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Introduction

» One of the most important means of transportation
In China.

» By the end of 2019

40 Cities 6,730 kilometers




Introduction

> Infrastructure failures

S9OUBQINSIP JO JoquUINN UBIJA

» Equipment faults

> Staff misoperation FEF TS SIS S




Introduction

The current way that metro system handles disturbances

Rescheduling

Ordering Recording

Rescheduling time- Calling the drivers Recording the ope-
table manually and notifying the ration process

staff in the station



Introduction

Present status of research

Urban metro train timetable

rescheduling have attracted

extensive attention due to

short headway time
uncertain passenger flow
vulnerability to
disturbances

Taking practical rescheduling
means into account

e train operation strategy
during the troubleshooting
phase

e integration of train and
rolling stock rescheduling



Problem Statement

The considered structure of metro line

O Two running directions O 2I stations

O One depot O Some storage lines

Up-direction

- =D
Station 1 Station 2 - Station /-1 Station J

Depot Turn- Platform Platform Platform Platform Turn-
around around

Station 2/ Station 2/-1 Station 42 Station /+1

<—

Down-direction



Problem Statement

During the troubleshooting phase »

The dispatcher prefers to arrange trains to stop at stations during

disturbances, which is defined as train detention.

Station 6 ool w2 w3 w4 us Station 7
Station 5 / Station 8
il e
Station 4 : 7 Station 9
/ WTUM detention
Station 3 4 ‘ Station 10
Station 2 Station 11
Station 1 Station 12

Disturbance



Problem Statement

Objective Function
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min Z = C()de + a)tTdeIay e —consume

eviation

Deviation between the planned _ Z Z arrive T arrive depart r depart
timetable and rescheduled timetable Tdeviation - Tk,i Tk,i + Tk,i Tk,i

keK iel

Objective J Total delav ti £ T _ Z N alight farrive _-I-arrive

function > otal delay time of passengers delay — Ki ki Ki

keK,iel
Energy consumption Econsume = Z Z Ek,i

keK iel




Problem Statement

Constraints

>
-

Level 1
— — - Level 2

a) Running time constraints

—— —-Level 3
—_—— — =~ Level 4

velocity

arrive ~depdrt , _7—‘— _______
Tkt+l o k; Zsszkz T~ .
lel

Eaﬁ,le

leL Distancg

The running time between two consecutive stations is determined

by preprogrammed speed profiles uniquely.



Problem Statement

b) Dwelling time constraints

N}E’c;ard 4 N;l:ght
A
A 1s the boarding/alighting speed of passengers.

pdepart  rpamive _
1 k.i 1 ki

c) Headway constraints

prarrive  rprdepart
(Z,r’ Y;c,f )yk,f 2 min

Y. is the sequence indicator, =1 if train service | follows k.



Problem Statement

d) Train capacity constraints Nii = Niio1 —NIYE+ NP < €
» Passenger OD matrix » Passenger boarding and
alighting process
p1,1. (t) p1,2.| (t) Station ; 2'5 ='3
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p2|,1(t) p2|,2| (t)

Passenger index

0T
PR RRR BE

|
|
|
|
|
|
|
by 20 3 4 5

. i—1
T, = min {Tk‘ffpa”, max {t C>N,,,— N2+ ZJ:W JF (t)dt}
o7 L



Problem Statement

e) Rolling stock circulation constraints

The train service k can be undertaken by two methods

» turning around of online rolling stock

(Tkzﬁrive . TI fjiepart )uk,l ; >1

turn

U, ,; is the rolling stock succession indicator, =1 if train service Kk is

executed after | by the same rolling stock



Problem Statement

e) Rolling stock circulation constraints

» coming out from the depot by backup rolling stock

(Tkajzrive T rT(1:iepart ) 7 > t

k,m,i online

Z, ;i Is the rolling stock usage indicator, =1 if train service K is

executed by backup rolling stock



Problem Statement

f) Kinetic constraints
> Basicresistance R +R -v, (1)+R, v, (1)’

» Slope resistance M, g -tan6, (1)

2

> TI’aCtion F;’i(l‘) :Mk,f (ai’i(t) +g- Sil‘lgk,j(f)) + Rop + R Vi}i(f) + RZViji(f)

. r’,‘f-l-z”j.'
> Energy consumption E; = &/, /6"’ YR (0)de Y <k <K 1<i<2l



Solution Methodology

state

Markov decision process

reward
R,

- RHI

’,l Agent J
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Solution Methodology

Markov decision process

The state variables The decision for

for train at stations train at stations

Element

definition

The reward in each
stage determined by [LEUELRS
the objective function.

The change of
state variables.




Solution Methodology

Algorithm

> Action selection

e-greedy policy: With the probability &, choose the
action from the set of feasible actions randomly. With

the probability 1—¢, choose action by

(k) = argmax O (S1(K), (k).

ach



Solution Methodology

Algorithm

> Value function update
Q-learning:
Q(St, A1) + QS0 A1) + 0 R +7max Q(Si1,a) = Q(Si, Ay)|

a I1s the learning rate  y Is the discount factor



Case Study

Beijing Fangshan Metro Line

/// ‘0’0‘0’0‘0 0‘0’0‘0‘0’0’0’0‘020’0‘0‘020’0‘0’020’0’0’020’0’0‘0’0’0‘0’0’0‘0’0’0’0’0’0‘0’

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

. IIIIIIIIIA'O'O'0'0'6'0'0'0'0'6'0'6'0'0'0'0'6'0'0'0'6'6'0'0'0'6'0'0'0'0'0'0'6'0'6'0'0'0'0'0'0'
T T T NN NN N A YN YN,
lllllllllllll&4'4'4'4'4'4'4'4'A'A'A'A'A'A'A'A'A'A'A'A'A'A'AVA'A'A'A'A'A'A'A'A'A'A'IAVA'&'

9.9.9.9.9.9.9.9.9.9.9.9.9.9.9.9:9:9.9.9.9.9.9.9.9.9:0.9.9.9.9.9.9.9.9.9.0.9.9;
llllllllllllll‘"'0'0'0'0'0'0'0'0'0'0"0'6'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0"0'0'0'0'0'0.
AN SN TSN AVAVAVAYANATAVAVAVAYAVAYAYAAYAYAVAVAVAYAVAYAYAYANAYAY AVAYAYAY
"””””””‘."A.'"A'..'A'.'.A""A."'A'...A""A."'A'A

SISVSIS] SYSEASETSESVASNETATE) m X/ Q q R/RS m Q RIX/ m m N/ X/ Q X n N/ \ X Q X/ s N a R/ Q n R/X/ Q 0 N/ m S
/S /S A (S S S S NS (S (S /S /ST THS m (XXX X X M XXX X X X X X X XA X XP X X X X X X M Xl X Xl XaP X X XD X
g < S g




Case Study

Primary delay of 300s
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Case Study

Convergence process

il
i \\l I M Y WMM Wi mmmmuuumum (Ll

ZSOD



Conclusion

» By taking speed profiles in ATO system, time varying
passenger flow into consideration, an integrated train
and rolling stock rescheduling model is developed.

» an efficient algorithm based on Q-learning approach is
designed.

» A tradeoff solution between operational cost and service
quality can be generated within a short time.



Thank you for your attention!



