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Abstract

A multi-motor is known as a mechanism in which separate motors are used for operating different parts of the same machine in industrial
plants. The complex operation of systems, such as steel mills, casting irons, paper production, solar cells, humanoid robots, large excavators,
etc., depends on the performance of the multi-motor drive system. These materials are easily damaged if the process is poor. Therefore, the
system requires high technology in mechanics and precise control techniques. In addition, because the system has many variable parameters,
strong nonlinearity, and is affected by many external noises, there are many challenges in the design process. This paper proposes a sustainable
control method that integrates the Dynamic Surface Control (DSC) algorithm combining an adaptive compensation algorithm using a Radial
Basis Function (RBF) neural network, which makes the tension and velocity of the batches approximate to the set value, and helps the system
to be stable with variable parameters. The stability of the system is guaranteed and the effectiveness of the proposed control approach is

verified via simulations.
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Tém tit

Hé truyén dong nhiéu truc c6 diéu khién duoc biét dén nhu
mot co ché trong d6 cac dong co riéng biét dugc sir dung dé
van hanh céc bo phan khac nhau cia cing mot may trong s6
luwong 16n cac nha may cbng nghiép. Sy van hanh phuac tap
cua cac hé théng 16n nhu nha may thép, gang, san xuit gidy,
pin mat troi, robot hinh ngudi, may dao 16n,... phu thuoc vao
hiéu suit cua hé truyén dong nhiéu truc. Nhitng san pham
dugc tao ra dong vai trd rat quan trong trong doi séng hang
ngay ciing nhur cong cudc xay dung va phét trién thé gii hién
nay, tuy nhién nhirng vat liéu san xuét rat d bi hu hong néu
quy trinh xi ly kém. Vi vay, hé thong doi hoi ky thuat cao vé
co khi va ky thuat diéu khién chinh xac. Ngoai ra, do hé thong
c6 nhiéu tham s thay ddi, tinh phi tuyén manh, chiu tac dong
cua nhiéu nhidu bén ngoai nén trong qua trinh thiét ké ciing
gap nhiéu thach thire. Bai bao nay dé xuat phuong phap diéu
khién bén viing tich hop thuat toan diéu khién DSC (Dynamic
Surface Control) két hop thuat toan bu thich nghi s dung
mang no-ron RBF (Radial Basis Function) l1am cho lyc cang
va van tdc cua cac qua 16 xap xi gid tri dat, gidp hé théng on
dinh vai cac tham sb thay ddi. Sy 6n dinh cua hé thdng duoc
dam bao va hiéu qua cua thuat toan dé xuat dugc kiém chung
qua md phong.
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1. Gi6i thiéu

Hé truyén dong dién Ia mot tap hop cac thiét bi dién, thiét
bi dién tu, thiét bi dién tar, phuc vu cho viéc bién doi nang
lugng dign-co cling nhu gia cong, truyén tin higu thong tin dé
diéu khién qua trinh bién d6i nang luong. Dya vao cach lap dat
ta ¢ thé phan loai nhu sau: truyén dong don 1¢ (Mot dong co
dién két ndi voi mot may san Xuat), truyen dong nhom (mot
dong co dién duy nhét dugc sir dung dé truyén dong cho hai
hogc nhiéu may san xuat) va truyen?dong‘ da truc (hai hoac
nhiéu dong co riéng biét duoc dung dé truyén dong cho cac by
phan cua cing mot may san xuat) [1]. Véi su trg gilp cua hé
truyén dong da truc, mot quy trinh phuc tap co thé duoc ty
dong héa cung cap kha niang quan ly qua trinh tot hon. Co6 thé
thay hé truyén dong da tryc dugc sir dung rong rai trong nhiing
nha may cong nghiép véi rat nhiéu ing dung dong vai tro quan
trong[2], [3]. C6 nhiing h¢ thong da c6 tir rat lau va da co
nhirng nghién ctru &p dung mang lai thanh tuu to lon [4], [5].
Tuy nhién phu thudc vao dac thu cua tung linh vyc va sy phat
trién dau tu vao cac hé thong may moc tai cic co s¢ san XUat,
S& Can murc d§ uu ti€n phat trién nghlen Clru Cai tién vé ning
Suét, cdng suat va dac biét Iam cha cong nghé khéc nhau.

Bai bao s¢ tap trung nghlen ctru hé truyén dong da truc co
lién ket mém. Ta c6 thé coi hé truyén dong nhiéu truc c6 lien
kétmém la nhitng phén doan van chuyén vat ligu, cac hé truyén
dong dugc lién ket véi nhau bang chinh cic doan vat ligu. Mot
vi du vé hé truyén dong nhiéu truc cé lién két mém dwoc tng
dung trong phan doan van chuyén vat liéu dang béang (Drivers
With Resilent Coupling - DWRC), la muc tiéu dé thiét ké diéu
khién va md phong kiém ching trong bai bao nay. DWRC c6
cac bo phan co ban nhu sau: L6 t& (winder) la mot trong hai
thanh phan quan trong nhat caa hé thong. Ban dau 16 t& s&
mang mot khéi luong vat liéu nhét dinh, trong qua trinh hoat
dong cua hé truyén dong, vat ligu s& dugc di chuyen dan sang
16 cuon thdng qua he thong truyén dong hodc 10 dan. L6 dan
(guide) gom hai loai 16 dan 14 16 dan cha dong va 16 dan bi
dong. Lo dan bi dong chi c6 nhiém vy dan va d vat liéu con
16 dan chu dong con c6 thém kha ning tham gia vao qué trinh
van chuyén vat ligu. L6 cudn (unwinder) c¢6 cau tao nhu 16 t&
nhung chiéu di chuyén cua vat liéu 1a nguoc lai. Ban dau 16
cuon s¢ khong co vat li¢u, trong qua trinh hoat dong vét li¢u s&
dugc di chuyén dan vao 16 cudn.

