén ngir trong cac mo6 hinh ma st dung tri thire dudi
dang luat. Trén thuc té, mot diéu quan trong khi thiét ké bo diéu khién mo duya trén tri thirc chuyén gia 1a phai str dung
mdi quan hé thir ty giita cac gia tri ngdn ngit xuat hién trong hé luat.

Pai s gia tr da dugc phat trién dé mo hinh hoa ngir nghia dya trén thir tu cia cac tir ngdn ngir (gia tri ngdn
ngit) ctia cac bién ngdn ngit [15], [16]. Str dung dai s gia tir c6 thé lugng hoa gié tri ngir nghia ciia cac bién ngon ngit
trong luat va cho phép mé ta hé luat md bang mot “siéu mat” trong khong gian thuc. Tir do, viée giai bai toan suy luan
xap xi don gian chi 1a bang phép noi suy trén “siéu mat” nay. Cac bo diéu khién st dung dai s6 gia tor da dugc ung
dung nhu bo diéu khién dién 4p trong hé théng may phat tu kich tir [3], didu khién dong co mot chiéu [4], diéu khién
chu dong két cdu [5] da cho thiy tinh hiéu qua cta phuong phép luén nay.
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Véi muyc tiéu phat trién ng dung dai s6 gia tir trong diéu khién 16p cac ddi tuong phi tuyén, trong bai bao nay,
chung t6i thiét ké 2 b diéu khién cho ddi tugng “con lic ngugc c6 lién ket dan hoi — can nhét chiu tai chu ky” do 1a
SMFC va SMHAC. Két hop voéi viée ing dung giai thuat di truyen dé t6i wu hoa tham md cua SMHAC dé dat dugc
chat luong diéu khién tSt hon.

I1. MO HINH CON LAC NGUQC CO LIEN KET PAN HOI

Trong bai bao nay, ching t6i sit dung mé hinh con lic nguoc c6 lién két dan hdi — can nhét (The damped-
elastic-jointed inverted pendulum) chiu tai chu ky F c6 huong bam theo con lac [1], [2] 1am doi twong di€u khién cho
muc dich nghién ctru va so sanh cac phuong phap diéu khién.

M0 hinh cta con lic dugc mé ta nhu trén 0. Con lic nguoc co chiéu dai I v&i khdi lwong m tai dinh ctia con lac.
Co céu 16 xo dan hdi (c6 do cimg khong ddi k) va can diu bang dau (c6 hé sé can khong ddi c) gitp cho con lic tranh
dugc goc léch qua 16n khi dao dong. Luc chu ky F tac dong 1én con lic v6i mot goc 1éch yg. M6 men didu khién u(t)
¢6 tac dung dua con lic vé vi tri can bang tai @ = 0.

Hinh 1. M5 hinh con lic ngugc c6 lién két dan hdi — can nhét chiu tai chu ky F ¢6 huéng bam theo con lic

Phuong trinh vi phan trang thai ciia con lic ngugc nhu sau:

ml2p + cp + ko —mlgsing = u + Flsin(p — y) 2.1
Dit [x1, %17 = [@, @17, (2. 1) dugc viét lai dudi dang khong gian trang thai nhu sau:

X1=@ =% (2.2)
Xy = =— klz x, +2 S sinxy + —”Si"r(:llz_yxl) - #xz + # (2.3)
Voi tai chu ky F:

F = P, + P,cos(wt) 2.4

Pauray(t) = ¢(t) = x,(t)

Muc tiéu ciia bai toan diéu khién 1 tim mé men diéu khién u(t) dé dwa con lic nguoc tir mot vi tri mat can
bang nao do (x(t) # 0, x,(t) # 0) trd ve vi tri can bang (x; (¢) - 0, x,(¢) — 0). Trong bai bao nay, chung t6i nghién
clru 2 hudng tiep can dé xay dung bo diéu khién. D6 1a thiet ké bo diéu khién mo — truot sir dung logic mo (SMFC —
Sliding Mode Fuzzy Controller) va bo diéu khién m¢ — truot sir dung dai s6 gia to (SMHAC — Sliding Mode Hedge-
Algebras Controller). Dya trén chat luong diéu khién cua cac bo dicu khién v€ do 6n dinh va thoi gian dap ung, danh
gia tinh vu viét cia cac phuong phap diéu khién.

HI.PIEU KHIEN MO TRUQT
A. Diéu khién mo trwot cho doi twong con lic ngwoc

Theo nguyén 1y diéu khién trong ché d¢ truot, dé diéu khién ddi twong phi tuyén bac hai (2. 1) — (2. 3) thi quyét
dinh gia tri m6 men di€u khién u(t) dua trén su phén tich va tdng hop cta hai tin hiéu:

e(t) = y(t) — ¢r(8) = 9(t) = x,(0)
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La tin hiéu sai 1éch giita muc tiéu diéu khién ¢, (t) va gia tri dau ra y(t) = ¢(t) = x,(t) (trong bai toan nay,
gia tri muc tiéu 1a x, (t) - 0, x,(t) — 0 nén ¢,.(t) = 0). Va thanh phan dao ham theo t cta e:

é(t) = &, (t) = x,(0)

Ham truot dugc chon nhu sau:

s(t) = e(t) + le(t) = x.(t) + Ax, (D) 3.1
SMC

I_--_ __________________ 1
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Hinh 2. So d6 hé thdng diéu khién truot kinh dién
Co nghia 1a x, (t) va x,(t) phu thudc nhau trén mat trugt s(t) (nhu trén 0).

