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A study of the train traffic optimal control system

in a circular metro line
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ABSTRACT

This paper is implemented a control algorithm in order to be stable and minimized to entire train
traffic system at delayed case. Signaling system is described with algebraic equations given for train
headway, Discrete-event simulation principles are reviewed and a demonstration block signaling model using
the technique is implemented. Train congestion at station entrance for short headway operation is
demonstrated and the propagation of delays along a platform of trains from any imposed delay to the leading
train is also shown. A rail way signaling system is by nature a distributed operation with event triggered
at discrete intervals. Although the train kinematic variables of position, velocity, and acceleration are
continually changing, the changes are triggered when the trains pass over section boundaries and arrive at
signals and route switches., This paper deals with linear-modeling, stability and optimal control for the
traffic on such metro line of the model is reconstructed in order to adapt the circuits, This paper propose
optimal control laws with state feedback ensuring the stability of the modeled system for circuits.
Simulation results show the benefit to be expected from an efficient traffic control.

The main results are summarized as follows:
1. In this paper we develop a linear model describing the traffic for both loop lines, two state space
equations have been analyzed. The first one is adapted to the situation where a complete nominal time
schedule is available while second one is adapted when only the nominal time interval between trains is
known, in both cases we show the unstability of the traffic when the proceeding train is delayed
following properties,
~ They are easily implemented at law cost on existing lines,
- They ensure the exponetial stability of loop system,
2. These contrcl laws have heen tested on a traffic simulation software taking into
the non-linearites and the physical constraints on a metro line,
By means of simulation, the efficiency of the proposed optimal control laws are shown,
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|9 2} 2lMean-square Zt-& Te= Z(X") olgtm Aeolstd <A LHYME o] Mean-square
0o] o} . EE Ck> 0o thah Lol Foj ZHEAM Tk 001A Thke 7 AP wre}r A3},
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ojz]gd A|AE AT WAooz FHPsE oS g,
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1< <A,
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41-%
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21(3.15)% A4nnd Mg F 4 A5HA F dAge) 3 ALAG Bl 2ol u)Ete A
Hatg AT G. A A G AAFE oo,

M A2 2 (3. 10 213 15)4 9 Xje Mg oldt.

ZPF koA €3 io] EHoA = Aol of$ wsA YroiEold = den uj gGA H Lo
3 F Ut F A A(3.16)8 FEE.
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“l; =—gxk_ Xk st (3.16)
2(3.16) opSah 2 27zl Azfel olg AP AE FAUYLS vehid,
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Xjw=AX; +BW, (3.17)

/‘4_ (1-c)? g—c(l=c)
o}7]4 p+q)+(1-c) (p+q)+(1-¢) ] ©

714 ¢ c(1-¢c)Y 7AFoll ek p=0o]HA ;91 2FA F v 19 Aoln] UnxE @9 ¥ g
9g Holtk.

gheF Py 0old 49 RE uHAE P9 o A Aotk p) 0018 @ c(1-¢)Y Aol 4
(4179 8 dze) A2de A5 FRALE YL ¢ F A% 22U p0d Aole AF FF
Hoz AR @th, 1 XA IHA F sl 10]7] dEolr). ek 9do] e AL e o] e
F34 Al FPsn ol FF AAE ANHEAS dode RAE ov g,

3.4 AW 4a &4
4(3.6)% Ay I HANoE 29 v Z,
(1=-C)Y., +C Y7 =Y +duj + 5w,

(3.18)
s Yo pa masw
Y, = AY; + B(du; + AW)) (3.19)

47114 Ask BE 2(3.12)904 Bel€ ohe) 43 Pt

1 =C 1
A=D,( ) B=D,( ")
1-C 1-C 1-C
23.0)049 Yiel nAel 229 Yazizie ges gol 8% 4+ o,
Yeu = C(’Zn —tl:»ll _H)
=—CH +tl,, —ti ~S-R, ~u, ~wj (3.20)

,u+ ,.4 Heolg A12Ed tgd e 4L 98 F U

7Y, +b7 +;,_,]=MH—ZRk ~ NS - NCH 590
i=1 "

21(3.21)9] od jol tisto (Yj,uj_,,wj_,)_% t&de w5,

=

b/Y, +b; [ W, ,] 0 (3.22)

ek (Y WU j—l)7} 2(3.21)€ HEFE A(3.19)E 21(3.22)9 <A (Yj’”j—l’wj—l)a):% dqdL

k. wep AU, =AW, =0ojsie gen 4¢ Qe

Fu _[A o I
u,| 1o Syt (3.23)

