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Tom tdt—Bai bao dé xuit luat diéu khién chuyé’n dong
on dinh cho robot di dong ba banh da hu’dng voi tham SO
cha luat dleu khién dugc dleu chinh bang bo dleu khlen
mo. Luat diéu khién dé xuit cho phép tham ) luat diéu
Kkhién thay doi thich nghi véi trang thai caa robot, cal thién
dap u’ng cta hé thong Hiéu qua cua phuong phap dé xuat
dudc kiém nghiém qua médt so truong hgp hoat dong va
so sanh voi phuong phap thong thuong.

Tix khoa—robot di dong da huing, on dinh tiém cdn,
Lyapunov, logic md, diéu khién mo

I. GIGI THIEU

Khé nang hoat doéng ty quéan tri ctia robot di dong
tao ra cic ung dung da dang trong nhiéu linh vuc. Mot
trong cdc van d lién quan dén kha ning ty tri ctia robot
di dong 13 diéu khién &n dinh. Bai toan diéu khién &n
dinh tit mét vi tri bat ky trong méi trudng 1am viéc tdi
vi tri dich ¢6 y nghia trong truong hgp robot hoat dong
trong moi trudng chua biét trude [1]. Trudng hop nay
khong yéu cau dudng di cho trudc ma chi can thong tin
vé vi tri ban dau va vi tri dich. B6 diéu khién 6n dinh
tiém can sé diéu khién robot tit vi tri bat ky vé dich.
Ung dung trong cdc bai toan diéu khién bam dudng di
biét trudc hodc din dudng trong moi trudng khong biét
trudc.

Co ciu di dong clia cic robot hién nay 12 co ciu banh
xe, 2 banh, 3 banh hay 4 banh. Trong d6 co clu ba banh
v6i banh da huéng (Omni) [2]-[3] cho phép robot di
chuyén theo cdc huéng thudng dugc st dung. M6 hinh
dong hoc clia robot da huéng 12 md hinh phi tuyén vi
thé tiéu chuin 8n dinh Lyapunov [4] dudc st dung d&
dénh gia tinh &n dinh ctia hé théng nay. Tiéu chuin &n
dinh lién quan dén viéc x4c dinh ham Lyapunov V > 0
va dao ham V < 0. Bién diéu khién lién quan dén van
téc tuyén tinh v van tdc géc clia robot hay van toc
gbc riéng cia tiing banh xe. Mot sb cic nghién ciu di
dé xuit lya chon luit didu khién van téc théa man tiéu
chuin 6n dinh Lyapunov. [5], [6], [7].

Céc luat diéu khién chuyén dong 6n dinh trong cac dé
xuiit § trén lién quan dén cdc bién diéu khién va tham
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s6 ctia luat didu khién. Khi 4p dung cac tham sb c6 diéu
kién nhit dinh d€ luat diéu khién thda mén tiéu chuin
Lyapunov. Trong khi d6 hinh dang duong di va dédp vng
ctia hé théng lai phu thudc vao viéc lua chon cic tham
s6 niy. Viéc danh gia lua chon tham sb diéu khién dé
thu dugc két qué tdt nhit can dugc quan tAm xem xét.

Bai bdo dé xuit mot hé thong diéu khién chuyén dong
&n dinh robot di dong da hudng vé6i luat diéu khién thda
min tiéu chuin Lypunov va tham s luit didu khién
dugc diéu chinh bing bd diéu khién md. Co s clia viéc
diéu chinh tham s cida luat diéu khién dya trén muc
tiéu cdi tién toc do dap ting cta hé théng. Mbi quan hé
hay sy thay d6i thich nghi gifta tham s6 cda luat diéu
khién véi khodng cich téi dich tuong tng phit hop véi
Iy thuyét vé logic md [8]. Bo didu md [10]-[9] dudc xay
dung dua trén ly thuyét vé tip md va logic md thich hop
v6i nhitng hé thdng chua dy di thong tin hay md hinh
cia dbi tuong do d6 dudc st dung rat nhiéu trong cic
ting dung robot di déng lién quan dén véin dé tranh vat
va din duong trong moi trudng khong biét trude [11],
[12], [13], [14], [15]. B6 diéu md cho phép xac dinh
mdi quan hé gifta tham sb ctia luat diéu khién va toc
do dap ting ma khoéng cin mo hinh cu thé lam cho hé
théng didu khién 8n dinh c6 ciu tric don gian, dé thuc
thi va khic phuc dugc han ché ctia bo diéu khién &n
dinh thong thudng.

