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MO PAU
1. Ly do chon dé tai

Sy phat trién nhanh ciia robot va tri tué nhéan tao da thuc day viéc ung dung rong
rai cac robot di dong st dung banh xe non-holonomic (NWMR) trong nhleu linh vuc
nhu giao thong thong minh, logistics, san xuat, néng nghiép, y té va quoc phong. Tuy
nhién, trong qua trinh van hanh thuc té, cac hé robot nay thuong phai ddi mat véi cac
sai hong va bat dinh, trong d6 15 truyén dong la mot trong nhitng nguyén nhan chinh
lam suy giam chét luong diéu khién va do chinh x4c bam quy dao.

Céc phuong phap hién c6 vé phat hién 15i va diéu khién chiu 15i cho robot tur
hanh van con nhiéu han ché, dic biét trong viéc xu 1y 16i truyén dong, kha nang hoi
tu cuia bd quan sat va sy tich hop thong tin 16i vao luat diéu khién. Vi vay, viéc nghién
ctru cac phuong phap quan sat 18i va diéu khién chju 161 hiéu qua cho robot di dong
non-holonomic 1a can thiét nham nang cao do tin cay, tinh tu chu va hiéu qua van
hanh ctia hé théng robot ty hanh.

Tt yéu cau d6, NCS lua chon dé tai cho luan an: “Nghién citu xdy dung bo quan
sat 16i va bé diéu khién chiu 16i cho robot di dong non-holonomic”.

2. Muc tiéu nghién ciru

Muc tiéu tong quat ctia ludn an 13 phét trién cac phuong phap quan sat va diéu
khién chiju 18i cho robot di dong non-holonomic nham dam bao 6n dinh hé théng va
kha ning bam quy dao chinh x4c trong diéu kién ton tai 16i truyén dong, nhidu va bat
dinh mo hinh.

Cac muc tiéu cu thé gém:

- Phan tich va mo hinh hoéa anh hudng cia 15 truyén dong dén dong hoc, dong
luc hoc va sai s6 bam qu¥ dao cua robot.

- Nghién ctru va phat trién cac phuong phap quan sat trang thai va phat hién 16i
phu hop cho robot non-holonomic.

- Thiét ké va danh gia bd quan sat 16i va bd diéu khién chiu 18i thong qua mo
phong.

3. N§i dung nghién ciru

Lu4n 4n tap trung nghién ciru bai toan quan sat trang thai, udc luong 13i truyén
dong va diéu khién chiu 13i cho robot di dong non-holonomic.

Noi dung chinh bao gém Xay du'ng mo hinh dong hoc mo rong cua robot co
xét dén 15 truyen dong va nhiéu chua biét; Phén tich co ché anh huong cua 16i truyén
dong dén van tdc va sai s6 bam quy dao ciia robot; Nghién ciru va cai tién bo ‘quan sat
18i phi tuyén dé wéc lugng trang thai chua do va tai tao tin hiéu 16i; Thiét ké bo diéu
khién chiu 16i dua trén thong tin 16i wéc lwong nhiam bu 18i truyén dong va dam bao
6n dinh hé théng; Tich hop bd quan sat va bd diéu khién thanh hé théng hoan chinh
va d4nh gia hiéu qua bang mo phong.

Pham vi nghién ctru tap trung vao robot di dong hai banh chu dong, xét 1 truyén
dong, kiém chimg bang moé phong MATLAB/Simulink.

4. Phwong phap nghién ciru
Luan 4n st dung phuong phap nghién ctru két hop gom:
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- Phan tich 1y thuyét: xy dung mo hinh toan hoc ciia hé robot c6 xét dén 15i
truyén dong va nhiéu.

- Thiét ké thuét todn: phat trién bd quan sat 16i phi tuyén va bo diéu khién chiu
16i dua trén phan tich Lyapunov.

- M6 phong sb: danh gia hiéu qua ctua phuong phap dé xuit trén nén tang
MATLAB/Simulink véi cac kich ban 16i khac nhau.
5. Co so khoa hoc va thue tién ciia dé tai
a. Y nghia khoa hoc

Luan an gop phan bo sung co so 1y thuyét cho bai toan quan sat va diéu khién
chiu 18i d6i véi hé phi tuyén non-holonomic, thong qua: Xay dung mé hinh dong hoc
mo rong ¢ xét dén 161 truyén dong va nhidu chua biét; Phat trién va cai tién cac bd
quan sat 16i nhim nang cao do chinh xac va kha nang hoéi tu cua udc luong; Lam rd
vai tro cua kién tric két hop gitra bo quan sat 16i va bo diéu khién chiu 15i trong viéc
dam bao 6n dinh va kha ning bam quy dao cta robot.
b. Y nghia thyc tién

Céc két qua cta ludn an c6 thé: Nang cao do tin cdy va kha ning van hanh 6n
dinh ctia robot khi xay ra 15i truyén dong; Ap dung truc tiép cho cac robot hai banh
trong logistics, robot dich vu va AGV cong nghi¢p; Tao co so cho vi¢c phat trién cac
hé robot c6 kha nang tu chan doan va thich nghi voi 16i.
6. Nhirng dong gop mai cia luan an
Ludn an dat duoc mot sb dong gép khoa hoc moi:

1. Pé xuét bo diéu khién chiu 16i sir dung bo quan sat 16i cho phép udc luong - bu
16i hiéu qua va dam bao on dinh, bam quy dao trong diéu kién c6 16i co cau chap
hanh.

2. Bé xuat thuat toan diéu khién chiu 16i dya trén diéu khién trugt toan cuc két hop
bd quan sat nhiéu va rang budc hiéu ning dinh trudc.

7. Cau triic ciia ludn an
Luan 4n gom bdn chuong chinh, ciing véi phan mé dau va két luan:
Chuong 1: Tong quan vé quan sat trang thai, phat hién 16i va diéu khién chiu 16i
cho robot di dong non-holonomic
Chuong 2: Phat trién bo quan sat va phat hién 15i truyén dong cho robot di dong
nonholonomic.
Chuong 3: Kién trac diéu khién chiu 15i phan tang dwa trén bd quan sat cho
robot di dong non-holonomic.
Chuong 4: Diéu khién chiu 13i véi rang budc hiéu nang cho robot di dong non-
holonomic.
Phan két luan tong hop cac két qua dat duoc va dé xuat hudng nghién ciru tiép
theo. Cubi cung 1a phan danh muc cac cong trinh d3 cong bd va tai liéu tham khao.
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CHUONG 1. TONG QUAN VE QUAN SAT TRANG THAI PHAT HIEN LOI
VA PIEU KHIEN CHIU LOI CHO ROBOT DI PONG NON-HOLONOMIC
1.1 Gi6i thiéu vé robot di ddng non-holonomic

NWMR 14 16p robot tu hanh cé rang budc chuyén dong khong tich phan, trong
d6 robot khong thé di chuyén tirc thoi theo moi huéng do diéu kién lan banh khong
trugt theo phuong ngang [1]. Nho cdu trac co khi don gian va kha ning co dong cao
trong khong gian han ché, NWMR duoc tmg dung rong rii trong cac hé robot van
chuyén, kho van va robot dich vu [2]. V& mat md hinh, NWMR 1a hé ph1 tuyén chiu
anh huong cua rang budc non-holonomic, tuong tac banh xe — mat nén, trugt banh,
bat dinh tham s6 va nhiéu méi truong [3]. Pong thoi, nhidu trang thai cia hé khong
thé do truc tiép do han ché phan ciing, nén cac bd quan sat thuong duge ding dé udc
luong trang thai va nhidu chua biét. Trong qua trinh van hanh, 16i ¢6 thé xuét hién &
co cu chidp hanh, cam bién hodc thuat toan diéu khién [4]-[6]. Dac biét, 13i truyén
dong anh huong tryc tiép dén van tdc tuyén tinh va van toc goc cua robot, cd thé gay
sai 1éch quy dao hodc 1am suy giam 6n dinh cia hé thong néu khéng duogc xir 1y kip
thoi [7]-[11].

Pé nang cao hiéu nang diéu khién cho robot, nhiéu phuwong phéap diéu khién phi
tuyén da dugc nghién ciru [20]-[23]. Nham cai thién d6 chinh xac bam quy dao va
tinh bén vitng ctia hé thdng, kién trac diéu khién — quan sat dugc ap dung [26]-[30].
Viéc phat trién cac phuong phap diéu khién—quan sat ¢ kha ning phat hién va bu 13i
theo thoi gian thuc van 1a mot huong nghién ciru quan trong.

1.2 Tong quan vé cac phuwong phap diéu khién cho NWMR

Cac phuong phap diéu khién cho NWMR di phat trién tir diéu khién c6 dién
dén céc chién lugc phi tuyén va dicu khién chiu 16i nham xu 1y tinh phi tuyén, rang
budc non-holonomic va bat dinh mé hinh ciia hé théng. Bo diéu khién tuyén tinh nhu
PID duoc st dung rong rai nho ciu trac don gian, dac biét trong cac h¢ AGV cong
nghiép [1], [2]. Tuy nhién, do dic tinh phi tuyén va anh hudng cta nhiéu, trugt banh
va sai léch truyén dong, cac phuong phap nay thuong suy giam hiéu ning khi diéu
kién van hanh thay d6i [1], [3]. Vi vay, nhiéu phuong phap diéu khién phi tuyén nhu
backstepping, diéu khién trugt va diéu khién thich nghi da duoc phat trién nham nang
cao tinh bén virng cua hé thong [21]-[23]. Gan day, diéu khién chiu 16i (FTC) duogc
nghién ctru rong rai dé dam bao hé robot van hoat dong on dinh khi xuét hién 15i
truyén dong. Cac phuong phap FTC thuong két hop bd quan sat dé udc luong trang
thai, nhiu va 15i theo thoi gian thue nham hd trg bu 16i trong luat diéu khién [6]-[9],
[17]-[19]. Tuy nhién, viéc tach biét rd rang gitra 161 truyén dong va nhiéu trong cac
hé NWMR van con 14 van dé nghién ciru mo.

