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Didu khidn cin bing xe hai banh tir cin biing sir dung thujt toan giam bic mé hinh

Bal: control of self-bal g two — wheeled bicycle applying model order
reduction algorithm
PGS.TS. Nguyén Hiru Céng
Dai hoc Thai Nguyén
e-Mail conghn@tnu.edu vn
Tém tit

Nhing nim ghn day, diéu khién can bang xe hai banh nhan dwgc nhiéu sir quan tdm cua céc nha
khoa hoc. Mét kho khan ciia bt todn dicu khién nay la dbi tuong diu khién la khiu khéng én
dinh v ludn by nhidu tac dong, D giai quyet bai todn nay, céc tdc gia thuong su dung thudit todn
diéu khién bén viing H., Tuy nhién, bo didu khién bén vimg xe hai banh ty can bing thuimg
phiic tap va 6 béc cao nén anh huong té1 chét hrong trong qué trinh didu khién thuc. Bar bdo
gidi thidu viée img dung thudt toan giam bic md hinh aé - giam bic bd didu khién bén ving bic
cao trong bai todn diéu khién cén bing xe hai banh, Céc két qua md phéng thé hién tinh diing din
ciia thuat toan dugc gidi thiéu va mé ra kha nang (ng dung vao thuc tién.

Tir khéa: Giam bac mé hinh, diéu khién bén vitng, xe hai banh ty cin béng.

Abstract: In recent years, balance control two-wheeled bicycle has received more attention of
scientists. One difficulty of this problem 1s the control object is unstable and constantly impacted
by noise. To solve this problem, the authors often use robust control algorithms, However, robust
controller of self-balancing two-wheeled bicycle are often complex and higher order so affect to
quality durmg teal controlling. The article introduces the application model order reduction
algonthms to reduce order higher order robust controller 1n control balancing two-wheeled
bicycle problem. The simulation results show the correctness of the algorithm is introduced and
grves the possibility to practical applications.

Keywords: Model order reduction, robust control, the self balancing two-wheeled bicycle

nhém tic gia hua chon xdy dung moé hinh xe
hai banh si dung bénh da va két qua thu dugc
mé hinh xe ha banh nhu hinh 1.

1. Ditvin aé

Trong nhitng nim gin day, nghién citu vé xe
hat banh ty cén bang da dwoc nhigu nha khoa
hoc trén thé gi6i quan tam. Trong d6, mt van
dé khé khin 1a nghién ctru dicu khlen cén
bang xe hai banh. P& giai quyét vén dé can
bing xe hat banh, c6 ba phuong phap co ban
nhy sau:

(i) diéu khién can b?\ng st dung luc ly tdm
nhr trong nghién ctu cia Tanaka va
Murakami [6].

Hinh 1. M6 hinh xe hai banh w cdn bang
Chc théng s cia xe nhu sau Xc da
1,19m, cao 0,5m, rong 0,4m, banh da c6 trong

(if) diéu khién can bing cach thay dbi tim cua
trong lyc nhu nghién ctru cua Lee va Ham [3]
(iii) diéu khién can bing bang banh da, nhr
trong cic nghién ciu cia Beznos (11,
Gallaspy [2], va Suprapto [5],

Ph\.rong phap thir nhét khong thé diéu
khién cén bing cho xe khi xe ding yén.
Phuong phap thir ha chn phai thém trong
luong 1én xe lam tdng trong luong clia xe.
Phuong phap tha ba han ché duoc ca hai
nhuoe diém néu trén. Do dé phuong phép
didu khidn can bing banh da i phu hop nhét
cho hé xe hai banh tw can bing. TU co s& nay,

luong 3,976 Kg véi duémg kinh 14 0,26 m, dé
quay banh da st dung déng co DC 100W —
15V — 3400 vong/phit + mach cdu H, do téc
44 banh da st dung Encoder Sharp 100 xung,
do goc nghidng sit dung cam bién goc
nghiéng GY-521 MPU-6050, hé théng tién hii
xe gom mét dong co DC + mach cau H va by
diéu khién tr xa. Toan bg hé théng didu kluén
duoce két ndi véi vi mach Adruno dat & trén
Xe.

