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Introduction



What is Nexus?
• Nexus is a 

• Software platform combining big data, simulation and 
other models/analytics to support transit planning 
and management

• Research program to develop the Nexus building 
blocks and various analytics for specific applications 



What can Nexus do?
• Nexus aims at allowing the user to

• Quickly build or update a transit network model based on 
GTFS and other big transit data (important for short range 
planning, scheduling and management)

• Simulate operations and demand
• of all transit modes: rail, bus, streetcar and pedestrian
• at various spatial levels: rail platform, transit hub, route, 

corridor, network
• at different resolution levels: microscopic, mesoscopic, hybrid

• Represent system and user behaviours under normal 
conditions or scenarios of service disruption and 
emergencies



Capacity/Performance Analysis

• Capacity analysis of YUS under ATC and other operational improvements



Capacity and Expansion Studies

• Impact is traditionally tested in isolation – Nexus will offer the ability 
to test within a high-fidelity, calibrated network

TTC, 2014Metrolinx, 2013



Integrated Route Planning & Scheduling

TTC, 2014Metrolinx, 2013



Network Resilience & Response

• Current analysis is performed using simplified network models, and 
can only handle complete removals of network segments

• Nexus will allow for a broader range of examination, including testing 
of transient disruptions and accounting for passenger behaviour



Overview of Nexus



Nexus Framework
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Description of Nexus



Description of Nexus



Nexus Main Features



MILATRAS



MILATRAS
• Multi-agent learning based transit assignment

• Models departure time, stop and path choices simultaneously 
using the Markovian Decision Process and Reinforcement 
Learning-based techniques

• Cognitive model to represent the learning process of users as they 
choose stop, path, departure time

• Agents learn from prior experience, update trip choices with each 
iteration

• Allows for re-routing midway based on new information



The Nexus Platform



Demo



Nexus Building Blocks: 
Recent Research Projects



Recent Research Projects
• Data-driven surface transit simulator

• Models of user behaviour under transit 
service disruption

• Agency decision-making during/after 
disruptions

• Models of crowd dynamics



Data-Driven Mesoscopic 
Surface Transit Simulator



Background
• Main goal: Represent accurately bus and streetcar on-

route travel patterns and arrival/departure patterns at 
subway stations

• Existing microsimulation methods impose high 
computational requirements for network-wide 
simulation

• Instead, travel time models constructed using open data 
and machine learning algorithms

• TTC surface network used as a case study



Framework



Methods
• Segment Travel Time Models
• Multiple Linear Regression (MLR)

• Support Vector Machine (SVM)

• Linear Mixed Effect Model (LME)

• Regression Tree (RT)

• Random Forest (RF)



Model Validations – Route Speeds

Random	forest Linear	Mixed	Effect



Findings
• Data-driven transit simulation model
• replicated instances of vehicle bunching, distribution 

of dwell times, and stochastic patterns of delays and 
headways

• Validation results suggests the need to 
incorporate:
• Effect of traffic congestion
• Signal delays
• Vehicle short-turns



Disruption Behaviour



Agency Response During Disruptions

• Survey of Canadian and international transit 
agencies with rail systems

• Focus: process followed by agencies from 
disruption detection to response

• Goal: provide understanding to allow for better 
modelling of decisions made during response



User Behaviour During Disruptions

• Goal

Understand the mode choice of passengers 
when faced with different types of rapid transit 
disruptions



Survey Scope
• Riders of TTC rapid transit system
• Peak period school and work trips
• Immediate actions: pre-trip and en-route
• Seven available mode options
• Revealed Preference: last experience
• Stated Preference: hypothetical scenarios



Survey Instrument Design



Findings
• Econometric models developed, including one 

combining the RP/SP results

• Significant variables: Travel time, cost, frequency of 
subway trip, trip purpose, subway delay, shuttle bus 
delay, weather, age, income

• Importance of getting across info on alternative 
options clear



Pedestrian Modelling 
Approaches



Context & Motivation

• Currently, MassMotion is the simulator of choice 
for accurate station models – very demanding in 
terms of data, computer resources, and time
• Practical solution is to use a simplified station 

simulator for smaller and less complex facilities 
when simulating the full network
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Case Studies



Union Station Rail Corridor
• Increased train frequency can affect platform 

density, which in turn can result in train delays

• Whether complex infrastructure at rail hubs can 
support demand growth and system expansion 
can be difficult to evaluate

• Comprehensive capacity analysis of a complex 
station area is necessary to identify bottlenecks
and maximum throughput



Union Station Rail Corridor
• OpenTrack was used to model the complex track 

configuration and signal layout at Union GO 
Station

• MassMotion was used to model Union Station 
(developed by Arup); separate model developed 
for alighting behaviour at the terminal

• Nexus allowed these two models to interact in 
real-time to examine interplay during dwell