Khi ham trugt s(¢) = 0, nghiém cua phuong trinh (3. 1) c6 dang e(t) = e~t/2. ) dugc goi 1a hang thoi gian cua
ham truot s(t). A cang nho thi trang thai hé thdng cang cham tién vé& mit trwot. Khi t — oo thi x, (t) — 0 [14].

Theo 1y thuyét 6n dinh Lyapunov [6], chon m¢t ham xé4c dinh dwong:

V() =3 5%(0) (3.2)
V(t) = s(t)s(t) (3.3)
Dé V(t) xac dinh am, chon $(t) = —ksign(s(t)), k 1a hang s duong chon trudc. Thay $(¢) vao (3. 3) duoc:

V(t) = —s(®)ksign(s(t)) 3.4

Tir (3. 4) cho thiy: Néu s(t) > 0 thi V(t) < 0 va nguoc lai. Néu s(t) = 0 thi V(t) = 0. Vay, h¢ thng s& n
dinh theo tiéu chuan Lyapunov.

A X2
S=x1+ Ax,
P
NN | R(xl'XZ)
= U = Upy, (X1g, Xor, SigN(s))
dp
| _ ___| _ P(xlpvxzp):u=umax
T
a = arccot(A) X1
dp

Q(lelsz) S U= —Upnax

Hinh 3. Mit truot s(t) = x,(t) + Ax,(¢)

Nhu vdy gilta x; (t) va x,(t) phai c6 sy lién quan cht ché va thong qua mot cap gia tri gilta x; (¢) va x,(t)
dugc thé hién trén 0 ta s& ra quyét dinh gia tri m6 men diéu khién u(t) hop 1y. Dé hiéu 15 hon ta phén tich nhu sau:

- Gia st x(¢) 1a sai léch tirc thoi theo thoi gian, vy gid tri dao ham x,(¢) theo thoi gian duoc hiéu nhu 1a gia tri
sai léch moi sé dat dén hay xay ra trong twong lai sau 1an quyét dinh diéu khién moi nhat.

- Y tuong thiét ké 1a s& dua theo x, (t) va su phong dodn gid tri x,(t) trong twong lai dé ra quyét dinh diéu khién
dé tir 46 ban than gia tri x, (t) trong twong lai s& dan dén 0.

Pé dat duoc nhu vay thi gi4 tri mé men diéu khién u(t) tac dong lén dbi tugng phai thay ddi co6 quy luat thich
hop dé gia tri x, (t) tién vé 0 nhanh nhat va 6n dinh.

Trong bd diéu khién truot kinh dién, phia sau khéi téng hop tin hiéu trang thai s(t) 1a mot khau role hai trang
thai (0) do vay tin hi¢u dau ra diéu khién u(t) chi c6 thé 1a Uy, néu trang thai hé théng tai diém P(x; (), x,(t)) ndm
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phia trén duong thang s(t) (khoang cach téi s(t) bang dp) hodc bang —Upg, néu trang thai hé thong tai diém
Q(x1(6), x,(£)) ndm phia duéi duong thang s(t) (khoang cach t6i s(t) bang dy) (0).

) Theq cach chon u(t) nhu vy va déi tugng 1a mdt khau dao dong bac hai thi trong mdt khoang thoi gian yéu cau
nhat dinh @€ x; (t) — 0 1a kho thuc hién. Ngoai ra, gia tri ctia u(t) chi nhan mot trong hai gia tri 1a U,,,q, hodc —Upqy
tuy thudc vao sign(s(t)) nén gay ra hién tuong chattering, anh hudng khong tot dén co cu co khi cta dbi twong. Dé
tranh diéu nay, b diéu khién can thiét dua ra gia tri u(t) khong chi phu thudc vao sign(s(t)) ma con phu thude vao
khoang cach dy tir mot diém trang thai R(xl(t), Xy (t)) dén mat trugt s(t) (0).

Chinh tr day, thay vi st dung mét khau role hai vi tri ching ta dua ra y tudng thanh 1ap luat hop thanh (c6 co so
xac dinh) dé chon gi4 tri u(t) hop 1y dua trén ddu va khoang cach tir diém trang thai R(xl (t), x, (t)) s0 vOi mat truot
s(t). Néi cach khic ta thanh 1ap mot bo diéu khién mo c6 hai dau vao 1a x; (£) va x,(t) két hop véi sign(s(t)) dé
chon duoc gia tri md men diéu khién u(t). Nhu vay, bo didu khlen van dam bao lam viéc dung dén theo nguyén ly
truot 1a s& dwa ddi twong tir mot diém trang thai nao d6 vé trang thai 6n dinh va giam hién tuong chattering.

B. Thiét ké bg diéu khién mo truot theo mé hinh mé Mamdani (SMFC)

Mo hinh bd diéu khién md truot cho ddi tugng “con lic nguoc c¢6 lién két dan hdi — can nhét chiu tai chu ky”
duoc cho nhu trén 0.

