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1
MO PAU
1. Tinh cép thiét o

Nhu cau str dung xe lan dién ngay cang tang cao do rat nhiéu nguyén
nhan. Cu thé theo thong k&, hién nay (nim 2025) c6 khoang 12% nguoi
truong thanh tai Hoa Ky gap phai vin dé han ché van dong dan dén kho
khin nghiém trong trong viéc di bo hoic leo cau thang, va xip xi 5.5 dén
6 triéu nguoi trudng thanh sir dung xe lan dé di chuyén [1].

Trong tong s6 ngudi sir dung thi co dén 10% phan anh gap kho khan
nghiém trong hozc khdng thé sir dung xe lan dién dé thuc hién cac hoat
d6ng sinh hoat hang ngay va 40% ngudi dung xe lan dién gip van dé trong
viéc diéu khién, dic biét Ia khi di chuyén trong khong gian hep, dia hinh
phtic tap [2]. Tir viéc kho khin trong diéu khién din dén nhiéu tai nan
nghiém trong Xay ra, trong d6 tir 65-80% s6 vu tai nan lién quan dén lat xe
hodc nga [3]. Dé giai quyét van dé nay, xe lan dién tu dong hoic bén ty
dong da noi 1én nhu mot giai phap gitip ngudi st dung c6 thé diéu khién
xe lan dién tot hon, nhét 1a ddi voi nhimg ngudi bénh 1y ning, khong dam
bao suc khoe va su linh hoat dé c6 thé tu diéu khién va dam bao an toan.

Dé phat trién cac hé thong xe lian dién tu dong, bén canh céc nghién ctu
vé tich hop hé thdng cam bién dan dudng, hoac phat trién cac hé giao tiép
nhu: Giao dién nguoi-may tinh (Human-Computer Interface - HCI), hoac
giao dién nfo — may tin (Brain-Computer Interface - BCI), thi van dé cét
16i dwoc nghién ciru rong réi trong nhidu nam qua dé 1a didu khién quy dao
(Trajectory tracking control).

Ly do viéc diéu khién quy dao dong vai tro rat quan trong béi vi xe lan
dién phai hoat dong trong diéu kién twong ddi phic tap, ton tai nhiéu bat
dinh, tir cac bét dinh trong chinh mé hinh dong luc hoc cua né nhu: khéi
lugng thay ddi, trong tim thay doi, cho dén cac nhiéu loan bén ngoai nhur:
bé mat di chuyén (tron truogt), 46 dbc thay ddi, v.v.. Vi vay can phai c6
phuong phap diéu khién quy dao dang tin cay dé dam bao sy 6n dinh, chinh
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Xac va an toan khi di chuyén qua cac dia hinh phuc tap.

Vi c4c van dé nan giai & trén, diéu khién truot (SMC) duoc xem 1a mot
giai phap thich hop dé giai quyét thay vi cac phuong phép diéu khién truyén
théng. Tuy nhién bén canh vu diém, diéu khién truot ton tai mot nhuoc
diém ¢ hitu d6 1 hién twong “chattering”, c6 nghia 1a tin hiéu diéu khién
s& xuat hién sy dao dong manh vai tan sé 16n quanh gia tri mong mudn,
diéu nay s& lam giam do6 chinh xac hoic gay ra hu hong cho cac thiét bi co
dién.

Chinh vi vy, cho du nhitng nim gan day xuét hién twong d6i nhiéu cac
nghién ctru tng dung SMC trong diéu khién quy dao [4]-[18] co xét dén
cac yéu t6 bat dinh va nhidu, tuy nhién cac nghién ciu nay chi dirng lai &
mo phong hoic thir nghiém han ché trong méi truong thi nghiém vi sy xuat
hién cua chattering.

Véi ly do va hién trang nhu trén, luan an sé tap trung phat trién mot giai
thuat diéu khién quy dao méi cho xe lin dién dwa trén phuong phap truot
bac cao nham giai quyét van dé chattering. Cu thé luan an s& lva chon
phuong phap truot Terminal bac 2 véi cac wu diém nhu: bén ving trudc
nhiéu va bat dinh, d¢ chinh xéc cao va c6 kha nang diéu khién hoi tu trong
thoi gian hitu han. Hon nita, uu diém ndi troi nhat Ia c6 kha nang triét tiéu
hién twong chattering, giGp giai thuat c6 thé dugc &p dung truc tiép 1&n hé
co dién (xe lan dién).

2. Muc tiéu nghién cau caa luan an

Phat trién mot phuong phap didu khién quy dao cho xe lan dién &p dung
truot bac cao nham giai quyét vin dé “chattering” trong diéu khién truot
dé co thé ap dung tryc tiép vao thyc té.

3. N@i dung nghién ciru chinh caa luan an

- Thiét ké mit truot Terminal Sliding Mode bac 2, bao gom kha ning

tinh toan thiét ké cac thong s6 bo didu khién ciing nhu tinh toan thoi gian
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hoi tu c&c bién trang thai, cd thé wng dung vao hé co dién thyc té.