USRC Case Study



Trackside Train Capacity
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SOTP 95% Threshold Simulated Average Arrival Delay

Method Total	#	of	Trains LSW LSW_E LSE LSE_E KI MI BA RH ST
OpenTrack 39 4 5 4 4 4 5 4 4 5

LSW: Lakeshore West Line
LSW_E: Lakeshore West Express
LSE: Lakeshore East Line
LSE_E: Lakeshore East Express

KI: Kitchener Line
MI: Milton Line
BA: Barrie Line
RH: Richmond Hill Line
ST: Stouffville Line



Scenario Tests Results



Scenario Tests Results
Base Model

Scenario 5



Downtown Relief Line
Case Study



Objective

• Transit planning showcase of Nexus platform
• Show impact of DRL on transit user flow, line 

and station capacity



Scope

• Detailed model of inner area of DRL zone
• MassMotion models of most stations
• OpenTrack model of USRC section and subway lines

• Lower level of detail for rest of GTHA Network



Scope
• Greater Toronto Area
• 13 transit agencies
• OpenTrack models of 

GO and TTC Subway
• Detailed MassMotion

models of Union 
Station and 10 subway 
stations

• GTFS based surface 
transit model

• Schedule-based route 
choice model 



Yonge/Bloor Station



GTHA Case Study



Ongoing Efforts
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Stop & Service Pattern Optimization
• Assessment of changes to an existing route is 

usually made based on a set of metrics that do 
not comprehensively evaluate their impact

• Impact assessment tends to disregard 
implications for timetables and vehicle 
schedules 



Stop & Service Pattern Optimization
• Goal: Develop a model that can be used in 

service planning to achieve efficient selection of 
stop and service patterns (route branches)

• Aims at reducing both passenger travel time and 
improving system performance

• Can result in savings of the required # of 
vehicles



Stop & Service Pattern Optimization
• Nexus used for network-wide simulation of public 

transit vehicle and transit user movements
• Allows dynamic modification to service and 

automation in a cloud environment

Nexus OptimizationVariables & 
Parameters
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Transfer Optimization
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automate these evaluations using the Cloud Analytics platform. An overall schematic of the expected 
method is provided in Figure 2. 
 
2. Joint optimization of route timetables for efficient transfers 
This part aims to improve the current practice of scheduling by incorporating transfer optimization and 
simulation in conjunction with vehicle blocking and run-cutting within the schedule development 
process.  As the overall solution has to be aware of the existing workflow of transit agencies (where 
scheduling is reworked more frequently than route plans), the module will be designed to work as a 
standalone component, but also as a service to be consumed by other planning modules (such as the TSP 
and SSP Planning module).  To be compatible with the software of the industrial partner, and avoid 
repeating functionality, Trapeze software is expected to play an integral role within the module.   
 

 
Figure 3: Transfer Optimized Scheduling Module 

 
To allow for a feasibile outcome for the timeframe of the proposed CRD programme, the scope of this 
project has been limited to the process of transfer optimization.  As shown in Figure 3, Trapeze FX will 
be used to generate an initial set of optimized route timetables based on the input data (ridership, 
operational constraints).  Working off this starting point, the optimization module will then look to 
jointly synchronize timetables of intersecting transit lines for optimal transfers, while taking account of 
impacts on vehicle and crew schedules. As with the prior project, a CP/GA approach is expected to be 
used, extending our previous research of transfer optimization (Chung and Shalaby, 2008) from a single 
transfer point to the network level, while incorporating Trapeze Blockbuster for joint optimization of 
crew and vehicle schedules.  The specific makeup of the GA fitness function will be determined as part 
of the research, but will include the costs and efficiency metrics produced by the Trapeze software, and 
the results from micro-simulation performed by the Nexus platform, using Aimsun for surface transit 
simulation.  As before, the IBM ILOG CPLEX optimization suite will be used. 
 
Software Development 
 
1. User interface development 
The development of a commercially viable user interface is not an item that is normally emphasized in 
university research, but is critical for the solution to be commercially accepted, irrespective of the 
performance of the optimization method.  This is particularly true for a cloud-based implementation, 
where the technical sophistication should be as hidden as possible from the end-user.  As Trapeze and its 



Bus Bridging Module
• Motivation: Large # of agencies (including TTC) 

pull buses from existing routes to serve as 
shuttles in response to rail service disruptions

• Number of buses based on expected delay, 
affected stations and time period

• For the TTC, buses are dispatched equally from 
each of the seven divisions, no clear criteria



Bus Bridging Module
• Goal: Enhance transit resiliency by expediting 

return of service to normal after disruptions

• Focused on assisting practice of bus bridging 
with a tool to help decide how to deploy shuttle 
buses, using Nexus to calculate and evaluate

• Two phases: 
• Tool to calculate total user delay
• Optimize bus bridging assignment



Questions?


