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TOM TAT
Thong tin chung: Bai béo nay trinh bay phiwong phdp thiét ké b diéu khién
Ngay nhan bai: cho mé hinh xe mdy tw cin bang véi muc tiéu phuc vu cho
05/\7/202? o nghién ciru, hoc tdp va gidng day. M6 hinh déng luc hoc cia xe
Ngdy nhin bai sia: dwge mé phong va tinh todn trén phan mém MATLAB. Sau do,
06/{]/202jt 5 mé hinh 3D dwoc thiét ké trén phﬁn mém Autodesk Inventor,
Ngay duyét dang: cong nghé in 3D dugc sir dung dé ché tao mé hinh hodn chinh.
08/11/2024 Cudi ciing hai bé diéu khién PID va LOR diroc ép dung vio dé
cdn bang cho xe. Két qua thire nghiém cho thdy bo diéu khién
Tir khéa: . , LOR cho dép iing hé thong tot hon, xe tw cdn bang on dinh ¢
B finh ?d’ bo dieu khien, xe mdy tur goc nghiéng +8° va doc cao t6i da 40°. Nghién ciru nay khéng
can bang. chi mang lai nhitng két qua thiét thue ma con mé ra nhiéu trién
vong ing dung va cdi tién cong nghé trong tirong lai.
1. PAT VAN DE thong thyc té, tir 46 nang cao kha ning giai

M hinh con lic ngugc la mot hé théng
dong luc hoc phi tuyén, thudng dugc sir dung
trong giang day & bac dai hoc vé diéu khién ty
dong va ky thuét co khi. Tuong ty, mé hinh
xe may tu cin bang c6 md hinh toan hoc
trong dwong v4i mé hinh con lic nguoc,
dugc biéu dién qua cac phuong trinh vi phan
phi tuyén. Nhitng phuong trinh nay thé hién
su phirc tap va tuong tac gitta cac lyc tac dong
1én hé thong. Xe may tu cin bang 1 cong cu
ly twong dé minh hoa cho cac nguyén 1y co
ban cua diéu khién tu dong, bao gém viéc 6n
dinh hé théng va diéu khién phi tuyén. Thiét
ké va diéu khién h¢ thong nay khong chi doi
hoi sy ap dung kién thie 1y thuyét vao thuc
tin ma con gitp sinh vién phat trién cac k§
nang ky thuat va 1ap trinh, tao diéu kién tiép
can viéc trién khai cac bo didu khién vao hé

quyét van de.

Theo Nikolaos (2022), bai toan cén
biang xe may duoc xem nhu bai toan diéu
khién mot con lic ngugc, mot bai toan kinh
dién trong 1y thuyét didu khién. Trong bai
toan nay, xe may dong vai tro nhu mot con
lac voi trong tam nam trén mot truc quay,
va nhiém vu cua hé thdng diéu khién 1a giir
cho con lic ludn thing bang bang cach diéu
chinh cac luc tac dong lén nd. Viéc giai
quyét bai toan nay doi hoi sy phdi hop
chinh xac gitta cac cam bién dé do luong
trang thai hién tai ctua xe va cac bo diéu
khién dé thyc hién cac hiéu chinh can thiét.

Vi¢c xay dung mo hinh xe may dién tu
can bang cung cip moi trudng thuc té dé
danh gia hiéu qua va tdi wu héa cac thuat
toan diéu khién khac nhau. Dé tai “Diéu
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khién xe dap tuw cin biang dung giai thuat
Fuzzy-LQR” cia Hoang (2018) da nghién
ctru thanh cong md hinh todn mo ta hé xe
dap can bang, xdy dung duoc thuit toan
LQR va Fuzzy-LQR, xay dung dugc bd loc
Kalman dé wdc luong tdi wu géc nghiéng
ciia xe. Tuy nhién, mo hinh thyc té chua
thiét ké phan diéu khién goc l4i va cac thong
s6 cho thuat toan Fuzzy-LQR chua ti uvu do
st dung phuong phap thir sai.

