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Tom tat:

Bai bao trinh bay moét phuong phap thiét ké diéu khién truot dua trén mé hinh trang thai cda xe tu hanh.
Cac thanh phan bat dinh, trugt banh va nhiéu ngoai ctia hé théng dugc loai bd théng qua bd diéu khién
két hgp vai bd udce lugng nhiéu. Ti€n hanh bién déi dua mo hinh dong hoc clia xe vé dang phuong trinh
trang thai dé c6 thé ap dung dugc thuat toan diéu khién trugt don gian va hiéu qua. Thiét ké bd diéu
khién dam bdo én dinh Lyapunov va cac két qua mé phdng cho thdy chat lugng diéu khién bam tét,
khéng con hién tuong chatterring, loai bé dugc anh hudng cta cac loai nhiéu.

Tu khéa: Xe tu hanh, ma sat trugt banh, diéu khién trugt, udc lugng nhiéu.

Abstract:

The article presents a control designing method that estimates disturbances based on the state of

autonomous wheel mobile robot. Uncertainties, wheel slips and external disturbances of the system are

ehmmatedthrough thé controller combmed with dlsturbance estimation. Franrsferingldnrematicrrodette
2 2 2 3 /2 - The controller design ensures

Lyapunov stability and simulation results ellustrate the high quality of tracking control, disappearing of

chattering phenomena and disturbances.

Key words: Wheel mobile robot, wheel slips, sliding mode tracking controller, disturbance estimation.

1. GIGI THIEU CHUNG mat san tron hodc c6 vat can, xay ra hién twong
Y an N A A v an ... truot banh anh hudong dén quy dao di chuyén
Robot di dong da dugc bict dén tir lau véi kha i o £ d y" T y
. B . o cua xe thi vai tro ciia by bg dieu khién cang
nang thay thé con nguoi thyc hién cac comg . ., T L . . -
. o A tré nén can thiét. Da co6 nhi€u cong bo nghién
viéc ndng, nguy hiém, kho khan. Mgt trong , A 2

ctru veé cac phuong phéap dieu khién cho xe tu

hanh, nhu: Diéu khién truot [1-4], diéu khién
thich nghi [5, 6], diéu khién thich nghi no ron
[7-9], diéu khién dua trén bo udc luong nhiéu

cac loai robot di dong phd bién 13 xe ty hanh
(WMR). Pay 1a d6i tuong diéu khién kho vi
c6 tinh phi tuyén, nhiéu dau vao nhiéu dau

ra, thiéu co cdu chap hanh va co diéu kién [10, 11]. Cac phuong phép diéu khién hién dai

rang budc nonholonomic. Péc bi¢t trong moi
trrong lam viée thuc té, khi xe di chuyén vao

nhiing khtc cua hodc di chuyén véi toc do cao,

khong nhimng lam hé 6n dinh ma con xu ly
loai bo dugc anh hudng ctia nhi€u bén ngoai,
ma sat trugt banh, cac yéu to bat dinh cua mo
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hinh. M6t trong nhirng giai phap hiéu qua dé
bu anh hudng cta nhiéu 1a thiét ké bo quan
sat nhidu, hodc sir dung mang noron dé xap xi
thanh phan nhidu chua biét trudc. Nhu trong
[4], nhém tac gia sit dung bo diéu khién thich
nghi khi chua biét tham s trugt doc truc banh
xe va mot bd quan sat dé ude lugng goc hudng
ctia WMR. Mot phuong phap khac xir 1y nhiéu
la sit dung mdt bd quan sat nhiéu véi bo loc
Kalman md rong dé quan sat va bu thanh phan
ma sat truot banh [11]. My nim gan day, viéc
xem xét dua thanh phan ma sat trugt vao mo
hinh dé thuan tién cho viéc thiét ké diéu khién
cling dugc nghién ciru nhiéu [3,8]. Alipour [3]
xdy dung mo hinh c6 chta thanh phan ma sat
trugt va thiét ké diéu khién trugt bam quy dao
ma khong bi anh hudng bai cac yéu t6 bat dinh.
Diéu khién truot da duoc ing dung diéu khién
mach vong dong luc hoc cho WMR tir kha lau.
Tuy nhién, da sO cac bd diéu khién trugt déu
¢6 nhuge diém 1a co hién tuong chattering do
6 su tham gia ctia thanh phan sign(s), lam anh
hudng toi chat lugng dau ra. Giai phap dicu
khién dé giam dao dong do trugt 14 can thiét va
cling duoc nghién ciru va dé xuat.

