TNU Journal of Science and Technology 230(10): 149 - 156
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In this paper, an indirect adaptive controller based on fuzzy inference
systems for a three-wheeled mobile robot was designed. The
mathematical model of the non-holonomic mobile robots was
considered with uncertain parameters and matched external
disturbances, which was combined into an unknown lumped dynamic
functions. These unknown functions were approximated by using fuzzy
inference systems with adaptive tuning laws. Based on the approximate
results obtained from the fuzzy inference system, the control signal for
the inner loop control was calculated to ensure the convergence of the
speed error to the origin region. Numerical simulations were performed
on MATLAB when the robot was affected by time-varying unknown
parameters and matched disturbances. The numerical simulation results
show that the trajectory tracking error approaches the origin domain in
short time and proves the high capacity of the fuzzy inference system to
approximate the nonlinear functions and the effectiveness of the
proposed control method.
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Bai bao trinh bay viéc thiét ké bo diéu khién bam thich nghi gian tiép
dua trén hé suy luan mo cho xe ty hanh ba banh. M6 hinh toan cta xe
tu hanh c6 tham sé bét dinh va nhiu ngoai tac dong & dau vao. Bét
dinh mé hinh va nhiéu ngoai duoc gop lai thanh cic ham bat dinh tong.
Céac ham bét dinh nay duoc xap xi dya trén hé suy luan mo véi luat
chinh dinh thich nghi. Trén co s¢ do, tin hiéu didu khlen cho vong dong
luc hoc dugc tinh todn dam bao sai léch téc do hoi tu vé ving chira géc
khong. M6 phong sé dugc thuc hién trén MATLAB khi cho robot chiu
tac dong cua bat dinh tham s6 mé hinh va nhidu chwa biét bién thién
theo thoi gian. Két qua cho thay sai s6 bam quy dao vé mot mién chira
gde khong trong thoi gian ngan va ching to kha nang cao cua hé suy
luan mo dé Xap xi cac ham phi tuyén va hiéu qua cia phuong phéap diéu
khién dé xuat.
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1. Gigi thigu

Robot di dong cé banh xe da dugc nghién ctru va st dung rong rai cong nghiép va dich vu
khac nhau, chang han nhu van tai, kiém tra, an ninh, thim hiém hanh tinh [1]. Céc tng dung nay
yéu cau robot di dong phai c6 kha nang bam theo mét quy dao chuyén dong cu thé mot cach on
dinh. Do d6, bai toan didu khién bam quy dao dugc cic k¥ su va nha nghién ctu rit quan tam,
dac biét khi c6 xét dén bat dinh mo hinh va c6 nhidu ngoai tac dong tai dau vao cling chua biét.

Dé giai quyét van dé trén da co nhiéu phuong phap diéu khién da dugc nghién ciru va ap dung
cho xe ty hanh. Phuong phéap diéu khién truot 1a mot trong nhiing phuong phap diéu khién bén
virng thuong dugc sir dung dé xur Iy van dé bat dinh cia mé hinh ciing nhu nhiéu tac dong chua
biét. Nhiéu bién thé khac nhau ctia diéu khién truot da dugc nghién ctru va ap dung. Diéu khién
trugt thich nghi udc lugng va b nhidu dya trén ham Lyapunov [2] di duoc thiét ké dé diéu khién
bam quy dao cho xe khi c6 bét dinh mé hinh & vong dong hoc va dong luc hoc. Truot thich nghi
tham so khuech dai diéu khién dugc trinh bay trong [3] 4p dung cho xe ty hanh 6 tich hop dong
luc hoc co cau chap hanh véi mong mubn han ché hién tugng dao dong. Cong trinh [4 1 thiét ké
bo diéu khién truot hoi tu hiru han két hop voi bd quan sat trang thai mé rong. Mot bo didu khién
trugt két hop vé6i bo quan sat trang thai phi tuyén di duoc phat trién trong [5].

