Tap chi khoa hoc Truwong Dai hoc Bac Liéu
BLU Journal of science

ISSN: 2734-973X

S6 4(6), 17-28 (2024)

TAP CHf

% KHOA HOC

UOGNG DAI HOC BAC LIEU

A

X4y dung bd diéu khién thong minh bang phwong phap may hoc cho hé
bong thanh truc giira sir dung cong cu tréen MATLAB

Designing intelligent controller through machine leaning method for

mid-axis rod ball by toolbox on matlab

Nguyén Minh Quan*, Trin Gia Huin, Nguyén Tat Thanh, Ngé Phung Huy, Tran Tién Hoai,
Ping Pirc Thanh, D5 Nguyén Nhit Huy, Nguyén Ngoc Gia Huy, Nguyén Tuin Kiét, Duwong

Trong Khiém

Trudng Pai hoc Su pham K§ thuat Thanh phé H6 Chi Minh
* 18151230@student.hcmute.edu.vn

Ngay nhan bai:
20/12/2023

Ngay chép nhdn dang:
03/3/2024

Keywords: intelligent
control, LOR control,
fuzzy control, Neuron
control, ANFIS, ball
and beam.

Tir khéa: diéu khién
thong minh, diéu

khién LOR, diéu
khién mo, ANFIS, hé
bong thanh.

ABSTRACT

Mid-axisrod ballis a classic nonlinear system often present in research laboratories
and universities. Linearized LOR control can be applied on this model. However,
manually building smart controllers with classical methods (specifically fuzzy
controls - Fuzzy and Neuron) for this nonlinear system is very complicated and
time-consuming. Therefore, the authors researched the tools "Anfis" and "Neuron
Toolbox" on Matlab, allowing automatic construction of fuzzy controllers and
learning Neurons according to an available map (LOR). Through simulation, the
authors summarize the design process of fuzzy and neural maps through expert
experiences. Besides, comparative surveys of the above conditions help creating
an academic document for subsequent intelligent control designs.

TOM TAT

Bong thanh truc giita (BTTG) la hé phi tuyén kinh dién thwong cé mdt trong cdc
phong nghién ciru va cdc truong dai hoc. Piéu khién Linear Quadratic Regulator
(LOR) sau khi dwoc tuyén tinh héa cé thé dwoe dp dung cho mo hinh nay. Tuy nhién,
viée xdy dung thii cong b diéu khién (BPK) thong minh (cu thé la diéu khién mo -
Fuzzy va Neuron) cho hé phi tuyén nay theo hwong thi cong bcing cdc phwong phap
kinh dién thi rat phitc tap va ton thoi gian. Boi vy, nhém tac gia thie hién nghién
ciru cong cu “Anfis” va "Neuron Toolbox" trén Matlab, cho phép xdy dung tw dong
BDK mé va Neuron hoc theo mét BPK san c6 (LOR). Théng qua mé phong, nhém
tac gia tong két quy trinh thiét ké cac BPK mo va Neuron thong qua kinh nghiém
chuyén gia. Bén canh do, cdc khao sat so sanh cdac BDK trén giup tao ra mot tai liéu
6 tinh hoc thudt cho cdc thiét ké diéu khién thong minh (DKTM) sau do.

1. Gié6i thiéu

Hé BTTG la mot hé thong da xuét hién tir [au

khién. S¢ di dugc goi 1a kinh dién la boi hé nay
sO hiru nhicu yeu to can thi€t cho vi¢c nghién clru

trong linh vuc diéu khién hoc nhu: c6 tinh tng

trong diéu khién ty dong, dugc xay dung nham i !
dung thuc té cao (ap dung can bang may bay khi

kiém chung tinh chinh xac cta céc giai thuat dicu
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ha canh gip phai cac ludng khi d6i luu, ...), tinh
phuc tap cia mét hé phi tuyén (BTTG Ia mot hé
phi tuyén dang mot vao - nhiéu ra (single input-
multi output — SIMO), mét ngd vao nhiéu ngd
ra), don gian d& ché tao mé hinh (thuan tién cho
viéc giang day ¢ cac truong hoc, 1a mot dbi tuong
don gian dé hoc vién méi bit ddu nghién ctu), ...

