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ABSTRACT

The problem of tracing the trajectory for underactuated robot systems is of great
interest and in research by many researchers. Therefore, the problem of trajectory
tracking for the rotary inverted pendulum (RIP) system is focused on in this
study. This study proposes to design a sliding mode controller (SMC) to solve
the trajectory tracking problem for the RIP system. Lyuapunov stability theory is
used to prove the stability of this controller. Besides, the systematic parameters
of RIP are identified by genetic algorithm (GA) before designing the controller
to ensure that no system parameters are randomly selected. This study is carried
out by simulation on Matlab/Simulink software and experimented with system
parameters recognized by GA. Through simulation results and experiments on
the real model, it shows the ability to track the trajectory by the SMC algorithm
with the parameters identified by the GA method.

TOM TAT

Bai toan bam quy dao dat cho cac hé canh tay robot thiéu dan dong duoc nhiéu
nha nghién ciru quan tam va tim hiéu. Vi vy, van dé bam quy dao dat cho hé
thong con ldc nguoc quay (RIP) duoc tap trung nghzen ciru trong bai nghién
ciru nay. Nhom tdc gia dé xuat thiét ké bé diéu khién (BPK) truot (sliding mode
control - SMC) dé gidai quyét bai todn bam quy dao ddat cho RIP. Ly thuyét én
dinh Lyuapunov dvwoc s dung dé chitng minh d¢ én dinh ciia BPK nay. Bén canh
do, cdc théng sé hé thong cia doi twong RIP dwoce nhin dang bang gidi thudt di
truyén (GA) trwée khi thiét ké BDK nham dam bdao khong cé théng sé hé thong
nao la liwa chon ngdu nhién. Nghién ciru ndy dwoc thue hién bang mé phong trén
phan mém Matlab/Simulink va thiee nghiém véi cdc thong sé hé thong dwge nhan
dang bang GA. Théng qua két qua mo phong va thi nghiém trén mo hinh thuc
cho thay kha nang bam quy dao bang gidi thudt SMC véi cdc théng sé dwge nhan
dang bang phwong phdp.
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1. Giéi thiéu

Bai toan bam quy dao hay theo doi quy
dao cho cac hé thong robot thiéu dan dong
duoc nhiéu nha nghién ctru kiém nghiém véi
cac BDK khéc nhau. Muc tiéu nghién ctru nay
van tiép tuc phat trién. S. Heshmati-Alamdari
va cong su (2001) da nghién ciru BDK bam
bén vimng co tén 1a diéu khién dy bao (model
predictive control) hé thdng robot ty hanh
dudi nudc. Nghién ctu dugce thyc hién trén
mo phong, quy dao ma nhom tac gia dé xuét
c6 hinh dang bat ki, robot duoc thiét lap
khong di qua cac viing an toan duoc thiét ké
san. S. Q. Liu va cong su (2020) dé xuat xay
dung BDK thich nghi truot backstepping diéu
khién bam quy dao cho hé théng khinh khi cau
(underactuated airships). BDK dugc thuc hién
trén mo phong véi quy dao can theo doi dugc
thiét 1ap bat ki. Két qua diéu khién cho thdy hé
thdng khinh khi cau v6i BPK dé xuit bam tét
quy dao mong mudn. Ngoai ra, tic gia con so
sanh véi BDK PID va Azinheira’s BS. Két qua
cho thay BDK thich nghi truot backstepping
bam tot hon hai bo con lai. Bén canh d6, nhiéu
phuong phap diéu khién bam dugc nghién ciru
chang han nhu backstepping (Z. Liu, 2019,
trang 834-840), mang than kinh nhan tao
thich nghi (J. Zhang va cong su, 2020, trang
108193) thich nghi backstepping (N. T. Binh
va cong su, 2019, trang 465-473) mo trugt
backstepping (Z. Yan va cong su, 2019, trang
166788-166795) PID trugt (A. K. Vo va cong
su, 2020) diéu khién truot bam (G. B. H va
cong su, 2020) mo - PID (Fuzzy PID) (M. -T.
Le va cong su, 2022, trang 1-10) t6i wu thong
s6 BPK PID tng dung GA (GA-PID) (M.
-T. Le va cong sy, 2022, trang 1-10), phuong
phap diéu khién bam radial basis function
(RBF) neural network - based adaptive sliding
mode control (SMC) (T.T. Pham va cdng su)
giai thuat diéu khién bam quy dao PID truot
thich nghi dya trén ché d6 Quasi-sliding mai
varadial basis function neural network (Thanh
Tung Pham & Chi-Ngon Nguyen, 2023, trang
121-134) v.v.

