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Motivation 

 Continuous growth of urban areas 

• increased need for mobility 

• traffic congestion on roads 

 Transit rail network systems can : 

• relieve highway congestion, 

• decrease commute time, 

• reduce transport related air pollution, 

• provide quick and convenient services 

• improve economic activities 

 

http://www.telegraph.co.uk/motoring/news/8369167/UK-worse-for-
congestion-than-US.html 

http://www.raillynews.com/2013/manisa-needs-a-light-rail-system/ 
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Transit Rail System Planning Aspects 

 

 

 

1- Determination of station locations 

 
2- Determination of line network linking the stations 

4 



Research Background and Aim 

 Limitations of the current models for station location determination 

 

 Research contribution 

• Mainly consider a single objective for rail station planning 

• Rail line alignment determined before station location determination 

• Consider a single rail line with predetermined terminal stations 

• Considers multiple objectives for rail station planning 

• Stations determined before line alignments 

• Considers multi rail lines with no need for predefined terminal stations 
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Methodology  

Framework  
Transit Rail Station Requirements 

Determination of feasible locations for stations 

  

Translation of the Group Requirements into 

Criteria 

Walking Distance to Station 

Number of bus stations  

Number of existing rail 

stations (if any)  

Number of primary and minor 

roads  Number of important activity 

centers  

Population density  

Number of people that have long 

distance from work place 

Environmental sensitive 

areas  

Sites of high economic 

growth  

Land value 

Number of Airport Terminals 

(if any)  

Passenger requirements Operator requirements 

Environmental impact 

Community requirements 

Station availability 

Integration with other 

transport Modes 

Population coverage  

Station construction cost 

Economic growth    Passenger attraction L
ev

el
 I

 
L

ev
el

 I
I 

L
ev

el
 I

II
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Input Module 

Station Generation 

Module 

Station Location Evaluation Module 

Number of airport 

terminals 

Number of existing 

rail stations 

Number of primary 

and minor roads 

Population density 

Number of people 

with long 

commute distance 

to work 

Number of 

important activity 

center   

Number of 

economic 

growth  sites 

Type and number 

of environmental 

sensitive areas 

Land 

value   

Feasible locations of the 

potential rail stations 

Station Location 

Determination Module 

Station Grids 

Station Size 

Passenger, 

Operator, and 

Community 

Parameters 

Passenger Req.  

Number of bus stops 

Operator Req.  

Community Req.  

Fitting-Threshold values 

& Satisfaction Level of 

the Req. criteria 

Output Module 

Excluded Potential rail 

stations due to inters. with 

Env. areas 

Level III – Determination of Feasible Station Locations  

Input Module 

Threshold  , 

Satisfaction  Level  

& Env. Area 

Evaluation-Stage Decision-Stage  
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Evaluation-Stage (1/3) 

1- Input Module:  this is employed by transit rail planners (users) to input 

and adjust various planning parameters which include  

 
a) Station Size 
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Evaluation-Stage (1/3) 

b) Three stakeholders parameters: 

 

•    Passenger Parameters 

 

• Operator Parameters 

 

• Community Parameters 
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Evaluation-Stage (2 &3 /3) 

3- Station Location Evaluation Module:  

• Evaluates the locations of the station grids generated with respect to the: 

       a- Passenger requirements 

       b- Operator requirements 

       c- Community requirements 

2- Station Generation Module:   

• Divides the study area into grids (Gi) based on the station size inputs 

• Creates a layer        for stations.  
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Evaluation-Stage Output 
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a) Threshold values 

  

b) Satisfaction level 

Decision-Stage (1/3) 
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1- Input Module:  this is employed by transit rail planners (users) to input 

and adjust various planning parameters which include : 

 



c) Environmental Sensitive Areas 

Decision-Stage (1/3) 
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2- Station Location Determination Module: consists of three subroutines: 

 

Decision-Stage (2/3) 

a) Environmental Sensitive Area Exclusion ( ):  

• Find Stn_Grid intersect from Env. Sensitive areas and Exclude 

c) Station Location Determination( ):  

•  Aggregate weights of the requirement criteria satisfied by Stn_Grid 

• Determine Stn_Grid that meet Satisfaction level  

b) Station Location Assessment ( ):  

• Compare Stn_Grid_Requirement to Threshold Values 

• Assign binary values to Stn_Grid 
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3. Output Module 

Decision-Stage (3/3) 

The Model Output 
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Case Study 

Input Data Output Results 

Station Size 
50 m for width 

300 m for length 

Station Grids 4566 

Feasible Station 

Location  
1031  

Threshold 

values  

 

50th percentiles of 

all the Requirement 

criteria 

Excluded Stations 

due to Intersection 

with  Env. Areas 

 