- Thiét ké mot bo diéu khién quy dao cho DDMR duya trén Terminal
Sliding Mode bac 2

- Ap dung 1én hé DDMR thyc té dé ching minh tinh bén viing va hiéu
qua cua bo didu khién.

Cau trac ndi dung luan an bao gom 4 chwong

Chuwong 1: Trinh bay tong quan vé nhiing nghién ciru diéu khién quy
dao xe lan dién, DDMR, va cac nghién ctu chuyén sau vé diéu khién truot,
tir d6 dinh hudng dén noi dung nghién ciru trong luan an.

Chuong 2: Trinh bay Iy thuyét vé diéu khién truot va mé hinh hoa hé
thong DDMR. Chuong nay 1am nén tang dé xay dung cac ly thuyét moi
cua luan an trong Chuong 3 va Chuong 4.

Chuong 3: Trinh bay ly thuyét trugt méi (2TSM) bao gom thiét ké
hoan chinh mat truot va md phong kiém chuang.

Chuong 4: Thiét ké bo didu khién quy dao cho DDMR dua trén mit
trugt 2TSM (duoc Xy dung trong Chuong 3). Hiéu qua cua bo diéu khién
s& dugc danh gia thong qua viéc so sanh véi cac phuong phap diéu khién
truyén thong, déng thoi dugc kiém chiing bang cac thi nghiém thuc té.

Két luan

CHUONG 1: TONG QUAN
1.1  Giéi thiéu

Kinematic controller Dynamic controller

tham chiéu

Hinh 1.1 Cdu tric bg diéu khién quy dao rat gon



1.2 Céc nghién cwu lién quan
1.2.1  Céc nghién ciru vé diéu khién quy dao xe lin dign truyén théng

Nhitng nghién ctru dau tién vé didu khién quy dao xe lan dién xuat hién
vao cudi nhimg nam 1990. Nam 1999 Caracciolo [27] va Sun.S [28] vao
nam 2005 da s dung phuong phéap “linearization feedback control” dé
diéu khién quy dao cho robot di dong. Cu thé, trong nghién ciru cua minh,
Sun.S da sir dung phuong phap diéu khién hoi tiép tuyén tinh hoa
(Feedback Linearization) chi dya trén mo6 hinh dong hoc. Tuong tu, vao
nam 2019, K. Maatoug [29] da d& xuat phuong phéap diéu khién quy dao
dwa trén bo diéu khién Fuzzy, nam 2023, tac gia A. Amrane [30] c6 d& xuat
phuong phap diéu khién dua trén bo diéu khién PID. Pé ting tinh chinh
xé&c cho bo diéu khién, mot vai nghién ctru da xét dén ca mé hinh dong lyc,
nhu nghién ctru cua tac gia T. Fukao va cac cong su [31], tac gia Shojaei
Va Cac cong su [32] da sir dung diéu khién thich nghi (Adaptive control) &p
dung vao diéu khién quy dao. Cac nghién ciru trén it tap trung vao cac yéu
t6 bat dinh, nhidu bén ngoai, phan 16n dung lai & mé phong.
1.2.2  Céc nghién ciru vé diéu khién quy dao xe lan di¢n dung SMC

Niam 2009, Solea [7] d& xuat nghién ctru diéu khién quy dao sir dung
mit trugt SMC thong thuong. Sau do, tiép tuc nhiéu nghién ciru duoc dé
xuit ung dung céc bién thé mit truot khac nhau cuia SMC nhu tac gia
B.B.Mevo [8] nam 2018 sir dung mot mat truot tich phén, J.Yang (1999)
[11], Lingrong (2011) [12], ciing dé xuat cac phuong phap sir dung SMC
bac 1. CAc nghién ciu nay tuy c6 két qua tot, tinh dén cac bat dinh, tuy
nhién déu gap phai van dé chattering.
1.2.3  Céc nghién ciru vé khir chattering trong SMC

Nam 1977 Utkin [37] da dé xuit phuong phap “boundary layer”, day
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ciing la phuong phap don gian va phd bién thuong duoc sir dung. Phuong
phap nang bac cho mit truot duoc dé xuat tir nhitng nim 1998 boi G.
Bartolini [42], Levant [43]-[44]. Nam 2014, Y. Feng [49] dé xuat mat truot
TSM full order. Nam 2021, Xinghuo Yu va Yong Feng [50] tong hop cac
phuong phap SMC, cu thé trong Terminal Sliding Mode Control (TSMC)
va céc mat truot nang bac dé giam "chattering”. TSMC béc cao vuot troi
trong viéc triét tiéu chattering, gitr tinh bén viing, nhung khong tinh duoc
thong sé bo diéu khién va thai gian hoi ty, han ché ung dung thuc té. Vi
vay, luan an nghién ciru mat trugt Terminal Sliding Mode bac 2 (2TSM)
dé giai quyét hai van dé nay, t6i uu hoa triét tiéu chattering cho hé DDMR.
1.3 Kétluan
1.3.1 Téng két tinh hinh nghién cizu hign nay
1.3.2  Céc vén dé nghién ciu trong lugn an

- Nghién ciu thiét ké mat trugt 2TSM Véi kha ning tinh toan

thong sé bo didu khién va tinh toan thoi gian hoi tu.
- Nghién ctu thiét ké bo diéu khién quy dao cho DDMR dua trén
2TSM véi sy xuét hién cua cac yéu td bat dinh mé hinh.

