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Tom tat - Tau dém t trwdng véi dic tinh téc d6 cao, tién loi,
glam tiéu thu nang lwong va it khi thai la mot g|a| phap hiru hiéu
dé giam o nhlem moi tredng. Nghién ciru hé thong tlr trwdrng déy
(HTTTD) la nén tang aé phat trién cac hé thong tau dém tw. Bai
bao nay trinh bay két qua nghién ciru thiét ké bo diéu khién truot
st dung mang noron (DKTSDMN) dé& didu khién vi tri cha dia tir
trong HTTTD. B6 DKTSDMN giup bu dép nhirng ngoai luc khdng
biét trwdc tt yéu sinh ra trong qué trinh van hanh. Tién hanh xay
dwng mo hinh dong hoc clia HTTTD va dé& xuét co ché diéu khién
trwot (DKT) dé tao ra lyc can bang v6i tbng ngoai lyc phat sinh.
DKT gay dao dong lam tang sai sO vj tri trong diéu khién. Nham
gidm bét sai sé ndy, cac tac gid dé xuat st dung mot khdi noron
véi ham xuyén tam dé& wéc tinh ngoai lwc tac dung 1én HTTTD
mot cach lién tuc. Hiéu qua cia bd DKTSDMN dwgc danh gia
théng qua cac két qua mé phdng va mé hinh thwe nghiém.

Tir khoa - tau dém tir tredng; hé théng tir treong day (HTTTD);
diéu khién trwot si dung mang noron (BKTSDMN); diéu khién
trwot (DKT); thuat toan dieu khien.

1. Pit van dé

Téc nghén giao thong la mot van nan 16n trén thé gi6i
trong nhitng ndm gan day, tinh trang nay ciing dang xay
ra kha tram trong tai Viét Nam, gdy ra ling phi vé nhién
ligu, thoi gian, dic biét 1a 6 nhiém moi trudng. Khiéc phuc
van dé trén, mot loai phuong tién giao thong méi cho
phép van chuyén khéi lwong 16n dugc nghién ciru va mg
dung rong rii trong vai thap ky gan day, d6 1a tau dém tir
truong hay hé thong tir truong day. Tau dém tir truong thé
hé méi c6 cac dic tinh ndi tréi nhu tde do cao, tién loi,
giam sy tiéu hao nhién liéu va it gdy 6 nhiém moi truong
[1,2,3]. Tai Viét Nam, hé thong tau dém tir dau tién dang
duoc trién khai tai Thi d6 Ha Noi va Thanh phd HO Chi
Minh. Vi viy, viéc trién khai cac nghién ctru vé hé thong
tau dém tir, ma cy thé 1a hé thong tir truong ddy dang rat
can thiét hién nay. M6 hinh hé thong tau dém tir thiét ké
boi cong ty ECP (Eduaction Control Products) dang dugc
nhiéu nuéc st dung dé nghién ctru cac thudt toan didu
khién cho hé thong tir truong ddy. M6 hinh 730 cua ECP
mo td mot phﬁn cac dic tinh cua tau dém tu truong, két
quéa nghién ctru trén hé thong nay s& cho phép tmg dung
trong thé gisi that [4].

Hé théng tir truong day duogc ing dung vao tau dém tir
trueong, 6 bi khong ma sat, quat tir truong [5]. Do déc tinh
khong On dinh ciia mach vong ho va dic tinh phi tuyén
dong hoc cua hé¢ thong tur truong day ludn ton tai, gy kho
khan khi thiét ké thudt toan diéu khién vi tri cua dbi
tuong. Trudc day, hé ddng luc hoc co dién cta hé thong

Abstract - Magnetic levitation train with high speed, comfort, low
energy consumption and low emission is a good solution to
environmental pollution. A study of Magnetic levitation system
(Maglev) which is presented in this paper is the foundation to
develop magnetic levitation trains. The paper also presents
research results of design of intelligent sliding mode algorithm
using neural network (SMCAUNN) to control the position of a
levitated magnet of a magnetic levitation system. The SMCAUNN
compensates for the uncertain external force in operation. First,
the dynamic model of the magnetic levitation system is derived
and a sliding-mode approach is proposed to compensate for the
uncertainties that occurred in the operation of magnetic levitation
system. The sliding mode control (SMC) always creates
chattering and increases position errors. In order to decrease the
chattering and position errors, the authors propose a neural
network using a radial basic function to estimate the uncertainties
of the magnetic levitation system online. The effectiveness of
SMCAUNN is verified by simulation and experimental results.
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tir truong day duoc xdy dung bang mot mé hinh tuyén
tinh gdm céc bién trang thai 1a vi tri, gia toc, tin hiéu dong
dién. Véi cac ung dung cuia k¥ thuat diéu khién phan hoi
tuyén tinh dugc trinh bay trong rat nhiéu nghién ciru da
cong bd, tuy nhién v6i mo hinh tuyén tinh con ton tai
nhiéu han ché bat cap [6, 7, 8, 9].