1.3 Cac phwong phap quan sat va phat hién 16i

Trong cac h¢ NWMR, nhiéu bién trang thai quan trong nhu van tdc banh xe,
mo-men truyén dong hodc nhiéu tong hop khong thé do truc tiép do han ché cam bién
va diéu kién van hanh thuc té [1], [3], [30], [55]. Vi viy, cac bo quan sat duoc dung
dé uc’)r,c lugng trang thai va nhiéu tir tin hiéu dau vao—dau ra va mo hinh danh dinh cua
hé thong.
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Céc b quan sat tuyén tinh nhu Luenberger observer va Kalman filter dit nén
tang cho bai toan wédc lugng trang thai, trong khi cac cau triic quan sat phi tuyén nhu
HiGO, SMO, UIO, DO va ESO duogc phat trién nham nang cao kha nang hoi tu va
tinh bén vitng trong cac hé phi tuyén nhu NWMR [13], [28]. Ngoai udc luong trang
thai, bd quan sat con duoc sir dung trong phat hién va chan doan 18i (FDD) thong qua
tin hiéu du, biéu dién sai 1éch gitra mé hinh danh dinh va hé thyuc [6], [37]. Tuy nhién,
hiéu qua cua cac phuong phap nay phu thudoc vao do chinh xac cia mo hinh va kha
ning phan tach gitra 16i va nhiéu chua biét [4], [18], [57]

1.4 Cac hu’O’ng nghién ctru két hop bo quan sat — diéu khién chiju 101 trong NWMR

Viéc két hop bd quan sat va bo diéu khién trd thanh hudng tiép can quan trong
nhim nang cao hiéu ning diéu khién va kha ning giam sat hé thong [13], [26], [28],
[55]. Mot hudng phd bién 13 st dung trang thai udc luong tir bd quan sat trong cac
luat diéu khién phi tuyén [20]-[23], [60]. Ngoai ra, cic bd quan sat duoc st dung dé
udc lu:(mg va bu bat dinh theo thoi gian thuc [19], [29]. Tuy nhién, trong nhiéu nghién
ctru, 16 truyén dong thudng dugc gop vao nhidu tong hop thay vi duoc tach biét va
quan sat teong minh. Bén canh d6, FTC cho NWMR dugc phat trién theo diéu khién
chiu 16i thy dong (PFTC) va diéu khién chiu 18i chi dong (AFTC), trong d6 AFTC str
dung bo quan sat dé phat hién va bu 13i theo thdi gian thue [6]-[9]. Mic du da dat
nhiéu tién b9, viéc xay dung kién trac diéu khién—quan sat tich hop c6 kha nang tach
biét 16 truyén dong va dam bao hiéu ning bam quy dao van 1a mot hudng nghién ctru
quan trong [8], [26] [29].

1.5 Khoing trong nghién ciru ciia luan an

Ttr tong quan cac nghlen ctru vé diéu khlen va quan sat cho NWMR c6 thé thay
rang nhiéu phuong phap diéu khién phi tuyen nhu diéu khién truot va diéu khién thich
nghi di dugc phat trién nham dam bao 6n dinh va bam quy dao trong diéu kién bat
dlnh va nhiéu [21], [23], [40], [43]. Tuy nhlen trong phan 16n cac nghlen ctru, 16i
truyén dong thudng duoc xem nhu nhiéu tong hop hoic sai 1éch tham sd, dan dén kha
nang bu 18i con han ché khi xay ra suy giam hiéu suét co cau chap hanh [7], [8].

Mbt s6 nghién ctru vé AFTC d3 st dung bd quan sat dé ho tro phat hién va bu
161 [6]-[9], trong d6 15i truyén ddng thudng duoc xtr 1y gian tiép thong qua trang thai
mo rong hodc co ché thich nghi. Cac bo quan sat dugc st dung nhu ESO hay DO
nham bu bt dinh tong hop thay vi tach biét 16 truyén dong [19], [29]. Ngoai ra, kién
trac diéu khién - quan sat va chién lwoc hoi tu hitu han thoi gian da duoc nghién ciu
trong [24], [36], [41]. Tuy nhién viéc tich hop dong thoi cac yéu td nay trong mot
khung diéu khién chiu 18i v6i hiéu ning quy dinh truéc cho NWMR chua duge dé
cap. Do do, luan an dé xuit phat trién kién trac diéu khién chiju 13i dya trén quan sat,
trong d6 16i truyén dong duoc ude lugng tudng minh va tich hop voi cau tric diéu
khién phan tang nham ning cao hiéu ning bam quy dao cta robot.

1.6 Két luan chwong 1

Chuong 1 d4 trinh bay tong quan vé NWMR, cac phuong phéap diéu khién bam
quy dao, diéu khién chiu 13i va cic hudng tiép can két hop bd quan sat — diéu khién
trong diéu kién ton tai nhidu, bat dinh mé hinh va 13i truyén dong. Qua phan tich cac
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cong trinh nghién ctru tiéu biéu, chwong nay 1am rd dic diém phi tuyén cia hé NWMR
va nhiing thach thirc trong thiét ké diéu khién dya trén quan sat.

Két qua khao sat cho thdy phan 16n cac nghién ctru hién nay chu yéu tip trung
vao nang cao tinh bén viing trudc nhidu va bat dinh mo hinh, trong khi 1 truyén dong
thuong dugc xur ly gian tiép nhu mot thanh phan cta nhiéu tong hop. Ngoai ra, mac
du cac kién tric diéu khién phan tAng dong hoc — dong luc hoc da dugc dé xuit, viéc
tich hop bo quan sat trong cac cau tric nay van chua dugc nghién ciru day du. Pong
thoi, cac yéu cau hiéu nang manh nhu hdi tu hitu han thoi gian hoac rang budc hi¢u
ning bam quy dao dinh trudc van chua duogc tich hop mot cach hé théng trong cac
chién luge diéu khién chiju 16i cho NWMR

CHUONG 2. PHAT TRIEN BQ QUAN SAT VA PHAT HIEN LOI TRUYEN
DPONG CHO ROBOT DI PONG NON-HOLONOMIC
2.1 M hinh toan hoc ciia robot di déng non-holonomic cé 16i truyén dong

Vi tri va trang thai cia robot trong hé toa d§ quan tinh duoc biéu dién boi vecto

q = [x,y,0]", trong d6 x, y 1a toa dd ctia tAm robot va 8 1a goc dinh huéng.

A .
Passive Desired

rotating
wheels

y | Active
wheels S/ el
R .

[
»

O X
Hinh 2.1. Cau trac robot di ddong non-holonomic

M6 hinh dong hoc cua robot:

E: cosd O
1%
y|=|sinfd 0 { } (2.3)
. w
o 0 1
Mo hinh sai s6 bam quy dao cta robot dugc biéu dién:
x, | cosd sin@ Of x;—x
e, =|Ye |=|—sin@ cos® O|y;—» (2.4)
0, | 0 0o 1)6,-0

Quy dao tham chi€u Gref = [Xref Vet Orefl’s Xe) Ve O, 12 sai 1éch vi tri.
Van téc tham chiéu dugc mo hinh hoa dudi dang:

Ve | _ v, cos6, + kxxe. (2.6)

@, Wg +ky,vgYe +kgsing,

M6 hinh dong luc hoc sai s6 bam trd thanh:

X, wy,—v+v,;cosl, —Awy, + Av
&, =| Ve |= —wx, +v,sinf, + Awx, (2.8)
) w; —0+Aw
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trong d6 Av, A 1a cac thanh phan 16i truyén dong chua biét
Dong luc hoc cua robot:

M
= D 2
() Up2
M6 hinh dong luc hoc dugce rut gon:
M .(6)3+C.(0,9)9+D, =B.(0) (2.24)

v6i 9 = [v,w]T, D, 1a nhiu tong hgp
Sau khi chuan hoa, mé hinh dugc viét dudi dang twdng minh

V= klul + k2V + Dl

d) = k31/12 + k4a)+ Dz

[;’J (2.16)

Nf= e
N

(2.26)

