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Abstract. Automatic train operation (ATO) system has two main functions including the
speed control and stop control. This paper proposes a Fuzzy-Derivative controller (Fuzzy-D)
for controlling the urban railway train speed. The structure of the proposed controller contains
two components of proportion and derivation. The coefficient of the proportional component
is calculated based on fuzzy logic with two inputs of the train speed error and the derivative of
the train speed error. The effectiveness of the proposed Fuzzy-D controller is verified by
simulating the urban train speed control system on Matlab. The proposed Fuzzy-D controller
is improved the quality of train speed control and train stop control.
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Tom tit. He théng van hanh tau tu dong (ATO) c6 hai chirc ning chinh d6 1a diéu khién tdc
d6 va diéu khién dung tau. Trong bai béo nay thiét ké bo diéu khién téc d6 doan tau duong sat
do thi trén co so logic mo va két hop voi khau vi phan (Fuzzy-D). Cau tric b diéu khién
duoc thiét ké bao gom hai thanh phan ty 1€ va vi phan. H¢ s6 cua thanh phan ty 1¢ dugc tinh
toan dua trén co s¢ logic mo véi hai dau vao 1a sai s6 tc do va vi phan sai sb téc d6 cua doan
tau. Hiéu qua cua bo dicu khién dé xuat Fuzzy-D dugc danh gia bang md phong hé thong diéu
khién toc do ctua doan tau duong sit do thi trén Matlab. Bo diéu khién d& xuét Fuzzy-D da
nang cao duoc chat luong diéu khién toc do chay tau va diéu khién ding tau.

Tur khéa: PID - by dieu khién ty 1€ vi tich phan, hoat dong tau tu dong, hé thong toc do tau
hoa, diéu khién mo.

© 2020 Truong Dai hoc Giao théng vdn tdi

1. PAT VAN DE

Véi sy phét trién cua tau dién ngam, tau dién metro duong sat do thi trén thé gisi, toc do
chay va mat d6 van chuyén cua tau dang ting dan, cac yéu cau thoai mai va dung gid & muc
cao hon, do d6 ché do van hanh bang tay khong dap umg dwoc nhu cau thuc té. Nhiéu cong
trinh nghién cau tap trung vao viéc sir dung may tinh diéu khién dé giup diéu khién lai tau an
toan, thoai mai, ding lich trinh, van hanh tiét kiém va dung tau chinh xéc [2]. Céng nghé
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ATO (viét tit ciia hoat dong tau tu dong) d6 1a sy tich hop may tinh, truyén thong, tin hi¢u va
diéu khién, ly thuyet tri tué nhan tao dé tao thanh mot hé théng diéu khién tu dong. Hé thng
cho phép tau co thé tang tbc, giam tdc dé chay tau tw dong trong pham vi cho phép. Céc giai
phap khdng chi cd thé dam bao an toan cua tau va su thoai mai ciia hanh khach, ma con ting
hiéu qua van hanh cua tau va tiét kiém ning luong. Chic chin ring ATO sé& thay thé hoat
d6ng cua con ngudi trong twong lai gan. CAc nghién ctu gan day vé thiét ké cac bo diéu khién
nhiam nang cao chat luong diéu khién téc do ciing nhu diéu khién dung tau va duoc tién hanh
tir mtrc d6 don gian dén phuc tap [4, 5, 6]. Trong [2], dwa ra hai phuong an diéu khién toc do
cua tau do 1a bd diéu khién PID va PID-no ron. Trong d6 PID-no ron duogc thiét trén co s&
mot no ron nhan tao. Trong [3] dwa ra bo diéu khién tc do tau dya trén logic mo, phuong
phap ma [3] dua ra do la chi st dung bd diéu khién mo thuén tdy. Tuy nhién két qua mo
phong cua [3] cho thdy chat lwong diéu khién téc do cua tau van con sai léch téc do cling nhu
diéu khién dirng tau. Viéc tng dung logic mo két hop véi bo diéu khién PD kinh dién [8, 9]
da dem lai tinh tac dong nhanh cua hé thong diéu khién.

Trong bai b&o nay thiét ké bo diéu khién téc d6 doan tau dudng sat do thi bang viéc st
dung bo diéu khién mo két hop véi bo diéu khién vi phan kinh dién nham nang cao chit luong
diéu khién toc do cling nhu diéu khién dung tau. Hiéu qua cta bo diéu khién ma bai bao dé
Xuit s& dugc danh gia so sanh v&i bo didu khién mo thuan tdy [3] bang phuong phap mo
phong trén may tinh.

