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THIET KE BQ PIEU KHIEN BEN VUNG TONG HQP |
CHO MO HINH RO BOT HAI BANH TU CAN BANG

DESIGNING ROBUST p SYNTHESIS CONTROLLER OF
TWO WHEELED SELF BALANCING ROBOT

Ddng Xuan Kién, Trinh Quang Nam
Truong Dai hoc Giao thong van tai Tp. Ho Chi Minh

Tém tit: Trong bdi bdo nay, ching t6i dé xudt bg dieu khién bén viing téng hop u cho he théng
dleu khién mé hinh ré bot hai banh tw cdn bang ddy la hé thong cé tinh chdt phi tuyén cao. Thuc te,
vén dé diéu khién hé phi tuyén luén gap nhiéu thach thire duedi anh huong cua nhleu va Cc4c sai so khdng
xdc dinh cia hé thong. So sanh két qua véi mét sé phwong phap diéu khién tuyen tinh khdc. Két qua mé
phéng cho thdy phuong phap diéu khién bén viing tong hop u cé ddp ing tot hon. Qua dé da minh
chitng cho wu diém ciia phwong phdp dwoc lira chon.

Tir khéa: Hé phi tuyén, diéu khién bén viing, ré bot 2 banh tir cdn bang, tong hop .

Chi sé phin logi: 2.2

Abstract: In this paper, we propose the robust p_synthesis controller for two wheeled self balancing
robot which is considered as a high nonlinear system. Infact, the designing controller of nonlinear
system presents many challenges under the effect of disturbance and uncertance factors. The simulation

results, which compare the other linear controller, show the robust p_synthesis method has the better
respones. Thereby proving the effective of propose solution.

Keyword: Nonlinear system, robust control, two wheeled self balancing robot, pi_Synthesis.

Classification number: 2.2

1. Gio6i thi¢u

M6 hinh 16 bt hai banh tu cin bang co
tinh phi tuyén cao va hién nay c6 rat nhiéu
cong trinh nghién ctru tir cb dién dén hién dai.
M0 hinh r6 bot phi tuyen nay c6 nhidu ngd vao
va nhiéu ngd ra. Nhiéu cong trinh chi dung ¢
muc d6 mo phong, tuy nhién mdi cong trinh
déu c6 nhirng uu - nhuge diém khac nhau. Van
dé thach thirc voi hé théng diéu khién 1a giir
6n dinh goc nghiéng than r6 bdt dudi tac dong
clia cac ngoai luc [1-3]. Trong mot sd cong
trinh nghién ctru gan day di ap dung tiéu
chuan bén viing trong diéu khién nham nang
cao chat luong cho hé thdng, nhu tng dung bd
diéu khién H, H,,, LQG [4-5], nhung mdi
phuong phap dem lai nhitng wu nhuoc diém
khac nhau.

Trong qué trinh lam viéc mo hinh ro bt
hai banh ty cin bang thuong chiu anh hudng
ctia nhiu ngoai 1am cho céc tham s6 bi thay
d6i [5]. Mit khac, khi thiét ké mo hinh vat Iy
cling c6 nhiéu sai sd so véi Iy thuyét, cac tham
s6 thay d6i c6 thé 1a md men quan tinh, khoi
lugng, céc sai s6 nay khong do luong dugc coi
la khong xac dinh [6]. Vi vay, bai bao ap dung
phuong phap bén ving tong hop M vao diéu
khién mé hinh ré bdt hai banh ty cén bang

nham diéu khién dat dap ung dung yéu cau dat
ra vOi cac thanh phan nhicu tac dong [6-8].
2. M6 hinh ré bét hai banh tw cin bang

Hx

Hinh 1. Lyc tac déng lén mé hinh ro bot
hai banh ty can can bang.