Trong thuc té, tin hiéu diéu khién tac dong 1én dong co cod thé bi suy giam hoac
sai léch. Do d6 tin hiéu thuc té dugc md hinh hoa bai:
u! (1) = cu; (1) + Auy (¢) (2.27)
trong d6 w;(t) 1a tin hiéu diéu khién danh dinh, u/ (t) 1a tin hiu diéu khién thuc té
tac dong 1én dong co, a; € (0,1] 1a hé s6 suy giam hiéu suét truyén dong, Au; (t) biéu
dién nhiéu chua biét hoic 16i phu khong dugc mo hinh hoa chinh xéc.
Thay vao moé hinh dong luc hoc thu dugc:
9=Bpu+D; (2.30)
trong d6 By phan 4nh sy thay doi cau tric dau vao do 16i truyén dong va Dy 1a nhiéu
g0p mo rong.
Gid thiét 2.1. Gia st rang cac thanh phan nhiéu gop va 15i truyén dong 1a bi chan:
ID,|<¢1.|Dy| <& (2.31)
trong d6 ¢, ¢, 1a cac hang sé duong hiru han nhung chua biét.
Gid thiét 2.2. Loi truyén dong tac dong 1én hé thong thong qua cung kénh voi tin hiéu
diéu khién, tirc 13 161 xuat hién trong khéng gian anh huong cua ma tran By. Cu the,
tur (2.18)—(2. 20) c6 thé thay rang 15i truyén dong anh huong truc tiép dén v va @ thong
qua cac hé sb k;, cung ciu trac voi tin hiéu diéu khién.
Gid thiét 2.3. Gia st rang cac thanh phan 161 va nhiéu gop bién thién cham:
lim D, =0, lim D, =0 (2.32)

t—o0 [—0
2.2. Thiét ké bd quan sat trang thai va 16i truyén dong
2.2.1. Bd quan sat 15i truyén dong
Phuong trinh dong luc hoc sai I¢ch bam (2.8) co thé dugc viét lai dudi dang:
{Z':f(z)+g1(z)u+g2(z)Fa (234)

eq:Z

X,

¢ v cosl, —v Yed L=y, Av
z = ye ,T/l:|: o _ea) j|,f(Z): Vg sin@e—xea)d gl(z):gz(z): 0 X, ;Fa :|:Aw}
0, ! 0 0 1
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Trén co s6 nghién ctru [19], bd quan sat 16i dugc xay dung:

{z'p =—L(2)| @12+ £2(2)(z,, + p(2) + [ ()] (2.35)

A

F,=z,+p(z)

Trong d6: E, 1a gia tri udc luong cta 18i truyén dong, L(z) 1a ma tran hé sb
khuéch dai ciia bo quan sat, p(z) 12 ham phi tuyén duoc thiét ké nham tai ciu tric 15i.

Ky hi¢u e, = F, - £, , gia st rang F, bién thién cham, tic 1a F, = 0.

ér :—Z'p—p(z):—L(z)gz (2)es (2.36)

Bang cach lua chon thich hgp ham phi tuyén p(z)va ma tran khuéch dai L(2),
sai sO udc luong e; s€ hoi tu tiém can vé khong [62].
2.2.2. Thiét ké bd quan sat 16i truyén dong cai tién

Bo quan sat 16i cai tién duoc md ta béi:

zp =—L()22(2)z, —K()L(1)[&2(2)P(2)+ /() + &1 (2)u s

X (2.37)

F, =z,+ p(z),

trong d6 L(t)va K(t) 1a cac ham 1ap lich phu thudc thoi gian.
Lty = (=) Lo, K () =1 -/ i)’ (2.38)

v6i Ly 13 ma tran danh dinh, 7, 14 hing s thoi gian, T, 13 khoang thoi gian
warm-up.

E, duoc 1am tron va sir dung cho muc dich bu 15 trong bo diéu khién:

F, ()= Ba(z+p(x,)+(1-B,)z,0< B, <1, (2.39)

Gid thiét 2.4. Cac ham f, g4, g,, p 13 tron va bi chin trén mién lam viéc, nghia 13 ton
tai F, Gy, Gz:P'P sao cho [[f(x )l <F, lgi(x)ll <G1,  Nlg2(x)ll < Gy,
Ip(x)ll < P, Ip(xe)ll < P; Fy(2), Fo () bi chan: I, (Ol < x, [|[Fa(@®)| < x2 voi
X1, X2 > 0; Ma tran Ly danh dinh va 2,1 < L(t) < A,1,0< 1, < 1, < oo, Vt = 0;
K (t) 1a ham lién tuc, khong giam, théaman K(0) = 0 va %L_)rgl( (t) = 1; Tin hiéu u(t)
1a do duogc va bi chan: |[u(®)|l € Upaxs 1O € Uppar Vi Unmgsr Umayx > 0.
Dinh Iy 2.1: Dudi cac gia thiét 2.4, sai sb udc luong 161 ciia bd quan sat (2.36) 1a bi
chin cubi cung dong déu (UUB). Hon nira, néu nhiéu bién thién cham va cac ham lap
lich hoi tu vé gid tri danh dinh, thi sai s6 wdc luong hoi tu tiém can vé khong.
2.2.3. Thiét ké b quan sat trang thii mé rong

B0 quan sat trang thai mé rong dugce dé xuat:
V= kyuy + kv + D, — pyfal(é,)
D, =~p, fal(&,)
@ = kyus + kg + D, — py fal(é,,)
D, =—p,fal(é,)

trong d6 U, @ 1a cac uodc lugng cua van toc; D,,, D, 1a cac wdc luong ctiia nhiéu
gop; é, =7V —v, é, = ® — w la sai s0 udc luong van toc; é, = D, — Dy, ép, =

(2.50)
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D, — D, 1a sai s6 uwdc luong nhidu; p;, p, > 0 1a cac hé sé khuéch dai. Ham fal(.)
dugc sir dung nham cai thién kha ning hoi tu va giam nhiéu do [36], [63]:

o if 6] <y

fal(é) =47
|é,-|a sign(é;) if &>y
v6i 0 < a < 1vay > 0 1a cac tham s6 thiét ké.

Pinh ly 2.2. Xét mo hinh dong lyc hoc véan téc cia NWMR dugc cho boi (2.29) va
b0 quan sat trang thai mé rong duogc thiét ké theo (2.48). Gia su Gia thiét 2.1, 2.4 duoc
thoa man. Khi dé, ton tai p;, p, > 0 va bing thong bd quan sat A sao cho céc sai s6
udce lugng trang thai va nhiéu gop é,, é,,, ép,, ép,, 18 UUB. Thi cac sai s6 ude luong
cua bd quan sat hoi tu tiém can vé khong:
2.3. M6 phéng kiém chirng cac bd quan sat
a) Tin hiéu quan sat trén FO va IFO

9l. = (vﬂa))

(2.51)

5 T
m—\ @stimate - FO wmmmm\y estimate - FO

0.8

w fault == v fault mm\ estimate - [FO ==y estimate - IFO == v fault

w fault
© 0.6

0.4+

n L L
5 10 15

Time (s)

Hinh 2.3. Uéc tinh 16i tir FO

b) Tin hiéu quan sat trén ESO

20

0.

v(m/s)w(rad/s)

2L

0

0 5 10 15
Time (s)

Hinh 2.4. Uéc tinh 16i tir IFO

L

20

_ 4r s [y === Dw == =Dv Estimate == =Dw Estimate 3 /4N thc dai m— /40 toc goc
T = = =Van téc dai vdctinh = =Van téc goc woc tinh
o =
& Fi f
20 0 —
z £°
a2t =
\ . . 2 \ .
0 5 10 15 20 0 5 10 15 20
Time (s) Time (s)

Hinh 2.5. Ubc tinh nhiéu tir ESO

2.5. Két luan chwong 2
Chuong 2 cta luan an da xdy dung mot khung 1y thuyét hoan chinh cho viéc mo
hinh hoa, quan sat va phat hién 18i truyén dong trong NWMR. Trudc hét, cac méd hinh
dong hoc va dong luc hoc c6 xét dén 15i truyén dong da duoc thiét 1ap mot cach tuong
minh, 1am 15 co ché xam nhap cta 16i va nhiéu vao dong luc hoc sai s6 bam cling nhu
dong luc hoc van tdc cua robot. Trén co s& do, luin an da dé xudt ciu trac quan sat
hai tang, két hop bo quan sat 16i truyén dong va bd quan sat trang thai mé rong, cho
phép phan tach hiéu qua giira 18i actuator va nhidu gdp chua biét.
CHUONG 3. KIEN TRUC PIEU KHIEN CHIU LOI PHAN TANG DUA
TREN CAC BQO QUAN SAT CHO ROBOT DI PONG NON-HOLONOMIC

3.1. Piéu khién chiu 16i cho NWMR bing i-PID va b quan sat 16i
3.1.1. B) diéu khién dong hoc bam quy dao

Hinh 2.6. Uéc tinh vin toc tir ESO
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Xét quy dao chuyén dong cua robot duoc chia thanh n doan rat nho co d6 dai
Al > 0. Vo1 P(x,y) 1a toa do hién tai cua robot, ta c6 thé xac dinh chinh xéac toa do
diém P; (x4, y;) sau khi robot di chuyén mdgt doan Al nhu sau:

Xy =x+Alcosd
, (3.1)
Y=y +Alsing
Lay dao ham theo thoi gian cia (3.1) va két hop voéi (2.3), ta thu dugc:
X cos@ —Alsin@ || v
=] 3.2)
By sinf Alcosf || w
[ cosf  sind
v 5] . .
:{ }: sind cosé { i|;(x1:ulay1:u2) (3.3)
(0] — Uy
Al Al
Tin hi€u di€u khién bam quy dao dugc chon:
uy =x5+k(x;—x
{1 .1d 1(xg =) (3.4)
Uy = g+ ki (vig =)
Tin hiéu diéu khién theo van tdc va van tdc goc dé xuit:
v = ke, cosO +kyey, sin 0+ x; cos @ + y; sin
a)—L(—ke sin@ + kyey, cos@+ x;sinf + ) cosé’) (3:3)
Al 1€1x 261y 1 Bg|
trong d6 e; = [X14 — X; V14 — V1]7 12 vecto sai 1éch bam.
M6 hinh dong luc hoc dugc xem xét:
1 1
. 1 — — T
VloZfmo o omf (3.6)
w r ﬁ —_h %)