Co ché diéu khién truot (DKT) 1a mot trong nhimng
phuong phap hiéu qua dé diéu khién hé thong phi tuyén vi
phuong phap nay c6 thé diéu khién cac hé théng dong luc
hoc ¢6 dic tinh thay ddi trong qué trinh van hanh. Dé xay
dung khéi PKT phai lya chon mat phéng truot. Mat
phing truot 14 mot vong 1ap kin va duge mo ta thanh cac
bién trang thai. Budc tiép theo 1a xdy dung mot luat diéu
khién dé hé quy dao trang thai budc phai di chuyén dén
mit phing truot va duy tri trén d6. Hé quy dao trang thai
trong thoi diém trudc khi cham t6i mat ph'fmg truot goi la
giai doan tién dén miat phang. Khi hé¢ quy dao trang thai
dén mit phang truot, né duy tri trén d6 va trugt doc theo
mat phéng géc. Su 6n dinh cua thuat toan DKT phu thudc
boi nhiéu cta hé théng va nhidu bén ngoai [10, 11, 12].
Thuét toan PKT di thé hién nhiéu vu diém trong diéu
khién cac hé phi tuyén, tuy nhién, v6i hé tir truong ddy,
khi d6i twong di chuyén vé mat phing can bang thi luon
xuét hién dao dong 16n trong qua trinh van hanh. Dé khic
phuc han ché trén, nhiéu thuat toan da duoc néu ra, trong
d6 mang noron 1a mot trong cac giai phap duoc dé cap.

Diéu khién noron la phuong phép diéu khién thong
minh cho phép x4p xi hoa cac hé théng phi tuyén phuc tap
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[13]. Dya vao cac co ché tac dong va két cAu sinh hoc vo
nao ngudi, mdt mang noron su dung ham xuyén tdm mo
phong cach tiép nhan va xu 1y tin hidu tuong tu vo ndo
duoc thiét 1ap [14]. Véi mang noron st dung ham xuyén
tdm c6 kha nang hoi tu nhanh hon mang nhleu 16p truyen
thang, vi chi c6 trong s lién két gitra 16p & 4n va 16p dau ra
ciia mang duoc didu chinh trong sudt qué trinh hoc dé
giam khoi luong tinh toan. Trong nghién cGu nay, dé
khong mét tinh téng quat, hé thong tir truong ddy dugc
cac tac gia trinh bay nhu mét mé hinh dong hoc phi
tuyén, trong d6 ¢6 nhiéu ctia hé thong va nhiéu bén ngoai.
Phuong phap DKT dugc dé xuét dé diéu khién vi tri cia
db6i twong di theo mot quy dao tham chiéu theo thoi gian.
Pé giam dao dong, ting sy on dinh cho hé thdng, cac tac
gia dua vao mot khdi noron sir dung ham xuyén tim dé
udc tinh nhitng bién d6i do tac dong tir mdi truong va cac
tham s6 cua hé thong.

2. Pong luc hoc ciia hé thong tir trwong diy

Céu trGc vat ly caa mo hinh hé tir truong day dién
hinh dugc biéu dién trong Hinh 1. Khdi chip hanh gém
cudn day diéu khién tao ra tir truong; mot nam chdm vinh
ctu ¢6 thé di chuyén doc theo thanh thity tinh va no ciing
chinh 1a ddi twong diéu khién; hai cam bién laser & phia
trén va phia dudi trong khdi chap hanh dé do khoang céch
cua ddi tuong.

Thude do
Dia tir
Dau kélr noi

3 Cam bien khoang

A u‘ach

Hinh 1. Co cdu dong lwc ciia hé théng tir truong ddy
Céc luc tac dung 1én dia tir gom: lyc tir cia cudn day,
trong luc dia tir va lyc ma sat. Ap dung dinh luat Newton
2 Vvé chuyén dong, phuong trinh hé thong dong lyc hoc
duoc biéu dién nhu sau:
Ep—mg —cy; —F, =my, (1)
Trong do: y1 la khoang cach gitra cuon day va dia ti,
m la khéi lugng cua dia tir, Frm 12 lyc tir, ¢ 1a lyc ma sat va
g 1a hé sb trong truong, Fy 1a ngoai lyc tac dong Ién hé
théng. Luc tir dwoc tinh:
U
PTRDL @)
Trong d6: U 1a tin hiéu diéu khién. N, a, b dugc xac
dinh biang phwong phip thyc nghiém (thong thuong
3<N<4.5) [4].