Nghién cru vé xe hai banh ty can bing
¢ Gng dung rong rii trong phat trién robot
di dong va cac hé théng co dién tu, cai
thién sy 6n dinh va kha ning diéu khién
trong moi trudng thuc té. Pé tai “Xe dién
ty can bang” cua Tudn va Vinh (2018) cho
thay du 4n tao ra mot giai phap van chuyén
c4 nhan thuc té, md hinh thuc té cé phﬁn
diéu khién goc 1ai. Tuy nhién, xe can bang
chua dugc dn dinh, pham vi gbéc cén béng
ciia xe nhé va chua thé vira di chuyén vira
can bang.

Sau khi phéan tich va so sanh cac dé tai
trén dua theo cac tiéu chi nhu do 6n dinh, do
chinh xac, kha nang thich tng va tinh kha thi
trong thyc té, bai bao nay xay dung mo hinh
Xe may ty can bang va thiét ké hai bo dicu
khién PID va LQR. Muc tiéu 1a danh gia hiéu
qua cua timg bd didu khién khi ap dung vao
mo hinh xe may tu cén bang, tir 6 dua ra lya
chon giai phap didu khién phu hgp nhat. Mo
hinh hoan thién dugc diéu khién qua giao
dién trén dién thoai st dung céng cu MIT
App Inventor, giup xe dé dang thuc hién cac
thao tac tién, 1ui, va bé l4i.

2. PHUONG PHAP NGHIEN CUU

2.1. M6 hinh héa

2.1.1. M6 hinh héa xe may hai bdanh tw
can bang

Mo hinh xe dugc xay dung theo Nikolaos
Marios Patsouras (2022). Dya trén nguyén ly

con lac ngugc c¢6 banh da quan tinh, néu bo
qua céc luc tao ra khi di chuyén va danh 1ai ta
¢6 thé rit ra mé hinh dong hoc biang phuong
phép Euler-Lagrange.

Ay
7
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~ ‘ -
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D/ B
9 my, Ix
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A |

Hinh 1. M6 hinh toan cia xe
Nguén: Céng bé ciia tic gid, (2024).
A 12 truc khép quay giita thanh con lic véi

mat dat, B 1a trong tam cua xe va C la trong
tam cua banh da quén tinh.

L val, lan luot 1a khoang cach tu trong
tdm xe dén A va khoang cach tu trong tam
banh da dén A.

Goéc 0 va o 1a gbe quay cua xe va banh da,
my va mg 1a khoi lugng cua xe va khoi lugng
cua banh da. I va I4 lan lugt 1a moment quan
tinh ctia xe va banh da.

Phuong trinh Lagrange cho h¢ thong:

d [aL

_(_)—j—:=oaraL=T—V (1)

dt \dq
Tong dong ning cua xe:

T, = % m,|Vg|* + %119'3 )
Tong dong ning cta banh da:

Tﬂ- — émﬂ-IVCI‘“ + élﬁ(g + Cb): (3)
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Téng dong ning cua hé thong:

Igw

1 7 r’.i = 1
T igow T

(%)
L1y 2
1 > ldw +
iL;).g.cos(@ (6)
Vi q = 0 thay vao (6), ta co:
Véi q = o, goi Ty, 1 moment xo4n tao ra 2.1.2. M6 hinh dong co DC
bai banh da, thay'yao (6?j ta co: Mo hinh dong co DC dong vai trd quan
I46 + [y =T, 8) trong trong viéc hinh thanh cac phuong trinh
Trong d6 T, dugc xac dinh tr mo hinh
toan cua dong co DC.

dong hoc cta hé théng.

