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TOM TAT

Nghién cuu nay dwoc thuc hién nham tdp trung vao viéc thiét ké va
thir nghiém trén mé phong bo diéu khién t6i wu cho con quay hoi
chuyén ciia Quanser. V&i myc tiéu la dam bao kha nang bam quy dao
chinh xdc ciia hé thong, viéc diéu khién hiéu qua con quay hoi chuyén
la mot kho khan [6n, dac biét khi sir dung bo diéu khién LOR. Hiéu
sudt LOR phu thugc vao viéc lya chon thi cong cac ma tran trong $6
Q va R, von phirc tap va khé t6i wu khi tham s6 hé thong thay doi. Pé
khdc phuc diéu nay, phwong phap 16i wu héa LOR bang giai thudt di
truyen dd dwoc dé xudt. GA tw dong tim kiém cdc gid tri 161 wu cho Q
vd R dia trén tiéu chudn tich phan tri tuyét doi sai so (IAE), nham dat
dwoc hiéu sudt bam quy dao 16t nhdt va tang cuong do on dinh hé
théng vong kin. Két qud mé phong ban dau véi GA-LOR cho thdy hiéu
sudt cdi thién ding ké: hé thdng dat thoi gian xdc ldp nhanh chong la
1,72s va khong ¢6 do vot 16. Piéu nay ching 16 GA-LOR mang lai tinh
on dinh cao va ddp iing nhanh trong diéu khién con quay hoi chuyén
cuia Quanser, trong moi truong mo phong.

Tir khéa: Bo diéu khién t0i wu, con quay hoi chuyén, gidi thudt di
truyén, LOR, quanser, theo doi quy dao

ABSTRACT

This research centers on designing and testing an optimal controller
for the Quanser gyroscope through simulations. The main goal is to
ensure the system can precisely track trajectories. Controlling a
gyroscope effectively, particularly with an LOR controller, is quite
challenging. The LQOR's performance heavily relies on manually
selecting weighting matrices Q and R. This process is complex and
tough to optimize, especially when system parameters shift. To tackle
this, the study introduces a method to optimize LOR using a Genetic
Algorithm. The GA will automatically find the best Q and R values
based on the Integral Absolute Error (IAE) criterion. The aim here is
to achieve top-notch trajectory tracking and boost the closed-loop
system's stability. Early simulation results using GA-LOR show
marked performance improvements: the system recorded a quick
settling time of 1.72s and zero overshoot. These findings prove that
GA-LQR delivers high stability and a rapid response when controlling
the Quanser gyroscope in a simulated setting.

Keywords: Genetic algorithm, gyroscope, LOR, optimal control,
quanser, trajectory tracking
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1. GIOI THIEU

Su can thiét cua viéce tdi wu hoa cac hé théng
diéu khién trong cong nghiép va nghién ctu da la
mdt thach thirc 16n trong nhleu thap ky (Chen et al.,
2022). De dap tng yéu cau nay, nhiéu loai thiét b1
va co cdu da dugc phat trién, trong d6 con quay hoi
chuyén dong vai tro thiét yeu Pac trung boi kha
nang duy tri dinh huéng va on dinh trong khong
gian, con quay hdi chuyén tré nén pho bién va dugc
ung dung rong rai trong cac hoat dong doi hoi do
chinh x4c cao (Wang & Li, 2021). Cau tric dong luc
hoc phtc tap cta chiing, ddc biét 1a trong bdi canh
diéu khién ti wu, van dang 1a linh vyc nghién ciru
chuyén sau.

Lich str phat trién cac co ciu tuong tu con quay
hdi chuyén c6 thé bit ngudn tir nhitng hé thdng ban
dau, nhung cic nghién ctru gan day khi dugc tién
hanh d3 tap trung vao viéc nang cao hiéu suit va img
dung cua ching (Zhang et al., 2023). Trong bbi canh
nay, cac kién triic dleu khién lién quan da dugc thyc
hién. Cac hé thong on dinh tién tién, cac nén tang da
truc da dugc sir dung dé dam bao sy 6n dinh va do
chinh xac trong cac mdi truong khac nhau, dang
dugc phat trién manh mé (Kim & Park, 2020). Bén
nay, cac nghién ctru chuyén sau vé dong luc hoc va
diéu khién cua cac hé théng phirc tap, bao gdm ca
c4c co cdu con quay hdi chuyén, di c6 nhiing bude
tién vuot bac (Liu et al., 2024). Ngay nay, cac hé
thong nhu con quay hdi chuyén da tré thanh cong cu
khong thé thiéu trong gido duc va nghién ciru, cung
cép nén tang thuc nghiém chinh xac dé kham pha
cac nguyén 1y diéu khién nang cao va tng dung
trong cac linh vuc méi (Nguyen & Le, 2021).