m

3. Dé xuit thuit toan diéu khién
Thay (2) vao (1), ta dugc:

o _Cy % . R
e TS A i ®)
Trang thai khong gian cia hé théng la ma tran
Y = [yy, 11T Phuong trinh dong luc hoc co cAu tir truong 1a:

§1=F;0 + G OU®) + dY;0) (4)
[y, 31175 G(Y;8) = ——

ma(y,+b)N

Trong d6: Y =

d(v;t) = Bty =-55
) =—g - fG) =——

U(t) 1a tin hi¢u diéu khién.

Hé théng duoc xem nhu tich hgp béi 2 thanh phan:
thanh phan danh dinh va thanh phan bat dinh, phuong
trinh dong luc hoc duoc viét lai:

110 = [ (V5 0) + Af1+ [Go (Y5 1) + AGIU (D)
+[d, (Y;t) + Ad]

=LY + G (V;0U@) + dy (Vi) + L(Y;0) (5)

Trong d6: fn (Y;t) 1a gid tri danh dinh cuaa f (VY;t),

Gn(Y;t) la gia tri danh dinh cta G(Y;t), dn(Y;t) 12 gia tri
danh dinh cta d(Y;t). Con Af, AG, va Ad 1a gia tri thay doi

theo thoi gian; L(Y; t) la tong cac gia tri thay doi, dugc
dinh nghia nhu sau:

L(Y;t) = Af + AGU(¢t) + Ad (6)
Gia str rang bién do cua dao dong duoc biét trudc:
LiY;t)< 6 @)

Vi & 1a hé s duong (bién 6n dinh).
3.1. Piéu khién truet
_ Thiét ké mot khdi diéu khién truot bao gom ba budc.
Dau tién la dinh nghia sai s6 Vi tri cua hé thong e = y1-ym
(sai léch gitra vi tri mong muén va vi tri thuc). Mat phang
truot dugc dinh nghia:
S(6) = é() + Le(t) + 2, f, e(r)dr (8)
Trong d6: A1 va A 14 nhitng hang sé dwong. Pao ham
S(t) theo thoi gian va thay (5) vao ta cé:
S(t) = 8(t) + 1,6(t) + Are(t)
=J1(t) = I () + 1,€(2) + A,e(8)
=f,(Y;0)+ G, (Y;0)U@R) + d,(Yst)
+LY;8) = Im(t) + 116(8) + 4, 9)
Béng cach chon gid trj A1 va A, mot cach hop ly, dac
tiqh cua hé théng dong luc nhu thoi gianﬂ qua do, do qua
diéu chinh, sai s0 vi tri s& nho va thay doi theo h¢ thong
tru}ién Q6ng bac 2. Piéu quan trong la tim mdt ludt dieu
khién dé trang thai yi duy tri trén mdt trugt S(t)=0 trong
thoi gian dai. Tiém‘ can 6p dinh cua hé thong dugc dam
bao khi cac luat diéu khién sau day dugc thoa man cho
cac h¢ thong tir truong day; Luat diéu khién dugc cho boi:
Usmc () = Gu(V; )7 [—fu(Y; ) = dp (Vs ) + $in(0)
—Ae(t) — Ae(t) —6sgn(S())]  (10)
Trong d6: Sign 1a ham dau;
Ueq@®) = Gu(V; )71 [ fu(Y5 1) —
U() = G (Y;8)7 [=8sgn(S())]: luc diéu khién
thich nghi. Tiéu chuan Lyapunov dugc dinh nghia:

dn (Y5 8) + 3m(6)
— A,e(t)]: lyc diéu khién can bang

1
=_G2
|4 2S

Pao ham V theo thoi gian, ta dugc:
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V=S®)S(t) =S fo((Y; ) + G (Y; U (D)
+d,(Y;t) +L(Y;t) — 3 (1) + 11 €(t) + Aze
Thay luét diéu khién tir (10) vao ta co:
V=S fi(Y;t) + G (V; )G, (Y; )7 [ £, (Y5 )
—dp(Y;1) + i (t) — 4,1€(t) — Ae(t) — Ssgn(S(¢))]
+d,(Y;t) + L(Y;t) — 3, (t) + A,€(E) + A,e(t)
= SO{L(Y; 1) — 8sgn(S(©))} (11)
Gia tri cia dao ham duoc tinh:
a)S(t) < 0 = sgn(S(t)) = —1 - L(Y; t) — 8sgn(S(t)) >0
V = SMO{L(Y;t) — 8sgn(S())} < 0.
b)SE) =0-V=0
c)S(t) > 0 - sgn(S(V)) = +1 - L(Y;t) — 8sgn(S(1)) < 0
V =SM{L(Y;t) — 8sgn(S(H))} < 0
tir (), (b), (c) » chothdy V <0

Nhu vay, ludt diéu khién duoc thiét ké hoan toan thoa
man ti€ém can on dinh. Khoi diéu khién truot dugc mo
phong nhu Hinh 2.