R L

Hinh 2. M6 hinh toan dong co
Nguon: Céng bé ciia tdc gid, (2024).
Ap dung dinh luat Kirchhoft:

Do moment quay cua dong co ti 1€ vdi

) di dong dién I, ta co:
le + Lm E +e= Vm (9)

Tm = Ktl
Véi Vi, 1a dién &p dau vao, Ry, 1a dién tro
cudn day phan ung, L, 12 d6 ty cam cua cudn

day phén ung, e la suat dién dong tac dong lén
phan tmg dong co.

(11
K 1a hing s6 moment xoin dong co. Hé sb
tu cam duoc xem la khong dang ké (L, = 0)
do d6 tu cam cua dong co nho hon so véi dién
tro dong co (L, << R,,) suy ra:

‘ K, .

e = Kew (10) T;?l = R_r (Vm - Kew) (12)
m
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Tir (8) va (12), ta co: M5 hinh xe may ti can bang dugc thiét ké
;3 i = R—" V. K.l (13) bang phin mém Inventor trinh bay ¢ Hinh 3
m
va 4.

Hinh 3. M6 hinh xe may tu cin bang Hinh 4. Cum banh da
Nguon: Cong bé ciia tic gia, (2024).
Mach dién diéu khién thiét ké trén phdn mém Altium Designer duoc trinh bay nhu Hinh 5.

: Giao dién dicu khién duoc thiét ké bang

1920

L ] L ]
e MIT App Inventor nhu Hinh 6.
CZEray S TRUBNG DAI HOC K¥ THUAT - CONG NGHE
. - I | H 5 Kuwxg THUAT CO KHi
e ® g ‘ =
> I - PO AN TOT NGHIEP DAI HOC
v
m BE TAI
THIET KE VA CHE TAO XE MAY TU' CAN BANG
3 b A oA GIANG VIEN HUGNG DAN SINH VIEN THUT HIEN
Hlnh 5' PCB va so dO mZ.lCh dl@n ThS. Burding Khanh Son Nguyén Quéic Anh 2000024
2 n z , , ., L& ViKhang 2000627
Nguon: Cong bo cua tac gid, (2024). Lap- GOTO120

Khoa: 2020 - 2024

Nguyén ly hoat dong:

Khbi ngudn cung cip ngudn dién cho
hoat dong cua toan bd h¢ théng, vi diéu
khién Arduino Nano xur 1y dit lidu goc doc
tir cam bién MPU-6050 (d6 phan giai +250
°/s, thoi gian ldy mau 10 ms, géc do nho
nhat cua cam bién 1a 0,0000763 do) va tinh
toan xung cap cho dong co banh da, dong

thoi nhan di liéu tir dién thoai qua Module . ) s "
HCO05 didu khién goc lii bing Servo Hinh 6. Giao di¢n dicu khién
MG996R va dong co dian dong banh sau. Nguon: Cong bo cua tic gia, (2024).

2.3. Thiét ké bd diéu khién

M5 hinh sau khi dugc tinh toan, gia cong va lap rap c6 thong sé nhu Bang 1.
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Bang 1. Thong s6 hé thong ciia xe

Ki hiéu Gia tri Ki hiéu Gia tri
L, 0,0545 m Iy 0,000431 Kg.m?
L, 0,109 m g 9,81 m/s”
my 0,784 Kg K, 0,0987 N.m/A
mg 0,136 Kg K. 0,0987 V.m/rad
I, 0,0013454 Kg.m* Run 1,3629 Omh

Nguon: Céng bé ciia tic gida, (2024).
2.3.1. Tuyén tinh héa mé hinh

Mb hinh cua xe 1 phwong trinh vi phan phi tuyén nén can tuyén tinh héa xung quanh cic vi
tri can bang.