C6 nhiéu phuwong phap khac nhau dé xac
dinh mo6 hinh dong hoc cua mo6 hinh nhu dinh
luat Newton, Lagrange. Trong bai bao nay
nhom tac gia dé xudt sir dung mo hinh Euler —
Lagrange cho d6i tuong ré bt hai banh can
bang, Vo1 hai gia tri ngd vao la hai gia tri dién
ap diéu khién hai dong co cua banh xe trai (vI)
va banh xe phai (vr). Sau gia tri ctia ngo ra la
gia tri goc trung binh banh trai va banh phai (
0), van tbc goc di toi cta 1o bdt (&), gia tri
goc nghiéng than xe (), gia tri van toc goc
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nghiéng (), gia tri goc xoay cia xe (¢), gid
tri van toc goc xoay (). Phuong trinh dong
Iuc hoc mo ta chuyén dong cua rd bot nhu sau
[10]:
(MLRcosy —2n%J,) 0+ (ML + 3, +2n2, )y
—MgLsiny — ML2 ¢ sinycosy 1)
= —(v, +V,)+256 2By
[%mW2 +J,+W?/2R?*(J,+n%J)
+ML3sin%yw]g+ 2ML2 y gsinpcosy (2)

(B+1,)¢

—ﬂa(v —V,)——
2R " Y 2R?

Trong do:

- M : Khoi lugng rd bot;

- m : Khéi lugng banh xe; )

- w : GOc nghiéng cua phan than rd bot;

- ¢ : Goc xoay cua rd bot;

- L: Khoang cach tir trong tdm 1o bt dén
truc banh xe;

- H : Chiéu cao r6 bét;

- W: Chiéu rong ro bot;

- D: Chiéu séu 16 bét;

- g: Gia tbc trong truong;

- R: Ban kinh cua banh xe;

- fwivHé ) ma sat gitta banh xe va mat
phang di chuyén;

- fm: Hé s6 ma sat gitta 10 bdt va dong co;

-n: Ty s6 giam tdc;

- vi: Bién ap dong co banh trai;

- Vr: Dién 4p dong co banh phai;

- i1 : Dong dién dong co banh trai;

- iy : DOng dién dong co banh phai;
3. Thiét ké bd diéu khién tong hop p

[k |

z(s)
u(s) ’—s
L1

Hinh 2. M6 hinh déi tiwong va bg diéu khién.

Trong d6 G 1a d6i twong diéu khién, K 1a
bd diéu khién, u 1 tin hiéu diéu khién va y 1a
ngd ra do dugc, z 14 sai s6 can phai téi thiéu.
4. M6 phéng

wis)
G(s)

y(s)

Néi chung, bd diéu khién K duoc thiét ké dé
6n dinh hé kin dya vao mé hinh dbi tuong G.
Tuy nhién ludn t6n tai sai s6 gitta mé hinh dbi
tuong G va md hinh thuc té nén hé kin c6 kha
ning mat 6n dinh. Sai sé6 mo hinh c6 thé biéu
dién nhur 12 nhiéu w phat sinh béi anh xa A ctia
ngo ra z, khai bao trén Matlab nhu sau:
= fp = ureal (‘fp, 0.0022, ‘Mode’ ,
‘Range’ , ‘Percentage’, 20);
= fw = ureal (‘fw, 0.0001, “‘Mode’ ,
‘Range’ , ‘Percentage’, 100);

~ W } 5,

Hinh 3. So d@6 khaéi bg diéu khién tong hop .
Hé théng vong kin duoc mb ta:
2=T,0 ®3)

Pé hé thong vong kin bén virng dat hiéu
suat cao:

Ha (T, (10)) <1 4)
Tt phuong trinh (4) ta co:
[Tl <2 (5)

‘Diéu nay, lan luot, dam béao thuc hién céc
diéu kién:
"WPSO|L <L [WKS|, <1 (6)

Cac budc tinh toan nhu sau:

~ Budc 1: Xay dung md hinh khdng chéc
chan cua hé thong;