2. MO HINH TOAN HQC CUA TAU
Khi tau dang chuyén dong, cé ba luc tic dong cha yéu dén hoat dong cua tau, do6 1a luc
kéo, luc can chay va luc phanh.

Luc kéo: Pau ra cua motor dién 1a luc kéo, gi4 tri cia né dugc xac dinh biang phuong
phap noi suy tuyén tinh tir duong cong téc d6. Néu biét luc kéo wi ¢ toe do vi va luc kéo wo &
t6C d6 V- thi ta tinh duoc luc kéo bat ky wy & toe do vy [2]:

(Vx _Vl)(VZ _Vl) . (1)

W, =W, +
vV, =y

Luc can chay: Khi tau dang chay thi c6 2 lyc can, do6 1a lyc can co ban va lyc can phu.
Biéu thure tinh lyc cdn co ban [2] dugc tinh theo cong thurc:

W, =a+bv+cv?. (2)

trong d6 a, b va ¢ 1 hang sé thuc nghiém phy thudc vao loai tau.

Luc can phu la luc cn do duong déq, duong cong va duong hém trén duong ray (trong
hé thong tau dién ngam, duong ham co thé bi bé qua, vi day 1a mot phan cua luc can co ban).
Luc can phu duoc tinh toan [2, 3] nhu sau:

|+6—§’+0 00013L, khi (R>L,)

W, =W+ W, +W, = : 3)

|+£RO%+O 00013L,, khl( )

C

Trong d6: w;,w,,w, lan luot Ia lyc can déc, luc can cong va lyc can duong ham; i 1a do
déc cua doan duong ray; R 1a ban kinh duong cong; Lc & chiéu dai cua doan tau; Ly 1a chiéu
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dai cua duong cong; Ls 1a chiéu dai caa ham.

Luc phanh: Khi phanh, luc phanh bao gom lyc phanh dién dong va lec phanh bang khi
[1] dwoc sir dung dé gidp dimg tau. Phanh dién dong 1a luc phanh chinh dé diéu khién tc do
cta tau. Phuong phap dé dat duoc gia tri cua phanh dién dong giéng nhu luc kéo, phu thudc
vao duong dic tinh lyc hdm cua hé truyén dong [2]. Trong qua trinh tau dang hoat dong, cac
luc tac dong 18n tau Ia rat phic tap, khi & ché do van hanh khac nhau, tu chiu anh huéng cua
cac luc khéac nhau. Vi vay, that kho dé co duoc mo ta ham truyén caa tau bing cach tinh toan
luc.

Poan tau xem xét trong bai bao nay véi md hinh toén caa doan tau gdm 4 toa dung cho
duong sat do thi [2], ¢6 hai toa chu dong véi 04 dong co dién kéo. Thong sb cua 1 dong co
dién kéo: Cong suat 190 kW, dic tinh sie kéo nhu Hinh 1.

16 201,9 thn
16 —— N
171.2 tan M
14 NG
12 ., e \“\
128 thn N

Lwe kéo va luc can - kN

Lurc can theo Davis _

JLLRRL g
/

o 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100

Toc @6 - km/h
Hinh 1. Bic tinh suc kéo.

Luc can co ban duoc sir dung véi cac tham s6 cho doan tau dién d6 thi [7] nhu sau: a =
2,965 N; b = 0,23 Ns/m; ¢ = 0,005 Ns?/m?.

Pic tinh cua lyc hdm dién cua hé truyén dong nhu Hinh 2.

2019 tan

| 1712 thn \
]
}

- - = N
B O ® O
NI NN RN NN RN NN NN
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128 tn B T~

Luc ham - kN
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|e
[
i
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Toc do - km/h
Hinh 2. Bic tinh cua lyc him dién caa hé truyén dong.

