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TOM TAT
Xe dap, xe may la nhitng phwong tién giao théng rat khé d@é giir thang bang Véi nhiing
nguwoi méi bat dau. Nguwoi diéu khién phdi cho xe di chuyén lién tuc (diéu khién vdn téc xe) nham
gidt xe thang bang. Véi sy phét trién cua ky thudr diéu khién tw dong, viéc diéu khién thang bang
xe dap, Xe may ngay khi xe dirng yén da dwoc thuc hién héa. Trong bai bao nay, nhom tac gia
lwa chon doi twong la mé hinh xe dap tuw thang bang dwge diéu khién béi mét banh da. Tir do,
cAc két qua nghién ciu ve gidi thugt di truyen (Genetic Algorithm-GA) nham t6i wu héa bg diéu
khién LQR truyén thong diroc ¢ong bé. B diéu khién (BDK) LOR hay con goi la bo diéu khién
t6i wu ¢ kha nang diéu khién gid thang bang tét cho cdc doi twong phi tuyen (con ldc ngwot
quay, hé béng thanh...) véi s hé tror ciia GA nham chinh dinh ma tran trong so Q trong viec giai
phuwong trinh Riccati, tao thanh BPK LOR-GA da toi wu héa BPK LOR truyén thong. Hé thong
da diroc rt ngan thoi gian xac ldp. BDK LOR-GA cho khd nang va do tin cdy cao trong viéc
g dung thuc té cho cac hé thong xe tu Idi, xe dap thang bang cho tré tap lai, phiong tién giao
théng twong lai. Viéc sir dung gidi thugt LQR-GA cho hé thong trén dwoc ching minh t6i wu hon
qua tirng thé hé & ca mé phong (Matlab/Simulink) va mé hinh thuc té.

Tir kKhoa: xe dap, xe may; diéu khién thang bang; bé diéu khién (BPK) LOR; gidi thugt di
truyén;, BDK LOR-GA.

ABSTRACT

It is difficult to control balance vehicles such as bikes or motorbikes when you are a
beginner. In order to control balance for the above a vehicle, a human must hold vehicles
move a variable step, or know as control velocity. Nowadays, automatic engineering is
advanced more and more, engineers can control balance bikes or motorbikes when they are
not moving. In this paper, the authors choose a model which is a self-balancing bike
controlled by a wheel. Then, the research results about GA application for optimizing Linear
Quadratic Algorithm (LQR) are published. LQR Controller can control balance for bikes or
motorbikes. However, in order to get high quality, the authors suggest optimizing traditional
LQR controller. Authors use GA to search Q, with Q is searched, Riccati equation is optimized.
LQR-GA controller can apply into self-driving vehicles, self-balancing bicycle for training
children and future vehicles. Results of LQR-GA are verified better through generations on
Matlab/Simulink simulation and real model.

Keywords: bikes; motorbikes; control balance; LQR controller; genetic algorithm; LQR-GA
controller.

1 GIGI THIEU gia tél}g. DPéi véi Céf:A qU(f)c gia chua cﬂ() nér?

’ ) Kinh té cao, phuong tién st dung luu thong ca

Xa hoi dang ngay cang phat trien kém  nhan da phan 1a xe dap, xe may. Pay 14 nhing

theo nhu cau di lai cla con nguoi ngay cang  phuong tién c6 gia thanh thip so véi phuong