Budc 2: Tach K ra khoi so do hé théng
(hinh 4), str dung matlab khai bao cac tham so6
ng0 vao va ngd ra cac ham truyen, cac bo tong;

_Buéc 3: Sir dung Matlab dé tim bo diéu
khién K theo phuong phap p_Synthesis cua hé
thong dicu khién bén viing dam bao (6);

Buéc 4: Nghiém lai hé thdng, dua trén
Matlab ta c6 gamma nhé hon 1, i nho hon 1
va nhu vy bo dieu khién vira tim la bo diéu
khién cua hé thong.
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4.1. Thong s6 bd diéu khién bén virng tong hop P
Mot s6 thong s6 dé mo phong hé: M = 0.5 (kg); m = 0.1 (kg); L = 0.1 (m); D =0.07 (m); H
= 0.2 (m). Théng so diéu khién K dung tong hop  tinh todn trén Matlab:

[ 0.947 0.003 0.003 3.28e-07 3.2e-05  0.035 |
0.001 0960  5.07e-09 -8.94e-03 -8.9e-09 1.2e-04
0211 1.204 0.911 0154 01584  -0.06
A= .
0.15 3.172 0.155 0.937 0.06 015
0.151 3.171 0.155 -0.06 0937 015
1.87¢-05 7.37e-06 -7.74e-05 -4.46e-03 -4.4e-05 099 |
[-932¢-07 335e-11 -3.354e—07 —4.04e-06 143e-04 015 |
253-05 -121e-08 8.10e-08 112¢-05 -2.7%-05 -0.002
0004  -271e-07 -1.82-05 253 -08 -513e-06 -0.044
B, =
0009  -379%-04 -8.06e-03 -1.28e-09 -117e-05 0.063
0009  -3.79-04 -8.06e-03 -1.28e-09 -872e-04 -0.04
| 01274  242e-03  1.86e-04 2.18e-05 5321e-03 -0.179 |
10.0382 0.7989 0.0392 0.188 -0.0153 -0.0381
C”:_0.0382 0.7989 0.0392 -0.015 0.1886 —0.0381}
-0.002 -9.56e-07 -2.03-11 -3.23e-12 -2.19e-08 -0.01
D= -0.002 -9.56e-07 -2.03-11 -3.23e-12 -2.19e-08 —0.0J

4.2. Két qua md phéng so sanh véi diéu
khién LQR

Dap ung van toc gos nghieng than ro bot su dung LGR
012

| == wan toc goa nghieng than ra bat

b4
L=
@

Gia tri goc (radian)
s o
s o
L o

o
Q
]

a0 60 80 100
Thoi gian (s)

Hinh 4. Bdp iing goc nghiéng than ré bot sir dung
phuwong phap LOR [4].

Dap ung van toc goc nghieng than ro bot su dung u-tong hop

T T
Dap ung van toc goc nghieng than ro bot

Gla tri goc { radian)

20 40 60 80 100
Thoi gian (s)

Hinh 5. Pdp itng vin toc géc nghiéng thin ré bot
sir dung phirong phép tong hop u.

Nhan xét: Tu két qua md phong cua
phuong phap diéu khién tong hop i ta thay, vé
mit dap Gmg bo diéu khién tong hop H cho dap
g nhanh hon b diéu khién LQR nhung bién
d6 dao dong cuc dai 16n hon. Piém dap ung
ctia d6i twong voi bo diéu khién LQR (hinh 4)
dao dong quanh vi tri cAn bang theo thoi gian
do anh hudng cta thong sé khong chic chan,
con (hinh 4) bd diéu khién bén viing cho thay
it chiu anh huong cua thong sé khong chic
chan va bam diém can bang hon.

5. Thuc nghiém trén mé hinh vat ly

Tai trong

Arduino méga

Khung xe
2560

MPU6050 T
Binh xe

L298N Pin

Pong co

Hinh 6. M6 hinh xe hai banh tir cin bang.
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5.1. M6 hinh vat 1y

MPUSOSD L298N

Xe 2 binh cin bing

Phin hol goc nghiéng thin ve Xung PWM

CARD ARDUINOG

-

Hinh 7. So do két noi hé thong diéu khién.

