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Nghién ctiu mo phong va thiét ké robot xe can bang
Mai Nhat Thién?, Nguyén Hoang Phuc®

Tom tit:

Bai bao trinh bay cach thiét ké va cach thic xay dung robot xe can bang hai banh, thong qua su
két hop ctia con quay hdi chuyén va gia t6c MPU6050 thiét 1ap thiét bi phat hién vi tri cta xe.
Trong d6, nhiém vu cta bd diéu khién Arduino UNO la ti€p nhan va xt Iy thong tin dé duy
tri trong tdm ctia xe dtng yén vdi sai s6 nho vé goc nghiéng ctia than xe véi nén khi xe chuyén
dong. Dac biét, hé thong diéu khién st dung bo diéu khién PID gitip xe c6 thé nhanh chéng dat
duoc trang thai 6n dinh khi 6 tac dong cua mot luong giao thoa nhiéu tor moi truong.

T khoa: xe cin bﬁng hai banh, MPU6050, Arduino UNO, PID, mach cau L298N
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Research and Design of Balanced Robot.

Mai Nhat Thien?, Nguyen Hoang Phuc®”

Abstract:

The paper presents the design and construction of a two-wheeled self balancing robot, through
the combination of gyroscope and accelerometer MPU6050 to set up the vehicle's detected
position. In which, the task of the Arduino UNO control board is to receive and process
information for maintaining the vehicle's center of gravity stationary as well as to make small
errors in the tilt angle of the vehicle body with the ground that the vehicle is moving. In
particular, the PID controller is used to quickly help the vehicle by reaching a stable state that
affects a certain amount of the interferenced environment.

Keywords: two-wheeled balance vehicle, MPU6050, Arduino UNO, PID, L298N bridge circuit
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Dit van dé

Xe can bang hai banh hoat dong theo nguyén Iy con 1ic ngugc. Robot c6 thé tu gitr can
bang . Nghién cttu vé phuong phéap diéu khién va thyuc nghiém mo hinh robot tur can bang
hai banh duoc thuc hién boi nhém nghién ctu M.R.M. Romlay va cdng su (Shekhawat &
Rohilla, 2020). Ngoai ra, nhom tac gia Ian D. Loram Martin Lakie da nghién ctu diéu khién
vi tri bang cach chuyén dong ngdn cho con lic ngugc ty can bang than nguoi (Loram &
Lakie, 2002).

Mo hinh xe tu can bang hai banh duoc nghién ctru xay dung mo hinh toan hoc va mo
phong trén cac phan mém Matlab/Simulink dung trong giang day tai cac truong (Hellman
& Sunnerman). Ngoai ra mo hinh dong luc hoc trén con 15c nguoc da duoc nghién ctru
trudc d6 (Glad & Ljung, 2006; Ooi, 2003). Ngay nay ciing c¢6 nhiéu nhém nghién ctu vé
robot xe can bang hai banh nhu nhém M.R.M. Romlay va céc cong su (Romlay et al., 2019).

Trong bai bao nay, ching toi nghién ctru vé bo diéu khién PID cho xe can bang , trong
tam ctia bai bdo trinh bai néi vé mo hinh toan hoc va md phdng thuc nghiém béng phan
mém Matlab/Simulink trén déi tugng xe can bang hai banh. Bai bao nay duoc tém tét bao
gbobm mo ta phuong trinh toan hoc, két ndi mach dién cia mo hinh thyc nghiém va trinh bay
két qua dat duge va mot s6 nhan xét duge dua ra.

Doi tugng va phuong phap nghién ctru
Doi tugng

C6 thé cho rang vi du phé bién nhat vé con lac nguroc 6n dinh 1a con ngudi. Mot ngudi
dtng théng hoat dong nhu mot con 1ic nguoc v6i chan lam truc va néu khong diéu chinh
co bdp nho lién tuc thi sé bi nga. Hé thong than kinh ctia con ngudi chita mot hé thong kiém
soat phan héi vo thiic, cdm giac thiang bang hodc phéan xa gitt thing bing, st dung ddu vao
cdm nhan tir méat, co va khép ciing nhu ddu vao dinh huéng tir hé thong tién dinh bao gém
ba kénh ban khuyén 6 tai trong, va hai co quan sdi tai, dé thuc hién nhitng diéu chinh nhé
lién tuc cho céac co xuong dé gitr cho chting ta dtng thang.

