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ABSTRACT 

An Origin – Destination matrix is a vital aspect in the process of traffic planning. OD 

matrix table shows the trip production and trip attraction of the each zones. This zones 

should be identified with the certain physical boundaries. These zones will be called 

as Traffic Analysis Zones (TAZs) in a transport network.  

The values of the origin destination matrix will be obtained by the surveys of the travel 

data. This will be empirical surveys and real observations. Since these data were 

obtained by the surveys, the result of the OD matrix may close to the reality. However 

if the number of TAZs is high, then it is not practical to carried out the surveys to 

obtain the data. These surveys are very costly and time consuming. Also since it is 

time consuming obtained survey data will be obsolete.  Therefore, developing a partly 

filled OD matrix is only possible in this situation.   

However, we cannot use partly filled OD matrix for decision making purposes in 

traffic planning. Then partly filled OD matrix is not essential. Then there is an essential 

requirement to fill the balance unfilled cells in the OD matrix before using it to the 

travel demand estimation.  

In Sri Lankan context, there are 331 divisional secretariats with clear physical 

boundaries. Therefore divisional secretariat division can be identified as one traffic 

analysis zone. As a result, there are 109,561 OD pairs in OD matrix for whole Sri 

Lanka.   

There are studies in the world context to solve these types of problem. Therefore it is 

usable to study those techniques which are used to solve this type of issues in the world 

wide by various scholars.  

This study to find the relevant method to develop fully filled OD matrix with using 

partially filled OD matrix for entire Sri Lanka.   

Finally intention of this research is to fill the trip generation and trip attraction for 

entire traffic analysis zones (i.e. all divisional secretariats) and find entire 109,951 trip 

interchange values for the origin destination matrix.  
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CHAPTER 01 

 

1 INTRODUCTION 

 

1.1  Background 

Nowadays, the world is growing fast, including Sri Lanka. On this process villages 

will change to cities and cities will be more congested. Meanwhile, transportation will 

be great challenge for the future development. If future development are planned 

without considering transportation, then entire country will be functioned ineffectively 

because there is close relationship between transport and land use.  In transportation 

planning, one of the most essential requirement is Origin Destination Matrix (ODM) 

estimation for the purpose of arriving at the traffic pattern between several zones. (Bera 

& Krishna Rao, 2011). In transportation planning ODM is acting as a most crucial 

requirement. The origin- destination matrix is a matrix which is each cell represents 

the number of trips. In the matrix rows represents origins and column represents 

destinations.  

Momentous transport planning is required for the developing countries like Sri Lanka 

when changes in the land use and economic state of affairs. Traffic pattern between 

various zones can be identified with the origin-destination matrix estimation.  

As per the traditional methods of estimating origin destination matrix are through large 

scale sampled surveys like home interviews survey, road side interview, vehicle 

number plate survey, Telephone survey etc. These surveys are conducted once in 1-2 

decades. However, according to the previous scholars in worldwide it is identified that 

these surveys are difficult to conduct in accurately due to financial constraints and time 

consuming. Also by the time the survey data collected and processed, the collected O-

D data become obsolete. Therefore it is vital to update and revalidate of data set in 

order to conduct better transportation planning.  

Usual methods for the ODM estimation are Roadside interviews, vehicle number plate 

survey, Telephone survey, Home interviews etc.  
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The accuracy of the estimation is depend on the quality of the available information, 

and how this data is combined and weighted from different sources. The usual methods 

for creating an OD matrix is based on sample size and counting locations. Conducting 

a complete OD survey manually for an entire city is not practical. Because collection 

of OD data in many counting locations are time consuming and costly. Due to that the 

accuracy of the ODM estimation also deducting.  

With the new development trend and as a solution for the existing traffic congestion, 

in Sri Lanka highways, expressways, Bypasses, Flyovers are designing. With 

reference to this situation there is a need to modelling traffic demand in each towns in 

terms of trip distribution. Accuracy of the OD estimated increases with the number of 

counting locations. But with the resource limitation conducting an OD survey in every 

counting locations in related to the sample size and used to fill each and every cell of 

the OD matrix is not be possible. Using manual methods, there is a possibility to fill 

some (percentage, how much cells) cells by but not every cell.  

Hence as a solution for that, in International context different scholars have developed 

ODM estimation methods such as gravity model (year), Growth factor method, 

intervening opportunity model (year), Entropy maximization model, Maximum 

likelihood estimation, Bayesian inference, Generalized least square estimator (years).  

Throughout in this research it is focused on the ODM estimation method that can be 

used in Sri Lanka by minimizing these problems. 

 

1.2 Research Problem 

The origin destination matrix includes number of trips between a number of origins 

and destinations per time period. If the O-D matrix contains information on the present 

situation it is called “base year matrix” This matrix can be filled with all the available 

traffic and transport data. These data can be categorized as two types such as complete 

data and incomplete. Complete data means all the trips are served. However due to 

financial constraints and time constraints this process is never happened.  

Accuracy of the household survey, road questionnaires are questionable.  Also filling 

of entire matrix with above survey methods is impossible. Therefore it is mandatory 

to find a solution for complete a origin destination matrix.  
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In worldwide many researchers did studies in order to solve this problem in their 

context. Mathematical methods such as gravity model, entropy maximization, and 

multiple linear regression analysis are used for these studies.  

In Sri Lankan context most of the traffic studies are conducted by the Department of 

Civil Engineering of University of Moratuwa. According to the sources available from 

Civil Department complete OD survey has been not conducted to the entire Sri Lanka. 

 

1.3 Research Objective 

The main objective is to develop a method to complete partially filled origin 

destination matrix in Sri Lankan context. Traditional methods of estimating origin 

destination matrix are obsolete in these days. Filling of some cells in O-D matrix can 

be done with traditional methods.  

Therefore it is essential to find a method that can be used to fill the partly filled OD 

matrix in related to the Sri Lankan context. Many of researches have been done in 

order to find a method to fill the partly filled OD matrix in worldwide. However those 

are depends on other several factors such as geographical condition, economical 

condition and also thinking pattern of the people. Therefore it is mandatory to find a 

method to fill the partly filled OD matrix in Sri Lankan context since it is essential for 

transport planning.  

If there is a way, then the remaining blank cells in the OD matrix can be filled without 

conducting surveys.  

1.4 Sub Objectives 

In order to complete this research it is necessary to set up  other sub objectives as 

follows. 

 To review existing methods and techniques for origin destination matrix 

estimation 

 To select most suitable methods and techniques for origin destination matrix 

estimation for the Sri Lankan context 

 To collect and estimate relevant socio economic data for developing equations 

 To develop equations for trip production, trip attraction and trip interchange  
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 To validate the above equations using existing data 

 

1.5 Frame Work 

Origin Destination matrix includes every trip origins and destination within the closed 

system. These trip generation depends on the several factors of particular environment. 

That is varied depends on the country. A method calculated for a particular country is 

not compatible for other countries. Therefore there is a requirement to find a method 

for the Sri Lankan context. In order to do that it is necessary to find the factors by 

which has most dominate to the trip generation.  

These factors are selected based on the assumptions. Some of these factors may be 

interrelated.  

Surveyed data can be used for find out the value of the factors which are mentioned 

above. These values will be added to mathematical model and suppose to obtain best 

fit equation to use fill the black cells in partially filled OD matrix.  

 

1.5.1 Study Area 

 

There are 331 divisional secretariat division in all around the Sri Lanka. When we do 

the traffic planning for a particular area it is needed to get knowledge about the traffic 

generation from that area to the other whole area of the country and vice versa. 

Therefore, in order to get better result it is mandatory to select total number of DS 

divisions as a study area.  

 

Therefore it was decided to consider traffic data from all 331 divisional secretariat 

divisions to conduct my research study. 

 

 

1.5.2 Limitation to the Study 

 

This research is focused on the estimation of partially filled origin destination matrix. 

Throughout this research, it identifies and evaluates the different modelling 
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approaches which are used to estimate the OD matrix within the world. Ultimately, 

this research will find out the method which can be used to fill partially filled origin 

destination matrix.  

In order to achieve that research aim and objectives are formulated. We can identified 

some limitations and shortcomings within this research process especially with the 

collection of data. Because of that used partially filled OD matrix to get the final 

outcome of this research is completed with the survey data which conducted in 

traditional ways. Therefore, sometimes those data is not fully accurate.  

Also we have taken some assumptions such as dependent factors for trip generation 

and trip attractions. Even within the Sri Lanka also these factors can be changed in 

place to place. However we assume that those dependent factors are same in every 

place within the country. Therefore, there can be different types of dependent factors 

in place to place in the Sri Lanka.  

As a result this will slightly affected to the final result of the study. However, I will try 

to get maximum number of dependent factors to my study thereby I will try to give 

maximum equity for my study. 

 

1.6 Research Methodology 

 

 

 

 

 

 

 

 

 

 

 

 

 

Step One – Comprehensive Literature Survey  

Step Two – Data collection and Survey  

Step Three – Analysis and Presentation  

Information 

Gathering  

Research 

Output    

Figure 1.1 
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1.7 Structure of the Thesis 

The Thesis was divided in to five main chapters. 

 

1.7.1 Chapter one - Introduction 

 

This chapter comprises the background of the problem, definition of the research 

problem, research objective, research questions, methodology and technical 

framework, data collection and sampling.  

 

1.7.2 Chapter two – Literature Review 

 

In this chapter, literature review explain what is origin destination survey, what is 

origin destination matrix and its importance in the transportation planning. Also this 

chapter describes the problems encounters with the estimation of OD matrix. Then it 

describes the methods which are used in international context as well as Sri Lankan 

context. After critically evaluation of the exiting method with the literature review, 

this chapter explains the advantages and disadvantages of current practices of the OD 

matrix estimation. Finally this chapter shows comparatively best model from the 

existing model which can be used in Sri Lankan context. 