Trong nhitng ndm gan day, cac phuong phép diéu khién
phi tuyén khac nhau nhu dleu khién truot [6]-[10], diéu khién
mo [11]-[12], diéu khién cudn chiéu [13]- [15], mét trugt dong
(Dynamic Surface Control - DSC) [16], diéu khién loai bo
nhiéu chu dong (Actlve Disturbance Rejection Control -
ADRC) [17],... da dugc ap dung dé nang cao chat lugng diéu
khién cho hé théng DWRC. Cac phu’cmg phap dleu khién nay
chi c6 thé mang lai hiéu qua tot khi cac thong sb cua hé thong
duoc biét ré rang. Tuy nhién, hé thong DWRC la mot hé thong
thay doi theo thoi glan va vigc tinh toan cac thong s6 cua hé
thong kha phuc tap va kém chinh xac. Pé cai thién hon nita
hiéu suat cua h¢ thong, can phai c6 mot co ché thich nghl theo
su thay di cuia cac tham s6 hé théng. Mang no ron xuyén tim
(Radial Basis Function -RBF) la mét lua chon pht hop trong
nhiéu ting (dung [18]-[20]. RBF da duoc ap dung cho hé¢ thong
DWRC dé diéu chinh thanh cong hé thong DWRC c6 truc
khong tron hoan hao [21]. Tuy nhién, trong h¢ thong DWRC,
co nhleu tham s6 hon ban kinh truc va nhiéu thay déi theo thoi
gian can dwoc diéu chinh de cai thién hiéu suat caa hé théng.
Vi vdy, bai bao nay dé xuét diéu khién Backstepping dya trén
mang no ron RBF thich nghi cho hé théng DWRC. B¢ diéu

khién dwoc thiét ké bang ky thuat cudn chiéu (Backstepping)
¢6 chtra cac thanh phan thay doi theo thoi gian cta h¢ thong
dugc Xxap xi bang mang no ron RBF. Cac quy tac cap nhat trong
s6 mang RBF duoc dé xuat dé dam bao tinh 6n dinh va chat
lugng cua h¢ thong. Ngoai ra, dé tang tinh bén viing cua hé
thong va khic phuyc tinh trang “explosion of terms” ctia bo diéu
khlen Backstepping, DSC két hop véi diéu khién RBF duoc dé
XUAL.

2. MB® hinh toan hoc ciia hé thong DWRC

Trong mét s6 irng dung thuc té cia DWRC, dé thuan loi trong
viéc nghién ciru va xay dung phan diéu khién cho hé, ngudi
ta s& gia thiét bo qua anh huéng cua céc 16 dan, coi céc thanh
phan nhu dong co, cam bién, b bién ddi 1a 1y twong va khong
xét dén céc hién tugng vat liéu bi ndi va truot. Nhu vay hé chi
con lai 16 to va 16 cudn, lic nay luc cing s& dong deéu trén ca
doan vat liéu tir 16 dan va 16 té. Viéc gioi han nhu trén co thé
gitip xac dinh md hinh toan hoc dé dang hon.

Cim bién |
Iwc cing |

‘ i
§ M; 4= Drive Drive = Mz
) t
am bié : : Cam bién
ganthbicn i BO didu khién . o
toc do toc do

thich nghi

Hinh 1: M6 hinh DWRC r(t gon

Hinh 1 mé ta mé hinh hé théng DWRC rit gon gom 16 to va
16 cugn. Lo to dugce diéu khién bang dong co My, 16 cudn duoc
diéu khién bang dong co M,. M&i dong co déu cé driver cho
phép diéu khién mdé men dong co theo lugng dat. Cac cam
bién téc d6 dugc gin véi truc cac dong co dé do téc do cac
dong co, ciing dong thoi 1a toe do goc cua cac 16. Cam bién
lyc cang dugc sir dung dé do lyc cang vat liéu. Céc tin hiéu
do duoc gui V& bo didu khién thich nghi dé phuc vy tinh toan
tin hiéu diéu khién cho hai dong co. Theo dinh luat Newton
va bao toan khéi luong, phuong trinh dong lyc hoc phi tuyén
cta hé truyén dong DWRC ¢ thé dugc viét nhu sau [22]:

F = klwu + kzwrF + k3wr (1)
Wy = kyTy + ksF + kgwy + k02 2
(A.)r = kBTT‘ + k9F + kloa)r + klla),% (3)

Trong d6 F 12 lyc cang trén doan vt liéu; w, va w, 1a van téc
goc cua 16 to va 16 cudn; k; la cac tham so bién thién theo thoi
gian dugc xac dinh nhu sau:

T ESm, % _ESr, 1
kl_Ltu L » 2 — L!kS_ L !k4—_ ]u’
T, by, awpr 1 7
ks=—;ke=—""; k,=——;kg=—;kg = ——;
P LT
b awpr,
fr pTy
kig=—";ki;=— ;
10 [ Ir
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Trong dinh nghia k;, mé-men quén tinh J,, J, dugc tinh nhu
Ssau.

1 4 4
]u(t) =Juo + EPWT[(Tu - RuO);

1 4 4
Jr@®) =Jro+ EPWT[(TT =Ry

trong d6 J,o V& J twong tng la mé men quén tinh cua truc 16
to va truc 16 cudn; Ry, va R, twong Gmg la ban kinh ban dau
cua l6 to va 16 cuodn.