Nguyén 1y cin bing cia xe nhu sau* Khi x¢
1&ch khéi vi tri can bing (twong Ung v&1 n
goc nghiéng # theo phuong thang dur
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trong luc clia xe tzo ra mét mémen lam cho
xe c6 xu huéng dd xubng. DE duy tr & trang
thai can bing xe thi banh di s& quay tron
xung quanh truc (v&i gia tbe goc [2 @) va tao
ra mot mémen dé can bang v6i mémen do
trong luc ctia xe tao ra, P& didu khién gia tdc
ciia banh d, chung t6i didu khién dién ap U
dit vao dong co DC, khi ndy ta dua bai toan
didu khién can bang xe vé bai toan diéu khién
g6c nghleng 8 (diu ra) bing cach diéu khién
dién ap U (dhu vio) dat lén dong co DC.
Nhigm vu dit ra la phal thiét ké mét bd diéu
khién dé gitr cho xe cén bing tirc 14 giir cho
gée 0 lubn tién t6i khéng,
Do xe hai banh thudmng phai lam viéc trong
céc didu kién khac nhau, tai trong mang theo
6 thé thay dbi, ngoai luc tic dong vao xe ¢b
thé thay déi nén viéc md hinh hoa xe hai banh
t cin bing gip nhidu khé khin va ¢6 thé coi
xe hai banh 13 d&i tuong bt dinh (chi tiét
trong [2]). Do tinh chét bat dinh ciia md hinh
xe hai binh nén trong cac thuit toin diéu
khién xe hai banh da dwgc d& xudt nhu didu
khién phi tuyén ciia Beznol [1], Lee va Ham
(31 thlét ké b bing cach sir dung phuong
phap tlep cin quy dao gbe cia Gallaspy [2],
diéu khién PD cia Surpato [5], thi diéu khién
bén viing nhwr trong nghién ciu [7] 1a thich
hop nhét. Tuy nhién, bd didu khién thu duoc
theo phuong phap thiét k& didu khidn bén
viing Ho lhu'ang c6 bac cao (bic cia bd didu
khién duoc xédc dinh 14 bic ciia da thic miu).
Bic ctia b didu khién cao cé nhidu bt li khi
chiing ta dem thyc hién didu khién trén xe, vi
ma chwong trinh phirc tap, thi gian tinh toan
lau nén ddp ting cita hé thng s& bj cham. Vi
vdly, trong bii bio nay nhém tic gia dé xudt
thiét ké bd diéu khién can bang xe hai banh
theo thujt todn diéu khién bén viing ¢6 fing
dung thuit todn gidm bdc md hinh - Viéc
giam bic nay 6 y nghia 1 giam thoi gian dap
ng ca hé.
2. Mo hinh todn hoc ciia xe hai banh ty
cén bing
M5 hinh ddng hoc ciia xe hai banh duoc thé
hién frong hinh 2.
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Hinh 2. M6 hinh déng hoc cua xe hai banh fiw

cdn bang.
Véi: m, la trong luong cia xe (bao gom ca
dgng co), m, la trong lugng cia banh da, A
12 chidu cao ctia tim trong hre cia xe (khong
ké bénh da), hy la chiéu cao ctia tim trong lyc
cia banh d&, I, 1a mé men quan tinh cua xe,
1, ta md men quén tinh clia banh da, @ la
géc nghiéng cia xe so voi phuong thing
dimg, ¢ 1a gbc quay cua banh da
bé x4y dung md hinh ddng hoc cia hé, trong
nghién ciru (2], téc gia sit dung phuong trinh
Lagrange

ar| or  ov
ot o—=0 m
dt 84,| 9q, ' B,

Trong d6 T tdng dong nang clia hé, V la
téng thé nang cia hé, O, 1a luc ngoai, g, hé
toa doé téug quat.
Tong dong néang clia hé dugc xédc dinh 13:

i 2 1 S
T=Em||v‘| +om, | +;1|a~
Lo : @
+o 18 +;1,¢' + L6
1 3 2 52
T=;(m,h; +mp 1, +1)6
= (©)]

