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TOM TAT

Xe t hanh AGV duwoc sir dung réng rdi trong nhiéu linh viee nhw nha may, kho hang, buu
cuc,... Mot trong nhitng nhiém vu trong tam cua viéc diéu khién xe AGV la thiét ké bé diéu khién
dé xe bam tot theo quy dao dé ra duwéi cdc tac dong ciia hé thong va méi truong xung quanh. Trong
nghién civu ndy dé xudt phiwong phdp tong hop bé diéu khién tregt véi ludt tiép cin theo ham sé
mil cho xe ty hanh AGV dang 2 banh chu dong vi sai. Phwong phap nay sé dwa quy dao trang thai
cdc tham sé ciia xe AGV tién vé mdt trweot nhanh hon va giam dwoc hién twong chattering so voi
phirong phdp sit dung ludt tiép cdn co bdn, qua dé gitip xe bam quy dao tot hon trong qud trinh
vdn hanh. Két qua mé phong minh chiing cho tinh ding dén ciia phwong phép dé xudt.

Tir khoa: Xe tw hanh AGV; M6 hinh dong hoc; M6 hinh dong luc hoc; Didu khién truot; On dinh Lyapunov.
1. MO PAU

Ngay nay, xe tu hanh AGV dugc nghién ctru, sén xuét va ing dung rong rai trong cdc linh vuce
ctia doi song nhu nha may, kho bai, buu cuc, bénh vién, nha hang,... gitp téi wu hoa qua trinh van
chuyén hang héa va ting hiéu qua lao dong. Ngoai viéc lwa chon phwong phap thiét ké hé théng
xe tu hanh, lya chon phuong phap didu huéng AGV thi cac phuong phéap diéu khién xe ty hanh
dugc cac nha khoa hoc quan tAm va da cong bd nhidu két qua khac nhau [1-10].

Thong thudng bo diéu khién xe AGV duge chia 1am 2 phan [1-3], bo diéu khién dong hoc vong
ngoai va bo diéu khién dong luc hoc vong trong. Cho dén ngay hom nay, bo diéu khién vong ngoai
da dugc xay dung co ban hoan chinh dya vao thuat toan 6n dinh Lyapunov va dugc st dung rong
rdi trong cdc nghién ctu [1-3, 5, 6, 8, 9]. Tuy nhién, khi hoat dong thyc té, xe AGV s& bi anh
huong boi nhiéu yéu té nhu su bién ddi cua tai mang theo xe, moment quan tinh cua xe khi di
chuyén, truot ctia cac banh xe, nhidu tir hé thong va nhiéu tr moi truong. Vi Vay, nhleu nghién ctru
hi¢n nay dang tép trung vao bai toan thiét ké bo diéu khién dong luc hoc dé giai quyet cac van dé
trén. C6 thé ké dén mot sb phuong phap nhu: diéu khién cubn chiéu [7], diéu khién mang no-ron
[1, 2], diéu khién mo [10], diéu khlen thich nghi [9], diéu khién trugt [3, 8]. Mdi phuong phap déu
¢6 uu nhuge diém riéng va giai quyét bai toan dé ra trong nhitng truong hop cu thé khac nhau.

Diéu khién truot 1a by diéu khién don gian, dé ap dung d6i vai cac hé phi tuyén, mang tinh bén
vitng d6i v6i mé hinh bat dinh va cac nhleu tac dong [11]. Pa phin cac nghién ciru vé xe tu hanh
AGV thiét ké bo diéu khién truot voi luat tlep can mat trugt can ban [3, 8]. Tuy nhién, voi luat tlep
can nay dé lam cho trang thai hé théng hoi tu chdm hon, cling nhu dé giy ra cac hién tuong
chattering (dao dong), lam giam chat lwong qua trinh diéu khién. Dé khéc phuc van dé trén trong
bai bao nay dé xuat phuong phap tong hop bd diéu khién truot véi ludt tiép cin ham s6 mii cho
cho vong trong dong luc hoc cua xe ty hanh AGV, qua d6 gitip xe bam quy dao t6t dudi cac tac
dong cua diéu kién hoat dong thuc té.

