TER-20-027
LD-20-027

i A BE TR D VR S 2 P74 2 e T4 B sm B 1 il

SOt R, Kl B, HB OBEE GRORRE)
e FiR, #RE B, R Sk (HAES)

Optimal tracking control to the preceding train
to suppress delay propagation in a highly frequent service
Keisuke Sakai®, Wataru Ohnishi, Takafumi Koseki (The University of Tokyo)
Kazuhiro Tanaka, Shunji Morita, Katsutoshi Tokuhara (Nippon Signal)

In a highly frequent urban train service, suppression of delay propagation due to excessive dwell time is sig-

nificant. The authors propose a speed control method to minimize the interval between departure and arrival

at a station under uncertainty of the preceding train’s departure, and evaluate the performance by assuming

communication-based continuous real-time train position acquisition and moving block system except for station

sections.
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Fig.5. Traction curve and train resistance

W72 5 £ TOREZ FRITE 20 N0E R 5720, Zhuids
VETEHARE S O BRI LI @ WS TR 5 2 3T
x5 EEZOND, KEEDTE VY MK CIIZEREILIC
D30 BT EONRENS S, EEEERR O FHR
BTN ENRTFRERINDG 2O THD, 29 LT —
A TEE - BR T L 12 CBTC O B OF — % X— 2
By EnBLLND,

X o T, AEOFTATY EREEMEHIEIX CBTC ORI %
AifEL 9562 & CHEEFBETHL EZXLBND,

3. BEMGHKROMHEDRERIET S-ODETIL
RIE

2 TR HIAE T L =Y XA DMERE
TOET IS EERIAEZIT 72,

(3-1) BBOEH  SHEEEIITOA TV LH
PoEEHE LIEBRET NV EE XD, BROHBHIT TBR 1)
o TER2) ~Emn)d 2RO F HHEORET BN, BR
2 HHFE LIZOBLEREICRAD D H DL L TETERT
%, BR1, 2 WoOEITHEEX 1500m TH Y, HEODHE
AL - BHBR - ST o L5,

FAXIZONT, BYIERmEIEEL, 100 FPHET
ELT, BR2 OFEEFEEMIL 40 BET5, REELROE
BERNTELET D7 OFE S A VIZRBR O 78\ 0 ol
AR & U, S RMNEEE Gl 60 km/h F CHIE L
EOLEREED, WRAKKT L—% CRIE L CHRICER
35,

HEERIROEEN R A RS D720, BIESHE L ZOHE
% 2 EATT D HIER RPN ED 2 FIEOET 2T 5, &
FED Y I 2 b— 3 VSETHIEOBR 2 T s FEE R H
Z0M0s 90 ot bsEbZ LIk TITY, 7
07T AOFEATRHCAE HEEER R IIMEE LTV 588, i
FIEIZILE DI HE 5 2720,

(3-2) HEEOEH  EHINEEIT 3.3km/h/s,

T % 728, L

BARGHE L 3.5km/h/s & L7z, #E{THL RkN] (%, &
% vkm/h], EEEEREL W (t], (THEEERZ Wrt],
WAL E n &35 &, Sk (8) Rz,

R(v) =(1.65 4 0.0247v)Was + (0.78 4 0.028v) W+
(0.028 4 0.0078(n — 1))v>

ERED, HBEEPUTEILREZ 0.14112km/h/s TH Y,
3km/h TOETEGUE L O TR 2, FIEFR
M, EITHHL S HEEPI2RE L7FIBEEEIER 5 0 & 9
2725, OO ZEERBEILRY, T RD0bTy—7 0
FERBERKTHDL LD ET D,

FEK R W (= Wi 4+ W) 13295, 10 ik Tk &
1£200m &%, BEIFAZEOSAICHIHEA E OB HFERZERR
HERREIE OBIERFENC G U TR T 5, Be%E 5 AT IS
HETHDILENNy 77 DEIIE, MHEOZOIEm ORI
I210m, %HIC2m &) —EEE LTS,

(3:3) REOEH BHAXOII2L—1 32T
%, FBEIPHZED A THIE O L S PEZR LW
WL VHIREEZED D, dZRITHIEL O, %8
FIEORGEE, v & BIIFEOFIREE 35 L, v=/2d8
LB, B, FISMOICEERZEE LT D RE— A XE
IZDOWT, FIHENERE —AXEIZHEA L TW A BB A —
AXMERZED L O FREMIHIFERAZIER ST &, #
SR 72 B EPAZE A B PAZE DR CRE—IICiR 5 = &4
TX 5,

(3-4) EHEOAZEZ  EITHHENBR1ICHBELRL %
HET2BMEZ 0 E L, 22205 400 BREIS% 0.02 B
A TRHET D, EHOEE v BLONE 1%, #5EHY
(0.02 ) OFIZ—E Th 0 BERIZEb T 2 INEE a(t) &
ANELT, (6) Rick->Tkdo,

dv R(v)
dx )
a =
T X — B X (7) XD L5 IS ES 2 1572
IR — P%ﬁﬁr%\bfkwé
r%rww%@+wam -
dE
dt—PO

ap(t) = max(0, a(t))
W TR LX—DHFICE T, XEEBELEET L —F
IEEE L2,
4. BB EHRICED CGEEGHOFHE
2ETIHRAFT L TY XAITHONT, 3EDEIFIZE ST
PEREALIGE DI R OFAM 24T > 72,
WIHHRIERFR 2 0 705 30 P TR b L &, KFIHE