Trong nghién ctu nay, nhom tap trung vao hai
muc tiéu chinh: thiét ké cac bo didu khién t6i wu cho
hé théng con quay hdi chuyén va mé phong qua
trinh diéu khién goc quay cuia con quay dé bam theo
quy dao tham chiéu mot cach chinh xac. C nhiéu
phuong phap thlet ké bo didu khién khac nhau tiy
thudc vao yéu cu va img dung cu the Trong d6, bo
diéu khién LQR 1a mot lya chon ndi bat dé didu
khién bam quy dao cho con quay hoi chuyen nho
vao kha nang t6i wu hoa hiéu sut va can bang gilra
sai s0 bam quy dao voi ning luong diéu khién
(Rahmani & Redkar, 2023).

Tuy nhién, hiéu suat cia LQR phu thugc dang ké
vao viéc lya chon thu cong cac ma tran trong s6 Q
va R. Cac tham s6 ctia hé théng nhu mé-men quan
tinh, ma sat hay luc quan tinh c6 thé thay ddi, anh
hudng dén hoat dong cua toan bo hé théng vong kin,
khién qua trinh lya chon thu cong tré nén phic tap
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va kho dat duoc t6i wu. Dé giai quyét han ché nay,
viéc phén tich, so sanh va danh gia giai thuat diéu
khién tu chinh GA-LQR véi bd diéu khién LQR
kinh dién di dwoc thyc hién va trinh bay trong
nghién ctu.

Muc tiéu 1a sir dung giai thudt di truyén dé tu
dong tim kiém cac gia tri t6i wu cho cac phan tir
trong ma tran Q va R xung quanh cac gia tri khuyén
nghi cia Quanser, nham dat duge hiéu suét tot hon
cho hé théng vong kin. Viéc danh gia hi¢u sudt dugc
thuc hién dya trén tiéu chuan tich phan tri tuyét dbi
sai s6 (IAE). Sau d6, két qua cua bo diéu khién GA-
LQR dugc so sanh v6i bo didu khién LQR kinh dién
su dung céac gia tri Q va R mac dinh cta Quanser
(Quanser, 2013, 2025). Cac phuong phap nghién
chu  dwoc trién khai bing phan mém
MATLAB/SIMULINK, tip trung vao diéu khién
cac goc quay.

2. PHUONG PHAP NGHIEN CUU
2.1. Téng quan con quay hdi chuyén

Con quay hoi chuyén Quanser 3 bac ty do gdm
mot dia dugc gan bén trong mot khép mau xanh,
khdp nay lai dugc gin bén trong mot khép bén ngoai
mau do. Hai khdp nay duogc dat bén trong mot khung
hinh chit nhat viing chic co thé xoay tu do, mang lai
cho n6 3 bac ty do. M6 hinh ¢6 4 dong co DC va bd
ma héa, dé truyén dong cho truc quay ciia dia va cac
khop, cac b ma hoa nay c6 do phan giai cao nham
dé do vi tri cua tat ca cac khép chinh xac Quanser
(Quanser, 2013, 2025).

Hinh 1. M hinh con quay héi chuyén

Bing 1. Cac thanh phin ciia con quay hdi chuyén

STT TEN GOI
1 bia /Rotor
2 Khép mau xanh
3 Khép mau do
4 Khép mau xam
5 Pong co, encoder cho dia
6 Dong co, encoder cho khép mau xanh
7 Pong co, encoder cho khép mau dé
8 Mach diéu khién dong co va ma hoa
9 Dbi trong khoi lugng
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2.2. M hinh héa con quay hdi chuyén

Trong nghién ctru nay, hiéu Ung con quay hoi
chuyén di duoc tmg dung dé diéu khién goc cua
gimbal d6 bang cach tac dong lénh diéu khién lén
gimbal xanh. Khung chit nhat bén ngoai mau xam
dugc cb dinh. Dé hiéu g con quay hdi chuyén ¢
thé phat huy tac dung, rotor ciia hé théng phai dat
duge md men dong luong du 16n theo yéu cau ky
thuat tor Quanser (Quanser, 2013, 2025). Do d6, hé
thdng yéu cau hai bo diéu khién: mot dé diéu khién
toc do goc cua dia va mot dé diéu khién goc cua
khép do.

