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Ngay nhdn bai: ABSTRACT
08/9/2023 This paper aims at studying algorithms on Ball and Beam with middle
Ngay chap nhan dang:  qxjs — a classical SIMO system. In this research, we applied GA to finding
24/11/2023 linear control parameters which are close to those suitable to the subject. In
simulation, GA showed the revolution through generations, LOR controller
which was not optimized was also examined to find best control parameters.
Keywords: Ball Because of the uncertainty of system parameters, values of control matrix
and beam, genetic were calibrated more to get better values. Linear controller which was
algorithm, optimal  calibrated after GA optimization proved its outstanding ability over normal
control, LOR LOR controller. Our result is a confirmation of suitability of using searching
control. algorithms in controller optimization.

TOM TAT

Trong bai bdo ndy, nhém tac gia nghién ciru gidi thudt trén doi irong béng
thanh truc giita (BTTG) - mét hé thong mét vao — nhiéu ra (single input - multi
output — SIMO) kinh dién. Trong nghién curu nay, chung toi ap dung gidi thudt
di truyen (genetic algorlthm GA) dé hé tro tim mot bg thong so diéu khién
tuyén tinh sdt véi thong s0 diéu khién phii hO’p voi doi twong. O mé phong
GA cho thdy sw tién héa tot dan qua cdc thé hé, BDK LOR khéng dwoc t6i wu
boi GA ciing duwoc thir nghiém dé tim ra bé théng so tot nhdt. Do cé suw khéng
Tir khéa: Bong chinh xdc hoan toan ciia thong sé chinh xdc ciia mé hinh, gid tri ma tran diéu
thanh, gidi thudt di khién can dwoc hiéu chinh thém dé dat dwoc gia tri 16i wu nhdt. BPK tuyén
truyén, diéu khién tinh dieoc phat trién va hiéu chinh thém tir BDK LOR théng qua GA di chirng
16i wu, diéu khién minh kha nang vieot tréi ciia minh so véi BPK LOR. Két qud nghién ciru la
LOR. mot xdc nhdn cua viéc dp dung giai thudt tim kiém dé t6i vu héa BPK.
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1. Gidi thi¢u

BTTG la mét dbi twong SIMO rit thong
dung trong nganh diéu khién tu dong (PKTD)
(S. K. Valluru va cong su, 2016, trang 1-6). Mo
hinh nay duoc dung nhu mot mé hinh chuan trong
phong thi nghiém (PTN) dé kiém chung va dao
tao vé cac giai thuat diéu khién. M6 hinh nay la
gan giii voi nhiéu cau trac thyc té nhu hé can bang
banh may bay chong dao dong khong khi (Ping
Ngoc Trung, Tran Thi Hai, 2014, trang 90-93).
Viéc nghién ciu thanh cong giai thudt cho hé
BTTG ¢ PTN s& hd tro cho viéc phat trién cac
giai thudt trong tuong lai trén cac mé hinh tuong
tu trong Ung dung thuc té. Trong nghién ciu
(Pang Ngoc Trung, Tran Thi Hai, 2014, trang
90-93), mot giai thuat LQR duoc thir nghiém dé
can bang thanh cong cho BTTG. Tuy nhién, chi
c¢6 két qua mo phong dugce thé hién. Viée khao sat
diéu chinh giai thuat LQR ciing chwa duoc trinh
bay trén nghién ctru trén. Mot giai thuat LQR da
duogc thtr nghiém thanh cong trén ca thuc nghiém
va mo phong dé co thé phat trién thanh giai thuat
md ¢ nghién ciru (Nguyén Tuan, 2017). Tuy vay,
nghién ctru trén chi dé cap dén viéc chimg minh
giai thuat md ANFIS 1a c6 thé xay dung duoc tir
LQR nén BDK gdc van 1a LQR. Bén canh viéc ap
dung giai thuat thong minh dé mé ta mot BDK da
hoat dong tdt, mot huong di khac 1a 4p dung cac
giai thuat tim kiém dé t&i uu hoa offline mot BDK
dé sau d6 4p dung cho ddi twong thuc nghiém.
O nghién ctru (Pham Truong Tung va cong su,
2018), viéc chuyén hoa 1 quy trinh cong nghé vé
mot dang bai toan va dugc dung GA dé tim 101
giai da dugc thyc hién thanh cong. Tuy nhién, qua
trinh chimg minh thuc nghiém Ia chua c6 ma chi
trén mo phong. O nghién ciru (Nguyén Chi Ngon,
2008, trang 241-248), GA ciing da dugc dung dé
t6i ru hoa mot hé rat kinh dién 1a hé 10 nhiét. Tuy
vay, két qua kiém chimng ciing chi trén mo phong.
Van d& thyc nghiém cia téi wu hoa BDK tuyén
tinh thong qua GA 1a kho khin do sy tim kiém
offline cua GA phai dugc dat trén co s mo hinh
mo ta hé thdng trén mé phong phai sat hoan toan
v6i thye té. Pay 1a mot diéu rat kho thuc hién duoc
trong thuc té. Trong bai bao nay, chung toi ap
dung GA d¢é tdi uu hoa nhat c6 thé BDK LQR. Va,
trén co s BBK tuyén tinh tim ra duoc tir GA, mot
sy hiéu chinh tryc tiép ma tran diéu khién duoc
thyc hién s& cho ra BDK c6 dap tmg tot hon BDK
LQR chi dugc tim kiém qua thu sai. Viéce su dung

