
© 2019 JETIR April 2019, Volume 6, Issue 4                                                            www.jetir.org  (ISSN-2349-5162) 

JETIR1904P46 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 293 
 

MODELLING OF TRIP DISTRIBUTION: A 

CASE STUDY OF VADODARA CITY 
1Renu Chauhan, 2 Dr. L. B. Zala , 3Prof. Amit. A. Amin 

1 MTech TSE Student, 2HOD Civil Department, 3Assistant Professor 
1Transportation Engineering Department ,  

1BVM Engineering College , Vallabh Vidyanagar , India 

 

Abstract :  The main objective of this study is to present an overview of the travel distribution modelling for transportation 

planning. Mainly there are four stages model that is trip generation, trip distribution, modal split and trip assignment. After the 

first stage of transportation planning i.e. trip generation, it is necessary to determine the direction of flow. The number of trips 

generated in various zones of the area under study must be proportioned to the various zones to which these trips are attracted. 

These generated trips from each zone are then distributed to all other zones based on the choice of destination i.e. Trip 

Distribution.  This paper gives a framework for the trip distribution for the city of Vadodara based on Household Survey, as the 

data is main input for generating O-D matrix. The trips are combination of work trips, educational trips, shopping trips, 

recreational trips and business trips. This study covered 19 wards of Vadodara city in which it is divided by the local authorities. 

The study methodology developed for gravity model calibration. The cost matrix (travel time and distance) is derived from 

household survey data as perceived by users. The gravity model was calibrated for aggregate trips and various trip types based on 

types of deterrence functions. Based on occupancy rates the trips were converted to vehicles trips.  

The forecasted O-D matrix and desire line help for planning transportation facilities were derived. A moderate size city selected 

through which we can work for such other cities in future keeping this work in consideration. The calibrated gravity model is used 

to forecast trip distribution and accommodate new landmark to be developed. 

 

Index Terms - O-D survey, Trip Distribution, Deterrence functions, TransCAD, Household survey, Transportation 

planning, SPSS software, gravity model. 

I. INTRODUCTION 

Transportation planning process plays an important role in construction of new transportation facilities. The basic purpose of 

transportation planning and management is to match the supply and demand of the population which can create a need. 

Transportation planning is one field where approach has already been tried and found extremely useful. Operations research is 

mainly concerned with optimizing the performance of a system. Transportation planning process includes four stages i.e.: Trip 

Generation, Trip Distribution, Modal Split and Traffic Assignment. For any city like Vadodara which already facing the problem of 

Traffic it is important to know about Future Traffic Conditions. 

 With increase in population, Vadodara started facing problems of traffic, parking, pedestrians’ safety, congestion in the city. 

The solution may include, 

• Land use and city planning controls. 

• Transportation studies are to be carried out and plans for new roads and reorganization of existing network are to be      

formulated. 

• Traffic restraint measures like restriction in parking, road charges etc. 

                            It is the process that leads to decisions on transportation policies and program. In this process, planner 

develops information about the impacts of implementing alternative courses of action involving transportation services such as new 

roadways, introduction to new modes of public transport, etc. or parking restrictions. 

     Very often known as the cultural capital of Gujarat, Vadodara may not have had a colorful history like Calcutta or Bombay 

or seen the great empire builders like Delhi. But then, unlike these cities, its history begins somewhere in the mid-Pleistocene 

period. There are evidences of the existence of the early man of old stone age at the Mahi River valley at several sites within 10 to 

20 kms. To the North-East of the present Vadodara. Vadodara formerly known as Baroda is the third-largest city in the Western 

Indian state of Gujarat, after Ahmedabad and Surat. It is the administrative headquarters of Vadodara District and is located on the 

banks of Vishwamitri river, 141 kilometers (88 mi) from the state capital Gandhinagar. As of 2011, Vadodara had a population of 

almost 16.66 million people. 

 

 

II. OBJECTIVE AND SCOPE 

         There is constant increase in the number of privately-owned vehicles in the region. The trips by private vehicles and auto 

rickshaws constitute most trips leading to increased demand for parking and add to the noise and air pollution problems. The 

increasing numbers of vehicles and inadequate carrying capacity of road along the improper geometry of road network are major 

causes for traffic congestion, delay, and accidents. So due to increase in number of private vehicles and due to increase in 

population and income, numbers of trips increase. 

 

Following issues which identified in Vadodara related to transportation: 

I. Areas in the old city are highly congested  

II. Lack of pedestrian facilities  

III. Rapid growth in private vehicles  

IV. Improper ratio of public and private vehicles  
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V. Poor road geometry  

VI. Need of improvement of existing road networks  

VII. Public transports in the urban region are inadequate to cater to the commuters beyond the arterial roads 

VIII. Reduction in road width due to the improver parking practices  

IX. Absence of traffic sense which again leads to travel time and uncontrollable situations 

X. Proper implementation of traffic rules is missing  

 

           The above issues can be resolved by understanding distribution of trips among various zones of Vadodara city. 