Khi thém cac thanh phan bat dinh, md hinh DWRC tro thanh
nhu sau:

F = I’élwu + ]’eszF + ]}3a)r + Afp (4)
Wy = ka1, + ksF + kgwy + kyw? + AE, (5)

W, = kgt, + koF + kygw, + k02 + AZ, (6)

Trong do:
A&p = kywy, + ko, F + ksw, (7
A&, = kyty + ksF + kgwy + kyw? (8)
A, = kg1, + koF + kigw, + kqqw? 9

kl =i€1+];1, kz =i€2+l;2, k3 =i€3+i€3, k4=i€4+i€4;
ks =i€5+];5;k6 =i€6+ié6, k7 =i€7+i€7, kg =i€8+i€8'
ko = ko + ko; kyp = kyg + Kyo;

VGi ky, ky, ks, ky, ks, ke, ko, kg, ko, Ky, kyq 12 céc tham s6 ban
dAu dé thiét ké mb hinh,
ki ke fes, by ks, kg, k), kg, ko, Ky, k14 12 sai léch giira théng
s6 md hinh d3 xac dinh theo tinh toan va théng sé thuc té, tirc
1a thanh phan bt dinh cua tham sb.

3. Thiét ké b diéu khién mit truwgt dong DSC
két hop b bu thich nghi RBF

Dau tién, dinh nghia cac bién trung gian nhu sau:

fiu = ksF + kgwy + ky02; g, = ka;

fr = koF + kygw, + ki 0?; g, = kg;

Khi d6, m6 hinh déng luc hoc (4)-(6) DWRC trg thanh:

F = ]Elwu + I’EzwrF + l’é3(l)r + ASF (10)
Wy = fu+ guTu + A, 11
oy = fr + 9,7 + A%, (12)

Budc 1: Dinh nghia bién sai léch lyc cing AF = F — F,
AF = F - Fd = ]Elwu + ]EzwrF + k3wr + ASF - Fd (13)

Chon ham Lyapunov: V; = %AFZ. DPao ham V; ta thu duoc:

Vy = AFAF = AF (kyw, + kyw, F + kyw, + ) (14)

Dé hé théng con 6n dinh theo tiéu chuan Luapunov ta phai
dam bao diéu kién V; < 0. Vi vay ta chon luat diéu khién ao
nhu sau:

3 1/, R . p?AF
Wyg = —= | kyw, . F + ksw, — Fg + c;AF + (15)
ky 2e
Trong d6: ¢; 1a mot s6 thuc duong, € 1a mot s6 thyc duong
2 P \ ’
nho, ZL° ¢ ddi pho voi thanh phan bét dinh Ay, [A&| < p;.
Tin hi¢u diéu khién nay duoc thiét ké dé F bam gia tri dat F,
hay AF - 0.

Theo k¥ thuat Backstepping ta tim dwgc tin higu 40 w4 dé
F — F,, tuy nhién trong k¥ thuat thiét ké nay ta s& dé ham
wy,q 6 dang mot bo loc thong thap @,,4, muc tiéu 1a loc thanh
phﬁn bién thién dao ham do hién hién tugng “explosion of
term”.

{O-ld)ud + Wyg = aud
0yq(0) = wyq(0)

Trong d6 o, 1a hing s thoi gian cua bo loc , @,y 14 dau vao
cua bd loc, w,4 12 dau ra cua bo loc.

(16)

Budc 2: Pinh nghia bién sai léch van tc goc 16 to Aw, =
Wy — Wygq-

Chon ham Luapunov: V, = 2 Aw?. Pao ham V, ta thu duoc:
2

17)

Vi = Ay Ay = Awy (@y — Gyq)
= Awy (fy + GuTu + A&y — Wyq)

Pé hé thong con 6n dinh theo tiéu chuan Luapunov ta phai
dam bao diéu kien V7, < 0. Vi vay ham diéu khién ,, nhu sau:

1
Ty = _g_ [fu — @ua + 28wy, + cusgn(Aw,)] (18)
u

Trong d6 ¢, va c, la céc s6 thuc duong, c,sgn(Aw,) dung dé
dbi pho vé6i thanh phan bét dinh A&, |A&r| < Py, @yg duoc
tinh tir bo loc thong thap (16). Nhu vay ham diéu khién c6 thé
duoc viét lai:

_ 1 Wyq — Wyq
Ty =——\ fu ——— + c,Aw, + cusgn(Aw,y) | (19)
Gu o
Tin hiéu diéu khién nay dwoc thiét ké dé w, bam gia tri dat

Wyq hay Aw - 0.

Do sy bién thién cua cac thong sé trong cac ham £, va g, lam
cho viéc xac dinh chinh xac cac ham nay la rat kho khan. Vi
vay ta s& Xap xi cac ham d6 bang cac ham £, va g,,. Ham diéu
khién ,, c6 thé duoc viét lai:

1 ~ aud - wud
=g £ - R casgn(Awy,) | (20)
u

Khi d6 V, tré thanh:
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Vu = A(")u ((fu - fu) + fu + (gu - gu)Tu + gu
- d)udv + Agu)

= Awu(fu - fu)
+ Awy (Gy — Gu)Tu — CZAwI%_

(21)

—cusgn(Awy,)Aw, + A& Awy,

Tiép theo céac luat xap xi cho ham £, va g,, dugc dé xuat nhu
sau. Gia st ham f,, c6 thé dugc tinh béi mang no ron RBF 1y
tuong nhu sau:

fu = Wiy (22)
Trong 46 W, = [Wyi, Wy, ..., Wil 1a véc to trong s6 ly
tuong cua mang no ron, m la s 16p cua mang neural, h, =
[hy1, Ryzs oo My ] 12 Véc to ham Gaussian. Ham Gaussian
hy (i = 1,2, ..., m), véi dau vao la van toc goc cua 16 to va 16
Cuon w,,, w, dugc dinh nghia nhu sau:

exp (L =l o = g 1)
bui

wy = qll? + llw, = gu4l12

?;IGXP <” u qll” b2 ” T qu” )

ui

hyi =

(23)