Khi hé xe c6 xu huéng nga vé phia trudc thi lac d6 hé thong sé tac dong vao hai dong
co, dua cho hé xe trd vé vi tri can bang. Hinh 1 xe c6 xu huéng nga vé phia bén tay trai, ltc
nay hé thdng sé cap xung hop li vao dong co dé diéu khién dong co chay vé huéng phia bi
nghiéng va can bang. Tuong tu nhu cho hinh 3.

Dé 6n dinh con ldc & vi tri ddo nguoc nay, c6 thé sit dung hé thong diéu khién phan
héi, theo ddi géc ctia con lac va di chuyén vi trf cia diém xoay sang mot bén khi con 1ac
bat dau roi xudng, dé gitt cho né can bang nhu hinh 2. Con ldc nguoc la mot bai toan kinh
dién trong ly thuyét dong luc hoc va diéu khién va duoc st dung rong rai lam chudn muc
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dé thtr nghiém céc thuat toan diéu khién (bo diéu khién PID, mang no-ron, diéu khién mo,
thuat toan di truyeén...).

Trang thai
cin bing
C—

Tién t6i

Hinh 2 Hinh 3

Phwrong phdp nghién citu

Robot can béng hai banh hoat dong st dung b diéu khién Arduino UNO véi bd cam
bién MPU (cdm bién két hop gia toc k& va con quay héi chuyén) dua vao phuong phap diéu
khién PID (Ty 1é-Tich phan-Dao ham). Cam bién MPU, bao gém con quay héi chuyén va
gia toc ké&, lién tuc theo doi huéng va chuyén dong ctia robot. Con quay héi chuyén phat
hién van t6c goc, cung cap thong tin chi tiét vé goc nghiéng ctia ro-bot va toc dd nghiéng vé
phia trudc hodc phia sau, trong khi gia toc ké do gia toc tuyén tinh, cho biét liéu ro-bot co
nghiéng sang mot bén hay khong. Phuong phép diéu khién PID, dong vai tro 1a bo ndo cta
hé théng, lién tuc so sanh goc thang dtng mong mudn véi goc thuc t& duge phat hién béi
cadm bién MPU. Bo diéu khién PID diéu chinh t6c d6 dong co ctia banh xe robot qua mach
cau L298N. Qua trinh 1dp di 14p lai nay dam bao ro-bot tu dong diéu chinh tdc do banh xe
dé chéng lai nhimg sai léch so véi vi trf can bang mong mudn, cho phép ro-bst duy tri 6n
dinh va thdng dtng trong nhiéu diéu kién khac nhau.

Ta c6 so d6 bod diéu khién PID nhu sau:

Fl
Setpoint > @ € | PIDcontroller f—p l.{ Plant —_——

Hinh 4. So 6 bd diéu khién PID
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. e: tin hiéu sai s0.
« F: lyc nhiéu moi truong bén ngoai.

« u: dién ap diéu khién.

Khi d6 ta c6 duge ngd ra ctia bo diéu khién PID la:
PIDyy: = Kye(t) + K, [, e(t) dt + Kz~-e(t) (1)
Trong dé

- Kp, Ki, Kd 1an lugt 1a hing s6 ty 18, tich phan va dao ham tuong tng v6i cac bo diéu
khién ty 1¢, tich phan va dao ham.

- e(t) 1a tin hi¢u 16i thé hién goc léch truc X mong mudn va thyc t& cta robot.