 

1.7.3 Chapter three – Research Design  

 

This chapter explains details of methodology that are used in the research and its each 

stage. Also it is discussed that what are the data collection methods and what are the 

data analysis methods.  

 

1.7.4 Chapter four – Analysis  
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This chapter comprises of an analysis that is used to continue this research, how the 

selected methods evaluates with the completed OD matrix by using Entropy 

Maximization and with the multiple linear regression. Also analysis will be done by 

soft wares such as Math labs. Finally, it shows the findings of the research.  

 

1.7.5 Chapter Five – Conclusion 

 

This chapter is the last chapter of this document which presents the conclusion of the 

main findings and the recommendations. Also it includes the study area of future 

research to be carried out.  

 

1.8 Summary  

 

The objective of this chapter is to provide an overview of background of the problem 

which focused and the research is about what and outline of the whole dissertation. On 

overview, the background of the problem was discussed in details while including the 

research questions of the study. The theoretical framework and research methodology 

were stated briefly. Villages are transformed into cities. Therefore transportation 

pattern will be changed. Therefore there is a close relationship between land use and 

transportation. Hence OD analysis will be very useful in order to overcome spatial 

issues pertaining to land use activities. 

In next, Chapter two will study the literature about the method to do the OD estimation 

in worldwide and their merits and demerits.  
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CHAPTER 02 

2 LITERATURE REVIEW 

 

2.1 Introduction 

 

Literature review will be helpful to find out all important elements which are used in 

many other research studies in relation to this research study. Research findings and 

suggestions on similar techniques those are used in many other countries and regions 

can be found by this literature review. Expectation on this literature review is to attain 

suitable measurements and eligible factors which are match to Sri Lankan context. 

Also it is expected to verify the applicability of the model which is selected by this 

research work. Further to that, some techniques which are combined to particular 

contextual factors will be examined in this literature review.      

  

2.1.1 Origin- Destination Survey 

 

Transportation professionals used Origin –Destination (OD) matrices as a most 

valuable tool. OD studies are conducted to understand the pattern of the movement of 

persons and goods in a particular area of interest during a particular period of time 

(Wang & S, 1997) 

 

2.1.2  Origin- Destination Matrix 

 

In transport analysis, OD matrix is an important study. Origin destination matrix is a 

two- dimensional table. Rows and columns of that table shows the trip attraction and 

trip production from one zone to other zone. Therefore we can get the information of 
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the number of travelers who are travel between different zones of a region.  (Kikuchi 

& Kronprasert, 2009)  

 

2.2 Importance of the OD Matrix 

 

It is necessary to know the correct number of trip generation and trip attraction from 

each zone to other zone in transport planning. According to the 2011 TRANS O‐D 

Survey Report, it has mentioned that these OD surveys collect valuable data related to 

households, individuals and trips. On the other hand, information from the OD matrix 

gives the knowledge of the travel pattern and the characteristics of the travels. Also it 

could be identified the trends of the transportation in the future, identification of the 

transport model for a particular region. Further to that, we can input those data to the 

travel demand model development. Travel forecasting, planning and need of 

transportation infrastructure, monitoring of implemented transportation policies can be 

identified by the information of the OD matrix. It contain information about the spatial 

and temporal distribution of activities between different traffic zones in a determined 

study area. (Tornero, Martínez, & Castello) 

Other than the above mentioned uses according to the Willumsen, L.G. (1978) 

Estimation of an OD Matrix from Traffic Counts – A Review, it mentioned number of 

uses such as,  

 

• Transport demand modelling in towns 

• Traffic management schemes design and assessment modeling in urban and 

rural areas 

• Previous OD matrices updating  

• Inter urban and rural transport demand modeling in sparsely populated areas.  

• When other data is unavailable, unreliable or obsolete in most of the 

developing countries we can model transport demand with the information of 

OD matrices.  

 

As per the traffic Engineering and transport planning, Dr. L.R.Kadiyali, specific uses 

of origin destination matrices can be listed down as follows.  
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i. In order to identify the requirement of the bypass, it is necessary to find the 

amount of by-passable travelers that enters a town. 

ii. In transportation planning process, trip distribution models and trip 

generation models can be developed  

iii. Requirement of the new highway system to the country and prediction of the 

new transportation infrastructure 

iv. To provide the adequate parking facility and the plan for future.  

 

Origin destination matrices can be estimated by the traditional techniques such as 

Home interviews, Motorists interview surveys, questionnaire survey by post cards, 

vehicle number plate surveys, surveys by telephone, GPS receiver, and Mail survey 

are used. 

According to the RDA officer in charge of OD estimation, he mentioned that in Sri 

Lankan context, ODM estimate with the mostly used Home interview survey and 

Roadside interview survey. 

While ODM estimation is one of the important requirement, there are various problems 

have arisen with adapted methods. 

 

 

2.3 Problems of existing OD matrix estimation techniques 

 

1. Counting location  and Sample size problem 

 

When the number of counting location increases accuracy of the OD estimation will 

be increased. (Bera & Krishna Rao, 2011).  To conduct a complete or accurate OD 

survey in an entire city or region, number of counting locations and sample size with 

respect to the population in a particular region should be considered. Number of 

counting locations are decided on basis of the sample size. Therefore, when the sample 

size is being increased, also increase the number of counting locations. In manually 

conducting, an OD survey in more counting location is not practical because it 

consuming more time and cost. Therefore, with the resource limitation it may not be 

possible to conducting manual OD survey. With the counting location problem, it may 
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cause to occur double counting errors and affected to the accuracy reduction of the 

dataset.  

 

2. Cost and Time 

 

Conducting many OD surveys in many counting locations with the high amount of 

sample size is consuming more time and high cost (Kikuchi & Kronprasert, 2009). In 

reality conducting OD surveys consumes millions of money.  Therefore cost and time 

become as factor of reduction its accuracy.  

 

3. Reliability and accuracy 

 

Accuracy and reliability of the OD estimation is depend on the optimum traffic 

counting locations (Bera & Krishna Rao, 2011). The traffic counts collected provide 

much traffic information as possible.  Data collection procedure of the OD estimation 

required manpower (Gan, Yang, & Wong, 2005). Resource limitation is also affected 

to the level of accuracy. Because of the fundamental issue of the OD surveys directly 

affected to the reliability and accuracy levels of the survey. 

 

4. Single time period problem 

 

These estimated OD values are static. Also it can be apply to only one observation 

time period. However theses estimations are required for a series of linked dynamic 

time periods. (Aerde, Rakha, & Paramahamsan, 2003) 

 

 

2.4 Existing methods of ODM Estimation  

 

2.4.1 Gravity model 

 

Gravity model can be identified as one of the static Origin Destination Matrix 

estimation model. This model is used to explain the most of the travel behavior in the 

study area.  (Willurnsen, 1978) According to the Traffic Engineering and Transport 
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Planning, this model explains that the interchange of trips between two zones is 

depends on the trip production of the particular zone, trip attraction of the particular 

zone and the distance between those two zones 

 

General equation of the gravity model, 

 

 𝑇𝑖𝑗 =  
𝐾𝑃𝑖𝐴𝑗

𝑑𝑖𝑗
𝑛  

𝑇𝑖𝑗 = Number of trips between zones i and j 

𝑃𝑖  = Number of trips produced in zone i 

𝐴𝑗  = Number of trips attracted to zone j 

𝑑𝑖𝑗 = Distance or time or cost of travelling between zone i and zone j 

K   = Constant which is independent from i and j 

n    = An exponential constant and value of this usually found between 1 and 3 

 

 

The gravity models represent the travel costs occurred between two zones into the 

demand matrix estimation as per the Origin Destination Transportation Models.  

According to the Origin Destination Transportation Models & Methods, it mentioned 

the gravity models introduce all travel costs into the estimation of the demand matrix. 

It shows the macroscopic relationship between places. So according to the notation of 

Origin Destination Transportation Models: Methods journal article, it mentioned, 

 

It can be shown that the number of trips ( 𝑇𝑖𝑗  ) between zone i (Origin City) and zone 

j (Destination City) is proportional to the number people leaving from i zone ( 𝑂𝑖 ) and 

number of people reaching to zone j (𝐷𝑗). Also it is inversely proportional to the square 

of the (generalized) cost 𝐶𝑖𝑗 which is bear to travel between i and j 

 

𝑇𝑖𝑗 =∝
𝑂𝑖𝐷𝑗

Cij2
 

In practical studies, formulation that is more flexible is used based on a deterrence 

function. 
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𝑇𝑖𝑗 =∝ 𝑂𝑖𝐷𝑗𝑓(𝐶𝑖𝑗) 

This deterrence function has calibration constant and with the good calibration 

accuracy of the model will be more.  

However, there can be some limitation with the Gravity model when it is applying.  

The gravity model compromises the sensitivity to the transport networks and the 

sensitivity to the levels of trip making ‘from’ and ‘to’ each zone. However, sometimes 

it can be act as unstable model and as a result sometimes resulting trip matrix may be 

quite different to the observed trip matrix even when it is calibrated. Therefore, it is 

mandatory to check the matrix produced against the observed matrix at a sector to 

sector level in order to verify that the model is working correctly. (Gupta & Shah, 2012 

May) 

According to the origin destination matrix estimation from traffic counts: the state of 

the art it mentioned that, some aresearchers like Robillard (1975), Hogberg (1976) 

used the Gravity model based aapproaches and some others (Tamin and Willumsen, 

1989; Tamin et al, 2003) used Gravity-Opportunity (GO) based models for estimating 

ODM. These techniques require zonal data for calibrating the parameters of the 

demand models. The main adrawback of the agravity model is that it cannot handle 

external-external trips (refer Willumsen, 1981) 

 

These gravity type models misspecification errors can be occurred when use of a 

model for medium term planning according to the Estimation of an O-D Matrix from 

Traffic Counts – A Review report mentioned.  