Nhan dang mé hinh doén tau, trong [2] sir dung phuong phap tdi thiéu binh phuong sai sd
tdc do: chon trudc md hinh toan cua doan tau, kich thich tin hiéu vao doan tau va md hinh
doan tau, tinh sai sb gitra toc d6 thuc véi tbe do caa mo hinh e = vy - Vmé_hinh; tbi thiéu phiém
ham e? s& hiéu chinh lai tham s6 mé hinh sao cho mé hinh toan nhan dang duoc gan véi md
hinh thyc té doan tau. Theo d6 [2] d nhan dang dugc ham tuyén cia doan tau:
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612 1
G(s)=G,(s)G,(s)= '
(8)=C0 (8)6o (%) =50 32 36215 + 8224

(4)

trong d6 Gn(s) 1a ham truyén cua tau, voi dau vao 1a ngudn dién va dau ra la lec kéo cua tau;
Go(s) la phan bién thién cua tau, vai dau vao la luc kéo trir luc can, dau ra la toc do cua doan
tau. Mo hinh dugc thé hién trong Hinh 3 nhu sau [3].

u 612 W F 1
— G, (s)= M—G, (S)=—————>
(8) 5+0,34 Fc %-) o(8) 86215 +822,4

Hinh 3. So d6 khdi cua ham truyén hé théng.

Trong d6 u, w, Fc, v lan luot 12 tin higu diéu khién, luc kéo, lyc can, tdc do cia tau; F = w -
Fc. M6 hinh nay sé duoc sir dung dé danh gia hiéu qua caa bo diéu khién thict keé.

3. TONG HQP CAC BQ PIEU KHIEN TOC PQ CUA TAU

3.1. Tong hop bd diéu khién PID cho diéu khién toc do tau

Bo6 diéu khién PID s& tinh toan dién ap dé diéu khién téc d6 cua tau khi tau chuyén dong
trén duong ray cé nhimg d6 doc Ién, déc xudng, dudng cong va dudng bang. V&i md hinh
diéu khién téc d6 tau & trén, c6 nhiéu phuong phap dé tong hop bo PID [10]. Theo [2] st
dung cong cu PID ty chinh trong matlab va da xac dinh dwoc tham s6 caa bo PID la:

k, =2,774;k, =0,214:k_ = 4,088 )
3.2. Tong hep b diéu mo cho diéu khién toc df tau

Vi bai toan nay, cong trinh [3] da dua ra bo diéu khién mo nhu sau:

(mamdani}

\ speedT
/

Hinh 4. B6 diéu khién mo SpeedT.

Mo hoéa céc dau vao ra cho b diéu khién mo nhw Hinh 5 va Hinh 6. Luat mo cho bd
SpeedT nhu Bang 1. Giai mo theo phuong phap diém trong tam. Theo [3] b diu khien mo
hinh 4 cho chét luong diéu khién toc do tau tot h0'n bo PID (5)

DOOOI XXX

Ham lién thudc ctia bién dau vio "e" - sai sb toc do. Ham lién thudc ctia blen dau vao "de"- tdc do thay dbdi ctia sai sb.

Hinh 5. Mo hoa sai s6 toc do e va de cua bo diéu khién mo diéu khién téc do tau - SpeedT.
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NB NM NS 74 PS PM PB

D {

Ham lién thudc ctia bién dau ra "u" - tin hiéu diéu khién.

2]

Hinh 6. M hoa tin hiéu diéu khién u.
Béng 1. Bang luat cho b diéu khién md SpeedT [3].

de :

NB NS YA PS PB
NB NB NB NM YA PS
NS NB NB NS PS PM
Z NB NM Z PM PB
PS NM NS PS PB PB
PB NS YA PM PB PB

3.3. Tong hop bd diéu khién mo két hop véi khiu vi phan diéu khién toc dd tau
Bo diéu khién mo két hop véi khau vi phan ma bai bao thiét ké nhu sau:
U = KU +UpiUp = Kpé(t). (6)

Fuzzy-D Fuzzy

Uruzy duoc tinh todn bang bo diéu khién mo véi 2 dau vao la sai sb toe do cia tau va dao
ham cua sai so toc do tau. Mot dau ra Uruzzy 1& mot phan cua tinh toan nguon tin hi¢u diéu
khién, diéu khién luc kéo cua tau.

So dd cau tric bo diéu khién Fuzzy-D nhu Hinh 7.

E I Fuzzy
S e ol ]
-

U_Fuzzy-L

+
+
ud

L] duidt Kd

Hinh 7. C4u trdc b diéu khién Fuzzy-D cho diéu khién toc do cua tau.

Mo hoéa cac dau vao ra cua bo FLCT nhu sau: e = {NB, NS, Z, PS, PB};
¢={NB,NS,Z,PS,PB};U,, ={NB,NM,NS,Z,PS,PM,PB}.