Giai thuat di truyén (GA) dugc ung dung

phd bién dé t6i uu thong s6 bo diéu khién, nhan
dang md hinh hé thong. Mot s6 nghién ciru co
thé ké dén ung dung thanh cong GA trong viéc
t6i wu thong s6 bo diéu khién, chiang han nhu
t6i uu thong sb cac bo diéu khién PID, LQR
(M.-T. Le va cOng su, 2022, trang 57-65),
(Hoang Chinh Tran va cong su, 2018, trang
31-36), nhan dang thong s6 hé thong (Nguyen
Van Dong Hai va cdng su, 2015, trang 12-17),
(K. Kampisios va cong su, 2008, trang 887-
892). Trong nghién ctru nay, nhom téc gia chi
tap trung img dung GA dé nhan dang thong s
hé thdng thuc té trong Hinh 6 chir khong dung
GA dé t6i wu céac thong sb cia BDK SMC.

Trong nghién ctu nay, ching t61 tap
trung nghién ctru vé BPK truot cho RIP. Qua
trinh diéu khién bao gém hai tac vu chinh:
Tac vu thtr nhét diéu khién can bang tai vi tri
théng ding hudng 1én tai vi tri goc con lc,
trong khi d6 canh tay bam theo quy dao dé
xuét. Trong nghién ctru ndy, quy dao séng sin
va xung vudng dugc chon lya dé 1am quy dao
bam. Piéu khién truot duoc nghién ctru va
kiém nghiém trén mo6 phong va thuc nghiém.
Mot s6 diém manh cua SMC 1a tinh bén virng
(robust) chong lai cac thay ddi ciia tham sb
mo hinh va nhiéu bén ngoai, ddp tmg nhanh
hoi tu va céch trién khai BDK 1én md hinh
dé dang (Sondarangallage D.A. Sanjeewa &
Manukid Parnichkun, 2022, trang 89-101).
Tuy nhién, khuyét diém cia BPK nay 1a gay
ra hién tugng chattering, tirc 1a khi hé théng
hoat dong lau, dong co s& rat nong, khi hoat
dong lau dai c6 thé 1am ton hai mé hinh.

bong gép chinh cua bai bdo nay bao
gom:

« Piéu khién bam quy dao cho hé thong
RIP bang phuong phap trugt (SMC) trén mo
phong va thuc nghiém.

« Ung dung GA dé nhan dang cac thong
sb hé théng thuc té & Hinh 6 trude khi trién
khai BbK SMC.

Céu tric bai bdo nay bao gom: Phan 1
gidi thiéu vé cac cong trinh nghién ctia mot sd
nhom tac gia trén thé gidi. Ngoai ra, phan nay
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cling trinh bay vé muc tiéu diéu khién va céac
dong gop cua bai bao. Phan 2, mé hinh toan
ctia hé RIP dugc dé cap. Trong phan 3 cua bai
viét, nhom s& thiét ké BDK trugt bAm. Phén 4
gidi thiéu vé phan cimg ma nhom tac gia xay
dung dé 1am thi nghiém. Phan 5 dua ra cac két

qu cho h¢ RIP dugc trinh bay. Phan 6 1a phan
két lue}n cho toan bai viét va hudng phat trién
cho doi tuong nghién ctru nay.