In inter urban areas most applications have been used in the gravity model as overall 

and this method can be used as suitable method for problems where each town 

represents a single zone. As well as this approach is not suitable for inner city areas 

because it involved short trip lengths.  

Gravity type of trip making behavior is not likely to be a practical assumption 

(Willurnsen, 1978) In addition to that gravity models are basically depend on only the 

distance, employment and population parameters.  
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2.4.2 Entropy Maximization  

 

The concept of Entropy is commonly used with the ainformation theory. The 

transmission, processing, utilization and extraction of information are studied by the 

information theory. At athe same time it explains the uncertainty should be 

manipulated, represented and qualified. Most fundamental aquantify in ainformation 

theory is entropy. The amount of uncertainty of unknown or random quantity is 

measured by the entropy in the information theory.  

Entropya is a measure of randomness and also entropy can be identified as the average 

amount of the information from the event. The entropy concept is used to measure the 

uncertainty in a probability distribution. If someone have high uncertainty, there is a 

high entropy. When the uncertainty is low then there is a low entropy. Willumsen 

(1978) uses entropy maximization approach. The entropy-maximizing procedure 

analyzes the available information to obtain a unique probability distribution (Bera & 

Krishna Rao, 2011).  

Concept of maximum disorder, the entropy maximization procedure finds the most 

likely configuration of elements within a constrained situation.  

Estimation of the origin destination matrix can be derived from the entropy 

maximization concept in transport planning and it can be used as the model building 

tool. The model of entropy maximization can be identified as the one of the O-D matrix 

estimation atechniques abeing commonly used in international context. This approach 

can be used in order to estimation of trip matrix and results in multi proportional 

problem. Entropy maximization is important because it minimize the commitments 

and model all that is known and assume nothing about what is unknown. It means 

using prior data and predict the unknown elements by seen the limited number of 

known things. It is alinked with the probability distribution. 

The concept of entropy is used to measure the uncertainty in a probability distribution. 

If someone have high uncertainty, there is a high entropy. When the uncertainty is low 

then there is a low entropy. Willumsen (1978) uses entropy maximization approach. 

Another way it can be expressed as when number of unknowns is more than the 

number of available information is not sufficient to obtain the aunique set of solutions. 

The approach will be determined the safest solution in the situation of many possible 
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sets of solutions are exist. Then this approach will be called as amaximum uncertainty 

or amaximum entropy. It is dealt awith uncertainty.  

Entropy maximization uses minimum information and it reduces the commitment.  

Entropy equation, 

  𝐻 = − ∑ 𝑃𝑖   logb(𝑃𝑖)
𝑛

𝑖=1
 

H= Entropy Value  

𝑃𝑖=  

n= number of different outcomes. 

Entropy equation is derived, 

𝐼 = − ∑(N × Pi) × logb(pi)

𝑛

𝑖=1

 

I = Total information from N occurrences 

N = Number of occurrences 

(N×Pi) = Approximated number that the certain result will come out in N occurrence. 

Concept of entropy used set of parameters to estimate matrix such as Probability of 

travel from zone i and zone j, Total number of trips, Population, Total number of atrip 

origins at I, Total number of trip adestinations at j, human Choice behavior (Work, 

Adequate habitable place to live, Rent, Access to school, Hospitals, Gas connection, 

Local shopping facilities) 

 

2.4.3 Growth factor method 

 

This simple method updates an old OD matrix t using the actual number Oi of trips 

originating in each zone, and/or the actual number Dj of trips terminating in each zone. 

(Gupta & Shah, May 2012). This growth factor methods are developed with the 

assumptions of present travel patterns can be projected to the design year in the future. 

This will be created using certain growth factors. This model will be used with the 

number of trip produced and number of trip attracted by the certain zones as the input 

data.   

There is an article called Trip Distribution Analysis at Urban Transportation Planning 

and as per that article, growth factor method will be used trip distribution matrix in the 
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base year as input data. In order to do so, we need to collect detailed information of 

the origin destination data. Also it is required to prepare a matrix with the data of trip 

distribution which are taken from the growth factor method.   

As per the literature review, it is identified that there are many other growth factor 

methods which can be used in the transport modelling as follows.  

 aUniform growth factor method 

 aAverage growth factor method 

 aFrater Method 

 aFurness Method 

 

 Uniform Growth Factor Method 

 

This method is developed based on the assumption that the growth rate for the whole 

area is valid in order to predicting inter-zonal trips in the future. It is assumed that there 

is the uniform growth for the whole of the urban area is proportionally equal to the 

uniform rate for each of the traffic zones in the urban area. We used that assumption 

when we work on uniform factor method of trip distribution. (Prof. Dr Arasan) 

If we have only available information is the general growth rate for the whole study 

area, then we can apply that uniform growth rate to each cell in the OD matrix with 

assumption that growth rate is uniform in each and every zones in the study area. 

(NPTEL, 2007).  

𝑇𝑖𝑗 = 𝑡𝑖𝑗 × 𝐸 

𝑇𝑖𝑗= number of trips occurred between zone i and zone j in the design year  

𝑡𝑖𝑗= number of trips occurred between zone i and zone j in the observed based year  

E = aGrowth factor 

 

 

 Average Growth Factor Method  

 

In the Average Growth Factor Method, growth factor of a particular zone is calculated 

based on the aaverage of growth factors calculated for both start and end of the trip at 
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the origin and destination. This factor shows the average growth associated both with 

the origin and destination zones (L.R.Kadiyali, 2007) 

 

𝑇𝑖𝑗 = 𝑡𝑖𝑗 [
𝐸𝑗 + 𝐸𝑖

2
] 

 

𝑇𝑖𝑗  = Number of trips from zone i to zone j in the future 

𝑡𝑖𝑗  = Number of trips from zone i to zone j in the present 

𝐸𝑖 =  Growth factor in zone i 

𝐸𝑗 =  Growth factor in zone j 

 

 

 Fratar method 

 

In this Fratar Method, the total number of trips for each and every zones will be 

distributed based on inter zonal movements as a first aaproximation as per the relative 

attractiveness of each movement. After that, future trips will be estimated for a 

particular zone based on the movements happening in that zone in proportion to the 

existing trips between in that zone and other zone. Also it will aproportion to the 

expected growth of each other zone.  

 

𝑇𝑖𝑗 =  𝑡𝑖𝑗 ×
𝑃𝑖

𝑝𝑖
×

𝐴𝑗

𝑎𝑗
×

∑ 𝑡𝑖−𝑘
𝑘

∑ [
𝐴𝑘

𝑎𝑘
] 𝑡𝑖−𝑘

𝑘
 

𝑇𝑖𝑗 = Number of trips from zone i to zone j in future 

𝑡𝑖𝑗 = Number of trips from zone i to zone j in present 

𝑃𝑖 =  Number of trips produced at zone i in future 

𝑝𝑖 = Number of trips produced to zone j in present 

𝐴𝑖 = Number of trips attracted to zone j in future 

𝑎𝑗 = Number of trips attracted to zone j in present  

K= Total number of zones 
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 Furness method 

 

This Furness method estimates the future traffic at the originating zone and the 

terminating based on the origin growth factors and destination growth factors for each 

zone. In this method the traffic movements will be made to agree alternatively with 

the estimated future originated traffic in each zone and the estimated future terminated 

traffic in each zone, until both these two conditions are roughly satisfied. 

(L.R.Kadiyali, 2007) 

 

 

Following advantages and disadvantages are relevant to the growth factor method. 

 

Advantages 

 This method is simple to understand. 

 This method can be used to small areas. 

 In this method observed trip pattern are preserved. 

 This method is very useful in short term-planning. 

 

 

Disadvantages 

 In order to estimate the smaller zone to zone movements accurately, it is 

necessary to develop a present trip distribution matrix. Therefore large scale 

OD studies with large sampling sizes are required. It will be costly and time 

consuming.  

 If there is an error in a specific zone. Then it will be magnified in zone to 

zone movements. 

 There are no methods to evaluate the resistance to travel and it implies that 

resistance to travel will remain constant. This method neglects the effect of 
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changes in travel pattern which will create by the new transport infrastructure 

and creation of new transport network. (L.R.Kadiyali, 2007) 

 Particularly weak in projecting small volumes of current traffic. 

 Result of this method is highly depends on the observed trip pattern 

 Unobserved trip pattern cannot be estimated by this method 

 No consideration about the changes of travel cost 

 This method is not suitable for policy studies such as introduction of a mode.  

 

2.4.4 Intervening Opportunity Model 

 

Opportunity models are based on the statistical theory of probability as the atheoretical 

foundation (L.R.Kadiyali, 2007). This model is same as gravity model and it is used 

to distribute known or estimated attractions and productions and this model is a 

distribution model (Kaltenbach, 1972). After given the productions of all origin zones 

and the attractions of all recreation area, the model computes trip interchanges. 

The concept of intervening opportunity model is the number of trips from an origin 

zone to a destination zone is directly proportional to the number of aopportunities at 

the destination zone and ainversely proportional to the number of intervening 

opportunities (Zhao, Chow, Min-Tang, Gan, & Shen, 2001 September). The 

assumption of this model is every time traveler use a shortest path to complete his trip. 

However, if the shortest trip does not satisfy his needs, the traveler must consider more 

distance destinations.  