+ %Iﬁbz + 196
Téng thé nang ciia hé la:
V = g.cos6.(mh +mh,) @

Véi g, =8, sir dung cong thic (1) ~ (4), ta
thu dugce cong thire sau:

(mB +mp + 1+ LYo+ Lg

. S
—g.sind.(mh +mh)= &)

Véi g, =y, si dung cong thitc (1) - (4), ta
thu duoc cdng thirc sau;

B



LT,
0

4

i

i3

o

Nguyén Hiru Céng

Tap chi KHOA HOC & CONG NGHE

147(02): 203 - 208

LprI§=T,. ©
Véi 7, 13 md men xoén cua truc dong co.
Mé mem xodn cua déng co DC truyén dong
cho banh da la:

T,=aK,=aK, @)

U-—Kp
=

Véi K, 14 hing s6 mémen cua dong co,
K, 1a hiing s site dién déng ctia déng co,
R 1a dién tro cua dong co

Thay (7) vao (6) ta co:

Lg+Li=T, =ak, ®
Phuong trinh (5) va (8) chinh la hé phuong
trinh déng hoc cia hé RO rang véi cic
phwong trinh ddng lyc hoc trén thi h¢ & phi
tuyen
Tuyen tinh héa md hinh va chuyén vé dang
mé hinh khdng gian trang thai
Gia thiét ring khi xe hoat dong thi géc
nghéng cla xe it nhé (§<10"), ta tuyén
tinh héa phuong trinh (5) quanh diém can
bing (f=¢=0, sinf=40) thu dugc hé
phuong trinh saw:

(m? + myh2 + 1+ 1,)0 + Lgp

UK.,
i

O]
—g.0.(mh, +mh,) =0

Lo+ 1LE=T,=dK, UfK?”D] (10)

R

Dt 4, =(mphl +m B+ 1, +1);

6=ux
= ("'1}‘1 + mzhi) ix={f= x,| 1a bién trang

p=2x;

thai, y=6, u=U
Tir day ta c6 hé phuong trinh trang thai mo ta
hé nhu sau.
x=Ax+Bu
y=Cx+Du
Véi thong s6 cua hé nhu sau

an

0 i 0
A= Bg aK, K, 5
-1 R(A—1))
Bz
- 0 —ak, K 72—
G-l LRG=T)

c=[1 0 o,Dp=[0].

akK, —————|
LR(A 1)
Céc thoung s& danh dinh cua xe hai banh nhu
sau. f, =0,1105 kg.m®; 5, =0,105m; a=1;
1,=10,03289 Kg.m* ; h, = 0,205 m ,
m, =10,024kg ; m, = 3,976kg ;
K, =0,045V.s/Rad; K, =0,045Nm/A,
g=9,81 m/s’
Thay s vio hé phuong trinh (11) va chuyén
mo hinh xe sang dang ham truyén dat ta c6
két qua
§(s)=As) _ 0 __(12)
U(s) s +0.1284s% —47 25— 5589
Nhan xét v& md hinh xe hai banh
M2 hinh hoa xe hai banh tw cén bing cho thdy
c6 mot sb tham sb cua xe hai banh ty cin
bang 1a bét dinh nhw: khéi lugng tai thay 46i
dan t6i chidu cao trong tdm xe thay dé, mé
men quan tinh cua xe cua bién 46,  ddng
thoi khi hoat dng xe hai banh c6 thé chiu anh
huréng clia cc yeu t bit dinh tir bén ngoai
nhu. ngoai luc, nméu bét dinh do sur thay b1
cua dja hinh chuyén dong, ... do d6 md hinh
xe hai banh thuc chit 1a mét déi twong bét
dinh. Trong d6, nhém tac gid quan tam nhiéu
nhAt dén tinh bt dinh do sy bién a6 cua khé:
luong tai.
3. Thiét ké ¢5i wn RH. cho bai todn can
bang xe hai banh
Dé thiét ké hé théng diéu khién bén vitng cho
xe hai banh tr cin bang tac gia thuc hién
theo so d cdu tric didu khién thé hién trong
hinh 3 nhw sau,