I I
Li co cau chap hanh duoc xem xét dudi dang lam suy giam hiéu suét cta cac
bo chap hanh trén hai dong co cia robot. Khi d6, m6 hinh dong luc hoc ctia robot:
1 1

v :l m+Am m+Am || 71 —AT7 3.7)
o| rl h —h  ||7y—Ary '
I+AI I+Al

Trong d6, At = [At, At,]" biéu dién 13i co cau chap hanh tic dong 1én robot
di dong. Do anh hudng cta cac 18i nay, cac gia tri cua van tbe tuyén tinh v va van tbc
goc w sé bi thay d6i boi cac dai lugng khong xac dinh 1an luot 13 Av(t) va Aw(t).
3.1.2. Bo diéu khién dong luc hoc dua trén i-PID va diéu khién phi mé hinh
Theo 1y thuyét diéu khién phi mo6 hinh (MFC) [71], Hé dong luc hoc trong (3.7)
duoc biéu dién dudi dang:
g = Fg + Ahuctr (3.9)
Theo [72], v6i A kha nghich, tin hiéu diéu khién theo luat i-PID duogc xac dinh:
ey = A, (9 = Fy +hejeg +; [ egdt + kgég) (3.10)



— e e e e e e e e e e e e e e e e e e e M M M m e e e e e e e e e e e e ey

: Vongngoai o ___ . :

! | |

x, | %dF{mIz | |

gy =t — - I
041 Didu khién u | Mohinh |V | Mawin [9)
dong hoc " |dong luc hoc I | chuyén doi 1

! - I I

! v _ I I

: Bo y | |

quan sat | |

! I I

e - |

I I

Hinh 3.2. Cau triic bo diéu khién MFC-iPID dé xudt

Dinh ly 3.1: H¢ dong lyc hoc dugc mo ta boi (3.9), két hop vé&i ude lugng 16i F trbd
quan sat (2.35) 1a 6n dinh tiém can va sai 1éch bam hoi tu vé khong dudi luét diéu
khién MFC—iPID trong (3.10).
3.2. Két qua mo phong

> Truong hop 1: Piéu kién khong c6 16i co ciu chap hanh.

Hinh 3.4, 3.5, bd diéu khién dé xuat dat duoc sai s6 bam nho nhat, thoi gian dap
mg nhanh hon va hiéu nang vuot troi so voi hai bo diéu khién con lai.

IPID without FO - - -PID —Proposed | Ref iPID without FO =---- PID ----- Proposed|
5F et — T
4 L
6 7 8 9 10 3 L
10 Time (S) 15 20 25 2 L
------- ‘iF‘ID without F‘O -=--PID ‘—Propcsed 1
6 7 8 9 10 1
10 15 20 25 2
Time (s)
-------- iPID without F&) ===PID ;Proposed _3 -
O,Q ............................................ 4
6 7 8 9 10 -5k
‘ . | -5 0 . 5 )
O Hinh 3.5. Quy dao bam cua cac bo diéu khién
Hinh 3.4. Sai léch bam quy dao trong truong hop 1.
» Trueong hop 2:

Trong kich ban thir hai, 18i co ciu chap hanh duoc dua vao hé thong tai thoi
diém t = 8 s vdi Av = 0.25vsin(t), Aw = 0.3w dong thoi m va I thay doi 10%.

<o iPID without Fd ---PID —vProposed S +iPID without FO - = =PID —— Proposed 1.5 b= 05— iPID without FO - = =PID ——Proposed |
i\ .
LIV 0.5
0.5 L =
— \ B 1 e
E 0 £ i 0 1
o SNy T T 205 -
05 | | | -~ © 10 15 20° 25..
10 15 20 25 107", 15 20 & 25
............................ 0 e e 0
0 5 10 15 20 25 0 5 10 15 20 25 0 5 0o 15 20 25
Time (s) Time (s) Time

Hinh 3.6. Sai léch bam ciia cdc bé diéu khién khi ¢é 16i truyén dong
Két qua sai s6 bam trén hinh 3.6 cho thiy bd diéu khién dé xuat van duy tri duoc
sai 1éch nho sau khi 161 x4y ra, trong khi cac bod diéu khién khac co sai s6 16n hon.
Hinh 3.8 minh hoa vai trd cia bd quan sat 16i. Cac 16i udc luong AD va A@ hoi
tu nhanh vé gia tri thuc, voi thoi diém phat hién 161 vao khoang 8.007 s sau khi 15i
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dugc dua vao hé thong. Viéc ude luong chinh xac nay cho phép bu 16i hiéu qua trong
vong dieu khién trong. Hinh 3.9 x4c nhan rang bd di€u khién dé xuat van duy tri dugc
do chinh xac bam quy dao cao.

: : : : e
0.6 —Fault - - -Estimated ’...ﬂ“" SN
w 04 4+ /‘
Eﬁ 0.2 /
2 3r
4 ’ / Ref
02 2+ iPID without FO J
0.4t s s s A ‘ Y A— PID \
8 10 12 14 16 18 20 22 24 I B Proposed \|
Time (s) ! ,’ \\
X A Y \ e 8l |
a) Loi van toc dai of ;
02 Fault - - - Estimated -1 “\\ 4.8 ., ’If I”'
-4.9 . \‘:‘,w"'
N SN /
=3 0.1 \\ 45 -1 0.5 0 05 1 15
;E 0.05 : \\\
o , 4t \\
10 15 20 25 5k \ ___________ o=
Time (s) -5 0 5
b) Loi vdn toc géc Hinh 3.9. Quy dao bam ciia robot &
Hinh 3.8. Udc tinh loi trén NWMR truong hop 2

3.2. Bo di¢u khién trugt chiu 16i dua trén cdu triic quan sat kép cho NWMR
Léi truyén dong
Nhiéu loan

y g " |pidu khié M6 hinh| ¢
uy dao e R _ |Diéu khién |u M
? (}i]ét. 7 Mat |8 truot Pliong hoc T
. fi@ .| PBidu khién N & ) | truot thich nghi NWMR
& | 7| donghoc | 7 [
| 7 Y70 2N
[m] Sai léch mé hinh
B
Quan sat 16i \'4
] .
] HiGO [

Hinh 3.10. Cau triic cuia bg diéu khién DOA-SMC.
3.2.1. B§ quan sat mé rong hé so khueéch dai cao

Pit z =[x v 6], z, =[v @], khi d6 hé thong NWMR dugc biéu dién:
21 =382,

Zy=Br+D

B6 quan sat mo rong hé s6 khuéch dai cao duoc thiét ké nhu sau:

(3.15)

A _ @2 72 4
21 =82, ——=e,

& (3.16)

Aot 1 4
ZZ_S( 82621j

trong d6 2, va 2, lan luot 1a cac gia tri wéc luong cua z; va z,;
Y1, V> dugc lya chon sao cho phan thuc cta cac tri riéng ciia s2 + y,5 +y; = 012 am
3.2.2. Piéu khién trwot thich nghi trén co sé bd quan sat HiGO
a) Luat diéu khién dong hoc
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Luat diéu khién dong hoc cho robot dugc dé xuét trén c& s& mé hinh sai s6 bam
qui dao cua robot dud1 &nh hudng cua 161 truyén dong va bd quan sat 161 trong (2.37).

|:Vc:|:|: vy cosHe+kxx.e+A\3 A} (3.25)
@, @y +kyVyye +kgsing, + Aw
b) Luat diéu khién dong luc hoc
Dit 21y =44, 220 =[Va @4 € =A 24, €y =5~ 4.
Luat diéu khién dugc thiét ké:
u=nB" (S—lc'jd —ASé_, — A, tanh(c§')) (3.29)

trong do Ay, > 7, >0.
Luat diéu khién dugc stra d6i voi hé s6 chuyén mach thich nghi A, :
u=B" (S_lc'jd ~ 288, ~ Agy tanh(a”)) (3.30)

Dit e; = A, — A, luat diéu khién SMC—PI dua trén HiGO cudi cing dugc dé
Xuat:
u=B" (S—lq'd ~A8é,, ~ Ag, tanh(é))

U (3.31)

A, = zkw\a\[ 2 atan2(&,5)
er

trong d6 &> 0 1a mot hang sé du nhé dam bao tinh 6n dinh bén viing.
3.2.3. Phan tich on dinh
Bé @é 3.1: Xét hé kin dudi luat diéu khién truot c¢6 hd tro quan sat kép dugc dé xuat.
Gia st rang sai s udc luong 10i chip hanh va sai s0 udc lugng nhidu déu b chin boi
cac hang s6 duong da blet Khi d6, v&i bat ky gié tri hé s6 mat trugt nao cho trudc, co
thé Iyra chon cac tham s6 diéu khién sao cho dong hoc sai s6 bam quy dao 1a UUB.
Dinh Iy 3.2: Xét h¢ NWMR duoc mé ta béi phuong trinh dong luc hoc sai s6 bam
(2.8) voi bd quan sat 16i (2.37), va luat diéu khién dugc xac dinh nhu trong phuong
trinh (3.25). Dudi céc gia thiét va pham vi néu trong tiéu muc 2.1.4, hé kin 1 6n dinh
tiém can toan cuc. Céc sai sd bam x,, y, va 0, hoi tu vé 0 khi t — oo.
Dinh ly 3.3: Xét h¢ NWMR trong (3.26) va bg quan sat khuéch dai cao mo rong duoc
dinh nghia boi (3.16). Gia sir luat diéu khién truot duge cho bai (3.31), trong d6 sai
sO quan sat y 1a ¢a nho nho su hoi tu ctia bd quan sat nhu d chimg minh trong 2.2.2.
Khi d6, hé kin 1a 6n dinh tiém cin toan cuc, cac sai s6 bam & hoi tu vé mot 1an cin
cua géc, voi kich thudce phu thudc vao hé s6 khuéch dai quan sat €.
Bé dé 3.2: Xét bd HiIGO duoc md ta boi (3.16), véi sai sd quan sat chuan hoa duoc
dinh nghia trong (3.17) va dong hoc sai s6 (3.18). Khi do, theo két qua (3.23)—(3.24),
sai sO quan sat y 1a bi chin cudi cung dong déu (UUB) va thoa man
2IIPII Y
min (Q)
Tu dinh nghia (3.17): z, -2, =y, , tacod