 

The model is based on probability and set of theories of transportation modelling 

which can be applied only to urban travel modelling. That is the probability that a 

particular trip from an origin zone will find a destination area is equal to the probability 

that an acceptable destination exists there times the probability that an acceptable 

destination has not been found elsewhere (Kaltenbach, 1972) 

The model can be derived as, 
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𝑇𝑖𝑗 = 𝑃𝑖 [
𝑒𝑥𝑝(−𝐿𝑉(𝑗 − 1)) − 𝑒𝑥𝑝(−𝐿𝑉(𝑗))

1 − exp(−𝐿𝑉(𝐽))
] 

 

 

𝑇𝑖𝑗 = Trips from azone i to zone j; 

𝑃𝑖 = Trip produced in aorigin zone i; 

L = the probability of accepting a destination opportunity; 

𝑉(𝐽) = the total destination opportunities in all j destinations; 

𝑉(𝑗)= the total destination opportunities from origin zone i to the jth ranked destination; 

𝑉(𝑗−1)= the total destination opportunities from origin zone i to the (j-1) th ranked 

destination. 

 

The gravity model distributes trips with respect to distance or some other factors. 

However, in intervening opportunity model distributes trips according to a measure of 

opportunities. This method used to estimate outdoor recreational trip productions. 

When comparing the other models this model has less accuracy and it consumes high 

cost. 

According to the Zhao, Chow, Min-Tang Li, Gan, & Shen, in their research report they 

have been mentioned that this model possibly not use in practice, due to following 

reasons, 

 This is difficult to understand by practitioners since the theoretical base of this 

method is less well known. 

 It is difficult to maintain the distance from the origin in practically. i.e. the nth 

cell for origin i cell is not the destination, however the nth destination away 

from i cell. 

 The theoretical advantages and practical advantages between opportunity 

models and gravity model are not very much significant. As a result 

opportunity model will be replaced by gravity model. 

 Inter zonal trips are underestimated by this model and as a result less number 

of intra zonal trips were gained by the intervening opportunity model.  

 Inaccuracy can be happened in the attraction estimation.    
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2.4.5 Maximum Likelihood estimation 

 

Likelihood can be identified as statistical approach. Also this is one of the oldest 

method and most important in estimation theory. Observed samples can be generated 

very often by the set of parameters from the Maximum Likelihood estimation. The 

likelihood of observing the target origin destination matrix and the observed traffic 

counts conditional on the true trip matrix are maximized by the Maximum Likelihood 

estimation in the ODM estimation.  (Bera & Krishna Rao, 2011) 

Probability of observing both the additional sampling survey results and the counted 

flows are maximized to create Maximum likelihood (ML) estimator. These two 

probabilities are independent in the maximum likelihood estimator under the usually 

acceptable assumptions. (Bera & Krishna Rao, 2011) 

There are no any distribution assumptions in this method and that can be identified as 

and advantage of this method 

 

2.4.6 Generalized Least Square 

 

GLS is based on the aminimization of the distances from an apriori estimate t to the 

new OD matrix T. (Gupta & Shah, May 2012) It is mentioned that this method is 

combined with the model prediction, traffic counts and target trip matrix within a 

single framework as per the state of art. According to Bell, errors between the values 

to be estimated and the observed values are minimized by using Generalized Least 

Square subject to a set of constraints.  

Considering to the prediction of the true trip matrix using a toy-network scenario, this 

method can be identified as outperform the Maximum Entropy Maximization 

approach.  
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2.4.7 Bayesian Inference 

 

Bayesian Inference is valid for origin destination estimation problems and for 

estimating turning flows at intersections as per the state of art article. Apart from the 

priori trip matrix it can be potentially balanced the information of link traffic counts 

with many other sources of information. When the least prior estimated are equally 

distributed among OD pairs, this method extends the Maximum Entropy/Minimum 

Information criterion being equal.    

 

 

Advantages 

 The value of the various sources of information neatly distributed well 

 proportional assignment approach 

 

Disadvantages 

 The relationship between OD flows and link flows should not be linear.  

 Congestion phenomena and route choice are strongly correlated.  
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2.5 Summary  

 

In this literature review, it was found that there are some methods to fill the partially filled origin destination matrix in other countries 

across the world. The researcher found that those methods depends on environment and other factors of the relevant countries. They have 

finalized with different equations relevant to conditions of their countries.  

Also it is noted that most of the methods are derived based on the assumptions in relating to their context. Therefore, it is required to take 

correct assumptions in order to make best method to fill partially filled origin destination matrix in Sri Lankan context.  

The literature shows that there is need to find this type of methods in worldwide in order to develop their business and transportation 

planning.  

Model Description Advantages Limitations 

Gravity Model  Gravity model is capable of 

explaining most of the travel 

behavior in the study area 

 It has suggested that the interaction 

between two locations declines 

with increasing (Distance, time and 

cost) between them 

 Gravity model most 

applications have been used 

in inter urban areas 

 This method is suitable for 

problems where each town 

represents a single zone 

 Ensure more practical zone 

 Only consider about the distance 

factor  

 Required zonal data for calibrating 

the parameters of the demand 

models 

 When calibrated the resulting trip 

matrix may be quite different from 

the observed trip matrix from which 

it was derived  
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 It cannot handle with accuracy 

external- external trips 

 Require more data and have to make 

greater effort to calibration 

 Misspecification errors disqualify 

the use of a model for medium term 

planning 

 This approach is not suitable for 

inner city areas 

Entropy 

Maximization 

Approach 

 Model all that is known and 

assume nothing about what is 

unknown 

 Using prior data 

 Entropy equation, 

    𝐻 = − ∑ 𝑃𝑖   logb(𝑃𝑖)
𝑛

𝑖=1
 

H = Entropy Value 

Pi =  

n = Number of different outcomes 

 Used as model building tool 

in transportation 

 Minimize the commitments 

and model all that is known 

and assume nothing about 

what is unknown 

 Based on only probability value 
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Growth factor 

method 

Uniform growth factor method 

 It assumes that the growth rate for 

the whole area is valid for 

predicting future inter-zonal trips 

 𝑇𝑖𝑗 = 𝑡𝑖𝑗 × 𝐸 

𝑇𝑖𝑗= number of trips occurred between 

zone i and zone j in the design year  

𝑡𝑖𝑗= number of trips occurred between 

zone i and zone j in the observed based 

year  

E = aGrowth factor 

Average growth factor method 

 Growth factor for each zone is 

calculated based in the average of 

growth factors calculated for both 

ends of the trip 

 This factor represents the average 

growth associated both with the 

origin and destination zones. 

 Simple to understand 

 Preserve observed trip 

pattern  

 Useful in short term planning 

 Easy to balance origin and 

destination trips at any zone 

 

 Present trip distribution matrix has 

to be obtained first ,for which large 

scale OD studies with high sampling 

size are neede3d to estimate the 

smaller zone to zone movements 

accurately 

 The error in origin data collected on 

specific zone to zone movements are 

magnified 

 None of the methods provides a 

measure of the resistance to travel 

and all imply that resistance to travel 

will remain constant. They neglect 

the effect of changes in travel by the 

construction of new facilities and 

new network.  

 Depends heavily on the observed 

trip pattern 

 It cannot explain unobserved trips 
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𝑇𝑖𝑗 = 𝑡𝑖𝑗 [
𝐸𝑗 + 𝐸𝑖

2
] 

 

𝑇𝑖𝑗  = Number of trips from zone i to zone 

j in the future 

𝑡𝑖𝑗  = Number of trips from zone i to zone j 

in the present 

𝐸𝑖 =  Growth factor in zone i 

𝐸𝑗 =  Growth factor in zone j 

Fratar Method 

 The future trips estimated for any 

zone would be distributed to the 

movements involving that zone in 

proportion to the exiting trips 

between it and each other zone 

and in proportion to the expected 

growth of each other zone 

 Do not consider changes in travel 

cost 

 Not suitable for policy studies line 

introduction of a mode 

 Does not reflect changes in the 

frictions between zones 

 Does not reflect changes in the 

network 
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𝑇𝑖𝑗 =  𝑡𝑖𝑗 ×
𝑃𝑖

𝑝𝑖
×

𝐴𝑗

𝑎𝑗
×

∑ 𝑡𝑖−𝑘
𝑘

∑ [
𝐴𝑘

𝑎𝑘
] 𝑡𝑖−𝑘

𝑘
 

𝑇𝑖𝑗 = Number of trips from zone i to zone 

j in future 

𝑡𝑖𝑗 = Number of trips from zone i to zone 

j in present 

𝑃𝑖 =  Number of trips produced at zone i 

in future 

𝑝𝑖 = Number of trips produced to zone j in 

present 

𝐴𝑖 = Number of trips attracted to zone j in 

future 

𝑎𝑗 = Number of trips attracted to zone j in 

present  

K= Total number of zones 
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Intervening 

Opportunity 

Model 

  Model concept is the number of 

trips from an origin zone to a 

destination zone is directly 

proportional to the number of 

opportunities at the destination 

zone and inversely proportional to 

the number of intervening 

opportunities  

 Based on the probability equation 

 

𝑇𝑖𝑗

= 𝑃𝑖 [
𝑒𝑥𝑝(−𝐿𝑉(𝑗 − 1)) − 𝑒𝑥𝑝(−𝐿𝑉(𝑗))

1 − exp(−𝐿𝑉(𝐽))
] 

 

 

𝑇𝑖𝑗 = Trips from azone i to zone j; 

𝑃𝑖 = Trip produced in aorigin zone i; 

L = the probability of accepting a 

destination opportunity; 

 Used as alternative model of 

Gravity Model  

 The theoretical base is less well 

known and probably more difficult 

to understand by practitioners. 

