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MO PAU
1. Tinh cip thiét

Nhu cau sir dung xe ldn dién ngay cang ting cao do rat nhiéu nguyén
nhan. Cuy thé theo thong ké, hién nay (nim 2025) c6 khoang 12% ngudi
truong thanh tai Hoa Ky giap phai han ché van dong va xap xi 5,5 dén 6
triéu ngum truong thanh str dung xe lan dé di chuyén [1].

Dé giai quyét van dé nay, xe lan dién ty dong hodc ban tu dong da n01
1én nhu mét giai phap gitip ngudi sur dung co thé diéu khién xe lan dién tot
hon, nhat 13 ddi véi nhimg nguoi bénh ly nang, khong dam bao strec khoe
va su linh hoat dé co thé tu diéu khién va dam bao an toan.

pé phat trién cac hé théng xe lan dién ty dong, van d& cbt 16i duoc
nghién ciru rong rdi trong nhidu nim qua d6 1a diéu khién quy dao
(trajectory tracking control).

Ly do viéc diéu khién quy dao déng vai trd rat quan trong bai vi cac xe
lan dién phai hoat dong trong diéu kién twong ddi phurc tap, ton tai nhiéu
bét dinh, tir cac bt dinh trong chinh mé hinh dong luc hoc. Vi vdy can phai
c¢6 phuong phap diéu khién quy dao dang tin cdy.

Trong nhiing nam qua da c6 nhiéu nghién ctru vé cac giai phap diéu
khién quy dao cho xe lan dién [4]- [12], tuy nhién cac nghién clru nay phan
16n déu khong phan anh day du cac yéu t6 bat dinh hozc thiéu xét dén mo
hinh dong luc cia xe lin nén khéng dam bao sy bén vimg trude cac thay
d6i moi trudng va nhiéu loan, vi vay két qua hau hét chi dimg lai & md
phong hodc thyc nghiém trong moi trudng thi nghiém. Méac du bén canh
do cling c6 mot s6 nghién ciru sir dung phuong phap Sliding Mode Control
[13]-[17] c6 danh gia dén cac yéu t bat dinh trén, tuy nhién cac nghién
ctru ndy chi ding lai & md phong vi su xuat hién cua chattering, nguyén
nhan chi tiét hon s& dugc trinh bay ¢ phan sau cua luén an.

Chinh vi véy, viéc nghién ctru mét phuong phap méi dé diéu khién quy
dao xe lan dién, dam bao dugc do chinh xac, su ben virng trudce cac yeu to
bat dinh, va hon nita 1a c6 thé dp dung vao thyc té 1 hét sirc can thiét.

2. Muc tiéu nghién ciru ciia ludn an

Phat trién mot phuong phap dleu khién qu¥ dao cho xe lan dién 4 ap dung
trugt bac cao nham giai quyét vin de ‘chattering” trong diéu khién truot
dé co thé 4p dung truc tiép vao thuc té.

3. Noi dung nghién citu chinh cia luin an
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- Thiét ké mit truot Terminal Sliding Mode bac 2, bao gdm kha ning
tinh toan thiét ké cac thong s6 bo diéu khién ciing nhu tinh toan thoi gian
hoi tu cac bién trang thai, c6 thé tmg dung vao hé co dién thuc té.

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

- Ap dung 1én hé DDMR thyc té dé chimg minh tinh bén viing va hiéu
qué cta bo diéu khién.

Céu tric ndi dung luin 4n bao gdom 4 chwong

- Chuong 1: Trinh bay tong quan vé nhimng nghién ciru diéu khién quy
dao xe lan di€n, DDMR, va cac nghién ctru chuyén sau vé diéu khién
truot, tir d6 dinh hudng dén noi dung nghién ctru trong luén an.

- Chuong 2: Trinh bay 1y thuyét vé diéu khién trugt, cac phuong phap
triét ti€u chattering hién co, tr d6 dua ra su lya chon phuong phap
chinh nghién ctru trong luén an

- Chuong 3: Gi6i thiéu, md ta cu thé mé hinh hoa cia DDMR, cac yéu
t6 bat dinh c6 thé xay ra va phuong phap diéu khién quy dao, diéu
khién dong hoc, dong lyc hoc cho mé hinh DDMR

- Chuong 4: Thiét ké bo diéu khién quy dao DDMR dua trén Terminal
Sliding Mode bac 2 bao gdm mé phong va thuc nghiém.