Trong bai bao nay, tac gia dé xuat mot phuong
phép diéu khién truot dua sai s6 bam quy dao
vé 0, déng thoi khac phuc dao dong tu do
quanh mat truot. Thiét ké bo diéu khién truot
ém, gidm hién tuong chatterring, gidm anh
huong x4u dén co cau chap hanh.

2. MO HINH XE TU HANH

sb: 7 12 ban kinh banh xe, » 12 méot nira cia
khoang céach gitta 2 banh sau cua xe, a la
khoang cach gitta M va G. Xe duogc diéu
khién bam theo quy dao cho trude, goi diém
muc tiéu di chuyén cuaxe la R(x,,y,), vi tri
cua xe duoc xac dinh bdi vector toa do
qz[x y H]T.

YR

¥

0

Hinh 1. M6 hinh xe tu hanh ba banh
Khi xe di chuyén s& xuat hién hién tuong trugt
gitra banh xe va mat san. Goi 7& va 7. 1a do
trurot doc truc cia banh xe bén phai va bén trai,
n 1a do truot ngang truc banh xe. Trong truong
hop nay, van toc tuyén tinh cia WMR theo
hudng doc va vén tdc quay thyc té nhu sau [8]:

o Btd) g+,

a):r(¢R_¢L)+(7R_}/L):/J+19 (2)
2b 2b
Trong do: ;g=7RJ2% 3:(7R2—bn)

Phuong trinh chuyén dong cuia xe xét tai diém
tam khéi G:

X; =Qcosf—-nsinfd—awsin 0

p.. =Qsin@+17cosf +awcosl

2.1. M6 hinh dong hoc ),}G g (3)
0=w

Hinh 1 minh hoa moé hinh xe tu hanh ba banh

gén trén hé toa do cb dinh OXY véi cac thong Diéu kién rang budc nonholonomic:
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Vo =1, + %, cosO+ y,, sin@+bo
7, =—rd, + %, cosO+ p,, sin0—bw

(4)

7 =—%, sin@+ y, cosO—ab

2.2. M6 hinh dong luc hoc
Theo [8,13], m6 hinh dong luc hoc cua xe
dugc bién doi thanh:

Mv+Bv+Qy+Cn+Gn+t,=1 (5)

Céc thong s6 trong mo hinh:

r=[r, 7,]' 1a vec to ddu vao, 7, va 7, 1a
mod men lyc ddt vao banh xe phai, trai tuong
tng, 7, 1a vecto gom thanh phan bit dinh
trong mo hinh va nhidu ngoai, vecto van tdc
goc V=[(/5R ¢J va vecto ma sat truot doc
truc y=[r. 7]

1] 2 [0 1
G= mGa’[ { ,Bszﬂa){ }

2b 2b -1 0
M:|:m1 mz : Q:{% %}
m, m | 9, 4

2.2 2
m, =mg (%Jrjbrz] 422 (1;+21,)+m,r* +1,
2 2.2 2
reooawr r
m, :mGLT— 4b2 J—W(IG +2ID)’

—my=|1 “— r1+21)
ol

Cac ki hiéu tham sb: m,- khéi lugng than xe;

m,, - khoi lugng banh xe; /- hé s6 moémen
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quéan tinh ctia than xe quanh tryc thang dung di
qua diém G; I, - hé s6 mémen quén tinh cila
banh xe quanh truc quay; /,- hé s6 momen
quén tinh ctia banh xe quanh truc duong kinh
ctia banh xe (theo hudng truc thang ding).
T phuong trinh dong luc hoc (5), nhan ca 2
vé v&i M~ bién doi ta duoc:
v=-M"Bv+M ' -M"(Qy +Cij+Gij+z,)  (6)
Pit thanh phan nhiéu 13 ¢,—-m
thi (6) viét thanh:

@V +Cn+Gij+T,),

v=-M"'Bv+M 't +d, (7)
Piéu khién xe tu hanh bam theo mét quy dao
cho trudce, goi diém muc tiéu di chuyén cua xe
la R(x,,y,), sailéch vi tri gitta diém gitra hai
béanh xe (diém M) véi diém muc tiéu R trén hé
toa do OXY:

e, cosf sin®
e = =
Pole, —sinf cos@

Dao ham theo thoi gian cong thirc (8), xem xét

Xp =Xy
8
yR_yM:| ®)

dén diéu kién rang budc, phuong trinh chuyén
dong (3) thi c6 duoc:

éx
e'pz[é }:hwdl (9)
y
Trong do
e_y_l 1 — i+1 1
he b 2 b 2
_er er ’
2b 2b
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[7R_7}Lje _7}R+7}L
2b g 2
Ve =71 o
A e e
N cos@ sind || x,
—sin@ cosf || y,

2.3. Mo hinh trang thai

d, =

Bién d6i hé vé md hinh trang thai, dinh nghia

bién trang thai: x, =e,; X, =x+Ax, A la

hang s6 xac dinh duong.
Dao ham bién x, theo thoi gian:
X, =X, + AX, (10)
Thay lan luot cac cong thuce (7), (9) vao (10):
=W +hv+d +A(hv +d)

=hM'Bv+hM "1+ hd, + hv+d, + Jhv+cd,

=Pv+ET+d, (1T)
Trong d6: B =-hM'B, E=hM"",

d,=hd, +hv+d, + Ahv + Ad,

Ruat v tr cong thuc (9):
v=h'(e,—d)=h"(x,—Ax,—d)) (12)

Thay cong thuc (12) vao (11) va dat

P=Ph”'=M"'B, d=d,—h"'d, thi c6 cong
thuc (13):
X, =Px,—APx, +Et+d (13)

Nhu vy, mé hinh WMR dua vé duoc dang mo
hinh trang thai la:

—Ax,

14
{ X, =Px,+Et —APx, +d (19

Trong cong thie (13), hang s6 A chua biét can
chinh dinh, néu A 16n s& 1am cho tin hiéu
sai 1éch tién vé mit truot nhanh nhung lai
gay dao dong 16n va nguoc lai. Do do, chiung
toi d& xuat y tuong 1a coi thanh phan Ax, la
nhiu chua biét trude, dat D =-ix.D, =d 2Py,
Pit vecto bién trang thai x=[x x| ,
f)= {0 g , gx)= B} , { } thi mo hinh
(14) dua vé dang vec to tong quét 1a:

x=f(x)x+g(x)r+D (15)

3. THIET KE BO PIEU KHIEN

Mo hinh trang thai (15) dugc sir dung dé thiét
ké bo diéu khién cho WMR, trudc hét can xéac
dinh tin hiéu diéu khién z dé hé bam quy dao
va loai bo dugc anh hudng ciia thanh phan
nhiéu.

3.1.Thiét ké bé diéu khién trugt

Trude hét, chon mit tregt nhu sau [14]:

s =X, +k,x, +kx (16)
Thay (14) vao mat trugt (16):
s=Px,+Et+D, +k,x, +kx, (17)

Chon luét diéu khién trurot gdm hai thanh phén:

T:E*I(re—i—rn) (18)

Trong do, thanh ph'?m gilr h¢ & mat trugt duoc
chon nhu sau:

=—Px, —k,x, —kx, (19)

V6i k,,k, 1a cac hang s6 duong.