16 Tap Chi Khoa Hoc Gi4o Duc Ky Thugt Sé 54 (09/2019)
Truong Dai Hoc Sw Pham Ky Thugt TP. Hé Chi Minh

tién cao cap nhu xe hoi... Cac phuong tién
giao thong hai banh véi wu diém gia thanh
vira phai, dé dang su (dung, tuy nhién mat do
lwu thong day dic tiém an nhiéu rai ro kho
tranh khoi. Xe dap, xe may la nhitng phuong
tién von di di khong tu thang bang dugc, song
vGi mot su va cham nhe ciing du lam xe c6 thé
nga ngay lap tac. Nhom tac gia véi mong
mudn ap dung k¥ thuat diéu khién nham diéu
khién xe dap, xe may c6 thé tu thing bang
duoc va chdng lai duoc nhiing tac dong, duy
tri duoc trang thai 6n dinh khi c6 su cb. Qua
d6, nham dong gop cac nghién ciu khoa hoc
vao thyc té trong tuong lai gan. O nudc ta,
nhitng nghién ciu vé xe dap ty thiang bang da
c6, song ¢6 rat it nhitng nghién ciu va bai bao
khoa hoc. Trén truong qudc té, viéc phat trién
xe dap hay md td ty thing bang dang dugc
phét trién manh mé, dién hinh 1a cac hang san
Xuat mé t6 nhu Honda, Suzuki, Yamaha, ...
V6i rat nhiéu giai thuat duoc nghién cau va
tng dung. Viéc nghién ctu giai phap diéu
khién thang bang cho xe dap la can thiét cho
nhiing tng dung nhu ché tao xe dap tu thing
bang cho tré em tap 14i, ché tao robot dap xe
tu thing bang va di chuyén. Ngoai ra, giai
phap diéu khién thang bang cho xe dap ciing
c6 thé &p dung Ién xe may, mo td, tir d6 co thé
hd tro nguoi diéu khién gitr dugc thiang bang
tay lai khi c6 va cham khoéng mong muén
trong quéa trinh diéu khién phuong tién. Dé
giir thang bang cho xe dap hay xe may, mot sb
tac gia da sir dung nguyén ly con quay hoi
chuyén [1-4]. Mot s cac nha nghién ctiu khac
sir dung banh da dé diéu khién véi giai thuat
PID [5]. Trong bai b4o nay, nhom tac gia st
dung banh da (hay dia tron) dé diéu khién
thang bang cho mé hinh xe dap — nghia 1a giit
cho md hinh xe khong bi ngé vé hai phia ngay
ca khi xe dang dung yén bang cach két hop
giai thuat di truyén (Genetic algorithm-GA)
t6i wu hoa giai thuat LQR (LQR-GA). GA
dugc tng dung trong bai bao nay nhiam nang
cao chat lwong cho BPK LQR. GA Véi uu
diém cho cac két qua tét dan 1én théng qua
céc thé hé di truyén s& 1a mot giai phap hitu
hiéu dé téi wu hoa cac thdng s6 cua cac bod
diéu khién truyén théng truéc day. Cac két
qua tur viéc ap dung LQR-GA da duoc thu

nghiém trén cac doi tuong phi tuyén nhu con
lac nguoc xe [6, 7].

2. MO TA TOAN HQC HE XE PAP TU'
THANG BANG SU DUNG biA
TRON PIEU KHIEN

Xe dap tu thang bang sir dung dia tron
diéu khién gébm mot dia tron dugc gan vao
truc mot dong co, dong co duge gan lién véi
than xe sao cho mat dia tron vudng goc voi
mat phang chtra 2 banh xe nhu hinh 1-2. Dé
giir thing bang cho xe thi dia tron duoc dicu
khién boi dong co phai xoay voi lyc moment,
toc do hop 1y.

Ta c6 cAu trac ciia md hinh “xe dap tu

thing bang sir dung dia tron diéu khién” nhu
hinh 1.

N
DPia
diéu khién Phuong
<:= thang ding 12
Than  p———) L1
xe dap \

0 >

Hinh 1. Cdu triic ciia mé hinh xe dap tir thang
bang suwr dung dia tron diéu khién

Thong s6 ctia hé thong duoc thé hién ¢ bang 1
bén dudi.

Bing 1. Thong s6 hé thong

Ky | Dom M6 ta
hiéu Vi
Khoang cach tir O dén trong tam
L m
xe dap
L o | Khoang céch tir O dén diém lap
dia tron dieu khién
m, Kg Khéi luong xe dap
m, Kg | Khéi lugng dia tron didu khién
0 Rad Goc |¢Ch$ than’ xe dap so vai
phuong thang dung
¢ Rad | Goc xoay dia tron
I, kg.m? | M6-men quan tinh xe dap
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I, kg.m? | M6-men quan tinh dia tron
g m/s? | Gia tdc trong truong
T Nm/A I\D/Ig-men diéu khién cua doéng co

M6 hinh toan hoc cua hé théng duoc
thanh 1ap tir viéc ap dung phuong phép lugng
tur Lagrange [8] nhu sau:

)
d a'_‘ a_ 7, (1=12)
dt aq| aql

Vi L 1a phuong trinh Lagrange dugc xac
dinh bé1:
L(a,9)=K(a,9) -V (a,9) (2)
K 14 dong ning va V 1a thé nang cua hé.
7, 1a tong céac luc lién két tac dong vao hé
théng.
q=[q, qz]T =[6 ¢]T la cac thanh phan
lién két tao nén hé thng.