- Tién hanh thuc nghiém trén hé DDMR thuc té.

1.3.3  Gigi han pham vi nghién ciru
Luan &n s& tap trung vao phat trién mot giai thuat diéu khién mai, vi

vay khi tién hanh thuc nghiém, téc gia s& thyc hién trén mé hinh robot di
dong voi céc kich ban xuat hién yéu t6 bat dinh dé thuan tién trong viéc
hiéu chinh va thay ddi thuat toan thay vi thuc nghiém trén mot xe lan dién
hoan chinh
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CHUONG 2. LY THUYET PIEU KHIEN TRUQT VA
MO HINH HOA HE THONG
2.1 Ly thuyét diéu khién truet
2.1.1  Lich si hinh thanh
2.1.2  Céc khai niém vé én dinh
2.1.2.1  On dinh tiém cgn (Asymptotic stability)
x(t) >0 khi t-oo (2.1)
> Khi xuit hién yéu té bat dinh:
Néu Af 1a céc yéu td nhidu khong biét trude, thay vi tra vé “0”, trang
thai cua hé s& trg vé:
x(t) = % khi t— oo @2)
2.1.2.2  On d@inh trong thoi gian hiu han
x(0)1-P/a (2.3)
v -p/q)’
Trong d6 p,q lasdléevap/q < 1
> Khi xuit hién yéu té bat dinh
Néu Af 1a céc yéu t nhidu khdng biét trudc, thi:

q
Afy\p
~ X0 = (7)
Diéu nay co nghia 1a khi sir dung tin hiéu diéu khién dé dua hé thong
vé trang thai can bang trong thoi gian hitu han (Finite-time) s& gitp hé
thdng c6 sai s6 x&c 1ap nho hon so véi 6n dinh tiém can (Asymptotic).

x(t)->0 tai t=

(2.4)
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Dép ng khi ob nhidu

0 1 2 3 4 5 6 7 8 9 10
Thesi gian (s)

Hinh 2.1 Bap ing hé thong vai su xuét hién cua nhidu
, r= 1,A}i = 9-1.p/q = 1/3) 7 ‘ 5
Ket luan: Nhu vay ta c6 thé thay mot s6 vu diém cua dieu khién hé
thong dap tng theo “finite-time” so vdi “asymptotically” nhu sau:
e Toc d6 hoi tu nhanh hon.
e Diéu khién do chinh x4c cao hon.
Ttr cac khai niém nay, luan an s& phén tich cac vu, nhugc diém cua cac
mét truot tuyén tinh va phi tuyén & phan tiép theo.
2.1.3 Y twong diéu khién trueet
2.1.3.1 Mt truot tuyén tinh (Linear Sliding Mode — LSM)
Xét hé:
{J'cl =X, (2.5)
X = f(xX)+u+p(xt)
Dau tién ta thiét ké mot truot tuyén tinh:
s=x3+yx;,y>0 (2.6)
Khi s = 0, cac bién trang thai x;, x, s& tién vé tiém can “0” mot cach
tu nhién theo phuong trinh: x; = —yx;
Luat diéu khién duoc thiét ké nhu sau:
U= Upq + Up (2.7)
Trong do:
Uon = —f(x) — VX, (2.8)
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u, = —ksign(s)
Véi tin hiéu diéu khién trén, s — 0 trong thoi gian hitu han Ia:
V2 1 (2.9)
t, = 71/2(0)

2.1.3.2 Mt trueot phi tuyén (Terminal Sliding Mode Control - TSM
Dau tién ta chon mat truot phi tuyén:
s=x,+yxP9,y>0 (2.10)
Véi 0 < S < 1vap,qlasdlé Khis = 0,cac bién trang thai x;, x, S&
tién vé “0” theo: x; = —yxlf’/q )
Luat diéu khién duoc thiét ké nhu sau:
U= Ugg + Uy
= —f() —yp/qx} Ty (211)
= —ksign(s)

. . P

Luu y : Trong tin hidu didu khién ueq = —f(x) — ygxf %, €0 kha
nang xay ra diém ky di (singularity) trong truong hop x; = 0,%; # 0. Xem
vi du minh hoa & Hinh 2.2 (t = 0.37s).

T|n hiéu dleu khlen

50 -
40-
g a0

2 20/

N A
Hinh 2.2 Tin hiéu diéu khién u xuét hién diém ky di
2.1.3.3  Madr truot phi tuyén (Nonsingular Terminal Sliding Mode -

NTSM)

1

212
s=x1+=x, (212)
14

a/p

Ta c6 thé thay khi mit truot s = 0, dap tng ciia NTSM (2.12) tuong
duong vai (2.10). Luat dieu khién u = ueq + u,, dugc thiét ké nhu sau:

= 1)~y B2l @2
—kszgn(s)
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Ap dung luat diéu khién (2.13), hé thong tro thanh:

; 1q 1 .
V= s)—/;x2 (—ksign(s) + p(t))

Két luan: Tin higu diéu khién u,q = —f(x) — ygxzz—q/l’ da loai bo
diém ky di ¢ trudng hop x, = 0,x; # 0.

