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PIEU KHIEN ON BINH CON LAC NGU'QC SU' DUNG MANG NORON
NGUYEN PUC MINH, NGUYEN PUC THANH, DUONG HOAI NGHIA

Dai hoc Bdch khoa Tp. Ho6 Chi Minh

Abstract. The paper introduces an application in adaptive sliding mode control [6] on Inverted
Pendulum. The simulation results show that neural networks can learn sliding mode control rules
without the model parameters, the experiment results demonstrate the robustness of the sliding mode
control using neural networks under the uncertainties and effects of the disturbance.

Tém tat. Bai bdo gidi thiéu mot ng dung ding phwong phép diéu khién trirgt thich nghi dimg
mang noron [6] 1én ddi twgng con 1ic ngwoc xoay. Céc két qud mo phéng da cho thiy kha ning hoc
dwoc luat dieu khién trirgt cia mang noron trong diéu kién khong biét triwéc cdc thong s6 mo hinh
cia déi tirgng va cic két qua thirc nghiém da chirng minh dwoc tinh bén vitng cia bo dieu khién
trirgt diing mang noron trong diéu kién bat dinh va chiu dnh hwdng cia nhiéu.

Keywords. Sliding Mode Control (SMC), Decoupled Adaptive Neural Sliding Mode Control (DANSMC),
Chattering Phenomenon.

1. GIOT THIEU

bieu khién trugt (SMC) 1a mot phwong phép dieu khién phi tuyén kinh dién, don gian
va rat hiéu qua. Tuy nhién do tin hiéu diéu khién trwot c¢6 dién c6 dang ham chuyén mach
nén ton tai hién twong dao dong véi tin s6 cao (chattering) ctia céc quy dao pha xung quanh
mat trirgt. Hon nita, dieu khién SMC yéu cau phai biét r6 thong s6 mo hinh, cc chin trén
ctia nhiéu ciing nhwr cdc thanh phan bat dinh cia hé thong. DE gidi quyét van dé, nay trong
nhirng nam gan day, mot s6 nghién ciru 4p dung mang noron ho#ic noron mo [1]-[4] dé wéc
lirong trire tuyén thanh phan diéu khién twong dwong trong dieu khién trwot, va nho vao
tinh lién tuc clda ngd ra mang noron nén hién twgng chattering da dwoc lam suy gidm. Tuy
nhién vé ban chat thi cdc luat dieu khién cia céc bo diéu khién néu trén van dia trén luat
diéu khién trirot ¢6 dién nén viée lam suy giam hién twong chattering sé lam gidm tinh bén
vitng ctia hé théng va ngwoc lai. Trong bai bdo [6] cic téc gid da gidi thiéu bo diéu khién
trwot thich nghi diing mang noron bao gém ca hai thanh phin diéu khién tirong dirong va
diéu khién hiéu chinh véi kha nang hoc trire tuyén cac luat dieu khién trwgt. Tuy nhién cic
két qua chi dirmg lai & viéc mo phong va chira 4p dung dugce cho hé da bién. Tiép tuc phét
trién cdc nghién ciru trong bai bao [6], bai bdo nay gi¢i thieu mot luat dieu khién trugt ben
vitng khong ¢ thanh phan chuyén mach nham khic phuc hién twong chattering cia dieu

khién trirot ¢6 dién. Dira trén ham diéu khién Lyapunov, mot luat cap nhat dé huan luyén
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mang tré thanh bo diéu khién theo luat dieu khién trirgt néu trén dwoc phét trien. Tiép
theo viée két hop gitra bo dieu khién trirot ding mang noron va 1y thuyét diéu khién phan
ly [5] dwgce két hop dé hinh thanh bo diéu khién trirgt thich nghi phan ly DANSMC &p dung
cho cac hé thong da bién. Cac nghién citu vé 1y thuyét diroc kiém chiing thong qua viéc mo
phong va thue nghiém trén doi twong con lac ngiroc hai bac xoay tir do.