D HFERIERFR 5 ED X DI LTeina RS DO 6 T
BB, FERRDNFATYIARCEIBIEHIE, ARSI 21T D7

4/6



w
o

--—--Preceding train P
— — -Conventional operation /,/
) 25 r|——With proposed control
g
= 20+
>
«
[} L
3 15
o
£10+ .
®© -
Q e
[} -
0 s} e
0L

0 5 10 15 20 25 30
Exceeding Dwell Time [s]

6 WIHIIRAERE I k3 D HFEE LR R D2k

Fig.6. Departure delay time depending on exceeding

dwell time

o, --—-—Preceding train 7
@ 60 |- - -Conventional operation 28
o —— With proposed control e
© 50l
&3 50
c
40t
2
5}
m 30 -
[0}
£
= 20r
o
£
S0}
el
(]
O L ! L L
0 20 40 60 80

Exceeding Dwell Time [s]

B4 7 RIHERAE R L9 D B A LR D ZEA K
Fig.7. Stopping time between stations depending on ex-

ceeding dwell time

WRTREOIEIR T D, R & AR D 72235 A5 IR O 5EAERD
RTHY, WKTAA4PEMT DN TE T, 72k, Hi
OIS THEAME I DT B0 22 ORI, T E EHk
FCIEESNDTET &5,

4.4 F L0 S EIZIK 2 OFERRBRIEIEZ 2> B IREREN % £ T
DOFTERFRNZ I8N T, FTEERE] 0 e/ IME & HER BR i IRF oD 33
FEX 0 (RiEEDIER) OBFAEEOEICELY, K21X3FE
ERICEHTEHELEKTH Y, K2 05 FHaAE0 5 5%
7 IR O BRI 722 G 4 M 2 SEA T8 HE. 00 R REL 0 1 1 7
L CEHTE,

WIHIEIERE 2 0 25 90 B ECEM S E- L &, &7
HOBIME IR L O X S I LT ERT ORI 7
Thbd, ZORGRBED, FERE RO ZEDFEIME (1R
DIEMEIRTH Y, HRKLOPEMHT DI ENTER, #

w
o

N
)]
T

N
o
T

Energy [kWh]
= =
o [é)]

| |--—-—Preceding train

5 h !
- — -Conventional operation
—— With proposed control
O L L L L L
0 5 10 15 20 25 30

Exceeding Dwell Time [s]

8  WHPHRIERF X3 2 BT = R AF— D%k
Fig.8. Driving energy depending on exceeding dwell
time

FVETIIHAME IEDOALE DSER 2 2> BEEN TV 2 5572 1 Hgs
EIEN B IEE DD, TATHIHENEA — A X E2FE2ITH
JHRNCEINEZ DD Z LN TE D, FDOFROETEEDHE
EOBA L0 bEIMEIENEL ot EX BN D,

PIBIERF A 0 25 30 P E TS/ L &, B, 2
MOFETICE T DR X =N ED L ST L LizERT
DONRE 8 Th D, FATHIFHORIERFIA 30 B0 5 & thie
I IHSME (L2 95, 2 OEEHTEOEELTIE 23.7kWh
THo - HBENEPIERIETIE 25.8kWh &ML TL
F9, B2 OF— AKX TELY &EVEEE CHINEFTHE
LD TH D, Tihb LT ERR OEMEN R ORAE &
L CTHE = L ¥ — O KITRET Hhu/eun,

TER RO —6] & LT 9 (CHIHHRIERRT A 60 D5
GO AT T, REIEOEE, HIMEILOMEAER 2 2>
SEfE, HATHIEHEZOFIE CHEE TEL, BH
REREANERE L TN D 2 &R0 5,

5. £&H

P TEERR OB TS 1T, B E EERRR ooBE 1C
K DBIENTATINEN SEH LTV E W FRERH 5,
% ZCARETIE CBTC TRV b A g i o F i %
AR L UC, BACEHE & Gl 2 R 2 et L, B
IRINZ 1T IEATHIE DO BR R A3 B T2 35 A VS BRRE 25 R I D fi
IMEIC &V BEARE ST 2 L2 E LT, KERE
EVNRDRL 2D [HEA @il L, (2IRE» SRR
IR CHAL AT D THIME IEOFGEArE | (ZHRRBE T
IEFEDHEMEEZF K TV XLAERELFR L, 2
DIFENIFTATHNEDOE Z BN Y T2 A LTHHE TE UL,
FEHE O T % M FE & B S HE OO SRR A E AR IS T 6
LD R CBTC BRICKB T A EANLRBE NS D, &
OFIET VY X L% ETH e iemE) & amsb L,
r—ARAZT 4= 0 BRI O MR A FHm L 72,

5/6



1500

L1000 T e
c
0
'g 500
s\ S S mees Preceding train
— — -Conventional operation
0 —— With proposed control
S \ \ I I
0 50 100 150 200 250 300 350 400
60 7
a0/ -
€ i
=, i
D20/ .
@ i
o3 i
0 i
0f a
1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400
time [s]

9 REIEORFEZ/RT 6] JATHIED LIRS 60 B L & DHEBS

Fig. 9.

Graphical presentation of the advantage of the proposed train control: trajectories of two trains

when the exceeding dwell time of the preceding train is 60 seconds
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