1 Computational Foundation in Transportation and Transportation

Systems Modeling . . . ......... ... ... ... .. ... ... ........ 1
1.1 Introduction. .......... .. ...ttt 1
1.2 Transportation and Transportation Systems Sector. .. ......... 3
1.3 Models and Their Mathematical Notation. . .. .............. 5
1.4 Modeling Formalisms. . . ..........couiiiiiinneeennnn.. 8
1.4.1 General Formalisms. ............... ... ... ... .... 8
142 StateModels. . ... 16
1.4.3 Methodological Principles. . ...................... 19
1.5 Model Validation. . . ...... ... 30
1.6 Case Study in Transportation Systems Analysis.............. 33
1.7 EXEICISES . . . oottt 41
References and Further Readings . . .............. .. .......... 42
2 Transportation Models. . ........ ... ... .. ... ... . . ... ... 45
2.1 Introduction. . .. ... ... ... 45
2.2 TrafficFlow Models. . ........ ... ... ... ... .. ... ... 49
2.2.1 Uncongested Traffic Conditions. . .................. 50
2.2.2 Congested Traffic Conditions. . .. .................. 50
2.2.3 Flow-Density and Speed-Flow Graphs. . ............. 51
2.2.4 Traffic Flow Scenarios. . ......................... 53
2.2.5 Traffic Flow Behavior. . ......................... 56
23 QueuingModels. . ... ... 57
23.1 Little’sLaw. . ... ... i 59
2.3.2  Queuing Systems Attributes and Disciplines. . ......... 61

2.3.3 Queuing Systems Parameters
and Performance Measures. . . . ................... 65
234 Kendall’sNotation. . ........... ..., 67
2.3.5 Inventory System. . ... ... ..., 70
2.3.6 Simulation Languages. .......................... 71
2.3.7 Probability in Queuing Systems . . . ................. 72

Xi



Xii

Contents

2.4 Traffic Demand Models. . ......... ... ... ... . ... 75
2.5 Congested Network Models. .. ....... ... ... ... ... .... 78
2.6 GraphModels. .. ... ... 81
2.7 Bottleneck AnalysiS. .. ....... it 85
2.8 ProModel Case Study: Road Intersection. .................. 92
2.9 EXEICISES . . v vt e e e e e 104
References and Further Readings . . . .......................... 106
Traffic Assignments to Transportation Networks. . ............. 109
3.1 Introduction. ... ... ...t 110
3.2 Uncongested Network . . . ...... ... ... ... ... 112
3.3 Congested Network . . . ... vttt 113
3.4 Equilibrium Assignment. . . ............ .. 114
3.5 Multiclass Assignment. . .. ... i 117
3.6 Dynamic Traffic Assignment. . ......................... 120
3.7 Transportation Network Synthesis. . ...................... 124
3.8 Case Study: Diverging Diamond Interchange . . . ... .......... 125
3.8.1 Model Results: Traffic Volume . . .................. 131
3.8.2 Model Results: Length of Time Traffic Light Green. . . . . 132
3.8.3 Model Results: Rule for Traffic Light................ 134
3.9 EXEICISES . . o v vttt 136
References and Further Readings . . .............. ... ......... 137
Integration Framework and Empirical Evaluation. . ............ 139
4.1 Introduction. ... ... ... ...ttt 139
4.2 Overview of the Framework Architecture. . ... ............. 142
421 SOA . . 142
422 HLA ... 143
4.3 Ontology-Based Modeling and Integration in Transportation. . . . 152
4.4  Workflow-Based Application Integration in Transportation. . . . . . 155
4.5 Marine Terminal Operation Simulation
and Its Empirical Evaluation. . . ......................... 156
4.5.1 Marine Terminal Operation Simulation Model . . . ... ... 159
4.6 Airport Operation Simulation and Its Empirical Evaluation. . . . .. 165
4.6.1 UML Activity Diagrams. . .. ..................... 169
4.6.2 SimEventsModel............. ... ... ... ...... 173
4.63 A-SMGCS. . . . . . 178
4.6.4 RunwaylIncursion.............. .. ..., 180
4.7 Highway Operation Simulation and Its Empirical Evaluation. . . . 183
47.1 Swarm Behavior......... ... ... .. ... ... 186
4.8 Vehicle Tracking Based on the Internet of Things Paradigm . . . . . 189
4.9 EXCICISES - v v v vttt e et e et e e e 191

References and Further Readings. . ........................... 192



Contents

5 Simulation Tools in Transportation. . .......................
Introduction. . ... ... ...
Classification of Simulation Systems. . . ...................

5.1
5.2

53
54
5.5
5.6
5.7

5.2.1
522
523

Block-Oriented Simulation Systems. . . ..............
Equation-Oriented Simulation Systems. . .............
Summary of Simulation Systems. . .. ...............

Discrete-Event Simulation Systems . . .. ...................
Object-Oriented Simulation . . . . ......... ... ... ... ......
Online Simulation. . . ...... ... ... ...
ProModel Case Study in Transportation Analysis. ............
Exercises. .. ... ...
References and Further Readings . . . ..........................