Hinh 2. H¢ truc toa d9 con quay hdi chuyén

Phuong trinh chuyén dong, biéu dién toc do goc
cua khép dé (y) va khdp xanh (0) (Quanser, 2013,
2025) la:

J 10 + ha//.: 7y
Ji—hg=0
2.3. Xay dung b diéu khién LQR

(1)

LQR 1a mét thuat toan diéu khién tbi wu, dugc
dung dé tim vi tri cuc t6i wu cia hé thong. Qua trinh
thiét k& LQR doi hoi phai xac dinh chi sé hiéu sut
t6i wu va giai phuong trinh Riccati dai s6 dé c6 dugc
d6 loi diéu khién tot nhét. Cu thé, muc tiéu cuia LQR
1a thiét ké mot bo diéu khlen phan hbi trang thai K
sao cho chi s6 hiéu suét J dugc giam thiéu. Trong
phuong phap nay, ma tran d6 loi phan hdi K duoc
thiét ké dé t6i thiéu hoa ham muc tiéu, nham dat
duoc sy thoa hiép gitta viéc st dung nd luc diéu
Kkhién, tAm quan trong cua cac trang thai va tbe do
phan hdi, tir 46 dam bao mot hé thdng on dinh (Nise,
2020; Shetty & Kolk, 2017). Nguoi thiét ké chon gia
tri Q va R chinh x4c dé tim ma trdn do loi K hoan
hao béng cach su dung MATLAB. CAu tric cta bd
didu khién LQR dugc thé hién trong Hinh 3
dudi day.
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error LQR psi_act

CONTROLER

GYROSCOPE
3-DOF

si_rel
=0

»

Hinh 3. So d6 b diéu khién LQR

Trong d6: psi_ref 1a tin hidu diéu khién, psi_act
la ngd ra thuc té cta hé¢ thong.

D6i voi hé con quay hdi chuyén, mo hinh khong
gian trang thai dugc str dung trong nghién ctu nay,
cung voi viée xac dinh cdc ma tran trong s6QvaR
cho thiét ké LQR, déu dya trén tai liéu k¥ thuat ctua
Quanser (Quanser, 2013, 2025). Cu thé, cac phuong
trinh khong gian trang thai c6 dang:

X=Ax+Bu, y=Cx+ Du 2)
V6i lut didu khién LQR duoc xac dinh boi:
u=-Kx 3)

Cac ma tran hé théng va ma tran trong b duoc
cho nhu sau (Quanser, 2013, 2025):

0 0 —109,9557 0
1 0

4| 00

T119,72300 0 0
.0 1 0 0
250
0

B=|  |.c=lotoolp=0[o] (4
0
20 0 0

_|016 0 0 _

9=09 001 o |R=DI
00 0 0,000l

Ma trin d9 loi phan hoi K thu dugc bang cach
giai phuong trinh Riccati dai s6 thong qua ham LQR
trong MATLAB la: K = [0,65 1,79 0,12 0,0045].

2.4. Xay dung bd diéu khién ty diéu chinh

GA-LQR
2.4.1. Thiét ké b¢ diéu khién GA-LOR

Giai thuat di truyén dwoc ap dung dé xac dinh
cac tham s 61 wu cho ma trén trong s6 Q va R cua
b diéu khién LQR. GA ty dong tim kiém céc gia tri
cho Q va R trong mot khong gian tim kiém rong 16n,
khong phu thudc vio bat ky phuong phép kinh
nghiém nao khac. Nhiém vu cua giai thuat GA la
chon loc bo cac thong sb tdi uu cho ma trén trong sb
Q va R cua bo diéu khién LQR, sao cho théa min
ham muc tiéu IAE (Integral of Absolute Error), nhu
(5) dugc trinh bay trong so @6 Hinh 4.
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psi_ref GYROSCOPE | PSi_act