2. Khai quat vé h¢ RIP

2.1. Mo hinh toan hgc hé RIP

Hinh 1 trinh bay vé hé RIP trong khong gian 3D. Phuong trinh dong luc hoc hé RIP la:

1
mpo +ZmpL§, +

2 2
—Zmpr cos a+J,

p .1 . | . :
,B——mprL,cosa.a+EmpL§,smacosa.ﬂaJrEmprL,s1na.a2=T—B,ﬂ (1)

—%mprLr cosa.ﬁ+(Jp +impLijd—impLi cosasina. B —%mprgsina =-B,a (2)

’ T
Trong d6 @ 1a gbéc cia thanh con lac, B 1a goc canh tay, 7 = [T m 0] la vector moment.

Hinh 1. M6 hinh hé RIP

Bang 1. Dai luong hé RIP

Dai lwgng va y nghia

Don vi

m . Trong lugng thanh con lic

L - Chiéu dai thanh con lac m

kg

l,: Khoéng cach tir truc encoder dén tdm thanh rad
con lac
L. : Moment quan tinh cta thanh con lac kgm?
L : Chiéu dai thanh canh tay rad
[ : Khoang céch tur tryc dong co dén trong tam m
thanh canh tay
’ 2
B, : Hé s0 ma st canh tay kgm
B : Hé s6 ma sat con lic kgm?
g Moment xoan dong co Nm
g : Gia toc trong truong m/s?
2.2. M6 hinh dong co DC Bang 2. Thong sé dong co
Mbi quan h¢ gitra moment dong co Pai lugng Pon vi
servo DC va dién 4p theo cong thirc (3): — :
K, V / (rad / sec)
t=-kf-kp+tke (3) Kt V / (rad / sec)
Trong do R Q
K K
=tk =Cpt LKk =, (4) Jm kg.m?
R, R, C N.m / (rad / sec)

Thong s dong co trong Bang 2.
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Trong d6 K, hang s6 moment, K, hang s6
phén dién, R dién tré dong co, C_ h¢ s6 ma sat
nhét, J_moment quén tinh cua rotor dong co DC.



2.3. Hé phuong trinh phi tuyén ciia h¢ RIP v6i ngd vao 1a dién 4p o, ngd ra 1a goc a
thong va f dang ma tran nhu phuong trinh (5):

Ta dugc phuong trinh dong hoc cua hé¢ D(a,ﬂ){Z}C(a,d,ﬂ,ﬁ'){ﬁ+G(a,ﬁ) S (5)

Trong do: —lmprLr cos(ar) merz +%mpr2 —imlef cos(a)’ +J, +k,
D(a,p) = | ) ©6)
(Jp +Zmpr2j _Em”L”L’ cos()
1 . . (1 5 . .
. ' —m,L L sin(a) (& 5 m,L ~sin(a)cos(a) |+ B, +k,
Cla,a,p,p)= | (7)
B, —Zmprz cos(a)sin(a) 52
0
Gla,p)=| 1 : (8)
—Emprg sin(a)
V= [kle O]T )
Dit bién trang thai: dugc dung dé thyc hién md phong hé thong
x=a x,=d x,=f x,=f (10) RIP v6i BPK truot bam.

Bang 3. Thong s6 hé thong sau khi nhdn
Hé phuong trinh trang thai ciia hé c6  dang bang GA

dang nhu sau: P Pai lwong Gia tri
1 2
. m 0.15k
x2=fl(x)+g1(x)e (1) 4 g
%, =x, [, 0.11m
%= fi(x)+g,(x)e J, 8e-05 kgm?
, 0.23 m
Cac ham fi(x), g/(x), f,(x), & (%) B 0.3 kgm?
duoc trinh bay trong Phu luc cta bai bao nay.
: y trong Hu Te cua bai bao Ndy B, 6,6e-04 kgm?
24. Nhgu} dang cac thong so hé thong K 0.09 V / (rad / sec)
Trong phan nay, GA duoc Umg dung dé Kt 0.09 V / (rad / sec)
nhan thong s6 hé RIP trong Hinh 6. Viéc nhan R 8Q
dang thong sb trude khi trién khai BDK 1a rat I 4e-5 kg.m?
quan trong vi c6 mot s6 thong sO nhu ma sat, Cm 0.000048 N.m / (rad / sec)

khoang cach trong tdm rat khé xac dinh. Khi
nhan dang hoan tit, viéc diéu khién tré nén
dang tin cdy. Phuong phap nhan dang duogc
dua trén pseudo-code trong tai li¢u (Nguyen
Van Dong Hai va cong sy, 2015, trang 12-17),
(Trung-Kien Tran va cong su, 2022, trang 28-
36). Thong s6 hé thong sau khi ding GA duoc
cung cép trong Bang 3. B thong sd nay ciing