2. MO HINH PONG HQC VA PONG LUC HQC CUA XE TU HANH AGV

Xe ty hanh AGV trong bai bao nay 1a loai xe ¢6 2 banh ch}"l dong vi sai va bbn banh tr lya. Mo
hinh xe ty hanh AGV trong khong gian toa do OXY dugc thé hi¢én trén hinh 1. Goi x,y la toa do

cia AGV, 0 1a goc giita truc doc ciia AGV véi truc OX, v VA o 13 van tdc tinh tién va van toc goc
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cua AGV, va duge xéac dinh nhu sau: v=(v, +v,)/2, @o=(v, —v,)/ 2. Vi tri clia xe dugc xac dinh
boi vector =[xy #]". Khi d6, phuong trinh dong hoc ctia xe AGV dugc mé ta nhu sau [1-3]:

X cosd O y
g=|y|=|singd O L}}zJ(q)u (1)
0 0 1
cosd O
véi J(q)=|sing O ,U:{v]
w
0 1

Phuong trinh dong luc hoc ctia AGV dugc mo ta theo dang Euler-Lagrange [1-3]:
M (a)d +V (,d)d +F(4) +G(a) + 74 =B(a)r — A" (q)A (2)
Véi M(q) - Ma tran quan tinh; V (q,4) - Ma trdn hudng tam va Coriolis; F(q) - Thanh phan ma
sat bé mat; G(q) - Vector trong luc; B(q) - Ma tran chuyén d6i dau vao; z - Momen dau vao diéu
khién céc banh xe; 7, - Nhiéu bj chin (gom nhiéu do ludng, nhidu h¢ théng va thanh phan chua
chic chin ctiia mé hinh dong luc hoc); AT (q) - Ma tran lién quan dén cac rang budc nonholonomic;
A - Nhan tir Lagrange lién quan dén cic rang budc; § va ¢ - Vector van tdc va gia tdc.
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Hinh 1. M6 hinh xe tu hanh AGV.
Céc thong s6 cua xe AGV: m, | - Khéi lwong va momen quén tinh tuong tmg cia AGV; r - Ban
kinh banh xe chi dong; L - Nira khoang cach giira 2 banh xe chi dong.
Dbi voi m6 hinh AGV ciu tao nhu hinh 1, khi xe di chuyén trén mat dat, gia sir tu thé xe nam

song song V(n mat dat luc do, vector trong luc vuong goc voi mat nam ngang va trong tam xe nam
trén truc ndi giira 2 banh xe chi dong. Vi véy, ta ¢6 V(q,q) = G(q) =0.

Cac thanh phﬁn con lai cia mo6 hinh dong luc hoc duoc xac dinh nhu sau:

m 0 O —-sin@ 1 cos@ cosd
M(g)=|0 m 0}, AT (q)=| cosé |, B(q)=F sin@ sin@ |,
0O 0 |1 0 L -L

r= {Tr} , A =—m(% cosé+Y,sind)o.

D& dang nhan thdy: J' (q)A"(q) =0. Nhan hai vé cua (2) véi J' (Q), ta nhan duoc:
M(q)o+V (a,4)o+F(¢)+7, =B(q)r 3)
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Trong d6: M =J"MJ eR??; V =J"(MJ +VJ)eR*?*; F=J"FeR?; 7, =J"r, eR?;
B(q)=J"B e R*?.

Sau khi tinh toan ta xac dinh duogc cac ma tran sau:

= mol o~ 1f1 1] _
M(q){o I]B(q)={L _L]V(q,q)zo.