Chu tric bai bdo dudc trinh bay thanh bén phan.
Trong d6 md hinh hé théng dudc md ti chi tiét trong
phan I1. Phan TIT danh gia hidu qua ciia hé thdng dé xuét
théng qua chuong trinh m6 phong. Mot sb két ludn va
huéng phat trién tiép theo dugc d& cap trong phan IV.

1. MO HINH HE THONG
A. M6 hinh robot di dong da hudng

Robot di dong da hudng c6 chu triic 3 banh dit cich
déu nhau trén dé hinh tron cia robot, cach déu nhau
120° va hoat dong doc 1ap. M&i banh c6 ciu tao dang
con lin d€ vita cé thé di chuyén theo chiéu ngang vita
di chuyén theo hudng thing. Hinh 1 thé hién mé hinh



robot di dong da hudng, trong dé w;,ws,ws (rad/s) la
van tbc goéc ciia cdc banhm i, 7 (m/s) 12 van tbc tuyén
tinh cua robot theo truc X va 'y, 6 (rad/s) 1a vén toc géc
cla robot, R la ban kinh ctia banh va L la khoang cach
tif tdm robot téi banh. Phuong trinh dong hoc thun cua

Hinh 1: Biéu dién hinh hoc robot di dong da huéng.

robot dudc biéu dién dudi dang ma trin nhu sau:

x sin(an)  sin(az)  sin(as) | {wr
Y| =+ |—cos(ar) —cos(az) —cos(az)| |wa
0 -1/L —1/L —1/L ws
2 2 = (1)
hay ¢6 thé biéu dicu rit gon nhu sau:
x W1
g =M | @)
6 w3
Phuong trinh dong hoc ngudgc la:
w1 T
wy| =M~ Y (3)
w3 0

B. Diéu khién on dinh tiém cdn

Yéu cau cia diéu khién 6n dinh tiém cin robot tif vi
tri bat ky (z,y, 0) téi vi tri dich (z4,yq,04). Ung dung
ctia didu khién 6n dinh nay lién quan t6i cic yéu cu vé
diéu khién 6n dinh diém - di€ém hay cic bai todn bim
duong. Dit (., ye,0,.) thé hién su sai l&ch gita diém
hién tai va diém dich:

Te X xq
Ye| = Y| — |va “
6. 0 04
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Néu coi vi trf dich (z4,yq4,04) 12 (0, 0, 0) thi phuong
trinh (3) tré thanh:

.Z:e T w1
o | = 9] =M |w )
96 0 w3

Dé diéu khién robot 6n dinh tiém cin vé vi tri dich,
tuong ung véi (., ye, 0.) tiém can vé (0, 0, 0), thi ham
Lyapunov V dugc chon nhu sau:

1 1
V=7x2+§yg+§¢9§>0 (©6)

Chon luat diéu khién d6i véi cac van toe géc 1a bo didu
khién ty 1é:

w1 Te
wa | = M_l(_Kp) Ye )
w3 96

Thay (7) vao (5) thu dugc:

Ze

V=Tlze ye 0c] |Ve| = —(Hp)((xe)*+(ye)*+(0e)?)

0.

X 2 - (8)
Nhu vay, v6i luat diéu khién (7) th1 V < 0, VK, > 0
nén (z.,ye, ) on dinh tiém can vé dich.

C. Lua chon hé sé ciia bo diéu khién

Luat diéu khién (7) 1a diéu khién ty 1& véi hé sd K, >
0. Gid tri K, khong chi dnh hudng t6i tinh 6n dinh cla
hé théng ma con anh hudng téi tbc dd cia ddp vng
ctia hé thong va bi gi6i han béi van tdc géc w; clia méi
béanh. Trong trudng hgp van te goc clia 3 banh c6 thong
s6 nhu nhau, tit (7) va (1) suy ra gi6i han cta K, la
o, wmaz\/?)mem%w )]. ‘

Bo diéu khién m& dudc st dung dé€ lya chon gi4 tri
K, tbt nhit trong gidi han trén. Co s& st dung diéu
khién mo 13 dva trén mbi quan hé giita toc do dap ting,
khodng cich t6i dich va su &n dinh. Viéc thay déi gid
tri K, theo khoang cach sé lam tang hi¢u qua ddp ung
va si 6n dinh ctia hé théng so véi viéc chi chi chon gid
tri K, > 0 cb dinh thda man diéu kién 6n dinh tiém
can (8).