Cong trinh [6] d& xuat thiét ké bo diéu khién két hop bo quan sat nhidu duya trén x4p xi Euler bac
nhat [7] giai quyét nhidu gop dau vao cho ddi twong phi tuyén thiéu co cau chip hanh. Nghién ciru
[8] d4 4p dung bd quan sat nhiu dé wdc lwong nhidu & ca hai vong dong hoc va dong luc hoc, sau
d6 két hop véi bo diéu khién tuyén tinh hoa phan hoi cho vong dong hoc va bo diéu khién thich
nghi cho vong dong luc hoc. Trong bai bao [9], hai bo quan sat nhiéu phi tuyén cling dugc thiét ké
cho ca vong trong va vong ngoai két hop vai bo diéu khlen phan hdi sai s6 cho 601 tuong co xét dén
truot banh xe. Khi xe chiu tac dong cua ca nhiéu ngau nhién va nhiéu khong ngau nhién, bo quan
sat nhiu phi tuyén két hop vai bo loc Kalman [10] da dugc thiét ké trong trudng hop nay.

M6t cong cu khac dé giai quyét vin dé bat dinh do6 1a st dung mang no-ron dé xap xi ham bét
dinh ciia md hinh. Trong bai bao [11], mang no-ron di dwoc sir dung dé xap xi thanh phan bat
dinh va két hop véi diéu khién truot c6 mit truot hoi tu vé gdc khong trong thoi gian hitu han.
Mot bo didu khién thich nghi dwa trén mang no-ron dé xir Iy van dé dong luc hoc bat dinh dugc
dé xuét trong cong trinh [12]. Nghién ctru [13] d3 st dung diéu khién truot két hop véi mang no-
ron dé xur 1y anh huéng cua thanh phan bét dinh.

Hon nita, hé suy luan mo ciing c6 kha ning xap xi ham bat dinh [14]. Hé suy luan mo duoc
ng dung dé x4p xi thanh phan bat dinh va két hop voi bd diéu khién tuyén tinh hoéa phan hoi
tuong tu nhu diéu khién cudn chiéu [15]. Trong nghién ciru [16], hé suy luan md duoc st dung
két hop voi bo diéu khién truot co mit truot hoi tu hitu han.

Tir nhitng phan tich & trén ta thiy, b diéu khién trugt c6 kha ning khang nhidu t6t nhung con
ton tai vin dé co ban nam & su dao dong tin hiéu dau vao diéu khién tan sé cao; chién lugc diéu
khién thich nghi dya trén mang no ron c6 thiét ké phirc tap. Trong nghién ctru nay, ching toi dé
xuat mot bo diéu khién thich nghi dya trén hé suy luan mo c6 thiét ké don gian hon va tranh duoc
tan s6 dao dong cao dau vao.

Phan con lai ciia bai bao g(‘)m nhirg ndi dung sau: phan 2 trinh bay phwong phap nghién cuu
va thiét ké chién lugc diéu khién thich nghi gian tlep dua trén hé suy luan mo; phan 3 ban luan vé
két qua moé phong klem chang bo diéu khién dé xuit; phan cudi cung dua ra cac két luan va
huéng nghién ciu tiép theo.

2. Thiét ké hé théng diéu khién dwa trén co ché thich nghi gian tiép

Xét dbi tugng robot di dong bao gdm hai banh sau duoc didu khién doc 1ap bai hai dong co co
dic tinh twong tw nhau va mét banh trudc da ning co thé di chuyén tu do theo moi huéng nhu
trong Hinh 1. Trong d6, r 1a ban kinh banh xe, d 1a khoang cach tir trong tam cua xe t6i diém
giita hai banh 1ai, 2b 1a chiéu rong cua xe.
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Y/

0 x X
Hinh 1. M6 hinh cua xe tw hanh 3 banh phi kha tich ) )

Mo hinh déng hoc va dong luc hoc cua robot khi khong xét dén dong luc hoc cua co cau chap
hanh dugc mo ta nhu trong biéu thirc (1) va (2) twong tng [3], [4]:
cos(p) —d.sin(e) v
sin(p)  d.cos(@) [w] 1)

0 1

Mn + A(mn = B(t + 74) (2)

q:

Trong do:

+q=|[xy <p]T € R3 biéu thi vi tri va huéng caa robot

+n = [v W]T € R? 1a véc to van toc tuyén tinh va van 7t(’)c g0c )

+ d 1a khoang céch gitra diém trong tdm xe va trung diém truc noi gitra 2 banh lai
+T= [TT Tl]T thé hién momen xoan tac dung vao banh xe

