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TEY, ETHIENH LWz THD. —7, SEicBVTil,
FEATHIE 7 LEEQIAPE A L9 0. F iz, EfTRRMIC S 469 R0

RN ETENTVWBRZEZEANL, ThziEfdaTeidd
WRTHA 5.

#£LTWS. —/7, min B, ROFF2EDERER
HITHROIT N ZEETER N L ZETLDTHS.
LU THIE SR EH AT % L X, (FEHIFM 3) B
K OETI (5), (6), (DIE, &R, RDKSICLEH
Nn5.

Bi(s) = Bs(tu(s) = taei1(s)) + PL(s) 31
t(s) = it hea  Leb e (32)
s,f Usp

Cu(S) = tuo1 (s + 1) + a5 — (ta(s) + bu(s) + Pi(s))  (33)
Cu(s) = (ty-1(s + 1) + by—1(s + 1)) + as

= (ta(s) + bu(s) + Pi(s))  (34)

E, BIEGETT 25 E OETHEM (33), BROERTT
RO OEFTI (34) W ETTHITEIOIE PE(s) A A -
TWEVDIXROHHENS THB. Tikbb, EiTiil
HTh#ET % T LI X D BDHITHATHHISEND LD,
BRs+ 1 ICEET B050E GefT8H & OYEin iz Btk
IKHENTED) ZELEWDTHS.
LRCOIEHREM, ETRERZ VAU, FIHE 7 OBR
s+ 1 \DFEFRLNIRD X S ICHABENS

ti(s+1) =

(1 + B)tu(s) = Bstn-1(5) + cs + Ph(s) + P (s)
it HHEETOREG

tho1(s + 1) + ag
if BIGETTORE

(1 + Bs+)tn-1(s + 1) = Bsratn-a(s + 1) +as
it BROERTTRET 2850

(35)

CTTC, BIGETOSG, ROERTRHET 255G, 15
BRI OB F v V7T 5. Xz, miE
[FRRIC, FIHETTX A X 7 AW, max BIEZHWT
RDOEHICEKENS .

ta(s + 1) = Fy(s) = max. {X,(s), Yu(s), Zu(s)] ~ (36)
where
X(5) = (1 + Bo)tn(s) = Bstuo1(5) + cs + Phy(s) + P5(s).

T B, RTZEMizZiT>TNT 5. Klcd
WAL ST, HIEE AL D Jacobi 1741 T 1&, X (23) T
EHEIND. HE>T, BLOHIEIAD Jacobi 1741 VPY(-),
VPe() ZatE L, HilFEEE ARGD Jacobi 1751 ] D71y
ZiomzuE K. BIREICIE, TJacobi 1751 J &k &
ICHZB5N% (HIHITED Jacobi 175]DEHICDOWNT
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where

i =(-afta, T =—(1-a)ps
ZFLT, BRI NG A= EHYNHRTIT S LI
£ D, Jacobi 118D 4T DEGEDIEBOHMHEE 1 A
ST BT ENTES. 5T, ROMENKAIT S
a2, RAYHETUHETH D LINET 5. Fiz, B
I INTG A= 0 <1 T 5. TOLE, #HITHIHE
FH(29), (30) ZE A U7y HE#T TS A7 LA %
ETHD (e, ZATVHHEFRIEND).

AR, Jacobi TTAIDRHEZHNII RO K S ICHHEES NS
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dad—Anzdaﬁk—M)dapl—ﬁﬁ j“j
=[] -ap+a-1

1— a)ps
[AN D H 1(— a)ﬁii a] -0
(40)
-, FrEZEAOME UTHEAEMIRD X 513K
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N N (1 Oé)ﬁs
AN 4 (1) II1_)&
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1\ (42) O N FARIE, A5 2 A 1 KD IEDETH
%728, WORHOHHEL LT 1 K& 755,

- a)ﬁs—nﬂ +ta (41)