Usye =6,(1;0)™

*[haltit) - dy (¥:t)

Hin () = 4,6()

- 2
{ L) -
i ‘A:I”(”d" i | ~dgelt) - Bsgn(S(0)
+ b —
-{ [ et)dt Mit phing trugt Ay

Thujt todn diéu khién

| e G(s) ——

Hinh 2. Khéi diéu khién truot

Mot hé s6 8 16n thuong duogc yéu cu dé giam thoi
gian chuyén dong vé madt phang truot tir vi tri ban dau.
Tuy nhién 8 qua 16n s& gay ra dao dong (chattering) trong
qua trinh Véq hanh. \{i vay, ’ch(_)n gia tri o thich hop la rat
quan trong d¢ han ché h¢ thong dao dong va thoa mén cac
yéu cau on dinh.
3.2. Diéu khién trwet siv dung mang noron

Phuong trinh dong luc hoc (4) dwoc bién doi lai:

Y1) = H@®) + G, (Y; )U(¢) (12)

Trong do: ~ HO=f(Y;)+dn(Y;0)+L(Y;H),
U(t)=Us(t)+Uc(t) 1a ludt dicu khién dugc chinh stra. Ludt
diu khién d6 gébm 2 thanh phan: Khoi dicu khién trugt
Us(t) va khoi diéu khién thich nghi Uc(t).

Thay (12) vao (9), dao ham theo thoi gian cua S(t)
duoc viet lai nhu sau:
S = (V0 + Gu(¥; ) (Us(t) + Uc(®)) + dn(Y;1)

+L(Y;t) — 3, (t) + 1,€(t) + A,e(t)

= f(Y;0) + G (Y; 0)Us(t) + dp(Y;8) + L(Y;0)

—Jm (@) + A1€(t) + Aye(t) + G, (Y;0)Uc(t) (13)

‘Trong d6: Uc(t) 1a khdi diéu khién thich nghi; Us(t) 1a
khoi diéu khién truot. Ta dat:

K= f(Y;t) + d,(Y;0) + L(Y; )

P =—j,.(t) + 1,.e(t) + A,e(t) (14)

Hinh 3. Cdu triic ciia mang ham xuyén tdm

Phuong trinh (13) tr¢ thanh:

St) = G,(Y; ) Ug(t) + K + P + G, (Y; )Uc(t) (15)

Mot ham tién doan ciia mang ham xuyén tim bao gdm
2 dau vao va 2 dau ra duoc ap dung dé wdc tinh nhing sai
s6 cua hé théng dong lyec. Thiét ké mang ham xuyén tam
v6i M 1a ma trdn cam nhan dugc trinh bay trén Hinh 3. Mot
ham Gaussian dugc chon lam ham cam nhan véi tin hiéu
vao gia dinh 1a y =[e1 €2 ---ex]. Str dung phuong phép tong
cac hé sb trong luong dé tinh cac gia tri du ra cho mang
ham xuyén tdm. Tin hi¢u ra cila mang ham xuyén tam tro
thanh:

M
fi — ZW;’J}W’)-" =12,.....L
j=1

1 T
[ = exp |5 (0 - 1) 07w =)

j=12...M (16)
Vi MvalL la s6 nut an va s6 nut d?}u ra tuong (ng;
wiji 1a hé so trong lugng lién két gitra 16p an va 16p dau ra;
Mj=[myg my;--- mkj]T la vecto trung binh; Q; =diag [821j
%+ $%4]" 12 ma tran hiép phuong sai. Gia tri vao cia
mang ham xuyén tdm la sai $6 vi tri va dao ham sai s6 vi
tri, tiic 1a k=2 va [e; e,]" = [e €]". M=9 la c6 9 niit trong
16p an. L=2 c6 nghia la vecto dau ra cia mang ham xuyén
tam vai U1 fz] = [E 13]. Dé dé déng tinh toan, gia tri dau
ra cua mang ham xuyén tam dugc viét la:
K(elE)=E"T 17)
P(e|lE)=F"r (18)
Trong d6: T =[T1 T2 -+ T]". E = [Wyq Waq owpyq]”
va F = [wi, wyp . wyp 170 12 2 vecto trong luong, dugc
thict 1p bang thudt toan diéu khién (s& gioi thiéu sau
day). Theo ly thuyét trong mdi truong xap xi, s€ ton tai
mot khoi tinh todn t6i wu cua mang ham xuyén tdm nhu
phuong trinh (17) va (18) thoa man:
K =K*(e|lE") + & (19)
P =P'(elF") + ¢, (20)