Véi nhiéu vu diém nhu vay, hé nay duoc
rat nhiéu nha nghién ctu trén thé gii quan tim
nghién ctru va lam thyc nghiém. Trong s6 cac
nghién ctru di thanh cong c6 thé ké dén cong
trinh cia (Pang Ngoc Trung va cong su, 2014)
vGi tén goi “Bong can bang trén thanh d3”. Do
1a 1 hé théng ap dung phuong phap diéu khién
Proportional Integral Derivative (PID) c6 dién,
thu th@p tin hiu vi tri bong béng cam bién dién
tr& dugc quan trén thanh d& va cho tin hidu diéu
khién bing cach st dung chip Digital Signal
Processor (DSP) xir 1y tin hiéu dau vao. Tuy
nhién, voi viéc st dung BDK PID voi cac thong
s6 ¢b dinh, nghién ciru nay duge nhiéu nha phé
binh danh gia 1a khong du linh hoat véi cac diéu
kién bién ddi cua mot d6i tuong phi tuyén SIMO
(Nguyén Chi Ngon va cong su, 2021). Ngoai ra,
nhiéu nghién ctru khac ciing c¢6 thé ké dén nhu
mod hinh “Béng trén thanh truot” ctua (Hirsch,
1999), hay mo6 hinh véi tén goi “Ball and beam”
cua (Quanser, 2023), ...

Nhiéu nghién ctru thanh céng dan dén viée
phat trién mot BDK PID hay LQR cho d6i tugng
phi tuyén SIMO nhu BTTG tré nén kha thi. Tuy
nhién, nhiéu d6i tugng phi tuyén phirc tap, khong
thé xay dung mo hinh toan hoc van can ap dung
cac giai thuat diéu khién thong minh (PKTM)
(diéu khién mo, diéu khién Neuron, ...). Hay
trong truong hop da thuc hién dugc BDK PID
hoic LQR cho hé¢ BTTG (chang han) va nha
nghién clru mudn thue hién PKTM cho hé théng
cua minh thi viéc nay la kha kho khan khi thyc
hién xay dung thu cong.

Cac nghién ciru PKTM trude day (Nguyén
Ngoc Anh va cdng su, 2023), (Huynh Ngoc Thao
va cong su, 2023) trén ddi twong SIMO déu
huéng dén viéc chimg minh PKTM diéu khién
t6t hé thong thong qua két qua cudi cung. Tuy
vay, mdt bai bdo trinh bay quy trinh ting budc
dé thuc hién mot BDK thong minh bén canh viéc
khao sat két qua diéu khién 1a chua c6. Do do,
trong bai bdo niy, nhom tac gia hudéng dén viéc
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xdy dung mot tai liéu tham khao (TLTK) dé moi
thanh phan doc gia co thé d& dang tiép can cong
cu Matlab dé xay dung nhanh BPK thong minh,
ap dung cho ddi tugng diéu khién cta minh bén
canh ddi trong dugc gidi thiéu chinh trong bai
béo nay — hé BTTG. Nhom tac gia dé xuat mot
phuong phap khac dé thiét ké BPK thong minh
cho hé théng di c6 trudc mot BPK (PID, LQR,
...). Phuong phép nay st dung cac cong cu cua
phan mém Matlab dé xay hoc theo BPK sin co
cua hé théng. Cu thé, nhom tac gia su dung cong
cu “Anfis” gitup tu dong xdy dung BDK mo va
cong cu “Neuron Toolbox” gitip tu dong xay
dung BPK Neuron hoc theo BDK LQR da dugc
nhom tac gia xay dung cho BTTG.

Trong bai bao, viéc st dung BDK LQR
dong vai tro nhu mot “chuyén gia” vé diéu khién.
Quaé trinh thu thap di li¢u 1a qué trinh thu thap
dir liéu hoat dong cua chuyén gia. Viéc xay dung
BDK Neuron hay Fuzzy thanh cong trong bai bao
hd tro tai liéu hoc thuat dé cac doc gia quan tam
c6 thé ap dung cac budc quy chuan ma tai lidu
nay mang lai dé huin luyén duoc cac khéi thong
minh (Neuron — Fuzzy) ctia minh thong qua khoi
dir liéu hoat dong cta chuyén gia (ma trong thuc
té, ta chi thu thap chir khong biét rd 1a BDK loai
gi. Piéu nay khac v6i bai bao 1a nhom tac gia st
dung LQR dé gia lap “chuyén gia”). Bén canh do,
viéc khao sat so sanh gitra Fuzzy va Neuron trong
viéc hoc BDK — trong truong hop nay 1a tuyén
tinh LQR — 12 mot tai liéu hd tro cho cac nha thiét
ké lua khi chon BDK vé sau.

2. Noi dung
2.1. Piéu khién LQR cho hé BTTG
2.1.1. Phwong trinh toan hoc

Hinh 1. M6 hinh toan hé BTTG
X(t)
A

- Mot dong co co encoder la co cAu dong luc
chinh cuia hé thong.

- Mot thanh b déng chét, c6 thé tu quay quanh
tam, ngay chinh giira thanh, nhd vao moment T do
dong co sinh ra.



- Mot qua bong B dong chat, co thé lan ty do
trén thanh b. Xét hé théng c6: O(0; 0): goc toa do,
tam quay, moc thé nang tai O, p: vi tri ctia vién bi
s0 voi O (m),g: goc 1éch cua thanh b so véi phuong
ngang (rad), T : moment do dong co gay ra (Nm).