T X .
+1, = [‘L’rd ‘L'ld] la nhi€u dau vao chua biét
m 0
+ =
[ i
— —mdg| o _ 11 1
tA= [md<p 0 ]',B _7r[b i
Phuong trinh (2) dugc bién do6i thanh [3]:
il = A(mn + B(z +74) (3)
V6iA=—-M"14; B=M"'B.
Quy trinh thiét ké hé thong diéu khién dugc tién hanh theo hai budc:
Budc 1: dua theo phuong trinh dong hoc, yéu cau thiét ké bo dieu khién toc do n, dé q =
T o . T
[xy (p] dan tientéi q4 = [xd Va q)d] . ‘ o ‘ )
Buoc 2: dya theo phuong trinh dong luc hoc, yéu cau thict ke by dieu khien mo thich nghi
gian tiép dé van toc thuc té g = [v w]” dan tién téi gia tri mong muon . = [v, w,]T duoc tinh
toan tir vong ngoai.

2.1. Diéu khién h¢ déng hec

] v6i m 1a khéi luong tong cua xe, I 1a momen quan tinh cua xe

Muc tiéu cua bo diéu khién nay 1a xac dinh luat diéu khién sao cho robot s& bam theo quy dao
(e, — 0). Sai s bam quy dao dugc tinh nhu sau:

€x cos(p) sin(p) 0][Xa — X
ep = [ey] = |—sin(p) cos(p) Of|Ya ™Y (4)
7 0 0 U LPa—9

http://jst.tnu.edu.vn 151 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 230(10): 149 - 156

Tin hiéu diéu khién 4o cho vong dong hoc duoc thiét ké nhu sau [10]:
v, =vy cos(e¢) + k.(e,+d— dcos(e(p)) 5
{wc = wq + kyvy(e, — dsin(e,)) + vgk,sin(ey) ®)
Vi ky, ky, k12 céc hé s6 duong. Tinh héi tu cua luat diéu khién vong ngoai duoc ching
minh thong qua 1y thuyét diéu khién Lyapunov [10].
Xét ham tng vién Lyapunov xac dinh duong nhu sau:
v, = (e,c+d(1—cos(e(p));2+(ey—dsm(eq,,))2 + 1—czs(e¢) (6)
Pao ham cua ham Vj: ’
Vo= (ey+d— dcos(ey))(éx + dé, sin(e,)) + (&) —
sm(eq,) (7
(,a

dsin(ey))(é, — é,dcos(ey)) + %

Thong qua mot s6 thao tac bién doi dua trén biéu thirc cua sai s6 va dao ham ciia sai s6 bam
quy dao, phuong trinh chuyén dong cua quy dao tham chiéu va mbi quan hé rang budc phi kha
tich; két hop véi bo diéu khién van téc vong ngoai duoc lva chon nhu trong (5), ta co:
ky sin?(e,)

Vo = —ky(ex + d(1 — cos(e,)))? — - (8)
R& rang ta thay V, > 0 va V, < 0. Nhu vay, bo diéu khién (5)(’1)3 6n dinh tiém can.
2.2. Diéu khién h¢ déng luc hoc
Xét phuong trinh dong luc hoc:
n=Amn+B(T+1y) ©)

Pit:
’ u=Bt= [ul] ‘ 9
Moi quan hé gitta md men luc tac (T) dong 1én hai banh xe va tin hiéu diéu khién (u) duoc

viét lai tuong minh nhu sau:
1 rl
T, == (rmur + —ul>

2 b

1 rl (10)
’ 7 T = E(rmur —Eul)
Sau khi bién do6i phuong trinh (3) thu duoc:
n=Fm+u (11)

Vé6i F() = A(pn + (B+AB)T, + ABT, dugc gop chung thanh mét ham dong luc hoc chua
biét c6 chira thanh phan bit dinh mé hinh A(%), AB va nhidu ngoai 4. Do tinh chit bién thién
khéng nging caa no, bo diéu khién mo thich nghi gian tiép duoc sir dung dé wdc lwong thanh
phan bat dinh va tinh toan tin hi¢u diéu khién sao cho n — 7.

2.2.1. Thiét ké bé diéu khién mo: thich nghi gidn tiép
Xét mo hinh:
x=fx)+u (12)

Trong do, X 1a véc to cac bién trang thai, c6 chira trang thai cua hé thong x va trang thai bén
ngoai hé théng. Pit e = x,,, — x (vV6i x 1a dau ra thuc té cua mé hinh, x,,, 1a du ra mong mudn
cuia mo hinh).