Chu trac vat ly cua h¢ théng duoc thé
hién ¢ hinh 1. Tl c4u tric cta hé thong dugc
dat trén h¢ truc toa do Oxy nhu ¢ hinh 1, ta
xac dinh duoc dong nang va thé nang ctia hé
nhu (3) va (4) (néu xép xi sin@~0 ;
sing~¢; cosp~cos@~1 (néu h¢ thong &

quanh vi tri can bang) [8]:

K:lmuf+m4;+h+bw2

2

1 )
+1,0¢+= 1,4

2
V =(mL +m,L,)gcosé
~(mL, +m,L,)g

Tu (3) va (4) ta xac dinh dugc phuong
trinh Lagrange dya theo (2). Sau do, tinh toén
theo (1), ta c6 dugc phuong trinh toan hoc cia
hé nhu sau:
(MmLZ+m,L2+1,+1,)0+ ¢
—(mL, +m,L,)g6 =0

L,(0+¢)=T, (6)

T (5) va (6), phuong trinh toan hoc cta
hé thdng dwoc mb ta vai tin hiéu diéu khién 1a

(4)

()

mé-men dugc viét lai véi phuong trinh trang
thai nhu sau:

6] o100 9] To

6| |b/a000 [|[@] [-1/a

= + T,

4| |0001 $| |0 (")
é -b/a000|4| [(a+],)/(al,)
Trong do:
a=mLZ+mL+l, b=(m L +m,L,)g (8)

Nham muc dich don gian cho viéc diéu
khién dong co DC, cac tac gia dd quy doi tin
hiéu diéu khién tir mé-men sang dién ap. Mbi
quan hé gitra dién ap cip dong co va mo-men
tac dong duoc mo ta thong qua ti sb truyén
dong co nhu sau [8]:

V= Lm%-i- R.i+K.®, 9)
T, =Ki (10)
T, =N,T, (11)
Bing 2. Thong s6 ciia dong co
h‘;{l }f/‘i”“ Mo ta
\Y Von | Bién &p cap cho dong co
K, m Hang s6 md-men dong co
o, Rad/s | Téc d6 goc dong co
L, H Gia tri cuon cam dong co
R, Ohm | Giatrj dién tré dong co
i A Dong dién qua dong co
T, kg.m? | M6-men phét sinh cta dong co
K, kg.m? | Hang s6 md-men xoin dong co
N, m/s? | Ty sb truyén dong co

Véi gia tri cuon cam nho hon rat nhiéu
S0 Véi gia tri dién tré (L, <<R_), ta co thé
viét lai céng thuc (9) nhu sau:

V=Ri+Ka, (12)

M&i quan hé giita toc d6 dong co va tde
dd vong quay banh xe nhu sau:

o =9
{a)m = Nga)r (13)
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Trong d6: 14 toc do goc béanh xe.

Tir (9-13), mdi quan hé gitta dién ap cap
cho dong co va md-men tac dong cua dong
co duogc xac dinh nhu sau:

T, =N,K (V -KN @) /R,

Tu (7), (8) va (14), m6 hinh toan hoc cua
hé xe dap tu thing bang st dung dia tron diéu
khién duoc viét lai véi tin hiéu ngd vao diéu
khién dién ap nhu sau:

(14)

o) [0 0100 0
é 9 ay 00 ay bz
.|=A] [+BV, A= B=
¢ ) 0001 0 (15)
¢'5' ¢ a, 00 a, b,
y=[1 00 0[0 644
Trong do:
Ay =b/a, Ay :(KtKeNgz)/(aRm)’
b
a41:_51a44:_(a"'Iz)(KtKeNzg)/(alsz)’ (16)
b, =-K\N, /(aR,),b,=(a+1,)K\N, /(al,R;)
Bién trang théi:
X =0 X =X
X =6 X, = f.(X)+ b, (X)u
=0 _ = 109+b,09 -
X, = ¢ X3 =%
x,=¢ (X =F00+by(x)u
Voi o () =ayx +a,x, , b(x)=b ,

fz (X) = auX +auX,,

b, (x) =b,

Phuong trinh (15) véi mot ngd vao la tin
hiéu diéu khién (dién &p V), ngd ra gém hai
tin hiéu la goc léch than xe ¢ va goc xoay
dia tron ¢ thé hién dic trung cho mot hé
thdng phi tuyén SIMO mat vao hai ra.