Trong phuong trinh (3), gia s nhu thanh phan ma sat bé mat F va nhidu 7, duoc xem nhu
nhidu bi chan. Khi d6, phuong trinh (3) c6 thé duoc viét dudi dang sau:

M (q)o+ Az =B(q)r 4)
v6i At =F(q)+7, e R,
T (4), ta c6:
O=Er+0 (5)
_ _ 1 _ . X
véi E=M(q) " B(q) = W[Lm —Lm} ; 6=—M(q) Az e R*® - Thanh phan nhiéu bi chin.

Bai todn dt ra: tong hop bd diéu khién dé AGV bam theo quy dao mau g, =[x, y, 6,]".
3. TONG HQP BQ PIEU KHIEN
CAu truc tong quat cua bd diéu khién AGV dugc thé hién trén hinh 2.

UI’

) . S
B didu Ue B didu q
c 0 0 die r o v —
Quyzdao khién dong khién dong dAMolhmE dMo h|hnh
mau hoc e hoo ong Iwc hoc 6ng hoc
19

Hinh 2. Céu tric bé diéu khién AGV.
3.1. Thiét ké bd diéu khién dong hoc vong ngoai
Dau tién, ta tao mot quy dao mau giup xe AGV bam theo nhu sau:
A =J(G), (6)
Trong do, J(.) dugc xac dinh nhu ¢ phuong trinh (1), con v, va q, lan lugt 14 vén tdc tham
chiéu va quy dao tham chiéu cua xe AGV.
Sai sb giita quy dao thuc ciia xe va quy dao tham chiéu dugc xac dinh nhu sau:

X, —X| |e
d=0,-9=|Y. —Y|=|¢&
6, -0\ |e,
Ngoai ra, ta xac dinh sai sd:
) cos@ sin@ Of x —x
g.=|€, |=|—-sin@ cos@d 0|y, -y
e, 0 0 1|6 -6
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Q. =T.q
voi T, thuong dugc goi 1a ma trdn xoay (ma trin chuyén hé toa d9).

Tir day, ta thiét ké bo diéu khién dong hoc vong ngoai dé xe bam theo quy dao mau, tirc 13 bd
diéu khién phai dam bdo cho sai s0 @, tién vé 0 trong mot khoang thoi gian nhat dinh. Bg diéu
khién nay vé co ban dugc xay dung dya trén phuong phap 6n dinh Lyapunov, ¢ thé tham khao
trong céc tai liéu [1-3, 8]. BJ diéu khién dugc dé xuat nhu sau:

v, V, COse, + A€
o, o, + V.8, + AV, sine,
voi A, A,, A, 14 céc hing s6 dwong va v, >0.
3.2. Thiét ké bd diéu khién truwot cho vong trong dong luc hoc

Tiép theo ta s& thiét ké bo diéu khién truot cho vong dong luc hoc phia trong dé tao ra duoc
moment diéu khién 7 gitip diéu khién dong co 2 banh xe trai phai ¢& dam bao v bam tot theo v, ,
hay sai s6 e_(t) =, (t) —o(t) phai tién dén mién 1an can 0 hodc 0 sau mot thoi gian nhat dinh.

Mat trugt trong bai bao nay dugc chon 1a mat truot dang PI nhu sau:

t t
S0 {?8} —e.)+ Ae, () ®
. _ le®] | ve-v
Trong do: f>0; e (t)= Lw (t)} = L}c _ w} .
Pao ham (8), ta c6:
S(t)=¢,(t) + Be, () 9

Tir (5) ta nhan thdy rang, hé c6 tin hiéu diéu khién dau vao a 7, chira cac thanh phan bt dinh
va nhiéu dau vao 1a o(t) . Do d6, nhiém vu bai toan dat ra la thi€t ké bo diéu khién truot ¢ thanh
phan diéu khién 7 dé dua trang thai quy dao ctia hé (5) tién vé mit trugt S(t) =0 va giit hé & lai
trén mat trugt S(t) =0.