Hinh 3 So dé cdu tric hé thing diéu khién
bén vitng xe har banh tw cén bdng
(*) Xay d\rng mé hinh xe hai banh S_(s)
Gia thiét ring khi xe hoat dong thi goc
nghiéng cia xe rit nho, ta tuyén tinh héa
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phuong trinh (5) quanh diém cin bing

(6=p=0, smf=4) thu dugc hé phuong
trinh sau:
Bkl 4+ 4+ L) + Lo
(’"| d 211y ' ,) 2P a3)
—gb.(mb +mh,)=0
Lg+18=T,
t_ 7 14
e U —(K,+K)p+K, (14)
R
Datd, =(mh? +m b+ 1, +1,);
0=x
B, =(mh +mh,) x=|6=x,| 1a bién trang
p=x

thai, y=6, u=U"
Tir day ta c6 hé phuong trinh trang thai mé ta
hé nhu sau:

x=Ax+Bu (15
y=Cx+Du
V6i théng sb cua hé nhu sau:
o 1 0
ak K. aK (K +K)

Rid -1}

0
ak,
B—| ——%%__ |,c=[t 0 0], p=[0]
R(4-1,)
4
e TR AT

Lya chon théng s K, =2, K,=5 va thay
céc tham s6 trong bang 1 vao h¢ phuomg trinh
(15), sau dé chuyén mé hinh xe sang dang
ham truyén dat ta c6 két qua
0(s) —0223s
S == Trime e
D thiét ké bo didu khién bén viing cho xe
hai banh ty cin bing tic gia thuc hién theo
cic budc thmét ké bs didu khién bén vimg
RH.. theo [4], két qui thu dugc bd didu khién
bén vitng nhu sau:
R(s)= H(s)

Do a7

vén

206

H(s)=—223.10"5" ~4 67 107*s” — 0.2665™
—22 965" —1006s™ —2 853 10*s* —5 837 10°s™
—9.144.10°s® —1.139 10*s™ —1.158 10"s™
~9776.10"s% —6.949.10" 5" — 4.199.10" s"
—2172.10% ' —9.,663.10'7 5" —3.71.10" 5"
—1.231.10" 5" —3.53.10%s" —8.74 10"s"”
—1.862.10"s" —3.398 105" - 5.276.10"s°
—6.903.10""s" —7.511.10"s” - 6.676.10'"s*
—4721 105" —2 556.10"s" —9953.10"s’
—248210"5* —2977 10”5 —0 00439

D(s)= 4971 107"s* +2032 107s*
+2.663.10775% +1.221.107s7 +9.72.1075%
+0.39185% +10.145™ +187.1s™ + 261257
+2862.10°s +1 088 105" +2 523 10°s™
+18210°5"° +5428.10"s" +2 273.10°5"
+8005.10%s" +2.372.10°™ +5.9.10°s"
+1.225,10"5" +2.107.10" 5" + 2.962.10'" 5"
+3341 10"s° +2941 10"s* +1.931.10°57
+8743 10°s° +2286.10"s° +1.519.10"s*
~5226107s° +3 6.167°s* +5.32 1075

