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TOM TAT

Bai bdo nay trinh bay mét phieong phdp diéu khién dw bdo mé hinh (MPC) cho robot da
huéng ba banh. Phwong phdp dé xudt sir dung chién lwoc tim kiém t6i wu don gian dé giam thiéu
dé phike tap tinh todn, dong thoi duy tri kha nang theo doéi quy dao chinh xdc. Cdc thi nghiém mé
phong trén cdc quy dao khdc nhau cho thdy phirong phdp MPC dat dwoc sai s6 trung binh thap va
xik Iy 10t cdc yéu to phi tuyén nhw trieot banh xe va nhiéu cam bién IMU. Két qua nghién ciru cung
cap co s6 khoa hoc cho viéc dp dung phwong phap MPC trong cdc g dung robot da huwéng yéu

cau do chinh xac cao.

T khéa: Robot da hudng; Piéu khién di bdo mé hinh; Bdinh xe omni; Piéu khién phi
tuyén, Theo doi quy dao.

ABSTRACT

This paper presents a Model Predictive Control (MPC) method for three-wheeled
omnidirectional robots. The proposed MPC method employs a simplified optimization search strategy
to reduce computational complexity while maintaining accurate trajectory tracking capabilities.
Simulation experiments on various trajectories (circle, square, and figure-8) demonstrate that the
MPC method achieves low average error and effectively handles nonlinear factors such as wheel
slip and IMU sensor noise. The research results provide a scientific basis for applying MPC in

omnidirectional robot applications requiring high precision.

Keywords: Omnidirectional robot;, Model predictive control; Omni wheel; Nonlinear

control; Trajectory tracking.
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1. PAT VAN PE

Robot da hudéng dang ngay cang dugc
stt dung rong rdi trong nhiéu linh vuc tir san
xuat cong nghiép dén dich vu va giai tri, nho
kha nang di chuyén linh hoat trong cac khong
gian han ché [1]. Khac vdi cac robot di dong
thong thudng, robot da hudng c6 thé di chuyén
theo bat ky hudng ndo ma khong can thay doi
huéng cua khung xe. Pic diém nay mang lai
loi thé 16n trong cac Gmg dung yéu cau do chinh
xac va linh hoat cao [2].

Trong sb cac cau hinh robot da huéng,
thiét ké ba banh omni duoc wa chudng nho
tinh don gidn va hi€u qua [3]. Tuy nhién, viéc
diéu khién loai robot nay gip nhiéu thach thirc
do tinh phi tuyén trong mé hinh dong hoc va
cac yéu td bat dinh nhu trugt banh xe, ma sat
va nhiéu tir cam bién. Cac phuong phap diéu
khién truyén thdng nhu PID thuong khong du
kha nang xtr 1y hiéu qua cac yéu té phirc tap nay

[4].

Piéu khién du bio md hinh (Model
Predictive Control - MPC) la mét phuong phap
diéu khién tién tién c6 kha nang du doén hanh
vi twong lai ctia hé thong va tdi uu hoa cac dau
vao diéu khién [5-7]. Tuy nhién, viéc trién khai
MPC thuong doi hoi cac cong cu tdi uu hoa
phuc tap, gay kho khén trong viéc ap dung trén
cac hé thong nhing véi tai nguyén tinh toan
han ché.

Trong nghién cuu nay, ndi dung trinh
bay mdt phuong phap MPC don gian cho robot
da hudng ba banh, st dung chién lugc tim kiém
t6i wu hidu qua dé giam thiéu do phic tap tinh
toan. Muc tiéu chinh ctia nghién ciru bao gom:
(1) Phét trién mot phuong phap MPC don gian
va hi¢u qua cho robot da huéng ba banh; (2)
Mo phong va danh gia hiéu suit ciia phuong
phap trén cac quy dao khac nhau; (3) Phan tich

kha nang xu 1y céc yeu to bat dinh nhu trugt
banh xe va nhiéu cam bién.

2.VATLIEU VA PHUONG PHAPNGHIEN
cuU

2.1. M6 hinh Robot da hwéng ba banh
2.1.1. Céu tricc vit Iy

Robot da huéng ba banh dugc nghién
ciru ¢6 dang hinh tron véi ba banh xe omni
duoc dit cach déu nhau 120° trén duodng tron
(Hinh 1). Mbi banh xe c6 thé quay quanh truc
ctia n6 va c6 kha nang di chuyén vudng goc véi
hudng quay, cho phép robot di chuyén theo bat
ky hudng nio trong mit phang.