 The idea of matrices with destination 

ranked by distance from the origin is 

more difficult to handle in practice 

 The theoretical and practical 

advantages of opportunities models 

over gravity models are not so 

significant as to warrant their 

replacing gravity models 

 There is a lack of suitable software 

to calibrate and use them  

 These models are underestimated 

the intra zonal trips and much 

smaller number of intra zonal trips 

were gained from the intervening 

opportunity model 
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𝑉(𝐽) = the total destination opportunities in 

all j destinations; 

𝑉(𝑗)= the total destination opportunities 

from origin zone i to the jth ranked 

destination; 

𝑉(𝑗−1)= the total destination opportunities 

from origin zone i to the (j-1) th ranked 

destination. 

 

 Inaccuracy may be occur in the 

estimation of attraction.   

    

    

 

Problems and the methodology of the study carried out will be discussed in the Chapter three.



32 

 

CHAPTER 03 

3 METHODOLOGY  

 

3.1 Introduction 

This chapter presents the designing of structured questionnaires survey and theoretical 

approach of using a statistical tool for analysis of the data. In order to develop a method 

to fill partially filled OD matrix, it is required to obtain type of sources to make trip 

generation and trip attraction. Therefore primary data will be collected from the 

various organization such as department of Civil in university of Moratuwa, Road 

Development Authority and Statistics department by conducting surveys.   

This research will focused to entire country. Therefore the researcher has targeted to 

obtain various information from whole 331 divisional secretariats in Sri Lanka.  

Also this chapter describes how to collect the data and analysis the data. Further to that 

this chapter describes different types of data analysis techniques.  

The analysis will be done considering the all the information and assumptions which 

are taken to this study are accurate. Therefore produced output is subject to the 

accuracy of the data collection.  

Available information from the various organizations which are mentioned in earlier 

are obtained from the various survey techniques. Therefore we have to accept the level 

of accuracy of those survey technique during this research.  
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3.2 Methodology Flow 
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3.3 Research Statement  

There are number of ways to conducting the origin destination matrix for a particular 

area. Currently origin destination surveys have been conducted by the researchers who 

are doing traffic related studies. As per the study they can select traffic analyzing zone 

as they wish.  

Civil Department of University of Moratuwa has conducted Origin Destination matrix 

as taking districts as traffic analyzing zones. There are 625 cells in that origin 

destination matrix. It was noticed that at least 62 OD surveys has to be done in order 

to fill that origin destination matrix. Therefore it is noted that approximately 10% of 

the OD pairs to be done as OD surveys in order to fill that particular OD matrix.  

When we consider about the macro level analysis for the entire Sri Lanka, it is required 

to consider divisional secretariat division as traffic analyzing zone. When we consider 

divisional secretariat as traffic analyzing zone, OD matrix comprise of 109,561 cells. 

Therefore according to the previous example 10,956 OD surveys to be done in order 

to fill the said OD matrix. Generally it is difficult to conduct more than 10,000 

practically. Conducting more than 10,000 OD surveys is not practicable due to time 

and financial constraints. Therefore it is must to develop a method to fill partially filled 

origin destination matrix for Sri Lankan context. 

 

 

3.4 Research Objectives 

 

There are 331 divisional secretariat within the Sri Lanka. One divisional secretariat 

can be identified as one Traffic Analyzing Zone (TAZ). Therefore there are 331 TAZs. 

The scope of the present work is confined to prediction of future trip interchanges 

using several models for the entire Sri Lanka taking the DS divisions as TAZs. 

Therefore following objectives shall be derived.  

 Identify the existing methods and techniques for origin destination estimation 

by reviewing index journals in order to identify the trip production and trip 

attraction of the each TAZs.  
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 Collection of relevant socio economic data with regards to the each TAZs 

 Find the best fit equation model for develop trip production and trip attraction 

separately for each TAZs 

 Development of a trip interchange model based on the gravity model  

  

There are 331 district secretariat divisions within the Sri Lanka. Since four main 

objectives can be derived in this research study is to determine a method to fill partially 

filled origin destination matrix in Sri Lankan context.  

The objectives of the research can be listed down as follows; 

1. To review existing methods and techniques for origin destination matrix 

estimation 

2. To select most suitable methods and techniques for origin destination matrix 

estimation for the Sri Lankan context 

3. To collect and estimate relevant socio economic data for developing 

equations 

4. To develop equations for trip production, trip attraction and trip interchange  

5. To validate the above equations using existing data 

3.5 Theoretical Framework  

Research framework was developed with reading several previous studies done by the 

researchers about the origin destination matrices. Different approaches are used 

different methodologies in respective of their countries and other environment aspects. 

Most of those approaches are used several mathematical techniques such as entropy 

maximization, T method, Gravity model, Multiple Linear Regression Analysis etc. 

Then, comparative analysis is done in order to identify the advantages and 

disadvantages of each techniques used by several other researchers.  

Content Analysis is done for identify the parameters used for several other techniques 

in OD matrix.  With the literature review it can be identified that what type of 

parameters are mostly used in the similar techniques in worldwide.   
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3.6 Study Area 

 

For a particular area attracts trips from all other area of the country. Also trips can be 

generated to all other area of the country from that particular area. Therefore it is 

necessary to study whole country in order to obtain better result from this research 

study. There are 331 number of divisional secretariats within Sri Lanka. We can take 

one divisional secretariat as a particular region of the trip matrix. Therefore data and 

information from all 331 divisional secretariat are obtained for this research analysis.  

 

3.7 Limitation to the Study    

In any research study accuracy level is depends on the accuracy level of the input data. 

Complete origin destination matrix has been obtained for the analysis of this research 

study. That complete OD matrix is obtained from Road Development Authority or 

Civil Department of University of Moratuwa. That matrix is completed with the 

traditional survey methods. Therefore accuracy of the said matrix is questionable.  

Also during the research study there are parameters and assumptions to be considered. 

Accuracy of those parameters and assumptions can be changed according to the area 

even within the same country. Also available partially filled origin destination matrix 

is not included with transportation by train. That also can be considered as limitation 

of this study. 

 

3.8  Research Methodology  

As a first step review of literature to be done. In order to do this comprehensive review, 

publications such as Journals, Magazines, Books, Reports and News Papers were 

examined. In addition, internet facilities were used and many relevant literature were 

downloaded. It can be studied about methodologies and techniques which are used in 

several other countries in order to solve this type of problems in origin destination 

matrix. It can be identified the advantages and disadvantages of the existing models in 

the worldwide and their suitability for the Sri Lankan context.  
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Secondly, completed origin destination matrix is collected from Civil Department of 

University of Moratuwa. Also socio economic parameters are collected from several 

other organizations such as Land Use & Policy Planning Department and Valuation 

Department etc.  

Then data analysis is started. In order to do the data analysis following mathematical 

techniques are used.  

a. Bivariate Correlation aAnalysis  

b. Multiple Linear aRegression Analysis 

c. T –Testing  

d. Gravity Model 

e.  

 

First of all ten socio economic factors will be selected for the analysis and values of 

those socio economic factors were collected for 331 divisional secretariat divisions. 

Then we got the trip production values for some divisional secretariat from the 

partially filled origin destination matrix. After that correlation analysis will be done 

for the trip production and values of socio economic factors its other mathematical 

factors such as log value, ln value, sin value and cos value etc.  With that analysis we 

can select the best five socio economic factors which are mostly link to the trip 

production. Then we can use those five socio economic factor for develop model for 

trip production. It can be developed 31 different models using those five socio 

economic factors. Then part of the known trip production values are taken to develop 

the trip production model. In order to develop trip production model SPSS software 

will be used. R value, R squared value, adjusted R squared value and standard error of 

the estimate will be calculated through the SPSS software.  

Then the derived model with highest R value and R squared value is selected as the 

model equation for trip production.  

Same process described as above will be followed for develop a model for trip 

attraction.  

Then after developing models for trip production and trip attraction, validation to be 

done for both derived models. In order to do that we will use overall model fit and 

goodness of fit. Also t test to be done as a validation process. With the results of the 
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validation process it can be confirm the derived model equation for trip production and 

trip attraction.    

Then it can be filled trip production values and trip attraction values for 331 divisional 

secretariats. Then next task in to fill trip interchange values of partially filled origin 

destination matrix. In order to do that gravity model will be used. As per the available 

partially filled origin destination matrix 37% of the trip interchange values are filled. 

Therefore balance 63% trip interchange values to be filled.  

 

In this analysis, it can be ascertained that the level of influence to the OD matrix from 

the selected parameters. So, correlation between these parameters is developed. Also 

from these parameters it can be identified dependent and independent variables.  

Finally, the equation can be derived and it will be tested with known data in order to 

validation.  

 

3.9 Research Design  

This research was designed with the mathematical analysis techniques such as 

Bivariate Correlation Analysis, Multiple linear regression analysis, T Test and Entropy 

maximization. Also parameters are selected according to facts collected from literature 

review and personal experience. This research approach used is based on a mix of 

qualitative and quantitative methods with higher portion of quantitative methods. In 

this type of studies researcher has to depend exclusively on mathematical equations 

and their outputs.  

However during the research study it is needed to identify the correct independent 

variables and dependent variables. Since primary data are collected through the 

traditional survey methods we have to do some mathematical techniques to obtain 

better results from this research study. This research is done with the completed OD 

matrix which obtained from Civil Department of University of Moratuwa.     

