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Tom tat:
Bai bao trinh bay mét phuong phap diéu khién xe tu hanh bam qui dao bang cach st dung cau trac hai
mach vong diéu khién phan hai vi tri va phan hoi téc do; mét co cdu uéc lugng nhiéu mach vong dong
lyc hoc. Phuong phap udc lugng nhiéu dua trén nguyén tac t6i uu sai léch véi mo hinh mau. Cac két qua

mo phdng trén Matlab cho thay hé én dinh, chat lugng diéu khién bam tét, loai bé dugc anh hudng cua
nhiéu dau vao va tham s6 bat dinh mé hinh.

Tu khoa:
Xe tu hanh, bam quy dao, 6n dinh Lyapunov, udc lugng nhiéu dau vao.

Abstract:

This paper present the trajectory tracking problem of wheel mobile robot, the control system is separated
into two feedback loops, for both kinematic and dynamics, using a disturbance observer based on
time receding optimal. The proposed control schema is simulated by Matlab, the results show that the
system is stable and the quality is good, ability to cancel the effect of the input disturbances and system
uncertainties.

Key words:
Wheel mobile robot, Trajectory tracking, Lyapunov stability, input disturbances observer.

1. GIGI THIEU CHUNG quan tdm nghién ctru cia nhidu nha khoa hoc, cong
. nghé [1-3]. Mic khac, diéu kién lam viéc cta cac
Xe tu hanh (Wheel Mobile Robot -WMR) thudc ghe | . ] . o i o
160 d&i 1 hi tuvén, thid 5 chin hinh xe tu hanh thuong chiu anh hudng 16n boi cac yeu

0i tuon i tuy€n, thi€u co cau chap han P o L. . ]
op ’ g P Y ) ~ p’ . t0 ngoai canh nhu tham so bat dinh, mé hinh kho
nonhonolomic. WMR véi uu diém 1a ¢6 két cau , . , T n 2.
] . . L . xac dinh chinh xac, diéu ki¢n lam viéc thay doi,
don gidn, chac chan, hiu ?]“lat ning lugng cao ngoai lyc tir moi trudong tac dong. Khéc phuc anh
duoc ung dung ngay cefng nhiéu trong céc Iinh v huong cta cac yéu té trén théng thuong cd mot sd
nhu: thiét bi van chuyén hang hoa trong nha may, gidi phap nhu thiét ké bo didu khién c6 st dung

cong xuong, xe do duong, tim kiém vat li€u chdy 1340 ng ron dé xép xi cac yéu t6 bat dinh mé hinh,

n6 hay trong méi truong doc hai, nguy hiém. Do
d6 bai toan thiét ké diéu khién cho céc xe tw hanh
doéng vai tro quan trong trong viéc ddm bao d6 tin
cay va chinh xac cho hé thong. Piéu khién xe ty

hanh bam quy dao dat 1a d& tai thu hat duoc sy

didu khién thich nghi [4-6]; sir dung bd udc lugng
nhiéu dé bu khi thiét ké bo diéu khién. Viéc thiét ké
thuét toan diéu khién ciing nhu co cau udc lugng
cang don gian, khdi luong tinh toan it thi cang dé
thyc thi va dua vao tng dung trong thuc té.
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Trong bai bao nay, tac gia da dé xuit mot co cau
udc luong cod cAu triic don gian, tbe do udc luong
nhanh, hiéu qua khi h¢ c6 thanh phan bat dinh hodc
c¢6 nhidu tac dong vao hé thong. Bo diéu khién dam
bao chat lwong 6n dinh bén vimng véi cac yéu tb
bt dinh va nhidu tac dong. B cuc bai bao chia
thanh cac phan: Phan dau 1a giéi thiéu chung, phan
2 trinh bay vé mé hinh xe tw hanh. Phan 3 thiét ké
thuat toan diéu khién cho mach vong dong hoc,
dong luc hoc, thiét ké bd udc lugng nhidu. Tiép
theo 13 mé phong phén tich két qua va két luan.