Trong d6 q4;, q2; 12 toa d6 tdm cta ham RBF, b,,; 1a d6 rong
cta ham RBF. Ham x4p xi f,, dugc tinh béi mang no-ron RBF
(hinh 2) nhu sau:

fu = WuT}_lu (24)
Trong d6 W, = [Wy,1, Wys, ..., Wym]™ 12 Véc-to trong sb.
Chung ta phai thiét 1ap luat cap nhat trong s6 sao cho hé théng
on dinh.
Ngoai ra ta con phai tim luat xap xi cho g,,. Can chi y rang
ring g, = —]i nén ton tai gi¢i han trén g, < guy < 0

()
- ) Wum / . fr
Or Q T Wi n-1)

Hinh 2: So db mang no-ron RBF dé tinh xp xi f,, va f,.
Gia sir rang ham g,, c6 thé duoc xap xi bai ham g,,. Ta dinh
nghia cac sai léch W, = W, — W,,, §, = gy — §u- Chon ham
Lyapunov nhu sau:
VZu = Vu +

~ ~ 1
WuTFu_lwu + Enugi (25)

N| =

1 1 1
= EA(UIZL + EWuTE[qu + Enugi

Trong d6 T, la la mot ma tran dudng chéo xac dinh duong, n,,
la mot s6 thue duong. Pao ham V,,, ta thu dugc:
VZu = Vu + WuTI;L_lm + nugugu (26)

= A(’-)u(fu - fu) + A(’Ju(gu - gu)Tu - CZszzt + WuTru_lwu
+ nugugu - C4sgn(Awu)Awu + AEquu

= AC‘)ul}r/uTEu - CZAC‘)S + WuTFu_lﬁ/u + nugugu
— cusgn(Awy)Awy, + AéAw,

= Vr/uT (Awuﬁu + 1—1'1_1Wu) + gu(Aquu + nug:u) - CZszzt
— cpsgn(Awy)Aw, + A& Aw,
Do W, = —W, va §, = —§, nén:

@7)
+ W (Bwuhy = L7 + Gu(bwyT,

Vou = —CAw2 — cysgn(Awy)Aw, + A&, Aw,

- nug.\u

DPé dam bao tinh 6n dinh cua hé théng theo tiéu chuan
Lyapunov, tuc 1a V,,, < 0, ta chon cac luat cap nhat:

_1 . ~ ~
Nu Aquut neu gy < Jum

Ju = 305 Aw, T, néU Gy = Gupp AwyM, < 0 (28)
0;néu g, = guy » Aw M, =0
W, = TLAwyhy, (29)

Luat cap nhat cho g, c6 thé duoc giai thich:

e Néu g, < guu , tuc 1a g, nam trong gisi han cho
phép, G, c6 thé nhan bat ki gia tri nao va ta chon
ﬁu = n;lAquu khi d6 gu(Aquu - nug.\u) = 0.

e Néu g, = gum tic 1a g, dat gi6i han trén khi d6 §,
khong thé chon mot gia tri duong. Vi vay néu
Aw,M, < 0tachon g, = n;'Aw,M,

e Néu g, = gum Va Aw,M, > 0,tachon g, = 0. Khi
d6 g, duoc gitt ¢ gigi han trénva g, = g, — Ju =
Gu—Guu =0 , Vi thé gu(Aquu - nugu) =
Gubw,M, <0

Trong moi truong hop ta ludn c6:
Gu(Bwo,My +1,8,) < OVAWT (Bw,h, — 71, ) = 0

Vivay V,, < =k Aw2 — cysgn(Awy)Aw, + Aw,AE,
Budc 3: Goi @, 12 gia tri dat van toc goc cua 16 to.

Khi thiét ké Backstepping, ham diéu khién s& c6 chwa thanh
phan dao ham @,4, hon nira trong @, ciing c6 chira w, do
d6 ta s& thém mot bo loc nita & day dé loc gid tri dau vao, vira
gilp giam thanh phan dao ham bién thién cho ham diéu khién,
vira gitp tang hiéu qua cho bo loc thir nhét.
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{O-Zd)rd + Wrq = 61"(1 (30)

@rq(0) = wrq(0)

Trong d6 o, 1a hang s6 thoi gian cia bo loc , @, 14 dau vao
cua bd loc, w,4 1a dau ra cua bo loc.

Dinh nghia bién sai léch van téc goc 16 cuon Aw, = w, —
w,q. Chon ham Luapunov: V. = %Awﬁ. Pao ham V,. ta duoc:

V. = Dw, A6, = Dy (@ — @rq) (1)
= Awr(fy + 9rTr + AS, — 0rg)

Dé hé théng con 6n dinh theo tiéu chuan Luapunov ta phai
dam bao diéu kién V. < 0. Vi vay ta chon ham diéu khién T,
nhu sau:

1
r = _g_ [fr — @ra + 300, + cssgn(bw,)] (32)
r

Trong d6 ¢; Va cs 12 cac sb thuc duong, cssgn(Aw,) ding dé
dbi ph6 vai thanh phan bat dinh A&, |A¢,| < ps, w,q duoc
tinh tir bo loc thong thip (30). Nhu vay ham diéu khién c6 thé
dugc viét lai:

L c3Aw,

1 (f Erd — W
Tr=——Ur—————
Ir 0, (33)

+ cssgn(bwrq))

Tin hiéu didu khién nay duoc thiét ké dé w, bam gia tri dat
wyq hay Aw — 0.