Gia trj ti 1¢ xac dinh tac dong cuda sai s6 hién tai, gid tri tich phan xac dinh tac dong
clia tong céc sai s6 qua kha, va gia tri vi phan xac dinh tac dong cua téc do bién doi sai s6.
Tong chap ctia ba tac dong nay dung dé diéu chinh qua trinh thong qua mot phan ti diéu
khién nhu vi trf cia van diéu khién hay bo nguén ctia phan ti gia nhiét. Nho vay, nhimng
gia tri nay c6 thé lam sang té vé quan hé thoi gian: P phuy thudc vao sai s6 hién tai, I phu
thudc vao tich 1ty cac sai s6 qua khtr, va D du doan cac sai s6 tuong lai, dua vao toc do thay
d6i hién tai.

So d6 va lyc tac dong 1én hé xe hai banh tu can bﬁng duoc thé hién nhu 6 hinh 5, 6.

) W - 'ZD
1 a

Hinh 5. Hinh 4nh m6 t4 robot xe hai banh can bang



Banh
tréi

Hinh 6. Phan tich luc tic dong 1én 2 banh xe
Trong d6, cac thanh phan cta hé duoc liét ké ¢ bang 1:
Bang 1. Ky hiéu va y nghia cua cac dai lugng
Ky hiéu Pon vi Y nghia
M Kg Khéi lugng robot
M, Kg Khoi lugng banh xe
r m Ban kinh banh xe
Op Rad Go6c nghiéng cta than robot
B Rad GOc xoay cua banh xe
O Rad/s Véan toc goc cua banh xe
R Ohms Dién trd cia dong co
L H Do ty cam cua day quan dong co
k, Nms/rad Hé s6 ma sat
k, Nm/A Hé s& moment
K, Vs/rad Hé s6 Back emf cta dong co
a rad/s? Gia t6c goc cua dong co
\A v bién ap cap cho dong co
V. Vv Dién ap phan tng
i A Dong dién phan tng
L Kgm? Moment quan tinh cua dong co
Tm Nm Moment cta dong co

21
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Ky hiéu Pon vi Y nghia
L, Kg.m? Moment quan tinh ctia banh xe
L Kg.m? Moment quan tinh ctia than xe

Khoang céch tir tam banh xe dén tdm trong

1 m
truong cta than xe
H H.P P, N Luc tac dong gitta banh xe va than robot
C.Cy Nm Moment ddng co tac dong lén banh xe
H,.H, N Luc ma sét gitta banh xe va mét phing
p Hé s6 hiéu chinh

Ly thuyeét diéu khién
MO0 hinh dong hoc ctia xe dong co DC

- e[S 3
" IrR IRR gl (2)

Ap dung dinh luat Newton tinh dugc téng luc tac dong lén banh xe theo phuong

ngang:
EFx:M& (3)
ij& == HfR - HR

Téng luc tdc dong vao truc banh xe:
E MO = la (5)

Iwéw = ER — HfRT (6)

Tt phuong trinh dong hoc cua dong co DC, ta c6 moment cta dong co:

d
T = In d—{: + 1, (7)
Tt phuong trinh dong hoc va phuong trinh vi phan caa dong co DC, ta c6 moment
ngo ra tong quat cua dong co ctia dong co:

czfﬁi—m ’ff“fe + fm A ®)

Thay phuong trinh (8) vao phuong trinh (6) ta du’qc.

" — . ( )
j{mke km

_ —kmke 4 k hy 3 10
Hpg = =0, + 2Vo = 20, 10
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Phuong trinh cho banh trai:

. —kmke ; Ry
M, % =—"=06 —|— V 9W H; (11)
Phuong trinh cho banh phai:
M, 5 = "mkeg 4 Emy g Hy (12)
Rr Rr T

Vi chuyén dong tuyén tinh tac dung luc 1én truc dong co, véan toc goc c6 thé chuyén
thanh van téc tuyén tinh theo phuong trinh sau:

bor=3%=>68.=12 (13)
bur =3 =>6, == (14)
Tt phuong trinh (13) va (14) ta thay vao phuong trinh (11) va (12) ta duogc:
M, = kmkey yfmy buy_p (15)
M, i ="hmkes ymy My Hy (16)
Tinh téng hai phuong trinh cta hai banh xe:
2(M,, + )i = 225y + ZRY, — (Hy + Hy) (17)