Céc thong sb vat Iy chinh ciia robot bao
gom:

* Ban kinh robot (R): 0,2m;

* Ban kinh banh xe (r): 0,05m;

« Khoang cach tir tdm robot dén tim
banh xe (L): 0,15m,;

« Van tdc banh xe t6i da: 40 rad/s.
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Hinh 1. Cdu triic vt Iy ciia robot da hwéng ba
banh, thé hién vi tri va huong cua cac banh xe
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2.1.2. M6 hinh dong hoc

bong hoc thuan (Forward Kinematics):
dong hoc thuan chuyén ddi tir van téc banh
xe thanh van tc cua robot trong khong gian
Cartesian:

—sin(8+§} sin(e+§) —sin(ﬁ-l-%z)
i mird e 3|
wl 3 3 3 3 :

Wy

1 1
L L L
Trong do:

* 0,0, 0lavan tde gbc cua ba banh xe.

* 0 12 hudng cua robot trong h¢ toa do
toan cuc.

*VeV, 1a van toc dich chuyén trong hé
toa dod toan cuc.

« ® 1a van tdc gdc cua robot.

* r la ban kinh banh xe.

« L 12 khoang cach tir tim robot dén tim
banh xe.

bong hoc nguoc (Inverse Kinematics):
DPong hoc nguoc chuyén doi tir van tdc mong
mudn cua robot trong khong gian Cartesian
(vén toc dich chuyén Vo V, va van toc goc ®)
thanh vén toc goc cia moi banh xe. Mdi quan
hé nay dugc mo ta bdi phuong trinh:

T
o . —sm(ﬁ + gj
Iwzl = 2| —sin(f +m)

W

T
CDS(B +§) v
cos(f+m) L vy]

i - (9+5H) (9+5H) L
5in 3 COs 3

Cac phuong trinh dong hoc nay la co s&

de phat trién bd dicu khién MPC va mo6 phong

hanh vi cta robot.

2.1.3. Mé hinh truot va ma sdt

Pé mo phong chinh xac hon hanh vi
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cua robot trong moi truong thuc t&, cac yéu to
anh hudng sau dugc dua vao mé hinh:

1) Ma sat: Nghién cuu xem xét hai loai ma sét
anh huéng dén hoat dong robot: ma sat mat dat
(hé s6 0.01) phat sinh tai diém tiép xuic gitra
banh xe va bé mat va ma sat khép (hé s6 0.005)
trong cac co cdu truyén dong. Viéc mo hinh hoa
ca hai loai ma sat gitp mo phong chinh xac hon
hanh vi robot trong méi trudng thuce té va hd trg
bd diéu khién MPC du doan, bu trir hiéu qua
cac anh huong dong luc hoc phuec tap.

2) Hiéu wng trwgt banh xe: Nghién ctru mo
hinh hoa hai loai trugt banh xe: trugt doc (theo
huéng quay - Longitudinal slip) v6i phan phéi
Gaussian (trung binh 0.01, d6 léch chuin 0.005)
va truot ngang (vudng goc voi hudng quay
- Lateral slip) ciing véi phan phdi Gaussian
(trung binh 0.005, d léch chuan 0.002). Anh
huong cua trugt duge mo hinh hoa bﬁ‘mg cach
giam van tbc thyc té so véi van toc 1y thuyét
cua banh xe. Viéc md phong ca hai hiéu ung
nay giup bo diéu khién MPC du doan va thich
tmg tot hon voi cac diéu kién bat dinh trong
mai truong thuc té. Anh hudng cua trugt banh
xe dugc md hinh héa bang cach giam van tdc
thuc té ctia banh xe so véi van toc 1y thuyét:

=0 x (1-slip)

actual command

Vi gbc trugt ngang, chung toi st dung
mo hinh:

Vx = Vmagnitude X Cos(slip_angle) X (1 — lateral_slip_factor X sin®(slip_angle)?)

Vi = Vmagnitude X Sin(slip_angle) X (1 — lateral_slip_factor X cos? (slip_angle)?)