X1

Inverted

1
1
' oo WA > »|
X! g X2
0 - m® s imol ! Pendulum
1

Hinh 4. So dd hé théng diéu khién mo truot cho dbi tuong con l4c nguoc

Noi chung, bd Qiéu,khién m¢ theo md hinh Sugeno thuong duge sir dung nhiéu hon theo m6 hinh Mamdani vi
tinh don gian trong thiet k€ (cac tdp mo dau ra c6 dang singleton) va don gidn trong vigc tinh toan d€ gidi mo ra gia tri
10 ¢ dau ra. Tuy nhién, by diéu khi€n m¢d theo mo hinh Mamdani duge bi€t dén mot cach rong rai vi no cho phep thiét
ké mot cach tryc quan theo phat bi€u h¢ luét cia m6 hinh mo. Vi véy, ching t6i lya chon md hinh Mamdani d€ thiét ké
bo dieu khién mo cho d6i tugng con lac nguoc.

Bude 1: Xac dinh cac bién ngdn ngit vao — ra va tap nén cua ching:

Bién vao:

- Biénvao 1: x; = @, 1a sai léch diéu khién. — 1 rad < x; < 1rad
- Biénvao 2: x, = %; = ¢, 1a bién trang thai, dao ham cua sai léch. — 4 rad/s < x, < 4 rad/s

Céc gia tri ngon ngir clia x; va x, gom: N (Negative), ZE (Zero), P (Positive).

Bién vao 3: s = x; + Ax,, 1a mat truot.
Céc gia tri ngon ngir ctia s gdm: N (Negative), P (Positive). Véi A = —0,15.
Bién ra:
- u, la gi4 tri diéu khién. — 100 Nm < u < 100 Nm

Cic gia tri ngdbn ngkr cia u gom: NB (Negative Big), NS (Negative Small), ZE (Zero),
PS (Positive Small), PB (Positive Big).

Budéec 2: Dinh nghia cic tip mo cho cac bién ngdn ngir

Ham thudc ciia cac tap mo dang tam giac dugc thiét ké nhu trén 0 va 0.

a ZE ' P a | 1
= =
2os ! 2os
% 06t ] % 06t ]
%5 04 \ ] 04
: e :
802} L 1 802} 1
£ o . . £ o — —

- 05 0 05 1 4 3 2 1 0 1 2 3 4

x1 x2

Hinh 5. Tap mo cta cac bién x; va x,
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o 1 N i o NB NS ZE FS ]
= = N
é 08 é 08 \
06+ 06+
E 04 E 04 y W,
g 0.2r g 02+
£ o £ o
-1 -05 DI.5 -100 -850 0 5IU 100
Hinh 6. Tap mo cua cac bién s vau
Bude 3: Xay dung hé luat didu khién
Hé luat diéu khién caa bd diéu khién mo truot duoc cho nhu trong 0.
Bang 1. Hé luat didu khién cia FMSC
X1
s=N s=P
N ZE P N ZE P
N ZE ZE PS N NB NB NS
Xy ZE ZE PS PB ZE NB NS ZE
P PS PB PB P NS ZE ZE

Céc luét trong bang dugc hiéu nhu sau:

ifs=Nand x; = N and x, = N then u = ZE

ifs =N and x, = N and x, = P then u = PS

ifs =ZF and x; = N and x, = P then u = PB

ifs =P andx; = N and x, = P thenu = NS

Budre 4: Quy tic hop thanh duoc chon 13 Max-Min.

Buwdére 5: Phuong phap giai mo theo trong tam.

St dung Matlab Simulink dé mé phong hé thong, ta c¢6 so d6 nhu trén 0.

A. Pai s6 gia tiv

Hinh 7. M6 hinh mé phéng hé théng véi SMFC
IV. PIEU KHIEN MO TRUQT SU DUNG PAI SO GIA TU

Phan _nay, ching t61 trinh bay vén tit nhitng van dé cdt 15i cua ly thuyét dai sé gia tir. Noi dung bao gdm cac
khai niém vé dai s6 gia tir, mdi quan hé diu cuia cc gia tir va cac phan tir sinh, d6 do tinh mo cua hang tir ngdn ngit va
van d& lugng hod gia tri ngit nghia ctia ngdn ngit.

Gia str ta c6 mot tAp cac gia tri ngdn ngit 12 mién ngdn ngir cua bién ngdn ngir nhiét do gdm cac hang tir sau:
X = dom(TEMPERATURE) = {Very Very small < Very small < small < Little small < Very Little small <

medium < Very Little big < Little big < big < Very big < Very Very big < -+

}. Céc gid tri ngdbn ngdt nay
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dugc st dung trong cdc bai toan 1ép luan xap xi dya trén tri thirc bang luat. Mot van dé dit ra 1a can c6 mot ciu trac du
manh dya trén tinh thir ty von c6 cua gia tri ngdn ngit trong mién ciia bién ngo6n ngir. T do, co thé tinh toan dugc ngir
nghia trén gia tri ngdn ngit cua bién ngdn ngir trong cac bai toan suy luan xap xi.