(HL+Hr)

(PL+Pr)

Hinh 7. Phan tich lyuc tic dong lén than banh xe

Ap dung dinh luat Newton tinh dugc téng luc tac dong lén banh xe theo phuong
ngang;:

YF, = M, (18)

(H, + Hg) — M,l8, cos8, + M,l6?,sin6, = M, % (19)
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Vi vay,
(Hy + Hg) = M5 + M,16, cos 6, — M,18,” sin 6, 20)
Luc vudng goc tac dong lén than xe:
YFE.,= M,¥cos8, (1)

(H, + Hg) cos 0, + (P, + Pr)sin 6, — M,g sinf, — M,l8, = M % cos, (22

T6éng moment tac dong 1én trong tam cta than xe:

XM, =la (23)
—(Hy + Hp)lcosB, — (P, + Pg) sin6, — (C, + Cg) = L6, (24)
Ta co: kot 2k
__ “eRmKex it
C,+Cp = e A 5

Thay phuong trinh (25) vao phuong trinh (24) ta co6:

—(H, + Hy)l cos 8, — (P, + Py)l sin(8,) — (—“‘m“*’ kav) = 1,,6,(26)

Rr

Nhén -1 vao phuong trinh (22) va thé phuong trinh (26) vao do ta co:

L0, — 2255 + ZBY, 4 M,glsin6, + Myl20, = Ml cos8, 7
Thé phuong trinh (20) vao (17) ta c6:
2(M,, + 2;2}(9 2ka M,% — M,l8, cos 8, + M,l6, * sin 6, (28

Hai phuong trinh (27) va (28) c6 thé tuyén tinh hoa bing cach gia st tacho 6, = T + ¢
trong d6 ¢ 1a mot goc nho theo phuong thing dtng 1én trén. Viéc don gidn héa da dugc st
dung dé thu dugc mo hinh tuyén tinh c6 thé trién khai cac bo diéu khién khong gian trang
thai tuyén tinh.

Do d6, ta co:

cost, =—1
sin@, = —¢ (29)
d6,\*
(_1’) =0
dt
Phuong trinh tuyén tinh hoa ctia chuyén dong la:
(I + M,12) — e +- 2y, — Mgl = M, L (30)

Zmy, = (2m,, +@+M)

Rr

YRY: (31)



25

Dé c6 dugc md hinh bién trang thai ctia hé thong ta rit cac bién trang thai tir phuong
trinh (30) va (31), ta cé:

(1p+Mp12} Rr(Ip+Mpl?) R(Ip+Mpl?) T (Ip+Mpl?)

_ 2km 2kmke - Mpl
_Rr(2Mw+2:—2W+Mp) a Rr2(2MW+M—W+Mp)x (2Mw+&"'+Mp)¢

(33)

- Bang cach thay hai phuong trinh (32) va (33) vao lan lugt cac phuong trinh (30) va
(31) ta dugc hé khong gian trang thai nhu sau:

: 0 0 0 0
X 2kmke(Mplr—I,—Mpl?)  Mpgl? X 2km (Ip+Mpl12—Mpir)
X 0 0] x
i . Rrig a + Rra V
¢~ [0 0 0 1ff¢ 0 « (34
b 0 2kmk;§~zﬁa—mpt} ijlﬂ 0 ) 2km{:il—rﬁ}
Véi:
B=(2M,+¥ +M,) 5
_ 2 bw
a = 1,5 +2M,12 (M, + )] 56

Thiét ké"on dinh PID

Tir phuong trinh (32) va (33), ta thiét k&€ mo6 hinh diéu khién trén Matlab Simulink. O
hé théng diéu khién robot xe hai banh tu can bang, ta phai diéu khién 6n dinh hai tham s&
1a géc nghiéng va vi tri ctia hé thong st dung bo diéu khién PID nhu hinh 8.