Do su bién thién cua cac thong s6 trong cac ham £ va g, 1am
cho viéc xac dinh chinh xac cac ham nay Ia rat khé khan. Vi
vay ta s& Xap xi cac ham d6 bang cac ham f, va g,.. Ham diéu
khién 7, c6 thé duoc viét lai:

1 . @pg— Wy
= - — _—_ A
Ty } (fr o + C30Wy (34)

g
+ cssgn(Awrq))
Khi d6 V, tro thanh:

Vr = Aw,((fr — ﬁ”) + fr + (gr — Gt + Gr7r
- d)rd + Afr)}\
= Awr(fr - fr) + Aw, (gr — §,)7,(35)
— c3Aw? — cssgn(Aw,)Aw,
+ Aé Aw,

Tiép theo cac luat xap xi cho ham £ va g, dugc dé xuat. Gia
sir ham f,. c6 thé dugc tinh bai mang no-ron RBF 1y tuong
nhu sau:

fy = W/h, (36)

Trong d6 W, = [W,, Wy, ..., Wyi,]T 1a véc to trong sb 1y
tuong cua mang no-ron, m 1a s 16p cua mang neural, , =
(A1, Ryzs oo By T 12 véc to ham Gaussian. Ham xap xi £,
duoc tinh béi mang no ron RBF (hinh 2) nhu sau:

(37)

Trong 46 W, = [Wyq, Wiy, ..., W, 1™ 12 véc to trong so.
Chung ta phai thiét lap luat cap nhat trong s6 sao cho hé théng
6n dinh. Ngoai ra ta con phai tim luat x4p xi cho g,.. Can chd
y rang rang g, = i nén ton tai gidi han dudi g, = g,y > 0.
Gia st rang ham g, c6 thé duoc xap xi bai ham g,.. Ta dinh
nghia cac sai léch W, = W, — W,., §, = g, — §». Chon ham
Lyapunov:

.97 (38)
~ 1

VVT'T[;'_l r + Enrgz

N =

1.
Vor =V, + 5 WL, +

l

Trong do T, la la mot ma tran duong chéo xac dinh duong, 1,
la mot s6 thue duong. Pao ham V5, ta thu duoc:

VZr = Vr + VT/rTI}_lm + nrgrgr

= Awr(fr - ﬁ”) + Awr(gr - g\T)TT - CSAwrz
+ WS LW, + 1,G-gr
— cssgn(Aw,)Aw, + A, Aw,

= AwrW/rTEr — czAwf + W”Tl}_lvi’/r + nrgrgr (39)
— cssgn(Aw,)Aw, + A, Aw,
= W' (8w, by + W) + G (Aw, T, +1,5,)
— c3Aw? — cssgn(Aw,)Aw,
+ Aé Aw,
Do W, = =W, va §, = —§, nén:
Vyor = —C3Aw? — cssgn(Aw,)Aw, + A&, Aw, (40)

+ VI?TT (Awr}_lr - I;”_lm) + gr(Aerr
- nrg.\r)

DPé dam bao tinh 6n dinh cua hé théng theo tiéu chuin
Lyapunov, tic la V,, < 0, ta chon céc luat cap nhat nhu sau:

-1 . ~ A~
Nr Awrrrr new gr > grm

Jr =07 0w, T, 18U G, = gy VA Aw,T, > 0 (41)
0; néu g, = g,y vahw, 7, <0
W, =T, Aw,h, (42)

Luat cap nhat ¢ phuong trinh (41) c6 thé duoc giai thich:

e Né&u g, > g, tic 12 §, nam trong giéi han cho
phép thi g, c6 thé nhan gia tri bat ki va & day ta chon
g.\r' = n;lAerra khi do gr(Aerr - nrér) = 0.

o Néu g, = g,u, tuc la g, da dat gid tri can dudi, khi
do g, khong thé chon gia tri am. Vi vay néu
Aw,T, >0 thi ta chon §, = n;'Aw,7, , khi dé
gr(Aerr - nrg.\r) = 0.

e Néu g, = g,u Vad Aw, T, < 0,tachon g, = 0, nghia
2 gir nguyén gia tri g, bang gia tri can dudi. Khi d6
gr =09r— gr =09r — 9rm = 0. SUY ra gr(Aerr -
nrﬁr) = §rAw, 7, < 0.
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Nhu vay trong moi truong hop, tir luat cap nhat (42) ludn c6:

(8w, 7, = 1,8,) < OVA W, (Aw, R — [71WH,) = 0.

Vi vay ta cé:

Vor < —c3002 — c4sgn(Aw,)Aw, + AGAw,  (43)

Budc 4: Dinh nghia sai léch ciia bo loc théng thap thir nhat

Al = Wyg — Wyq (44)

Dao ham hai vé va dity; = —i,q(y; < My, M; > 0) ta thu

duoc:
Ady

Dyg=——++7Y
ud o 1

(45)

Mﬁ = Wyq —

Chon ham Lyapunov V, =3A512, dao ham ta thu dugc:

A A%t

Vo= 800G = 06 (=04 n) =~ aan (46)
Chon ¢ théa man diéu kién:

! M + Veg =0 47

0_1 - 26 C6' C6 = ( )

Budc 5: Dinh nghia sai 1éch ciia bo loc théng thap thir hai

Ay = Wrg = By (48)

Pao ham hai vé va dity, = —@,4(y, < M, M, > 0) ta thu

duoc:
A,

bra=——+7,
rd o,

A, = Gopg — (49)

Chon ham Lyapunov V, = %AZZZ, dao ham ta thu dugc:

V= 8600, = 86, (- 2241, - —ﬁwcm (50)

Chon o, thoa man diéu kién:

! M22+ Ve, =20
—=—+4cy; Vc; =
o, 2€ 7 4

(6D

Budc 6: Xét tinh 6n dinh cho ca hé thong

Do bd loc thir nhat ¢6 sai 1éch AZ; nén dao ham sai léch luc
cang c6 thé duoc viét lai nhu sau:

AF = kyw, + kyw, F + kyw, + Aép — Fy

= iel((wu - wud) + (wud
+ A& — F

(52)

- aud) + 6ud)

Ta chon ham Lyapunov cho hé:

V=V1+V2u+V2T+V3+V4 (53)

1 1 1. ~
= EAFZ +EAQ)5 +EWuTI;L_1VVu

1 1 1_. —~
+= nugu+ Awr+2WF w,

52 2 2
+ -1, + _AZ + = AL,
bao ham hai Vé V ta thu duoc:

V=V1+V2u+V2T+V3+V4 (54)

- , DiAF?
= ki (8FAw, + AFAG,) = ¢ AF? — =
+ A& AF — c,Aw? — csgn(Awy)Aw,

+ A& Aw, + WT (Awuﬁu - 1;;1Wu)

+ gu(Aquu - nug.\u) - chwE

- cssgn(Awr)Awr + AéAw,

+ W (Awrh - W)

- L AR
+ gr(AerT - nrgr) - O'— + A<1]/1
1

AGZ
-2+ Ayy,
o)

Tir bat ding thirc Young va diéu kién |A&z| < p; ta dé dang
chimg minh dugc didu sau:

AF? + Aw?
2

AF? + AZ?
2

AFAw, <

AFA, <
AF?p? €
AFA§, < |AF|p, < zepl +5 (55)
ALfyf
2€

Adyy; <

ALy, <
T d6 phuong trinh (54) tré thanh:

. [AF?+Aw? AFP+AZZ\ 3 AQ
V<K + +oe——2 (56
! ( 2 2 ¢ 6O
R R
-2 +
0, 2e 2€
— Aw?2 — c;Aw? — cysgn(Aw,)Aw,
+ A& Aw, — cssgn(Aw,)Aw, + Aé Aw,)

+ (_ 1AF2

Tir cac didu kién |AE,| < p2 va |A¢,| < p;, phuong trinh
(56) tro thanh:

~

1

. ~ k
V< —AF?(c; —ky) — Aw? (C2 - ?> (57)

~

, ky
—Aw? | c; — 5~ lAwy|(cs — p1)

)80 gt acivt
P2 oy o, 2e

- |Awr|(65

ALZy3 3
2€ 2
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Chon céc tham s6 cua b diéu khién nhu sau ¢; = k; + ¢,

Cy :%+ Cy, C3 =%+ C7, €4 = Pa, C5 = p3. Phuong trinh
(57) tré thanh:

. A 2 A 2
V < —c,(AF? + Aw? + Aw?) — A 4% (58)
01 03
A 2,,2 A 2.,2 3
n {ivi ae 42

26+26 2

Thay cac hang s thoi gian o, va o, & phuong trinh (47) va
(51) vao phuong trinh (58).

, 3 A2
V < —c,(AF? + Aw? + Aw?) + 7€~ %(Mlz (59)
AgZ
— V1) — cAGE — z(Mz2 —V¥3) — ;A%

Chon ¢ =c, . Tir didu kién y, < M,;,y, < My, M; >
0, M, > 0 phuong trinh (59) tré thanh:

_ 3
V < —c;(AF? + Aw? + Aw? + AT? + AL2) + € (60)
< —c;(AF? + Aw? + WL W, + 1,62
+ Awf + WL WAn, g2 + AZE + AR)
3
+ —_
2¢
+ ¢ (Wl LW, + 1 G
+ WL WA, §7) < =2¢,V +m
Trong do: m= ;E + ¢, (W LW, + muGi +
W LW, +n,.g7), m > 0.

Tur phuong trinh (60) ta cé:
3e
2t —  (61)
4c,

0< V() < (V(O) —:’TE) e

Phuong trinh (61) chi ra rang V bi chan bai gia tri 4376 suy ra
7

céc sai léch co trong ham V (AF, Aw,, ... ) déu bi chan tic 1a

ludn ludn tdn tai sai léch. Ta c6 thé diéu chinh sai léch nho

tly y bang cach thay déi cac gi tri € va c,.

Nhu vy, ta da thiét ké xong bo diéu khién thich nghi bén viing
dua trén ky thuat Backstepping két hop mat trugt dong (DSC)
va bo bu thich nghi sir dung thuat toan RBF. So db khéi cua
bo diéu khién nhu hinh 3:

Wy
“.‘mf
Phwong [ Phwong T,
trinh i trinh  ——
S (25), (16) __.O_, (18) *
Tl Gu Ludtcd
+ P
F G- i
28), (41
Phuong Phwong = .
trinh trinh
(30) (32)
+ A I
Via ir Luat cap
Mangno'ron nhat
(24), (37) (29), (42)
B digu khién thich nghi
Cac bién phan héi trang thai tir hé théng any | @,

Hinh 3: So d6 cua bo diéu khién cho DWRC
4. Ket qua mé phéng

Dé xéac minh tinh hiéu qua cua phuwong phéap diéu khién duoc
dé xuat, md phong duoc tién hanh bang Matlab-Simulink. Dé
danh gia chat luong bo diéu khién, bai béo sé& thuc hién so
sanh giira bo diéu khién Backstepping (BC), Backstepping-
RBF (BC-RBF) va bo diéu khién dugc dé xuit DSC-RBF.
Céc tham sb md phong la: R, = 0,1(m); R, = 0,05(m);
by, = 25,33.107(Nms) ; by, = 25,33.10"5(Nms) ; Jyo =
1.5(kg.m?); J,o = 0.5(kg.m?); a = 0,05.1073(m); k,,, =
230; k,,, = 230; k, = 500. Trong dé ca ba bo diéu khién déu
c6 tham sb bo diéu khién ¢; = 100, ¢, = 50, c; = 50. Chon
thong sb c6 thém cua bo diéu khién DSC-RBF nhu sau ¢, =
10,c5 = 10,p; = 5,6 = 0.01,0; = 0, = 0.003. Luc cang
tham chiéu trong md phong cho cac bo diéu khién 1a 5(N).
Bai béo s& kiém chung tinh 6n dinh, kha ning bam tin hiéu
dait trong trudng hop khdng va co ton tai sai Iéch mo hinh hé
thong.