Fuzzy —

Gia tri cua cac tap mo vao/ ra cua bd FLCT nhu trén Hinh 8 va Hinh 9.
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NB ' NS ' z ‘ PS ' PB NB NS ‘ z S PB

1=

b

Ham lién thudc ciia bién dau vao "e" - sai sb toc do. Ham lién thudc ciia bién dau vao "de" - tdc do thay dbi cua sai sb.
Hinh 8. Mo hoa dau vao e va de cho b FLCT.

Luat mo cho bo diéu khién mo FLCT nhu Bang 2, phuong phép giai mo dugc chon 2
phuong phap diém trong tam. Sau khi thiet ké xong bo FLCT, véi hé so K =10; Kp = 0,05. B§
diéu khién Fuzzy-D diéu khién toc d6 tau dugc hoan chinh nhu Hinh 10.

NB NM NS z ‘ PS PM PB

Ham lién thude cita bién ddu ra "Ufuzzy" - tin hiéu didu khién.
Hinh 9. M& héa dau ra cho b FLCT.
Bang 2. Bang luat cho bo diéu khién mo FLCT.

de

NB NS Z PS PB
NB NB NB NM Z PS
NS NB NB NS PS PM
Z NB NM Z PM PB
PS NM NS PS PB PB
PB NS Z PM PB PB

o
T

Derivative
Hinh 10. B diéu khién Fuzzy-D diéu khién tdc do tau.
B diéu khién (6) luc nay dugc cu thé hoa nhu biéu thire (7)
U 10U, +0,05¢(t) @)

Fuzzy-D = Fuzzy
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Bo diéu khién Fuzzy-D (7) c6 ciu trac don gian va hiéu qua trong diéu khién téc do tau
khi tau di chuyén trén duong ray c6 cac doan doc Ién, doc xuong, duong cong va dieéu khién
dung tau.

4. MO PHONG HE THONG PIEU KHIEN TOC PO TAU

Tham sb md phong nhu sau: Chiéu dai cia doan tau 1a 80 m; tau di chuyén trén dudng
ray va giéi han téc do chung 1a 15 m/s. Tau phai dimg (téc d6 0 m/s) sau khoang cach 2 Km.
Ban kinh dudng cong duogc gia dinh 14 500 m, bo qua luc can cua duong him. Tir 1000 m dén
1500 m 1a duong cong, trong d6 gi6i han téc do 1a 10,5 m/s. Tir 200 m dén 400 m 1a dudng
ddc 1én c6 gia tri d6 doc 1a +69%,. Tir 1100 m dén 1300 m 1a duong dbc xudng, co gia tri do
dbc 1a —6%,. Khoang cach con lai 1a duong bang va thang. Khoang 100 m truéc khi tau
hudéng vé duong cong hodc dung lai, tdc do tau phai dugc thay ddi dé diéu chinh gidi han tde
dd quy dinh. Tur cac thong s6 trén, theo (3) ta xac dinh duogc téng luc can bd sung nhu Hinh
11.

Lue can Fet

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Khang cach s [m]

Hinh 11. Lyc can bo sung Fel.
bé danh gia hi¢u qua cua cac bo diéu khién toc do tau, bai bao mé phong déng thoi 3 hé

théng diéu khién twong tmg véi 3 bd diéu khién PID, SpeedT va Fuzzy-D.

U_FID
v_FID » ;
= M wFID

Sub Train

TocDo_SP1
TocDo_SFZ

ToDo_SP3

U_Fuzzy-D v.5P.
w_Fuzzy-D

Fc
Sub Train..

Clogt  Tg Workspace

vFuzzyD

U_Fuzzy

w_Fuzny e vSpeedT

1

Fc

Sub Train.

Tong luc can..

Hinh 12. H¢ théng diéu khién tdc do tau v6i bo didu khién PID, mo va Fuzzy-D.

Chuong trinh m6 phong nhu Hinh 12. Két qua mo phong dap ung toc do tau theo thoi
gian nhu cac Hinh 13 va Hinh 14. Tir Hinh 13 va Hinh 14 ta thiy dap ung toc do cua tau voi
bd diéu khién Fuzzy-D c6 chét luong diéu khién tét hon so v&i bd mo SpeedT va tdt hon
nhi’éu s0 v6i bd PID, & mbi doan ting/giam tdc do, bd Fuzzy-D cho thoi gian qua do nhanh
nhat.
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vSP

Toc do [m/s]
Toc do [m/s]

0 20 40 60 80 100 0 20 40 60 80 100 120 140
Thoi gian t [s] Thoi gian t [s]

Hinh 13. Dap tng toc do ciia tau khi tang va giam tdc do v6i PID va SpeedT.