GA trong truong hop nay da lam gidm cong stic
tim kiém va gitp khoanh ving thu hep lai khoang
tim kiém trude khi thong s6 thuc su tot duoc chi
ra. Uu diém ctia nghién ctru cua bai bao nay 1a cac
két qua déu duoc thir nghiém trén mé hinh thyc do
nhom chiing t61 tu ché tao — mot moé hinh ré tién
nhung van dap Gmg nhu cau hoc tap va nghién ciru
vé giai thuat cta sinh vién ¢ cac truong dai hoc.

2. M6 hinh toan hoc

2.1. M6 hinh phi tuyén

Hinh 1: M6 hinh toan cia hé BTTG
g X

boéng

momen tac dong
tir dong co

thanh beam

BTTG s dung qua béng va thanh dan truc
dé duy tri vi tri cia qua bong trén thanh. Muc tiéu
1a duy tri qua bong & vi tri mong mudbn bing cach
diéu chinh d6 nghiéng cia thanh din truc thong
qua cam bién va BDK.

e- K, @ oxif+ mgx cos @

.. R
b= n 1
mx® +J, )

B mx6* —mg sin 6

Iy

m+R2

1
Trong d6J, ==R’m; J, ZELzmb; K,

13 hang s6 momen (Nm/A); K , 1a hang s6 phan
dién (V/(rad/sec)); R, la dién tré dong co (Ohm);
@ 14 van tdc motor (rad/s); x la vi tri bong trén
thanh (m); @ la goc 1éch thanh (rad); m la khoi
lugng bong (kg); R 1a ban kinh bong (m); L la
chiéu dai thanh beam (m).

2.2. M hinh phi tuyén

Phuong trinh toan hoc dang phi tuyén
(Nguyén Ngo Anh Quéan, Hoa Pac Binh, 2020,
trang 66-73) :

x=f(x)+g(x)u (2)
Trong do:
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xl P X, 0
% p filx X

o M A DR K YR L] e
X, 0 : fz(x) : g (x)

Ta xem xét diém lam viéc tinh d3 dugc mod
ta nhu sau:
X =X%X=x=x,=0u=0 4)
Khi d6, hé théng c6 thé dugc xap xi twong
duong h¢ tuyén tinh khi lam viéc tai diém (4) nhu
sau