Thay luat diéu khién trong cong thic (18),
(19) vao (17) sé co:

80



TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUGNG DAI HOC DIEN LUC

s :Tn +D2 (20)

Thanh phan thi hai r, cua luat diéu khién
truot, dé dua hé vé mit truot duoc chon nhu
cong thirc (21) dé giam bot dao dong:

7, +Kr, =¢

gz—(p+kn+/1)sgn(s) (1)

Gia thiét: K >0 va # la hang s6 xac dinh
duong, k, > K|D2| va p>‘D2‘.

Khi hé dat t6i ché do mit truot s =0 thi ti
(14) va (16) c6 dugc cong thuc (22):

{xl =x, +D,

22
X, =~k x, — k,x, (22)

Bién d6i (22) vé phuong trinh vi phan bang
cich dao ham hai vé phuong trinh trén
X, =x, +D,, thay X, tir phuong trinh dudi vao
s€ co:

X, + k%, +kx, =D, +k,D, (23)

Nhan théy néu D, =0 thihé on dinh, tuy nhién
D, 1a t6n tai va anh huong dén bién trang thai
x,. Do d6, dé xuat mot bd quan sat nhiéu dé
thiét ké lai mit truot.

3.2.Thiét ké bd quan sat nhiéu

Dat z 1a dai lugng ude lugng cia x, va z,1a
dai lugng uwéc luong cua D, [14]:

24)

Z,=2,—a (z1 —xl)+x2
z, =—a, tanh (b(z, - x,))

Dinh nghia thém bién sai léch coa x, la
e =z,—X,,cuanhieu D la e, =D -z, va
e, =—e, — ae;, két hop voi cong thire (22) va
(24):
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é=e
. 25
¢, =—a, tanh (be,)— D, — aje, @3)

Thay (24), (25) vao (23) ta c6 phuong trinh vi
phan:

X, +k,x, +kx =é, +k,e, (26)

Cong thuc (26) cho thay, véi sai 1éch uéc wong
nhiéu e, bichanthi x, >0, sai sb quy dao cua
hé tién vé 0.

Khi d6, mit trugt (16) viét thanh:

s =X, +ky (%, +2, ) +hkx, + 2, (27)
Va thay (14) vao (27) thi:
§=Px,+Et+D, +k,(x, +z,)+kx, +z,  (28)
Luat diéu khién trong (19) duoc viét lai:
T, =—Px,—k,(x,+2z,)-kx -z, (29)

Chung minh:

Pao ham 2 vé cong thirc (20) va két hop véi
21):

s=17,+D,

=t +Kr,—Kr, +D, (30)
=—(p+k,+u)sgn(s)-Kr,+D,
Chon ham Lyapunov x4c dinh duong:
V= 1 s's (31)
2
Pao ham 2 vé (31) theo thoi gian:
V=s"s (32)
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Thay (30) vao (32), két hop véi cac diéu kién
p>|D,|, k,>K|r,|[15]:

V=s" [—(p+kn +41)sgn(s) —Kt, +D2}

=(s"D, - pls)+ (-,

s|—Ks"7,)— pls]

<—pls] (33)

Nhur vay, ¥ <0, hé (15) sé dat trang thai s =0
trong khoang tho1 gian hitu han.

R(xp. yp)

—

e 3 -
Cong thirc| " | Ma hinh |, B8 diéu khién

(8 trang thai trirgt

B6 wdc lwgng

Xy €

Hinh 2. So d6 khai cau truc diéu khién
4. KET QUA MO PHONG
Chon céc thong s6 cia WMR:

WMR

mg =10kg,m, =2kg,b=03m,r=0.15m,a=02m
I, =4kgm® 1, =0.1kgm” I, =0.05kgm’
Tham s6 b6 diéu khién:
A=951k =10k, =10,K =98, 1 =10, p=5
Thuc hién mé phong trén phian mém Matlab/
Simulink, gia sir tac dong tin hiéu nhiéu dau
Vao:

T, = [2 +sin(0.1¢) 1+ cos(0. lt)]T
Va thanh phﬁn tregt doc truc va ngang truc tac
dong vio xe [7.7,.71]

[0,0,0] (m/s) £<2(s)

[0.35in(2¢),03c0s (26),02] (m/s)t22(s)
Kiém chimg két qua ctia phuong phap dé xuat,
tién hanh dong thoi mo phong thuét toan thiét

ké trong bai (duong NSMC) va ddi sanh voi
mot phuong phap diéu khién truot truyén

théng cong bd trong [1] (dudng SMDO). Vé
thong s6 mo hinh, anh huéng nhiéu ngoai va
tac dong do truot banh xe 1a giébng nhau. M6
phong véi muc tiéu R di chuyén theo quy dao
oval: X, =1+sin(¢),y, =cos(7).