2. MO HINH XE TU HANH

Hinh 1 minh hoa m6 hinh xe tu hanh ba banh véi
céc thong s6: 1 12 ban kinh banh xe, b 1a mot nira
ctia khoang cach giira 2 banh sau cia xe. Xe gin
trén hé toa do ¢b dinh OXY, MXy lIa hé toa do cuc
bo dat trén than xe. Goc 8 1a goc quay cua truc X
s0 vai truc X, goi la goc hudng cua xe. Nhu vay, vi

tri cia xe duoc xac dinh boi vector toa dd

q=[x y 0F.

Y
f 3 Y’
T X'
< 7 -
rL\ [
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y
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0 x X

Hinh 1. M6 hinh xe tu hanh ba banh

Goi v la van toc tinh tién va @ 1a van toc quay,

phuong trinh dong hoc cta xe [11]:

cosd O
g=|sin0 0 {U}S(q)z (1)
q =54

0 1

Khi xe chuyén dong lin khong truot thi didu kién

rang budc nonholonomic la:

Xsin@ — ycosd =0 ()
Mo hinh dong lIuc hoc cia WMR [11]:
mi — Asinf — %(TR +7.)cosf =0
mi+ Acosf —%(Z'E—F 7.)sind=0 (3)

J&——(rR 7,) =0

Trong d6: m, J 1an luogt 1a khéi luong va mé men
quan tinh twong tng cua xe.

Tg,T,: momen cua dong co banh phai,

banh trai. Hé s6 luc rang budc Lagrange
A =—mb(icosh+ ysinf). Biéu dién dudi dang

vector:

Mg =E(q)T — A" (¢)\ €]

Vi cac ma tran:

m 0 0 —siné
M=l0 m 0| A (¢9)=| cosd
0o 0 J 0

cos@ cosd

E(q)=—|sin@ sind |,

Pao ham 2 vé phuong trinh (1) ta co:
G="5(q)v+S(q)¥ (5)

Thay (5) vao cong thirc (4), nhan 2 vé véi S ! (q):

S"(q)MS(q)v+ S" (q)MS(q)vg

_qr T T (6)
=S (QE(@QT—S (94" A

Do: 8" (q)MS(q)=0;S"(q)4" (g)=0, rit gon

mO0f -_ 1|1 1 )
(6) va dat: M = 0 j],E— ?‘[b _b],taduqc.
v M IEI (7)

Xe hoat dong trong méi truong thyc té can tinh dén
cac yéu td bat dinh nhu thay déi vé khéi luong, mo
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men; nhiéu ngoai tac dong do ma sat, sai léch md
hinh. Gia st 7, 13 tap hop thanh phan nhiéu va bét
dinh cua hé thi mé hinh dong lyc hoc cia xe dugc

biéu dién nhu sau:

v=M"E(t+1,) (8)

3. THIET KE BO PIEU KHIEN

Diéu khién xe tu hanh st dung cAu tric hai mach
vong diéu khién: mach vong ngoai 1a dong hoc
diéu khién vi tri, mach vong dong luc hoc bén
trong diéu khién bam toc do. Tin hiéu diéu khién
cho timg mach vong diéu khién duoc thiét ké dé

dam bao tinh 6n dinh Lyapunov.
3.1. Mach vong ddng hoc

Nhiém vu bé diéu khién mach vong ngoai la triét
tiéu sai 1éch vi tri, dua ra tin hiéu dat cho mach
vong diéu khién tdc d6 bén trong. Phuong trinh sai
s6 quy dao [11]:

e cosd sinf@ Oflx —x
e, =|e |=|-sin€@ cosd Oy, -yl (9)
e, 0 0 1]6-6

. T
Véi g, =[x, VY, 49,] la toa d0 quy dao mong

muon, va v ,®, la tdc d0 mong muodn twong tng.