Khai niém dai s6 gia tir: Mdi bién ngon ngit X duge biéu thi nhu mét cau trac dai sé AX = (X,G,C,H, <),
goi 1a dai sb gia tir, trong d6 X 1a tip cac hang tir trong X; < biéu thi mdi quan hé thtr tw ngit nghia tw nhién cua cac
hang tir trén X; G = {c~,c*}, ¢~ < ¢*, dugc goi 1a cac phan tir sinh (vi du: G = {small < big}); C = {0,W, 1} 1a tip
céc hiang, v6i 0 < ¢~ < W < ¢* < 1, d chi cac phan tir c6 ngit nghia nhé nhét, 16n nhét va phan tir trung hoa (vi du:
W = medium); H=H  UH*, v6i H- ={h_; > -+ > h_, > h_;} 1a tdp cic gia tir am, Vh € H™ thi hc* < c* va

*={hy <h, <--<h,} 1a cic gia tir duong, Vh € H* thi hc* < c*. Vi du H™ = {Little > Rather}, H" =
{More < Very}. V6ix € X, x = hyh,_4 ... hyc, hj € H, c € G. V6i quan h¢ tht tu giira cac phan tir sinh, cac gia tir
va chiéu tic dong cua cac gia tir nhu trén, c6 thé duge biéu thi bang dau cua chung [3], [15], [16] nhu sau:

Ham déu: sgn: X - {— 1,0, 1} duogc dinh nghia mot cdch d¢ quy nhu sau:
Véik,heH,ceG,xeX

sgn(ct) =+1vasgn(c)=-1 “4.1
{h e H*|sgn(h) = +1}va{h € H |sgn(h) = —1} 4.2)
sgn(hct) = +sgn(c*) néu het > ¢* hoic sgn(hc™) = +sgn(c™) néu hc™ < ¢~

va sgn(hct) = —sgn(c*) néu het < ¢* hoic sgn(hc™) = —sgn(c™) néu hc™ > c™.

Hay sgn(hc) = sgn(h)sgn(c). 4.3)
sgn(khx) = +sgn(hx) néu k 1a dwong d6i v6i h (sgn(k, h) = +1)

va sgn(khx) = —sgn(hx) néu k 1a am dbi véi h (sgn(k, h) = —1). (4. 4)
sgn(khx) = 0 néu khx = hx. 4.5)
Tong qudt:

vx € H(G), c6 thé dugc viét 1a:

X =hyhy_y.. hyc,hj €EH, c €EQG.

Khi do:

sgn(x) = sgn(hy, hy_y) ... sgn(hy, hy)sgn(hy)sgn(c) (4.6)

sgn(hx) = +1 = (hx = x) vasgn(hx) = -1 = (hx < x)

P do tinh mo: Khai niém “mo™ cua thong tin ngdn ngit mo 1a rat quan trong trong viée tinh toan gia tri ngit
nghia cta tir nglr [15], [16]. Ngit nghia cia gia trj ngén ngir trong AX dugc xdy dung tir cac tip H(x) = {x =
hphp_y ... hyc,h; € H,c € G} U {x},x € X, ¢6 thé coi nhu mot mo hinh md cua x. Tap H(x),x € X, x4c dinh do do
tinh mo fm cia X, chinh béng “ban kinh” cua H(x) va co thé duoc tinh toan mot cach dé quy tir d6 do tinh mo cta cac
phan tr sinh, fm(c™), fm(c*) va dd do tinh mo cua gia tir (h), h € H. Ching duoc goi 1a cic tham s6 mo cta X.

fm: X - [0,1] goi a d6 do tinh md néu théa man cac diéu kién sau:

fm(c™)+ fm(ct) =1va

Yhen fm(hx) = fm(x), véivx € X 4.7
Véi cac phé‘ln w0, Wval,
fm(0) = fm(W) = fm(1) = 0 (4.8)

fm(hx) _ fm(hy) (4.9)

AVGiVx,y € X,Vh € H,
Vaveivx,y fmG)  fmO)

Ding thirc (4. 9) khéng phuy thude vao cac phan tir x, ¥, n6 dic trung cho gia tir h, goi 1a do do tinh mo cua h,
ky hiéu 1a z(h). Tinh chat cia fm(x) va u(h) nhu sau:

Tacox € X,x = h,h,_; ... hic,

fm(hx) = u(h)fm(x),vx € X (4. 10)
fm(h,h,_q ... hyc) = p(hy) p(hy_q) ... u(hy) fm(c),c € G (4.11)
Zl__lu(h)—avazp 1uCh) =B, véiaf>0vaa+pf=1 4.12)

Anh xa ngir nghia dinh lwong: V6i bo tham sé mo x4c dinh, gia tri ngit nghia dinh luong dwoc xac dinh béi
ham anh xa ngir nghia dinh lugng (SQM — Semantically Quantifying Mapping) v mét cach dé quy nhu sau:
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v(W) =0 = fm(c) (4. 13)
v(c™) =0 —afm(c™) = Bfm(c) (4. 14)
v(ct) =0+ afm(c”)=1-Bfm(c*) (4. 15)
v(h;x) = v(x) + Sgn(h;x) {[El _Sgn() fm(hix)] - w(h]-x)fm(h]-x)}, (4. 16)
Véi:

w(hyx) =3 [1+ Sgn(hx)Sgn(h,hix)(B - @), j € [-q"p] = [-q,pI\(0} (4.17)