Xx=Ax+Bu (5)
Trong d6, ma tran A va B dugc tinh nhu sau
[0 1 0 0]
L0/ IC Y 0
ox, 0Ox, Ox; Ox g
=10 0 0 1| B (6)
A el o
| Ox, Ox, Ox; Ox, |lx=0

u=0
Théng s6 mé hinh duoc do dac tir mé hinh
thuc nghiém ¢ Hinh 11 nhu sau

R =683; K, =K, =0.065; L =0251;

J, =13x10"; C, =4x107; m=0.09; 2
M=045; L=037; R=0.2
Tir (6) va (7), ta ¢6
0 1 0 0 0
4 00T o 5 0 )
0 0 0 I 0
747060 0 0 -0.1801)  |2.5729

3. Giai thuit diéu khién

3.1. Piéu khién LQR

Ddi v6i hé can ‘bé'mg g(’) diém 1am viéc t?nh
nhu ¢ (4), tin hi¢u diéu khién LQR cho hé thong
dugc quy dinh nhu sau:
u=-Kx ©)

Viéc tinh tpa’m ma tran K tur viéc giai phuong
trinh Ricatti 1:31 rat phuc tap. Do d6, Matlab da ho
trg cong cu dé tinh ma tran K thong qua 1€nh sau:

K=lqr(A,B,Q,R) (10)
3.2. Giai thuat GA
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O phan nay, nhom tac gia st dung GA dé
chtng minh viéc ap dung giai thuat tim kiém nay
c6 lam BPK trén mo phong tot dan 1én, va hudng
dén gia tri toi wvu. Néu gia tri thong s6 mo hinh
trén mo phong 1a rat sat gia tri thong sé mo hinh
thuc nghiém, viéc van dung két qua tim kiém trén
mo phong 1a phu hop voi gia tri ap dung cho thuc
nghiém. Cac thong sb ciia GA duoc chon nhu sau:

S0t et g 200 Hso it
§0lumg i e 10 Kicy i hd: i o i i

§0luong it tongmited ;| K chonloc:chon e sip g g i

H ol gy 3 Kicu i ey g b i

Sau lan chay GA déu tién thu duoc, két qua
thu duoc & thé hé thr 100 nhu sau:

414169 0 0 0

0 373126 0 0

0- R=978159,], 4087 (11)
0 0 242706 0
0 0 0 507724

Kqy, =[-564963 -13.6066 22,9667 42661  (12)

Tiép theo lan chay GA thtr 2, két qua thu
duoc ¢ the hé thir 1000 nhu sau:

668 0 0 0
0 8084864 0 0

0= R=109929;) . =21621 (13)
0 0 80! 0

0 0 0 9579585

K, =[-56.5183 -134789 226666 4.2274 ] (14)

Lan chay GA cudi cung, két qua thu dugc ¢
thé hé thar 1000 nhu sau:
39492 0 0 0
0 554 0 0
0= (R=334.1794;J  =14093 (15)
0 0 11571 0

0 0 0 6880.1

K, =[-56.6232 -12.8060 203459 39108]  (16)

4. Két qua mé phong
4.1. Két qua mé phéng GA_LQR



Hinh 2: Pién ap cip cho dong co (V)

=
<
&4
&
[}

-6r —GA-LQRI1

—GA-LQR2
8t —GA-LQR3
| | { - - -Rcference
0 5 10 15 20 25 30 35

Thoi gian (s)

Bang 1: So sanh dién ap cip cho ddng co trong cac trudng hop

GA-LQR1 | GA-LQR2 | GA-LQR3
TxI (s) 5.14 9.15 25.56

POT (%) 0 0 0

Exl (V) 0 0 0

Do thi dap ung tdt nhat cac chi tiéu danh gia chét luong (txI, POT, exl nho nha”it) la GA1, va sau
d6 1a GA2, va cudi cing 1a GA3
Hinh 3: Vi tri béng (m)

0.1

Vitri (m)

-0.1 ‘
—GA-LQRI1
—GA-LQR2
—GA-LQR3
0.2 | | { - --Reference ||
“o 5 10 15 20 25 30 35

Thoi gian (s)