- Kétluan

CHUONG 1: TONG QUAN

1.1  Tong quan cic nghién ciru lién quan
L1.1 Cdc nghién civu vé diéu khién quy dao xe lin dién truyén théng
Nam 1999 Caracciolo [5] va Sun.S [6] vao ndam 2005 d3 st dung
phuong phap “linearization feedback control” dé diéu khién quy dao cho
mobile robot. Tuong tu, vao nim 2019, K. Maatoug [7] d4 d& xuét phuong
phap diéu khién quy dao dua trén bo diéu khién Fuzzy, nam 2023, tac gia
A. Amrane [8] c6 dé xuit phuong phéap diéu khién dua trén bd diéu khién
PID. Piém chung clia cac nghién ctru nay khi chi xét mé hinh déng hoc ma
khong xét dong luc hoc. Bén canh d6 T. Fukao va cac cong su [9], tac gia
Shojaei va cac cong su [10], da su dung didu khlen thich nghi (Adaptive
control), c6 tinh dén mo hinh dong luc va ca sy xuét hién cua tham s6 chua
biét (uncertainties). Li.Z ndm 2016 [11] st dung cach tiép can két hop
“Neural-Dynamic Optimized Model Predictive”, nam 2023 Trujillo [12]
dé xuét nghién ctru “Trajectory Tracking Control of a Mobile Robot using
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Neural Networks”. Tuy nhién cc nghién ctru niy chi xét &én dong hoc va
dung & moé phong.
1.1.2  Cic nghién ciru vé diéu khién quy dao xe lin di¢n diing SMC
Niam 2009, Solea [13] dé xuit nghién ciru didu khién quy dao str dung
mat trugt SMC thong thuong. Sau do, tiép tuc nhiéu nghién ctru duge dé
xuit ing dung céc bién thé mit trugt khac nhau cia SMC nhu tic gia
B.B.Mevo [14] nam 2018 st dung mgt mat trugt tich phan, J. Yang (1999)
[15], Lingrong (2011) [16], Nikranjbar (2018) [17] ciing d& xuét cac
phuong phap st dung SMC bac 1. Cac nghién ctru nay tuy c6 két qua tot,
tinh dén cac bt dinh, tuy nhién déu gip phai vn dé chattering.
1.1.3  Cidc nghién ciru vé khir chattering trong SMC
Nam 1992 Utkin [20] da d& xuat phuong phap “boundary layer”, day
ciing 1a phuong phap don gian va phd bién thuong duoc sir dung. Phuong
phap nang bac cho mit truot dugc dé xuét tur nhitng ndm 1998 bdi G.
Bartolini [22], Levant [23]-[24]. Nam 2006, Ferrara [40] gi6i thiéu mat
trugt SMC bac 2 cho canh tay robot. Nam 2016, Y. Feng [16] dé xuit mit
trugt TSM full order. Nam 2021, Xinghuo Yu va Yong Feng [41] tong hop
cac phuong phap SMC, cu thé trong Terminal Sliding Mode Control
(TSMC) va cac mat trugt nang bac dé giam "chattering". TSMC bac cao
vuot troi trong viéc triét tiéu chattering, giit tinh bén viing, nhung khong
tinh dwoc théng sb bo didu khién va thoi gian hoi tu, han ché tmg dung
thuc té. Vi vay, luan an nghién ctru mat trugt Terminal Sliding Mode bac
2 (2TSM) dé giai quyét hai van dé nay, toi uu hoa triét tiéu chattering cho
hé DDMR.
1.2 Kétluin
1.2.1 Téng két tinh hinh nghién ciru hi¢n nay
1.2.2  Cidc vin dé nghién civu trong lugn dn
- Nghién ciru thiét k& mat trugt 2TSM voi kha ning tinh toan
thong sb bo diéu khién va tinh toan thoi gian hoi tu.
- Nghién ctru thiét ké bo diéu khién quy dao cho DDMR dua trén
2TSM véi su xudt hién cua cac yéu to bat dinh mo hinh.
- Tién hanh thuc nghiém trén hé¢ DDMR thuc té.
1.2.3  Gidi han pham vi nghién ciru
Luan 4n s& tap trung vao phat trién mot giai thuat didu khién moi, vi
vay khi tién hanh thuc nghiém, tac gia s€ thyc hi€n trén mo hinh robot di
dong vai cac kich ban xuét hién yéu td bat dinh dé thuan tién trong viéc
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hiéu chinh va thay ddi thuat toan thay vi thuc nghiém trén mét xe lan dién
hoan chinh

CHUONG 2. LY THUYET PIEU KHIEN TRUQT VA
PHUONG PHAP LOAI BO CHATTERING
2.1 On dinh ti¢m cdn va 6n dinh trong thoi gian hiru han
2.1.1 On dinh tiém cén
x(t) >0 khi t- o 2.1
% Khi xuit hién yéu té bit dinh:
Néu Af 1a cac yéu t6 nhiu khong biét trude, thay vi trd vé “0”, trang
thai cua hé sé& trg vé:
x(t) - % khi t— o @2
2.1.2  On dinh trong thoi gian hitu han
x(0)1-r/4 (2.3)
vy —p/a)’
Trong dop, q la s6 1¢ vap/q <1
% Khi xuit hlen yeu t6 bat dinh
Néu Af 1a cac yéu t6 nhidu khong blet trudc, thi:

A
- x(t) = ( ;)
. Diéu nay c6 nghia la khi sir dung tin hi¢u diéu khién dé dua hé thong
ve trang thai can bang trong thoi gian hiru han (Finite-time) s& giap hé
thdng ¢ sai s6 xac 1ap nho hon so véi on dmh tiém can (4symptotic).

x(t)->0 tai t=

(2.4)

Bép ing khi o

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

Hinh 2.1 Pép tng hé thong véi su xuat hién cia nhidu
(r=1Af=01p/q=1/3)



Két luan: Nhu vay ta c6 thé thiy mot sé wu diém cua diéu khién hé
thdng dap ung theo “finite-time” so v4i “asymptotically” nhu sau:
e Téc d6 hoi tu nhanh hon.
e Diéu khién do chinh x4c cao hon.
Tt cac khai niém nay, luén dn s€ phan tich cic uu, nhugc diém cua céc
mat truot tuyén tinh va phi tuyén & phén tiép theo.
2.2 Ly thuyét diéu khién truot
2.2.1 Mt truot tuyén tinh (Linear Sliding Mode — LSM)
Xét h¢:

X, =Xy (2.5)
{xz =f(x)+u+plxt)

Dau tién ta thiét ké mot trugt tuyén tinh:

S=x,+yx.,y>0 (2.6)
Khi s = 0, cac bién trang thai xq, 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= Ugg + Uy (2.7

Trong do:

Ueqg = —f(x) —¥x; (2.8)

u, = —ksign(s)
Véi tin hiéu diéu khién trén, s = 0 trong thoi gian hitu han la:
V2 1 2.9
t, =—V2(0)
on
2.2.2 Mat trwet phi tuyén (Nonlinear Sliding Mode)
2.2.2.1  Terminal Sliding Mode Control (TSM)
Pau tién ta chon mit trugt phi tuyén:
s =X +yx,P%,y >0 (2.10)
Vi 0 < % < 1vap,qlasdlé Khis = 0,cac bién trang thai x,, x, s&
tién vé “0” theo: %; = —yxlf’/ T
Luaét diéu khién duogc thiét ké nhu sau:
U= Ugq + un
U = —f () —yp/ax]" 1 .11
n = —ksign(s)
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Luwu y : Trong tin hiéu diéu khién ueq = —f(x) — vy xq X1 ¢6 kha

ning xay ra diém ky di (singularity) trong truong hop x; = 0, X, # 0. Xem
vi du minh hoa ¢ Hinh 2.2 (t = 0.375s).

T|n higu dleu kh\en

T T S T S
Hinh 2.2 Tin hiéu diéu khién u xuat hién diém ky di
2.2.2.2  Nonsingular Terminal Sliding Mode Control (NTSM)

1 a/p

2.12
s=x1+-x, ( )
Y

Ta c6 thé thdy khi mat trugt s = 0, dép tng cua NTSM (2.21) twong
duong voi (2.10). Luat diéu khién u = ueq + u, duoc thiét ké nhu sau:

{ - f() - ”qx 2-a/p 2.13)
' (= —ksign(s) )
Ap dung luat diéu khién (2.13), hé théng tré thanh:
V= s%%xz%_ (—ksign(s) + p(t))
Két lugn: Tin higu diéu khién upq = —f(x) — ygxzz-q/v da loai bo

diém ky di & trudng hop x, = 0,x; # 0.

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

2.3 Loai bé “chattering” trong diéu khién trugt.
2.3.1 Phwong phdp thay thé bang ham saturation
2.3.2 Phwong phdp thay thé bang ham sigmoid
2.3.3 Phwong phap trwot bdc cao
2.3.3.1 Mat truot LSM bdc cao
Mit truot duge dé xuét:
s=%+ax+ fx (2.14)
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Luat diéu khién u = Ueq + U, dugc thiét ké nhu sau:
{ueq =—f(x) —ax; — Bx,; (2.15)
Uy, = '—ksign(s) i i
Vi du: Ta thiét k€ mat truot va tin hi€u di€u khién nhu sau:
S =X+ 2% +x;

t
u=01x, — 2%, — x4 — 5[ sign(s)dt
. 0
Két qua mo6 phdong dugc thé hién & Hinh 2.3.
Ta co thé thay mat du tin hidu dicu khién da “muot ma”, triét tiéu

chattering, tuy nhién van t6n tai nhuoc diém clia mat trugt tuyén tinh d6 1a
bién trang tha1 khong thé vé& 0 ma chi vé tiém can 0.