2.2. Phuong phap diéu khién dw bio mé
hinh (MPC)

2.2.1. Nguyén ly hoat dong

Diéu khién du bao mé hinh (MPC) la
mot phuong phéap di€u khién tién tién dya trén
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viéc du doan hanh vi twong lai cta hé thong
va to1 uu hoa cac dau vao diéu khién. Phuong
phép MPC hoat dong theo céc bude co ban sau:

1) Po trang thai hién tai: Xac dinh vi tri (x, y)
va hudng (0) hién tai cta robot.

2) Du doan trang thai twong lai: Str dung mo
hinh dong hoc dé¢ du doén vi tri va hudng trong
N budc tiép theo (horizon N).

3) Xac dinh quy dao muc tiéu: Xac dinh cac
di€ém muc ti€u trén quy dao mong muon cho N
budc ti€p theo.

4) Toi wu hoa dieu khién: Tinh toan cac dau
vao dicu khién toi vu dé giam thiéu sai so gilra
quy dao du doan va quy dao muc ti€u.

5) Ap dung diéu khién: Chi 4p dung dau vao
diéu khién cho budc dau tién.

6) Lap lai chu trinh: Cap nhat trang thai hién
tai va ldp lai cac budce trén.

2.2.2. Du doan trang thai

Pé du doan trang thai tuwong lai cta
robot, nghién ctru sit dung mo6 hinh dong hoc
don gian hoa. Cu thé, tai thoi diém k va véi dau
vao diéu khién 1a van toc banh xe 0, ®,,
trang thai ti€p theo cua robot dugc du doan nhu
sau:

1) Tinh toan vén tdc robot tir van tc banh xe str
dung phuong trinh dong hoc thuan.

2) Cap nhat huéng ctarobot: 0, =0, + o x dt.
Véi dt 1a khoang thoi gian gitra hai budc lién

tiép.

3) Cap nhat vi tri cua robot:

X, = X (v, cos(,) - v, sin(0,) ) xdty,, =y,

+ (v, sin(0,) - v, cos(0,) )xdt

Vi dt = 0,05s 1a khoang thoi gian gitra
hai buéc lién tiép.

Bang cach lip lai qua trinh nay trang
thai ctia robot trong N budc tiép theo (N = 15
trong nghién ctru nay, tuong duong véi 0,75
gidy) c6 thé duoc du doan.

2.2.3. Ham chi phi

Ham chi phi duogc thiét ké dé can bang
gitta do chinh xac theo doi quy dao va nd luc
diéu khién. Ham chi phi tong thé bao gém ba
thanh phan chinh:

1) Chi phi vi tri: Phat sai 1éch gitra vi tri du
doan va vi tri muc tiéu:

[position = Wpos X EF: 1Yi x ”(Xi' Yi) - (Xtarget,iJYtarget,i )”2

2) Chi phi huwéng: Phat sai 1&ch gitra vi tri du
doan va huéng mong mudn:

_ N i
]orientation = Worient X Ei:ﬂ’ x ‘ei - 8ciesired,i‘

3) Chi phi diéu khién: Phat nd luc diéu khién
dé tranh thay doi dot ngot:

N i
Jcontrol = Weontrol X Zi:ﬂ"l X ”m'i”2

Trong do:

W o,W.. W

. 1‘303 orl‘ent cogtrol
ung voi tung thanh phan.

v € (0,1]1a h¢ so gidm (discount factor)
dé uu tién cdc hanh dong sém hon trong
horizon.

Il k¥ hi¢u chuan Euclidean.

1a cac trong sd tuong
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Trong nghién clru nay, cac gia tri duoc
su dung bao gom W, =40.0,w . = 5.0, W
=0.05 vay=0.95. Nhung tham s6 nay duoc
lya chon cén than dé can bang glu’a dd chinh
xéc theo ddi quy dao va nd lyc diéu khién, dong
thoi tao ra phan Gmg diéu khién mugt ma va on
dinh cho robot da huéng ba banh.

2.2.4. Phwong phdp t6i wu héa don giin

Thay vi str dung céc cong cu toi vu hoa
phirc tap, nghién ctru nay dé xuat mot phwong
phap tim kiém hiéu qua trong khong gian diéu
khién. Phuong phap ndy bao gdm céc budc sau:

1) Tinh toan diéu khién co sé: Dya trén 15i

vi tri va hudng hién tai, tinh todn mdt dau vao

di€u khién cosé: v, = mln(K ><||e Jv. Jo=
mear max-

K, x e, Trong do: €, a 161 vi tr1 hlen ta1 €t

12 13 huong hién ta1 K K, la cac h¢ s ti 1,

v__ 14 gi6i han van tdc.

max

2) Chuyén doi sang van toc banh xe: Su dung
dong hoc ngugc dé chuyén doi van toc mong
muon thanh van toc banh xe co so.