3. GIAI THUAT PIEU KHIEN
3.1 Giai thuat LQR

Véi céu trac don gian nhung tinh on
dinh cao, BDK LQR thuong dugc dé xuat
cho dieéu khién robot can bang. Hé thong

dugc mo ta lién tuc theo thoi gian nhu sau

[9] (néu hé théng & gan vi tri 1am viéc):
X = Ax+Bu (18)

Trong d6, ma tran A, B dugc xac dinh tur
cong thuce (15).

(2)
1) 3

g =9.80665(m/s?);
m, =1.655(Kg);

m, =0.43(Kg) ;

L, =0.13(m) ;

L, =0.18(m) ;

K, =00649(Nm/A); —
Hinh 2. M6 hinh xe
K, =0.0649(Vs /rad) ; dap tw thang bang sir
N, =1; R, =6.83(Q) ; dung dia tron diéu khién.
2. (1): Than xe, (2): Dia
| =0.0338(KO): 50 dicu khién, (3) MPU
|, =0.000774(Kgm?);  Sensor, (4): Péng co va
Encoder

Thong qua thdng sé6 & md hinh 2, ta xé4c
dinh dugc ma tran A, B nhu sau:

0 1 0 0

A_|37:9095 0 0 00082
| 0o o 0o 1 (19)
-37.9095 0 0 -0.8053
B=[0 -0.1255 0 12.4002]
Xét ma  tran  diéu khién

r=[B AB A’B A’B],rank(r) =4, ta két
hop vé6i sé bién trang thai 12 4 nén hé thong
6 thé dieu khién duoc.

Trong bai bao nay, ngoai viéc thiét ké
md phong hé théng trén phan mém
Matlab/Simulink, nhom tac gia con xay dung
md hinh thuc nghiém duoc diéu khién théng
qua bo diéu khién trung thm CPU 1a vi xir ly
ho STM32, hai cam bién gém cam bién do
nghiéng MPU do goc nghiéng than xe va
encoder do goc xoay dia tron. Do vay, hé
thdng tir phi tuyén lién tuc theo thoi gian s&
duoc dua vé hé thdng roi rac véi thoi gian
ldy mau 12 0.01s.
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Ta chuyén ma tran A, B vé dang roi rac
twong tng ma tran A, , By nhu sau:

1.0019 0.0100 0 0.0000 -0.0000
0.3793 1.0019 0 0.0001 -0.0013
d 1 Bd (20)
-0.0019 -0.0000 1 0.0100 0.0006
-0.3778 -0.0019 0 0.9920 0.1235
Luat diéu khién hoi tiép:
u=-KXx (21)

Dé tim ma tran K, st dung lénh “digr”
trén ctra so Iénh cta phan mém Matlab dé
giai phuong trinh Riccati nhu sau:

K =dlgr(A,,B,,Q,R)

Trong d6 R 1a ma tran xac dinh duong. Ta
chon R=1. Ma tran Q c6 dang:

(22)

4, 0 0 0
|0 a, 0 O

=1y o 4. O (23)
0 0 0 aq,

Thong thuong, dé tinh toan don gian,
ngudi thiét ké thuong chon Q, 14 ma tran don
vi. Tuy nhién, cac thanh phan cia ma tran Q
ké trén anh huong dang ké dén vector K diéu
khién, tir &6 anh huéng dén chat lugng BDK.
Vi vay, néu nguoi thiét ké xac dinh duoc ma
tran Q tdt s& gilip nang cao chét luong BPK
LQR. Pé thyuc hién viéc nay, nhom tac gia dé
Xuat giai phép st dung GA & xac dinh ma
tran Q tbi uu.

3.2 Giai thut di truyén téi wu bo diéu
khién LQR

Dé nang cao chat lugng diéu khién hé
thdng, chiing ta can tinh toan vector K t6i wu.
Bén canh do, K bi anh hudng bdi ma tran
trong s6 Q. Khi ting hodc giam cac thanh
phan ctia ma tran Q s& lam thay d6i chat lugng
diéu khién ctia hé théng. Tuy nhién, viéc ting
giam hay chon dung cac thanh phan ctia ma
tran Q dé rut ngin thoi gian xac 1ap cua hé
thong khong hé don gian. Nhom tac gia dé
Xuét str dung GA nham tim kiém duoc ma tran
Q tbi wu dé nang cao chét luong diéu khién.