Tin higu diéu khién

7\ /"’\ 7
\ / .

___ ©iép img bién trang tha

5 5
Thei gian (s) Thoi gian (s)

Hinh 2.3 Tin hiéu diéu khién Hinh 2.4 Pap ung trang thai
2.3.3.2  Mat truot Terminal Sliding Mode bac cao (FOTSM)
Theo [23], mat trugt dugc chon la:
s=%X, + CnSgn(xn)Ixnlan +oeet Clsgn(xl)lxll t (2.16)
Trong d6 cac hé sb ¢;, a;(i = 1,2, ...n) 1a cac hing sd. ¢; duoc chon
sao cho da thitc p™ + ¢, p™" ! + -+ + ¢,p + ¢4 1a Hurwitz, va a; dugc chon
dwa trén didu kién dudi déy:
a, = a, n=1 (2.17)

aiQipq .
ai_q = , i=12,..,.nvn=>2

20*’L+1 a;
Trong do: apy1 = Lap =a,a € (1 —¢,1),e€(0,1).
Ap dung cho hé thong (2.5) ta c6 mit trugt:

s =X, + cysign(x)]%,|%2 + clslgn(xl)lxll"‘1 (2.18)
Luat diéu khién u = Ueq + Uy, duoc thiét ké nhu sau:
Ueq = —f (x) — co5ign ()%, |*2 — c15ign(xy) |2, [“ (2.19)

Uy + Au, =v; v =—(kg + kr +n)sign(s)
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Vi du: Xét hé théng co tuong tré, ta thiét ké mat truot va tin hiéu diéu
khién nhu sau:
s =X, + 2sign(i;)|%,]%/6 + sign(x;)|x,|%/%3
t

= U= Uy + e‘o'”f e %1tydt
0

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

Tin hiéu diéu khién
T T T

Bién do
&

Thovi gian (s)

Hinh 2.5 Tin hiéu diéu khién FOTSM

Dap (ng bién trang thai
T T T

T T T
3
25 ’f"\
ANE—
|- I
: Nl
<15 |
1k L
05
ol
0 1 2 3 4 5 6 7 8 9 10
Offset=0 Thei gian (s)

Hinh 2.6 Dap tmg bién trang thai FOTSM
Ta c6 thé thay tin hiéu diéu khién da loai bo dugc chattering gan nhu
hoan toan (Hinh 2.5) va bién trang thai vé& “0” (Hinh 2.6), tuy nhién phuong
phap nay hién tai c6 hai van dé rat 16n dé co thé ap dung duoc vao thyc té
[24][40]: khong thé tinh toin, khong thé do lwdng
2.4 Kétluan
Phuong phap FOTSM la phuong phép t6i wu dé khir chattering trong
diéu khién truot néu ta co thé khic phuc dugc cac nhuoc diém hién co.
CHUONG 3. ROBOT DI PONG VA PHUONG PHAP DIEU
KHIEN QUY PAO
3.1 Gioi thiéu mo hinh
3.1.1 Mo hinh dong hoc (Kinematic)
+ Dong hoc thuin (Forward kinematic):
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_vwtv _R(@+ ) (3.1
2 2
w zvr_vl ZR((PT_(pl)
2L 2L
+ Dong hoc nghich (Inverse kinematic):
v, =v+owl (3.2)
{vl =v—owl
3.1.2 Mo hinh dong luc hoc (Dynamic)

2 . , 1
(m +ﬁlw)v —m.dw* = E(’L’T + 1)

(3.3)

RZ
3.1.3  Cic bit dinh trong trong mé hinh
- Bét dinh vé khéi luong: gidi han & mirc 50 — 100 (kg)
- Su thay dbi vé trong tim: gi6i han & muc Ad = 15 (cm)
: - .
M, [Z] =V, +C [T:] +AV — AM [Z] +d(® G-4)
p(t) .