Trong dé: E* va F* 1a vecto trong lugng t6i wu dé dat
dugc ham xAp xi tdi wu; ek va g, 12 sai s6 vi tri nho nhét.
Moi gia tri tuyét dbi cua ey va gp dugc gia dinh 1a nhé hon
mdt hang s6 duong 8k va 3, (Jex] <3k and |gp| <3p). Vecto
trong lwong t6i vu E* and F* duogc gia sir rang 13 hing sb
sudt thoi gian wdc tinh.
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Qui ludt cdp nhat

Yon . S(e) = 40 + 2.e(0) s U,(2) = —sgn(S(0)) (a+ &
—-»O 2, J e(Dar N +8,)Gpt
Y 1 4
y
4 A0 e i +
= Us U Co céu Y
; P L CRER = s
at Y - PelB)) Git| * e
A SN R N A
Mang ham xuyén tam ™. . | Khoi dicu khién
fpipeieiintelelisinluleinislelnisinly 1 ‘g *.. ding mang noron
| E@=nIS@ [
I N 3
’—4 B0y = n,I'S() FA-F-pommmmmmeoees

Hinh 4. Luoc do diéu khién cia diéu khién truot sit dung mang noron

Lugc dd cua khdi didu khién hé thong PKTSDMN
dugc trinh bay trong Hinh 4. Hé théng DPKTSDMN dé
xudt duge thiét ké theo 1y thuyét néu trén nhim ting do
6n dinh va bén vimg cho hé thong.

Trén co so 1y thuyét di néu trén va phuong trinh hé
théng dong luc hoc (12), véi luat diéu khién cua hé théng:

U,(0) = (—R(e|E) — P(e|E) ) 632 21)
Uc(t) = —sgn(S@®))(a + 6, + 6,)G,* (22)
Luét cap nhat thich nghi dé huén luyén mang:
E(t) = neTS(t) (23)
F(t) = n,I'S(t) (24)

(:)nqdinh cua hé théng s€ dugc chung minh theo tiéu
chuan on dinh Lyapunov Ham Lyapunov dugc dinh nghia:

V. (S@),EF) = S (t)+ ETE+ FTF(25)

Trong d6: E=E*—E va F = F* —F. Lay dao ham
theo thoi gian cia ham Lyapunov va can ¢t (15), (21) ta dugc:
1 1
V.(S@),E,F) =S()S) — —ETE——FTF
Ny Ny
=S®[G,(Y;t)Us(t) + K+ P
1 1
+G,(Y; )Uc(t)] — —EFTE——FTF
Ny Ny
= SWO{[K* — R(elE)] + [P* — P(elE)]}
1 1
——ETE ——FTF + S(t)[ex + & + Go(X; ©)Uc(t)]
Ny Ny
— SOIE™T + FTI) -~ 5B — ~ F7F
Ng p
+S(O)[ex + 5] + SO G, (X; DUC(2)

- 1 ] - 1 .
=ET [FS(t) - — E] +ET [I"S(t) - — F]
ng Mp

+S(0)[ex + &p] + SO G, (X; D)Uc(t) (26)
Thay (22), (23), (24) vao (26), co:
(S, E F) = S®)]ex + &] — SOsgn(S®))(a + & + 6,)

> (SWO,E F) < ISOI[lex] + |ep]] = ISO1(a + 8k + 8,)
—alS@O| + ISOI[lexl + |&p[] + 1SOI(=8k — 6,)
= 1SOI[Uexl = 8 + (Igp] = 8,)I] — alS@®)I

—alS(t)] <0

’ Suy ra V;l(S(t),E', F) < 0 > Diéu ndy ching to hé
thong ludn ¢ trang thai 6n dinh theo Lyapunov.

4. Két qua md phéng, chay thye nghiém va danh gia

Thong sb cia m6 hinh tr truong day 730 duoc xac dinh
theo ky thuét di€u chinh duong cong (curve-fitting) dua
trén cac dir liéu thi,nghiém. Khoi lugng dia tir 1a m=0.121
kg va cac thong so dugc chon 1a a=1.65, b=6.2, c=2.69,
N=4. Thi nghi€ém vdi bd DKT, cac thong so dugc chon la
A1=10; A=30; 6=10. Thi nghi¢m DKTSDMN, cac thong so
duogc chon 1a A=10; 2,=30, 6,=1, 6k=1, n=5, np=5, a=3.