Ham bat dinh f(x) dugc xap xi boi hé mo nhu sau [17], [18]:

fx) =(0)7¢(x) +e. (13)

Véi 0* 1a cac véc to tham s t6i wu dau ra cua hé mo, {(x) 1a véc to cac d6 thda min dau vao

ctiia hé md hay véc to ham co sd, € 1a sai s6 xap xi ham cua hé mo.
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Pinh ly 1: Sai s6 diéu khién bam e s& hoi tu vé ving chira goc 0 néu bo diéu khién mo thich
nghi duogc thiet ké nhu sau:

u=—£(x0)+x, + ke, (14)
Vvéi f(x,0) = 7 (x) va luat chinh dinh thich nghi la:
0 = —yed(x), (15)

trongdoy>0vak > 0.

Ching minh:

Véi luat diéu khién (14), ta co: é = —ke + 87{(x) — €, trong d6, 6 = 6 — 6",

Chon ham Lyapunov: V = %ez + %975.

Pao ham ctia ham Lyapunov, ta dugc:
i 1. .+ ~ 1.
V=eé +;0T0 = —ke? —ee+ 07 [e{(x) + ;0]

Thay luat thich nghi (15) vao V, ta cé: V = —ke? — ee.

€]

Khi e ¢ T ={e| le| <!} thi V < 0, do 6, e hoi tu vé ving chira gbc . Ta co diéu phai
chtrng‘minh.
Mien I ¢6 ban kinh cang nho khi chon k cang 16n.

2.2.2. Ap dung cho diéu khién vong dong luc hoc ciia xe

Vong dong luc hoc ciia xe ¢6 hai dau vao va hai du ra. Tach hé (11) thanh hai hé con va ap
dung Dinh Iy 1 & trén cho mdi hé con, trong d6, véc to ham co s dugc thiét két gidng nhau cho
maoi hé con.

Céac ham lién thudc cho van téc tuyén tinh v:

v, (v) = gauss(v,[0,05; —1])
v, (v) = gauss(v,[0,05;0]) (16)
v4(v) = gauss(v,[0,05; 1)),
1/v—c)?
trong d6, ham gauss(v, [o;c]) = e_E(T) :
Céc ham lién thudc cho van te goc w:
W, (w) = gauss(w,[0,05; —5])
wi (W) = gauss(w, [0,05;0]) a7
wg(w) = gauss(w, [0,05;5])

Véc to ham co s0:

- Wy 1

Wy

Wgq
vawa
Vq Wi
(VR M (18)
Vg Wi
Vg Wq
VgWq
Vg Wy
[ VgWgd

B6 diéu khién mo thich nghi gian tiép c6 dang nhu sau:

u=-0"¢{(n) +1n. +ke (19)
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’ e . .
voi 0 =10, 6,], 7, = [ZC] e=1,-1= [e;] va k 13 hing sé duong. Luat chinh dinh
C
thich nghi:

91 = —y,e:.{(m)

. ) 6, = —y2e,4(1)
Trong do, y; va y, la cac hang s6 duong.

(21)

3. Két qua nghién ciru va thao luan

Két qua nghién ctru dugc thu thap dua trén mé phong sir dung phan mém MATLAB.
3.1. Théong sé mé phéng

Qu§ dao tham chiéu va nhidu ngoai chua biét trude dugc gia dinh nhu trong biéu thire (22) va
(23) tuong tng:

Xq (t) =0,2t+0,3 (22)
ya(t) = 0,5 + 0,25sin(0,2mt)
I = [10 sin 3t
47110 cos 3t (23)
Céc tham s6 m6 hinh va bo diéu khién duoc hra chon nhu trong Bang 1.

Bang 1. Cdc théng s6 mé hinh, qui dao, nhiéu va bé diéu khién

M hinh robot Bé diéu khién vén tdc Bé diéu khién mé men
b=10,75+£0,075m k,=5 k =100
r=20,15+0,015m k,=6 y. =0,1
d=034003m k,=18 y2=01
m=232+10kg

[ =19,635 + 10,9 kg.m?