Trong do My, Vy la cac dai luong da biSt ban dau, AM va AV la cac dai
luong thay doi, d(t) 1a nhidu khac, p(t) 1a tong cua cac yéu td bat dinh.
3.2 Phuwong phap diéu khién quy dao

Dua trén quy dao thiét ké sin, DDMR tham chiéu s& di chuyén trudc va
DDMR thuc s& bam theo. So d6 diéu khién mé ta trong Hinh 3.1

212\ L
k I+—1I, a)+mcdwv=§(rr—rl)

Dynamic

Reference | Vrer] Kinematic Controller Dynamic

Path T Controller iy Model Kinematic
trey FeedBack,
Orey] (PI) sMc..) |ToueR -

Hinh 3.1 So db diéu khién quy dao
% Diéu khién dong hoc (Kinematic Controller):
Sai 56 theo ddi quy dao p, 1a sy khac biét giita tu thé thyuc té ciia robot,
dugc ky hiéulap = [x y 8]7 va tu thé cta robot tham chiéu, dugc ky higu
la Dref = [xref Yref Qref]T , nhu vay:
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Xe Xref — X 3.5)
De = Ve :pref—pz yref_y
e gref -0

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

khién loai P don gian dugc thiét ké nhu sau:
Wrer = Ku-Oc) Vyey = Ky de (3.6)

Trong d6, Wyef , Vyer 1a van toc tham chi€u; K, , K, 12 h¢ s6 cho bo

dicu khien; dp = (x,% + Y. 22 va 6, = tan™* (¥, x).
+ Diéeu khién dong lwc hgoc (Dynamic Controller):

Sau khi tin hiéu wf , Vyer truyén dén b dicu khién dong lyc hoc, tai
day bo diéu khién s& tinh toan va tao ra tin hiéu diéu khién 12 mé men
Tright» Tieft 4én timg banh xe (Hinh 3.2)

Real DDMR
7 .,
Vref left ‘ ‘
Reference | Kinematic Dynamic Current Kinematic IE(":?:;‘H ,Rf'f]
——+| Controller Wye Controller Tyige Controller Equation @ ](::.lll:l;
®)  ——f (SMO) [ — (®) 32

Hinh 3.2 Luu d6 diéu khién quy dao trong mo phong
3.3 B¢ diéu khién quy dao dua trén mat trwgt tuyen tinh (LSM)
3.3.1 Thiét ké bé diéu khién quy dao sir dung mdt triweot LSM
’ MG=V(q)+ Cu(t) +p() 3.7
Sai s dugc xac dinh nhu sau:
et) =q— Gy = [Ve, we ]T [‘U Vref) W—Wrer ]T (-8)
Mat truot: s = é + ye
Pinh 1y 1: Tin hi¢u diéu khién 1a: u = u,q + u,
Ueqg = CTIM(=M"V() + Gy — 7€) (3.9)
o= —C"*Msign(s)(k + 1) (3.10)
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3.3.2 Mo phong

3.3.2.1 Mo phong LSM khong s dung boundary layer

Tin higy @idu khién LSM

6c goc (radis)

vant

Van tée dai (mis)

Hinh 3.3 Tin hi¢u diéu khién quy dao  Hinh 3.4 Dap ung van toc quy dao 1
1 (LSM khéng boundary layer) (LSM khong boundary layer)
3.3.2.2 Mo phong LSM voi boundary layer

u it st LS (saluration(s))

[—Toneran]

Van tée goc (radis)

Van tbe dai (mis)

0 1 2 ] 4 5 6 7 ] il 10 3 ®
Thiri gian {5) ot Time (seconds)

Hinh 3.5 Tin hiéu diéu khién quy dao Hmh 3.6 Dap g van toc quy dao 1
1 (LSM c6 boundary layer) (LSM c6 boundary layer)
3.3.2.3 Nhdn xét
Ta c6 thé thdy kha rd viéc st dung boundary layer s& 1am mét di dang
ké @6 chinh x4c cua bd diéu khién.
3.4 B diéu khién quy dao sir dung mit truot NTSM
3.4.1 Thiét ké bé dieu khién quy dao sir dung mdt trwgt NTSM

s=e+%ym (3.11)
Dinh ly 2: Tin hiu di€u khién 1a: u = u.q + u,
Trong do:
Upg = C'M (—M-lv(q) + G, — ySéZ—Q/p) (3.12)
uy = —C~'Msign(s)(k + 1) (3.13)

Va thoai didu kién:k = Max{||M~p(®||},n > 0
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3.4.2 Mo phong
3.4.2.1 Mo phong NTSM khong su dung ‘boundary layer”

Tin hiu idu khibn LSM

Torque (Nm}

Hinh 3.7 Tin hiéu diéu khién quy dao  Hinh 3.8 Pap ung van toc quy dao 1
1 (NTSM khéng boundary layer) (NTSM khong boundary layer)
3.4.2.2 Mo phong NTSM véi boundary layer

Tin higu Gdu knién LSM

Tarque (Nm)

Van tée dai (mis)

21 Torque 2 0.25 |-
10
i 5 02
=l
25l o
. 5 01
=

Hinh 3.9 Tin hiéu dléu khién quy dao Hlnh 3.10 Dap ung van tc quy dao 1
1 (NTSM c6 boundary layer) (NTSM c6 boundary layer)