Tin hiéu diéu khién duoc dé xuat nhu sau:

T=7,+7y
voi 7,, la thanh phan giit quy dao trang thai cua hé (5) ¢ lai trén mit trugt va 7, la thanh phén
dua quy dao trang thai cia hé (5) tién vé mit truot.

Cac thanh phd‘n ctia tin hiéu diéu khién dwoc xdc dinh nhie sau:

Gia st hé nam trén mat truot S(t) =0, khi d6: S(t) =0. T (5), (9) va gia thiét 5(t) =0, ta co:

[0, (t) — Ez(t)]+ Be, () =0

Do d6, thanh phan diéu khién 7, s& la:

7, () = E7 [0, (t) + B, (1)] (10)

L L
oL -Lm 1|
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D6i v6i thanh phan 7,, chinh 1a thanh phan chira ludt tiép cn mat trugt. Trong cic nghién ciru
hién nay, luat tiép can mat truot chii yéu la dang co ban: S(t) =—&sign(S) , voi £ >0 . Nhugc diém
ctia luat tiép can nay la toe do tién vé mat trugt cua quy dao trang thai cham va gay ra hién tuong
chattering. Dé khic phuc van dé trén bai bao nay deé xuat luét tiép can mit truot theo ham s6 mii
¢6 uu diém hon so vo1 luét co ban, do 1a toc do tlen vé mat trugt nhanh khi trang thai quy dao 6 xa
mit truot va téc do giam dan khi trang thai tiép can gan mit truot, do d6, trang thai quy dao s&
nhanh tién vao mat truot va giam dugc hién tugng chattering. Thanh phén tiép can mat trugt 7
duge dé xuit nhu sau:

7y (t) = E™[esign(S) +kS] (11)

. g 0 k O
VOl €= >0, k= >0.
0 ¢ 0 Kk,
Két hop (10) va (11) ta c6 tin hiéu diéu khién s la:
=E"[u,(t) + Be, (t) + esign(S) + kS| (12)
Chitng minh tinh én dinh:
Chon ham Lyapunov nhu sau:

V(t)= %ST OS(0) (13)

Pao ham (13), ta co:
V(t)=ST(t)S(t)=S" (t) (0, (t) — Ez(t) — S(t) + Be, (1))
Két hop voéi (12), ta nhan duoc:
V() = ST (t)(—ssign(S(t)) —kS(t) - 5(t)) (14)
Dé V (t) <0 can nhu sau:
- Trudng hop 1: Néu S (t) >0, khi do:

—&sign(S(t)) —kS(t) - 5(t) <0 < & +k|S(t)| = -5(t) (15)
- Trudng hop 2: Néu S” (t) <0, khi do:
—esign(S(t)) —kS(t) - 5(t) =20 < £ +k|S(t)| = 5(t) (16)

Tur (15) va (16) ta suy ra dugc, dé V (t) <0 hay dé hé on dinh can lya chon hé sb nhu sau:
e=|o(t)| vakla s6 duong bit ky

Nhdn xét: Nhu vy, két hop bo diéu khién dong hoc (7) va b diéu khién trugt (12) s& gitp xe
AGYV bam tot theo quy dao (6).

4. KET QUA MO PHONG

D¢ dénh gid hiéu qua ctia bd diéu khién ta s& tién hanh md phong trén phin mém Matlab/Simulink.
Cac thong s6 ctia xe AGV nhur sau: m = 150 kg, | = 90 kgm?, L =0.52 m, r = 0.09 m.
Gia st quy dao tham chiéu AGV 1a dudng thing va van tdc cia quy dao tham chiéu xe AGV

0.5 mis . .
la v, ={ 0 rad } Vi tri thyc t€ ban dau cua xe AGV 1a q(0)=[2 00°]". Vi tri khéi tao cua quy
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dao tham chiéu xe AGV 1a g, (0)=[0 0 45°T".