3) Tao cac bién thé dieu khién: Tao mot tap

hop cac bién thé cua diéu khién co s¢ bang cach

thay doi cac hé so v, v, ® trong mdt pham vi
. X y

xac dinh:

ml,base X VXyar

mz,base X V¥var

mB,base x Wyar

Wiest =

4) Panh gia chi phi: Tinh ton chi phi cia mdi
bién thé bang cach md phong phan tng cua
robot va tinh tong chi phi trong horizon.

5) Chon diéu khién t6i wu: Chon bién thé co
chi phi thap nhat lam dau vao diéu khién.

Thuit toan 1: Thuit toan t8i wu héa don gian cho MPC

procedure OPT-WHEEL-VEL(x, y, 0, target_trajectory)

1:

2:

3

4: v_linear «— compute linear velocity(e pos)
5: o < compute angular velocity(e theta)
6

7

8

cost_min «— o
0,0, 0,+0,0,0
9: forv x var € [0.7,1.3] do
10: forv_y var € [0.7, 1.3] do

24:  retun o, 0,, O,
25: end procedure

e_pos « compute_position_error(x, y, target_trajectory)
e theta «— compute orientation_error(6, target trajectory)

[, _base, , base, ®, base] < kinematic_transform(v_linear, )

11: for o_var € [0.7, 1.3] do

12: v_test «— v_linear x [v_x var,v_y var|

13: ® test «— ® X @ _var

14: [o,_test, w,_test, o,_test] < kinematic_transform(v_test, o_test)
15: [o,_test, o, test, o,_test] « clip_to_limits(w, _test, o,_test, ,_test)
16: cost «— simulate_cost([o _test, w,_test, o,_test], target_trajectory)
17: if cost < cost_min then

18: cost_min «— cost

19: 0, 0,, 0, o, _test, o, test, o, test

20: end if

21: end for

22: end for

23:  end for
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2.3. Thiét 1ap méd phong

Céac mo phong duoc tién hanh dé danh
gi4 hiéu suit cua b diéu khién MPC véi thong
sO: tan sd diéu khién 20Hz (dt = 0.05s), thoi
gian m6é phong 30 gidy, horizon du dodn 15
bude (0.75 gidy), va 7 mau cho mdi chiéu cua
bién diéu khién. Ba quy dao tiéu chuin duoc
str dung: hinh tron (ban kinh 1.0m) dé danh gia
kha ning duy tri van toc goc khong doi; hinh
vudng (canh 1.5m) dé thtr thach kha niang xu
Iy chuyén hudéng dot ngdt; va hinh sé 8 (2.0m
x 1.0m) dé kiém tra kha ning thich ung véi
thay d6i dong thoi van toc va huéng (Hinh 2).
Mo phong dugc thyc hién trong Python voi mo
hinh robot va bd diéu khién MPC nhu da mo ta.

(a) (b) (©)
Hinh 2. Ba quy dao dwoc sir dung trong mo phong:
(a) Hinh tron, (b) Hinh vuéng, (c) Hinh s6 8

3. KET QUA VA THAO LUAN
3.1. Hiéu suit theo déi quy dao

Hiéu suét theo ddi quy dao ctia phuong
phéap MPC dugc danh gia qua cac thi nghiém méo
phong trén ba loai quy dao dac trung. Bang 1 trinh

bay két qua dinh lugng vé sai s6 theo doi quy dao.