M6 phong va thi nghiém kiém chimg hi¢u qua cia
thuat toan dé xuat dugc thyuc hién trong hai truong hop:

Trwong hop 1: Khi khéi lvong dia nam cham
m=0.121kg.

Truong hop 2: Khi khdi luong dia dwoc ting thém 1én
0.03 kg. Tong khoi lugng dia tir 1a m=0.151 kg.

biéu kién ban’déu cua thi nghiénp 12 vi tri dAu dia nam
chdm (y) cach goc 20 mm trong tat ca cdc thi nghiém.
Bién d6 cua cac quy dao tham chiéu'cé d6 dao déng la
10mm. Sai s6 vi tri do dac cuia hé thong dugc tinh bang
phuong phap tong binh phuong sai s6 vi tri (TBPSSVT):

TBPSSVT = YJ_, (SSVT(KT))? (27)

Trong do6: t=kT 1a thoi gian lay tir 0 dén 4s; thoi gian
lay mau T=0.002652s.

Don vi sir dung dé do vi tri va sai s vi tri theo di
trong két qua thi nghiém 1a Counts (10000 counts = lcm).
Don vi duge sit dung dé tinh TBPSSVT la mm? (108
counts?= 1 mm2).

Chét lugng diéu khién ciia h¢ thong dugc dénh gia qua
cac tiéu chi: D9 sai 1&ch vi tri di€u khién; Dao dong trong
qua trinh van hanh; Thoi gian qua do (tge) va do qua diéu
chinh (POT) tinh theo cong thuc:

C
POT = 2% "L %100%

xl
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Trong d6: Cmax - gia tri phan hoi cuc dai; Cy- gia tri
phan hoi xéac 1ap. D¢ theé hién 13 su khac nhau vé thoi gian
qua do (te), d6 qua diéu chinh ctia moi thudt toan, ta s€
thyc hién cdc m6 phong va thi nghi€ém vé6i tin hi€u vao la
tin hiéu budc. B¢ danh gia sy khac nhau vé sai so vi tri,
d6 dao dong cuia moi thuat toan, ta s€ thuc hién cac mo
phong va thi nghiém vdi tin hi¢u vao la tin hi¢u sin.

4.1. Két qui mé phéng bang Matlab
4.1.1. So sanh vé thoi gian qud d6 (t,q), do qua diéu chinh
(POT)

Céc mo phong dugc thyc hién véi tin hidu didu khién

1a tin hi¢u budc. Két qua mo phong nhu Hinh 5, 6.
" Vi tri ciia d61 twong diéu khién so voi qu¥ dao tham chiéu sit dung thudt todan DKT

[ quy dao tham chiéu
it vi tri 61 tugmg diéu khién ||

Vitri (counts)
f
|
|
|

5 3 3%

0 (13 1 ED 7
Théi gian (sec)

Hinh 5. Két qud mé phong khi sit dung thudt toan PKT
Vi tin hiéu diéu khién la tin hiéu buodc
o' Vi rf ciha 361 tugmg diéu khién so vou quf dao tham chifu sit dung thudt todn DKTSDMN

qu¥ dao tham chiu

e vi trf d6i tugmg didu khuén ||

Vit (counts)
|

o 7 [
Thas gian (sec)

Hinh 6. Két quda mé phong khi sir dung thudt toan DKTSDMN
VOi tin hiéu diéu khién la tin hiéu budc
Bing 1. Thoi gian qué dg va dg qud diéu chinh khi sit dung lan
lwot 2 thudt toan DKT, PKTSDMN

o Céc thong s trong thoi gian quéa do
Thuat toan () POT (%)
bKT 0,1414 0,9835
DKTSDMN 0,3660 8,5072

4.1.2. So sanh vé sai léch vi tri va dé dao dong trong mo
phong Matlab

Céac md phong dugc thyc hign véi tin higu dicu khién 1a
tin hiéu sin. K&t qua mé phong dua ra ¢ Hinh 7, 8 va Bang 2.