2)(3.23)9] AeiAEe nHAE ZAEHE,
A C>0 A% Hoix stuel mHA7 99 vl THEA ST Aol
CNARY mEAT e Aol EAMY Aol
Thek A 18 :mEX e &3 [VIT VeTIT nH-A He & 713sd
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= b, Au, +bIS,u, = M, b7 +bTu, ] (3.24)

ATbI =b zzlm S;bz =bolmz (ll—])(blru|+bzruz)=00] 4.

agzz A #lojw blu +bju, =00 urt,
oJAL BAAZ} 10] opbd nF{A O BARHE n{HX HEEL
bITYj+bZT(uj—x+Wj—1)=0% RHEF T}
A71A bl = [ c, ¢, (c-D), (c-DIT
N-M M
=[1, -+, 1]Telt},
AL A(3.22)% REHHE LHA Fee Holx shie] DHVE G vl 23H YSE e
Ag 9uEy © 0 Aol 4(3.23)9 AL A(3.20)F SHEICuY+LN > uYjh Y& %+ o
o] A3E A(3.23)7F BARES vebdct,

£

3.5 Al¥a 43 &d HAHA
o 3.24dA AF" AANY Ex 24 HA Aol MAE quadratic performance indexE # A3 3}7)
9%k FAoje}, o] FoA] 21(3.19)9} 2(3.20)2.2 BHHE system® performance indexE

T
J2=Yj7:"QYj+|+uj'uj (3.25)

g 8e (4714 Q= A 348014 A(3.14)0 AW 0% 2Th) AHE YolAE Aol Vi Yo
old Aol gl T o,

T
Auj=KY +K2uju,'

14 41 (3.26)
A7 Kyt K& et g,
0 0 00 g f 00
0 00 0
K, = ;
0 00 s
Fa) 0 00 0 g
00 0 0 0 A 0 0
0 0o 0 0
K:= . T
[1} 0 h
h 0O 0 0 00 00
fz_q;c_ g=—:‘4—‘ h=_(_l;a)2__
g+(1-¢)*"" qg+(1-¢)"" g+(-¢)* otk
Platform kol 4} @3t io] Hg=E Aol #gls e go| HEH,
up =(1+b)u + gt + f¥,7] (3.27)
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H(3.27)& 40y 2 22 A¥d Agde ¢ F 3,

@ Uki-1 : platform kol Al A& AL (i-1)o) HEH A vector

@ Yki : platform koAl FA[i]9} ExHi-1] Alole] AlHAte] o)

@ Yk+li-1 : platform (k+1)olM Dt [i-2]9F [i-1] Abole] A|@xte] ato]

3.6 N¥ER 4 ¢4 HHA ¥F
A(3.26)0 49 Aoige A(3.14)00A P=0¥ui} FF3ct. F LAANARS AT Ao 29| EHo
2 He Aot

=t —H=X, - X" (3.28)
oty 21(3.4)9 (3.27)8 AMR3E A& by o] B 5 Q.
i _ ——4—( Uyl
g+t (3.29)

o] Alojg =L p=0dd control lawo|c}.
@} g>(c(1-c))olehad P=oold X ~AX +BW; o) N2®el 4o neAst shisl 109 e 3

FASE G SHA YSE L F An, B 02 AlE A9 RE BRAE] AU

276 982 ¢ 4 YOER o ® Al Ho] gt AL = (-0 AFelE E Xix 9
A FRHY YA E 2 A2do] £PEE & T U ole FIANFY HY} FEAESL ‘Q F AT
%, AFzAA e FAANAE FEEE vdedg.

4 F AEHolA

41 33 &4 ANF Ao AEHIM

33 Hx $AANZA HE AASEE o] AEHolME 33t ABdolMe HFIAE fsld AUFE
4EH ¢ E 5702 st ojAbA] HEE FHEHUG. AgH)AN Yelde e A7 doA Edse Al

€ Ueldt o] oA AFHE HELS ¢FA AFHAW ik &4 Ao} A 2" Ao e tfted

ia}o]oz FAE £ Qe da YA FE gl dEME AN 2 A HA H3 T o]
th. Agdeld 21e td 2ok C(AAASF)FE 0.01914 0.05 Atoj2 goz oz dAYse
4 AZAIEE 12280 Z2EdME e FAAHE AAsAd.
7} doich LA 28 3022 Y. FA 2AANE HE Ux= A
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