hm sup”;((t)” <y (3.38)
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limsup|z, — 5,[| < &7 (3.39)
t— ®
Két qua ndy cho thay HiGO va bo quan sat 161 phdi hop véi nhau dam bao sai
s6 ude luong bi chan trong diéu kién nhiéu hitu han.
Dinh Iy 3.4: Xét NWMR duoc md ta béi (3.15), trong d6 nhiéu gop D (t) bi chin boi
I D(t) II< yq4. Gia su bo quan sat 16i va HiGO dugc thiét ké theo (2.37), (3.16), va
luat diéu khlen truot thich nghi (3.31) dugc trién khai. Khi do, toan bo he kin, bao
gdm cac sai s6 bam quy dao, sai s6 uwéc lugng nhidu va sai sé wdc lugng 151, 1a UUB.
3.2.4. Két qua mé phéng, nhin xét va thao luin
Tir 10s dén 15s, ddu ra ctia co cau chip hanh bi suy giam hiéu suit c¢6 dinh 45%,
v6i Av(t) = 0.45v, Aw(t) = 0.45w; Tir 20s dén 25s, co cAu chap hanh chiu suy
giam dang hinh sin v6i: Av(t) = 0.45vsin(t),dw(t) = 0.45wcos(t + m/2); Tur
30s dén 35s, mot 13i 1éch duoc dua vao: Av(t) = 0.45v — 0.15, Aw(t) = 0.45w —
0.15. Nhiéu ngoai Dis = [3sin(t) 2cos(t)]Tanh hudng 1én hé thdng tir 10s dén 35s.
Sai s6 tham s6 mo hinh m = 69.263 + 7ng, I = 4.729 + 0.515 v6i 0 < nz < 1.

5 1.5
B-SMC 0.4 B-SMC
—=—==HiGO-SMC —====HiGO-SMC
47 meme- DOA-SMC ] o8 W N 0 = DOA-SMC
5] o1 | ' 111o.05 !‘ ‘
£ 0 Ll\&l\' LM‘\- £ 0 H E 0 ‘:.ﬁ 1 - <1\
= ) gt Ak W= H 1 Y ¢ \
< 2 i v i\l o S 0.5 W \ / i A
o i ! 0.2 L0.05
10 20 30 1 10 20 30
0.4 B-SMC 0 L\ o O\
0 L {__S O\ ol —-—-—HiGO-SMC SNV
PP B VA DOA-SMC
0 10 20 30 40 ) 10 20 30 40 0 10 20 Tm;g)(s) 40
a) Time (s) b) Time (s) c)

Hinh 3.11. Sai léch bam trang thai: (a) x,, (b) Y., (c) 6,

v Fault —, fault -y y estimate 15
15 == =y Fault estimated 0.4 = =, fault estimated d estimate = = = estimate
5 .\‘/\\ / \(/ \ ,"\‘1
7 7 02 NN AN )
~ = ah { \ AR A! \ 1 7/ —
g 3 SO W T Y U U A
= 0.5 A, — Wy I\ \ i I &
5 - gof V[ \ 1=
q 3 0 = Vo 1 vV 3
0 < 8 IR W ! SR ! 5
h v ! SR YA
0.5 0.2 \ “l / \ “X i’
-U. Y \WA / \ /\/
5 “ vV \/
-1 0
10 20 30 10 20 30 0 10 20 30 40 0 10 20 30 40
a) Time (5) b) Time (s) c) Time (S) d) Time (5)

Hinh 3.13. Ubc lwong tir cdc bé quan sdt: (a) 16i van téc dai; (b) 16i véin toc
goc, (c) vi tri theo truc X va Y; (d) goc dinh huong.

Hinh 3.11-3.14 trinh bay so sanh hiéu ning ctia ba bd dicu khién dudi cac dicu
kién 13i co cau chap hanh khac nhau. Két qua cho thay bd diéu khién DOA-SMC dat
d6 chinh xac bam tot nhat trén cac truc x, yva goc hudng 6. Déi voi diéu khién hudng,
DOA-SMC dat RMSE = 0.2176 va IAE = 1.7231, t6t hon so véi B-SMC (RMSE =
0.2216, IAE =2.7377), trong khi HHGO—-SMC cho hi¢u nang trung gian nhung c6 qua
d6 16n hon khi x4y ra 16i LoE.



Y — Axis(m)

-

== =Trajectory
HiGO-SMC

== =B-SMC

== =Proposed

X — Axis(m)

Hinh 3.14. Két qud bdm quy dao trong diéu kién cé I6i.

Tin hiéu diéu khién cia DOA—SMC phan tng nhanh sau khi 131 xut hién, gitp
sai s6 hoi tu nhanh ma khong giy bdo hoa co ciu chap hanh, dong thoi duy tri muc
nd luc diéu khién thap nhat. Cac chi s6 dinh luong cho thiy DOA-SMC giam RMSE
vi tri khoang 10% va giam IAE t6i 63.8% so voi B-SMC, chirng minh hi¢u qua cua
ciu trac quan sat kép trong viéc nang cao do chinh xac va kha nang chiu 161.

Bdng 3.5. — 3.6: Chi s6 hiéu ndang bam doi véi sai sé

DOA-SMC B-SMC HiGO-SMC |
CHI SO , Euclide , Euclide , Euclide
Huong £ Huong £ Huong £
tong tong tong
MSE 0.0474 | 0.2134 [ 0.0491 | 0.2648 |0.0474 | 0.2648
MAE 0.0383 | 0.0663 | 0.0608 | 0.1831 [0.0423 | 0.1831
RMSE 0.2176 | 0.4620 | 0.2216| 0.5146 |0.2177 | 0.5146
TIAE 1.7231 | 2.9851 |2.7377 | 8.2424 |1.9041 | 8.2424
ISE 2.1316 | 9.6068 | 2.2100 | 11.9197 | 2.1323 | 11.9197

3.3. Bo diéu khién thich nghi chiu 1i trén cé sé by quan sat phén ting diéu khién
3.3.1. B diéu khién tang dong luc hoc dua tréen ASMC-ESO

e e e e e e e e e e e e e
i Diéu khién vong ngoai |
i Dleu khlen |
i [ Bidu khidn vone frone Y i
_[] 3 * oyl | Di€u khién vong trong *Dis I m] i .
Qd—())ﬁ/. [] [ [v]l 4=
-l Didu khién [ I, | Didu khién " Mo hinh  [lo]] Mb hinh i ;
1 dong hoc | dong luc hod dong luc hoc | dong hoc i
= - [Af/] 1 Pis| = I i
. 46 | Quan sat | i
I . Quan sat | trang thai — | I
| 101 l I |
| [ e ’ I
I !
¢ o o - 1 o B 8 B o B B B B B o B B B 8 o £ o B 8 o 6 J

Hinh 3.15. Cdu triic bé diéu khién dé xudt
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Céau tric cta bo diéu khién vong trong dugc thiét ké dé tao ra cac van tdc tinh
tién va van toc goc [v  w]” sao cho ching bam tiém can cac gia tri mong mudn
[Ve  @c]T, cac gia tri nay dugc xac dinh bdi vong ngoai.
Nhén xét 3.1: Trong nghién ctru ndy, bé mit truot ti 1¢ - tich phan (PI) dugc lya chon
do kha ning cai thién d6 chinh xac o trang thai xac 1ap trong khi van duy tri tinh bén
ving trudc cac nhiéu bén ngoai. Mic du cac thiét ké bé mit khac nhu bé mit truot
dau cubi hodc bé mit dong cé thé mang lai céac 191 ich bo sung, bé mit PI cung cép
mot sy danh d6i hop 1y gitta don gian trong trién khai va do bén viing thyc tién.
a. SMC-PI

Theo [70], mot bé mit truot dang PI duoc dé xuét cho diéu khién truot:

{0'1 } e, + kvjevdt
O = =
021 |e, +ka'ewdt

trong d0 €, = Vyer — V; €4 = Wyer — w,[Vrer  @rer]” 12 vn toc mong muon.
Luat diéu khién tuong duong duoc dé xuat:

, (ky,ky>0) (3.48)

kl(kvev +Vyor kv — ﬁv )
g = | (3.51)
_k—3(ka)€a) + a)ref - k4a) - Da))_
trong do Dv, D, 1a cac thanh phan nhiéu gdp duoc ude luong va sé duoc bu truc
tiép trong luat diéu khién.

Luat diéu khién chuyén mach duogc xay dung:

kSWISign(Ol)
= ) > O .
Ugw |:ks 2Si n( 2) ( swl sw2 ) (3 52)

Nhén xét 3.2: Dé giam hién tugng rung (chattering), sign(.) duoc thay thé bang ham
tanh(-). B diéu khién SMC-PI dé xuat:.