Noi dung ctia bai bdo nhw sau. Muc 2, giéi thiéu bo dieu khién trirot thich nghi diing
mang norén véi luat dieu khién va luat cap nhat thich nghi. Trong Muc 3, luat diéu khién
phan ly dwroc ttng dung dé phat trién bo dieu khién triwot thich nghi & Muc 2 thanh bo dieu
khién trurgt thich nghi phan ly diing mang noron (DASMC) cho céc hé thong phi tuyén bac
bon. Muc 4 trinh bay két qud mo phoéng va thire nghiém trén con lac ngiroc hai bac xoay tur
do. Muc 5 13 két Iuan.

2. PIEU KHIEN TRUQT THICH NGHI DUNG MANG NORON

2.1. Mo hinh toan hoc

Xét mot hé théng phi tuyén véi bidu dién trang théi sau
:ﬁl = T2

. (2.1)
Tpn—1 = Tn

in = f(z) +g(z)u+d
Yy =,
trong d6, u 1a tin hiéu vao dieu khién, y 1a tin hiéu ra, x 1a vector trang thai, d 1a tin hiéu
nhicu. Gia st g(z) # 0, f(z), g(z) 1a cdc ham tron va bi chan, ||d|| < D.
Bai todn diéu khién 1a xdc dinh tin hiéu diéu khién u sao cho tin hiéu ra y bam theo tin
hiéu dat r.

Dinh nghia tin hiéu sai léch

e=y—r (2.2)

va ham s
s=e" 41"+ e+ e, (2.3)
trong d6 cy, ..., ¢p,—1 1a céc hé s6 dugce chon truede sao cho da thire dic trung cia (2.3) thoa

man diéu kién Hurwitz (c6 tdt cd cdc nghiém véi phan thue am). Két qua 1a khi s = 0, tin
hiéu sai 1ée — 0 khi ¢t — co. Phuwong trinh s = 0, xdc dinh mét mat cong S trong khong gian

n chiéu, goi 1a mat trwgt S (sliding surface).
2.2. Thiét k& bo diéu khién

Mbé td b6 dieu khién mang noron
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Mot mang noron truyeén thiang N hai 16p ¢é n ngd vao, m noron & 16p an, 1 ngd ra, véi
cac trong s6 c6 thé dieu chinh dwoc dwoc ding lam bo dieu khién cho hé (2.1) Ngo ra cia

mang noron c6 dang

m m
u=N(w,E)=> wez =Y wub(w; E), (2.4)
i=1 i=1
trong d6, w; = [ws1...wi)T 14 trong s6 ngd vao cia noron thir i (i = 1.m); 2z = [z1...2m]T

14 ngd ra noron 16p an; wo = [woy...woen]” 14 trong s6 16p ra cia mang. Ngo ra u cia mang
ciing 1& ngo vao cia hé thong (2.1). Ngo vao cia mang dwoe két ndi cde ngo ra sai sé trang
thai cua (2.1)
E = [etey...en)t = [eré...e” L.
Ham ngo ra la ham tuyén tinh. Ham tac dong 6(.) & 16p an 1a ham sigmoid lwdng cure 6
dang
2

oz) = 1+e®

~1. (2.5)

Bai toan & day la tim ra luat cap nhat phtt hop dé hudn luyén mang N, sao cho bo dieu
khién mang noron cé thé dieu khién dwoc s tién téi 0 theo mot dap timg cho truede va duy
tri 6n dinh trén dé.

Ludt diéu khién treot

Pinh nghia ham 1

Dieu kién dé s — 0 khi t — oo 1a

V =55<0. (2.7)

Néu chon ddp timg cia ham s sao cho
5= —ps, p hang s6 dwong (2.8)

thi khong nhirmg diéu kién (2.7) dwoc thda man, ma ddp tmg cia s sé ¢ dang ham mu véi
thoi hang 1a 7 = 1/p.
Lay dao ham (2.3) va st dung (2.1), (2.2) ta ¢

s=e™ac, 1™V tebteré = f(:n)—l—cn_le("_l)—|—...—|—czé—|—clé—|—d—r(")—|—g(:17)u. (2.9)

Thay (2.8) vao (2.9) vao phwong trinh vira tim dwroc, suy ra luat diéu khién u thoa man
diéu kién (2.8) la

u= —L(p.s + f(@) + cno1 €™V + 4 cpé + cré+ d— ). (2.10)