3.2. Két qud mé phéng

Hinh inh bam quy dao Sai sb bam quy dao
0.8 0.5
l“' i‘ | &y
07 i 04 | e
1 ‘ 11
I
0.6 " Ik I
Ay I
TRRTE 03
o AR e |l
1 .
1 a 1
yiml ) 4 o 0 0.2
o = I
I 73] |
0.3 i
J l L v 0.1
0.2
Qui dao thye
= = =+ Qu§ dao tham chiéu 0
0.1
0 -0.1 : : ‘ :
0 0.5 1 1.5 2 25 0 2 4 6 8 10
x[m] Thévi gian (Gidy)
(@) (b)

Hinh 2. Quy dao thue va quy dao tham chiéu: (a) hinh anh bam quy dao va (b) sai s6 bam
Hinh 2 va Hinh 3 cho‘théy Két qua diéu khién bam qu§ dao robot khi ap dung bérdiéu khién
vong ngoai (5) va b dieu khién thich nghi vong trong (14). Tir Hinh 2 c6 thé thay quy dao
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chuyén dong thuc té bam tét quy dao chuyén dong tham chiéu véi sai s6 bam quy dao tién vé gié tri
nho dudi 0,02 m sau khoang thoi gian ngan xap xi 1,5 gidy va tién sat vé goc 0 sau khoang thoi
gian Xap Xi 2,5 gidy. Diéu nay ching minh kha nang udce lugng va bu nhiéu cia bo diéu khién kha
t6t. Sai s6 bam quy dao ting tai cac thoi diém chuyén huéng Chuyen dong cua quy dao tham chiéu
do tinh chit quy dao tham chiéu bién thién lién tuc véi gia tri sal s6 16n nhat theo phuong tinh tién
xap xi 0,03 m. Bo diéu khién vong ngoai c6 kha ning dua sai sb vong ngoai (tic sai s6 bam vi tri)
tiém can vé gdc, trong khi bo diéu khién thich nghi vong trong chi ¢6 thé gitip cho sai s6 bam van
toc tién vé mot mién on dinh gan goc. Kich thudc mién nay phu thude vao sai sd xap xi boi hé suy
luan mo va hé So khuéch dai diéu khién (k). Do d6, co thé thay sai sH bam quy dao tai Hinh 2 nho
hon nhiéu sai 6 bam van t6c tai Hinh 3. Ngoai ra, do con ton tai sai 6 bam van tdc nén tin hiéu
diéu khién (momen) dit vao hai banh ctia dong co ciing dao dong theo (Hinh 3).

Sai s bam vin the (e) Mé men lue (7)
8 i 15 - T

Sai sb bam van toc
M& men dau vao

Thoi gian (Giay) Thi gian (Giay)
(@) (b)

Hinh 3. Piéu khién vong trong: (a) sai sé bam van toc va (b) tin hiéu dau vao mé men

4. Két luan

Két qua md phong diéu khién bam duoc thuc hién trong truong hop gia dinh ham dong luc
hoc chua biét bao gom khéi lugng, momen quéan tinh va nhiu ngoai dau vao thay doi lién tuc
theo thoi gian. Miac du chiu tac dong cua yéu td khong mong mudn bién thién diéu hoa khong
ngimg nhung bd diéu khién thiét ké van cho két qua bam quy dao tham chiéu vai sai s6 bam quy
dao tiém can vé ving chira goc 0, chirng minh dugc kha ning xap xi ham phi tuyén va kha ning
diéu khién khang nhiéu cua bo diéu khién thich nghi gian tiép dua trén co ché thich nghi mo.

Nhitng han ché cua phuong phap dleu khién dé xuat gom: viéc chon sé ménh dé NEU-THI, cac
dang ham lién thude dau vao va tham so cua ching con phu thuoc vao kinh nghiém va phuong
phap thir sai; sai s6 tc d6 bi chan bai mién chira gbc I' ma khong tién vé khong duoc, didu nay lam
cho sai léch quy dao khong tién vé khong dugc. Hudng nghién ciu tiép theo 1a nang cao chét lwong
diéu khién bam & vong dong luc hoc dé sai léch didu khién toc do tién vé khong thay vi bi chan.

Loi cam on
Nghién ctru nay duoc tai tro boi DE tai “Nghién ctru, phat trién td hop robot ¢ tich hop mot

s cong nghé chu chét cua cach mang cong nghiép lan tha tw (CMCN 4.0), tng dung trong
logistics”, ma so KC-4.0-34/19-25.
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