2.5. BDK trugt bam

Céc mat trugt dugc dinh nghia nhu
Hinh 2
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Hinh 2. Cdu tric diéu khién truweot cho RIP Hinh 3. Cdu triic ciia cdc mdt trueot Waijung
Waijung 1 (STM32 target). 1 (STM32 target).

SSI

s2
s1
SMmc U, Plant
Control law| | T
el e2 e3 e4

Diéu khién trugt bam quy dao hé RIP, ta can dit ra cac gia tri dat cho cac bién trang thai

cua hé thong nhu sau: T

X, = [xld X0 X3a x4d] (12)
Sai sb giita trang thai thyc va trang thai mau cua hé la: e=x,-x,voi(i=1,2,3).

Dua vao Hinh 3, cac mat trugt s& 1an luot duoc dat nhu (11). Trong do ¢,, ¢,,c,,c, 1a
tham s6 can tim ki€m théa tiéu chuan Hurwitz.

s, =ce tcye,; s, =5 +ce; s; =S5, +ce, (13)
Dao ham cac mat truot theo thoi gian t:

§ =06 +6,6 =¢ (X —x,)+c, [f1 (x)+g (x)y —)'czd:l (14)

$, =8 +¢8 =¢ (X, — X, )+, [fl (x)+g (x)u, —)'CZd:|+c3 (x, —%5,) (15)

$, =5, +¢,8, =¢ (X, — X, )+¢, [fl (x)+g (x)u, —5c2d]+
+c, (x4—)'c3d)+c4 [fz ()c)+g2 (x)u3—)'c4d]

Muc tiéu diéu khién thanh canh tay bam quy dao dit trong khi giit cho con lic ludn & vi
tri can bang x,, =x,, =x,, =0

(16)

Dié¢n ap diéu khién cho tirng mat truogt:
u =, (17)

Véi(1=1,2,3), U, ladién ap gilr cac trang thai trén mat trugt twong ung, u,,,, la dién
ap kéo cac trang thai vé mat truot twong Ung.
Cho s, =0, ta duoc cac phuong trinh (18), (19) va (20) nhu sau:

B —(clx2 + czf,(x)) (18)
“ g (x)
—(c](xz—)'cld)+czﬁ(x)+c3(x4—x4d) (19)
M2 = g (x)
_—(clxz+czf1(x)+c3(x4—x4d)+c4(f2(x)—)'c4d) (20)

eq3 -

.8, (x) +c,g, (x)

Tin hiéu diéu khién dugc tim theo nguyén Iy 6n dinh Lyapunov. Pinh nghia ham Lyapunov
dugc chon s€ lién quan dén mat trugt s.:

1,
V= 55 (21)

Dao ham V theo thoi gian t, ta duoc: . .
V=s.s, 22)
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V6i thanh phan dao ham dugc trinh bay trong phuong trinh (23)
s, =ce +ce +ce +ce, (23)

=c.X, +c2(f](x)+ g, (x)(usw3 +ueq3))
+c,(x,—x,,)+c, ((f2 (x) + g, (x)(um + uqu)) — )'64d)

:cl(x2 —)'cld)+czﬁ(x)+cs(x4 —x4d)+c4(f2(x)—x4d)
+ (czgI (x) +c,g, (x))ueq3 + (czg1 (x) +c,g, (x))usws
Thay thé trong (20) vao (23), ta dugc
S, = (czg1 (x) +c,g, (x))usw3
Theo nguyén 1y q(x)n dinh ‘cﬁa Lyapunov, do V'1a ham )féc dinh duong, nén  bit budc phai
la ham xac dinh am d¢é thoa di€u kién on dinh cua tiéu chuan.
Do d¢, ta dat:

(24)

. . *§3 =—k5'3 _ﬂSign(Ss) (25)
Véi k,n 1a nhitng hang s6 duong
Két qua thu duoc:
V(t)zs3 (—k93 —nsign(s3))=—ks32 —1ls;| <0 (26)
thoéa min nguyén 1y 6n dinh cta Lyapunov.