Nhuoc diém ¢6 hitu cia SMC d6 14 hién twong “chattering”. Cac nghién
ctru dé loai bo hién tuong “chattering” nay s& dugc trinh bay & phan tiép
theo.

2.1.4  Vin dé chattering
2.2 M0 hinh héa h¢ thong
2.2.1 Gigi thigu
2.2.2 MO0 hinh dong hec (Kinematic)
< Dong hoc thuan (Forward kinematic):

(U=Ur + v _R(¢r+¢1) (2-14)
{ 2 2
v —=v_ Rl —¢1)

lo =7 =

2L 2L )
< Dong hoc nghich (Inverse kinematic):
{vr =v+wl (2.15)

v =v—wl

2.2.3  Mé hinh dong luc hoc (Dynamic)
( 2 _ , 1 (2.16)
(m+ﬁlw)v—mcdw =§(Tr +17)

212\ | L
l I+F1W a)+mcda)v=§(1r—rl)

2.2.4  Cac bat dinh trong trong md hinh
- Bat dinh vé khéi luong: gidi han & muc 50 — 100 (kg)
- Su thay ddi vé trong tam: gisi han & mic Ad = 15 (cm)
Mo[0]=vo+C [;] +AV — aM [7] +d(o) (217)
p(t) .
Trong d6 My, V, la cac dai lugng da biét ban dau, AM va AV la cac dai
lwong thay ddi, d(t) 1a nhidu khac, p(t) 1a tong cua céc yéu tb bat dinh.
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2.3 Kétluan

CHUONG 3. THIET KE MAT TRUQT BAC CAO

3.1 Cac phwong phap loai b6 “chattering” trong dieéu khién trwot
3.1.1 Phwong phdp sir dung lép bién (boundary layer)
3.1.1.1  Su dung ham saturation
3.1.1.2  Sur dung ham sigmoid
3.1.2  Phwong phdp trwet bdc cao
3.1.2.1 Mat truot ‘LSM’bdc cao

Mat truot dugc dé xuat:

s=X+ax+ fx 3.1)
Luat diéu khién u = u,, + u, duoc thiét ké nhu sau:
{ueq =—f(x) —ax; — fx; (3.2)
u, = —ksign(s)

Vi du: Ta thiét ké mat truot va tin higu diéu khién nhu sau:
S = .7'6"1 + 2551 + x1

t
u=01x, — 2%; —x; — 5f sign(s)dt
4 2 . N 0
Ket qua m6 phong duoc the hién ¢ Hinh 3.1.
Ta c6 thé thay mat du tin hiéu diéu khién da “muot ma”, triét tiéu

chattering, tuy nhién van tdn tai nhugc diém caa mat truot tuyén tinh d6 1a
bién trang thai khong thé vé 0 ma chi vé tiém cén 0.

Tin higu didu khién ‘Dép img bidn trang tha
7N N AN
/ \\ 4 2 3
1 / \_\ // \ \
/ A / \ 2 A
g O/ A / K \\ " T —
E , I"‘I‘ \\ // \ %15 \\ - L | |
/ N 1 \ ;
2 .‘I =
| 05
[ 1 2 3 4 5 & 7 8 9 10 [ 2 3 4 5 6 7 [} 9 10
Thai gian (s) Théri gian (s)
Hinh 3.1 Tin hiéu diéu khién Hinh 3.2 Bap tng trang thai

3.1.2.2  Madat truot Terminal Sliding Mode béc cao (FOTSM)
Theo [46], mat trugt dugc chon la:
§ = &n + Cusgn () %, | + o 4 crsgn(xy) x| *1 33)
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Trong d6 cac hé sé ¢;, a;(i = 1,2, ...n) la cac hang sb. ¢; dugc chon
sao cho da thirc p™ + ¢, p™" ! + -+ + ¢c,p + ¢4 la Hurwitz, va a; dugc chon
dua trén diéu kién dudi day:

a, =a, n=1 (3.9)

AUt .
a1 = , i=12,..,.nvn=2

2041 — @
Trong d6: apy1 = Lap =a,ae (1 —¢,1),e€(0,1).
Ap dung cho hé thong ta c6 mat truot:

s = X1 + cysign(x)|x,|%2 + Clslgn(xl)lxll"‘1 (3.5)
Luat diéu khién u = Ueq + U, duoC thiét ké nhu sau:
Ueq = —f(x) — casign (%)%, — ¢y sign(xy)|x|* (3.6)

Uy + Auy = v; v = —(kg + kr + n)sign(s) .
\/i du: Xét hé thong cé twong tré, ta thiét ké mat truot va tin hiéu diéu
khién nhu sau:

s = ¥y + 2sign(xy)| %%/ + sign(xy)|x, %%
¢
= U= Uy + e‘O'”f e OMypdt
0

Trong d6 e 1a co sb logarit ty nhién (In(e) = 1).