Lay dao ham hai vé phuong trinh (9) va thyc hién

¥

Thiét ké bo diéu khién cho mach vong dong hoc

mot vai phép bién doi ta co:

L, cose, -1 e

¢, =| v sine; |+ 0 —e
[0) 0 -1

”

(10)

dwa trén ham diéu khién Lyapunov. Chon ham
Lyapunov xac dinh duong:

1-cose,

1
V=5(ef+e§)+T (11)
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Pao ham theo thoi gian ham V:

; é sine
_ . . 3 3
V=ee +ee, +——

(12)

2
Thay (10) vao (12):

V =e,(v,cose, —v+e,0)

(13)

. sine
+e,(v, sine, —ew) +

(0, - )
2

Chon tin hi€u diéu khién v, cua mach vong ngoai

nhu sau:

v.coses T ke

U= . (14)
w w, t ke, + ksv.sines

fU:
—c

Thay (14) vao cong thic (13) ta thay:

. 2
Vo ke - RavSine (15)

2
Véi cac tham s6 k,,k,,k; la cac hang s6 duong thi
hé kin 6n dinh Lyapunov, cac bién sai 1éch vi tri
khi do s& hoi tu vé 0: lime, (¢)=0.

=00

3.2. Mach vong dong luc hoc

Thiét ké bo diéu khién cho mach vong diéu khién
dong luc hoc khi hé chiu tic dong ciia nhidu. Goi
e, 1a vector sai léch toc do, c6 phwong trinh sai
léch toc do:

é,=v—v, =M"'E(T+71,)—7, (16)

é,=B(T+T1,)—7, (17)

Vé6i B=M"'E, va v. la tin hiéu dit tr mach
vong diéu khién ngoai. Chon tin hiéu diéu khién
cho mach vong trong nhu sau:

T=-B"(Ke,—v.)~1, (18)

Trong d6 7, 1a gié tri uéc lugng thanh phan nhidu
7, nhu so d6 Hinh 2. Thay (18) vao (17), ta co
duoc:
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¢, =B(—B'(Ke,—v,)—%,+7,)— V.
(19)

é :_ng _fd +Id

Vé6i K 1a ma trin hing sé xac dinh duong.

Nhin vao phuong trinh (19) ta thiy khi thanh phan
ude luong 7, ~ , thi lime, (1)=0, sai léch toc
do sé ve khong, dam bao tinh 6n dinh cho mach
vong trong. Bay gio chi can xac dinh dugc thanh
phﬁn fd .

Thiét ké bo udc lugng thanh phan nhiéu cho hé ¢o
mo hinh (17) dya trén nguyén tic t6i uu sai léch
voi md hinh mau thuat toan nhu sau [12]:

- Chia cac khoang dich chuyén cach déu nhau T
trén truc thoi gian t: ¢, = k7T, ,k =0,1,...

Tai nhitng thoi diém xAp xi thanh phan nhidu
Ta, R Tq(4), dé dam bao ¢, = kT, didu kién:

‘fdk —74(2, )‘ — min

Theo phuong trinh Euler: v(t,)~ % , tr
phuong trinh (8) ta cé: ’
y"'_ﬂy’“ 2 B(t+7u— 1) (20)
v~ +TB(t+r, — 7, ) @1
- Chon m6 hinh mau: z=B(1 —7,)
zi= i, +TB(T -7, ) (22)

- Sai léch gitra m6 hinh thyc va mé hinh mau khi

do sé€ la:

v, —z=v,_,~% ,t1TBr, (23)
bat:

6,=v,,—2, ,TT.Br.=0 (24)

V61 muc tiéu mong muén sai 1éch 0, lanho nhat,
tic 1a binh phuong sai 1éch ciing 14 nhé nht, ta
dat:

Jk - éi ék
=W —Zia + Y:Bsz )T(Ek—l —Zia+ TSBIdk )
? G (T'B'B) 4 2y z) TB,

+(Vi — 24y )T (Vis —Z41)

(25)

Tiép theo can tim Ty, dé J, l1a nho nhét. Tuc
la: £, =argminJ,, khi d6 dua v& bai toan tim
nghiém toi vu va tim xac dinh dugc thanh phan
uoc lugng la:

f4q =(T.B"B) 'B"(vs , —241) (26)

Cac budc thuc hién thuat toan udc lugng nhu sau [13]:

B.1: Ma tran B(v) 1a ma tran du tai moi diém
trang thai, tic 1a luén thoa man: rankB(v,)=n.
Tai cac thoi diém ¢, = kT, 1a lac 7, s& duoc udc
lugng xép xi thanh 7, ~ 7, (t:).