Bo didu khién md véi bién 16i vao 1a khoang cich
gita vi tri hién tai ctia robot va vi tri dich d =

(we)2 + (ye)?, bién 16i ra la K,. Gid tri cdc bién
vao/ra dugc dinh nghia nhu sau:

o d = Rét Gin (RG), Gan (G), Trung Binh (TB), Xa

(X), Rit Xa (RX)
« K, = Rét Nhé (RN), Nhé (N), Trung Binh (TB),
Lén (L), Rat Lén (RL)



Ham thudc ciia cdc tdp md clia bién vao/ra cé dang ham
Gauss fg va Sigmoid fg dugc thé hién trén Hinh 2

L;P . 1

= e o 5 = 9
fe=e"2 Is T ©)
AU
1 |RG G B X RX
E] d_max d (m)
A
1|RN N TB L RL
0 I ' I I . Kp_nlm_r TK'p

Hinh 2: Ham thudc cac tip md ciia bién vao/ra.

Luat didu khién md duge xdy dung theo nguyén tic
sao cho tdc do dap ting tot nhit tiy thudc vao vi tri clia
robot:

« Ry: Néu d 1a Rat Gan thi K, 1a Rt Nho

o Ry: Néu d la Gén thi K, la Nhd

o Rj: Néu d 1a Trung Binh thi K, 1a Trung Binh

o Ry: Néu d la Xa thi K, 1a Lén

o Rs: Néu d la Rat Xa thi K, la Rit Lén
Gi4 tri ctia mbi luat R, & trén dudc xdc dinh theo quy
tdc hop thanh Min, vi du d6i véi ludt thi nhat nhu sau:

pry (k) = min(H, pry (k)
H = min(prc (k)

Gia tri hgp thanh ciia cdc luit diéu khién dugc xdc dinh
béi quy tic Max:

pr(k) = maz{pr, (k), tr, (k), pry(k), 1r, (k), iy (k) }
(11
Giai mo theo phuong phdp diém trong tim dé xdc dinh
gia tri K, theo cong thiic (12), trong d6 z; la mién gid
tri thi ¢ va p(z;) 1a gia tri ham thudc cia di€ém 7 tuong

(10)
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ung:
K 2 TikR(i)
P Y ur(w)

III. DANH GIA HE THONG

Chuong trinh md phéng trén Matlab dé€ danh gia hiéu
qua ctia hé thdng diéu khién &n dinh tiém can cho robot
di dong da huéng v6i hé sb cia luat diéu khién dugc
xdc dinh bing didu khién ma. Hé théng hoat dong trong
mot s6 truong hop khic nhau.

12)

A. Cai ddt hé théng
MBb hinh ctia robot di dong da huéng dugc thiét 1ap
v6i cac thong sb nhu sau:
e MO hinh dong hoc thudn va ngudc nhu cong thic
(2) va (3)
« Ba banh xe gibng nhau, dit cich nhau 120°, ban
kinh R = 0.1 (m)
« Khodng cach tit tAm robot t6i mdi banh xe 1a L =
0.4 (m)
o Thai gian 1dy mau T = 100 (ms)
o Vian tdc géc cuc dai wyae = 15 (rad/s)
« Khoang cich cuc dai giita diém dau va dich 1a =,
=10 (m)
« Gidi han cia K, = [0, 0.5]
o Mién xic dinh bién vao/ra ciia bd diéu khién mo:
dist = [0, 12] (m), K, = [0, 0.5]

B. Mé phong

1) Biéu khién on dinh tiém cdn diém - diém

Trudng hop nay danh gid luat didu khién 6n dinh tiém
can (7). Robot xuét phat tai vi tri S vi cAu hinh (0, 0,
90%), két thic tai vi tri dich T (10, 10, 0°), K, = 0.5.
Hinh 3(a) thé hién dudng di ctia robot tif vi tri S t6i T.
K&t qua cho théy robot di theo dudng thing, dang dudng
di ngin nhit, tiém cin 6n dinh t6i T. Pap tng van tbc
g6éc (Hinh 3(b)) ctia mbi banh wy, ws,ws phit hgp vé6i
hoat dong ciia robot va ndm trong giéi han thiét lap.
Hinh 3(c) 1a trudng hop md rong khi robot xuét phat
tai mot vi tri S (0, 0, 90°) t6i dich tai cic diém nim
trén dudng tron ban kinh 5 (m) va dap dng van tdc goéc
tuong Ging véi cdc trudng hop cdc diém dich khac nhau.
Két qua cho thy véi luat didu khién & (7), thi robot déu
c6 kha niing tiém can vé céc vi tri dich khac nhau.