6 Transportation UseCases................ .. ...,

6.1

6.2

6.3

6.4

Introduction. . . ......... .. .. . . .
6.1.1 Model Verification and Validation. . ................
6.1.2 Model Starting and Stopping Conditions. . ............
6.1.3 Model Reaches Steady State or Equilibrium. . .........
6.1.4 Length of Simulation to Achieve Good Results

or Sample Size. ... ... ...
6.1.5 Statistical Confidence Intervals on Simulation Results. . . .
6.1.6 Analyzing SimulationResults. . . . .................
Coal Terminal Simulation. . ............................
6.2.1 Introduction. ............... . ... uiiiiniin. ..
6.2.2 Coal Terminal Model . . ... ......................
6.2.3  Ship Unloading and Loading Submodel . . .. ..........
6.2.4 Verification and Validation. . ... ..................
6.2.5 AnalysisofResults............. ... ... ........
6.2.6 Conclusion. ............... ..
Container Terminal Simulation. . ... .....................
6.3.1 Introduction................ ... ...,
6.3.2 Container Terminal Model . . . .....................
6.3.3 Ship Unloading and Loading of Container Submodel. . . .
6.3.4 Verification and Validation. . .. ...................
6.3.5 AnalysisandResults................... ... . ...
6.3.6 Conclusion. ........... ... ...
Intermodal Container Terminal Simulation. . ...............
6.4.1 Introduction................c..uiiiiuinenennnn.
6.4.2 Intermodal Center.................. .. .. ........
6.43 SimulationModel. . ....... ... ... ... .. ... ... .....
6.4.4 Experimental Design............... ... ... ......
6.4.5 Removal of Resources from Baseline Simulation Run 1. . .
6.4.6 Increase in Entity Arrivals. . ......................
6.4.7 Removal of Resources from Revised Model . . ... ... ...
6.4.8 Planning for Additional Growth....................

6.4.9

ConcCluSion . . ..o v it

xiii

195
195
196
197
202
203
206
213
215
217
225
226

229
230
234
234
235



Xiv

Contents
6.5 Port Security Inspection. . . ....... .. ... o ... 274
6.5.1 Introduction..................uiiiiiiineeeann. 274
6.5.2 Simulation Model . ........... ... ... .. ... ... 275
6.5.3 Experimental Design............... ... ... ....... 276
6.5.4 AnalysiS. ........ .. 282
6.5.5 Conclusion. .......... ... 283
6.6 Interstate Traffic Congestion Simulation Model . . . ... ........ 284
6.6.1 Introduction............ ... ... . . ... 284
6.6.2 ProcessModel........... ... ... ... ... . ... 285
6.6.3 Experimental Design............................ 286
6.6.4 Baseline Simulation Run 1 Results. . ................ 287
6.6.5 Analysis......... ... 290
6.6.6 Conclusions. . ......... ..., 291
6.7 Interstate Tunnel Traffic Simulation Model . . .. ............. 292
6.7.1 Introduction.............. ...ttt 292
6.7.2 Simulation Model. .. .......... . ... ... . ..... 293
6.7.3 Verification and Validation. . . .................... 293
6.7.4 Experimental Design................. ... ... ..... 294
6.7.5 Baseline SimulationRun. . .............. ... .. ... 295
6.7.6 Increase in Directional Traffic Split. . ............... 296
6.7.7 Increase in Truck Traffic......................... 297

6.7.8 Decrease in Passenger Car Traffic and Increase
inTruck Traffic. ........ . ... . . . ... 298
6.7.9 Conclusions. . ........ ...t 298
6.8 Passenger and Freight Operation Airport Simulation Model. . . . . 300
6.8.1 Introduction.............. . ... ... 300
6.8.2 AirportLand Side............ ... .. ... . .. . . ... 302
6.8.3 Model Implementation in SimEvents. . . . ............ 303
6.84 Results....... ... 310

6.9 International Student Team Project: Modeling

and Simulating an Airport Transportation Operation. . ......... 311
6.9.1 Introduction.............. ...t 311
6.9.2 Principles of Operation on the Airport Ramp.......... 312
693 DataAnalysiS.......... ... . ... ... .. .. 314
6.9.4 Description of the Model of the Second Scenario. . . . . .. 316
6.9.5 SimulationResults.............. ... .. ... ... .... 322
6.9.6 Aviation Operation Modeling. . .................... 323
6.9.7 Scenario AnalysiS. ......... ... ..., 330
6.9.8 Conclusions. . ......... ...t 332
References and Further Readings. . . .......................... 333
.................................................. 335



2 Springer
http://www.springer.com/978-1-4471-5636-9

Introduction to Transportation Analysis, Modeling and
Simulation

Computational Foundations and Multimodal
Applications

Miller, D.P.F.

2014, XN, 343 p. 131 illus., 67 illus. in color., Hardcower
ISBM: 978-1-447]1-5636-9



	Contents

