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Réseau de transport de la Capitale (RTC)
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Mission: Ensuring the mobility of people in the urban agglomeration of Quebec 
City, by offering public transport and by promoting the integration of different travel 
solutions.

Quick facts:
• 50 years
• 4300 trips/day
• 600+ vehicles
• 1700 employees



Simwell Consulting and Technologies inc.

3

SimWell helps trailblazing business 
leaders make confident decisions with simulation



Guiding
principles

> Building onto what has 
previously been done

> Autonomy and flexibility
> Change management
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Building onto what has 
previously been done



6

Autonomy and flexibility
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Change management



Business 
problem and 
opportunities 

˃Bus-bunching problem
>Project objective
˃Change management
˃Workshops

Content



Bus-bunching problem
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In a perfect world, every bus would be spaced evenly and able to service 
bus stops at a regular headway.

Even spacing



Bus-bunching problem
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Bus-bunching Service gap Potential to spread to 
the rest of the line...

• What we see: bus-bunching
• The real problem: service gaps



Bus-bunching problem
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More time 
at each 

stop

Next bus 
can catch 

up

Bus 
bunching 
/ Service 

gap

More 
people at 
the stop

More 
people in 
the bus

Bus gets late How to prevent or 
break this cycle?



Bus-bunching problem
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Project global objective
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Improve service quality for 
customers, while maintaining or 
improving the quality of work for 
bus drivers.



Change management
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• Operation controllers' decisions are based on their experience and intuition. The 
decision criteria would benefit from being more consistent.

• Demonstrate new ways to operate and find the most beneficial solutions.

• Some methods are not popular with the upper management. Other methods have 
an impact on planning and infrastructures.

• Test solutions and see the potential impacts and risks for customers and bus 
drivers.



Workshops
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1. Define the potential solutions to bus bunching



Potential solutions
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• Bus-only
lanes

• Transit signal 
priority

Years
• Scheduling
• Headway
management

• All door
boarding

Months
• Overtaking
• Bus injection
• Passagers 
transfer

• Etc

Real-
time

Solutions timeline

City
Transit planners

Stakeholders:
Transit planners
Schedulers

Operation controllers
Bus drivers



Potential solutions
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• Bus-only
lanes

• Transit signal 
priority

Years
• Scheduling
• Headway
management

• All door
boarding

Months
• Overtaking
• Bus injection
• Passagers 
transfer

• Etc

Real-
time

Solutions time horizon

City
Transit planners

Transit planners
Schedulers

Operation controllers
Bus drivers

Directly in the modelChange in input data

Stakeholders:



Workshops
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2. Define the functional and technical specifications of the 
simulation model

• Schedulers
• Data analysts
• Transit planners
• Operation controllers



RTC
Information 
Environment

˃Available data
˃Variability

Content



Available data:
in vehicle information systems to collect data
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GPS

Current stop Next stop

Automatic
Passengers

Counter (APC)



Summary of available data
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Trip Bus Stop Passenger
Planning (trips/day) Capacity id Boarding stop

Lines numbers Travel time
(pair of stops)

Sequence
(1,2,3,…)

Alighting stop 
(probability to alight)

Origin Break time - end of a trip Boarding
(passengers)

Arrival time at
boarding stop

Destination Arrival time at each stop Alighting
(passengers)

Boarding time

Type of day
(opening day, week-end)

Departure at each stop



Several sources of variability
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Travel time can vary :
 traffic, traffic lights
 season (winter = snow)
 more passengers than usual etc.



AnyLogic model
˃Solution infrastructure
˃Why AnyLogic
˃Data driven model
˃How data feeds the model

Content



Solution infrastructure
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Solution infrastructure
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Solution infrastructure
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Why Anylogic?
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Why Anylogic?

28



Data driven model: reference scenario 

Years 2018 and 2019 used for reference scenario

• Clean data available
• Infer missing data
• Analyse trends
• Define distribution for all data



How data feeds the model? 

Bus time at each stop

 Open doors (fixed time)
 Alighting time
 Boarding time
 Additional constant time (e.g. fare)
 Traffic light (historical data, probability’s law)



How data feeds the model? 

10 passengers board at a stop (time T)

 2 arrived at T-7 min
 10 at T (ready to board)

17%

33%

50%

67%

83%

100% 100% 100%

T-7 T-6 T-5 T-4 T-3 T-2 T-1 T

2 10

Passengers arrival rate at a bus stop



How data feeds the model? 

Passenger destination probabillity: Analysis of APC data

last stopprevious
stop

board=1 alight=3

• This passenger has a 100% chance to 
alight at the last bus stop

• Probability to alight at a specific bus stop 
for all passengers

4 0.25(1) 0.75(3)



• Innovative approach: Markov chains

• The next state depends on the previous one
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How data feeds the model? 

Representing coherent and cohesive bus running time was a challenge



KPI and 
experiment plan

˃Key performance 
indicators (KPI)

˃Experiment plan

Content



Key performance indicators
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No existing KPI to represent the real operational situation that customers and bus 
drivers experience while in a high frequency environment:

- Irregularity measure: Represents the 
variation from the planned headway (%)

- Excess wait time (EWT): Represents the additional
time customers had to wait. Preferred metric of the 
industry for headway managed service. (min/passager)

- Passagers comfort levels: can only be calculated in 
a simulation environment



Experiment plan
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Add-on module to run batch of simulation experiments:

2 states (256 
combinations)

3 states 
(6,561 
combinations)

4 states 
(65,536 
combinations)

• Corrective actions
• Parameters for each
• Change in input data
• Replications



Model 
Demonstration
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Strategic/tactic Operational
 Schedules and bus fleet

optimization
 Schedule improvements
 Corrective 

actions assessement
 Corrective action policies

standardization
 Headway managing

mode
 Transit priority and bus-

only lanes assessement

 Operation
controllers
training

 Change 
management

 Frequency 
and schedule
adjustment

 Resource 
availability

 Real-time 
decision 

 Trip 
departures 

 Preventive & 
corrective 
actions

 Runtime 
forecasts

 Ridership 
forecasts

Model 1.0 Model 2.0 Model 3.0 Model 4.0

Future prospects



Thank you!
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