Trong d6 khbi may tinh cé nhiém vu thu
thap dit liéu ciia cam bién goc nghiéng than xe
tir Card Arduino Mega 2560 dé xuat dit lidu ra
man hinh. Card Arduino Mega 2560 c¢6 nhi¢m
vu doc dir lidu tir cam bién géc nghiéng trén
md hinh xe hai banh rdi so sanh véi gia tri dat
tir d6 xudt tin hiéu diéu khién dén cac dong co
thong qua mach cong suét (L298). Khoi cong
suat c6 nhiém vu diéu khlen chiéu va téc do
hai dong co mét chiéu cé gin banh xe.

Théng s6 ky thuat:

- Dién &p cip cho dong co: 3 - 12VDC;

- Dién &p cip cho Encoder hoat dong:
3.3VDC;

- bia Encoder 11 xung, hai kénh A - B;

- Ty sb truyén khi qua hop giam téc:
1:34;

- Sb xung khi qua hop giam toc: 374
Xung;

- DBuong kinh dong co: 25mm;

- DPuong kinh dong co: 25mm;

- Tbc do khong tai: 320 rpm;

- Tbc d6 co tai: 284 rpm;

- Dong khi cé tai: 600mA,;

- Cong suat dinh muc: 13.2W;

- Dong khi dong co bi giir: 2.29A.

5.2. Két qua thwc nghiém

& TwoWheliSel!_Balancing | Arduing 1.6.5 T [ 5 ]
File Edit Sketch Tools Help

Hinh 8. Chuwong trinh diéu khién xe hai banh
cdn bang (tong hop u).

Vé6i hé s6 K tim dugc cua phuong phap
diéu khién bén viing tong hop ¢ trén va két
hop véi viée lap trinh diéu khién bang phan
mém IDE, chuong trinh trinh viét cho Arduino
1.6.5 (hinh 8).

© o rine i s iy S 0 i
=

186 Pip img goc nghiéng thin ré bit si dung bg diéu Kkhién tnng hop u
o Dip img goc nghiéng
B Gaccin bing

183

=
& Goc @) B
'

=

'
—
@
=3

30 50
20Th4si gian (s) 4 —)

Hinh 9. Ddp iing géc nghiéng thdn xe sir dung
phwong phap (tong hop u).

Két qua dap tmg goc nghiéng than ro bt
cua hé théng nhu trén hinh 9 cho thiy bé diéu
khién bén viing thiét ké tuy dam bao didu
khién dugc dudi anh huong cua sai s6 nhung
chét luong chua thyc sy tdt, do cling chinh Ia
nhugc diém cia phuong phap nay.

6. Két luan

Trong bai bao nay tac gia st dung phuong
phép tong hop p dé didu khién hé thong ro bot
hai banh ty can bang nham muc dich giir can
bang va 6n dinh goc dudi anh hudng ciia nhiéu
va sai s6 mo hinh. Pap tng cua hé thong tot
trong vung khao sat, hé s6 Gamma = 0,846 <1
va iU = 0,237 <1, thoa man tiéu chuin bén
vitng. Qua md phong bang Matlab, két qué so
sanh v6i cong trinh nghién ctru khac, bai bao
da chung minh dugc chét lugng, su on dinh va
dam bao céc chi tiéu bén virng khi str dung bo
diéu khién d¢ xuat. Nhuoc diém cua phuong
phdp chua co6 kha nang thich nghi, chi xét
trong vung khao sat c6 gi6i han, trong mién c6
tinh chét phi tuyén cao thi chwa dap tmg dugc.

10
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Két qua thuc nghiém duogc 1a co so dé nhom
tac gid tién hanh cai tién chat lugng ctua bo
dicu khién trong céc nghién ctru sauld
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