Thé ning ctia hé duoc tinh bang tong thé
ning bong B (Pg) va thé nang thanh b (Py). Tuy
nhién, boi thé nang thanh b, P, = 0 (do trong
tam luon trung moc thé nang), thé nang hé duoc
tinh béi cong thic:

P = Py = mggpsinb (1)

Trong d6: g = 9.81: gia tdc trong truong, Mg
: khéi lugng bong B (kg).

Dong ning hé thong duoc tinh bang tong dong
nang Ty cua bong B va dong nang T, cua thanh b:

r=T+T, ()
1.9 ); 1 M A
T= 197 (my+ )+ 2, + mgp?)é® 3)
Trong do:

I = le m,, L, : moment quan tinh cua
bong khi quay quanh tam bong,

Ig = = m R 2: moment quan tinh ctia bong
khi quay quanh tam bong,

R: ban kinh qua bong B (m),

my: khdi lugng thanh b (Kg),

Ly: chidu dai thanh b (m).

B qua ma sat, hé nay chi nhan tac dong duy

Hinh 2. Céu tao dong co

Rm Lm

Moment do dong co sinh ra dugc tinh bdi
cong thure:

g— Kpw (6)

~ Tur(5), (6), phuong trinh toan hoc hé théng co
the viét lai vé dang theo dién ap dau vao dong co:
_ mp p#*— mpg sinf

7
m3+i£ ( )
Pkt LY 8 8
. t - mep - mB_g cogs
§=—Fm ©)

mgp + Jp
2.1.2. Tuyén tinh héa hé thong

nhit tir moment t cua dong co. Ap dung phuong
phép Euler — Lagrange, phuong trinh toan hoc hé
thong dugc tinh co dang:

1@3_25 .
de \38 26 '

Trong do, . = T — p: dai luong Lagrange.
Thuc hién phép tinh (4), ta dugc phuong
trinh toan hoc cua hé théng theo moment t

mppf*— mggsin @

p - mB+H% (5)

=1 2mg p;iﬂ; mpg cosf
mgp~+ Jp

Tai (5), ta da@ c6 dugc phuong trinh toan
hoc ciia h¢ BTTG theo moment T do dong co
sinh ra. Két qua nay ciing twong Gng dung véi
két qua dugc chi ra tai cac cong trinh (Huynh
Thai Hoang, 2006), (Nguyén Thi Phuong Ha,
2002). Tuy nhién, thuc té diéu khién lai thong
qua viéc diéu chinh dién ap cap cho dong co, tir
do, lam thay d6i moment t cép cho hé. Do vay,
dé phan tich sat voi thuc té hon, bai bao nay s&
tiép tuc phan tich phuong trinh toan hoc theo
moment t dd c6 & trén vé phuong trinh toan hoc
theo dién ap dau vao e.

Xét cAu tao dong co co ban:

Trong do:
: dién tro (€),
K hing sé6 moment (Nm/A),

K Hing sé Back EMF (V/rad/s),
e: dlen ap déu vao cua dong co (V),
w: van toc goc cua dong co (rad/s).

Tf, T,

Ta dinh nghia ma trén bién trang thai la:

pped]"™ O
Phuong trinh toan hoc hé thong c6 thé viét

thanh:

1= 1=fixe)

x =[xy x5 ] =

(10)

X, = melx,, -mag sinxg _ = f(xe) (11)
mB+R—

BEx=hEe) (12)

sy
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Tir (10)-(13), phuong trinh hé thdng ¢6 dang: p=p=8=6=e=0 (15)

x = f(x,e) (14) Hé phi tuyén BTTG co6 thé dugc xdp xi

Trongdo: f = [ fo fz fa]7 tuyén tinh tai diém lam viéc vé dang:

Chon diém lam viéc tai vi tri thanh b can % = Ax + Be , (16)
bang theo phuwong ngang, qua bong cin bang tai Trong do, A, B: cdc ma tran tuyén tinh dugc
tam thanh b, twong tmg véi vi tri thoa: tinh nhu sau:

0 f1 df1 91 0 f1 -0 f1
axl axz aX3 8x4 de
f2 Ofz 90fz 9f2 df2
dx dx dx ox

A = 1 2 3 4 B = de

afs 9f3 I 9f3 213
Ox4 dxo dx3 0x4 de
N 0 fa Ofa Ofa Ofa

L Oxq Jxo dx3 x4 x=0,e=0 -0e < x=0,e=0

Céc thong sb ciia md hinh thuc duogc tham khao tir md hinh thuc nghiém ¢ tai liéu (Huynh Ngoc Thao
va cong su, 2023) nhu sau:
Béang 1. Thong so mo hinh thue té

STT | Ky hiéu Y nghia Gia trj thuc Pon vi
1 K, Hing s moment xoén cua dong co 0.06494 N
2 K, Hing s6 Back EMF ciia dong co 0.06494 V/rad/s
3 R, | bién tré cua dong co 6.83572 Q
4 L m H¢ sb dién khang ctia dong co 0.25086 H
5 Mg | Khoi lugng bong B 0.06 Kg
6 My | Khéi luong thanh b 0.38 Kg
7 R Bén kinh bong B 0.01 m
8 L, | Chiéu dai thanh b 0.35 m

Vi cac gia tri thue ctia mo hinh, tai diém lam viéc x = [0 0 0 0]7. e = 0, ¢6 the tinh dugc ket
qua cua matrix A, B.