Bang 2: So sanh vi tri qua bong

GA-LQRI1 | GA-LQR2 | GA-LQR3
TxI (s) 5.02 9.42 26.44
PO (%) %) %) %)
ExI (m) 0 0 0

Do thi dap Gmg t6t nhat cac chi tiéu danh gia chat luong (tx1, POT, ex] nho nhat) 1a GA1, va sau

d6 12 GA2, va cudi cung 1a GA3

Hinh 4: Goc thanh beam (rad)

0.2
N ) & |
2 o
&}

\ ' —GA-LQRI

-0.1 —GA-LQR2

' —GA-LQR3

02 | | | | - - -Reference

V] 5 10 15 20 25 30 35

Thoi gian (s)
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Bang 3: So sanh goc léch thanh beam

GA-LQR1 | GA-LQR2 | GA-LQR3
TxI (s) 5.78 11.56 31.27
POT (%) %) % %
Exl (rad) 0 0 0

Do thi dap tng t6t nhét cac chi tiéu danh
gia chat lugng (txI, POT, exl nho nhit) 1a GALl,
va sau d6 1a GA2, va cubi cung 1a GA3. Diéu nay
chting to viéc chay GA c6 tdi vu héa hon BDK
LQR d6i voi nhiéu thé hé duoc chay hon. Nhu
véy, cac thong sd dugc t6i uu thong qua GA1 s&
dugc dem di so sanh voi BDK LQR von dugce hiéu
chinh théng qua tinh chinh theo Iy thuyét LQR

4.2. M6 phong thir sai LQR

Pé co thé so sanh LQR tim kiém thong qua
thir sai va LQR duoc t6i vu hoa thong qua GA,
nhom tac gia sé tién thir sai cho BDK LQR dé dua
ra gia trj thir sai tot nhat dé so sanh véi BDK LQR
da duoc toi wu hoa thong qua GA.

4.2.1. Thir sai Q
Chon @, 1a ma tran don vi, R=0.01:

;R=0.01 (17)

S O o =
S O = O
S = O O
- o o O

:>KQO:[—55.2948 -22.4053 56.3987 10.7196] (18)

Sau d6, ta lan lugt thay doi cac gia tri @,
Q.. Qs, Q4 (chon gia tri la 100) va git nguyén
R dé tim ra dugc Q tot nhat

Sau khi thay 1an luot gia tri Q, ta s& c6 cac
ket qua K tuong tng véi gia tri Q, R do:

K, =[-1169362 -46.9051 843384 11.5776] (19)
K, =[-54.5081 -88.3955 125.1175 12.7311]  (20)
K, =[-54.6679 29.5513 108.7362 12.3197] (21)
K, =[-39.4405 -16.8133 89.9334 34.8221] (22)

Két qua mo phong thir sai Q dugc thé hién nhu sau:

Hinh 5: D6 thi md phong dién ap thir sai Q

Diénap (V)

—Q-1
—Tang Q1=100)|

Tang Q2=100
—Tang Q3=100
—Tang Q4=100

L 1
5 10

L
15 20 25

Théi gian (s)

Bang 4: So sanh dién ap cp cho dong co khi thir sai Q

0 Q| Qo100 | Zoi00 | D100 | Loi00
Txl(s) | 3.6 2.5 14.6 7.53 9.82
POT (%) | 03 | 0.06 0 0.09 0.21
ExI(V) | 0 0 0 0 0

D6 thi dap tng t6t nhét cac chi tiéu danh gia chat lugng (txI, POT, exl nho nhat) 1a @, va sau do

lan luot 13 Qg, Q4. Q4. Q5

Hinh 6: Géc thanh beam (rad)

Goc (rad)

—Q=1
—Tang Q1=100
Tang Q2=100
~Tang Q3=100
—Tang Q4=100

- --Reference

5 10

15 20 25

Thai gian (s)
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Bang 5: So sanh géc thanh beam Kkhi thir sai Q
o @ 19 100| @100 | Doio0 | Lmioo