4.1. Trudng hep tham sé6 mé hinh xic dinh, khdng c6
thanh phan bat dinh

Trong truong hop véi mé hinh 1y tuéng, dap tng luc cang va
tbc do 6n dinh, bam theo tin hiéu dat. Biéu do6 cho thy cac bo
diéu khién phu hop véi md hinh hé théng.

a. Pap ung luc cang

Két qua md phong & hinh 4 cho thay lyc cing tng véi trudng
hop DSC-RBF di bam véi gié tri dat, diéu nay thé hién kha
nang xap Xi ciia RBF mac du khong biét cac tham s6 cua hé
thong.

125
12+
Z115¢
(o))
s M7 Ref
g | v has
2105 BC
O - —BC-RBF
10] —-—DSC-RBF
9.5 ‘ ‘ . ‘
0 5 10 15 20 25
Thoi gian (s)

Hinh 4: Bap ung luc cing cia cac bo diéu khién so véi bo diéu khién DSC-
RBF.

Két qua mé phong & hinh 5 cho thay do hién tugng “explosion
of term” nén khi gia tri dat tdc do thay dbi o cac thoi diém 0
giay, 3 gidy, 21 giay, 24 giay & trudng hop bo diéu khién BC
va BC-RBF ¢6 d6 qua diéu chinh I6n (3.3% va 3%) trong khi
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bo diéu khién DSC-RBF ¢ sai léch lyc cing nho hon nhiéu
(0.3%). Khi gid tri dt luc cang thay ddi & cac thoi diém 7 giay,
8 giay, 17 giay, 18 giay, voi cac bo diéu khién BC va BC-RBF
Xuét hién do qua diéu chinh nho (0.07% va 0. 055%) trong khi
DSC-RBF khong xuit hién d6 qua diéu chinh. Didu nay da
ching minh dwoc hiéu qua cua bo loc déi véi cac thanh phan
bién thién dao ham Ién. O trang théi xac lap thi DSC-RBF ton
tai sai léch tinh 0.00125%, BC-RBF t6n tai sai léch tinh rat
nho (= 0) va BC khdng c6 sai léch tinh.

©
'S

t ..... BC

- BC-RBF
--—DSC-RBF

o
)

o
(V)

Sai léch luc cang (N)
o

©
S

0 5 10 15 20 25
Thoi gian (s)
Hinh 5: Sai léch lyc cang cac bo didu khién so véi bo diéu khién DSC-RBF

b. Pdp ing vdn téc dai b diéu khien DSC-RBF

Van téc dai ciia ca ba bo diéu khién déu bam gié tri dat (Hinh
6). O trang thai xac lap thi v&i bo didu khién DSC-RBF tn
tai sai léch tinh 0.0013%, BC-RBF ton tai sai léch tinh rat nho
(= 0) va BC khdng c6 sai léch tinh.

2
== 1.5
@
E
g
3
=4 Bis 1.50002
“>°‘ 1.50001
0 15
--—DSC-RBF
-05 : : : :
0 5 10 15 20 25
Thoi gian (s)
Hinh 6: Dap tng vén téc dai cua céc bo didu khién so vai bo didu khién
DSC-RBF
3
@ 3 x10 - . ‘
8 107 | [eakase BC
E 2k 20 ¢ \_\__ - =BC-RBF 7
o .| : T," pd --~DSC-RBF l |
6] 1 ¥ v’
0 -4 I
o0
8 | )
= i x10
:%--1 I 1 0 1
A 2
X o =l - ——
82 4
‘T L I I I
-3
%)
0 5 10 15 20 25
Thoi gian (s)

Hinh 7: Sai léch van téc géc 16 té cac bo didu khién so vai b didu khién
DSC-RBF
Hinh 7 cho ta thay tai céc thoi diém O giay, 3 giay, 21 giay,
24 giay van toc goc 10 to ung voi dicu khien BC va BC-RBF
¢6 d6 qua diéu chinh Ion (0.12%) trong khi DSC-RBF c¢6 d6

qué didu chinh nho hon rat nhiéu (0.006 %), tai thoi diém 7
giay, 8 giay, 21 giay, 24 gidy khi cd su thay doi luong dat luc
céng, véi cac bo diéu khién BC va BC-RBF xuat hién d6 qua
diéu chinh(0.002%). Sai léch tinh cia BC-RBF va DSC-RBF
rat nho (= 0).

™ i3
§ 2 x10

i\—/ ....... BC

§ - —BC-RBF |
g1 --—DSC-RBF '

E l
> 0 <=

3 l x10°® [

c ;0 I

@1 - A | e | i

% -5

& 10

=4 ‘ .

» 0 5 10 15 20 25

Thoi gian (s)

Hinh 8: Sai léch van téc géc 16 cuon cac bo diéu khién so véi bo diéu khién
DSC-RBF.

Tuong ty nhu van téc goc 16 cuon (hinh 8), BC va BC-RBF
c6 do qua didu chinh (0.12%), DSC-RBF (0.006%). Hai bo
diéu khién van téc goc 16 to va 16 cuon cia DSC-RBF déu
nam sau bo loc va két qua md phong da thé hién duogc hiéu
qua cua bd loc véi van toc goc hai 16.