Bdng 1. Hiéu sudt theo déi quy dao ciia MPC

Qu§ dao Sai‘sf') trung A-Sai ) RMSE
binh (m) toi da (m) (m)

Hinh tron 0,0009 0,0012 0,0009

Hinh vudng 0,0009 0,0118 0,0013

Hinh s6 8 0,0010 0,0021 0,0010

Két qua cho thdy phwong phap MPC
dat d6 chinh xéac cao voi sai sb trung binh dudi
Imm trén ca ba quy dao. Quy dao hinh tron
cho hiéu suat t6t nhat (sai s t6i da 1,2mm) nho
tinh lién tyc trong chuyén dong. Quy dao hinh
vuodng dit ra thach thirc 16n hon véi sai s6 tdi da
1én dén 11,8mm tai cic goc, nhung sai s6 trung
binh van duy tri & murc thap (0,9mm). Quy dao
hinh s6 8, du doi hoi thay dbi lién tuc ca toe do
va hudng, van dat hiéu suét tdt voi sai sb tdi
da chi 2,1mm. Hinh 3 cho thiy quy dao thyc té
gan nhu tring khép véi quy dao mong mudn,
v6i sai léch khong dang ké ngay ca tai cac diém
ubn cong phirc tap.

Figure 8 Trajectory (Time: 151.50s)

=== Target Trajectary |
—— Actual Trajectory

. -1.2% -l00 -075 -050 -025 Q00 ] 0.50 0.75 100
Hinh 3. Quy dao thiee té cia robot khi s dung
phuong phap MPC trén quy dao hinh so 8.

3.2. Phan tich van toc banh xe va 15i vi tri

Hinh 4 trinh bay bién thién van toc cla
ba banh xe khi robot theo ddi quy dao hinh s6
8. Quan sat cho théy bo diéu khién MPC tao ra
hd so van tdc mugt ma cho ca ba banh xe, voi
bién do dao dong nam trong khoang -2,6 rad/s
dén 3,0 rad/s. Dic biét, tai cac diém chuyén
huong, su thay ddi van toc dién ra lién tuc ma
khong co dot bién, gop phan giam thiéu hién
tuong rung lic va ting do on dinh trong qua
trinh di chuyén.
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Wheel Velocities

2.0 1
=z 1.5 4
= 1.0 4
E 05
= 0.0 4
e
£ 315
-2.01
-2.5 J T T
(+] 20 40 60 80 100 120 140
Time (s)
Hinh 4. Van toc cua ba banh xe khi robot theo doi
quy dao hinh 5o 8.

Hinh 5(a) thé hién sai s vi tri theo truc
x va truc y khi robot theo ddi quy dao hinh sd
8. Sai sb dao dong véi bién d6 nho va hoi tu
nhanh vé khong sau cac diém chuyén huéng,
v6i gia tri toi da khong vuot qua 2,1mm. Piéu
nay ching t6 kha nang thich img nhanh cua bd
diéu khién MPC véi cac thay doi trong quy dao
muc tiéu.

Hinh 5(b) minh hoa sai s huéng quay
cua robot, dao dong trong khoang +0,12 radian
(khoang +6,9 d9). Pang chu ¥, tai cac diém
ubn cong ciia quy dao hinh s6 8, bo diéu khién
MPC c6 kha ning dy doan va diéu chinh hudng
trude, giam thiéu hién twong qua diéu chinh
(overshoot) thuong gap trong cac phuong phéap
diéu khién truyén thong.

Position Error

0.0020
0.0015
0.0010 4
0.0005 4
0.0000 4
—0.0005 4 ___ Error X

Error (m)

—0.0010 "
—0.0015 4 ErrorY f
—0.0020 4 —— Total Error
—0.0025
0 20 40 B0 80 100 120 140
Time (s)
(a)

Orientation Error

0.100 | —— Orientation Error
0.075 +
0.050 4
0.025 1
0.000 +
=0.025 +
=0.050 +
—0.075 1
—0.100 +

Error {rad)

—0.125 T
o 20 40 60 80 100 120 140
Time (s)

(b)
Hinh 5. Sai s6 khi robot theo déi quy dao hinh s6
8: (a) Vi tri theo truc x, truc y; (b) Hudng quay.
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3.3. Anh huwéng ciia nhiéu va truot banh xe

Hinh 6 thé hién anh huong cua nhiu
IMU dén hiéu suit theo ddi quy dao ctia robot
khi di chuyén theo hinh sb 8. Két qua cho thiy
phuong phap MPC duy tri kha ning chéng chiu
t6t khi mirc d6 nhidu ting 1én. Cuy thé, khi do
léch chuan nhiu tang tir 0,01 dén 0,1 radian,
sai sO trung binh chi tang tir 0,00108m 1én
0,00118m, twong duong v&i muc ting khoang
9%.