B2:Tychon z y va 7, ,gin V1= 0,k=0
B.3: Do trang thai Vx = V(%) tir h¢ thong va tinh:
A =15, 4 =1,

B, =T.B(v,) 2= Az +B (-1, )
o, =(BiB Bl (v —zi + Az — A vi )

B.4:Pua 7 -7 7, vao mach vong diéu khién, véi
7 1a tin hiéu diéu khién da duoc chon trong cong
thirc (21). Nhu vay, sau khi c6 khau bu thi tin
hi€¢u dua vao mach vong dong luc hoc chinh la:
T—Tq+Ta

B.5: Gan: k =k 41 va quay vé B.3.

=
1=

- B6 diéu khién M hinh
dong luc hoc ddng hec hoc :|

| Co céuude
lwong nhifu i—‘

Hinh 2. C4u tric diéu khién mach véong
déng luc hoc c6 bu nhiéu
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CAu trac diéu khién toan bo hé théng duoc mé ta
trong Hinh 7.

4. KET QUA MO PHONG

Chon céc thong so cua xe ty hanh nhu sau:

r=0.025m,b =0.075m,
m=1.08kg,J =0.818 kg / m*

Thyc hién md phong trén phin mém Matlab/
Simulink dé kiém chung thuét toan véi hai trudng
hop quy dao khac nhau, tic dong tin hiéu nhiéu
N . T .
dau vao la 7, =[20$1n 3t, 20C053t] ; tham so
b6 diéu khién: k, = 0.001;k, = 3;k, =1000
K =[1000 0;0 50]

- Thir nghiém véi quy dao thing:g =[2+21.-1+£,0] ,
diém ban dau q,= [1,—1,0]T . Puong dac tinh quy
dao thyc (duong nét lién mau xanh) bam sat quy
dao dat (duong nét dat mau do) nhu ¢ Hinh 3,
nhu vy xe di chuyén luén bam sat véi quy dao
dat trude.

ylm]

xm]
Hinh 3. Xe bam quy dao thing

- Thtr nghiém véi quy dao tron:

T
q = [cos 0.12572,sin 0.125m,%+ 0.125m}

Pic tinh quy dao Hinh 4 cho thiy véi diém dit
\ T T

ban dau ¢, =[%,Y0:0] =[L0,7/2] thi duong

ddc tinh quy dao cua xe nam chong kin 1én dic

tinh quy dao dat. Khi dwa mot tin hidu nhidu dau

(ISSN: 1859 - 4557)

vao dang hinh sin thi b diéu khién cta hai mach
vong trong cong thirc (14) va (18) van dam bao xe
bam quy dao tét, gan nhu khong bi anh hudng boi
nhiéu tac dong.

Tién hanh thir nghiém ting dan bién d6 nhiéu
thi chat luong bam van tét, hé 6n dinh bén vimg.
Tuong tu nhu vay, khi thay dbi thong s (khdi
luong, mé men) cia WMR, quy dao xe van bam
quy dao dat nhu cii, bo diéu khién dap tng cac chi
tiéu cht lugng.

y[m]

x[m]

Hinh 4. Xe bam quy dao tron

Uoc luong d1
> & o < > B
T T T

o
T

-20

Hinh 5. Nhan dang thanh phan nhiéu 7,
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20

Uoc luong d2
o

Hinh 6. Nhan dang thanh phan nhiéu
5. KET LUAN

Bo diéu khién dé xudt trong bai bao két hop véi
bd udc lugng thanh phan nhiu dau vao cho chit

luong diéu khién bam tbt voi ca hai truong hop
quy dao thang va quy dao tron. Bo diéu khién thiét
ké dap tng tinh 6n dinh cho toan hé thdng, 6n dinh
bén viing voi su thay doi cua cac yéu t6 bat dinh.
Bén canh d6 viéc chinh dinh tham s6 bo diéu khién
cling don gian. Co cau udc luong nhan dang nhiéu
nhanh, chinh xac, da loai bé dugc anh hudng cua
nhidu ca khi c6 bién do 16n.

