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@ Coupling optimization of passenger flow and vehicle flow
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Symbols Description

4 Set of all stations
K, Set of effective travel paths from station 7 to j
Q Set of all origin-destination (OD) pairs
v Set of all trains
R Network resilience
P System performance
P, Initial performance in the presence of no disruption
t, Start time point of the disruption
ty End time point of the disruption
C Network connectivity

Number of rail stations

d; Shortest path length from station i to j

i Normalized connection strength of station i to j
q; Passenger flow for station 7
q Sum of the passenger flow of all stations
Di Performance of station i
v Total number of passenger trips from stations i to j
wy Travel importance from station i to j
pf-} Probability of path £ being selected from station i to j
t;; Tavel time on path & from station i to j
Py Minimum generalized travel time from station 7 to j
& Coupling coefficient
L Relative size of the largest component
E Normal operational efficiency
E Network operational efficiency when there are failed stations
q; Passenger flow with OD pair w queueing at station i
Iy Passenger flow with OD pair w on-board in train v
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Metrics Definition Ref.
Average node degree Average value of degrees of all nodes in the network [32]
Characteristic path length Average value of the shortest path length of all node pairs [33]
Betweenness centrality The ratio of the shortest path through a node to all shortest paths [31]
Size of giant component Subnetworks with the maximum number of nodes [34]
Network efficiency Average of the inverse of the shortest paths length between all network nodes [32]

R3 WPUESSE B MR E R AR

Metrics Simple Connotation Refs.
Robustness Ability to absorb disturbance during the disturbance [36,43]
Rapidity Speed and ability to recover after the disruption [39-42]
Redundancy Ability to provide alternative resources in case of the disruption [44-45]
Vulnerability The extent of performance degradation after the disruption [37,46]
Adaptability Ability to self-learn and adjust to the disruption [47]
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Category Metrics Refs.
Supply side Economic costs [48]
Train delays [49-50]
Demand side Generalized travel costs [52-53]
Route accessibility [57-58]
Affected passenger flow [51,55-56]
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Objective Constraints Ref.
Minimize total costs and operational disruptions Timetabling; passengers; rolling stock [75
Maximize travel demand fulfillment rate Budget; number of plans; travel demand; line capacity; station capacity [76
Maximize network accessibility and efficiency Travel time; line capacity; network scale; station connectivity [77

Minimize total costs
Minimize passenger delays
Minimize network vulnerability and maximize new Total construction costs

ridership utility

Substitute bus service initiation time; URT service recovery time; substitute bus service capacity — [48

Flow balance; capacity limit; accessibility; train operation [55
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Data used Data source Ref.
Between 5:00 a.m. and 9:00 a.m., 256 958 passengers flow data Provided by the operator  [43]
Daily commuting data or government [83]
Average daily OD trip matrix [38]
Unexpected events in the Beijing URT network from 2013 to 2018 [87]
Passenger flow data from 06:00 a.m. to 01:00 a.m. (+1 day) [88]
Between 7:45 a.m. and 8:00 p.m., within 8 weeks, passenger flow data AFC data [79]
The OD matrix of 16 September 2013, from 7:30 a.m. to 8:30 a.m., a total of 370414 raw records [46]
Weekday morning peak (7:30-9:30 a.m.) within a week in August 2016 [84]
Peak hour OD data [86]
Data of constructing rail transit network, passenger flow of rail transit station, OD passenger flow, and the spatial distribu [57]
tion data of epidemic
Face-to-face interviews in June 2015 and a special meeting held on July 2, 2015 Interview and meeting [85]

Multi source

i data of URT in

i complex operating
environment

|
|
|
|
|
|
|
|
\

Absorptive ability

(1) Resilience analysis of URT system based on multi source data

Resistance ability

Recovery ability

T

Resilience indexs

Data /=
support .
i } (2) Combined control of
| passenger flow based on
| multi demand response
Network topology | e ;
. | t - .
| Train diagram data ; }_;
i [ t "
: Passenger flow data | il J——_ "2
| Station current Multi-station
i Vehicle performance [ limit joint control
i parameters Data |
support | Passenger flow

| control strategy

Deep
coupling

|
|
|
|
|
|
|
|
|
|
|

Coupling mode selection Coupling characteristies analysis Coupling optimization study

Optimization

(3) Optimization of train
diagram of URT trains
in multiple scenarios

(4) Optimization design of
URT line guided by resilience

a L Sk e .
Traffic Train diagram New railway

" organization optimization design connection
Traffic Network

organization plan

3
|
|
|
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|
|
|
|
|

Emergency |
|
|
|

structure design |
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Multi source data of URT in complex operating environment
Data | (network topology, train diagram data, passenger flow data,

Y

vehicle performance parameters, etc.)

Data cleaning, mining, fusion
and other technologies

(1) Resilience analysis of URT system based on multi source data
T

Resilience indexs ;

Based on absorptive capacity, resistence capacity,
and recovery capacity establish a resilience
evaluation index system for URT system

- v i

Establish the multi-state resilience curve of URT system |
with the change of disturbance factors, and study the

resilience calculation method based on big data analysis | |

Resilience indexs

Y

Passenger flow joint control
Optimal line design
Train diagram optimization

v ! Passenger flow

(2) Combined control of URT passenger
flow with multi-demand response

Construct the joint control
model of passenger flow

Design an intelligent algorithm
based on distributed computing

" Generate a refined passenger flow
joint control strategy for each station

Optimization

(3) Optimization of train diagram of
URT trains in multiple scenarios

(4) Optimization design of URT
line guided by resilience

» Analyze the uncertainty of delays
and the dynamies of passenger flow

. Analyze the structure and
characteristies of existing network

Construct an optimal scheduling |
model for emergency bus
connections under emergencies
Design algorithm to solve the
optimal solution for the
construction of new lines

| Build a robust integer programming
" optimization model for train diagram

[ Design a fast solving algorithm
— based on column generation

Train flow Network structure

Passenger flow
and vehicle flow
coupling
optimization D "

eep coupling

¥ N
Establish the internal coupling relationship
between passenger flow and vehicle in a multi-
scenario, high-complexity operating environment

(5) Coupling optimization of passenger flow and vehicle flow
at road network level for resilience improvement

v

Building a network-level passenger flow and

wvehicle flow coupling optimization model and
algorithm for resilience improvement

k.

Case analysis

‘ Case analysis and verification of actual URT system
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