Khi ay, ta co: ks, — psign (53)

g, (x)+c.g(x)

C6 thé thay, U, =U,,, +1,,, dam bao cho mét truot s, tién vé khong va on dinh khi £ — o0, Khi

Ay cac mit trugt s, va s, cling tién vé khong va on dinh. Cac sai s quy dao e, (i=1L 4)s& tién
ve khong.

(27)

SW3

Nhu vay, tin hiéu diéu khién bang BDK truot 1a phwong trinh (28) ¢ dang sau:

u= u3 = ueq3 + usw3 (28)

Véiu , va U duogc tinh ¢ (20) va (28).

2.6. H¢ thong thuc nghiém

B0 thu vién Waijung phién ban 1 (waijung blockset library version 1) dugc nhom tac gia
st dung dé diéu khién hé thong thuc Hinh 4. Huéng dan cach tich hop thu vién Waijung vao
Matlab/Simulink dugc thuc hién boi Tién sy Tran Bic Thién (Truong Dai hoc Su pham K§
thuat TPHCM) tai dia chi https://www.youtube.com/watch?v=aEh1S XN87w. Khi thuc hi¢n
thi nghiém, chiing ta can luu y ring bo thur vién nay chi hd trg Matlab tir phién ban R2009a dén
R2018a (Waijung).
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Hinh 4. H¢ thong thuc nghiém RIP

3. Két qua va thao luin

3.1. Két qua mé phéng

Trong phan nay, két qua mo phong diéu
khién bam quy dao cho trudc bang giai thuat
trugt bam dugc trinh bay. Thong sé6 BPK
trugt bam duoc lya bang phuong phap thir sai
Hinh 5. Chuwong trinh mé phong diéu khién

hé RIP bam quy dao bang gidi thudt trieot

EIHEIERIE]
s

x4d_dot
x3d

\—. x4d

Trwong hop 1: Bam quy dao xung

Hinh 7. Thiét ldp quy dao sin trén phan mém
Matlab/Simulink

Block Parameters: Sine Wave2
O(t) = Amp*Sin(Freq*t+Phase) + Bias

Sine type the comp: que used. The
parameters in the two types are related through:

Samples per period = 2*pl / (Frequency * Sample time)
Number of offset samples = Phase * Samples per period / (2*pl)

Use the sample-based sine type If numerical problems due to running
for large times (e.g. overfiow In absolute time) occur.

Parameters

Sine type: Time based

Time (t): Use simulation time

Amplitude:

3

Bias:

o

Frequency (rad/sec):
2*pl/12

Phase (rad):

o

Sample time:
0.01
@& Interpret vector parameters as 1-D
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Thanh phan trong Hinh 4:
Thanh canh tay
Dong co Nisca NF5475 voi encoder 200 ppr
Nguén xung
Kit STM32F407 Discovery
CP2102
Cdm bién encoder thanh con ldic
Thanh con ldc
Dién tro keéo lén
Mach diéu khién dong co IR2184
bao gém: c, =48, ¢c,=714;,¢c,=-437,¢,=
-1.2;k=90; 7=0.3
Bén canh d6, nhiéu ngd vao ciing dugc
thiét 1ap nhu Hinh 6 dé lam tang d6 tin cay
ctia BDK khi c¢6 nhiéu tac dong.

Hinh 6. Thiét ldp gid tri ciia nhiéu ngé vdo
trén chwong trinh mo phong

Block Parameters: Random Number! )
Random Number

Output a normally (Gaussian) distributed random signal. Output is
repeatable for a given seed.