 

3.10 Sample Selection  
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The sampling selection has been carried out by focusing limitations of conducting OD 

survey manually in the entire country. In practically OD survey can be done for 

complete limited number of cells. It is possible to fill about 40% - 50% percentage of 

cells. Therefore, this study is to identify, using partly filled OD matrix, can it used to 

fill other cells in the matrix. To examine that situation half of the data have removed 

from the actual OD matrix. Completed 60 sample are selected on the basis of highest 

OD demand for each zones. 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 04 

4 ANALYSIS AND DATA COLLECTION 

4.1 Introduction 

The main objective of this chapter is to analyze the collected data and the present with 

the findings. This chapter consists of all the analysis which are done throughout the 

research. This chapter describes in each stage flow to analyze the data and their 

ultimate results (findings). Application of the multiple linear regression is one of the 

important analysis techniques used in this research. Also gravity model is used for the 

finding of this study. As well, this interprets its results way to derived research output 
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with the developed formula and method to estimate partly filled OD matric with 

reference to the developed formula.   

4.2 Study Area 

For this study, entire Sri Lanka was taken as the study area. Total Sri Lanka has area 

of 65,610 square kilometers. Basically, it is divided into 9 provinces due to many 

aspects of administratively and planning. Then, there are 25 districts lie under these 9 

provinces. These districts are further subdivided into 331 secretariat and 14,008 Grama 

Niladhari divisions. Transportation of Sri Lanka is mainly based in the road network 

which is centered on city of Colombo which is commercial capital of Sri Lanka. There 

are approximately 12000 km of the road transportation which includes both A class 

and B class roads and approximately 250km of expressways. Also there is a railway 

network which handles a small fraction of the total transportation of the entire country. 

Although, there are some domestic airline services available in Sri Lanka and it is 

negligible fraction.  

In my study it is only considered about road transportation. In this study, we considered 

a DS division as Traffic Analysis Zone (TAZ) to develop the origin destination matrix 

for the entire Sri Lanka.  
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Figure 4.1: Districts of Sri Lanka 

Figure 4.2: DSD Map of Sri Lanka 

Figure 4.1: District of Sri Lanka 

Figure 4.2: DSD Map for Sri Lanka 
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Since there are 331 TAZs it should be 109,561 cells in the proposed origin destination 

matrix for entire Sri Lanka. Therefore it is difficult to fill all of these 109,561 cells in 

manual counting.  

As per the previous studies done by the department of Civil Engineering in university 

of Moratuwa, it is identified that there are 397 counting locations within the entire Sri 

Lanka in order to eliminate double counting problems and leaky screen line problems. 

Also it is identified as there are should be 62 counting location by which covers more 

than 40% of the OD matrix. Therefore partially filled OD matrix which is covered 

approximately 40 % of the entire OD pairs prepared by the Department of University 

of Moratuwa is taken to this study. These OD surveys were carried out in year 2015. 

Therefore trip production and trip attraction of 40% of the TAZs can be taken to this 

study.  

With the available literature review which were conducted in many other countries in 

the world have concluded that there is a close relationship in between trip attraction 

and trip production with socio economic variables with related to a particular region. 

Therefore in this study, assumption was made that trip attraction and trip production 

are depends on the socio economic variables of the Sri Lanka.  

4.3 Collection of Socio Economic Data 

Travel demand forecasting process is the important part of the transportation system 

planning morphology. There are four stages in this planning morphology as follows. 

 Trip Generation 

 Trip Attraction 

 Modal Split  

 Traffic Assignment  

 

As per the literature review of this study it was identified that there is a relationship 

between trip attraction and trip production of a particular region with socio economic 

variables of that particular region. These socio economic variables depends on the 

urban activity system of that region. Therefore, in this study basic assumption of the 
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travel demand forecasting process is that there is a stable relationship between 

transport demand and urban activity system.  Therefore it is mandatory to obtain an 

understanding of the characteristics of the travel in order to transport needs and 

necessary solutions for that particular area.  

Trip attraction and trip production of a particular area in the region can be effectively 

forecasted in association with socio economic data. As per the previous studies done 

in other countries it is identifies that trip production is closely associated with socio 

economic variables such as household structure, income of the person and vehicle 

ownership. Similarly, trip attraction is closely associated with socio economic 

variables such as commercial and industrial services, schools, land values etc. All 

socio economic variables obtained for this study can be summarized as follows.  

 

 Population 

 Household 

 Car ownership 

 Birth Rate 

 Commercial Area 

 Number of employment 

 Total Income 

 Residential Area 

 Death Rate 

 Number of Schools 

 

I have obtained data of above mentioned socio economic factors in various ways as 

follows.  

Population – data of population in divisional secretariat wise is obtained from the 

department of census and statistics of Sri Lanka. Latest information of the population 

in Sri Lanka is available in year 2012. Therefore I have to find the population of year 

2018 because available partially filled OD matrix is for year 2018. Therefore in order 

to find the value of population in year 2018 I used the growth factor of 1.048. 
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Household – I could find the details if household for year 2012 from the department 

of census and statistical of Sri Lanka. Since data is required for year 2018, I used 

growth rate of 1.048. 

Car ownership – details of the car ownership for year 2018 is obtained from the 

department of Motor Traffic Sri Lanka.  

Birth Rate – Birth rate in DS division wise is available for year 2015 as per the 

department of census and statistics Sri Lanka. Therefore I find the value of the birth 

rate for year 2018 by using growth factor of 1.048. 

Commercial Area – I have to find the commercial area in divisional secretariat wise 

for the year 2018. Land use GIS file for entire Sri Lanka is obtained from the Urban 

Development Authority. Values for commercial area in DS division wise are obtained 

from the attributes table.  

Number of employment – details of the number of employment DS division wise for 

year 2018 are obtained from the department of census and statistics Sri Lanka.  

Total Income – Total income for the divisional secretariat for 2018 are obtained from 

the department of census and statistics Sri Lanka.  

Residential Area – I have to find the commercial area in divisional secretariat wise for 

the year 2018. Land use GIS file for entire Sri Lanka is obtained from the Urban 

Development Authority. Values for residential area in DS division wise are obtained 

from the attributes table. 

Death Rate – Birth rate in DS division wise is available for year 2015 as per the 

department of census and statistics Sri Lanka. Therefore I find the value of the birth 

rate for year 2018 by using growth factor of 1.048 

Number of Schools – List of the schools in divisional secretariat wise in year 2018 is 

collected from the Ministry of Education. 

Above 10 number of socio economic factors were selected based on the literature 

review. It could be identified that there are close relationship between transportation 

and above mentioned socio economic factors as per the research journals. For example 
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normally population is high for a particular region, then trip generation should be 

higher than other area in which low population. Also when number of schools are high 

in a particular region then that area has higher trip attraction than other area in which 

low number of schools.   

Likewise all the necessary socio economic factors for the entire 331 divisional 

secretariats are collected and tabled.  

Then it is required to find the relationship between the collected socio economic 

variables and the transport pattern. In order to find out that there are various 

mathematical techniques and it is required to evaluation properly.   

 

Data type Available years Prediction method 

Population 2012 Population growth rate 

No. of Households 2012 Calculated growth rate 

Car Ownership 2018 Calculated growth rate 

Birth Rate 2015 Calculated growth rate 

Commercial Area 2018 Not applicable 

Number of Employment 2018 A survey was carried out. 

Total Income 2018 A survey was carried out. 

Residential Area  2018 Calculated growth rate 

Death Rate  2015 Calculated growth rate 

Number of Schools 2018 Calculated growth rate 

Table 4:1 Available Socio Economic Factors 

In order to identify the actual relationship between trip attraction and trip production, 

there are several mathematical models which can be used. However, in this study 

Regression based mathematical modeling is used to future traffic production.  

For future predictions, each of these independent variables should be predicted first 

using appropriate growth rates. 
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Many scholars in worldwide used several mathematical models to evaluate transport 

models and transport and land use models etc. The results of mathematical models are 

no more universally valid than those of empirical studies although mathematical 

models of dynamic behavior are also based on empirical surveys and observations.  

There are various techniques used in several scholars in around the world as 

mathematical models to solve this problem. Regression Analysis is one of those 

methods. 

4.4 Collection of partially filled Origin Destination Matrix 

Partially filled origin destination matrix is collected from the Civil Department of 

University of Moratuwa. That Origin Destination matrix is prepared for the year 2018. 

Most of the cells in that OD matrix are not filled. (It is annexed as Appendices I). 

Approximately 25% of the total cells are filled in that partially filled origin destination 

matrix. As per that OD matrix it can be observed that there are trip production values 

for 80 number of traffic analyzing zones and trip attraction values for 84 number of 

traffic analyzing zones are available. Trip attraction values and trip production values 

for other traffic analyzing zones not accurate because most of the trip inter change 

values are not available.  

There are 40,486 cells which represents trip interchange values filled in the available 

partially filled origin destination matrix. That means 37% of the total cells are filled in 

partially filled origin destination matrix. There are 331 divisional secretariats in this 

origin destination matrix. As per the standard it should be 25 number of values of trip 

production and trip attraction values at least in the origin destination matrix. However 

as per the available partially filled origin destination  matrix, there are 69 and 62 traffic 

analyzing zones which have values for trip production and trip attraction respectively. 

4.5 Regression Analysis and its importance  

With the introduction of the computer, the field of statistics has dominantly changed. 

Many mathematical models can be used with the computer algorithms and computer 

applications.  



47 

 

The regression technique is the statistical methods to fit the relationship between one 

variable and one or more other variables. In this study there are many socio economic 

variables and therefore regression technique is the most suitable technique to solve this 

problems. Regression technique is used to predict what is likely to happen in the next 

quarter, year or even further into the future. That is the main advantage of the 

regression technique. If the equation will develop with existing data, then values of the 

dependent variables can be predicted. There are few of essential features of this 

technique as follows. 