3-DOF

>

Tuning Q, R
Hinh 4. So dd b diéu khién GA-LQR
2.4.2. Luwu do gidi thudt ciia GA

Giai thuat GA dugc hd tro boi phin mém
MATLAB va duoc trinh bay chi tiét trong 5 tai liéu
tham khao (MathWorks, 2026a, 2026b; Ngon, 2008;
Nise, 2020; Thanh va ctv., 2017; Thanh et al., 2022).
Bai bao nay khong nham muc tiéu trinh bay vé giai
thuat di truyén. N6 chi dugc sir dung nhu mot cong
cu dé giai bai toan t6i wu, nham tim dugc cac gid tri
Q opt, R_opt dugc trinh bay véi luu d6 giai thuét
Hinh 5.

A 4
Khai tao quin thé nghu
nhién ban dau cho QR

%

Thiét 1ap LQR vi md phéng

hé vong kin dé x4c dinh e(t)

A

Udc lugng gia tr]

Sinh thé hé moi

1

Céc thu tuc GA: Chon loc,
S Lai tgo, Dot bién

ham muc tiéu J

b

Luugiari Q, R

A 4

K&t thie

Hinh 5. Luu db tién trinh gidi thuat di truyén dé
xac dinh thong so b dieu khién LQR

~ Giai thuat di truyén dugc xac dinh boi (5), (6)
tién hanh t61 uvu hda dua theo ham muc ti€u tham
khao trong (Ahmmed et al., 2020; Alouache & Wu,

37

Tdp 62, S6 24 (2026): 34-41

2018; Flores-Moran et al.,
Devanshu, 2017; Sharma et al.,
Magaji, 2014):

2018; Meena &
2014; Yusuf &

IAE - J = T|e(t)| dt (5)

trong d6 e(t)= psi_ref— psi_act

Giai thuat GA dugc ap dung dé tim kiém céc gia
tri Q.opt, Reopt tOi ru clia b diéu khién LQR, ma ¢ d6
cac ham J dat gia tri cuc tiéu. Vi vay ham muc tiéu
cua giai thuat GA la:

Fitniss = min {J}  (6)

Nham gi6i han khong gian tim kiém cua gidi
thuat GA, chung toi gia thiét cac gia tri toi uu Qop,
Rope Nam trong mot khoang nhit dinh xung quanh
cac gia tri mac dinh hoac khuyén nghi cia Quanser
(Qquanser, unanser)- Khoéng tim klém néy du(yc dll’lh
nghia bédi cac gidi han dudi Ib va gidi han trén ub.
Viéc xac dinh cac bién nay 1a can thiét dé gidi han
khong gian tim kiém, boi viéc tim kiém trong mot
khong gian khong gi6i han doi hoi thoi gian tinh
toan rat 1on va khong hiéu qua. Diéu nay ciing giup
dam bdo hi€u qua tinh todn va kha ning hoi tu cua
giai thudt. Cac bién nay dugc xac dinh dya trén cac
gia tri ban dau tham khao tir Quanser, v6i bién dudi
bang 0,01 lan va bién trén bang 100 lan gia tri ban
déu twong tng.

0.01x Qquaser < Qopt < 100x Qquaser
0.01x R opt <100x R quaser

quaser =
3. KET QUA VA THAO LUAN

(7

Trong bai bao nay, viéc kiém ching duoc tién
hanh trén 3 quy dao khac nhau dé danh gia tinh 6n
dinh cua hai bd diéu khién dugc trinh bay trong so
6 Hinh 6.

Psi Ref

> 1

o= PtscmR

%= Ax+Bu
y=Cx+Du

Gyroscope 3 Psi_GA LOR Psi
EEVYEY Psi_rad_to_deg

=Cx+Du
Gyroscope

Torque

Psi_deg_to_rad
Hinh 6. So d6 b didu khién LQR, GA-LQR
So d6 Hinh 6 gdm hai bd diéu khién: bo diéu
khién LQR véi cac thong $6 mac dinh dugc tham
khao tir Quanser (Quanser, 2013, 2025) va bo diéu
khién GA-LQR do nhém tac gia da xay dung. Muc
dich 1a dé so sanh va danh gia chét luong cua hai b
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didu lghién nay trén cing mot mé hinh con quay hdi
chuyén.

3.1. Déi twong diéu khién

Déi tugng diéu khién 1a con quay hdi chuyén
Quanser v6i cac thong s6 nhu trong Bang 2
(Quanser, 2013, 2025).