Parameters
Mean:

P
Simulation1 E

Variance:
100
Seed:
666

Sample time:
0.1

@ Interpret vector parameters as 1-D

Hinh 8. Khoi xén séng sin dé tao
quy dao xung

E Block Parameters: Saturation1
Saturation
Limit input signal to the upper and lower saturation values.

Main  Signal Attributes
Upper limit:
2

Lower limit:
-2

Treat as gain when linearizing

Enable zero-crossing detection



Hinh 9. Két qua mé phong dép vmg con ldic
can bang khi canh tay bam quy dao xung

Hinh 10. Két qud mé phong dép ieng thanh
canh tay bam quy dao xung

£ 4
E ——Goc léch thanh canh tay (rad)
= 0.2f - = Qiy dao
2 2
c 01
8
S 0
c
©
= -0.1
5" 2|
¢2-
o 0.2
-° { | 1 -4 | |
@ o 05 1 1.5 2 0 0.5 1 15 2
Time (s) Time (s)
Hinh 11. Pién dp cdp — on
mn . Dien ap cap __ 200
=
o 100
8
o o
~©
5. -100
&
200
-300 L
(1] 0.5 1 1.5 2
Time (s)

Truwomg hgp 2: Bam quy dao hinh sin

Hinh 12. Két qud mé phong dép iing con cdn
bang khi canh tay bam quy dao song sin

=
Yy

&

Géc léch thanh con I4c (rad)
(=]

0.5 1 1.5 2
Time (s)

(=]

Hinh 13. Két qua mé phong dép ieng thanh
canh tay bam quy dao song sin
ééc léch thanh ‘cénh tay (rad)

- — ‘Quy dao
N R/
\

Time (s)

Hinh 14. Di¢n dp cip 200/

Bién ap cap (V)

3.2. Nhan xét két qua mé phong

Phan 3.1 di trinh bay cac két qua tir
Hinh 9 dén Hinh 14. Két qua mo phong trong
truong hop 1 cho thay rang khi thanh canh tay
bam quy dao xung thi thanh con lic van hoat
dong can bang. Bién d6 16n nhat cta thanh con
lac 14 [-0,2; 0,2] rad. Nhin ki Hinh 10, két qua
bam cua thanh canh tay chua thuc sy tdt do su
thay doi quy dao qua dot ngdt, tuy nhién thanh
canh tay van bam theo quy dao dit. Ngoai ra,
dién ap cap trong qua trinh hé théng hoat dong

1 1.5 2
Time (s)

cling dugc cung cap trong Hinh 11. D6i véi
truong hop 2, goc canh tay Hinh 13 bam theo
quy dao dit hinh sin nhung van con léch so
v6i quy dao mong mudn. Hinh 12 cho ta thay
rang trong qua trinh thanh canh tay bam theo
quy dao dat thi thanh con lic hoat dong 6n
dinh. Bién d dao dong 16n nhat cua thanh con
lic 1a [-0,15; 0,15] rad. Pién ap cap trong qua
trinh hé théng hoat dong ciing duoc cung cip
trong Hinh 11.

Thong qua hai trudng hop, ta thdy rang
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diéu khién bam cho hé RIP bang BPK truot
bam cho két qua bam tbt, con lic can bang
hudng 1én va BPK c6 tinh bén viing cao, khir
duoc nhiéu tir moi trudng.

3.3. Két qua thwe nghiém

Trong phan nay, két qua thuc nghiém
diéu khién bam quy dao cho trudc bang giai
thuat truot bam duogc trinh bay. Thong sb
BDK trugt bam dugc lya chon theo phuong
phap thir sai bao gom:

¢, =023;¢c,=-12;¢c,=4,2;¢c,=2,3;k
=0, n=-17

Quy dao dé xuat trong phan thuc nghiém
nay bao gdm song sin va xung vudng. Song

Hinh 15. Két quad thyc nghiém con ldc can
bang khi thanh canh tay bam quy dao

(-]