Ham SQM c6 thé anh xa mot cach tryc tiép tir gia tri ngdn ngit vao gia tri dinh lwvong ngir nghia cta no. Vi vy,
dua trén SQM, c6 thé mo phong phuong phép suy luan xap xi clia con ngudi ma lubn dam bao thir ty nglr nghia cia
ng6n ngir. D6 chinh la co s¢ dé xay dung mot phuong phap thiét ké bo diéu khién HA, ing dung trong linh vuc didu
khién [3], [4]. Theo phuong phap nay, cac budc chinh dé thiét ké bo diéu khién cho ddi twong con lic ngugc 6 lién két
dan hoi — can nhét chiu tai chu ky F ¢6 hudng bam theo con lic nhu sau:

Buwée 1: Lua chon cac thanh phan dai sb gia tu ddi v6i cac bién vao —ra.
Bude 2: Chuyén hé luat cia mé hinh m& ban dau vé hé luat v6i cac nhan ngdn ngit trong dai sb gia tir.

Buwdée 3: Tinh toan gia tri dinh lugng ngir nghia cho cdc nhan ngdn ngii, xay dung mat quan hé vao — ra trong
khong gian thuc S, (Vo1 bg tham s6 mo xac dinh).

Khi bd didu khién 1am viéc, bai toan 1ap ludt xap xi dugc tinh toan bang phuong phap ndi suy trén mit S,

il Quantified : 3
5 L uantifie 1 u

Xy :’ Nognsa(giitlon —>| Rule Base & [»|Denormalization [+ I’I:x;/delﬁi(rin X,
) S Ed
, HA-IRMd !

Hinh 8. So d6 hé théng diéu khién dbi tuong con l4c nguoc

Trén 0 12 so d6 hé thdng véi bo diéu khién mo theo tiép cin dai sé gia tir. Cac thanh phan cua bo diéu khién bao

- Normalization: chuin hoa mién bién thién ciia cac bién vao va tinh toan gia tri dinh lugng ngit nghia cho cac
nhan ngon ngii, xay dung mat quan hé vao —ra S,.4; (0).

- Quantified Rule Base & HA-IRMd: Thyc hién giai bai toan l4p luan x4p xi bang phwong phap noi suy trén
mat quan hé vao —ra.

- Denormalization: chuyén d6i gia tri diéu khién ngir nghia vé mién gia trj bién thién ctia bién diéu khién.
B. Thiét ké bg diéu khién mo truot siv dung dai sé gia tie (SMHAC)

Trén co s6 mo hinh diéu khiér} mo duqq phat })iéu béng hé luat (O), mién bi'én thién cua cac bién vao — ra va
theo so d6 dicu khién 0. Chiing t6i thiet ke bd diéu khién mo trugt theo ti€p cén dai so gia ti nhu sau [3], [4].

Bude 1: Cac thanh phan trong dai s6 gia tir dugc xac dinh:

Quan sat trén h¢ luat cua bo diéu khién mo (0), ta thdy c6 cac hang tir ngon ngir cua cac bién vao gébm: N, ZE,
P; bién ra gbm: NB, NS, ZE, PS, PB. Chung duogc hinh thanh va sip X€p d6i xung tir 2 phan tir d6i 1ap 1a N, P va phan
tir mang tinh trung hoa 1a ZE. Tir d6, d& mo ta hé md mot cach dung dan, ciu tric dai s6 gia tir cho cac bién vao —ra
duoc xay dung nhu sau:

1) Tap phan tir sinh G = {N (Negative), P (Positive)}.
2) Tap céc gia tot duge chon: H~ = {L (Little)} va H* = {V (Very)}.
3) Céac tham s6 mo cia cac dai sb gia tir s& gom:
+ Do dotinhmo 0 = fm(N) (fm(N) + fm(P)=1= fm(P) =1-0).
+ Do do tinh mo cua cac gia tir. O day, ta chi co 2 giattnén a = u(L), B = u(V) =1 —a.

Céc tham s6 mo trén ctia dai so gia tir cho cac bién x;, x, va u dugc chon theo tryc giac nhu trong 0.
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Bang 2. Tham sé mo cia céc dai sb gia tir

Xy Xy u
0=fm(N)| 05 | 05 | 05
a=u) | 05 | 05 | 05

4) Mdi quan hé d4u ctia cac gia tir dbi v6i cc gia tir khac va cac phan tir sinh dugc xac dinh nhu trong 0.

Bang 3. M&i quan hé ddu cua cac gia tir va cc phin tir sinh
V{iL|N|P
Vil + + - +
L - — + -
Buwdre 2: Chuyén hé luat cia mo6 hinh mo vé hé luat vai cac nhan ngdén ngit trong dai so gia ti.

1) Tir hé luat theo nhin ngdn ngir ciia mdé hinh md ban dau, chuyén mot cach twong tmg cac gia tri ngdn ngit
thanh cac nhan ngén ngit trong X cta dai so gia tir. Cu thé nhu trong 0.

