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Outline

� Simulation model of rail operations and control
� Calibration and Validation

� Methodology

� Case study
� MBTA Red Line
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Rail Simulation Model
� Detailed Simulation of Operations for:

� Evaluation of real time control strategies
� System performance analysis and operations planning
� Control system evaluation

� Capacity analysis
� Training
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Simulation Model Structure

   -Vehicle movement
   - Interactions

SIMULATION

Scenarios
-incidents

Output
- Measures of
performance

Control

Passengers

Operators

Vehicles

Network

Schedule
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Calibration
� Parameters/Input

� Dwell time model parameters
� Acceleration/deceleration rates
� Demand: arrival/alighting rates
� Pre-shunt/post-shunt distance
� Operator variability

� Data Available for Calibration
� Operational Control System (OCS) records

� Block on/off time
� Actual train dispatching records
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Calibration Methodology
� Formulated as an optimization problem of minimizing 

errors and deviation from a-priori values
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Calibrated and a-priori system parameters, 
e.g., dwell time model parameters

Calibrated and a-priori system input, 
e.g. arrival/alighting rates

Simulated and observed performance 
measurements, e.g., block occupancy time

Weights
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Goodness-of-Fit Measures
� Root mean square error

� Theil’s U

� Ysim, Yobs: Simulated and Observed Performance Measures
� Block run time 
� Travel time
� Headway distribution
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Case Study
� Network: Red Line southbound Alewife-South Station

� Data: a-priori parameters and inputs
� Demand: CTPS 1997
� ACC/DEC Rates: Theoretical profile, MIT/field data
� OCS Oct 04 records

� Block Run Time
� Dispatching Headway

� Dwell Time Model: Puong, MIT 2000
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Case Study
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Calibration-Passenger Demand 

Southstation Downtown Porter Davis
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Calibration- Block Run Time
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Calibration- Dwell Time Parameters

2.022.6127.3Park

1.962.2413.8Central

1.862.3914.1Kendall

1.822.2712.22a-priori value (Puong, 2000)

Sec./AlightingSec./BoardingConstant
Parameter

Station
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Calibration
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Calibration- Goodness-of-Fit Statistics

0.9660.387UC (covariance part)

0.00020.285US (variance part)

0.03380.328UM (bias part)

0.0380.104U (Theil’s statistic)

0.92%2.70%RMSPE

2.2555.801RMSE

AfterBeforeStatistic

�Block Run Time, Oct 4-22/04, 4-6PM 
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Validation

0.863UC (covariance part)

0.082US (variance part)

0.055UM (bias part)

0.042U (Theil’s statistic)

1.08%RMSPE

2.538RMSE

�Block Run Time, Oct 25-29/04, 4-6PM 
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Conclusion
� Rail simulation model is useful for planning 

and operations
� Calibration and validation of the model is very 

important before its use
� OCS data facilitate the calibration and 

validation process   
� Proposed calibration method shows promising 

results
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Questions
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� Network: Red Line southbound Alewife-South Station
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� ACC/DEC: Theoretical profiles, MIT study/field data 
1800 Series Car Acceleration Profile

Theoretical Calculation
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1700 Series Car Acceleration Profile
Observed from Field Data
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� Dwell Parameters: Puong model, non-station specific

doorperstandeesThroughTS
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� Convergence of Objective Function 
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0.000621.951.8613.8Southstation

0.000621.841.8714.4Downtown

0.000622.022.6127.3Park

0.000622.002.4214.8Charles

0.000621.862.3914.1Kendall

0.000621.962.2413.8Central

0.000621.882.2717.5Harvard

0.000621.932.1711.9Porter

0.000621.672.4415.0Davis

--2.2712.2Alewife

0.000621.822.2712.22Puong 2000
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