 

III. LITERATURE REVIEW  

 

A. OVERVIEW 

 

The decision to travel for a given purpose is called tip generation. The decision to choose destination from origin is directional 

distribution of trips forms the second stage of travel demand modelling. Trip distribution is determined by the numbers of trips 

end originated in zone I to number to trips attracted to zone J, which can be understood by the matrix between zones the matrix is 

called origin-destination (O-D) matrix. Trip distribution is the important stage in transportation planning process. Table 1 

represents typical O-D matrix. 

TABLE1:  TRIP DISTRIBUTION MATRIX 

 

 

DESTINATION ZONES  

Originated 

trips from 

zone i 
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ZONES 1 2 ..... j ...... N Oi 

1 T11 T12 .... T1j ..... T1n O1 

2 T21 T22 .... T2j ..... T2n O2 

.... .... ..... .... .... ..... ...... ..... 

i Tn T12 .... Tij ..... Tin Oi 

.... .... ..... ..... .... ...... ..... ..... 

N Tn1 Tn2 ..... Tnj ...... Tnn On 

Attracted 

trips in 

zone j 

Dj D1 D2 ...... Dj ...... Dn T= ∑ 𝑂𝑖𝑛
𝑗=1  

   

 Where, Oi =∑j Tij       Dj = ∑iTij    T= ∑ij Tij    Oi = ∑ 𝑇𝑖𝑗𝑛
𝑖=1  

  

B. REVIEWS  

 

Study done by S A Veentra in Netherlands (2010) aims a new trip distribution model for destinations that are not 

homogeneously distributed. The model is a gravity model in which the spatial configuration of destinations is incorporated in the 

modelling process. The performance was tested on a survey with reported grocery shopping trips in the Dutch city of Almelo. 

 

Study done by Thomas Hudecek in Prague (2017) searched for places with the highest potential for the construction of new 

parks and attempted to determine the level of the need for public investment for these individual localities. It has been shown, 

however, that the time-related accessibility of parks is only one aspect, and therefore, the step was taken to expand and deepen the 

methodologies used. Information about population density as an indicator of the lack of parks has been added. Finally, the results of 

this research will help the City of Prague in the process of making a new metropolitan land-use plan. 

 

Study done by Zala K in (2013) describe the calibration of a gravity model for various trip purposes like business, service and 

home and for the same, the value for the deterrence functions ranges between 1 to 3 depending upon travel factors. 

Study done by Guler in Turkey (2014) aims to calculate the transportation demand of the Marmaray corridor. The model was 

used to estimate freight and passenger transportation between Istanbul and other Turkish provinces. The estimated results were 

used to calculate the required train numbers daily through the Marmaray corridor and some suggestions were put forward to 

increase the capacity of this corridor. 
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IV. GRAVITY MODEL 

          

               This model is originally generated from an analogy with Newton’s gravitational law i.e. the attractive force Newtons’ 

law of gravity which says that the force of attraction between two bodies is directly proportional to the product of the masses of 

the two bodies is inversely proportional to the square of the distance between them. Similarly, in the gravity model, the number of 

trips between two zones is directly related to activities in the two zones and inversely related to the separation between the zones 

as a function of travel time, cost and length. 

𝑻𝒊𝒋 =  
𝒌 ×𝑶𝒊×𝑫𝒋

𝒇(𝒅𝒊𝒋)
 , 

 

Where, f (dij) = 
1

𝑑𝑖𝑗𝑐  inverse function  

 

Where, k & c = parameter of model estimates through calibration using base year data 

             Dj = total trip attraction at zone j 

             Oi = total trip production at zone i 

             dij = impedance between zone i and zone j 

 

Using the usual mathematical modelling terminology, the trips are the dependent variables, the production, 

attraction and impedances are the independent variables. The constant k and c are the parameters of the model that must be 

estimated through calibration using base year data. 

 

 

 CLASSIC FORM OF GRAVITY MODEL 

𝑻𝒊𝒋 =  
𝑶𝒊 × 𝑫𝒋 × 𝑭(𝒅𝒊𝒋) × 𝑲𝒊𝒋

∑{𝑨𝒋 × 𝑭(𝒅𝒊𝒋)}
 

Where, Tij = total number of trips between zone i to zone j 

             F(dij) = friction factor and impedance factor  

             Kij = socioeconomic adjustment factor 

 

. 

V.  STUDY AREA   
 

 Vadodara has a population of almost 16.66 lacs people as per census 2011. Vadodara is the third largest city in the 

Gujarat state. It is the administrative headquarters of Vadodara district. The main two institutions involved in planning and 

development of Vadodara are VMC (Vadodara municipal corporation) and VUDA (Vadodara urban development authorities). 

The city is on the major rail and road arteries joining Mumbai with Delhi and Mumbai with Ahmedabad. Due to this Vadodara is 

known as a Gateway to the Golden Quadrilateral.  