Tin higu didu khién
T T T

T T
10
Eln /’L’
oF — e e
g — —
c -5
@
o 10
15
-20
0 1 2 3 4 5 6 7 8 9 10
Thoi gian (s)
Hinh 3.3 Tin hiéu diéu khién FOTSM
Bap ng bién trang thai
T T T T T T T
3
25 [
d [N
2r /
_ ot | |
<15 |
1F 7
0.5
ol
0 1 2 3 4 5 6 7 8 9 10
Offsat=0 Thai gian (s)

Hinh 3.4 Bap (ing bién trang thai FOTSM
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Ta c6 thé thay tin hiéu diéu khién da loai bo dugc chattering gan nhu
hoan toan (Hinh 3.3) va bién trang thai vé “0” (Hinh 3.4), tuy nhién phuong
phap nay hién tai c6 hai van dé rat Ion dé co thé ap dung duoc vao thyc té
vi: khong thé tinh toan, khong thé do lwong
3.1.3 Sosanh lua chon phwong phdp

Phuong phap FOTSM la phuong phép t6i uu dé khir chattering trong
diéu khién truot néu ta co thé khic phuc dugc cac nhuoc diém hién co.
3.2 Mat trugt TSM béc 2
3.2.1  Thiét ké mat trueet

Ta chon mit truot TSM béc 2 nhu sau:

S =X+ yX% + y,xP @7

Trong d6, cac diéu kién sau duoc thoa:

0<a=%<1,ﬁ=——

3.8
2~ g P>ala s6 nguyén dwong 1é; (3.8)

. —y B+1_© _a
0<y1; V2= (B+1)3(1 )>0

Bla
x(0) = x,,%(0) = —y,B/@ (;m) Xy V-0,
Pinh Iy 1: Khi mit truot (3.7) tién dén 0 (s = 0) va diéu kién (3.8)
dugc thoa thi cac bién x(t) va dao ham caa né x(t) hoi tu vé 0 trong thoi
gian hitu han la:

a Y1 -B/a _ (39)
tconvergence =T< - ) xo(a Bfa
a—pf\+1
Chirng minh:
Pity =i - =y=2,s=0,(37) tro thanh:
. dy 3.10
Fo.y) =y +ry® = —yaxf (310
bap ung tu nhién (natural response) cua (3.10) la:
. dy 3.11
Fo.p) =y +ry* =0 (3.1
‘Trong d6 y = 0 la mot nghiém cua (3.11), trong truong hop y # 0, ta
viét lai (3.11) thanh: y'~%dy = —ydx.
LAy tich phan hai vé ta duoc:

1 it = —yx 4 C (3.12)

2—a
= (Mx + N)Y/@-®
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Véi su xuat hién caa tin hiéu u = —y,x#, nghiém tong quéat cé dang:
1/(2—-
y = (Mx + f())" ™ (3.13)
trong d6 N = f(x) lam ham theo x. Thay vao ta dugc

df (3.14)
M+
dx B _
(h + ﬁ) (Mx + f(x))" = —yxP
Trong do
- Mx + f(x) s€ codang Mx + f(x) = Kx;suyra f(x) = (K — M)x
) Z_f; =(K-M)

Dong nhat 2 vé ta duoc:

K B
(n+7=g)* =
Tur (3.15) chirarang: néuy, > 0, K < 0, dé thiy duoc:
- Cuc tiéu cua g(K) = (y1 +%) KB +y, ton tai 6 K* =
B2-a) _  a
Ny T TNgn

(3.15)

- g(k =-n ﬁ) = 0 va K* 12 nghiém duy nhét ciia (3.15)

Két qua Ia:

xl/(z—a)

y = (K*x)Y/@ 0 = _ [71 a ]1/(2_0,)
B+1

A
Do d6, nghiém la:
y =x = Ax'/(@-® (3.16)
Luwu ¥ : Dinh ly Picard — Lindelof khang dinh (3.16) 1a nghiém duy
nhat ctia phuong trinh F(y,y) = yZ—z +y1y% = —y,xP theo tap hop cac
diéu kién ban dau dé ra.
Hoan tat chung minh.
3.2.2 MO0 pheng thai gian hgi tu ciia mat truet:
V6i 1,72, a, B dugc chon trong dinh ly 1, thong sé hoi tu mong mudn
la ¢t = 2s, mit truot dugc thiét ké nhu sau:
s=%49.92x%%/5 +12.8x%7 = 0 3.17)
Véi gid tri ban diu x, = 5, hé thong dap tng nhu Hinh 3.5
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Trang thai x
w

~

ok

| | | | | | |
0 1 2 3 4 5 6 7 8 9 10
Thoi gian (s)

Hinh 3.5 Két qua mé phong hoi tu tw nhién caa mat 2TSM (natural response)
3.3 Ketluan
Nhu vay trong phan nay, luan an d trinh bay hoan chinh ly thuyét méi
vé mit trugt Terminal bac 2, trong d6 da giai quyét duoc hai van dé quan
trong ton tai trong nhiéu nim qua, d6 1a kha ning tinh toan thong sd mat
trugt va kha niang do ludng thoi gian hoi tu cua céc bién trang thai.