2) Ddp ting vdi cdc gid tri khdc nhau cia K,

Robot hoat dong nhu diéu kién & trudng hop diéu khién
on dinh di€ém - diém, xuét phat tir S (0, 0, 90°) va
két thic téi T (10, 10, 0°) theo luat (7) vdi cic gia tri
lya chon K, thay ddi trong khoang [0, K, . ]. Trong
trudng hgp nay K, thay doi tit [0, 0.5] phu thudc vao
tham s6 thiét 1ap trong Phan (ITI-A) v6i mdi budc ting
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Hinh 3: Diéu khién 6n dinh diém - diém

0.05. Két qua thu dugc thé hién trén Hinh 4 theo cic
truc X, Y va 6. Ké quéd cho thdy gia tri cia K, 4nh
hudng t6i toc dd dap dng clia hé thdng va viéc lua chon
gia tri nao d€ hé thdng hoat dong hiéu qua 1a vin d&
cin quan tam.

3) Lua chon gid tri K, bang diéu khién mo

Yéu ciu hoat dong ctia robot trong trudng hgp nay gibng
nhu truong hgp (1) khi robot xuét phat tu S (0, O, 909)
va két thdc t6i T (10, 10, 0°) theo luat (7) véi gia tri
lya chon K, bing bo diéu khién md nhu dugc thiét lap
trong Phan (TI-C). Hinh 5(a) la ddp dng ctia hé théng
theo truc X, Y va 0. Pdp ting theo truc X vd Y gan
nhu tring nhau do robot di theo dudng thing én dinh
tiém can t6i dich (10, 10). Bap tng gbc hudng robot 6
thay ddi theo diing hoat dong bit dau tit géc khéi tao
90°, hay 7/2 (rad), t6i géc dich 0°. Hinh 5(b) thé hién
gia tri cla K, thay ddi theo mdi budc dich chuyén cia
khoang cach tu vi tri hién tai t6i vi tri dich. T gia tri
K, cho thiy sy thay d6i theo hudng tai thoi diém ban
dau khi khodng cdch robot con xa dich thi K, 16n dé
tbc do dap tng nhanh, khi khoang cich robot gin téi
dich thi K, gidm dan va hdi tu t6i gia tri khong ddi vé
dich d€ ddm bao 6n dinh va an toan cho robot. Nhu vy
bo diéu khién md cho phép K, thay déi thich nghi véi
khoang céch t6i dich. Phuong thiic diéu khién nay hiéu
qua hon so v6i truong hop phdi lua chon mot gia tri K,
cb dinh trong dai giéi han nhu trudng hop (3).

4) So sdnh K, khi sit dung va khong si dung mo

Uu diém ctia phuong phdp diéu khién thich nghi gid tri
clia K, theo khodng cach t6i dich sé dugc kiém chiing
tiép trong truong hgp so sanh luat diéu khién 6n dinh
tiém céan (7) vdi gid tri K, cb dinh va K, thay d6i bing
bo diéu khién md. Robot xuit phét tir S (0, 0, 90Y) va
két thiic t6i T (10, 10, 0°). Hinh 6 thé hién dap tGng theo
truc X, Y va 0 véi gia tri K, ¢b dinh K, = Kyin, Kp
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= Kyaw VA Kfy.y thay d6i theo bd diéu khién mo. Ca
ba dép ting theo truc X, Y va 6 cho thiy v6i K., hé
théng dap ng nhanh, K., ddp tng cham hon. Trong
khi d6 Ky, via cho ddp ting gan véi ddp tng cla
K42 viia thay d6i thich Gng phi hop véi khoang cich
t6i dich.

IV. KET LUAN

Bai bdo d¢ xuét ludt dieu khién 6n dinh tiém cho
robot di dong 3 banh da huéng theo tiéu chuin &n dinh
Lyapunov va diéu khién md. Trong d6 tham sb ciia luat
diéu khién thay ddi thich nghi véi trang thdi robot thong
qua bd diéu khién md. Luat diéu khién d& xuét cho phép
x4c dinh gid tri tbi wu ctia tham sd, cai thién dap tng
ctia hé théng. Hiéu qui hoat dong clia phuong phap dé
xuét da dugc kiém chiing thong qua cic hoat dong trong
cac truong hgp khac nhau va danh gia so sanh vdi luat
diéu khién thong thudng. Két qua nghién ciiu sé dugc
dp dung trong cic hé théng bam dudng hay din dudng
trong mdi trudng chua biét trudc.
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Nghién ctiu nay dugc tai trg bsi Trudng Pai hoc Cong
nghé - Pai hoc Qudc gia Ha Noi theo dé tai mi sb
CN19.07
TAI LIEU THAM KHAO

[1

Roland Siegwart, IIlah R Noubaskh, "Introduction to Au-
tonomous Mobile Robot", MIT Press, London, England, 2004
Watanabe K., Shiraishi Y., Tzafestas S. G., Tang J., and Fukuda
T., 1998. "Feedback Control of an Omnidirectional Autonomous
Platform for Mobile Service Robots", Journal of Intelligent and
Robotic Systems, 22(3-4), 315-330.