Béang 4. Cac nhan ngon ngit

Hedge Algebra Fuzzy

Very Negative | VN | Negative Big | NB
Negative N Negative N
Little Negative | LN | Negative Small | NS
Neural w Zerro ZE
Little Positive | LP | Positive Small | PS

Positive P Positive P
Very Positive | VP Positive Big PB

2) Chuyén h¢ luat mo thanh hé luat trong dai s6 gia tir mot cach twong mg, ta duoc (0).

Bang 5. Hé lut diéu khién trong dai sb gia tir

X1
s=N s=P
N w P N w P
N w w LP N VN VN LN
Xy w w LP VP w VN LN w
P LP VP VP P LN w w

Buwdée 3: Tinh toan gia tri dinh lugng ngli nghia ctia cac hang tir ngén ngit trong bang luat (0) theo ham dinh
luong ngir nghia (4. 13) — (4. 17) duogc:

Béang 6. SAM

X1
s=N s=P
0,250 0,500 0,750 0,250 0,500 0,75
0,250 0,500 0,500 0,625 0,250 0,125 0,125 0,375
x, | 0,500 0,500 0,625 0,875 0,500 0,125 0,375 0,500
0,750 0,625 0,875 0,875 0,750 0,375 0,500 0,500

04 ~oa

0202

(a)s<0 (b)ys=0
Hinh 9. Mit cong quan hé vao ra caa SMHAC — S0
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Str dung Matlab Simulink dé mo phong hé thong, ta c6 so d6 nhu trén 0.
Hinh 10. M6 hinh mé phéong hé théng véi SMHAC
V.TOI UU HOA THAM SO

Giai thuat di truyén dugc biét dén nhu mot cong cu t6i wu hoa tham sb hiéu qua. Pay 1a thudt toan tim kiém
ngiu nhién toan cuc dua trén sw mé phong ciia qua trinh tién hod tw nhién [13]. Xuat phat tir bo tham sé ngau nhién,
GA tim kiém “song song” s& tranh duoc tinh hudng cuc bo dia phuong. Vi thé GA c6 kha ning tim kiém dugc bo tham
s6 tbi wu trong cac khong gian phirc tap. Viéc danh gia tham sé duorc do bang ham muc tiéu.

Trong bai toan nay, myc tiéu t6i wu d6 1a bd diéu khién can dua ra md men diéu khién u(t) dé dwa con lic
ngugc tir mot vi tri mat can bang nao d6 (x,(t) # 0, x,(t) # 0) trd vé vi tri can bang (x,(t) = 0, x,(t) = 0) trong
khoang thoi gian ngan nhit va t6i thiéu hién tugng chattering. C6 nghia 14 can toi th1eu hod x; (t) va x, (t) Vi ly do
can x, (t) tién nhanh vé 0 thi by diéu khién phai dua ra u(t) 16n nén x,(t) ciing s& rat 16n. Piéu d6 dan dén vi tri con
lic c6 thé vuot qua diém can bang. Pé dung hoa mdi quan hé nay, ham muc tiéu dugc xay dung nhu sau:

1
1+(1-8)% Xy 1 (02467 Efy 2 (02

g = max ,V610=0,1; (5. 1)

Vé6i ham muc tiéu (5. 2), sir dung GA dé t6i wu hoa tham s mo cua cac dai sé gia tir bo diéu khién, ta nhan
duogc két qua nhu trong 0.

Bang 7. Tham s6 mo cua dai so gia tir cho cac bién x4, x, vau

X, X, u
0 =fmN)| 05 0,5 0,5
a=pu(l) |0,3004 | 0,6926 | 0,6988

Gia tri dat dugc cia ham muc tiéu theo (5. 1):
g = 0,175357

Tir bd tham s6 tdi wu tim dugc thong qua GA (0), tinh todn gia tri dinh lugng ngit nghia ctia cic hang tir ngoén
ngilt trong bang luat (0) theo ham dinh luwong ngit nghia (4. 13) — (4. 17) ta dugc bang OP-SAM nhu trong 0 va mat
Sreqr trong ing nhu trén 0.

Bing 8. OP-SAM véi cac tham s mo ti vu

X1
s=N s=P
0,3498 0,5000 0,6502 0,3498 0,5000 0,6502
0,1537 0,5000 0,5000 0,6052 0,1537 0,0454 0,0454 0,3948
Xy 0,5000 0,5000 0,6052 0,9546 0,5000 0,0454 0,3948 0,5000
0,8463 0,6052 0,9546 0,9546 0,8463 0,3948 0,5000 0,5000
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05 1
o u
04 09
0.3- 0.8-
0.2 0.7
0.1 08
0L 05
x2 - 07 x2 T o7
~ b ] b |
— " 08 x1 ' . " 08 x1
T 04 T 04
0 0
TR Wwyo = v

Hinh 11. Mit cong quan hé vao ra v6i cac tham s6 mo t6i wu — Syeq;
VI. CAC KET QUA MO PHONG VA THAO LUAN
A. Két qui mé phong

Véi céc tham sb [11my=2kg, k=2Nm, c =0,005Nms, l=15m,y =05, g=9.81m/s? P, =10N,
P, =1N, w = /2 va so kién x;(0) = 0,6 rad, x,(0) = 1rad/s, chu ky iy mau (thdi gian ldy mau — sample time)
At = 0,01s. M6 phong hé théng bang Matlab Simulink véi cac by diéu khién da thiét ké la SMFC, SMHAC va
SMHAC véi cac tham sé mé tdi uu, ta thu duge két qua nhu trén 0 va 0.