475 

Satisfaction 

Level 

More than 50% of 

each stakeholder 

Excluded Feasible 

Stations due to 

Intersection with  

Env. Areas 

60 

Table 1: Input data and output results of the applied case study, Leicester City 
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Sensitivity Analysis 

 

 

Three categories of sensitivity analysis were carried out: 

 

1. Impact of the requirement criteria threshold values. 

 

2. Impact of the requirement criteria collectively at the stakeholder Level. 

 

3. Impact of the requirement criteria individually at the stakeholder Level.  
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Sensitivity Analysis 

 

 1- Impact of the requirement criteria threshold values 
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Threshold Values of the Stakeholder Requirement 
criteria  in Percentile 

Number of Feasible Station Locations with Different Threshold Values of the Requirement Criteria 

Data sources: British Ordnance Survey and Leicester Council 

 

Threshold 

Value 

(Percentiles) 

No. of Feasible 

Stations 

Percentage 

Change  

20th  2946 

-43.4 30th  2247 

40th 1668 

50th 1140 

60th 652 

-80 70th 330 

80th  161 

18 



Sensitivity Analysis 

 

 2- Impact of the requirement criteria collectively at the   stakeholder Level 
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Threshold Values of the Stakeholder Requirement  
criteria in Percentiles 

Passenger Operator Community

Number of Feasible Station Locations with Different Threshold Values of the Three Stakeholder Requirements 

Data sources: British Ordnance Survey and Leicester Council 

  

Threshold 

Value 

(Percentiles) 

Passenger 

%Change 

Operator 

%Change 

Community 

%Change 

20th  0.0 0.0 
0.0 

30th 5.2 5.6 
8.9 

40th 13.7 12.4 
16.8 

50th 21.5 22.9 
26.7 

60th 37.9 35.5 
37.9 

70th 57.1 50.4 
47.7 

80th 69.0 67.1 
56.5 
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Sensitivity Analysis 

 

 3-  Impact of the requirement criteria individually at the stakeholder Level  
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Threshold Values of the Passenger Requirement Criteria in 
Percentiles 

Existing Railway Stations Road Network Bus Stops

Number of Feasible Station Locations with Different Threshold Values of the Passenger Requirements  

Data sources: British Ordnance Survey and Leicester Council 

 

Threshold 

Value 

(Percentiles) 

Railway 

%Change 

Road 

Network 

%Change 

Bus Stops 

%Change 

20th  0 0.0 0.0 

30th 0 1.3 7.0 

40th 0 6.0 15.0 

50th 0 10.4 20.0 

60th 0 19.4 35.2 

70th 0 33.5 49.9 

80th 0 47.0 57.4 

a-  Passenger Requirements 
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Sensitivity Analysis 
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Threshold Values of the Operator Requirement Criteria in 
Percentiles 

Population Density Long Commute Distance People

Important Activity Centers

Number of Feasible Station Locations with Different Threshold Values of the Operator Requirements 

Data sources: British Ordnance Survey and Leicester Council 

  

Threshold 

Value 

(Percentiles) 

Population 

Density 

%Change 

Long 

Commute 

Dist. People 

%Change 

Important 

Building 

%Change 

20th  0.0 0.0 0.0 

30th 6.0 4.8 0.5 

40th 10.9 9.4 1.1 

50th 17.9 14.0 2.6 

60th 25.6 18.2 3.2 

70th 32.2 22.6 5.4 

80th 38 29 8 

3-  Impact of the requirement criteria individually at the stakeholder Level  

b-  Operator Requirements 
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Sensitivity Analysis 
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Threshold Values of the Community Requirement Criteria 
in Percentiles 

Economic Growth Sites Land Values Environmental Sensitive Areas

Number of Feasible Station Locations with Different Threshold Values of the Community Requirements 

Data sources: British Ordnance Survey and Leicester Council 

  

Threshold 

Value 

(Percentiles) 

Economic 

Growth 

%Change 

Land 

Values 

%Change 

Env. 

Areas 

%Change 

20th  0.0 0.0 0.0 

30th 0.0 7.6 0.0 

40th 0.0 14.7 0.0 

50th 0.0 24.9 0.0 

60th 0.0 36.4 0.0 

70th 0.0 45.9 0.0 

80th 0.0 55.8 0.0 

3-  Impact of the requirement criteria individually at the stakeholder Level  

c-  Community Requirements 
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Conclusion 

The proposed methodology can : 

 

(1) simultaneously consider multiple requirements and constraints. 

 

(2) incorporate both quantifiable and non-quantifiable requirement criteria. 

 

(3) find solution in large scale regions with complex topographies, 

 

(4) be expanded to include generation of the rail line network . 
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