Bing 2. Sai 56 vi tri khi sir dung lan lieot 2 thudt todn PKT,
DKTSDMN trong mé phongMatlab

Lt Vit cla d6i tuong diéu khién so véi quf dao tham chiéu sit dung thudt todn DKT
T T T T T
N N

| I I |
T i z %

Vit (Courtsh
/
\
Ne
)
/
/

Toen gt et
Tin hiéu dién khién sit dung thudt todn DKT
T 7 I

T gu BK (%)

g

T
i
]

S i o)

ThSl g o]

o Dao dong trén mat phing tnrgt trong qud trinh vin hanh
T T T T

- i - g e e
y 8 ]

| I |

[ T 5 2 3 i s

D5 b o g (couns)

Hinh 7. Két qua mé phong khi sir dung thudt todn DKT

Vi tri ctia d6i trong diéu khién so véi quy dao tham chiéu sir dung thuat rodn PKTSDMN
T T T T T

T
n},z’.—.'.\\. SRS o, S
i

— — L P Qu i#a

— — — i —
o 3 T 15 z 25

Vit (Coures)

Tin higu DK (V)

1 | | |
0 5 z g
s piam e

Sai s6 vi tri trong qud trinh vin hanh
T T T

r e — - ‘ e — : —]
z 3
T g s

Dao dong trén mét phang gt trong qud trinh vin hanh
T T T T T

ll' : | ‘ ‘ | ‘ ‘ "‘fl,‘f?}%

o 3 i [ 2 i3 3 35 ]
T pam )

D4 lim de (g, (enurts) Sai s v

Hinh 8. Két qud mé phéng khi sit dung thudt toan PKTSDMN

4.2. Két qua thwe nghi¢m trén mé hinh 730 ECP
4.2.1. So sanh vé thoi gian qué a6 (t,e), do qua diéu chinh
(POT)

Cac ké‘t qua chay thyc nghiém trén mé hinh 730 voi
tin hi¢u diéu khién 1a tin hiéu budc twong Gng 2 thudt toan
DKT, DPKTSDMN dua ra ¢ Hinh 9,10 va Bang 3.

Bing 3. Thoi gian qué dé va dg qud diéu chinh khi tién hanh
thuce nghiém s dung 2 thudt toan DKT, DKTSDMN

Thuat toan sir dung Téng binh phuong sai sb vi
tri [ mm?
Quy dao tham chieur PKT PKTSDMN
Quy dao hinh sin 142 37,3

o Cac thong so trong thoi gian qua do
Thuat toan t0a () POT (%)
DKT 0,105 3,46
DKTSDMN 0,263 14,57

fqa
v |
: ,,. ———Vi tri d6i twong diéu
Q‘(‘ LTI N TV TP A SS——— T T ¥
g - :
S Quy' dao tham chiéu —
™ . m - b . m

Hinh 9. Két qud thire nghiém lghi s dung thudt toan PKT
voi tin hiéu diéu khién la tin hiéu budc

1o

—Vi tri doi tugng diéu khién

Quy dgo tham chiéu
Thoi [}l.a.;l (sec)
Hinh 10. Kér qua thuc nghiém khi sir dung thudt todn
DKTSDMN vai tin hiéu diéu khién la tin hiéu buoc
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4.2.2. So sanh vé sai léch vi tri va do dao dong trong 2
trieong hop

a. Két qua thue nghi¢m trong truong hop 1

Céc md phong dugc thyc hién véi tin hi¢u diéu khién 1a
tin hi¢u sin, khoi lugng dia tr m=0.121 kg. Két qua chay mo
hinh thyc nghi¢m dua ra trén cac Hinh 11, 12 va Bang 4 sau:

Sai 6 v} i trong i rinh vin hdnh cia DKT vi DKTSDMN trong tritmg hop |

o gian isec)

Hinh 11. Sai s6 vi tri xdy ra trong qud trinh van hanh hé thong
voi 2 thudt toan DKT, PKTSDMN

.. Dao dgng khi sit dyng thuit todn DKT va DKTSDMN trong truémg hop 1

Dao dong (counts)

Hinh 12. Dao déng xdy ra trong qud trinh vin hanh hé théng
voi 2 thudt toan DKT, DKTSDMN
Bing 4. Sai 56 vi tri duoc tinh bang phirong phép tong binh
phuwong sai so vi tri trong trieong hop 1

uét toan st dung| Téng binh phuong sai s6 vi tri [ mm?]

Quy dao tham chiéu DKT DKTSDMN
Quy dao hinh sin 10x10? 5.5x10?
b. Két qua thyc nghiém trong trudomg hop 2

Thyc hién voi tin higu diéu khién 1a tin hi¢u sin, khoi
lurong dia tr m= 0,151 kg. Két qua thyc nghiém dua ra
trén cac Hinh 13, 14 va Bang 5.