Khai trién chudi Taylor cho ham s sin(6), ta co:

£\ — ol
J\v) ST

s

):5,1**+———;+——-=- (14)

Vi gbc 0 rit nho (8= 0) nén:
f(8) =sin(6) =0 (15)
Tir (7) va (15), ta c6 phuong trinh tuyén tinh hoa Taylor:
(ML, 2 +mgl,> + 1, + Id)é + I3éd — (myL, +myl,).g.0 =0 (16)

2.3.2. Thiét ké b dieu khién PID Tin hiéu diéu khién van tdc goc banh da c:

Khi xe ¢ vi tri can bang, banh da s& & hai Uy = —(Kpyo ) (18)
trang thai la dL‘mg yén h’O@IC’ quay déu, khi Tin hi¢u didu khién tao ra:
dong co quay déu ¢ van toc toi da thi luc nay
i . o u=ug+ ug (19)

ong co s€ khong sinh ra moment dé tac dung
lén banh da. Vi vay, vin dé 1a can bo diéu Céc thong s cua bo diéu khién PID va hé
khién PID cho goc nghiéng 6 ctia xe va P cho b K, dugc tim bang phuong phap thir sai ma
van toc goc banh da @. Tong ngd ra hai bd mo phong trén Simulink. So dd md phong bd
diéu khién 13 dién 4p cip cho dong co. diéu khién PID duoc thé hién & Hinh 7 va dap
g goc nghiéng O cia xe v6i cac hé sé PID

Tin hiéu diéu khién goc nghiéng 6 cia xe: )
dugc thé hién ¢ Hinh 8.

Ug = —(Kp'g.e + K"’g.f ) +KD'9.9.:| (17)

TAP CHi KHOA HOC VA CONG NGHE CAN THO - SO 04 THANG 11/2024 7



KHOA HQC KY THUAT - CONG NGHE
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Hinh 7. So' @6 md phéng b diéu khién PID

Nguén: Céng bé cia tac gid, (2024).
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Hinh 8. Pap trng goc nghiéng cia xe

2.3.3. Thiét ké b diéu khién LOR

Piéu khién LQR 14 bai toan diéu khién tdi
uu tuyén tinh, bo diéu khién chi ap dung véi
cac doi tugng tuyen tinh. Doi tuong tuyén tinh
md ta bdi phuong trinh trang thai sau day:

X(t)=Ax(t)+Bu(t),x(0)=x%y (20)
Diéu khién LQR 1a bai toan xac dinh ma trin
K cua luat didu khién u(t)=—Kx(t) thoa man chi
tiéu J dat cuc tiéu. J dugce tinh theo cong thuc:
100 -+ T
J=3] o <" @x+u Ru)dt 1)
Vi Q va R 1a cac ma tran xac dinh duong.
Piéu khién LQR thudc diéu khién t&i uu khi do
ma tran K dugc xac dinh theo cong thuc.
K=R'BTP (22)

Trong do: P 1a nghiém ctua phuong trinh
dai sb Riccati:

Nguon: Céng bé ciia tac gida, (2024).
PA+AT.P+Q-PBR'BT.P=0 (23)
Ma tran Q c6 dang:

Q4 0 0 0
o 0 @2 0 0
10 0 Qs O
0 0 0 Qi

Trong d6: Qi O, 033 QOu lan luot 1a
trong s ciia goc nghiéng 0, van tde goc cua xe
€, goc quay « va van toc goc @ ciia banh da.

Cac trong s6 cua bd diéu khién LQR dugc
lva chon bang phwong phap thir sai trén
MATLAB dé tim ra bo thong s6 thich hop
cho hé théng. So dd6 mé phong bd didu khién
LQR dugc thé hién & Hinh 9 va dép tGng goc
nghiéng 6 clia xe véi cac hé s6 LQR dugc thé
hién ¢ Hinh 10.
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pomega_d
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Hinh 9. So' @6 md phéng b diéu khién LQR

Nguon: Céng bé ciia tic gida, (2024).