Gidi thuét di truyén

goc than xe

van téc goc than xe
Dién ap diéu khién

goc xoay dTa tron N .
B§ diéu khién LQR

van téc dia tron

Xe dap tu thang bang
s(r dyng dTa tron didu khién

Hinh 3. So do hé xe dap ty thang bdng véi
mot dia tron dwoc diéu khién boi LOR-GA

Ham muc tiéu dugc chon nhu sau [10]:

J= Zn:(elél +€,€,) (24)

Trong do:
=0y =0 : sai sO gitta 6, mong mudn va

6’(0 hién tai.

€ =@y — @ : sai sO gitta ¢, mong mudn va
¢y hién tai.

n 1a s6 mau trong mot 1an mo phong.

Thong qua cong thirc (24), gia tri ctia ham
thich nghi dya trén ¢ va €,. Chuong trinh
duogc viét trén phan mém Matlab véi thoi gian
lay mau 1a 0.01s va chay trong 100s. Theo do,

s6 mau sé 1a 10001.

Khd&i tao quén
thé ban didu

Tinh toan ham
muc tiéu

ng|Jmin=J Umg v&i ca
thé t5t nhat

Gitr lai ca the tot
Lai ghep
Dot bidn

Hinh 4. Luu do ciia GA [10]
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Két qua tir chuong trinh GA duoc tinh
toan khoang 100 thé hé. Sau khoang 100 thé
hé, gia tri cua ham thich nghi dugc hién thi &
hinh 5.

100 v
a | J1=92.8342 ng voi the hg thir 1 |
=W J2234.7999 (g v0i té hé thi 40
a2 o J3=10.0162 g V51 thé hi ths 88 |
O 4 |
< 207 .
0 20 4 60 8 100

SH thé hé
Hinh 5. Gid tri ham thich nghi qua cdc thé hé
Tuong Ung voi J1, J2, J3, cac ma tran Q
duoc xac dinh:
7858 0 0 O
0 3138 0 0

_ 25
Ql 0 0 444 0 (25)
0 0 0 89135
42707 0 0 O
0 4588 0 O
_ 26
2 0 0 2694 0 (26)
0 0 0 6564
802 0 0 O
0. = 0 73249 0 O 7
*10 0 88105 0
0 0 0 9529

~ Tu (20), (22), (25), (26), (27) ma tran
di€u khién ctia cac BDK LQR1, LQR2, LQR3
duoc xac dinh nhu sau:
LQR, : K, =[-10082 -1645 -2 -8]
LQR, : K, =[-13629 -2224 -21 -14] (28)
LQOR, : K, =[-18123 -2958 -69 -26]
4. KET QUA MO PHONG VA THUC
NGHIEM
4.1 Két qua md phéng

Két qua mo phong hé thdng dugc thé
hién & hinh 6-7.

s LQR1 véi J1=92.8342
- - LQR2 v&i J2=34.7999| |
—LQR3 v&i J3=10.0162

-
a

-

e
o

Gdc than xe so vdi
phuong thang ding (d6)
o

oy
2]

-10 : é 1‘0 ’II5 20
Thi gian (giay)
Hinh 6. Két qua mé phong géc léch than xe
Vi cac gia tri ham muc tiéu J nho dan,
cac BPK LQR tuong tmg gitp rit ngan thoi
gian x4c 1ap. Luc nay thoi gian xéac 1ap céac
BDbK LQRI1, LQR2, LQR3 tuong tmg 1a 15s,
7s, 3s. Tuy nhién, goc chénh 1éch trong khoang
thoi gian qua do 2 gidy cho thdy BPK LQR2
va LQR3 (I6n hon 2*107° d6) lai 16n hon so
véi géc chénh 1énh dugc tao ra tr BPK LQR1
(0.6*10° d6). Nhu vay, theo két qua nay thi
GA chi gitip cho BDK LQR rat ngin duoc
thoi gian xac 1ap géc nghiéng than xe qua cac
thé hé chir khdng gitp giam goc chénh léch
qua do. Két qua nay ciing di duoc chung
minh tuong tu & két qua nghién cau [11].