Bo didu khién di bic ¢ bac 30 s& din t61
nhéu bét lgi khi chung ta dem thyc hién diéu
khién cin bing xe vi ma chuong trinh phitc
tap lam thé1 gian xit ly s& ting lén, téc o dép
uimg cua hé thong d]eu khlen bi chim va
khéng dip tng tét yéu clu vé thoi guan thue
cua bd dleu khién va c6 thé lam hé théng cin
bang mét én dinh. Chinh vi vay | dé nang cao
chét luong bé didu khién nay cin phai thuc
hién giam bac b didu khién dé ma chuong
trinh tro 1€n don gian hon, gidm thor glan xi
ly, ting 165: Q(} dép umg ma van thod man
dwge yéu ciu 6n dinh bén vimg cda hé thong.
4. Thuat toin chit cin bing mé ring

Hiu hét cic thuat toan g1dm bfic md hinh
duoc cong bé trén the 8161 déu chi ap dung
cho ciac m6 hinh tuyén tinh bic cao 6n dinh
(vic la céc nghiém cla da thirc ddc trung luén
co phan thyc 4m). Tuy nhién trong thuc té, rit
nhiéu mé hinh todn hoc bic cao 12 mé hinh
khéng 8n dinh, nhu mé hinh bd didu khlen
bic cao trong myc 3 cia bai bao nay, vi thé
thudt todn gidm béc can giam bac duoc cho ca
hé tuyén tinh khéng on dinh dé co thé dp
dung thudt todn giam bac cho mor déi tueng
cua bai todn giam bac (mé hinh tuyén tinh én
dinh hodc khdng 6n dinh).

\

.



i
il !

Nguyén Hiru Cong

Tap chi KHOA HOC & CONG NGHE

Pé thyc hién giam bac cho hé khéng én dinh
thi ¢6 hai phuong phép co ban: Phuong phép
gidm bic gidn tiép va phuong phép giam bac
truc tiep. Trong ndi dung b1 bdo nay, tic gia
gidi thiéu thuft toan chat can bang mo réng
[8], day 13 mot thudt todn gidm béc ap dung
cho hé khong én dinh theo phuong phap giam
béc truc tifp. N&i dung cu thé cta thuat toan
nhu sau:

Diu vio: H (A, B, C) khong én dinh dugc
mé ta trong (15) c6 biéu difn dang ham
C(sI-A)'B.

Buoe I Xac dinh diém cwe o khong én dinh
I6n nhat caa hé (15). Dat g =real(a)+6,
trong d6 6€R nhotly yva 6>0.

Butc 2. Chuyén dbi hé (A, B, C) thanh h¢
G ,(5) én dinh theo hé phuong trinh sau:

truyén 12 G(s):=

A =A—d1
B,=B
C,=C

Buéc 3. Tinh Grammian quan sit Q, va
Grammian diéu khién dugc P, cua hé théng
(A’,, B, C‘,) bing cich giai hai phuong
trinh Lyapunov sau: AP, + P:Af, =-B,B],
A‘T,QV, +QA, :—C";C’,.
Budc _4: Phin tich Cholesky ma trin
P,=R, R_,y, véi R, 12 ma trin tam gidc
trén.
Buwde 5. Phian tich Cholesky ma trén
Q,=R,R’  vé1 R, la ma trdn tam gidc
trén,
Bude _6: Phan
R, R =UAV].

tich SVD ma trdn

Buge 7: Tinh ma trin T, khong suy bién
T,'=R,V,A}*
Buée 8: Tinh
(A,,BH,C) (T;'A,T, T,'B,, C T,)

Budc 9: Chon sé bac cin rit gon 7 sao cho r
<n.

Buéc 10. Bidu dién (A, B,, él,) & dang

khé1 nhu sau:

0y A"Z.i ’
trong d6 A“, eR™. B, €R™, C JER™
Ta thu duge hé giam bic (A, B, CH) n
dinh.

Buge 11: Chuyén dbi h

dinh v& hé én dinh - 3 (A,., B, C‘) theo hé

phuong trinh sau.