-~

Gée nghiéng (36)

2.5 3 3.5 4 4.5 5

Théi gian (s)

Hinh 10. Pap g géc nghiéng ciia xe véi bd didu khién LQR

3.KET QUA VA THAO LUAN
3.1. Két qua
3.1.1. Két qua ché tao mé hinh

Nguén: Céng bé ciia tac gid, (2024).

Hinh 11 trinh bay md hinh xe va cum banh
da sau khi ché tao va lap rap hoan chinh.

Hinh 11. M6 hinh xe va cum banh da sau khi lip rap hoan chinh

3.1.2. Két qua thiee nghiém bé diéu khién

D6i v6i bo diéu khién PID, md hinh thyc té
dugc thuc nghiém vadi goc nghiéng ban dau cua
xe la 8 do va cac thong so la: Kp g= 138, Kpy
=2, Kp, = 0,0006. Khi tién hanh mé phong,
tac gia sir dung bd hoi tiép am, trong khi trong
diéu kién van hanh thuc té }ai ap dung‘ hoi tif::p
duong. Do do, cac thong s6 cta bd dieu khién
s€ khac nhau vé dau. Tuy nhién, dap Ung cua

Nguén: Céng bé ciia tac gid, (2024).

hai bd diéu khién néu trén vin tuong dong.
Ngoai ra, do sai s6 trong ché tao, trong tam cua
xe trong md hinh thuc t& c6 xu huéng léch
sang mot bén, nén céac thong s6 cua bd didu
khién cling c6 sy sai léch nhat dinh. D) thi &
Hinh 12 thé hién dap tng thuc té cia xe. Két
qua cho thay thoi gian x4c 14p cua hé thdng 1a
1,5 giay, sai s6 xac 1ap khoang 0,5 d9, do vot
16 cao 7,8 do, trong thoi gian tir 0 dén 1,5 gidy
hé théng con dao dong kha nhiéu.

TAP CHi KHOA HOC VA CONG NGHE CAN THO - SO 04 THANG 11/2024 9
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Géc nghing (d§)
b & A N o N A o =

05 1 15 2 25 3 35 4 45 5
Thii gian (s)
Hinh 12. Pap ung thue té ciia xe véi bd
diéu khién PID
Nguén: Cong b6 ciia tac gid, (2024).

—— Diip img thye 1€
- - - Ddpimg md phiing

N
T

Gée nghigng (45)

0 ll:S i 1:5 ; 2:5 :Ii 315 4‘ 4:5 5
Thii gian (3)
Hinh 13. Pap ng thue té ciia xe véi bd
diéu khién LQR
Nguon: Cong bé ciia tac gid, (2024).

Dbi v6i bo didu khién LQR, dap tng thuc
té ciia xe dugc thuc nghiém voi goc nghiéng
ban dau cia xe 1a 8 d0 va hé sé ma tran K =
[100 12 22 0,0006]. D thi trén Hinh 13 thé
hién dap tng cua thuc té cua xe, két qua cho
thdy, thoi gian x4c 1ap cua hé thng 0,3 gidy,
sai s6 xac lap khoang 0,2 d6, xe 6n dinh trong
khoang 0,5 d9, d6 vot 16 2,1 d9.

On dinh 13 diéu kién can d6i voi mot hé
diéu khién ty dong, song chua phai la du dé
hé théng dugc st dung thuc té. Ngoai ra,
nhiéu yéu cau doi hoi hé thong phai thoa
man dugce cing mot luc cac tiéu chuan khac
nhau nhu d¢ chinh xac, do on dinh, dap ung
qué d9, do nhay... Theo tiéu chuin TAE, ta
¢ cong thirc (24) tinh tich phén tri tuyét d6i
bién dd sai sd nhu sau:

Jiae = J, le(®)at (24)

Bang 2: Gia tri Jiag

B diéu khién Gia tri JiAg

PID 380,69
LQR 136

Béang 2 cho thdy gia tri Jiap cua bo diéu
khién LQR nho hon PID. Véi cac thong sb
dugc lya chon nhu trén, chit lugng cua bd
diéu khién LQR dap tmg t6t hon trong hé
thong xe may hai banh ty can bang.