CHUONG 4 THIET KE BQ PIEU KHIEN QUY PAO DUA
TREN MAT TRUQT 2TSM

5.1  Phuong phap diéu khién quy dao
Dua trén quy dao thiét ké sin, DDMR tham chiéu s& di chuyén truéc va
DDMR thyc s& bam theo. So db didu khién mé ta trong Hinh 5.1

ROBOT
Xrey Vyer Torque L v
Dynamic
Reference |Vrer Kinematic Controller Dynamic Kinematic
Path T Controller (PL. Model et
Wrey FeedBack,
Brey] (PD) | SMC..) | TR

Hinh 5.1 So d6 diéu khién quy dao
< Diéu khién dong hoc (Kinematic Controller):
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Sai s6 theo ddi quy dao p, 1a su khéc biét gitra tu thé thuc té cua robot,
dugc ky hiéulap = [x y 6]7 va tu thé cua robot tham chiéu, dugc ky hiéu
la Pref = [xref Yref Qref]T , nhu vay:

Xe Xref — X (5.1)
Pe = ye]zpref_pz yref_y
e eref -0

Bo didu khién dong hoc & vong ngoai cing sir dung mot bo diéu

khién loai P don gian dugc thiét ké nhu sau:
Wrer = Ky O, Vper = K. d, (5.2)

Trong d6, wyes , Vres 12 VAN toc tham chiéu; K,, , K, 1a hé s6 cho bo

diéu khién; d, = (x,% + y,2)/? va 6, = tan"1(y,, x,).
% Piéu khién ddng lec hoc (Dynamic Controller):

Sau khi tin higu w,ef , Vyes truyén dén bo diéu khién dong luc hoc, tai
day bo diéu khién sé& tinh toan va tao ra tin hiéu diéu khién 1a md men
Trighe Tiefe 4€n ting banh xe (Hinh 5.2)

Real DDMR
i {_ -3 4
17 AL —
) ) Vres | Fere Viest o[ Yy o WWreay] | Update e
Reference | Kinematic Dynamic Current W : Kinematic| Position Pocit
—| Controller Controller Controller @y, Equation N 0sihon
Wy, Tri V, 1 real . »
® ol (smey | Rty | rian e g | @m (x.7.6)

Hinh 5.2 Luu d6 diéu khién quy dao trong mé phong
5.2 Sir dung mit trwgt tuyén tinh (LSM)
5.2.1  Thiét ké bg diéu khién (mdt truet LSM)
' Mg =V(q) + Cu(t) + p(t) (5.3)
Sai 50 dugc xac dinh nhu sau:

. . T
e®) =q—gy = [ve, w. |" = [U ~ Uref> w_(‘)ref] (54)

Mat truot: s = é + ye
Tin hiéu diéu khién 1a: u = Ueq + Up
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{ueq = CT'M(-MV(q) + G, —ve) (5.5)
u, = —C *Msign(s)(k +n)

5.2.2 Mo pheong
5.2.2.1 M6 phong LSM khong su dung “Iop blen ”

Tin higu Gdu knién LSM

Van téc goc (radls)

0 O
i gan (5

Hinh 5.3 Tin hiéu dleu khién quy dao Hlnh 54 Dap (g van téc quy dao 1

1 (LSM khoéng boundary layer) (LSM kho6ng boundary layer)
5.2.2.2 M0 phong LSM véi l6p bién
. Tin higu didu khién LEM (saturasion(s]) —

Van téc goc (radis)

Terque K
34
5
Vantée dai (mis)

0 1 2 ] 4 6 ] 10 4 0
Thei gon 6} Time (seconds)

Ol—i;nh 5.5 Tin higu diéu khién quy dao H|nh 5.6 Dap ung Van téc quy dao 1
1 (LSM c6 boundary layer) (LSM c6 boundary layer)

~ Taco the thay kha rd viéc str dung boundary layer s& lam mat di dang
ké do chinh xac cua bo diéu khién.
5.3  Sir dung mit trwgt phi tuyén (NTSM)
5.3.1 Thiétké bg diéu khién (mt truet NTSM)

1
s=e+ }_/e'Q/P (56)

Pinh Iy 2: Tin higu diéu khién 1a: u = u,, + u,
Trong do:

Ueg = M (<MY @) i, —y ) 6
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u, = —C *Msign(s)(k + 1) (5.8)
Va thoai diéu kién:k = Max{||M~*p(®O|I},n > 0
5.3.2 Mo pheong

5321 Mo phong NTSM khong S dung “lop bién”

Tin hiu idu khibn LSM

Hinh 5.7 Tin hicu didu khién quy dao  Hinh 5.8 Pép tng van téc quy dao 1

1 (NTSM khdng boundary layer) (NTSM khdng boundary layer)
5.3.2.2 M6 phong NTSM véi lgp bién
Tin higu &iéu knién LSM — .

sf

g6 (radis)

Torque {Nm)

Van téc

25

Van tée dai (mis)

5 5 10
Thei gon 6} Thoi gian (s)