Txl(s) | 3.47 3.33 2.02 4.6 6.68
OT (%) | & %) % %) %)
Exl (rad) 0 0 0 0 0

D6 thi dap ung t6t nhit cac chi tidu danh gid chat lugng (tx1, POT, ex] nhé nhét) 1a @, va sau d6
lan lugt 12 @y, @, Q. Q4
Hinh 7: Vi tri béng (m)

_Q=l

—Tang Q1=100
Tang Q2=100

—Tang Q3=100

—Tang Q4=100

| | | - - -Reference

0 5 10 15 20 25

Thoi gian (s)

Béang 6: So sanh vi tri bong khi thir sai Q

Q QO Q1=100 Q2=100 Q3=100 Q4=100

Tx1(s) | 4.07 2.84 17.5 8.87 8.8
POT (%) | 0.04 0.21 0 0.08 0.20
Exl (m) 0 0 0 0 0

D0 thi diép tmg t0t nhat céc chi tiéu dénh gid  _, x _[_s5.0048 224053 563987 10.719] (24)

chét lugng (tx1, POT, exl nhd nha‘it) la @4, vasau . ) .
Sau do, ta lan luot tang giam R, gilt nguyén Q. Ta

d6 lan luot 1a @o, Q5. Q4 Q2 s& ting R= 0.1, giam R=0.001 va thu duoc 2 gia
4.2.2. Thir sai R tri K lan luot nhu sau:
Chon @ 1a ma tran don vi: K =[-56.2840 -16.4305 32.9965 6.1520] R =0.1) (25)
1 0 0 O .
o- 01 0 0 (23) K=[-58.9923 -38.5050 115.2674 24.2690] (R=0.001) (26)
00 10 Két qua mé phong thir sai R duoc thé hién
0 0 0 1

nhu sau
Hinh 8: Pién ap cip cho ddng co (V) khi thir sai R

1

|
OV

—
=
o
S
S 5
a
—Tang R=0.1
-10 - —R=0.01
Giam R=0.001
- - -Refcrence
-15 L L L L L L
0 10 20 30 40 50 60 70 80 90 100

Thoi gian (s)
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Béang 7: So sanh dap ung dién ap (V) khi thir sai R

R Tang R=0.1 | R=0.01 | Giam R=0.001
TxI (s) 4.47 2.46 93.92

POT (%) | 0.159 0.06 2.24

Exl (V) 0 0 0.07

Do thi dap ung tdt nhat cac chi tiéu danh gia chét luong (txl, POT, exl nho nh?it) la R=0.01, sau
d6 1a R=0.1, va cudi cung 1a R=0.001

Hinh 9: Vi tri béng (m) khi thir sai R

0.2 T 1 T v v v

Vi tri (m)
=]
—%

_0.1 —Tang R=0.1
: —R=0.01
Giam R=0.001
02 | | | | | | - - -Reference
) 10 20 30 40 50 60 70 80 90 100

Thoi gian (s)

Béang 8: So sanh vi tri béng khi thir sai R

R Tang R=0.1 | R=0.01 | Giam R=0.001
Tx1 (s) 5 3.67 95.11

POT (%) |  0.204 0.037 22

Exl (m) 0 0 0.005

Do thi dap tmg tt nhét cac chi tiéu danh gia chit luong (tx1, POT, exl nho nhét) 1a R=0.01, sau
do 1a R=0.1, va cuoi cung 1a R=0.001

Hinh 10: Goc léch thanh beam khi thir sai R

0.15 v 1 v 1 T T T
0.1 5
__0.05 -
~
E
P 0
S
[
-0.05
—Tang R=0.1
-0.1 + t t t —R=0.01
Giam R=0.001
0.15 i | | | | | .|~ -Reference
) 10 20 30 40 50 60 70 80 90

Thoi gian (s)

Bang 9: Nhan xét mé phong goc thanh thir sai R

0 ) Ql:mo Q2:1oo Q3:100 Q4=100

Txl(s) | 3.47 3.33 2.02 4.6 6.68
POT (%) | & (%) %) (%) %)
Exl(rad) | 0 0 0 0 0

Db thi dap Gmg tot nhat cac chi tiéu danh gia chit luong (tx1, POT, ex] nho nhat) 1a R=0.01, sau
d6 1a R=0.1, va cudi ciing 1a R=0.001