3.1.3. Két qua cdc ché dg can bang

Hinh 14 thyc nghiém ché d6 can bang trén
miat phang nghiéng. Thir nghiém dugc tién
hanh bang cach dit xe dang ¢ trang thai can
bang 1én mot tim bang, sau do tir tir nAng tim
bang 1én dén khi xe nga. Két qua thir nghiém
thyc t& cho thiy xe c6 thé can bing ¢ mit
phing nghiéng t6i da 20°. Hinh 15 thuc
nghiém cin bang cua xe & ddc cao. Thir
nghiém dugc tién hanh tuong ty nhu tha
nghiém trude. Két qua thir nghiém thuc té cho
thdy xe c6 thé can bang ¢ ddc cao 1én dén 40°.

Hinh 14. Ché d9 can bing trén mit nghiéng 20’
Nguon: Cong bo cua tac gia, (2024).

Hinh 15. Ché d9 cin bing doc cao
Nguon: Céng bé ciia tdc gia, (2024).
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3.2. Théo ludn

Céc két qua mo phong va thyc nghiém cho
thdy bo diéu khién LQR cho hiéu qua vuot troi
so voi PID, giam thiéu duge dao dong va do vot
16, ddng thoi rat ngén thoi gian xac lap. Két qua
thyc nghiém dugc so sanh v6i két qua nghién
ctru cua d8 tai “Piéu khién xe dap tu can bang
dung giai thuat Fuzzy-LQR” cua tac gia Nguyén
Huy Hoang (2018). So véi dé tai nay nghién
ctu cho thoi gian xac 1ap nhanh hon (0,3 gidy
s0 v6i 2 gidy) nhung ngugc lai do vot 16 cao
hon (2,1 d6 so v6i 1 d9). Tuy nhién, h¢ thong
chi tién hanh thyc nghiém & goc can bang +8°
va chua c6 bo diéu khién Swing up dé xur 1y cac
goc nghiéng 16n hon. Vi vy, van d& nay tac gia
s& nghién ctru 4p dung thém cac giai thuat diéu
khién méi nhu AL Noron dé tim ra giai thudt c6
két qud diéu khién tot nhét.

4. KET LUAN

Dé tai ché tao thanh cong xe may tu can
bé‘mg, ap dung duogc bo diéu khién PID va
LQR dé so sanh chét lugng cta hai bo diéu
khién. Nghién ctru nay khong chi 1a su két
hop chit ché giita 1y thuyét didu khién, thiét
ké co khi, 18p trinh nhing va cam bién, ma
con mang lai nhimg két qua thyc tién va y
nghia cho hoc tap va nghién ctru khoa hoc.
Nhin chung, nghién ciru dd gép phin quan
trong vao viéc phat trién cong nghé xe may tu
cin bang, md ra nhiéu trién vong tmg dung
thyc tién va cai tién trong tuong lai.
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CONTROLLER DESIGN FOR A SELF-BALANCING MOTORCYCLE MODEL FOR
LEARNING AND TEACHING PURPOSES

ABSTRACT

This paper presents a method for designing a controller for a self-balancing motorcycle model aimed
at supporting research, learning, and teaching purposes. The motorcycle's dynamic model is simulated
and calculated using MATLAB software. Subsequently, a 3D model is designed with Autodesk Inventor
software, and 3D printing technology is employed to fabricate the complete model. Finally, two
controllers, PID and LOR, are implemented to balance the motorcycle. Experimental results show that
the LOR controller provides better system response, allowing the motorcycle to balance stably at a tilt
angle of £8° and on a maximum slope of 40°. This research not only yields practical outcomes but also
opens promising prospects for future technological applications and advancements.

Keywords: Controler, flywheel, self-balancing motorcycle
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