 

1. This techniques shows significant relationship between independent and 

dependent variables 

2. This technique shows the strength of impact independent variables on 

dependent variables 

3. This equation is derived is purely empirical in nature 

4. This technique is based on the premises that the regression coefficients 

initially established will still remain unchanged in the future and can be used 

in the regression equation for predicting the future travel.  

 

Most widely known model of regression technique is linear regression technique. In 

this technique, it can be seen that independent variables can be continuous or discrete 

while the dependent variable is continuous. The nature of the regression line is linear. 

In many cases independent variable is identified as ‘Y’ and dependent variable is 

identified as ‘X’. Linear regression establishes a relationship between the adependent 

variable(Y) and one or more aindependent variables(X) using a best fit astraight line. 

This line is known as the regression line. Linear regression analysis consists of 

following three stages.  

 

1. Analyzing the correlation and directionality of the data 

2. Eliminate the multicollinearity 

3. Estimating the model  

4. Evaluating the validity and usefulness of the model  
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There are so many methods it can be used to develop a method for trip production and 

trip attraction. As per the literature review there are some methods are studied. 

However it is necessary to check the suitability before using those methods in Sri 

Lankan context. 

The entropy-maximizing procedure analyzes the available information to obtain a 

unique probability distribution. In Sri Lankan context trip production and trip 

attraction for some DS divisions are unknown. Therefore if we use entropy 

maximization the accuracy of the results will be lower.  

In growth factor model it is necessary to having previous data of the particular zones 

in order to predict the data of that particular zone. Although there are four methods of 

growth factor methods, all methods use that growth factor. Since in this case the data 

for some DS divisions are not available, it cannot be used growth factor method for 

Sri Lankan context. 

As per the Intervening opportunity model, number of trips from one zone to other zone 

is proportionately to the number of intervening opportunity of the both zones. As per 

the literature review it is identified that this method is difficult to handle in practice 

and result of this model are inaccurate. Therefore this method is not suitable for the 

Sri Lankan context.  

 

4.6 Gravity Model  

According to the Scholar Wilson, the most probable trip distribution is same as the 

gravity model distribution. There are three categories of gravity model named as 

doubly constrained, singly constrained and unconstrained. The unconstrained gravity 

model makes an estimated trip distribution matrix which only matches the total number 

of trip on the network. However, these models are relatively low degree of accuracy. 

Also singly constrained gravity model also produces as estimated trip distribution 

matrix but only matches either trip production (production constraint) or trip attraction 

(attraction constraint) while doubly constrained gravity model accounts both. Out of 

these three models, doubly constrained gravity model can be identified as the best 
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model since that is implementing in developing countries for forecasting trip 

distribution in the future which is very difficult task and complicated process. 

(Herijano and Thorpe, 2005). Scholar Wilson is developed the doubly constrained 

model by maximization of an entropy maximization.  

Although the resultant base matric more closely reflects the observed behavior, 

Inability to relate any policy variables to these factors can be seen as one of the major 

drawbacks of this model. Hence, it is difficult to assess their validity in the future. It 

is able to estimate the trips between each origin and destination zone subject to given 

the trip productions, trip attractions and the accessibility between regions/zones. The 

doubly constraint gravity model will be used to perform the trip distribution.  

 

4.7 Formulation of Models  

As initial step, it is required to find the relationship between trip production and trip 

attraction with the social economic data. Social economic data for every 331 divisional 

secretariat divisions are available (it is annexed as appendices 3). Therefore the prime 

objective is to build two regression analysis based models for trip production and trip 

attraction. In order to do this we used to SPSS computer software.  

Here, the prime objective was to build two regression analysis based models for trip 

production and trip attraction with the socio-economic data. Initially, the correlation 

between trip production and each socio-economic data was examined. The correlations 

derived with socio-economic data are as follows. Also significance value for each 

socio economic will be examined here.  

By correlation analysis, parameters, which have a higher correlation and significance 

level with the trip production, were selected for further analysis. Initially we selected 

69 traffic analyzing zones with socio economic factors in order to evaluate using the 

SPSS software (It is annexed as Appendices 4) 

In order to do the correlation analysis we used SPSS software. Before that table was 

prepared for each socio economic factors with the values of ln (X), log10 (X), Sin X, 

Cos X, X2, X3, and eX for values of socio economic factors. Separate tables were 
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prepared for the each socio economic factors. (Those are annexed as appendices 5 to 

14) Then data of the all tables were transferred to the SPSS software. 

Then in the SPSS bivariate correlation analysis was done for the each socio factors and 

trip production values for traffic analyzing zones. Pearson correlation and two tailed 

significance analysis were carried out for the above data. Likewise same process was 

carried out for the tip attraction and the socio economic factors. Results from the 

analysis was tabled to one table to understand easily.  

 

 

 

Figure 4.3: Analysis from SPSS Software  
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Comparison of correlations for the socio economic factors for trip production can be 

derived as following table. 

Trip Production X 
Ln 

( X ) 

Log10 

( X ) 

Sin 

( X ) 

Cos 

( X ) 
X2 X3 ex 

Population Pearson 

Correlation 

.837 .827 .827 -.031 -.044 .753 .701 .000 

Sig. (2-

tailed) 

.000 .000 .000 .594 .438 .000 .000 1.000 

Number of 

House holds 

Pearson 

Correlation 

.789 .728 .725 .668 -.668 .624 .522 .000 

Sig. (2-

tailed) 

.000 .000 .000 .085 .194 .000 .000 1.000 

Car 

Ownership 

Pearson 

Correlation 

.684 .661 .561 -.520 .607 .588 .408 -.007 

Sig. (2-

tailed) 

.000 .000 .000 .007 .002 .000 .000 .012 

Birth Rate Pearson 

Correlation 

.317 .293 .293 -.162 .014 .186 .298 .301 

Sig. (2-

tailed) 

.000 .000 .000 .000 .298 .000 .000 .000 

Commercial 

Area 

Pearson 

Correlation 

.422 .381 .381 -.365 .238 .178 .385 .000 

Figure 4.4: Results for ‘Birth Rate’ Socio Economic Factor  
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Sig. (2-

tailed) 

.000 .000 .000 .004 .005 .011 .000 1.000 

Number of 

Employment 

Pearson 

Correlation 

.440 .354 .354 .014 -.140 .328 .380 a 

Sig. (2-

tailed) 

.000 .000 .000 .380 .011 .000 .000 . 

Total 

Income 

Pearson 

Correlation 

.852 .788 .788 .000 -.024 .527 .495 a 

Sig. (2-

tailed) 

.000 .000 .000 .095 .072 .000 .000 . 

Residential 

Area 

Pearson 

Correlation 

.725 .634 .634 -.024 .022 .730 .691 .000 

Sig. (2-

tailed) 

.000 .000 .000 .647 .682 .000 .000 1.000 

Death Rate Pearson 

Correlation 

.156 .096  .091 -.041 -.072 .149 .104 a 

Sig. (2-

tailed) 

.000 .000 .000 .009 .002 .000 .000 . 

Number of 

Schools 

Pearson 

Correlation 

.228 .271 .271 -.153 .049 .003 -.020 a 

Sig. (2-

tailed) 

.000 .000 .000 .007 .389 .976 .727 . 

Table 4:2 Comparison of corelations for Trip Production 

 

X value of the above table refers the pure value of the socio economic factor for each 

traffic analyzing zone. Others are ln value, log value, sin value, cos value, square value 

and triple value of the socio economic factor of each traffic analyzing zone. 

It is outstanding that significant value of all correlations above are less than 0.01. That 

means those relationships are really exist. These selected parameters were again tested 

for the multicollinearity effects firstly.  

According to the value of the correlation of the attributes we can summarized the first 

five socio economic factors as follows. 

 

No Name if the Attribute Correlation  Significance 

1 Total Income 0.852  0.000 
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2 Population 0.837  0.000 

3 Number of House holds  0.789  0.000 

4 Residential Area 0.725  0.000 

5 Car Ownership 0.684  0.000 

     

Table 4:3 HIgh correlated attributes with Trip Production 

 

In order to develop model for trip production above five numbers of socio economic 

factors were considered. Then we took different combinations of the above socio 

economic variables for the model calibration for trip production. 31 different 

combinations can be made with the above said five socio economic factors. Also 69 

number of trip production values for  69 traffic analyzing zones can be obtained as per 

the available partially filled origin destination matrix. From that 69 number of trip 

production values 40 number of trip production values are taken to the development 

of the model equation. Other 29 number of trip production values are used for model 

validation. Therefore the said 40 number of trip production values and 31 different 

combinations which are made from above mentioned five number of socio economic 

factors are input to the SPSS computer software. Then 31 different model equations 

are derived (annexed as appendices 15). R value, R squared value and standard error 

of the estimates can be derived by the SPSS software. Out of 31 derived model 

equations 10 model equations can be shown as follows.  