1 07 T T —— T
: ——SMFC
05F 1 06 —— SMHAC
—— OP-SMHAC
05 -
of i
—_ o 04 .
@ =03
= 2
=r 9 had
> < 02 1
15 o |
—SMFC
-2} | —SMHAC 0
—— OP-SMHAC ~—
2. . . i . 01 ; i i i
32 0 02 04 06 08 0 1 2 3 4 5
x1 [rad] tirme [s)
(a) Quy dao pha (b) Goc 1éch x4 (t)

Hinh 12. Qu¥ dao pha va goc léch x; (t) ctia con lic

1 T T 100 T
——SMFC i
| ——sMHAC :
OP-SMHAG Sop g
0 / AR

100 - [—swrc
/ : . | ——sMHAC
2 3 4 5 2005 1 2 3 s 5
time [s] time [s)
(a) Téc dd cua goc léch x, (t) (b) Luc didu khién u(t)

Hinh 13. Téc d6 ciia goc 1éch x,(t) va luc didu khién u(t)
B. Thdo lugn

Quan st sy bién thién ctia x; ddi véi cac bo diéu khién trén 0 (a) va 0 (b) thiy rang, dbi véi bo didu khién SMFC thi
bién d6 dao dong cuia x; 13 16n nhat. K& dén 1a d6i voi SMHAC va cudi ciing 1a SMHAC véi tham s6 i vu (OP-SMHAC).
T vi tri ban dau x; = 0,6,b0 diéu khién SMFC tao ra mot tin hiéu diéu khién 1am cho con lic vuot xa khoi vi tri can bﬁng
101 méi bit dau giam dan vé vi tri can bang. Mirc d6 vurot qua nay giam hon chut it so v6i b didu khién SMHAC va OP-
SMHAC. Nhung ciing trén 0 (b), thay rang b diéu khién SMHAC dua con lic vé vi tri can bang nhanh hon so véi SMFC va
dic biét vai bo diéu khién OP-SMHAC, thoi gian dua con lac vé vi tri can bang 1a nho nhét.
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Quan sat su bién thién cia x, trén cac 0 (a) va 0 (b), 16 rang rang: bo diéu khién SMFC va SMHAC c¢6 x, véi
bién do vugt quéa x4p xi bang nhau, nhung SMHAC dua x, tién nhanh hon vé gia tri 0. Bo diéu khién SMFC gay nén
su dao dong cuia x, quanh vi tri can bang xap xi gia tri 0 do boi tac dong cua luc co chu ky F. Diéu nay dan dén vi tri
ctia con lic van dao dong voi mot bién do nao d6 quanh vi tri can bang. B diéu khién OP-SMHAC tao ra x, ¢ bién
d6 tuong d6i 16n, nhung tién nhanh nhat dén vi tri cdn bang va 6n dinh tai gia tri 0.

0 (b) cho thdy mé men diéu khién u dbi véi cac bo didu khién OP-SMHAC tao ra u ¢6 gia tri 16n ngay tai thoi
gian dau va nhanh chong xac 1ap gia tri dé giit cho con lic ¢ vi tri 6n dinh. Pdi véi SMHAC, gia tri u c6 sb lan ddi dau
nhiéu hon trude khi tién t6i gia tri xac lap va c6 bién d¢ 16n hon so v6i OP-SMHAC. Diédu d6 co nghia, b6 diéu khién
SMHAC cén mdt nang lugng diéu khién 16n hon dé duy tri vi tri on dinh cta con lac. Bo diéu khién SMFC tao ra mot
mo men diéu khién u c6 bién do nho trong khoang thoi gian dau, nhung thoi gian dua con lac téi vi tri can bang 1a 1on
hon ca. Tuy nhién, khi con lic d4 gan dat t&i vi tri cn bang thi bo diéu khién SMFC van khong giit cho con lic & vi tri
on dinh duoc bai luc chu ky F, mé men diéu khién u lién tuc d6i ddu véi bién do 16n. Day 1a nhuoc diém khong thé
Khéc phuc dugc cia SMFC.

Hién tugng chattering la hién tuong quy dao pha cua x5, x, dao dong quanh mat truot. Trén 0 (a) thiy ring,
hién tugng chattering doi voi SMHAC giam hon so vi SMFC.