Hinh 5.9 Tin hiéu diéu khién quy dao Hlnh 5.10 Pap tng van téc quy dao 1
1 (NTSM c6 boundary layer) (NTSM c6 boundary layer)
Tathay NTSM thé hién su vuot troi so véi LSM trong dam bao d6 chinh
Xéc, toc do hoi tu va ca tinh bén viing.
54  Sir dung mat trugt TSM béc 2
5.4.1 Thiét ké bé diéu khién (mdt truet 2TSM)

Pinh ly 3: Sai s6 van toc ciia hé thong sé tién vé “0” khi tin hiéu diéu
khién duoc thiét ké nhu sau: u = Ugq + Up
Upg = CTIM(=M7V + G, — y1€% — y,€F) (5.9)
i, = C*M(sign(s)(k + 1))
Trong d6 k = Max{||M~1p(t)||}van >0



18

Chirng minh: '
Thay thé sai s0 trang thai hé thong vao mat truot 2TSM, ta duoc:
s=M(V(@) +Ct() +p(t)) = Gr + 716" + 7,68

Thay tin hiéu diéu khién (5.9) vao biéu thuc trén:
s=M"1Cu, + M~ 1p(t)
Xét ham Lyapunov: V = 0.5s7's, suy ra:

V =s"s = sT(—sign(s)k — sign(s)u + M~1p(t)) (5.10)
suy ra:
V< —klisll —nllsll + M~ p(0) < —nllsll = —nv2v'/2 <0
V2v1/2(0)

s — 0 trong thoi gian hitu han t,. <
Hoan tat chirng minh.
5.4.2 M®b phdng . 7 o
Mat truot va tin hiéu diéu khién thiét ké nhu sau:
s =&+ 46%5 4+ 3.49¢3/7
3 3
Upg = CTIM (—M-lv i, — 465 — 3.49e7)
U, = C"*M(sign(s)([2;1]" + 0.2))
Két qua mod phong tir Hinh 5.11 dén Hinh 4.14
e Quy dao 1: hinh tron, ban kinh 1m

o

5005

£ s

S 015

§ 02
025

eeeeeee

L

Hinh 5.11 Tin hiéu didu khién quy ~ Hinh 5.12 Dép (ing van tc theo quy
dao 1 (2TSM) dao 1 (2TSM)

Ta c6 thé thay véi bo didu khién 2TSM di loai bo hién tuong chattering
trong tin hiéu diéu khién (Hinh 5.11) ma van dam bao do chinh xéc cao.
e Quy dao 2: Poan dudng c6 thing két hep ré 90°

Véi quy dao 2, bo diéu khién 2TSM van thé hién tinh bén vimg va do
chinh xéac cao (Hinh 5.14).



19

Phase plot Quy dao 2

quj dao thyc, Quy dao DDMR thuc

- - = quy dao tham chiéu - - - = Quy dao tham chiéu

-1.5 -1 -0.5 0 05 1 15 0.5 1 15 2 25 3 35
x X(m)

Hinh 5.13 Két qua cia DDMR theo  Hinh 5.14 Két qua cua DDMR theo
quy dao 1 (2TSM) quy dao 2 (2TSM)
5.4.3 S0 sanh vdi cac bé diéu khién trweet truyén thong

Bang 5.1 Pap (ing sai s6 van téc dai gitra cac phuong phép

STT | Thong sé dap wng Pon | NTSM [ NTSM 2TSM

vi boundary

1 Sai s6 xac lap m/s 2e-3 -1.2e-4 | -2.7e-8

2 (IAE) m/s 5e2 | 2.09-3 | 1.6e5

Bang 5.2 Bap ung sai so6 van toc géc gitra cac phuong phap

STT | Thong sé dap wng Pon | NTSM [ NTSM 2TSM

vi boundary

1 Sai s6 xac lap m/s -4e-2 | 1.07e-3 | 9.6e-7

2 (IAE) mis | 3.6e-2 | 8e-3 1.37e-5

Ta co thé thay rd, ca hai chi s6 “sai s6 X&c lap” va “IAE”, bd diéu khién
2TSM déu thé hién vuot troi. Didu nay da chimg minh tinh wu viét cia bo

diéu khién méi duge dé xuét.



5,5 Thuc nghiém
5.5.1 Biéu khién dépng co DC
5.5.1.1 M6 phong

20

Biang mo phong cé thé thay ca 4 phuong phap diéu khién déu dép ung

tuong dwong nhau, ca 4 déu dua hé théng vé trang thai hoi tu sau xap xi

1s. Trong d6 phuong phap 2TSM (Hinh 5.18) thé hién sy dap tmg vuot

troi, khi vira dam bao d6 chinh xac, dua sai s6 V& “0” va khong xuat hién

“chattering”.

wref, w real

wref, w real

3

/ 141583

141582

B.141591 -
9.08

Hinh 5.15 Pap tng van toc caa dong
co (PID)

w ref, w real

Hinh 5.16 Dap tng van tc caa dong
co (LSM)

wref, w real

141594

141583 [\ 41

141592

9.98 2.985

141596
[.141594

1
x 3.141592

/ 314159

278 2792 2794 2796

Hinh 5.17 Dap tng van toc caa dong
co (NTSM)