Liu Y., Zhu JJ, Williams II R.L., Wu J., 2008. "Omni-
directional mobile robot controller based on trajectory lineariza-
tion" Robotics and Autonomous Systems 56, 461-479

Glad & Ljung "Lyapunov Stability", Lecture note

[2

—

(3]

[4



X (m)
Theta (rad)

0 0 =
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800
So buoc So buoc So buoc
(a) Pap tng theo truc X (b) Pap ung theo truc Y (c) Pap tng theo hudng 6

Hinh 4: Dédp tng véi cdc gid tri khac nhau cta K,

X (m) 0.
— ==Y (m)
Theta (rafl) 0.4

T

o
TRTHEF

5 & 3
0.3
4
0.2
3
2 0.2
1 0.1
0 L’ k— 0.1
0 100 200 300 400 500 0 100 200 300 400 500
So buoc So buoc
(a) Dép ting theo truc X, Y va 0 (b) Su thay déi gid tri ctia K,

Hinh 5: Lya chon gid tri cia K, bing b diéu khién ms

X  K-fuzz
—-—--K-min
K-max
T
@
o
E ©
= +
> [0)
2
=
0 500 1000 1500 0 500 1000 1500 ;000 1500
So buoc So buoc So buoc
(a) Pap tng theo truc X (m) (b) bBéap ung theo truc Y (m) (c) bBép tng theo 0 (rad)

Hinh 6: So sanh K, khi ding va khong dung bd diéu khién mo

148



[5] Ching-Chih Tsai*, Li-Bin Jiang, Tai-Yu Wang, Tung-Sheng
Wang, "Kinematics Control of an Omnidirectional Mobile
Robot", roceedings of 2005 CACS Automatic Control Confer-
ence, Taiwan, Nov 18-19, 2005

[6] Xiang Li, Andreas Zell, "Motion Control of an omnidirectional
mobile robot", Departmant of Computer Architecture, University
of Tubingen, Sand 1, 72076 Tubingen, Germany

[7] Chao Ren, Yi Sun, and Shugen Ma, "Passivity-based control of
an omnidirectional mobile robot", Robotics and Biomimetics,
Springer, Doi 10.1186/s40638-016-0037-z

[8] Lofti A. Zadeh "Fuzzy Logic", Journal Computer, Vol 21, Issue
4, April 1988, page 83-93

[9] Phan Xu&n Minh, Nguyén Doan Phudc, "Ly thuyét diéu khién
md", Nha xuét ban khoa hoc va kj thuat, 2006

[10] D. Drian, H. Hellendoom, M. Reinfrank, "An introduction to
Fuzzy Control", Springer, 2010

[11] T.Takeuchi, Y.Nagai and N. Enomoto, “Fuzzy control of a mobile
robot for obstacle avoidance”, Inform, Sci, vol.43, pp. 231-248,
1988

[12] J. Yen and N.Pfluger, “Path planning and excution using fuzzy
logic”, in AIAA Guidance, Navigation and Control Conf, vol 3,
New Orleans,LA, Aug.1991, 1691-1998

[13] Anmin Zhu and Simon X.Yang, “Neurofuzzybased approach
to mobile robot navigation in unknown environments”, IEEE
transactions on systems, man and cybernetics, part c: application
and reviews, vol 37, no 4, july 2007

[14] Xiaoyu Yang, Mehrdad Moallem, and Rajni V.Patel, “A layered
goal-oriented fuzzy motion planning strategy for mobile robot
navigation”, IEEE Transactions on systems, Vol 35.No 6 De-
cember 2005

[15] Petru Rusu, Emil M. Petriu, Fellow, IEEE, Thom E. Whalen,
Aurel Cornell, and Hans J. W. Spoelder, “Behavior-Based Neuro-
Fuzzy Controller for Mobile Robot Navigation”, IEEE transac-
tions on instrumentation and measurement, vol 52, No 4, August
2003

149