=0DNFEHE 42

TESGEITHIE T HE, a =1 Ge., Eu(s) = Bs(en(s) —
€,-1(8)) DL F, Daganzo 5210 L [FAIFED “headway-
based fillff” & 72 %. Headway-based filfHlIlcFET % & D
&, FEBROYIHEI AL —y 3 T, WREHEES
51280 YR EWVWHIET, La—VYRT 1 v 7T
bNTWa. 2L, M2 TERENIEIIC, #
HERER O AEE Uil clk, Hg5E 7o A7 LD (i
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%tﬁwéﬁﬁ(m 0.15
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FOSHERRT (5) 1 [#
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i) ZEM 2 RGET 5 EIETERW. 34bb, &
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BRET 2 2 LIETERW,
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D EIORT 7o dIc, BERHREEIZ/RT . BRIKFRIC
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-4 1%, HEITHIETRDVEA T N TOIRWYIHETT
VAT LOEFHTH S, COLE, BEMEEL,
AR HEEIRREIC R B 2 &b s, £z, A
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X-5, -6 &, ENIAHEN1F LIz (KHD A) O
BIHEITHIETRZEA LIz L 20, EfTTH 5.
(-5 1%, headway-based il (o« =1) ZEALHE
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%), ZAYHOLDOBENIFHTERNT EDNRTEN

7 Xuan 5'D1%, Daganzo 52 100HEAEETs, KD MU
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R LIz, T UTC, EiTHlETRZ2E8EATSHT LT,
TR A VIS P HLEI TS AT LVEEILE NS T
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I, BIEFAROMRZRE T ENTES. COHE,
AT D RIZRE & OEETIZ A <, PAZEOREREIC
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Lhzaonsd. TOXRKD, FIEKELIAN—Z TG L
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NTWBT N5, 12U, EITREROELAAVN
TWIGE Gee, bu(s) = byoi(5) FT2lE, s < 1 DA
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e I EITHIAE G KD Jacobi 75 DEH

K97, HlfHEZ KT M A ATRES max/min BI%7%Z LSE
TAL—=Y V795 :

ﬂ@zlbgyw%ﬁmﬂ (IL1)
0

Pis) = 1 log {e_G(CS_Cgmn) + e_en"(s)} (I1.2)

" 0

_1 OE(9)-8:)

7,,(s) = i log{l +e 8 } (IL.3)
ZLT, TOARAL—=Y 2V TREIED Jacobi 1751,
VeP'()=[0---0 pll 0---0 Jun (IL.4)
Ve PP () =[ 0.0 pI*L 0---0 Tws (IL.5)
VeP()=[0---0 p%5 0---0 Jva (IL6)
Ve P()=[0---0 ,a;’;_l 0---0 Jvn (11.7)

where

e _ 9PhE) _ (1 + aps — )5 B
Pun = 8tn(s) - 1 + e0(gs—En(s)
i = OPNE) _ apeTEO)
nn=1 7 9t 1(s) 1 + e0(8:—En(s)
x_OPSE) | —(1+aps — a)edBOs )
M Otn(s) (70 4 emOmi)(1 + e0EN()-8)
9P5(s) _

ok aﬁSEQ(En(S)—gs—ﬂn(S))

pn,n—l atn—l (S)

(e70e—e™™) 4 p=0m,(9))(1 + eO(En(s)-8:))
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INTRA—=RE O - 00 T B L, FIHIED Jacobi 1141
MEo5N% .

VuPl()) = VuP°() = P, (11.8)

0 PN
k—1
p 0
VeiPP() = Ve Py = |
k_
pN,lll—l 0
(11.9)

where
ph = P =Pl = —(1+ aps — a)/2
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A CONTROL STRATEGY TO PREVENT DELAY PROPAGATION
IN HIGH-FREQUENCY RAILWAY SYSTEMS

Kentaro WADA, Sangjoon KIL, Takashi AKAMATSU and Minoru OSAWA

This paper proposes a railway operation control strategy that prevents delay propagation in high-frequency railway
systems. We first formulate a dynamical system of a train motion that includes two types of delay propagation models:
one is a passenger boarding model at each station, and the other is a train-following model in each railway section
between stations. We then introduce a feedback control method to maintain scheduled operation. It is proved that the
dynamical system under the proposed method is asymptotically stable at some equilibrium states.
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