Sai s vi tr trong qui trinh van hianh ciia KT va BKTSDMN trong trsiing hop 2

Thtn gian 3c¢]

Hinh 13. Sai s6 vi tri xdy ra trong qud trinh vdn hanh
ciia 2 thudt toan DKT, PKTSDMN

. Dao ddng khi sit dung thudt todn PKT v DKTSDMN trong trutmg hop 2

Dao déng (counts)

Theo dai dao dong thudt todn BKT

Theo doi dao dang thudt todn BKTSDMN

Thin gian (sec)

Hinh 14. Dao dong xady ra trong qud trinh vdn hanh
ciia 2 thudt toan DKT, PKTSDMN

Bing 5. Sai 56 vi tri trong truong hop 2 lan luot véi hai thugt
toan DKT, PKTSDMN

huét toan sir dung| Tong binh phwong sai s6 vi
tri [ mm?]
Quy dao tham chieu DKT DKTSDMN
Quy dao hinh sin 14x10? 6x102

4.3. Pdnh gid két qud va théio ludn
4.3.1. Két qua tir mé phong Matlab

Céc két qua mo phong ¢ Hinh 5, 6 va Bang 1 cho thiy
thuat toan DKT c6 thoi gian qua d6 va d qua di€u chinh
nho hon b BPKTSDMN. Nguyén nhén chu yéu lam tang
thoi gian qua do va d6 qua di€u chinh cua thuét toan
DKTSDMN la do cau tao mang noron c6 nhiéu nut nén
khoi lugng tinh toan 16n. Day 1a han ché co ban cua mang
noron. Tuy nhién, cau trac mang noron lai cho phép tinh
toan chinh xac va n6 cé kha nang hoc, vi vay s€ giam
duoc sai s0 vi tri va dao dong trong qua trinh van hanh.

Cac két qua m6 phong trong Hinh 7, 8 va Bang 2 chi
ra rang: Sai sd vi tri giam dang ké khi sir dung thuat toan
DKTSDMN; Dao dong trong qua trinh van hanh cua thuat
toan BPKTSDMN nho hon nhiéu so véi thuat toan BDKT.
4.3.2. Két qua tir thwee nghiém trén hé thong 730

Céc két qua thyc nghiém c6 dugc trén Hinh 9,’ 1Q, Bang
3 va Bang 4 1a hoan toan trung khép véi 1y thuy€t 6n dinh
da dugc chimg minh ¢ trén va cac ket qua mo phong trén
cac Hinh 5-8. Cac két qua nhan dugce trén cho thay:

- Hé théng s& tién vé 6n dinl} khi sir dung thuat toan
DKT va BPKTSDMN nhu ly thuyét da chirng minh.

- Sai s vi tri giam dang ké khi s dung thuat toan
DKTSDMN.

- Dao dong trong qué trinh van hanh cua thudt toan
DPKTSDMN nho hon rat nhi€u so vai thuét toan DKT.

Ngoai ra, diém ndi troi cta thuat toén DKTSI?MN do
l1a khé’néng tu hoc va thich ing cao. Dicu ndy thé hién r6
qua ket qua hai truong hop thuc nghiém thé hién trong
Hinh 11, 12, 13, 14, Bang 4 va 5. Khi khoi lugng doi
tuong tang 1én thi tong binh phwong sai s6 vi tri voi
DKTSDMN tang Ién khong dang ké. Nguoc lai, tong binh
phuong sai so vi tri véi DKT tang nhanh.

Nhu vay, ta c6 thé thdy do kha ning ty hoc va thich
Umg cao cia mang noron nén khi st dung thudt toan
DKTSDMN da tang chat lugng diu khién cua h¢ thong
tur truong day.

5. Két luan

Trén co sd hai thuat toan DPKT va DPKTSDMN duoc
xdy dung, cic tic gia tién hanh chay mo phong va kiém
tra trén mo hinh thyc nghiém tir truong day 730, cac két
quéa duoc thao luén va danh gia so sanh mirc d¢ hi¢u qua
clia cac thuat toan diéu khién. Két qua nghién ciu da
chung minh hi¢u qua cua thuét toan DPKT va BPKTSDMN
khi diéu khién vi tri cta dia tir. Vi thuat toan DKT da thé
hién sy thich nghi manh mé& khi h¢ théng ¢6 nhiu. Tuy
nhién, voi BDKT ludn tao dao ddng 16n trong qua trinh van
hanh, gy anh hudng 16n dén sy 6n dinh ciia hé thong.
Thuét toan méi dé xudt DPKTSDMN ngoai viée duy tri
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dugc nhitng wu diém cua thuat toan KT, d(“)ng thoi cho
phép gidm sai sO vi tri va tranh dugc dao ddng trong qua
trinh van hanh.

Két qua md phong va chay trén mé hinh thyc nghiém
da khang nhitng wu diém mot cach rd rang ciia thuat toan
PKTSDMN. Két qua nghién ctru nay s& l1a tién dé cho
viéc thiét ké cai tién cac bo diéu khién cho hé thdng tir
truong day trong thuc té.
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