Ngoai ra, gid thiét xe AGV di chuyén dén 20 s thi khoi lugng cta xe thay doi tr 150 kg 1én 250
kg va dén 40 s thi khoi lugng xe giam v€ 150 kg. Trong qua trinh di chuyén xe bi anh hudng ctia
nhiéu téc dong bi chan |5(t)|<5. Lua chon céc théng s6 md phong nhu sau: 4 =10, 4, =20,
A, =10, B=50. Véi truong hop luat tiép can mit truot 1a cin ban: & =6, &, =6. Vi truong
hop luat tiép can mit truot 1a ham sé mit: & =5, &, =5, k =10, k, =10.

Quy dao méu
Quy dao voi luat can ban
- - - -Qu dao voi luat ham sé mid

5 T e\;
-10
,15_
[ 8 0
20t
0 0 20 30 40 0 60 0 10 20 30 4 50 50
t(s) t(s)
a) b)
Hinh 4. Sai so vdn toc khi sir dung ludt truot can ban (a) va ham so mii (b).
1
1 e, _t —=
os) ——-s os) :
DL S I—— D;L """"""" _—
-05 5 \ 1 05|
-1 “" p ?“fﬁ“?%}-"m%ﬁ“‘@! 1 -1 of > i —ema
15 1 -1.5 E
2 % i W 0 £ : a 5
0 10 20 30 40 50 60 1] 10 20 30 40 50 60
t(s) t(s)
a) b)

Hinh 5. Sai s6 quj dao khi sir dung ludt trueot can ban (a) va ham s6 mii (b).

Két qua mé phong thé hién & hinh 3-5. Theo hinh 3 d& dang nhén thiy ca 2 truong hop xe déu
bam tdt theo quy dao tham chiéu mic du c¢6 anh hudng ciia nhidu ciing nhu sy thay d6i khoi luong
xe. Tuy nhién, khi quan st & cac hinh 4-5, 1 rang v6i luat tiép can mit truot theo ham sé mii chét
luong hé théng s& t6t hon so v&i luat cin bén, sai sb van téc s& nhanh chong tién vé 0 va giam
duoc hién tuong chattering.
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5. KET LUAN
Bai bao da trinh bay m6 hinh dong hoc va dong luc hoc cua xe ty hanh AGV dang 2 banh chu

dong vi sai, dong thoi da dé xuat phuong phap tong hop bo dicu khién truot véi luat tlep can ham
s6 mil cho vong dong luc hoc phia trong dé xe AGV bam quy dao. Phuong phap dé xuat trong bai
bao c6 tinh hi¢u qua hon khi so sanh véi luat tiép can can ban. Két qua cho thiy kha ning loai bo
hién twong chattering va ting téc d6 hdi tu quy dao trang thai, gitip xe AGV bam quy dao tét hon
va giam thiéu sai sd trong qua trinh hoat dong. M6 phong trén may tinh minh chtng cho kha ning
lam viéc t6t ciia phuong phap nay va c6 thé ap dung cho viée diéu khién xe AGV trong thuc té.
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ABSTRACT

Synthesis of a sliding mode controller following the trajectory
for automated guided vehicles AGV

Automated guided vehicles AGV are widely used in many fields such as factories,
warehouses, post offices, etc. One of the key tasks of controlling AGV vehicles is to design
a controller so that the vehicle follows the given trajectory well out under the effects of the
system and surrounding environment. In this study, a method of synthesizing a sliding
controller with an exponential approach law is proposed for 2-wheel differential active AGV
vehicles. This method will move the trajectory of the AGV vehicle's parameters towards the
sliding surface faster and reduce the chattering phenomenon compared to the method using
the basic approach law, thereby helping the vehicle track the trajectory better during the
operating process. Simulation results demonstrate the correctness of the proposed method.

Keywords: Automated guided vehicle; Kinematic model; Dynamic model; Sliding mode control; Lyapunov stability.
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