9()
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Luru ¥: luat diéu khién (2.10) khong c6 thanh phan chuyén mach nhw trong diéu khién
trot cd dién.
Ludt cdp nhdt thich nghi @é hudn luyén mang

Pinh nghia ham

V= %(T.$+S)2. (2.11)

bieu kién (2.8) sé thdéa man néu cé thé tim dwge luat cap nhéat w, sao cho V < 0.
Lay dao ham (2.11)

V = (1.5+8)(1.5+ 3). (2.12)
Ta c6
. d. 050u . ou
§= 8= g g W= g(:n)%w, (2.13)
. 0sOu . ou .
§= g o W= h(:n)%w. (2.14)
trong do

4 !
h(z) = % = /0 g(x)dr. (2.15)

Thay (2.13), (2.14) vao (2.12), va dé ¥ ring V < 0 néu luat cap nhat cho mang dwrgc chon

nhw sau

w = —asign(7.$ + s).sign(r.g(x) + h(:z:))g—:: = —asign(g(z)).sign(7.5 + s)g—z) (2.16)
Thay (2.4) vao (2.16) va &p dung luat Chain dé trién khai cho céc trong s6 ctia 16p ra
wo; = —asign(g(x)).sign(7.5 + s).z;, i = 1..m. (2.17)
Vi céc trong s6 ctia noron thit i 16p an

1
wij = —asign(g(x)).sign(7.5 + s).woi§(1 —28).ej, j=1.n. (2.18)

Roi rac héa (2.17) va (2.18) véi thoi gian ldy mau 1a T' va viét lai dudi dang vector, luat
cap nhat huan luyén mang dwoc phat biéu nhwr sau

+ Da6i véi noron & ngd ra
Awg(k) = —p.sign(g(x)).sign(r.5 + s).27 . (2.19)
+ D3i véi noron thit i & 1ép an

Aw;(k) = —p.sign(g(z)).sign(r-s + s).woi(k‘)%(l _ )BT, (2.20)
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trong d6 p = T 14 hé s6 hoc.

3. PIEU KHIEN TRUOT THICH NGHI PHAN LY CON LAC NGUQC
HAI BAC XOAY TU DO

Con lac ngiroc xoay c6 cidu tao gom c¢é mot motor gan véi mot canh tay xoay ngang véi
géc xoay a, dau ngoai cling cia canh tay c6 gan mot thanh dai (con lic) quay tw do theo
chieu thang dimg véi géc quay f.

Phuwong trinh dong hoc mé ta con lac [6] c6 dang

& = —apa + Kp.u,
. 01 . ml.g.ll K1
S R, 3.1
I} 7 1+ 7 ap + 7 p-U (3.1)
, N O my.g.ly . 1 . N
trong d6, fi = —ap; g1 = K fo = — %4 + ¥ .sin(zg) — 7 ap} dp VA K, hang s6 mo
1 1 1

td dong hoc clia mé to; mq va Jy 1a khéi lwrong va quén tinh cia con lic, I; chiéu dai trong

tam con lac; ¢ 1a gia téc trong triromg; C 1a hang s6 ma sat gitra con lac va cdnh tay xoay.

Hinh 1. M6 hinh con lac nguwoc trong phong thi nghiém
Diing phwong phap doi bién trong [5] d€ dwa (3.1) vé dang chuan, dat

J1
—a— —0. 3.2
y=a- -0 (32)
Lay vi phan (3.2), két qua la
Jr -
= — 0. 3.3
y="agf (3.3)
Hé thong (3.1) c6 thé phan ly thanh hai hé thong con néi tiép c6 dang
:i)l = I, (3.4)
iy = fi(z) + g1(z)ws,
:i)g = T4, (3.5)

4 = fa(x) + ga(x)u.
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binh nghia
s1=c1r1 +x2, c1 >0 (3.6)
va ham
1
Vi= 53% (3.7)
Lay dao ham (3.7)
Vl = 81.$1. (3.8)
Tir (3.8) va (3.4)
Vl = $51.81 = Sg(Clil + :ﬁg) = 82(61:E2 + f1(ZE) + 91(ZE)ZE3). (3.9)