3.4.2.3 Nhanxét

Ta’théy NTSM thé hién sy vuot trdi so voi LSM trong dam bao d6 chinh
xac, toc (,icf) héi tu va ca tinh bén viing.
3.5 Kétluian

Hién tuong chattering xuat hién & ca hai phuong phap LSM va NTSM,
va “boundary layer” di thé hién sy thiéu bén viing va lam giam d¢ chinh
xéac b didu khién. Vay trong chuong 4, ludn 4n s& giai quyét van dé nay
bang phuong phép truot bac cao
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CHUONG 4 THIET KE BQ PIEU KHIEN QUY PAO BANG
PHUONG PHAP TERMINAL SLIDING MODE BAC 2
4.1 Mat trwot TSM bac 2
4.1.1 Ddc tinh thoi gian hi tu clia mdt tricgt
Ta chon mat trugt TSM bac 2 nhu sau:

S =X +y %%+ y,xFP 4.1)
Trong do, cac diéu kién sau dugc thoa:
=1 =% —-_9 356 a a: 4.2
0<a 5 < Lp=— P >4 12 s8 nguyén dwong l1¢é; (4.2)
B
. — . B+1_¢ _a .
0<vy1; v2=n GrDP (1 2) >0;
Bla
x(0) = x0,%(0) = =y, P/ (F55) 7 xp 127,

Pinh 1y 3: Khi mat truot (4.1) tién dén 0 (s = 0) va diéu kién (4.2)
dugc thoa thi cac bién x(t) va dao ham ctia n6 x(t) hoi tu vé 0 trong thoi
gian hitu han la:

a yia \ Bl B 4.3)
Lconvergence = T( - ) xo(a e
a—Lf\p+1
Chirng minh:
bity=x->%= yZ—z , s =0, (4.1) tré thanh:
, dy 4.4
Fo.y) =y try"= —yax? @4
Dép ung tu nhién (natural response) cta (4.4) la:
. dy . 4.5)
Fo.p) =y -+ry* =0
_Trong d6 y = 0 1a mot nghiém cua (4.5), trong truong hop y # 0, ta
viet lai (4.5) thanh: y'~*dy = —y,dx.
Lay tich phan hai vé ta duoc:

1 4.
yrt=—yx+C *6)

2—a
y = (Mx + N/ 0
Véi sy xuét hién cta tin hiéu u = —yzxﬁ , nghiém téng quat c6 dang:
y = (Mx+ f(x))l/(z_a) 4.7)

trong d6 N = f(x) lam ham theo x. Thay (4.7) vao (4.4) ta dugc
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af (4.8)
M+ ==
<y1 + T‘i") (Mx + f(x))ﬁ = —y,xP

Trong do
- Mx + f(x) s€ codang Mx + f(x) = Kx;suyra f(x) = (K — M)x

af _
-y K=M)
Dong nhét 2 vé ta duoc:

K B
(n+gg)xe =
Tir (4.9) chi ra rang: néu y, > 0, K < 0, d& thay duoc:
- Cuc tiéu cua g(K) = (y1 +%) KB +y, ton tai 6 K* =
L Bemw) _ o«
Nn=pa T TNgg

(4.9)

- g (K* = -y ﬁ) = 0 va K* 1a nghiém duy nhat cua (4.9)
Két qua la:

— (K )M/ — _ a Ve
y = (K"x) ==

p+1
A

x1/(2-a)

Do @6, nghiém la:
y =% = Ax1/(? 9 (4.10)
Luwu ¥ : Dinh 1y Picard — Lindeldf khang dinh (4.10) 1a nghiém duy
nhét cua phuong trinh F(y,y) = yZ—z + y1y% = —y,xP theo tap hop cac
diéu kién ban dau dé ra.
Hoan tat chimg minh.
4.1.2 Mo phong thoi gian hji tu ciia mdt trugt:
V6i ¥4, V2, @, B dugc chon trong dinh 1y 1, thong sé hoi tu mong mudn
la t = 2s, mit trugt duge thiét ké nhu sau:
s =5%49.92%%/5 4+ 12.8x3/7 = 0 (4.11)
V6i gia tri ban dau x, = 5, hé thong dap ing nhu Hinh 4.1:
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Trang thai x
w