C. M6 men diéu khién

10 T
1.05 I"-‘ ....... BC T—
/ - - BC-RBF
= /4
£ 5 1 _,i'A\\\ --=DSC-RBF
Q
© 0 ¥ = =
5
£ 1. !
g 571 121 R\
1 }-.....A
10 : = ' :
0 5 10 15 20 25
Thoi gian (s)

Hinh 9: M6 men diéu khién 16 t&

Két qua md phong ¢ hinh 9 va hinh 10 chi ra khi c6 su thay
dbi gia tri dat luc cang hodc van tde thi dic tinh mé men diéu
khién cia DSC-RBF s& thoai hon so véi hai bo diéu khién con
lai, ddc tinh nay s& rat phi hop trong trudng hop thuc té.

e T | e ‘

’é‘ 05111\ BC
Z5 0.45H \a - -BC-RBF
P oal k=" --—DSC-RBF
<g /
[&]
<O I -
2o =
g |
5 |
S -

5t |

0 5 10 15 20 25

Thoi gian (s)
Hinh 10: M6 men diéu khién 16 cuon

d. Mang no ron RBF
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fu woo | 2 Oes 10° '
—1Tu woc lvong R T
1.2} - — fu thuc té g BC
g 0.027 0 - -BC-RBF 1
15 o Bt --—DSC-RBF
2081 / \ ] S 0.01f 110 |
L= T L |
0.6 7 8 e N
E O =
0.4} &
5 ; ; ; . £ -001f 1
0 5 10 15 20 25 o
Thoi gian (s) & -0.02 : : ' '
Hinh 11: Use luond ha 0 5 10 15 20 25
n - Ude lugng ham f,, Thoi aian (s)
05 ‘ Hinh 15: Sai léch van téc goc 16 to ba bo didu khién khi tham sb bién thién
—fr wéc lwgng 20%
- = frthyc té .
w
el ' ' : 3
-1 *—‘\‘ 1 S o004t [ BC HE
- c f H
M= 7 & I i - -BC-RBF
g 002 i --—DSC-RBF
Q H
157 1 CRR ety wommons 7 £
> - i
. . : ‘ 8-0.02 %10° i
0 5 10 15 20 25 = :
Thoi gian (s) 2 -0.04¢ 2 ]
(3] B 8o g
Hinh 12: Uc lugng ham f,. ©@-0.06
©
Hinh 11 va hinh 12 cho thidy mang no ron RBF xap xi hai @ 0 5 L. 20 25
ham £, f. rat nhanh chong vai sai léch nho. Thad glani(s)

4.2. Truwong hep théng sé md hinh sai léch 20%

15§ 1
Z
10 / \
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=-=DSC-RBF
0 ‘ [ ‘ i
0 5 10 15 20 25
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Hinh 13: Luc ciing ba bo didu khién khi tham s bién thién 20%

5 e S R B BC ]
= - — BC-RBF
=g —-—DSC-RBF 1
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=2 e e e e »
< -3
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@ 5t 3 == 1
‘© 2
n 1

0 ——
10 L i \ L
0 5 10 15 20 25
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Hinh 14: Sai léch lyc cang ba bo didu khién khi tham sé bién thién 20%

Hinh 16: Sai léch van téc géc 16 cudn ba bo didu khién khi tham sé bién
thién 20%
Céc két qua md phong duoc thé hién trong cac hinh 13-16. C6
thé thay rd rang tinh hiéu qua cua bo diéu khién DSC-RBF so
vé6i bo didu khién Backstepping va Backstepping-RBF. Céc
quy tic cap nhat trong sé ciia mang no ron da dwoc phét trién
dé 6n dinh hé théng va dam bao hiéu suat tét. Khi thém céc
b6 loc thdng thip vao bo diéu khién Backstepping RBF, ta thu
duoc bo diéu khién DSC-RBF gilp cai thién hiéu suit caa bo
diéu khién va khic phuc nhuoc diém cua bo diéu khién
Backstepping 1a bién thién dao ham Ion “explosion of terms”.

5. Kétluan

Trong bai bao, bo diéu khién bén viing tich hop thuat toan
DSC két hop thuat toan bu thich nghi s dung mang no-ron
RBF di duoc dé xuit cho hé thong DWRC. Do b diéu khién
backstepping phu thudc rat nhiéu vao céc tham sb hé théng.
Vi vay, RBF duogc dé xuat dé cap nhat sy thay doi cia tham
s6 h¢ thong. Céc quy tic cap nhat trong s6 cia mang no ron
da duoc phét trién dé 6n dinh hé thong va dam bao hiéu suat
t6t. Khi thém cac bo loc théng thap vao bo didu khién
Backstepping RBF, ta thu duoc b diéu khién DSC-RBF gilp
cai thién hiéu suét cua bo diéu khién va khic phuc nhuoc diém
cua bo didu khién Backstepping la bién thién dao ham Ién
“explosion of terms”. Két qua md phong chirng minh tinh higu
qua cia bo diéu khién DSC-RBF so véi by didu khién
Backstepping va Backstepping-RBF.

Khi thiét ké cac bo didu khién cho hé truyén dong da truc c6
lien két mém, dé bai toan giam do phuc tap thi cac cam bién
lye cang va van toe dugc coi 1a 1y tuong vi thé cac gid tri luc
cing va van téc dugc truyén thang dén bo dicu khién ma
khéng c6 sai léch. Trong thuc té hé théng can rat nhiéu cam
bién va chung khong 1y tuong, dac biét 1a cam bién lyc cang
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rat dit va kho lap dat. Huong phét trién tiép theo trong tuong
lai 12 phat trién cac bo quan sét lyc cang gitp dua ra lyc cing
cuia hé thong mét cac chinh xac, giam thiéu sé lugng cam bién
cho hé théng.
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