1 . ;
- (e, + Ve =gy =y )+ ki tam(c)

UspC = Ueq TUgy = 1 (354)

é(kwew + Wy — kg0 — aAVz ) + k- tanh(o,)
Dinh Iy 3.5: Xét md hinh dong luc hoc (2.26) duéi Gia thiét 2.1, V6 bé mat truot dang
PI (3.48), luat diéu khién SMC—-PI duoc xdy dung trong (3. 54) va b0 quan sat trang
thai m& rong ESO trong (2.50), chién lugc duge dé xuat dam bao mdt trugt (o = 0)
dat dugc trong mot khoang thoi gian hitu han, ngay ca khi ton tai anh hudng ctia nhiéu.
3.3.2. Bo diéu khién vong ngoai trén co sé két hop thich irng mé va IFO

Dua trén van toc mong muén [Vrer  @rer]vi tri tham chiéu cia NWMR duoc
tinh toan théng qua phuong trinh dong hoc. Luat diéu khién vong dong hoc dé xuit:
v Vier CO, + kX, + AV
[ H ~ (3.71)

o Oper + k.Y + k9SO, + A
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Trong (3.71) hai nhiém vu thiét ké bao gom: 1) Str dung bd quan sat 15i cai tién
(2.37) dé udc lugng thanh phan F, = [Av Aw]"; 2) tu dong cap nhat thich Ung cac
gia tri dwong phu hop cho k,, ky, kg thong qua cac ludt mo trén Bang 3.7, 3.8 va 3.9.

Bang 3.7. Gid tri tham s6 cho k,

b NL | NB NM| NS | Z | PS | PM | PB | PL

NL PM |PM | PM |PM |PM | PB | PB | PB | PL
NB PM | PM | PM | PM | PM | PB | PB | PB | PL
NM PS |PM |PM | PM | PM |PM | PB | PB | PL
NS/ PS | PS | PS|PS|PS | PM|PM|PM| PB
de | 7 | Z Z Z Z Z PS | PM | PM | PB

PS I NS |NS | Z Z Z PS | PS | PS | PS
PM|NM |[NM | NS | NS I NS | NS | Z PS | PS
PB) NL [ NB |[NM | NS | Z Z Z PS | PS
PL/ NL [NB | NM | NS | Z Z Z PS | PS

Bang 3.8. Gid tri tham s6 cho k,

k
Y NL| NB| NM| NS| Z | PS| PM| PB| PL

NL | PB |[PM | PS Z | NS |[NS |[NM |NB | NL
NB | PB [PM |[PM | Z [ NS | NS |[NM |NB | NL
NM |  PB |[PM |[PM | Z NS |NS |NM |NM | NL

NS |PL | PB [PM | PS Z | NS |NS |NM | NB
de|Z | PL | PB |PM | PS Z Z | NS | NS | NB
PS | PL | PB |PM | PS Z Z | NS | NS |NM
PM | PL | PB |PM | PS Z Z |NS | Z PS
PB | PL | PB | PB | PS Z Z Z Z PS
PL | PL | PB | PB | PS Z Z Z Z PS

Bang 3.9. Gid tri tham s6 cho kg

ke NL|NB|/NM| NS| Z | PS| PM| PB | PL

NL| PB| PM|PM| Z | NS| NS|NM| NB | NL
NB| PB| PM|PM| Z | NS| NS|NM| NB | NL
NM| PL | PB | PM | PS Z | NS | NS | NM | NB
NS| PL | PB | PM | PS Z Z | NS | NS | N\M
de | Z | PL | PB | PM| PS Z Z | NS | NS | N\M
PS| PL | PB| PM| PS Z Z | NS | Z PS
PM| PL | PB | PM | PS Z Z | NS | Z PS
PB| PL | PB | PB | PS Z Z Z Z PS
PL| PL | PB | PB | PS Z Z Z Z PS
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Dinh Iy 3.6. Xét mo hinh dong hoc trong (2.4) duéi tac dong cta 16i co ciu chap hanh.
Khi st dung luat diéu khién (3.71) va bo quan sat 16i cai tién (2.37), cac sai s6 bam
theo vi tri va goc lai cua robot (e,) hoi tu vé 0 va ludn bi chan.

Nhdn xét 3.3. H¢ théng diéu khién duoc dé xuét bao gém mot sd tham sb quan trong
trong ca vong trong va vong ngoai, cd anh huong déang ké dén hiéu nang tong thé. Pé
dam bao kha ning trién khai hiéu qua va tranh mat 6n dinh hodc yéu cau diéu khién
qua 16n, can thuc hién hiéu chinh tham s6 mot cach can than.

3.3.3. Két qua mé phéng, nhin xét va danh gia

Trirong hop 1: Robot chuyén dong theo quy dao tron khi ¢ nhidu loan nhung khong
¢6 16i co cau chap hanh

D

v

D,

@

_ {6 sin(5¢ + pi / 2)}

Scos(4t + pi) (3.78)

1 —SMC without Observers = FSMC without Observers =- Proposed | 0.3 —SMC without Obsgrversf FSMC without Observers =+ Proposed 1.5f --Proposed - FSMC without Observers —SMC without Observers |

cap
10 = 04 1
0zf, T g i
£ L 0051 1 OF-f- N AN o=
= = L
= 0l s
e 25

01 ™ 2
- 005 4\
E s LU o 2 W e W A
£ o5 o A\ |
o” -0.05 2 - u,>U.1 -l 4
\ 0/1 2 3 45 20 21/22 23 24 25 15 / 2 2 0 0.5r 3 2 4 ho /
w 1
H H\
= o 1 3

0 5 10 15 20 25 30 35 25 30 35 0 5 10 15 20 25 30 35
Time (s) Tlme (s) Time (s)

(a) (b) (c)
Hinh. 3.19. Sai lech bam theo vi tri cua robot (a) X-axes, (b) Y-axes; (c) theta

==Trajectory
SMC Without ESO

= FSMC Without ESO

== Proposed

_
o
[

' —Dis1—Dis2 =-Dis1 Estimate = Dis2Estimate

200
H5F - >_ i

o

Disturbance
(6] o

-0— : * ' : -7
10 15 20 25 30
Time (s) ol
Hinh 3.21. Uébc tinh tong nhiéu trén )
ESO R | |
-2 0 2
X-Axis (m)

Hinh 3.22. Quy dao cua robot tuwong
vng voi cde bé diéu khién

Két qua méd phong cho quy dao tron trong diéu kién chi nhidu loan dugc thé hién trong
Hinh 3.19-3.22. Hinh 3.21 md ta nhiéu loan dugc gidi thiéu cung voi udc tinh ctia nd
bang cach sir dung ESO. Trong trudng hop nay, bo diéu khién thé hién kha ning chéng
lai anh hudng ctia nhiéu thong qua cac gid tri 16i theo truc x, truc y va (thé hién trong
Hinh 3.19 (a), (b) va (c). Piéu chinh vén toc tuyén tinh va van toc goc thich hop trong
Hinh 3.20 (a) va 3.20 (b) twong tmg voi cac dang quy dao nay.

Truong hop 2. Robot chuyen dong theo quy dao hinh sé 8 dwéi tic dong ciia nhiéu
loan va 16i ciia b6 truyén dong.

[Dv _ [6sm(5t + pi /'2)]; {AV ] _ [0.3vsin(t)} (3.79)
D, Scos(4t + pi) Ao 020
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0.2

0.1-‘\,\<

i 0 S

b 1 2 3 4 5

c 5 10 1 20 25 30 335 o 5 10 15 220 26 330 3B 0 5 10 15 20 25 30 35
Time (s) Time (s) Time (s)

(a) (b) (c)
Hinh 3.24. Sai léch bam theo quy dao hinh s6 8: (a) X-axes; (b) Y-axes; (c) theta

Hinh 3.24-3.26 cho thay quy dao hinh s6 tam dudi ca nhiéu loan va 13i truyén
dong. Nho cac bd quan sat ESO va IFO, bo diéu khién duoc dé xuat duy tri chat luong
diéu khién duoc cai thién, bang chtng 1a hoi tu 16i nhanh hon va tin hiéu diéu khién
muot ma hon. Sai 1éch bam theo truc x va y va goc dinh hudng theta ctiia bo diéu khién
dugc dé xuat hoi tu vé khong nhanh hon véi gid tri sai 1éch 1a nho hon dang ké trong
sudt qua trinh mo6 phong (Hinh 3.24 (a), (b) va (c)). Cac tin hi¢u vé van tdc tuyén tinh
va van téc goc trong Hinh 3.25 cling thé hién sy 6n dinh va diéu khién muot ma hon
ctia bo diéu khién dugc dé xuat. Hinh 3.26 cho thdy quy dao theo ddi cua ba bo diéu
khién. So sanh duong mau do, 1a quy dao dat dugc cta bd diéu khién duoc dé xuat,
v6i quy dao da dét cho thay higu qua va 6n dinh cua b dicu khién duge dé xuat.