25

T T
vSP
— —vSpeedl [§
vFuzzy-D

"Ir 20

15

vSP 10

Toc do [m/s]
Toc do [m/s]

— —vSpeedT
vFuzzy-D [ - 5
i i i i 0 H H H H H H
0 20 40 60 80 100 0 20 40 60 80 100 120 140
Thoi gian t [s] Thoi gian t [s]

Hinh 14. Dap tng tdc d6 cua tau khi ting va giam tdc do v6i SpeedT va Fuzzy-D.

Két qua mo phong diéu khién téc d6 tau va dimg tau nhu cac Hinh 15 va Hinh 16. Tu
Hinh 15 cho théy, dap Ung tbc d6 cua bd PID & giai doan dau (Hinh 15 b) c6 d6 qua diéu
chinh 9,7%; sau khoang 30 m tau méi dat dugc toc 4o 15 m/s; khong co sai 1éch tinh. B diéu
khién mo SpeedT c6 do qua diéu chinh 0,2%, sau khoang 12 m tau bam dugc tde do dat, tuy
nhién gip phai sai léch tinh 0,272 m/s (Hinh 15 d). Tir Hinh 16 b cho thiy, dap tng téc do cta
bd Fuzzy-D ¢ giai doan dau co do qua diéu chinh xép xi 0%, sai s6 xac 1ap 0,028 m/s; sau
khoang 4,5 m tau dat duogc toe do 15 m/s.

Quan sat doan cudi diéu khién ding tau trén Hinh 15 f va Hinh 16 f cho thay: sai s6
khoang cach dimg tau v6i bd diéu khién PID 13 30 m; véi bd diéu khién md SpeedT 13 4,5 m;
v6i bo didu khién Fuzzy-D 1a 1 m.

Nhan xét: Cac ket qua mo phong cho thay bo Fuzzy-D (7) khi ap dung cho diéu khlen tdc
do doan tau duong st d6 thi da nang cao duoc chat luong diéu khién. Diéu khién duoc toc do
tau theo toc do dat diéu khién trong khi tau di chuyén trén duong ray c6 cac doan ddc 1én, doc
xudng, dudng bang va dudng cong. Quan sat toc do cua tau trong qua trinh diéu khién ta thay
1a dudng tron, khong c6 dao dong, do do gia tc cua tau 1a tron, khong c6 dao dong. Co duge
hiéu qua diéu khién tdc do tau va dung tau trén 1a do by Fuzzy-D ma bai bdo da thiét ké tan
dung dugc tinh tac dong nhanh cta khau vi phan kinh dién két hop véi tinh phi tuyén linh
dong cua logic mo.

T T T T T T T T T T T 16
i 14
_ _ 12 :
0] = :
E 104 = il :
L vSP 2 3 R (S
£ L == vSpeedT : : : : : : 5 & | == vSpeedT |1 ______ i __i____
1 SR - ——WVPID |- Fomeoed A e & - = —PID :
: . . : : : : : : 4 -1 . R S S
e R I Rt AERERi Rt S
0 i I L I L I L I i i | |
0 200 400 600 800 1000 1200 1400 1600 1800 2000 10 20 30 40 50
(a) Khoang cach s [m] (b) Khoang cach s [m]
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= vSP : ;
= vSpeedT [--r----------
- vPID :
2 240 i L 1 Loooooo S
— H H
o L i i i i L :
1500 1510 1520 1530 1540 1550 1560
(c) Khoang cach s [m]
14 ;
12 |- R - ;
CO 1) SRR :
E :
U] R SEEREEREEY SERRRRRR . :
= 1
g 6 !
" oo | mm—— vSpeedT [ ¥ oo R ie-
ol b | | i 7 ® !
1900 1920 1940 1960 1980 2000 2020

Toc do [m/is]

Toc do [mfs]

Toc do [m/s]

(e) Khoang cach s [m]

el i T J T
T  —we T
E == vSpeedT |:
= | i—wn
= 15 T T T T T T
= . . . . ' .
o 1 1 1 1 H 1
= : e e : —
e
l l l l 1 l
300 350 400 450 500 550
(d) Khoang cach s [m]
008 e T - - =
1113 U R L U SO O -
7Y S S S veP L L
= i N vSpeedT :
B e ARESEEE Proeeeeeees WD [ -
= i P
U ------------ K - H H H
002 f---memmeee dheptheeee b bem e n e dememmnnnas -
2000 2005 2010 2015 2020

(f) Khoang cach s [m]

Hinh 15. Péap tng diéu khién tc do tau va dimg tau voi bo PID va by mo SpeedT.