0 1 0 0 0 Trong do: i
0 0 =701 0 0 K = R™1pBTp:matrintoiuu, xac dinh bang
A= ' ‘B= (17)  cach giai phuong Riccati hodc sir dung Matlab.
0 0 0 1 0 Chat lugng BPK LQR duoc danh gia qua
-15173 0 0 -0.16 24490 ham muc tiéu J. 19)
= [, (xTQx+ u"Ru) dt
2.1.3. PK LQR /= by et Ry
. . ) Trong do: Q: ma tran duong hoac ban duong,
Hinh 3. Cau truc BDK LQR. R: ma trdn duong.
. s Chon
RS oA 100 0 0 0
i BO PIEU KHIEN \4 Q - 0 100 . R=10.01 (20)
L = " 0 0 1 0
BDK t6i wu, viét tit 1a diéu khién LQR c6 thé 0 0 0 1
dicu khién h¢ thong nho vao tin hig¢u di€u khién: Str dung Matlab, ma tran K dugc xac dinh
u= —Kx (18)  bang cach thyuc hién 1énh:
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=lqr(A,B,Q,R)
K=[-

(21)
[-179.60 —59.22 101.46 1346]  (22)
2.1.4. M6 phéng diéu khién LQR

Hinh 4. Diéu khién LQR cho BITG

:I N[e=) Trong Hinh 4:

p_dot

theta

theta_dot

[A]

[A]: h¢ BTTG gitra v6i 1 tin hi¢u

vao u (dién ap dong co) va 4 tin hle;u
ra(p,p.8,0),

[B]: BDK LQR,

[C]: dong hd dé do vi tri bong va
g6c I¢ch thanh theo thoi gian

Két qua can bang bong tai vi tri can bang O, véi cac diéu kién ban dau

p=001m p=001m/s; 8 =004rad; § = —0.02 rad/s

Hinh 5. Két qua 6n dinh vi tri bong va géc 1éch thanh
N ' T Trong Hinh 5, truc tung la
003 -} 1 thoi gian (s), truc hoanh la gia tri
I “ | daiso, tng voi ting dai lugng s€
\ c¢6 don vi twong tng. Ung véi vi
0.0 ’\‘\ 1 tri bong (p) c6 don vi cm, Gng
N o

0.5

voi goc 1éch thanh (8) c6 don vi
la rad.

1.5

2 25

3

Dé chi tiét, ta s& xem xét cac tiéu chi 6n dinh 14 sai s6
xac 1ap (e.1), thoi gian xac 1ap (t,.;) va d6 vot 10 (POT)

€l
p

t.ri (S)
0 (m) 2
8

0.0035 (m)
25

0.012 (rad)
Dua trén két qua mo phong, ta thiy LQR da 6n dinh dugec BTTG vé vi tri can bang O
2.2. Dung “Anfis” xdy dung BDK mo tur
BDPK LQR

Béang 2. Bang danh gia cac tiéu chi on dinh cia hé¢ BTTG dwgc diéu khién bang LQR

POT

0 (rad)

Vi Matlab viéc xay dung BDK mo tré nén
2.2.1. Gi6i thiéu cong cu “Anfis”

de dang hon vdi cong cu “Fuzzy Logic Designer”.
Tuy nhién, cong cu nay can ching ta ty xay dung
Céc budc xdy dung 1 BDK mo hay tiéng anh | 10dt m& va dicu nay 1a kha khé khan néu khong
1a “Fuzzy Controler ¢6 kinh nghiém dicu khién
- Xéc dinh ngd vao, ngd ra Trong phan nay, nhom tac gia xin gidi thiéu 1
- Mo hoa, xac dinh céc ham lién thudc cong cy cho ph‘ép XQX dyng 1 BDK m¢ dya trén dir
- Xay dung luat mo li¢u két qua diéu khién da c6. Cong cu nay cd tén
- Giai mo dé c6 duoc tinh hiéu didu khién. “Anfis”, thugc bo cong cu “Deep Learning” cla
Viéc 1 BDK mo ¢6 hiéu qua hay khong phu Matlab. Nhom téc gia s€ thuc hién xay dung BDK
thudc rat nhidu vao kinh nghiém diéu khién cia  md hoc theo BDK LQR vira dugc xay dung & trén
chuyén gia dé tir 46 dua ra luat mo phu hop dé diéu khién can bang cho hé BTTG
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2.2.2 Xay dung BDK m¢ dung cong cu “Anfis”
Budc 1: Thu thap dir liéu diéu khién LQR
lam co so xay dung luat mo cho BDK mo.