0.1 >g—n 1ﬁ4—u—" t1
A Vitrixej—klj

Vi tri ddt cén bang Bb didu khién PID_1 Vi tri
asiss e

Sals 1

. " | Goécnghién xe (.
~ phi »
0.1 »(+_ Inlo——>— H]“Feutl Goc
Goc nghién djt can bang Bb didu khién PID_2 M3 hinh robot xe cin bing
hai banh

Hinh 8. So d6 khéi b diéu khién vong kin robot xe can bang hai banh.
Qua thoi gian nghién cttu nhém tac gia da st dung qua cac bo diéu khién P,PI va PID.
Tuy nhién, bo diéu khién PID duogc chon vi vi trf dét, thoi gian sat 1ap tuong déi tot. Do vot
16 khong vugt qua 5%.



26

So do phan cing h¢ thong

So d6 mach dién phan ctimg st dung bo diéu khién Arduino Uno, mach cau H L298N,
cam bién MPU 6050 va dong co DC JGA25.

g 4
!
=
|
Y
1

Hinh 9. M6 hinh phan ctng thuc nghiém.

Két qua va thao luan
Két qud
Thong s6 mo hinh dugc chon nhu sau:

Mp=1; Mw=0,03; Ip=0,0012; Iw=0,000016; 1=0,05; g=9,81; km=0.,022; ke=0,4;, R=1,7;
r=0,0325



Gid tri dit bang 0

Hinh 10. Vi tri xe
Hinh 11. G6c nghiéng xe
Gid tri dat khdc 0

Ta chon gia tri $aze = 0.1, Xgz = 0.1

Vit
~—

5
Time.

Hinh 12. Vi tri xe ( khi dat gia tri khac 0)

27
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Goc nghién
/

Hinh 13. Géc nghiéng xe ( khi dat gia tri khac 0)

Hinh 14. M6 hinh thuc t& xe hai banh tu can bang

Sau thoi gian nghién ctru nhém thiét k& duoc mo hinh va xay dung bo diéu khién PID
vong kin nhu hinh 8. Véi bo thong s6 nhu sau:

K,=200; K,=290; K, =12

Kp2=90; K,=135; K =8

Nhu két qua mo phong & céc hinh trén hinh 13 va hinh 14, ta thdy trang thai xe luén
bam sét tin hi¢u dit, bo diéu khién PID dap tng tot.

Tt két qua mo phdng trén nhom tac gia st dung board Arduino Uno, cdm bién MPU-
6050, bo diéu khién dong co L298N va cac thanh phan khac dé tao nén mo hinh xe can
bang. Khi c6 tac dong kich thich nhé vao than xe, xe c6 thé di chuyén va tu can bang. Bo
diéu khién PID duoc ldp trinh trong doan code nhu sau:
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void Pid()
{
error = 180 - CurrentAngle; // 180 = level
pTerm = Kp * error;
integrated_error += error;
iTerm = Ki*constrain(integrated error, -GUARD GAIN, GUARD_GAIN);
dTerm = Kd* (error - last_error);
last_error = error;
speed = constrain(K* (pTerm + iTerm + dTerm), -255, 255);

Hinh 15. Poan code b diéu khién PID

Tuy nhién, khi c6 lyc tac dong vao xe khodng +5 do xe c6 thé tu can bang. Khuyét
diém ctia md hinh nay khong thé tu giir can bang khi luc tac dong vao lam cho géc nghién
16n hon £10 do. Ngoai ra, hé¢ thong khong thé gifr xe can bang & dia hinh gb ghé va duong
déc c6 goc 16n hon £10 d6.

Két luan

Tt két qua trinh bay, nhém can tim hiéu vé cac bo diéu khién Fuzzy , bo diéu khién
PID két hop véi LQR dé so sanh cac dap tng vi tri va géc ctia xe hai banh tu can bang.
Trong tuong lai, nhém tap trung vao nghién ctu diéu khién thong qua Bluetooth, Wifi,..
Ngoai ra, mot huéng phat trién khac 1a dung cac phuong phap nhan dang dé xac dinh
thong s6 mo hinh dong co. Tir d6, tinh toan gia tri LQR phit hgp nhat dé c6 thé diéu khién
xe chay t6i, 1ui, queo trai, queo phai trong thuc té.
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