~

ol

Thoi gan (9
Hinh 4.2 Két qua mo phong hdi ty tu nhién ctia mat 2TSM (natural response)
4.2  Diéu khién qu¥ dao dya trén mit trwgt TSM béc 2
4.2.1 Thiét ké bé diéu khién
Pinh ly: Sai s6 van toc cua hé thong s& tién vé “0” khi tin hiéu diéu
khién dugc thiét ké nhu sau: u = Upq + Up
Ueq = C_lM(_M_IV +Gr — yléa - YZeB) (4.12)
U, = C"*M(sign(s)(k + 1))
Trong d6 k = Max{||M~1p(®)||]} van > 0
Ching minh:
Thay thé sai sb trang thai hé théng vao mét trugt 2TSM (4.12), ta dugc:
s =MV +Ct(t) + p(t)) — Gy + 1% +yeF
Thay tin hidu diéu khién (4.12) vao biéu thuc trén:
s=M"1Cu, + M 1p(t)
Xét ham Lyapunov: V = 0.5s7's, suy ra:

V =sTs = sT(=sign(s)k — sign(s)p + M~1p(t)) (4.13)
suy ra:
V< —klisll —nlisll + M~1p(t) < —nlisll = —nV2v/2 <0
V2v1/2(0)

s = 0 trong thoi gian hitu han ¢, <
Hoan tat chimg minh.
4.2.2 Mo phong
Mat truot va tin hi€u di€u khién thi€t ké nhu sau:
s =&+ 4635 + 3.49¢3/7
3 3
Ueg = CIM (—M-lv 4G, — 465 — 3.49¢7 )
i, = C™*M(sign(s)([2;1]7 + 0.2))
K&t qua mo phong tir Hinh 4.3 dén Hinh 4.6
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¢ Quy dao 1: hinh tron, ban kinh Im

Torque {Nm)

o1

E
2o

Torque (Nm)

Thiri gian {5) ‘Time (seconds)

Hinh 4.3 Tin hiéu diéu khién quy dao  Hinh 4.4 Dap ting vén toc theo quy
1 2TSM) dao 1 (2TSM)

Ta c6 thé thiy v6i bo didu khién 2TSM di loai bo hién twong chattering
trong tin hiéu diéu khién (Hinh 4.3) ma van dam bao d¢ chinh xac cao.
e Quy dao 2: Poan dudng cé thing két hop ré 90°

V6i quy dao 2, bd diéu khién 2TSM van thé hién tinh bén virng va do
chinh x4c cao (Hinh 4.6).

Phase plot Quy dao 2

quy dao thyc Quy dao DDMR thyc

- - - - -Quy dao tham chiéu

- - - -quy dao tham chiéu

-15 -1 -0.5 0 0.5 1 15
x X(m)

Hinh 4.5 Két qua ciia DDMR theo Hinh 4.6 Két qua cia DDMR theo
quy dao 1 (2TSM) quy dao 2 2TSM)

4.3 Thuc nghiém
4.3.1 Diéu khién dpng co DC
4.3.1.1 Mo phong o i o

Bang mo phdng co thé thay ca 4 phuong phap dicu khién déu dap tng
trong dwong nhau, ca 4 déu dua hé thong vé trang thai hoi tu sau x4p xi
1s. Trong d6 phuong phap 2TSM (Hinh 4.10) thé hién sy dap tmg vuot



17

trdi, khi vira dam bao d6 chinh xac, dua sai s6 vé “0” va khong xuat hién

(3 T 2
chattering”.
w ref, w real wref, w real
. .
Ms93) .
' s B.141582
[3.141591
1 9.08 9.1 9.12 9.14 9.16
. .

Hinh 4.7 Dap tng vén tdc cta dong
co (PID)

Hinh 4.8 Pap tng vén toc cta dong
co (LSM)

w ref, w real w ref, w real
3. [ wref. B
[
f o
/=
. % o
141586
141594
1 : -
} 141592
141582 314159 ]
9.98 9.985 / 278 2792 2794 2796
.
.

Hinh 4.9 Pap tmg van tc cua dong
co (NTSM)
4.3.1.2  Thuc nghiém

30 PID controller

vreal
f

van téc (rpm)
- N
B 3

3

0

0 500 1000 1500
Thoi gian (s)

Hinh 4.11 B6 diéu khién PID

Hinh 4.10 Dap tmg van toc cua dong
co (2TSM)

LSM vi boundary layer

van téc (rpm)

0
o 1000 2000 3000 4000 5000 6000 7000
Thoi gian (s)

Hinh 4.12 B6 diéu khién LSM voi
boundary layer (¢ = 0.01)
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Qua céc thi nghiém va mo phong trén, luan an di ching minh wu diém vuot trdi
ctia 2TSM trong viéc van giir lai duoc tinh bén vimg dic trung caa SMC, d6
chinh xac cao ctia TSM va kha ning triét tiéu chattering dé ap dung truc tiép vao
hé diéu khién thuc té, 1a co s¢ dé ap dung thuc nghiém diéu khién quy dao.