Sau khi mé phong thir sai Q, R, chung t6i da chon loc ra thong s6 c6 dap tng tot nhit dé chay
thuc nghiém nhu sau:
K, =[-55.2948 —-22.4053 56.3987 10.7196] 27)
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5. Két qua thue nghiém
5.1. M6 hinh thyec té

Hinh 11: M hinh thye té hé thong

(1): Vi diéu khién STM32F407 (5): Cam bién day dién tro

(2): Driver cau H cong suit quén quanh thanh kim loai
(3): Nguon t6 ong (6): Motor
(4): Qua bong (7): Encoder

5.2. Két qua thuc nghiém thir sai LQR
Hinh 12: D thi chay thue nghiém dién ap Qg

20
w0k | —
— |
s il ‘ ’ |
. e
& of-- el MY %22
S _
o |
Q ]
-10} ] l
_20 | 1 L L 1 1
0 10 20 30 40 50 60

Thoi gian (s)
Bang 10: Nhin xét do thi chay thuc nghiém dién ap thir sai

Qo Q4
Txl(s) | 28.03 7.06
POT (%) | @ %
Exl (V) | 0.135 | 7.63 - 11.21

Hinh 13: D thi chay thuc nghiém goc thanh Qg

10
—Qo0
—Ql
—Q2
Q3
S =GN
E - - -Reference
53
S, o, . r
-5 L L
V] 10 20 30 40 50 60

Thoi gian (s)
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Bang 11: Nhén xét db thi chay thue nghiém géc thanh thir sai

Q, | Q4

Txl(s) | 27.93 | 6.94
POT (%) | & | &
Exl(rad) | 0 | 36

Hinh 14: D6 thi chay thuc nghiém vi tri béng Q,

Vitri (cm)

Bang 12: Nhén xét dd thi chay thue nghiém vi
tri bong thir sai

'[—eo
—Ql
—Q2
Q3
=4
- - -Reference
2 3 4 5 6

Thoi gian (s)

Qo | Oy
Txl(s) | 12.02 | 7.57
POT (%) | @ | @
Exl (cm) | 0.003 | 5.79

5.3. Thue nghiém LQR-GA

Hinh 15: Pién 4ap cip cho dong co (V)

i

Din dp (V)

Vi tri (cm)

-20
0

Sau khi chay thuc nghiém tht sai lan luot
cac gia tri Q, R, nhém tac gia chon thong so nay
cho BbK LQR

1 000
0100
Ouon = 0010 ;Rygp =0.01 (28)
0001
=> K,y =[-55.2948 224053 563987 10.7196]  (29)
Hinh 16: Géc léch thanh beam (rad)
20 '—aGAl
—(‘AZ
wof AR A AN e n =
- Hdn A 1““ { l J
g 0 u”’\”l\l’} “j M | "\‘\ “v }
SR (141 L
10} “‘\U}\"'\‘U L,}‘l‘”‘j ‘J\“‘
20 " L | > !
0 10 20 30 40 50 60
Thoi gian (s)

10 20

30 40 50 60

Thoi gian (s)
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Thoéng qua Hinh 15 dén Hinh 17, ta thay
thong s6 LQR do GA tim ra gitp hé thong hoat
dong thanh cong trén ddi twong BTTG thuc
nghiém. Tuy nhién, viéc ap dung duogc giai
thuat GA ciing da lam thong sé diéu khién sat
hon dén gia tri phu hop. Chat luong chua tbt
ctia thuc nghiém 1a do théng sé6 mé hinh chua
duoc do dac chinh xac hoan toan. Bén canh do,
nhiéu gia 1ap dugc moé ta nhu “thanh beam dong

chat”, “khong c6 ma sat truot giita hon bi va
thanh beam”... 1a khéng hoan toan chinh xéac.
Do d6, GA da giap dua bo thong sb diéu khién
vé khoang chép nhan duogc. Pé hoan thién hon,
viéc chinh stra thong sb truc tiép déi voi thong
s6 K ciia BDK LQR duoc tdi wu hoa & (16) duge
nhom tac gia tiép tuc thuc hién. Thong sb dugc
hiéu chinh véi cac gia tri gan véi gia tri téi vu &
(16) co gai tri nhu sau:

Koy =[65.1659 -25.1824 50.8966 5.2049] (30)

5.4. So sainh LQR-GA da dwoc hiéu chinh va LQR
Két qua so sanh BDK LQR thur sai tir (29) va LQR-GA duoc hiéu chinh tir (30) dwoc hién thi tir

Hinh 18 dén Hinh 20, tir Bang 12 dén Béang 14.

Hinh 18: So sanh dién ap cip cho dong co (V) gitra LQR va LQR-GA sau khi hiéu chinh

~——LQR
——Hicu chinh GA
= =Reference

l
|

Dién ap (V)

L

l 8 1
30 40 50 60

Thoi gian (s)

Bang 13: So sanh di¢n ap cip cho dong co (V) giira LQR va LQR-GA hiéu chinh

LQR LQR-GA Hiéu chinh
Txl (s) 28.03 16.05

POT (%) & %)

Exl (V) 0.135 0.25

Hinh 19: So sanh vj tri qua béng LQR va LQR-GA sau khi hi¢u chinh

—LQR
——Hicu chinh GA
— =Reference

Vitri(cm)

20

30 50 60

Thoi gian (s)

Béang 14: So sanh vi tri bong (m) giira LQR va LQR-GA hiéu chinh

LQR LQR-GA Hiéu chinh
Txl (s) 12.02 14.05

POT (%) & %]

Ex (cm) 0.05 0.03
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Hinh 20: So sanh géc 1éch thanh beam (rad) gitra LQR va LQR-GA sau khi hiéu chinh

:
~——LQR

——Hicu chinh GA
— =Reference

1
20

L L L
30 40 50 60

Thoi gian (s)

Bang 15: So sanh géc thanh beam (rad) giira LQR VA LQR-GA hiéu chinh

LQR LQR-GA Hiéu chinh
TxI (s) 27.93 15.34
POT (%) %) %)
ExI (rad) 0 0

Nhin chung, ca 3 thong sb quan trong cta
hé théng la: dién ap, goc, vi tri bong cua Kior-ca

sau khi hiéu chinh tdt hon KLQ& (dac biét la thoi
gian xac 1a3p som hon), it bi nhicu dao dong hon,
va chuyén dong muot hon.

6. Két luan

Trong bai bao nay, nhém tac gia dung GA
dé hd tro toi vu hoa BDK LQR. Nho sy tdi wu hoa
thong qua cac thé hé, thong s6 tim ra la diéu khién
duoc hé théng. Tuy nhién, do su sai léch gilra
thong s6 mo hinh trén mo phong va trong thuc
té, do su gia dinh chua sat thuc té trong viéc xay
dung hé phuong trinh toan cta hé théng, thong sb

do GA tbi uu hoa van chua dat chét luong tdt hoan
toan. Nhom tac gia da trén co so thong sé LQR-
GA, hiéu chinh thém dé bu trir cho su sai 1éch do,
co duoc BbK tuyén tinh cho hé va c6 chat lugng
hon han BPK LQR chi thong qua tinh chinh thir
sai. Nhu vy, GA t6i uu hoa két hop su hiéu chinh
bu trur sai 1éch mo hinh la mot phuong an 4p dung
duoc cho cac dbi tuong dugc tu ché tao thu cong
trong cac PTN ¢ diéu kién Viét Nam.
Loi cdm on

Chang em chan thanh cam on thay TS.
Nguyén Vin Pong Hai, khoa Dién - Pién tr, Dai
hoc SPKT TPHCM d hd trg, gop y dé hoan thanh
nghién ciru nay
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