XAC NHAN

Céng trinh nghién cdu nay da dugc Trudng Dai
hoc Dién luc tai trg théng qua dé tai nghién ciu
khoa hoc cdp truong ndm 2023, ma sé dé tai:
DTKHCN.07/2023.

q- . .| & 5o | % e ek z v
- Céng thic » Bo dicu khién B& diéu khién WMR. Sta)
_ @ déng hoc (14) _ | déng luc hoc (18) :|
Co céu wde
lrong nhifu ‘—‘

Hinh 7. So dé khdi cau tric hai mach vong diéu khién
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POLICY PROPOSED FOR RENEWAL ENERGY MARKET IN VIETNAM BASED ON EPM MODEL
DE XUAT CHINH SACH CHO THI TRUGNG NANG LUGNG TAI TAG TAI VIET NAM DUA TREN MO HINH EPM

Nguyen Thuy Ninh", Chu Van Tuan”, Duong Chau Sam®?

MElectric Power University, ®Thanh Dong University
Ngay nhan bai: 02/05/2024, Ngay chap nhan dang: 27/06/2024, Phan bién: PGS.TS. D6 Anh Tuén

Abstract:

Vietnam is a developing country with a high growth rate, so the demand for energy increases with the
amount of greenhouse gas emissions. To realize the dual goal of ensuring a parallel growth rate with the
decarbonization of the economy, Vietham has been accelerating the transition to energy balance with all
resources, while enhancing cooperation and support from development partners. According to Vietnam'’s
Eighth National Power Development Plan, the goal is to gradually reduce electricity using fossil fuels,
giving priority to the development of renewable energy, new and clean energy. The development of
mechanisms and policies for renewable energy development must be built continuously and in the long
term, ensuring a fair energy transition, and meeting the country’s sustainable development requirements.
However, at present, there is still no comprehensive approach to support strategic planners to develop
specific policies and mechanisms to promote renewable energy through the interaction of members,
towards the electricity market innovation ecosystem and ancillary services. This article analyzes the
structure of Vietnam’s electricity market, and its relationships, how members interact with each other,
proposing policies for the renewable energy market in Vietnam and by Ecosystem Pie Model (EPM).

Keywords:

Policy, renewable energy, Ecosystem Pie Model (EPM), visual strategy tool, innovation ecosystem,
electricity market.

Tom tat:

Viét Nam la quéc gia dang phat trién véi téc do tang trudng cao, do d6 nhu cau nidng lugng ngay cang tang
cung véi lugng phat thai khi nha kinh. D€ hién thuc hdéa muc tiéu kép vira ddm bao téc do tang truéng
song song véGi qua trinh phi cacbon hda nén kinh té, Viét Nam da va dang day nhanh qua trinh chuyén dich
€0 cau nang lugng theo huéng can d6i moi nguén luc, dong thai tang cudng hop tac va ho trg ti cac déi
tac phat trién. Theo Quy hoach phat trién dién luc quéc gia lan tha VIl cha Viét Nam, muc tiéu la tiing budc
giam dién than, uu tién phat trién nang lugng tai tao, nang lugng mdi, nang lugng sach. Viéc xay dung co
ché, chinh sach phat trién nang lugng tai tao can dugc xay dung lién tuc va dai han, dm bao qua trinh
chuyén déi nang lugng cong bang, dap (ing yéu cau phat trién bén viing ctia dat nudc. Tuy nhién, hién nay
van chua c6 moét cach ti€p can toan dién hoé trg cac nha hoach dinh chinh sach chién lugc xay dung cac
chinh sach, ca ché cu thé thuc ddy nang lugng téi tao thong qua su tuong tac clia cac thanh phan trong hé
théng nang lugng, huéng téi hé sinh thai d6i mai thi trudng dién va dich vu phu trg. Bai bao phan tich cau
trdc thi trudng dién Viét Nam, méi quan hé va su tuong tac gilta cac thanh phan, tir dé ting dung mé hinh
hé sinh thai (EPM) dé xuat cac chinh sach cho thi trudng nang lugng tai tao tai Viét Nam.

Tu khoéa:

Chinh sach, nang lugng tai tao, M6 hinh hé sinh thai (EPM), cdng cu chién lugc truc quan, hé sinh thai déi
mdi, thi trudng dién.
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