1 —SMC without Observers = FSMC without Observers —- Proposed | 03r —SMC without Observers = FSMC without Observers = Proposed - = FSMC without Observers ==SMC without Observers =+ Propesed
W
)

—w_fault—v_fault = v_fault estimated — w_fault estimated

Y-Axis (m)

==Trajectory {
SMC Without ESO

N\, - FSMC Without ESO
== Proposed

10 15 20 25 30 35
Time (s)

Hinh 3.23. Uéc tinh 16i tir b [FO

3 2 A e 123
Hinh 3.26. Quy dao bam theo hinh sé 8
3.5. Két luan chwong 3
Chuong 3 trinh bay cac chién luge diéu khién chiu 18i cho robot di dong
nonholonomic theo mot 16 trinh phat trién tir cac phuong phap phi mé hinh dén céc
kién trac diéu khién tich hop dua trén mo hinh va by quan sat. Muc 3.1 dé xuét chién
lugc diéu khién chiu 18i phi mé hinh két hop i-PID va bo quan sat 16i nham cai thién
kha ning bam quy dao trong diéu kién bat dinh mo hinh va 13i actuator. Muc 3.2 phat
trién diéu khién truot chiu 161 két hop hai b quan sat dé wdc luong va bu dong thoi
nhiéu va 16i. Trén co s& do, Muc 3.3 xay dung kién trac diéu khién chiju 13i hai vong
tich hop nhiéu bo diéu khién va b quan sat, cho phép tach biét bai toan bam quy dao
va bu nhiéu—16i. .
CHUONG 4. PIEU KHIEN CHIU LOI VOI RANG BUQC HIEU NANG CHO
ROBOT DI DPONG NON-HOLONOMIC
4.1. M6 hinh NWMR c6 xét 16i co cau chz‘ip hanh, l1éch trong tam va trugt banh
Céc thanh phan truot gia thiét bao gom: A 13 van toc truot ngang; 0, va 6, la

véan toc goc bi nhiéu ctia banh phai va banh trai; 5 1a van toc truot doc; 5 1a van toc
gdc bi nhiéu cua robot do trugt banh, véi: &, = 3 0z +6,),8, = ﬁ( = —06)).



19

v

O X

Hinh 4.1. Cau triic cia NWMR véi trong tam bi léch
Trong qué trinh van hanh dai han, dia hinh va diéu kién moéi truong co thé anh
huong dén van tdc thuc té do duoc cua dong co nhu sau:
{COR=(1—ﬂR)w1=a’1—A601 0< <1 (4.1)
op =(—pp)w, =y —Aw,
trong d6 wg, w; 13 van téc goc mong mudn ctia banh phai va banh tréi.
Do d6, van toc thuc té cua robot duge xac dinh nhu:

v

r
real :E(wR +a)L) =v—Av

4.2)
r
Wreal = ﬁ(wR —op)=0-Aw
bat Cy = cos 0,5y = sin 8, phuong trinh dong hoc robot khi 1éch trong tam:
q=549 (4.3)

co SO o

Trong d6: Sd:{—dSH 4Co J ,9=[v o]

Khi xét déng thoi 16i co cau chép hanh, I¢ch trong tam va truot banh, cac rang
budc non-holonomic cua robot dugc bi€u dién nhu sau:
—%SO+yCOH—dO = A,
XCO+3SO+h0 =r(w — Awg) < A,p=Ap,g (4.4)
xCO+ ySO—h0 = r(wy — Aw;)
AFaS :[ASI —VAC!)R —I"ACUL]T
Ma trén S, dugc xac dinh sao cho S, 4] =0, va dong hoc cia NWMR co thé
duoc biéu dién lai dudi dang:
p=S, (9—A9)+UD (4.5)

co SO 0 / /
~dSO dco 1/ —}/

khong khép sinh ra do rang budc nonholonomic bi nhiéu.

trong do: S, = =[5,+Av 6,+Aw]", Up 1a nhiéu
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M6 hinh dong luc hoc NWMR duoc viét:
9=MI+N7r+D (4.9)
trong d6 AM,AN biéu dién cic bat dinh tham s6, M =-M,"'N; N=M,'B;
D=AMI+ANT+M, 'NAG+AS-M"\ (B +S}E,).
Pit zy =q, z, =S;9, z; =S,;D hé¢ NWMR duoc biéu dién dudi dang:
21 =252y =NT+Q+ 23,23 = Ay (4.10)
Nhén xét 4.1: Trong mé hinh (4.10), nhiéu khong chi bao gdm cac luc bén ngoai, 1éch
trong tAm ma con bao gom céc tac dong bén trong nhu trugt banh Ay va 16i co cau
chap hanh Awg, Aw; . Céc tac dong ndy dugc gdp vao D trong (4.10) dé udc luong va
bu théng nhét, cho phép bd quan sat nhifu cai tién xir Iy déng thoi ca nhidu va 13i.
Nhin xét 4.2: Muc tiéu diéu khién 13 thiét ké mot thuat toan GISMC duya trén bd quan
sat thich nghi cho hé (4.10) sao cho:
a) x, bam chinh xac quy dao mong mudn x, 4, trong do6 sai s bam duoc dam bao thoa
cac tiéu chi hiéu nang dinh trude va hoi tu trong thoi gian hiru han.
b) Sai sd u6c lugng ctia bo quan sat nhidu cai tién hoi tu vao mot mién bi chin trong
mot khoang thoi gian xac dinh.
Gid thiét 4.1
a) Tin hiéu bam muc tiéu z; 4, va dao ham ciia n6 2,4, déu bi chan.
b) Ton tai cac can trén dbi véi D va D sao cho: |D|<d,, va ‘D‘ <D,
trong d6 d,,,va D,,la cac hiang s6 duong biéu dién cac gidi han cua cac thanh phan
nhiéu tuong tmg.
Bé dé 4.1 [65, 66]: Xét hé phi tuyen x = f(x), trong d6 L(x) 1a mot ham xac dinh
duong, lién tuc va kha vi tron. Néu ton tai bat dang thirc sau:
L(x)<—mL(x) =L’ (x)+ (4.11)
trong d6 v, iy, Uy, B, x 14 cac hang s6 duong théa 0 < B < 1,0 < y < oo, thi cac diém
can bang cua hé X = f(x) 1a 6n dinh thuc té trong thoi gian hitu han (practical finite-
time stable), va thoi gian hoi tu T thoa man:

to + (11 ﬁ)ln Yol ™" (1) + it ;
yor (1- 1
T<T,=max{ ' La (4.12)
1 mL ™" (19)+ 7ot
to + ln
wm(1-5) Yokt

trong do ¢, , 1a thoi diém ban dau, 0< 7y <1, Trang thai cia hé x s& duoc dan vao mot
tap compact dugc xac dinh boi:
1

. . X PV
xe<x: lim L(x)<min , 4.13
o, (70004 ((1%)#2} )

4.2. Pieu khién truot tich phan toan cuc két hop véi bd quan sat nhiéu cai tién
4.2.1. By quan sat nhiéu cai tién
B0 quan sat nhiéu cai tién dugc dé xuat:
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£y =2, +4&e.,

£, =Nr+0+5+4&e, (4.14)
: 3 ~

z3=&e.; + fipotanh (o)

trong do e., =z; —Z; (i=1,2,3) 1a sai s6 u6c luong clia z;; Z; 1a gid tri u6c luong

cua z;.& > 0, 04 1a cac hé s6 cua ham, dam bao rang sai s6 cua bo quan sat luén bi

chin, nhu d3 duoc chimg minh trong B6 dé 4.1.

€2 &3
& &
chuan hoa, va & = (Aq — Bipotanh (oy)) / £
Hé s6 thich nghi B,p, duoc thiét ké theo (4.19):
Bipo = ?.//Tpmgm tanh(o, ) (4.19)
1

trong d6 a; > 0 1a tham s6 diéu chinh; 6, = YT P,,B,,, ,
v6i B;pp thoa man f;p, > Ay, v6i A 1 can trén ctia A,.
Nhén xét 4.3. Gia tri thoi gian thuc cua hé s6 thich nghi £;p, c6 thé dugc xac dinh
bang cach tich phan (4.19). Qué trinh tich phan, nhu dugc trinh bay trong [67], dam
bao su hoi tu tron cia f;pp, tir d6 on dinh sai s6 quan sat theo thoi gian.

Fivo= 22| Zhl+fjpn @21
Nhin xét 4.4. Gia tri 16i van tbc uwéc luong (Fv) tor bd quan sat s€ dugc tinh toan va
suy ra tir phuong trinh by quan sat (4.14). Khi gia tri nay vuot qua ngudng phat hién
161 mot canh béo s€ dugc kich hoat va nguoc lai:
{1 if ﬁv > thereshold

T
bat: l//=[l//1 Wy ://3]T {eﬂ } 13 vecto sai sb udc luong da duoc

. (4.22)
0 if F, <thereshold
Dinh Iy 4.1. D6i v6i hé théng robot dugc mo ta boi (4.10), bo quan sat IDO duoc thiét
ké trong (4. 14) dam bao rang, voi cac gia tri du 1on cua cac h¢ so khuéch dai bo quan
sat §yva ay, tat ca cac tin hiéu sai s6 quan sat déu bi chin khi t — co.
4.2.2. Thiét ké bo diéu khién truwet toan cuc két hop ham hiéu niing dinh truéc
Trang thai sai s6 duoc dinh nghia: e = z; — z;4
Dinh nghia 4.1. Ham hi¢u nang dinh trude (PPF) [68], ky hiéu la p(t), la mot ham
lién tuc dung dé xac dinh cac gii han cho phép cua sai s6 bam theo thoi gian:
p(1)=(po = pn)e " + Py (4.28)
trong d6: ¢ > 0 quyét dinh tdc do hoi tu; p, 1a giéi han hiéu ning ban dau; pe, 14 gidi
han hiéu nang ¢ trang thai xac 1ap khi t — oo.
Phép bién doi sai s6 bam e(t) thong qua ham H(z,) la thiét yeu dé cudng buc
cac rang budc hiéu nang dinh trudc, dam bao rang sai s6 bam luén nam trong cac gidi
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han duoc xac dinh boi bat dang thirc diéu khién hiéu ning dinh trude (PPC). Sai 6
bam cta vi tri dau ra phai théa man:
—4p(t) < e <gp(t),t >0 (4.29)
trong d6 {; > 0 va {, > 0 1a cac hang s6 dugc xac dinh trudc, lan luot dung dé
diéu chinh can dudi va cn trén cua sai s6 bam.
Pé tiép tuc nang cao kha ning hoi tu cia sai s6 bam e(t), Ham bién doi H(z *)
duoc dua vao:

H (=) = 28 —5a (4.30)
e +e , , i
trong d6 z x€ Rva H(z *) € (—{4, (). Ham nay bién doi sai s6 bam e(t) thong qua:
e=pH(z¥) (4.31)
Phép bién doi ngugc dé bicu dién z x theo e(t) va p(t):
2% = ! [Ejzlln[gd +£j—lln(gu —Ej (4.32)
p) 2 p) 2 P

1 cho phép tinh truc tiép blen Z, tir sai sO bam e(t) va p(t), qua do tao thuén
lo1 cuong buc cac rang budc sai sO bam thong qua mot bién d3 dugc bién doi.
Khi sai s6 bam ban dau e(t) tién gan dén cac can —{; p va ¢yp, thi bién d3 bién
d6i z; s& c6 xu hudng tién t6i vo han. Piéu ndy dam bao ring sai s6 bam e(t) tuan
thu cac rang budc hi¢u ndng do PPC (4.29) dat ra.