RMS Error vs IMU Noise Level

s s v v -
anz 004 006 008 o1
MU Neise Level

Hinh 6. Sai s6 trung binh ciia robot khi theo déi quy
dao hinh s6 8 véi cac mike 6 nhiéu IMU khdc nhau.

PeMS Error v Slip Standand Deviation Level
Q00148 § S —

ooooo

[T adin [T [T [T LT
Sip Standard Devistion

Hinh 7. Anh hwong cua truot doc dén hiéu suat
theo doi quy dao.

Tuong ty, Hinh 7 minh hoa dnh hudng
cua hi¢u tng truot doc dén hiéu suit theo doi
quy dao. Khi hé sd truot doc ting tir 0,005 dén
0,03, sai s trung binh tang tr 0,00108m 1én
khoang 0,00118m (ting 9,3%). Két qua nay

chimg t6 bo diéu khién MPC ¢6 kha nang thich ¥
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ung tot véi cac dicu kién bat 1gi nho co ché du
doan va toi uu hoa diéu khién lién tuc.

3.4. Thoi gian tinh toan

Thoi gian tinh toan trung binh cho mdi
vong lap diéu khién 1a 5,587ms, du dé dap ung
yéu cau diéu khién thoi gian thyc véi tan sb
20Hz (chu ky 50ms).

3.5. Thao luan
3.5.1. Uu diém ciia phwong phdp MPC dé xudt

Phuong phap MPC dat hiéu suat theo
ddi quy dao cao véi sai sb trung binh dudi 2mm,
da cho nhiéu ung dung thyc té. Kha niang dy
doan va thich tmg giup giam thiéu hién twong
quéa diéu chinh tai cac diém chuyén hudng. Bo
diéu khién thé hién kha niang chéng chiu t6t véi
nhidu va truot banh xe, dong thoi duy tri chi
phi tinh toan hop 1y (5.587ms/chu ky) cho phép
trién khai thoi gian thuc.

3.5.2. Han ché va cdi tién tiém nang

Phuong phap tim kiém hién tai c6 thé
hoi tu dén t6i wu cuc b thay vi ti wu toan cuc.
M6 hinh dong hoc dugc st dung bo qua mot
s6 hiéu ung dong luc hoc phtc tap, va phuong
phap chua xt 1y cac rang budc nhu tranh
chudng ngai vat. Cac hudng cai tién bao gom:
cai thién chién lugc tim kiém, tich hop mo hinh
hoc may dé mé phong chinh xac hon cac hiéu
{g phi tuyén, va phat trién phuong phap xtr 1y
cac rang budc phuec tap.

3.5.3. Ung dung thuc té
Phuong phap MPC d& xuit co tiém

nang ung dung trong robot dich vu di chuyén
trong moi truong phuce tap, AGV trong logistic

tu dong, robot kiém tra va giam sat co s¢ ha
tang, cling nhu nén tang robot giao duc chi phi
thap.

4. KET LUAN

Nghién ctru nay da trinh bay mot phuong
phap diéu khién dy biao mé hinh (MPC) don
gian va hi¢éu qua cho robot da hudng ba banh.
Phuong phéap st dung chién lugc tim kiém tdi
uu don gidn nham giam thiéu d¢ phic tap tinh
to4an ma van duy tri hidu sudt cao. Két qua mo
phong trén ba loai quy dao khac nhau cho thay
bo diéu khién dat sai sd trung binh dudi Imm
va sai s6 t6i da dudi 12mm, dong thoi thé hién
kha niang chéng chiu t6t v6i nhidu IMU va
hi€u ing trugt banh xe. Véi thoi gian tinh toan
trung binh 5.587ms cho mdi chu ky diéu khién,
phuong phap phii hop cho trién khai thoi gian
thuc trén cac hé théng nhung. Nhimng két qua
ndy moé ra tiém niang tmg dung trong nhiéu linh
vuc tir robot dich vu dén logistic ty dong, noi
yéu cau do chinh xéc cao trong di chuyén.

Loi cam on:

Nghién clru nay duogc tai tro boi Truong
Pai hoc Bach Khoa, Pai hoc Qudc gia Thanh
phé H6 Chi Minh théng qua dé tai ma sb T-CK-
2023-04. Ching t6i cam on su hd tro vé thoi
gian va co sé vat chét tir Truong Pai hoc Bach
Khoa (HCMUT), Pai hoc Quéc gia Thanh phd
Ho6 Chi Minh (VNU-HCM). %
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