0.3

-------- LQR1 voi J1=92.8342
- = LQR2 voi J2=34.7999
——LQR3 voi J3=10.0162

o
[N

0.1
:

Van tic
dra tron didu khién (rad’s)

10 15 20
Theéi gian (gidy)

Hinh 7. Két qua mé phong van toc dia tron

Thoi gian xac 1ap van toc diéu khién dia
tron cac BDK LQRI1, LQR2, LQR3 tuong
ung la khoang 16s, 7s, 2.5s.

4.2. Két qua thwe nghiém

Hinh 8. Qua trinh dléu
khién mo hinh thang bang
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LQR1 voi J1=92.8342]
15 - LQR2 v6i J2=34.7999
—LQR3 v6i J3=10.0162

Géc than xe so voi
phuong thang ding (d6)

Thoi gian (giéy)
Hinh 9. Két qua thiee té goc léch thén xe

Thong qua két qua diéu khién thuc
nghiém nhu hinh 9, ta dé dang thdy dugc
BDK LQR3 gitip dap tmg goc léch than xe tot
hon han so v6i BPK LQR2 va LQR1. Tur két
qua nay, nhom tac gia da so sanh voi két qua
diéu khién bang giai thuat PD cling trén d6i
tugng 12 mo hinh xe dap tu thang bang [12].
Trong tai liéu trén, 4 truong hop Gng vdi Cac
thong s6 khau ti 1& va khau vi phan khac nhau
cho cac chat lugng diéu khién goc léch than
xe khac nhau da duoc trinh bay. Chat luong
gdc 1€ch than xe tr BDK LQR3 — duogc chinh
dinh tir viéc g dung GA trong bai bao nay
da tot hon han 3 trong tong sb 4 truong hop tir
nghién ctru [12]. Géc 1éch than xe duoc diéu
khién bdi LQR3 dao dong 6n dinh d6i xtmg tir
-0.5 (d0) dén +0.5 (dd). Trong khi goc léch
than xe dugc diéu khién boi giai thuat PD [12]
dao dong tir -1.5 (d6) dén +1 (d9).

- LQR1 ve&i J1=92.8342
1000 - - LQR2 v&i J2=34.7999
—LQR3 véi J3=10.0162

o
o
o

Van toc
dia tron diéu khién (rad/s)

(=]

&
o
o

-1000 ' ! ' '
0 2 4 6 8 10
Thoi gian (gidy)

Hinh 10. Két qud thyc té van toc dia tron

Qua nhiéu 1an thuc nghiém, nhom tac gia
rat ra nhan dinh véi BBDK LQR thi co ban ¢6
thé diéu khién thing bang duoc xe. Tuy nhién,
trong qua trinh diéu khién nham duy tri trang
thai thang béng, dia tron diéu khién thuong
xuyén thay d01 chiéu quay véi mot toe do rat
nhanh gy mit nhiéu ning luong cong suét,
ddng thoi gdy ra nhidu lam tin hiéu van tdc dia
tron vuot qua 500 rad/s (s do nay khong
chinh xac). Vi ham muc tiéu J3, BDK LQR3
da khic phuc duoc van dé nay. Nhu ¢ hinh 10,
trong khi BPK LQR1 v&i nhiédu luc dia tron
phai thay d6i van toc nhanh, BDK LQR2 tdt
hon LQR1 véi ham muyc ti€u nhé hon. Sau
cung, BDK LQR3 véi J3=10.0162 mang lai
su 6n dinh cho tdc do xoay cua dia tron. Luc
nay, van toc xoay dia tron khong con co sb
liéu a0 vuot qua 500 rad/s nhu 6 2 BDK
LQRI1, LQR2. Qua do6 tiét kiém duoc cong
suat diéu khién va thoi gian xac 1ap.

5. KET LUAN

Nhu vay, thong qua cac thé hé tim kiém,
giai thuat di truyén da tim kiém duoc ma tran
Q voi gia tri ham muc tiéu tuong tng giup t6i
wu héa BDK LQR truyén thong. bap ung
thang bang ctia than xe duoc nang cao, toc do,
cong suét diéu khién dia tron da duoc thuyén
giam dang ké, gitp cho hé thong dap tmg t6t
va tiét kiém duoc nang lugng.
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