Hinh 5.18 Pap tng van tdc cua dong
co (2TSM)
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5.5.1.2 Thuc nghiém
> Kich ban 1: Thir nghiém vai téc d6 tham chiéu khong doi, khong
higu chinh bé didu khién

PID controller 0 LSM véri boundary layer

——vreal

- - -vref

van the (rpm)

Thérigian (s) Thei gian (s)

Hinh 5.19 B diéu khién PID Hinh 5.20 B diéu khién LSM vdi
boundary layer (¢ = 0.01)
Qua céc thi nghiém va mo phong trén, luan an da chimg minh wu diém
vuot troi cia 2TSM trong viéc Van giir lai duoc tinh bén viing dic trung
ctia SMC, do chinh xac cao cia TSM va kha ning triét tiéu chattering dé
&p dung truc tiép vao hé diéu khién thyc té, 1a co s¢ dé ap dung thuc nghiém
diéu khién quy dao.

2TSM controller

2 4 6 8 10 12 14
Théi gian (s)

Hinh 5.21 Bo dié;u khién 2TSM ) q
» Kich ban 2: Thir nghiém vai toc do tham chiéu thay doi
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Bo dibu khién 2TSM B4 didu khién 2TSM

Van tc (rpm)
el

0 2 4 6 8 10 12 14 16 18 0 5 10 15 20 25
Thoi gian (s) Thoi gian (s)

Hinh 5.22 Bap ting bo diéu khién PID  Hinh 5.23 Bap (ing b¢ diéu khien
véi van toc tham chiéu thay doi 2TSM vai van toc tham chiéu thay
doi
5.5.2  Diéu khién quj dao
Kich thudc (DXRXC) 20x20x20 cm

Dbuong kinh banh xe 6cm

Khoang céch truc banh ~ 23.5cm

Ngudn (DC) 12VDC 6000mah
Khoi lwong 4kg

> Kich ban 1: Khéi luong 3.5kg dugc dit giira trong tam DDMR.

Quy dao 1 Quy dao 2

Start

X(m) X(m)

Hinh 5.24 DDMR di chuyén theo quy  Hinh 5.25 DDMR di chuyén theo quy
dao 1 dao 2
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> Kich ban 2, 3: Khéi lugng 3.5kg duogc dit léch trai 5cm so vai trong
tam DDMR.
Quy dao 1:

Quy dao 1

25F

Hinh 5.26 Két qua DDMR theo quy dao 1 (Kich ban 2&3)
Quy dao 2:

Quy dao 2

0 0.5 1 15 2 25 3 35 4 45
X(m)

Hinh 5.27 Két qua DDMR theo quy dao 2 (Kich ban 2&3)
56 Ket luan:

Phuong phap diéu khién quy dao dya trén 2TSM nhu da thiét ké ¢
Chuong 4 da dap tng ddy du cac yéu ciu dit ra trong luan an, minh ching
trong ca mo phong va thuc nghiém.
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KET LUAN

Nhirng ngi dung nghién ciu chinh caa luan an

Ludn an da tap trung nghién cau giai phap khac phuc nhugc diém cua
diéu khién truot 1a hién twong chattering ma van giit dugc cac vu diém co
ban 1a: bén vig trudc cac bat dinh va do chinh xac cao.

Trong Chuong 2, luan 4n di trinh bay co so 1y thuyét cua diéu khién
truot va mé hinh hoa hé théng DDMR cling cé4c bat dinh can giai quyét.
Tur nén tang ly thuyét d6, chuong 3 luan an d phan tich uu nhuge diém
Cua cac phuong phap khir chattering hién tai theo huéng néng bac cho mat
trugt, qua d6 phat trién phuong an st dung mit truot 2TSM. Dya trén mit
trugt 2TSM nay, chuong 4 da trinh bay thiét ké bo diéu khién quy dao va
két qua thyc nghiém dé ching minh hiéu qua bo diéu khién.

Nhirng dong gop khoa hoc méi caa luan an

Luan 4n c6 2 déng gop chinh do 1a:
> Thiét ké mat truot Terminal Sliding Mode bac 2 hoan chinh veéi cac kha

nang:

o Loai bo chattering trong tin hiéu diéu khién ma van git duoc tinh
bén vitng cua SMC,

Trang thai hoi tu vé diém can bang trong thoi gian hitu han,

C6 thé tinh toan dugc thong sé bo diéu khién,

C6 thé do ludng duoc thoi gian dap tng trang thai,

Dé dang hiéu chinh bo diéu khién.

> Thiét ké bo diéu khién quy dao cho hé DDMR, trong d6 xét dén cac yéu
t6 bat dinh mo hinh, nhidu khong xac dinh.

O O O O

Hwéng phat trién caa luan an

Phat trién giai phap hoan chinh cho hé thdng xe lan dién ty hanh c6 thé
di chuyén trong nhiing khu vuc trong khuén vién quy dinh.

Tiép tuc nghién ctru, phat trién ly thuyét truot cho céc bo diéu khién mo
men cho cac hé co dién khac nhu: canh tay robot, drone, v.v..