Vi tri va goc hudng ban dau cua xe:

(%, (0), 7, (0),6(0)] =[0.7,1,0]

—— reference trajectory

— =SMDO USS trajectory
jecto

0.5

¥{m)

0.5+

4 L L 1 . L L
0.6 0.8 1 1.2 14 1.6 1.8 2 23
X(m)

Hinh 3. Xe bam quy dao oval

bap ung duong quy dao Hinh 3, va dac tinh
sai s theo toa do x,y Hinh 4 cho théy dac
tinh quy dao diéu khién theo thuat toan trong
bai (NSMC trajectory) bam quy dao dat
(reference trajectory) nhanh va chinh x4c, sai
s6 quy dao nho, chi khoang sau tam 0.3s la
bam vé khong.

Error x(m)

2
1
o

A

2

L L L L L L L
0 0.396 0.792 1188 1.584 198 2376 2772 3168

Time(s)

T T
[—SMDO USS
[——nsMc__ ||

Error y(m)

2
1
0

A

2

L ' L L L . L
0 0.396 0.792 1188 1.584 198 2376 2772 3.168

Time(s)

Hinh 4.Dac tinh sai sé vi tri theo phuong X, Y

82
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SMDO USS) théy réng chat luong diéu khién

=™ tt hon, tin hiéu diéu khién mé men dao dong

it hon.

Torque 1(N.m/rad)

5. KET LUAN

0 0.5 1 1.5 2 2.5 3
Time(s) N\ . , ~ \ \ A , < A
Bai bao da trinh bay mot phuong phéap diéu
—— SMDO USS 3 A ~ N /. 5
_ khién trugt dya trén mo hinh trang thai ctua

WMR khi xe chiu tadc dong cuia nhidu ngoai

Torque 2(N.m/rad)

va ma sat truot banh. Cau truc diéu khién

- . *  don gian hon do chi can sir dung mot bo diéu

khién, thay vi dung hai bo diéu khién ch

Hinh 5. Dac tinh m6 men quay giita hai ?en, ay vi cung hal bo dicu khien cho
phuong phap diéu khién hai mach vong dong hoc va dong luc hoc.

So véi cdc phuong phap diéu khién trugt

Quan sat dac tinh mé men quay dong co banh _ P h dg pRap q h i

e . < n truyén thong thi da gidm dugc hién tugn

trai va banh phai ¢ Hinh 5 cho thay m6 men y . g , g AT i ’g
2o ceaia sn 1. . 1:n_ A chattering, chat lugng di€u khi€n bam tot,

quay thay doéi1 vaoi bién do nhd, tin hi¢u diéu - .

khién moémen dua vao xe ém, c6 loi cho co dnh huong cua nhicu ngoai va ma sat trugt

ciu chap hanh. So sanh v6i phuong phéap diéu banh dugc loai bo.
khién truot thong thuong trong [1] (dudng
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Gigi thiéu tac gia:

Tac gia Pham Thi Huong Sen t6t nghiép ki su nganh Diéu khién tu dong
Trudng Dai hoc Bach khoa Ha Noi nam 2004, Thac sy chuyén nganh Diéu khién
va Tu ddng hoa ndm 2008, nhan bang tién si chuyén nganh Diéu khién va Tu
dodng hod nam 2022 tai Truong Pai hoc Bach khoa Ha Nai.

Linh vuc nghién ctu: ly thuyét diéu khién nang cao, diéu khién qua trinh céng
nghé, diéu khién robot ty hanh.
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