Hinh 6. Thu thap dit liéu diéu khién cia LQR.

1
pal—

B3] . |
wIf—7} i !
& B4

MR =

Budc 2: Gan cac gia tri thu thdp dugc vao ma
tran va luu vao khong gian lam viéc bang lénh.

u = [x; X, X3 X4 U

Bu6c 3: Khéi chay “Anfis” bang lénh
“Anfisedit”.

Hinh 7. Cong cu “Anfis”.

[@] Neuro-Fuzzy Designer: Untitled - O x

File Edit View

O@O0O O

Budc 4: Load dir liéu ngudn va cdu hinh cho
BDK mo.

Hinh 8. Chon nguén
cung cz‘ip dir liéu.

Hinh 9. Nhip bién
chira dir liéu thu thap.

"L - O X

input variable name:
u |

[ |

Pé “Anfis” load dir liéu tir dix liéu da thu thap,
trong bang “Load data” ta thuc hién chon “worksp”.

Tiép dén, 4n “Load data” va nhap “u” - tic 1a bién
chura gia tri thu thap vira tao ¢ budc 2.
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{ = Jion
o{ = ] [02]
o{ = ] 03]
o{ ] D4

Trong Hinh 6:

[A1], [A2], [A3], [A4]: cic khdi “Random”,
voi muc dich gia 1ap gia tri 4 thong s6 ngd vao ciia
khéi LQR (p,,6,6),

[B1], [B2], [B3], [B4]: c4c khéi “Saturation”,
va1 muc dich gidi han gia tri 4 tin hiéu ngd vao
trong khoang [-1; 1],

[C1]: BBK LQR,

[D1], [D2], [D3], [D4], [D5], [D6]: cac khdi
“To workspace”, voi muc dich thu thap lan luot
cac gia tri ctia p. 5,6, 6, tong tin higu dau vao cla
bd LQR va tin hiéu dau ra ciia bd LQR.

Hinh 10. X4c dinh ham ng6 vao, ngé ra

Xac dinh ham lién thudc ngd vao, ngd ra
bang cach an “Generate FIS”. Mot bang moi
hién ra, ta tién hanh dinh cdu hinh cho bd Fuzzy.
Nhu Hinh 10, ta da xac dinh rang c6 4 ngd vao
va 1 ngd ra. S6 ham lién thudc ctia mdi ngd
vao la 3. Ham lién thudc cua ngd vao c6 dang
trapmf, ngd ra céd dang linear.

Hinh 11. Nhiap Epochs mong muén

Cudi cung, ta nhap sb Epochs mubn hoc, sb
luong Epochs cang 1on thi thoi gian hoan thanh
cang lau va bg Fuzzy cang sat by LQR da co.

Budc 5: Sau khi hoan thanh, chon “File”,
chon “Export”, chon “To File”. Nhap tén va
chon duong dan cho bd Fuzzy vira tao.

Téi1 day, viée xay dung BDK Fuzzy hoc
theo LQR cho BTTG di hoan tét. Viéc con lai la



kiém tra kha nang diéu khién ctia BDK Fuzzy vira tao.
2.2.3. M phéng Fuzzy diéu khién h¢ BTTG

Hinh 12. M6 hinh mé phéng BDK Fuzz

3 1 " Trong Hinh 12:

) [A]: h¢ BTTG 1 tin hiéu vao u (dién

ap dong co) va 4 tin hiéu ra (p. 2. 6. 6),
[B]: BBK Fuzzy,
p_dot [C]: dong hd “Scope” dé do tin
-~ l o 1\ hiéu vi tri bong va goc léch thanh theo
thoi gian.
thata_dot [B]
[A]

°
L3

Két qua can bﬁng bong tai vi tri can béng 0, véi céc diéu kién ban dau
p=001m;p=001m/s; 8=004rad; § = —0.02rad/s.

Hinh 13. Két qua 6n dinh vi tri béng B va géc 1éch thanh b cia BPK Fuzzy
£

T
0.04

p
e Trong Hinh 13, truc

: tung la thoi gian (s), truc

003 -t hoanh la gia tri dai so, Ging

\‘

1

T

\

0.02

voi tung dai lugng s€ c6 don
vi tuwong tmg. Ung véi vi tri
‘ boéng (p) c6 don vi cm, ing
\ voi goc 1éch thanh (g) co
0.01 .« 18
don vi la rad.
o ‘\ R
‘\ \——’/
\ /7
\ 4
0.01 M=

0.5

I
1 15

2 25 3

3.5 4

Dé chi tiét, ta xem xét cac tiéu chi 6n dinh 1a sai sb xac 1ap (8x1), thoi gian xac lap (t,;) va do vot
16 (POT).