2TSM controller

van téc (rpm)

200 400 600 800 1000 1200 1400
Thoi gian (s)

. _ Hinh 4.13 B0 diéu khién 2TSM

4.3.2 Diéu khién quy dao
4.3.2.1 Mo phong . i

Trudce khi tién hanh thuc nghiém diéu khién quy dao, luan an s& trinh
bay ngin gon két qua moé phong ctia 2TSM so véi NTSM va NTSM sir
dung boundary layer trén cing mot hé quy chiéu (cing gia tri bat dinh,
cung thong s6 vat Iy cia DDMR) dé danh gia & hon bang thong s6 cu thé
su vuot trdi ciia phuong phap 2TSM.

LAl
0258 | [
[
AN ANANANIEA
Q'Jﬁ‘:\lwl‘ll
[

Thoi gian (s)

Hinh 4.14 Két qua dap tng van toc dai giita 3 phuong phap
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Hinh 4.15 Péap tmg van tdc goc (Rad/s)
4.3.2.2  Thuc nghiém

Kich thuéc (DxRxC) 20x20x20 cm

Puong kinh banh xe 6 cm
Khoéng cach truc banh  23.5 cm
Nguon (DC) 12VDC 6000mah

> Quy dao 1: Quy dao 1 bao gdm cac tuyén duong thing, két qua thuc
nghiém thé hién trén Hinh 4.16

Quy dao 1

DDMR thyc

- - -DDMR tham chiéu

X(m)
Hinh 4.16 DDMR di chuyén theo quy dao 1

> Quy dao 2: Quy dao 2 bao gdm cic tuyén dudng xién, sau do quay
v& vi tri ban dau, két qua thuc nghiém trén nhu Hinh 4.17.
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Quy dao 2

DDMR thire

DDMR tham chiéu

Start

Hinh 4.17 DDMR di chuyén theo quy dao 2
» Quy dao 3: Quy dao 3 la mdt hinh tron, banh kinh 1m. Két qua thuc

nghiém thé hién trong hinh 4.18.

Quy dao 3

Start

05

1 15 2 25 3 35
X(m)

) Hinh 4.18 DDMR di chuyén theo quy dao 3
4.4 Ketluan:

Phuong phap diéu khién quy dao dya trén 2TSM nhu di thiét ké ¢
Chuong 4 da dap ung day du cac yéu cau dit ra trong luan an, minh ching
trong cd mo6 phéng va thuc nghiém.

KET LUAN
Nhirng ngi dung nghién ciru chinh cia ludn én

Luén an tap trung nghién ctru giai phdp nang bac cho mat trugt phi
tuyén dé khic phuc hién twong chattering ma van dam bao cac wu diém la:
bén viing trudc cac bét dinh va do chinh xac cao.
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Trong Chuong 2, luan 4n d trinh bay co so 1y thuyét cta diéu khién
truot, tap trung phan tich wu, nhugc diém cac phuong phap diéu khién truot
truyén thong va céac giai phap loai bo chattering, tir d6 quyét dinh chon
hudng giai quyét bang cach nang bac cho mit trugt TSM nham tan dung
nhitng vu diém ciia mat truot ndy nhung van co thé tao tin hiéu diéu khién
muot ma cd thé ung dung trong thuc té trong cac hé co dién.

Chuong 4 da trinh bay cu thé co s6 1y thuyét, phuong an thiét ké bo
diéu khién dya trén 2TSM. Chuong 5 da trinh bay két qua thuc nghiém
diéu khién quy dao DDMR dua trén b diéu khién 2TSM.

Nhirng dong gép khoa hoc méi ciia ludn an
Luén an c6 2 déng gdp chinh do la:
> Thiét ké mat trugt Terminal Slinding Mode bac 2 hoan chinh véi cac
kha nang:
o Loai bo chattering trong tin hiéu diéu khién
o Van giit duoc tinh bén viing cia SMC
o Trang thai hoi tu vé diém cén bang trong thoi gian hitu han
o €6 thé tinh toan dugc thong sd bo diéu khién
o €6 thé do luong dugc thoi gian dap Gng trang thai
» Thiét ké bo diéu khién quy dao (ddng luc hoc) cho hé¢ DDMR, trong
d6 xét dén cac yéu td bat dinh mé hinh, nhiéu khéng xac dinh.

Trong céac két qua cuia luan an, c¢6 02 diém rat quan trong ma chua co
nghién ctru khac giai quyét dugc do 1a: tinh toan dugc thong sé bo diéu
khién va do luong duoc thoi gian dap tng trang thai cia phuong phap
2TSM.

Hudéng phat trién cia ludn an

Phétﬂtrién giai phap hoan chinh cho hé thong xe ldn dién ty hanh c6 thé
di chuyén trong nhitng khu vuc trong khudn vién quy dinh.
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