Bing 2. Cac thong so clia con quay hoi chuyén

Ky L -
hi¢u Gia tri Y nghia
J,  0,0039 Kg.m*> M0 men quan tinh truc y

J,  0,0223 Kgm?
h 0,44 Kg.m?/s

MO0 men quéan tinh truc z
M6 men quan tinh rotor

Céc tham s6 cua giai thuat di truyén dugc thé
hién qua Bang 3

Bang 3. Cac tham ) gidi thuat duy truyén

S c4 thé trong quin thé 50
S6 nhiém sic thé trong
& 5
ca thé
S6 gen trong nhiém sic thé 10
Xac suit dot bién 0,01 -0,1
Xic sudt lai ghép 0,1-0,9
S6 thé hé tdi da 100
Bién duéi Ib [0,01 10,01 0,01 1]
Bién trén ub [3301110]

Céc tham sb cAu hinh giai thudt quan trong, anh
hudng truc tiép dén chat luong va tdc do ti uu hoa.
Trong nghién ctru ndy, cac gia tri nay dugc lua chon
thong qua mdt qua trinh thir nghiém va tinh chinh
lap di lap lai dya trén nhiéu 1an mé phong so bo dé
t6i wu hoa két qua.

3.2. Két qua mé phéng

D¢ danh gia toan dién hi¢u suét bam quy dao cua
bd dicu khién, ba dang tin hi¢u tham chiéu chinh da
duoc su dung.

Tin hiéu séng vuong: Quy dao tham chiéu 1a mot
tin hiéu séng vudng vdi bién d6 20 va tan s6 0,1 Hz,
duoc mo ta boi phuong trinh:

z(t) = 20- square(0.27zt) )]

Két qua ghay mod phong bd didu khién LQR véi
bd dicu khién GA-LQR dugc trinh bay tu Hinh 7
dén Hinh 9.
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So sénh dép mg goc Psi cia h¢ con quay héi chuyén

Thei gian (5)

Hinh 7. Pap ung géc psi cia LQR, GA-LQR

Dap tmg ciia LQR va GA-LQR déu cho thiy kha
nang bam quy dao tot véi sai s6 nho. Tuy nhién, GA-
LQR thé hién hiéu sut vuot trdi rd rét trong céac giai
doan qua do (5s, 10 s, 15 s), dap trng nhanh va chinh
xac hon déng ké. Sy cai thién nay chimg t6 qua trinh
t6i wu hoa bang giai thuat di truyén da tang cuong
dong luc hoc, gitip giam thoi gian xac 1ap.

So sanh dap ing géc Psi ctia hg con quay héi chuyén (Zoom tir Os dén 0.5s)
0

Géc Psi (d9)

Wper
===V

— VYoaigr

Thoi gian (s)

Hinh 8. Dap tng goc psi cia LQR, GA-LQR
trong khoang thoi gian 0Os dén 0,5s

Trong 0,5 giay déu, LQR c¢6 su cham tré rd rét
va bam sat kém hon. Diéu nay khang dinh hiéu suat
nhat quan cia GA-LQR & moi pha chuyén tiép, ké
ca giai doan khoi dau.

Hinh 9 cho thay tin hiéu diéu khién GA-LQR c¢6
cuong d 16n hon va thoi gian tic dong ngan hon
LQR. Piéu nay minh chimg cho kha ning bam quy
dao nhanh va chinh xac vuot trdi cia GA-LQR, nho
qué trinh t&i wu hoa bang giai thuat di truyén.

Tin hi¢u séng sin: Quy dao tham chiéu 1a mot tin
hiéu song sin voi bién d6 20 va tan s 0,1 Hz, dugc
mo ta bdi phuong trinh:

z(t) = 20- sine(0.2xt) 9)



Tap chi Khoa hoc Dai hoc Can Tho

So sanh dap trng Tin higu didu khién ctia hé con quay hdi chuyén
04 . . . . h .

Tin higu didu khién (N.m)

Hinh 9. Pap tng diéu khién ciia LQR, GA-LQR

So sanh dap tg géc Psi ciia h¢ con quay héi chuyén

Gec Psi (d8)

Wher
e 0757
Yaaror

Thoi gian (s)

Hinh 10. Pap ung goc psi cia LQR, GA-LQR

bdi véi tin hiéu soéng sin, cd LQR va GA-LQR
déu bam quy dao rat t6t. Tuy nhién, GA-LQR van
cho thiy kha ning bam chinh xéc va tr& pha it hon,
tiép tuc khang dinh hiéu suat vuot troi.