Bang 3. Bing danh gia cac tiéu chi 6n dinh ciia hé BTTG dwoc diéu khién bang Fuzzy

€l

txi (S)
p 0 2 0.0035
) 0 2.5

POT

0.012
Két qua mo phong cho thiy bd Fuzzy hoc theo bd LQR da dap tmg yéu cau diéu khién, hé
thong da on dinh tai vi tri can bang.

2.3. Dung Neuron xay dung BDK thong minh tir BDPK LQR
2.3.1. Giéi thiéu cong cu Neuron

Giai thuat Neuron 1a mét phuong phap
dicu khién thudc truong phai DPKTM. Ly thuyét

té bao than kinh cua con nguoi, tr do xay dung
ve dieu khién Neuron dua trén y tudng veé cac

mot BDK linh hoat nhu cach ma mang than kinh
xt ly tin hiéu.
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Viée thiét ké 1 BDK Neuron c6 thé diéu
khién dugc hé thong theo hudng thu cong bang
cac phuong phép kinh dién thi rat phic tap, doi
ho6i nhiéu kién thtrc va tén nhidu thoi gian.

Tuy nhién, sy ra doi cua cong cu “Neuron
Toolbox™ — mot cong cu thudc bo cong cu “Deep
Learning” ctia phan mém Matlab, da gitp cho
viéc thiét ké BDK Neuron hoc theo BDK ¢6 sin

Buéc 1: Thu thap du li¢u.

tré' nén dé dang hon.

O phan nay, nhém téc gia xin trinh bay chi
tiét cac bude str dung cong cu “Neuron Toolbox”
tao mot BDK Neuron hoc theo BDK LQR da co,
dé diéu khién 6n dinh hé¢ BTTG

2.3.2. Xay dung BDK thong minh dung
cong cu Neuron

Hinh 14. M6 hinh thu thap di liéu diéu khién cia BPK LQR.

[ o
By ||| | T (D3]

[A2] ._.._.—.[ r : ;

3T

] — L | Y

o{ = Jion
o = ]D2)
{ = ]D3)
I =6

Trong Hinh 14:

[Al], [A2], [A3], [A4]: cac khéi “Random”,
v6i muc dich gia 1ap gia tri 4 thong sb ngd vao
cua khéi LQR (p, p, 8, ),

[B1], [B2], [B3], [B4]: cac khdi “Saturation”,
v&i muc dich gidi han gia tri 4 tin hi¢u ngd vao
trong khoang [-1; 1],

[C1]: BDK LQR,

[D1], [D2], [D3], [D4], [D5], [D6]: cac khdi
“To workspace”, voi muc dich thu thap 1an luot
cac gia tri p, P, @, @ (tin hiéu dau vao cta bo
LQR) va tin hiéu dau ra ctia by LQR.

Bude 2: Viét chuong trinh Matlab st dung dir li€u vua thu thdp duoc dé Matlab tu dong xay dung

mang Neuron dicu khién.

ngo_vao = out.x.data';
ngo_ra = out.u.data’;

net.trainParam.epochs = 1000000;
net.trainParam.Ir = 0.00001;
net.trainParam.goal = 0.0000001;
net = train(net, [ngo_vao], [ngo_ra]);
gensim(net, 0.001)

net = newff([minmax(ngo_vao)], [100 1], {'tansig' 'purelin'}, 'trainrp');

Budc 3: Khoi chay chuong trinh va chd dén khi chuong trinh hoan tat s& thu dugc BDK Neuron

duéi dang 1 khéi didu khién Simulink.

Hinh 15. Két qua Neuron tao BPK thong minh hoc theo LQR

oy e x e

Neural Network

Algorithms
Training:

Calculations  MEX

ORRAIGS e

Gradient
Plots
Performance
Training State
Regression

ot intervat: B

w” User stop.

gvm

60% VariableStepAuto
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o 1853 iterations. 1000000
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Pén day, viéc tao
BDK thong minh hoc
theo BDK LQR da hoan
tat. Viéc con lai la kiém
tra tinh chinh xac cua

SRS BDBK mdi nay.

(plonrainstate)

1 epochs

@ Stop Training @ Cancel



2.3.3 Mo phéng Neuron diéu khién h¢ BTTG

Hinh 16. M4 hinh mé phéng LQR di dwoc Neuron tdi wu.