Piéu kién dé s; — 0 khi ¢t — oo 14 V3 < 0 ¢6 thé chon

x3 = —ysign(sq)sign(gi(z)) = ~ysign(s1) (3.10)

véi

> (e + fi@)]:
g1(x)

Dé z3 1a ham tron, ham sign(s1) trong (3.10) dwrgc thay thé bang ham sigmoid

2

33322211(

V6i luat dieu khién (3.11), diéu kién V; < 0 théa man nén s; — 0, dieu dé dan dén z1, o
tién téi 0 va d€ ¥ rang limo(:ng) = 0. Cho thdy Iic d6 z3 — 0.
51—
binh nghia
S9 = co(x3 — 2) + 4. (3.12)

Ap dung mang noron nhw da mé ta & Muc 2 dé dieu khién tin hiéu mét truot s, — 0.
Mang noron c¢é ngd vao la x, ngd ra la tin hiéu dieu khién u, luat caAp nhat thich nghi dé huin

luyén mang la cac luat (2.19) va (2.20) v6i s = so.

4. KET QUA MO PHONG VA THUC NGHIEM

Céc thong s6 diéu khién dwroc chon nhwr sau. Mang noron N ¢ 12 norén & 16p an; Thoi
gian 1ay mau t = 0,005; Hé s6 hoc 4 = 0,01;C; = 4;Cy = 1;p = 10;7 = 0, 6.

Céc két qua mo phong cia phién diéu huan luyén dau tién va phién huin luyén thit nim
(moi phién huan luyén 14 50s) cho & hinh (2) va (3), cho thay qu4 trinh hinh thanh va hoi tu
ctia luat dieu khién ciia mang noron . Dép ng & phién huan luyén thit nam cho thiy khong

con hién twong chattering trén tin hiéu diéu khién.
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Ngoai ra, diéu khién triot thich nghi phan ly diing mang noron da thir nghiém thanh cong
trén mo hinh thwe nghiém (Hinh 1) véi board diéu khién ezDsp TMS2812. Chirong trinh mo
ta bo dieu khién dwoc viét bang ngon ngit C trén nén ciia phan mém CCS (Code Composer
Studio) v3.1. Hinh 4 1a céc ddp timg cua 3, @ va u sau nhiéu phién huin luyén. Pép tng &
Hinh 4b cho thay géc tay quay chi di chuyén trong khodng +2° xung quanh vi trf giita, con
& Hinh 4a, géc con lic c6 sai s6 rdt nho trong khodng +1° xung quanh vi tri cAn bang trong
diéu kién bat on cla céc thong s6 clia con lic co khi va dnh hirdng ciia nhiéu do rung co hoc

va nhiéu dién dong.

Anfa(degree)

Anfa(degree)

10 15 20 25 30 35 40 45 50
5 T
. P ; I i 5 P A P P
0 5 10 15 20 25 30 35 a0 45 50 u] 5 10 15 20 25 30 35 40 45 50
time (s) time (s)
Hinh 2. Phién huan luyén dau tién Hinh 3. Phién hudn luyén thit ndm

5. KET LUAN

Mang noron diroc diing lam bo diéu khién triot thich nghi phan ly dwroc gidi thiéu trong
bai bdo nay da thay thé hoan toan bo dieu khién trirot chit khong chi thay thé thanh phan
diéu khién twong dirong nhwr cdc mang norén durge diing lam bo diéu khién trwot thich nghi
dwoc giéi thiéu trong cic bai bdo [1-4]. Hon nita luat dieu khién trirot c6 dang ham tron nén
da khic phuc dwoc hién twong chattering. Két qud mo phéng qud trinh huan luyén cho thay
cac luat dieu khién trirot dwroc hinh thanh va hoi tu trong qué trinh diéu khién.

Két qua thuc nghiém trén con lic ngwoc xoay da cho thdy tinh bén virng cia hé thong
diéu khién trong diéu kién bat on cla cdc thong s6 cia hé thong thire va dwdi anh hurdng
ctia nhiéu ciing nhw tiém ning tng dung ciia bo dieu khién lén cdc d6i tirong phi tuyén phitc

tap khéc trong thirc tien.
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