— —vSpeedl
N T b e R A R 11 .
0 i ] [T i [ I
0 200 400 600 800 1000 1200 1400 1600 1800 2000
(a) Khoang cach s [m]
- e —
PO i
A4 - A b [RREEEEEEEEEE
SP :
13- of - foo [ TS S
/ — —vSpeedT
FuzzyD :
L e vPuzzyD |
PPN A S
— : i
B e ey WS
1500 1505 1510
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Hinh 16. Dap tng diéu khién tdc do tau va ding tau v6i bd md SpeedT va bd Fuzzy-D.
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5. KET LUAN

Bai bao da thiét ké duoc bd diéu khién mo két hop v6i khau vi phan (Fuzzy-D) cho diéu
khién tdc d6 doan tau duong sit do thi. Két qua mo phong cho thdy bo diéu khién Fuzzy-D
ma bai bao dua ra da nang cao dugc chét luong diéu khién tdc do tau va diéu khién dung tau,
khi tau chuyén dong trén duong ray c6 nhiing doan dudng bang, duong doc 1én, dbc xudng va
duong cong. Bo dleu khién Fuzzy-D da diéu khién duoc toc d6 cua tau theo toc d6 dat va diéu
khién dimg tau t6t hon bo diéu khién md SpeedT [3] va tot hon nhleu S0 vOi bo dleu khién
PID. B6 diéu khién Fuzzy-D c6 kha ning ap dung vao diéu khién téc do tau duong sit do thi
Viét Nam.

TAI LIEU THAM KHAO

[1]. C. Cruceanu, “Train Braking”, Relaibility and safety in railway, Intech, 2012, pp. 29-74.

[2]. Chen Xiangxian, Zhang Yue, Huang Hai, Train speed control algorithm based on PID controller
and single-neuron PID controller, IEEE computer society, 2010, pp. 107-110. https://doi.org
10.1109/GClS.2010.41

[3]. Reza Dwi Utomo, Sumardi, Eko Didik Widianto, Control system of Train Speed Based on Fuzzy
Logic Controller, Int, Conference on Information Technology, Computer and Electrical Engineering
(ICITACEE), Indonesia, 2015, pp. 256-261. https://doi.org/10.1109/ICITACEE.2015.7437809

[4]. Yuan Cao, Lianchuan Ma, Yuhuo Zhang, Application of fuzzy predictive control technology in
automatic train operation, Springer, 2018. https://doi.org/10.1007/s10586-018-2258-0

[5]. Jianzhi Yu, Yongsheng Chen, Automatic Speed Control Algorithm Study Based on Fuzzy-
predictive Control Logic, Applied Mechanics and materials, Vols 195-196, 2012, pp. 1163-1168.
https://doi.org/10.4028/www.scientific.net/ AMM.195-196.1163

[6]. Gao Bing, Dong Hairong, Zhang Yanxin, Speed Adjustment Bracking of Automatic Train
Operation System based on Fuzzy-PID Switching Control, Sixth International Conference on Fuzzy
Systems and Knowledge Discovery, 2009, pp. 577-580. https://doi.org/10.1109/FSKD.2009.735

[7]. Alnu Alnuman, Daniel Gladwin, Martin Foster, Electrical modelling of a DC railway system with
multiple trains, Energies, 11 (2018) 3211. https://d0i:10.3390/en11113211

[8]. N.V. Tiém, Thiét ké bo diéu khién PD md bén viing cho diéu khién téc d6 cua xe lai dién, Tap chi
Khoa hoc Giao thdng van tai, 55 (2016) 41-46.

[9]. N.V. Tiém, Thiét ké bo didu khién PF-D cho diéu khién téc d6 cua xe 6 t6, Tap chi Khoa hoc Giao
thong van tai, sé dic biét (2015) 257-262.

[10]. N.D. Phudéc, Ly thuyét diéu khién tuyén tinh, NXB KHKT, 2009.

650


https://doi.org/10.1109/ICITACEE.2015.7437809
https://doi.org/10.1007/s10586-018-2258-0
https://doi.org/10.4028/www.scientific.net/AMM.195-196.1163
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1109%2FFSKD.2009.735
https://doi:10.3390/en11113211