:Iib ) Trong Hinh 16:
[B] [A]: hé¢ BTTG voi 1 tin

hiéu vao u (dién ap dong co)
va 4 tin hi¢ura (p, p, 8, 9.),
[B]: BBK Neuron,
[C]: dong ho dé do tin hi¢u
vi tri bong va goc 1éch thanh
theo thoi gian.

P

p_dot

theta

theta_dot

[A]

Custom Neural Network1

[B]

Két qua can bang bong tai vi tri can bang O, véi cac diéu kién ban dau
p=001m; p=0.01m/s; 8 =0.04rad; § = —0.02 rad/s.
Hinh 17. Két qua 6n dinh vi tri bong B va géc léch thanh b ciia BDK Neuron hoc LQR.

0.04

p
— = = ‘theta
0.035 \

1
0.03[ 71 .
! Trong Hinh 17, truc
0.025 N 3. .
! tung la thoi gian (s),, truc
002171 hoanh la gi4 tri dai so0, tng
0.015 - voi tung dai lugng s€ co
\ : . .
0.01 don vi tuwong ung. Ung
0008 voi vi tri bong (p) c6 don
. : . , 1A
\\ S vi cm, ung véi goc léch
\ = = , LR
° VN A thanh (8) c6 don vi la rad.
0.005 \\ R4
\ 7
0.01 =
(1] 0.5 1 1.5 2 25 3 3.5 4

Dé chi tiét, ta xét cac tiéu chi on dinh 1a sai s6 xéc 1ap (e .1)> thot gian x4c ap (t,.;), o vot 16 (POT).
Bang 4. Bang danh gia cac tiéu chi 6n dinh ciia hé BTTG dwgc diéu khién bing Neuron

€t tet (5) POT
p 0.5 *107% (m) 2 0.0025 (m)
6 0 (rad) 2.5 0.018 (rad)
Két qua mo phong cho thay BDK Neuron 2.4.So sanh 3 BDK LQR, Fuzzy, Neuron
da c6 the diéu khién hé thong, c6 kha nang 6n D4 so sénh, ta s& xdy dyng 1 so ¢ simulink
d1,nh hé‘ thﬁPg Vérs.ét vi t,ri (jén lzéng. Tuy vi tr? trong trudng hop c6 nhiéu tin higu p tra vé va do
béng con léch véi vi tri can bang, nhung sai  c4c tin hi¢u p, 6, trén cing 1 ddng h “Scope”
sO (0.5 = 10~ m) la rat nho.

dé dé& @i chiéu va dua ra nhan dinh.
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Hinh 18. So' 6 Simulink mé phéng 3 BPK LQR, Fuzzy, Neuron diéu khién hé BITG

b he Fuzzy

a

b heo Neuron

[C1]

heta theo LOR

=

Theta theo Neuron

—)_ D2
[A1]] . m

" )
’—V“ = [B1)

=) —
o i

" -
’—.L (B2]

— [D3]
[A3]] ..

[C2]

TOR Control Sgnal

Fuzzy Contral Sigral

a2

F i

Custom Neural Network2

Newron Gonirol Signal

Két qua can bang bong tai vi tri cén
bang O, voi cung cac dicu kién ban dau
p=—002m; p=001m/s; 8§ =0.01rad; § = 0.07 rad/s.

[C3]

o 1073
o
-2
4
-6
-8
p theo LQR
— — — - p theo Fuzzy
s e—s et p theo Neuron
1

3 4

5

6

Trong Hinh 18:

[A1], [A2], [A3]: cung la mé hinh
hé BTTG gidng nhau,

[B1], [B2], [B3]: lan luot 1a cac
BDK theo LQR, Fuzzy, Neuron,

[C1]: ddng hd “Scope”, v6i muc

dich do gia tri p theo thoi gian cua 3
BDK LQR, Fuzzy, Neuron,
[C2]: dong ho “Scope”, voi muc

dich do gi tri & theo thoi gian cta 3
BDK LQR, Fuzzy, Neuron,
[C3]: dong ho “Scope”, voi muc

dich do gia tri 1t theo thoi gian ctia 3
BDK LQR, Fuzzy, Neuron.

[D1], [D2], [D3]: la cic khdi
Random, dé gia lap nhiéu cho tin
hiéu vao

Hinh 19. Vi tri béng theo thoi gian ciia 3 BDK

Trong Hinh 19, truc tung la thoi
gian (s), truc hoanh 1a gi4 tri dai sd,
ung voéi tung dai lugng s€ c6 don vi
tuong tmg. Ung véi vi tri bong (p) c6
don vi cm, ung véi géc 1éch thanh (g)
c6 don vi la rad.

Theo d6 thi Hinh 19, d6 thi vi tri
bong theo thoi gian cua 2 BDK Fuzzy
va LQR gan nhu tring nhau. Két qua
6n dinh vi tri bong ciia Neuron tuy c6
sai 1éch so voi LQR nhung d¢ sai 1éch

1a rit nho (0.5 * 1073 ).