Mt trugt s: s =2, + 2Kz *+K3j0’z *dr— p(t) (4.33)
trong d6 Kk, > 0 1a tham sd khuéch dai, p(t) = p(0)exp(—k,t), voi p(0) =
2,(0) + 2koz * (0) + K3 [ z * (0) dr.

Pao ham theo thoi gian cia s duoc xac dinh nhu sau:

§ =2, +2K02* +K52*—p(2) (4.34)
Thay cac phuong trinh (3.14), (3.32) va (3.34) vao biéu thirc trén, ta thu dugc:

Tir (4.35), tin hiéu diéu khién duoc dé xuat:
teisme =N (—Q— 2Kz * Kz *+p(t)— 25— Kys — K tanh(s)) (4.36)

trong d6 x; > 0 va k, > 0 1a cac tham sd thiét ké.

Phat hién| 422 B0 quan sat
loi cai tién

Dis Slip Fault
121} :
y
(Ii\:l)z hiﬁlé Mo hinh _ﬁ
& dong hoc

hoc

Hinh 4.2. So' d6 khéi cia chién luoc diéu khién dwoc dé xudt.
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Pinh ly 4.2. D6i v6i hé thong NWMR duoc md ta boi (4.10), dudi Gia thiét 4.1 va
Bo d¢ 4.1, b quan sat duoc thiét ké trong (4.14), hiéu nang dinh trude (4.29) va voi
luat diéu khién (4.36). Tat ca cac trang thai cua hé¢ théng déu bi chan, va sai s6 bam
héi ty vé bién duoc xac dinh trudc.
4.3.2. Két qud va danh gid

Giai doan I (0Os — 15s): Robot hoat dong trong diéu kién danh dinh, d6 1éch tham
s6 mo hinh 10% (AM = 0.1M, AN = 0.1N), khong c6 nhidu bén ngoai, truot banh
hoic 16i co cau chap hanh. Giai doan II (15s — 25s): Ngoai cac thanh phan nhiéu bat
dinh & mo hinh, robot con chiu tic dong ctia nhiéu bén ngoai va trugt banh, dugc biéu
dién boi: Ag=[6yq -rwg —rw,]"trong d6 &, =5+ 0.8sin(t), wx =
P sin(t),mw;, = fcos(t),vo10 < f < 0.2. Giaidoan II1 (255 —35s): Av = ev, Aw =
gw (0.25 < € < 0.35). Do d6, robot dong thoi phai ddi mit véi sai 1éch mo hinh,
nhiéu bén ngoai, truot banh va 16i

2 2
sl It SR up—— PPF+ == == Pro} 1]l me— ————
————— PPE+ ————— P d . PPF+ Proposed
ASMC  =mame—m PP i i _é\lxsrlg(ir)o _____ PPE ASMC  ==mam PPF
1h = = =SMC-IDO 14 B 1R — = =SMC-IDO
(i i
f\ I, %
=0 [ = o' E o[>
= Y, — i — 4 0.01 ¥ T
© i 0.01 © i 007 gy © i Lo 7
i eotTnmImiTio P T | i i SO i~ i = S i
N °P‘::~_;.7\::'.‘:-.'::-.:r:-_-_-_ I S Pk IS A
0.01 & i n i -0.01'# u 1
2 10 20 30 40 | 2 10 20 30 40 2 -0.01 n
10 20 30 40
0 10 20 30 40 o} 10 20 30 40 (0] 10 20 30 40
a) Time (s) b) Time (s) c) Time (s)
\ . A r r \ 14 7 .
Hinh. 4.3. Sai léch bam theo cdc truc X, Y va goc lai 0
60 15
Ed 5 m
g ) —_— _os
—betal 2 = = = Dhatl .
E 40 ——beta2 0 Rl = = = Dhat? H 0.5
B —beta3 j = 0.
5207 5 y & no
= g s | =
£ = g0
& SN
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CHI SO MSE MAE RMSE IAE ISE
GISMC 0.0128 0.0217 0.1133  0.9752  0.5772
ASMC 0.0433  0.1159 02081 52156 1.9479

SMC-IDO 0.0114 0.0244 0.1067 1.0986 0.5119
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Trong Giai doan I, tat ca cac bd diéu khién duy tri sai s6 nho dudi muc 1éch
tham s6 10%. Khi xuat hién nhiéu va truot banh (Giai doan II), bd ASMC xuat hién
dao dong 16n, trong khi SMC-IDO giam dao dong nhung van c6 qua do 16n hon so
v6i phuong phap dé xuat. Trong Giai doan III, khi xdy ra 18i co cau chap hanh, bo
GISMC nhanh chéng tai on dinh va duy tri sai s6 nhé nhat. Céc chi sé dinh luong
trong Bang 4.3 x4c nhan két qua nay: GISMC dat MAE = 0.0217, IAE = 0.9752 va
RMSE = 0.1133, thap nhat trong cic phuong phap so sanh. So véi ASMC, IAE va
MAE giam khoang 81%, va giam khoang 11% so vo1 SMC-IDO.

4.4. Két luan chwong 4

Chuong 4 da dé xuat mot chién lugc diéu khién chiu 16i c6 hiéu nang cao cho
NWMR, két hop diéu khién trugt toan cuc, bd quan sat nhiéu cai tién va rang budc
hiéu nang bam quy dao dinh trudc. Dya trén m6 hinh dong lyc hoc co xét dén 16i
truyen dong, truot banh va su thay doi vi tri trong tam, luat diéu khién duoc thiét ké
nham dam bao hoi tu htru han thoi gian cua sai s6 bam va cai thién chat luong qua do
cua h¢ thong Phan tich 6n dinh Lyapunov va két qua mé phong cho thiy phuong phap
dé xuat dat d6 chinh x4c bam quy dao cao va kha nang duy tri hiéu ning trong diéu
kién nhiéu va 10i.

KET LUAN

Luan &n da nghién ctru mot cach c6 hé théng bai toan diéu khién chiu 13i cho
NWMR trong diéu kién t6n tai dong thoi nhidu, bat dinh mo hinh va 13i truyén dong.
Trén co s& phan tich dac diém dong hoc, dong luc hoc va céc thach thuc trong van
hanh robot di dong, luan 4n tap trung phat trién cac phuong phap diéu khién dua trén
quan sat nham nang cao do tin cdy va chat lugng bam quy dao cta hé thong. Trudc
hét, luan an da xay dung mo hinh dong hoc va dong luc hoc cuia NWMR c6 xét dén
16i truyén dong, nhiéu va bat dinh mo hinh, 1am nén tang cho vi¢c thiét ké cac bd quan
sat va bo diéu khién chiu 13i. Tir d6, luan an dé xuit mét co ché quan sat 16i truyén
dong dudi dang sai 1éch véan tc tuyén tinh va van toc goc, cho phép tach biét va xur
Iy twong minh anh huong cta 13i truyén dong & mirc dong hoc. Trén co s& cac két qua
quan sat, luan an da phat trién cac chién lugc diéu khién chiu 18i dua trén quan sat cho
NWMR. Cac phuong phap dé xuat da dugce chimg minh 6n dinh thong qua phén tich
Lyapunov va duoc kiém chimg bang mo phong trong cac kich ban van hanh c6 nhiéu,
truot banh xe va 13 truyén dong.

Ludn an dat dwoc hai dong gop khoa hoc maoi: (1) Pé xudt bé diéu khién chiu
16i sir dung bo quan sdt 16i cho phép wée lwong - bt 16i hiéu qua va dam béo 6n dinh,
bam quy dao trong diéu kién cé 16i co cdu chdp hanh. (2) Bé xudt thudt todn diéu
khién chiu 16i dwa trén diéu khién truot toan cuc két hop bo quan sat nhiéu va rang
buoc hiéu nang dinh truoc.

Hurdng phat trién: Mé rong cac phuong phap dé xuat cho hé nhiéu robot va cac
bai toan phdi hop; Tiép tuc trién khai va danh gia dong bd toan bo cac thuat toan dé
xudt trén robot thuc va nén tang AGV, co xét dén nhiéu do, tré tinh toan, gi61 han co
ciu chép hanh, thay doi tai trong va diéu kién mat nén.
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