Khi thiét ké cac hé suy luan mo, viéc lya chon hinh dang, vi tri ham thudc va cac phép toan cua logic mo phu
thudc rat nhidu vao kinh nghiém ctia ngudi thiét ké. Doi khi, n6 lam cho méi quan hé gitra cac tap md biéu dién cho
céc gia tri ngdn ngit 1a khong hop li, khong nhat ‘quan. Theo tiép can dai s6 gia tir, v0i cung mot mo hinh diéu khién
mo, dya trén ham dinh luong ngir nghia ta co thé mé phong phuong phép suy luan xap xi cua con ngudi voi sy dam
bao thir tur ngir nghia cta ngdn ngir va mdi quan hé tuong ty giita ching. Vi thé bo diéu khién theo tiép can dai sd gia
tr mo ta hé luat diéu khién mo “hop 1y hon” hon so véi logic mo. Diéu d6 lam cho chét lugng diéu khién cua bo diéu
khién SMHAC tt hon so v6i SMFC nhu trong phén dat van dé da néu. Véi dai sé gia tir, khi mot mo hinh diéu khlén
da duoc xdy dung, d6 chinh xac cua suy luan xap xi chi phu thudc vao bo tham s6 mo va phuong phap ndi suy. Do s6
lwong cac tham sé md 14 rat it nén c6 thé d& dang ap dung cac phuong phép t6i uu tham sb.

Viéc ap dung phuong phép diéu khién mo truot cho két qua tét hon diéu khién mo thong thudng so véi [1], [2].
bPbi vorl céc doi twong phi tuyen v1ec ap dung céc bo diéu khién mo thuong cho két qua tét hon [3], [4] vi cac hé mo co
thé x4p xi hod cac hé phi tuyén rat tot. Didu khién mo truot cho phép md hoa mit truot va u diéu khién nén hé thong
nhanh tién toi gia tri on dinh, dong thoi giam dugc hién tuong chattering trén mat truot. Khi diéu khién mo truot st
dung dai s6 gia tir voi phuong phap suy luan bang noi suy thi gia tri cua u bién doi “min” hon, vi thé ma hién tuong
chattering giam han (0 (a)); Cung vai viée st dung GA dé t6i wu tham s6 mo, bo diéu khién theo tiép can dai s6 gia tir
voi cac tham so t6i wu cho chat lugng didu khién vuot troi. Nhu trén 0 (a), dai lwong sai léch goc x; dbi véi SMHAC
tién nhanh téi gia tri 0 hon so v6i SMFC. Cudi ciing trén 0 (b), toc d6 goc x, dbi véi SMHAC c6 bién do twrong ddi 1on
nhung bién thién nhanh vé 0 hon so véi SMFC.

VII. KET LUAN

Trong bai bao nay, cic bd didu khién md truot sir dung logic mo va dai sé gia tir dd duoc thiét ké dé diéu khién
dbi twong con lic nguoc c6 lién két dan hdi — can nhét chiu tai chu ky F. Nhitng két qua mé phong trong nghién ctru vé
b6 diéu khién mo truot sir dung dai s6 gia tir cho thdy d6 1a sy lwa chon tét. B6 diéu khién SMHAC va OP-SMHAC
cho chét luong diéu khién nhin chung tdt hon so véi SMFC ca vé thoi gian xac 1ap, d6 chinh xac va do 6n dinh cta con
lac.

Dai s6 gia tir co ciu tric tht ty chat ché vé ngit nghia dé co thé dién ta dang dén cac gia tri ngon ngir va tir do
6 kha nang thyc hién phép suy luén xap xi hop 1y. Mot uu diém nira 1a bo dleu khién str dung dai s gia tir c6 it tham
s6 nén co thé dé dang t6i wru hoda cac tham sé nay trong bai toan diéu khién i wu.

Viéc phat trién bo diéu khién SMHAC da cho thay ddy 1a mot nghién ctru c6 ¥ nghia khoa hoc tét va ¢ kha
nang thay thé hiéu qua cho mot sé bo diéu khién mo hién co. Qua nghién ciru nay, c6 thé thay rang dai sé gia tir 1 mot
cong cu tinh toan hitu hiéu, dﬁy htra hen trong linh vyce k¥ thuat diéu khién.

Loi cam on: Bai bao nghién ciru dwoc Quy phat trién Khoa hoc va Cong nghé Quoc gia (NAFOSTED) tai tro
theo Hop dong so 102.05-2013.34.
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CONTROL IN SLIDING MODE FOR INVERTED PENDULUM SYSTEM
USING HEDGE ALGEBRAS

Vu Nhu Lan, Nguyen Tien Duy

ABSTRACT - In reality, inverted pendulum is supposed to have a great deal of application. Inverted pendulum control problem has
been studied by many scientists with different control methods such as using PI controller, controller in sliding mode, controller
using neural networks or the fuzzy logic one, ... In this paper, therefore, we study the two controllers for the object “the damped-
elastic-jointed inverted pendulum”. It is the Sliding Mode Fuzzy Controller — SMFC and Sliding Mode Hedge-Algebras Controller —
SMHAC. Moreover, we combined the application of genetic algorithm to optimize the fuzzy parameters of the SMHAC so that the
quality control could be improved. The primary objective of this study was to compare, evaluate the quality control and the ability to
apply the hedge algebra in fuzzy sliding mode controller; as a result, the SMHAC could control and take the pendulum to the
equilibrium position and faster than the one in the field of the time set, the accuracy and stability of the pendulum compared with
SMFC. Hence, it can be seen that hedge algebra brings lots of effectiveness in the problem of fuzzy sliding mode control based on a
linguistic rule set.

Keywords - Fuzzy, Genetic Algorithm, Hedge Algebras, Inverted Pendulum, Sliding Mode Control.