Hinh 20. Géc thanh beam theo thoi gian ciia 3 BDK

theta theo LQR L
— = = ‘theta theo Fuzzy ||
—+=+="'theta theo Neuron

-+

iy
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Trong Hinh 20, truc tung la thoi
gian (s), truc hoanh 1a gi4 tri dai sd,
ung voi tung dai lugng sé c6 don vi
tuong tng. Ung vdi vi tri bong (p) co
don vi cm, rng v&i goc 1éch thanh (g)
¢6 don vi la rad.

Theo d6 thi Hinh 20, ta thiy két
qua 6n dinh goc 1éch thanh b theo thoi
gian cua ca 3 BDK 1a gan gidng nhau
(3 duong do thi gan nhu tring nhau).



Hinh 21. Tin hi¢u diéu khién ciia 3 BPK theo thoi gian

Trong Hinh 21, truc tung 1a thoi
gian (s), truc hoanh 1a gia tri dai $0,
7 ung véi tung dai luong sé c6 don vi
tuong tmg. Ung véi vi tri bong (p) ¢6

04 /
0.6

don vi cm, tng véi goc 1éch thanh (g)
co don vi la rad.

Theo dd thi Hinh 21, ta thdy tin
hiéu diéu khién theo thoi gian cua 2
BDK Fuzzy va LQR gan nhu trung

_OBJM

LQR Control Signal

— — — ‘Fuzzy Control Signal

meeenseenns Neuron Control Signal
T T 1

nhau. Tin hiéu diéu khién Neuron tuy
6 sai léch so voi LQR nhung sai 1éch

05 1 15 2 25 3 3.5 4 45

5

55 6 la rat nho.

Trong trudng hop c6 nhiéu, cic BDK van cho thay kha ning 6n dinh hé tét du van con dao dong
do nhiéu ludn tac dong. DE chi tiét, ta so sanh 3 BDK theo céc tiéu chi on dinh la sai s6 xac lap (2,;),

thoi gian xac 1ap (t,.;) va do vot 16 (POT).

Bang 5. Bang danh gia cAc tiéu chi 6n dinh ciia h¢ BTTG dwoc diéu khién bing LQR, Fuzzy va Neuron

p 6 u
LQR 0.0001 m 0.0002 0.001
€xt Fuzzy 0.0001m 0.0001 -0.001
Neuron 0.5 = 10-3m 0.0001 -0.02
LQR 2.5 2.55 2.6
t. (s) Fuzzy 2.5 2.5 2.6
Neuron 2.65 2.6 2.7
LQR 0.0014 m 0.0125 rad 0.1
POT Fuzzy 0.0014 m 0.0125 rad 0.1
Neuron 0.0012 m 0.012 rad 0.09

BDK Fuzzy hoc theo LQR bang cach st
dung “Anfis” di c6 thé didu khién dugc BTTG vé
vi tri can bang va bam rat t6t bd LQR (Fuzzy co
phan t6t hon khi 6n dinh goc léch thanh B trong
truong hop c6 nhiéu)

BDK Neuron hoc theo LQR bang cich dung
cong cu “Neuron Toolbox” di c¢6 thé diéu khién
duge BTTG veé vi trf sat vi trf can b?mg va bam tuong
d6i tot BDK LQR (dui con sai sb nhung rat nho).

3. Két luén

Thong qua nghién ciiu nay, nhom tac gia
trinh bay cac budc thuc hién dé thuc hién cac
cong cu ma Matlab hd trg dé xay dung cac BPK
md va neuron twong tng dé tao ra cac BDK thong
minh trén co s6 chuyén gia. Nghién clru nay
hudng dén viéc phd quat cong cu PKTM dé cac

thanh phan nghién ciru khong quéa cao cdp van
nhanh chéng dé dang tiép can va ap dung cong
cu, duge hd trg san, a4p dung thanh cong cho ddi
tugng ma minh quan tam. Thong qua mé phdng,
viéc su dung “Anfis” va “Neuron Toolbox” hoc
theo BDK LQR 1a kha thi va két qua 6n dinh hé
thong tot, bam sat BDK LQR c6 sin dbi v6i ddi
tugng BTTG. Chét lugng cac BDK ¢6 chét lugng
gan nhu nhau cho thdy cac BDK thong minh ma
toolbox ctia Matlab hd tro 1a phu hop 1a c6 chit
lugng twong duong véi BDK LQR ¢6 san va hoan
toan c6 thé thay thé BPK chuyén gia co trudc.
Céch thirc thu thap dir liéu va hudn luyén thuc
hién trén Matlab dugc trinh bay trong bai bao la
TLTK cho viéc thiét ké BDK théng minh cho dbi
tuong hop den va hop xam cho trudc thong qua
kinh nghiém chuyén gia.
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