                The study area is divided into 19 wards based on population data and ward size data. After  conducting HH survey we 

came to know that there are internal trips (having both destination and origin within study area), intrazonal trips (having both 

origin and destination in same zone)and interzonal trips (trips travelling between two different zones).The zoning of Vadodara 

city done in TransCAD software taking care of trips whose origins are within the zoning area but destination as outside the zoning 

areas for these instead of 19 wards 23 wards are taken into consideration and whole study has been conducted  which is shown 

below in fig 2.showing 19 ward map in transcad. 

               According to the 2011 India census, Vadodara metropolitan area had a population of 1,670,806. In Vadodara, 9% of the 

population is under 6 years of age. Gujarati, Urdu, Marathi, Hindi and English are the languages spoken in the city. Males 

constitute 52% of the population and females 48%. 

People speaking different languages stay in the city. Apart from Guajarati’s and Marathi, a significant population of North 

Indians, Rajasthani, South Indians and Bengalis have settled in the city. All of them have various associations and community 

bodies in the city. 
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FIGURE1: ZONNING MAP OF VADODARA CITY 

 

 
 

VI. DATA COLLECTION 
       

                    The transportation planning is first required transport survey to collect various data on all factors that are influencing 

the travel pattern. The data collection involves number of surveys to collect the information on existing travel pattern, existing 

transport facilities and information on existing land use and economic activities. The cost involved for survey is high 

and it is also time consuming, so this emphasized on the need for proper organization and careful planning for sample size. 

                     In many urban areas the travel survey data plays an important role. Sometimes this data is collected for forecasting 

and then for modelling. In other cases, the data is used mostly to draw a picture of the existing situation. 

 

FIGURE 2: STANDARDS FOR SAMPLING SIZE FOR HHIS 

 

 

POPULATION OF STUDY AREA SAMPLE SIZE 

Under 50,000 1 in 5 households 

50,000 – 150,000 1 in 8 households 

150,000 – 300,000 1 in 10 households 

300,000 – 500,000 1 in 15 households 

500,000 – 1,000,000 1 in 20 households 

Over  1,000,000 1 in 25 households 

 

                     Household information survey is one of the most reliable types of survey to collect data on origin and destination. 

The survey is intended to collect data on the travel pattern of the members of the household and the general characteristics of the 

household influencing trip making. Several techniques are available for household information surveys are full interview 

techniques and home questionnaire techniques. The full interview technique involves interviewing as many members of the 

household as possible and directly recording all the information. In home questionnaire techniques, the interviewer collects only 

details of the household characteristics and leaving forms for household members to fill the information regarding trips. The 

completed forms are collected by the interviewer after a day or two. 

                   Out of 18,836 actual sample size we have successfully collected 4000 samples from all zones. This data is 

transformed in excel sheet and imported into TransCAD for analysis. Fig 3 shows excel sheet data and fig 4 shows TransCAD 

datasheet. 
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FIGURE 3: EXCEL SHEET OF DATA COLLECTION 

 

 
 

FIGURE 4: TRANSCAD DATA SHEET  

 

 
 

VII.  DATA ANALYSIS  

             Data analysis is the important step after data collection. The population data for each zone has been forecasted for horizon 

years. The data from household information survey is entered in  Microsoft Excel. Then these entered data is imported into 

Transcad software for analysis purpose. 

             

           Trip distribution can be understood by matrix between zones . The matrix is called origin – destination matrix (O-D) 

matrix. Matrix involves trip data like travel distance, travel time and number of trips which is important for trip distribution. A 

matrix is generated after analysis of 4000 samples collected from 19 wards of Vadodara and then calculating the numbers of trip 

per ward through which an O-D pattern has generated which is shown below in figure 5. 

 

            Desire line map is made up many such desire lines, the density of which indicates the volume of trip moving between 

origin and destination. Here desire line indicates the flow of peoples depending upon their purposes from origin to destination 

which are based upon the matrix obtained through transcad and map generated in transcad. Combination of O-D matrix and 

generated map gives the result of desire line diagram which is shown in figure 6. 
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FIGURE 5: OBSERVED O-D MATRIX BY TRANSCAD 

 

 
 

 

FIGURE 6: OBSERVED DESIRE LINE DIAGRAM 
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VIII. CONCLUSIONS  

 

The data analysis of Vadodara helps to draw following conclusion.  

   

The GIS data base in TransCAD for Vadodara is prepared in intelligent database used in planning. 

 

 The population growth rate in the last decade (2001 -2011) is 22.2%. 

 The trip rate observed is 5.1 trips /HH/day. 

 The total number of trips were 21673 which includes all purposes like work, business, education, 

hospital and health, recreational trips.  

 Home based trips are 6402 trips  

 Non homebased trips are 4451 

 NHBW trips are 10853  

 The HH survey of 4000 HH helped to generate O- D matrix as given in fig 5 and required desire line 

diagram given in fig 6.  
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