D
-

Géc léch thanh con I4c (rad)

sin ¢6 bién la +0.5 rad, xung vudng co6 bién do
1a + 0.5 rad. Chuong trinh diéu khién hé thong
RIP thuc nghiém duogc 1ap trinh trén Matlab/
Simulink bang bo thu vién Waijung phién ban
1 duoc trinh bay trong Hinh 18. Tac gia da
quan sat dong co va nhan thay rang dong co
néng dan theo thoi gian do tac dong cua hién
tuong chattering. Chinh vi thé, tham s6 77 can
duoc quan tam lya chon dé giam thiéu t6i da
hién twong nay. Tham s6 7 néu tiép tuc giam
(so v6i -17) thi dong co s€ nhanh chdong bi
néng hon d6i voi hé thong RIP ma nhom tac
gia xay dung. Hinh 15-17 1a két qua trién khai
BDK SMC 1én phan ctng Hinh 4.

Hinh 16. Két qua thire nghiém ddp iimg
thanh canh tay bam quy dao

-0.4 Géc 18 e
6c léch thanh canh tay (rad) |
- — Quay dao |
-0.6
2000 4000 6000 8000 10000

Time (ms)

-2
-3
(1] 20100 40.00 60.00 80l00 10000
Time (ms)
Hinh 17. Dién dp cap trong
qud trinh hoat dong = |
o
& -10f
@
-20
-30

2000 4000 6000 8000 10000

Hinh 18. Chuwong trinh diéu khién hé théng RIP thie nghiém dwoc lap trinh trén Matlab/

Simulink bang bé thw vién Waijung phién ban 1

Waijung: 18.10a
M
Auto Complle Download: ON
Full Chip Erase: OFF
o "

run app:
Execution Profiler: None
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DMA Buffer:
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singlo
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3.4. Nhin xét két qua thyc nghiém

Hinh 15 dén Hinh 17 trinh bay két qua
thuc nghi¢m trong truong hop séng sin cho
thay rang khi thanh canh tay bam sat quy
dao xung thi con lic van hoat dong can bang
quanh vi tri thing dung huéng 1én. Dbi vai
truong hop xung vudng, goc canh tay bam
sat theo quy dao dat hinh xung vuong. Hinh
18 cho ta thay rang trong qua trinh thanh
canh tay bam theo quy dao dat thi thanh
con lac hoat dong 6n dinh quanh vi tri can
bang. Dién ap cép trong qua trmh hé thng
hoat dong ciing dugc cung cap trong Hinh
17. Két qua thuc nghiém cho thiy rang hé
théng bam quy dao dat tot, canh tay hoat
dong quanh vi tri can bang vai bién do hoat
dong nho trong sudt qua trinh canh tay bam
theo quy dao dait.

4. Két luan

Phuong phap diéu khién bam bang giai

thuat truot duge trién khai thanh cong trén h¢
RIP trong md phong va thyc nghiém bang mo
hinh thuc. Muc tiéu thanh con lic can bé‘mg
trong khi canh tay ctia h¢ bam theo quy dao
dat mong mubn duoc hoan thién va thé hién
qua cac két qua mod phong va thuc nghiém.
Nhu dd néu ¢ phan gidi thiéu vé khuyét diém
ciia BDK SMC va phan nhan xét két qua thuc
nghiém, hién twong can duoc quan tdm va han
ché khi tmg dung SMC dé diéu khién cac hé
théng khac. Giai quyét khuyét diém nay ciing
la huéng phat trién. Nhém tac gia dé xuat
dung ham saturation (sat) thay vi ham sign
hoic logic mo (fuzzy) khi thiét ké BDK SMC
dé han ché hién chattering.