A,=4A,, -4
B, =8B,
¢=¢,

Diiu ra: Hé giam béc (A‘,, B, C )

5. Ung dung thuit todn chit cin bing mé
réng cho bai toan diéu Khién cin bing
xe hai banh

5.1 Két qua gidm bac b didu khién cin

bing xe hai banh

B6 didu khién H,, di bac dugc thiét ké nhu

(17), 46 13 bd didu khién bac 30. Thuc hién

giam bic bd difu khién H. du bic theo thuit

todn chit cn bing mé réng trong muc 4, ta

duge két qua theo bang sau:

Bing 1. Két qua gidm bdc b6 diéu khién bén
vitng bdc 30

Bac M3 hinh ham truyén - R, (s)

485 10 6304 10
- 20005 - 1333

123 107~ 295 W0 (i iy
1913 L b6 10 K43 10

4 S 2655 108 1191 10w L9110 T
5 2000¢" = 205 6 =0 1231% + 0 003463

5.2 Sir dung b diéu khién gidm bic 4, bic
5 diéu khién cin bing xe hai banh

Sur dung bd didu kluén giam bic 5 & bang |
dé didu khién hé théng cin béng cho xe ha
banh c6 mé hinh déi frgng di¢u_khién nhu
(16). So @ mé phong hé thong dneu khién xe
hai banh sir dung bg diéu khién gbc va cic bo
diéu khién giam bac dugc thé hién trong hinh
4 nhur sau:

Hinh 4. So d6 Simulink hé thong ciéu khién
xe hai bdrh ne cdn bang.
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Két qua md phong hé théng didu khién xe hai
banh tu cin bing khi xe khéng mang tai va
khi xe mang ta1 m, =5 kg ; ban dau xe léch

khéi phuong thing dimg mot goc
g= m(md) duge thé hién trong hinh 5 nhu
sau’

gty o s

~Soawithengorbac 30
gambaes|

- = 8 dupkhengumbacs

C R T S S B TR R
T

(a) Kh1 xe khong mang tai

3 g g v ¢ al bar g barg - Tourg o
T — Godwamengoc e 0]

- B numen gambacs|
o sevimengambace

{b) Khi xe mang ta
Hinh 5. Dap img ddu ra cua hé thing diéu
khién can bang xe hai banh.

Nhan xét két qua

Sir dung bo didu k.hlen gidm bac 5, 4 theo
thudt todn chat cin bang mé& réng cb lhe didu
khién cén bing cho mé hinh xe hai banh,
trong a6 dap tng ddu ra cua bd didu khién
giam bfic 5 hoan todn tring khit véi dép g
dau ra cua bd diéu khién gbce, dap tng dAu ra
clia b diéu khién giam bic 4 co su sai khac
so véi dép tmg ctia bd diéu khién géc

6. Kétluan

Bai bdo da x4y dung, mé hink héa mé hinh xe
hai banh ty cin bang va thiét ke b didu khién
bén vimg dé didu kinén can bing xe hai banh.
Ddng tha, bii bio ciing glcn thiéu thudt toan
chat cin bang mé rong va ap dung thanh céng
thuat todn nay dé giam bic bd diéu khién bén
vitng bic cao trong bai toan diéu khidn cén

bang xe hai banh, cu thé 14, thay the bg di€
khién bén vimg bic 30 bang bd diéu khién
gidm béc 5, bac 4 ma chit luong hé thong
diéu khién vin duoc dim bao. St dung bé
didu khién giam bdc S5, bic 4 s& gilp mi
chuong trinh dom gian hon, ting the do tinh
todn, thdi gian xir 1y nhanh hon va dam bio
tinh thai gian thyuc cha hé thong diéu khién xe
hai banh tw cin bang Céc két qua mé phong
thé hién tinh dung dén cua thudt todn giam
béc va thujt toan didu khién bén vitng xe hai
banh ty cin bing.
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