Sau cung la quy dao tham chiéu 14 mét tin hiéu
ngau nhién véi bién do 20 va tan sd thay d6i 0,1 Hz,
dugc mo ta béi phuong trinh: z(¢) = 20- R(¢) (10)

So sénh dap img géc Psi cia hg con quay hdi chuyén

Yoy
=== Vin \

— Yagr

Géc Psi (d0)

Thoi gian (s)

Hinh 11. Pap &ng goc psi cia LQR, GA-LQR
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Dbi v6i tin hiéu ngdu nhién, GA-LQR thé hién
kha nang bam quy dao vuot trdi so voi LQR, theo
sat cac bién dong phuc tap cua quy dao tham chiéu
mdt cach hi¢u qua hon.

Nhim dinh lwong va minh hoa rd rang hon céc
chi tiéu chit luong cua dap Gmg qua do, dic biét 1a
d6 vot 16 va thoi gian xac 1ap, dap ung budc cua hé
thdng khi sir dung LQR va GA-LQR duogc trinh bay
trong Hinh 12. Cac chi tiéu nay duoc téng hop chi
tiét trong Bang 4

So sanh dap tmg géc Psi ciia h¢ con quay hdi chuyén

_______________

Goc Psi (d0)

Hinh 12. Pap wng buéce ciia LQR, GA-LQR
Bang 4. So sanh cac chi tiéu chit lwgng hé thong
Tiéu chuin chit lwgng (psi) LQR GA-LQR

Vot 16 (%) 0 0
Thoi gian xac 1ap (s) 2,0 1,72
Sai s0 xac lap (d6) 0,92 0,11

Sau qua trinh t6i vu hoa bo diéu khién LQR béng
giai thuat GA véi 50 thé h¢, bo diéu khién thu duoc
da duoc ap dung cho mé hinh hé théng diéu khién
nhu Hinh 6. Dé dam bao v nghia cua sy so sanh, b
diéu khién LQR kinh dién duoc sir dung voi cac
thong s6 Q, R chuan tir nha san xuat Quanser va
khong thay doi cac gia tri nay. Két qua tir Bang 4
cho thiy dép tmg cua hé thong khi sir dung bo diéu
khién LQR duoc ti wu bang GA vuot troi hon so
v6i bo diéu khién LQR kinh dién, voi thoi gian xac
1ap 1a 1,72s va khong c6 do vot 16.

Trong trudng hop cac tham sO cua dbi tugng
thay ddi thi théng so6 LQR vua tim dugc tr GA
khong con t6i wu va can phai chay lai giai thuat GA
dé tim bo thong s6 méi phu hop.

4. KET LUAN

Trong bai bao nay, mot phuong phap tim kiém
gié tri toi wu ciia bo diéu khién LQR bang giai thuat
GA da duogc trinh bay, théa man ham muc tiéu IAE.
Uu diém 16n cuia phuong phap ndy la kha nang thiét
ké bo diéu khién t6i ru ma khong can quan tam dén
mé hinh toan cua ddi tuong diéu khién, baoi 18 cac
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giai thuat GA chi dya trén céc tin hiéu vao ra do dac
dugc tir hé théng. Tuy nhién, nhuoc diém cia
phuong phap nay 1a doi hoi phai chay rat nhiéu vong
lap dé xac dinh gia tri ham muc tiéu trong qua trinh
ap dung giai thuat GA, diéu khong phai lic nao ciing
kha thi trong thyc té. Dé ung dung trong thuc té, viéce
trang bi thém cac thiét bi do tin hiéu 1a can thiét,
gitip cho viéc thiét ké bo diéu khién thoi gian thyc
tro' nén kha thi.

Tiép nbi nhitng nghién ciru nay, giai doan hién
tai cia nhom tép trung vao vi€c nghién ctru va mo
phong dé téi uu hoa bo didu khién LQR cho con
quay hodi chuyén, str dung giai thuat GA lam cong
cu cai thién. Moi phan tich va thir nghiém dang dugc
thyc hién trén moé hinh dugc xdy dung dua trén
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