5. Loi cam on

Nhoém téc gid xin gui 101 cdm on TS.
Nguyén Vin Dong Hai (Khoa Dién - Dién tir,
Pai hoc SPKT TPHCM) di huéng dan, gop v
dé chung t6i hoan thanh nghién ctru nay
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PHU LUC

fl = -(16*Bp*Jr*x2 + 16¥Bp*k3*x2 - 2*Lp"3*g*mp”2*sin(x1) + 4*Bp*Lp"2*mp*x2 + 16*Bp*Lr"2*mp*x2 +
2*¥Lp"3*g*mp”2*cos(x1)"2*sin(x1) - 4*¥*Bp*Lp 2*mp*x2*cos(x1)"2 - Lp4*mp”2*x4"3*cos(x1)*sin(x1)
- S¥Lp*Lr"\2*g*mp”2*sin(x1) - 8*Jr*Lp*g*mp*sin(x1) + Lp 4*mp”2*x4"3*cos(x1)"3*sin(x1) -
8*Lp*g*k3*mp*sin(x1) + 4¥Lp 2*Lr"2*¥*mp”2*x2"2*cos(x1)*sin(x1) - 4*Lp"2*Lr"2*mp”2*x4"3
*cos(x1)*sin(x1) + S*Lp*Lr*k2*mp*x4*cos(x1) - 4*Jr*Lp 2*mp*x4~3*cos(x1)*sin(x1) - 4*Lp"2
*k3*mp*x4°3*cos(x1)*sin(x1) + 8*Br*Lp*Lr*mp*x4*cos(x1) + 4*Lp"3*Lr*mp”2*x2*x4*cos(x1
A2*sin(x1))/(16*¥Ip*k3 + Lp™4*mp~2 + 16*¥Jp*Jr - Lp™4*mp”2*cos(x1)"2 + 4*Lp"2*Lr"2*mp"2 +

p p p p p p p p

4*Jp*Lp"2*mp + 16*¥Ip*Lr"2*mp + 4*Jr*Lp " 2*mp + 4*Lp 2*k3*mp - 4*Lp " 2*Lr"2*mp”2*cos(x1)"2
- 4*Jp*Lp"2*mp*cos(x1)"2)

f2=-(16*Br*Jp*x4 + 16*Jp*k2*x4 + 4*Br*Lp"2*mp*x4 + 4*Lp"2*k2*mp*x4 + 2*Lp 3*Lr*mp”2*x2"2*sin(x1)
- 2*Lp"3*Lr*mp”2*x4”3*cos(x1)"2*sin(x1) - 4*Lp"2*Lr*g*mp”2*cos(x1)*sin(x1) +
8*Ip*Lp*Lr*mp*x2/2*sin(x1) + 2*Lp 4*mp”"2*x2*x4*cos(x1)*sin(x1) + 8*Bp*Lp*Lr*mp*x2*cos(x1)
+ 8*Jp*Lp"2*mp*x2*x4*cos(x1)*sin(x1))/(16*Jp*k3 + Lp4*mp”2 + 16*Jp*Jr - Lp~4*mp”2*cos(x1)"2
+ 4*Lp"2*Lr"2*mp”2 + 4*¥Jp*Lp™2*mp + 16*Ip*Lr"2*mp + 4*Jr*Lp"2*mp + 4*Lp"2*k3*mp -
4*Lp 2*¥Lr"2*mp”2*cos(x1)"2 - 4*Jp*Lp”2*mp*cos(x1)"2)

gl = (8*Lp*Lr*kl*mp*cos(x1))/(16*¥Jp*k3 + Lp™4*mp™2 + 16%Jp*Jr - Lp4*mp” 2*cos(x1)*2 +
4*¥Lp " 2*¥Lr2*mp™2  + 4*¥Jp*Lp™2*mp + 16*¥Ip*Lr"2*mp + 4*Jr*Lp™2*mp + 4*Lp"2*k3*mp -
4*¥Lp"2*Lr"2*mp”2*cos(x1)"2 - 4*Ip*Lp”2*mp*cos(x1)"2)

g2 = (4*k1*mp*Lp"2 + 16*Jp*k1)/(16*Jp*k3 + Lp™4*mp”2 + 16*Ip*Jr - Lp 4*mp” 2*cos(x1)"2 +
A*Lp™M2*¥Lr"2*mp™2 + 4*¥Jp*Lp2*mp + 16¥Jp*Lr"2*mp + 4*Jr*Lp™"2*mp + 4*Lp"2*k3*mp -
4*Lp " 2*¥Lr"2*mp”2*cos(x1)"2 - 4*Jp*Lp”2*mp*cos(x1)"2)
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