  

Model 

No 

Input 

Parameter 
Model Equation R R2 

Adjust

ed R2 

Std. Error of 

the Estimate 

1 Total Income   4.472(Total Income) -

58902.47 

0.840 0.706 0.7048 49356.9810 

2 Total Income  2.498(Total Income) + 

0.765(No of Household) -

58449.378 

0.858 0.736 0.7186 48562.14695 

No of 

Household 

3 Total Income 1.561 x 10(-5)(Total 

Income) + 1.328(No of 

0.862 0.744 0.7205 49468.5103 

No of 

Household 
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Population Household) + 0.585 

(Population) -48519.74 

4 Total Income 1.792 x 10(-5)(Total 

Income) + 2.086(No of 

Household) + 0.469 

(Population) - 1.006(Car 

ownership) -38857.26 

0.878 0.753 0.7286 51856.896 

No of 

Household 

Population 

Car 

Ownership 

5 Total Income 1.486 x 10(-5)(Total 

Income) + 

0.458(Population) - 

0.864(Car Ownership) 

+1.855(Residential Area) 

– 24865.85 

0.854 0.766 0.7415 50864.963 

Population 

Car 

Ownership 

Residential 

Area 

6 Total Income 1.953 x 10(-5)(Total 

Income) + 

0.691(Population) + 

5.862(No of Household) -

105 (Residential Area) – 

32856.15  

0.846 0.716 0.7002 49516.468 

Population 

No of 

Household 

Residential 

Area 

7 Total Income  1.463 x 10(-5)(Total 

Income) + 0.497(No of 

Household) - 

0.042(Residential Area) 

+2562 (Car Ownership) – 

15856.26 

0.758 0.574 0.5382 50895.149 

No of 

Household 

Residential 

Area 

Car 

Ownership 

8 Population   85.45(Population) + 

0.298(No of Household) 

+ 10.46(Residential Area) 

– 152.12 (Car 

Ownership) – 24625.83 

0.788 0.621 0.5968 49516.286 

No of 

Household 

Residential 

Area 

Car 

Ownership 

9 Total Income 1.324x10(-5)(Total 

Income)+0.385(Populatio

n) – 1.956(Car 

Ownership) – 21647.51 

0.818 0.669 0.6125 51628.185 

Population 

Car 

Ownership  

10 Population  105.85(Population) + 

0.385(Residential Area) – 

5.049(Car Ownership)– 

19524.63 

0.828 0.686 0.6452 50149.859 

Residential 

Area 

Car 

Ownership 

Table 4:4 Calibrated Equations for Trip Production 
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After obtaining calibrated equations, R value, R squared value, adjusted R squared 

value and standard error of the estimate are calculated for each calibrated equations 

separately. 

R value, R squared value, adjusted R squared value and standard error of the estimated 

are critically evaluate after the analysis. High R value means correlation is high with 

independent variables and dependent variable. Therefore we have to choose highest R 

value model equation as most suitable trip production model. The model with highest 

R value and R squared value is selected as the best fit trip production model.  

 

Trip Production Model  

 

Trip Production = 1.792 X 10(-5) (Total Income) + 2.086 (No of Household) + 0.469 

(Population) - 1.006 (Car Ownership) -38857.26 

 

As per the above derived equation trip production is directly function to the total 

income, number of employment, population and car ownership of the particular traffic 

analysis zone other than other socio economic factors of that traffic analysis zone. 

Therefore, if we know those mentioned three factors for a particular traffic analysis 

zone we can predict the trip production of a particular traffic analysis zone. 

 

 

 

 

4.7.1 Comprehensive Validation of the Trip Production Model  

 

4.7.1.1 Overall Model Fit 

The overall model fit is considered to find the variance of the dependent variables. If 

value of the R2 is 0.766 which means 76.6% of the variance of dependent variables 

can be explained by the model. Overall model fit is tabulated in following table.  
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R R Square Adjusted R Square Standard Error of the Estimate 

0.8750 0.766 0.7415 50864.963 

Table 4:5 Overrall Model Fit for Trip Production 

4.7.1.2 Goodness of Fit 

Paired wise T test is carried out for checking the goodness of fit of this model. In order 

to that comparison is carried out derived model equation with the available balance 30 

number of trip production values. Here it can be checked the gap between actual Origin 

destination matrix and estimated origin destination matrix. The average result of the 

paired wise T test should be less than 0.05. According to the T test result can be 

illustrated as follows.  

 

 

 

 

P value of the paired wise t test analysis should be higher than 0.05 according to the 

analysis. If so, it would accept the null ahypothesis. As per the above table p value is 

0.124. This means that there is a 12.4% of probability to get null hypothesis truth. Also 

value of the t value is -0.94 which is close to zero means there is no high level of 

difference between two data distribution.  

 

Similarly, correlation analysis was carried out for the trip attraction with the socio 

economic variables.  

In order to do the correlation analysis we used SPSS software. Before that table was 

prepared for each socio economic factors with the values of ln (X), log10 (X), Sin X, 

Cos X, X2, X3, and eX for values of socio economic factors. Separate tables were 

prepared for the each socio economic factors. (Those are annexed as appendices 16 to 

25) Then data of the all tables were transferred to the SPSS software. 

Mean Variation Mean Variation  Correlation  hmd df p t 

1.185 1.04 1.215 1.008 0.9420 0 24 0.124 -0.94 

Table 4:6 Results of paired wise T test analysis for Trip Production 
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Then we have values for total income, number of households, population and car 

ownership for entire 331 divisional secretariats. Also we have derived trip production 

model. Then we could calculate trip production values for each traffic analyzing zone. 

We have known trip production values for 69 number of trip analyzing zones.  

Then we calculated trip production values by the derived model for those 69 number 

of trip analyzing zones. After that we could check the accuracy of the derived model 

by conducting t test to goodness to fit.  

As a results of the t test it is noted that derived trip production model is fit for the Sri 

Lankan context. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Then in the SPSS bivariate correlation analysis was done for the each socio factors and 

trip attraction values for traffic analyzing zones.   

Pearson correlation values and significance values which are obtained from analysis 

done by SPSS software can be summarized as following table. The socio economic 

variables which have higher correlation and significance level with the trip production, 

were selected for further analysis.  

 

Trip Attraction X 
Ln 

( X ) 

Log10 

( X ) 

Sin 

( X ) 

Cos 

( X ) 
X2 X3 

ex 

( X ) 
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Population 

Pearson 

Correlation 
.821 .809 .792 -.753 -.052 .740 .785 .000 

Sig. (2-

tailed) 
.000 .000 .000 .677 .349 .000 .000 1.000 

Number of 

Household 

Pearson 

Correlation 
.752 .658 .658 .594 -.665 .549 .601 .000 

Sig. (2-

tailed) 
.000 .000 .000 .087 .242 .000 .000 1.000 

Car 

Ownership 

Pearson 

Correlation 
.387 .339 .339 -.024 .009 .262 .186 -.020 

Sig. (2-

tailed) 
.000 .000 .000 .658 .875 .000 .001 .724 

Birth Rate 

Pearson 

Correlation 
.251 .185 .185 -.216 .008 .177 .131 .101 

Sig. (2-

tailed) 
.000 .000 .000 .000 .943 .000 .000 .000 

Commercial 

Area 

Pearson 

Correlation 
.808 .789 .769 -.757 .737 .669 .179 .000 

Sig. (2-

tailed) 
.000 .004 .004 .301 .502 .210 .000 1.000 

Number of 

Employment  

Pearson 

Correlation 
.782 .747 .747 .623 -.633 .530 .673 a 

Sig. (2-

tailed) 
.000 .000 .000 .004 .002 .000 .000 . 

Total 

Income 

Pearson 

Correlation 
.685 .650 .650 -.456 -.621 .535 .518 1.000 

Sig. (2-

tailed) 
.000 .000 .000 .001 .006 .000 .000 . 

Residential 

Area 

Pearson 

Correlation 
.332 .533 .415 -.026 .019 .720 .681 .000 

Sig. (2-

tailed) 
.000 .000 .000 .637 .734 .000 .000 1.000 

Death Rate  

Pearson 

Correlation 
.399 .289 .289 .248 -.075 .418 .392 a 

Sig. (2-

tailed) 
.000 .000 .000 .562 .188 .000 .000 . 

Number of 

Schools 

Pearson 

Correlation 
.744 .678 .678 -.555 .655 .007 .522 a 

Sig. (2-

tailed) 
.000 .000 .000 .005 .436 .898 .687 . 

Table 4:7 Comparison of  Correlations for Trip Attraction 
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X value of the above table refers the pure value of the socio economic factor for each 

traffic analyzing zone. Others are ln value, log value, sin value, cos value, square value 

and triple value of the socio economic factor of each traffic analyzing zone. 

Then it is identified that highest Pearson correlation values are derived for the pure 

value of the socio economic factors. Therefore it can be concluded that trip attraction 

values are correlated with the pure values of the socio economic factors.  

It is outstanding that significant value of all correlations above are less than 0.01. That 

means those relationships are really exist. These selected parameters were again tested 

for the multicollinearity effects firstly.  

According to the value of the correlation of the attributes we can summarized the first 

ten socio economic factors as follows. 

 

No Name of the Parameter Correlation Significance 

1 Population 0.821 0.000 

2 Commercial Area 0.808 0.000 

3 Number of Employment 0.782 0.000 

4 Number of House hold 0.752 0.000 

5 Number of Schools 0.744 0.000 

    

Table 4:8 High Correlated Attributes with Trip Attraction 

 

Then above five numbers of socio economic factors were taken for the preparation of 

the model for trip attraction. Also we took pure values of the above mentioned socio 

economic factors for the model development. 

 Then we took different combinations of the above socio economic variables for the 

model calibration for trip attraction. 31 different combinations can be made with the 

above said five socio economic factors. Also there 62 trip attraction values for 62 

traffic analyzing zones can be obtained from the available partially filled origin 
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destination matrix. Out of those 62 trip attraction values, 40 trip attraction values are 

taken to the development of model equation for trip attraction and balance 22 number 

of trip attraction values are taken to the derived model validation. Then the said 40 trip 

attraction values and all 31 combinations are input to the SPSS computer software. 

Then 31 different model equations are derived. R value, R squared value and standard 

error of the estimates can be derived by the SPSS software (it is annexed as appendices 

26). Out of 31 derived model equations 10 model equations can be shown as follows. 

 

Model 

No 

Input 

Parameter 

Model Equation R R 

Square 

Adjusted 

R2 

Std. Error 

of the 

Estimate 

1 Population  0.481(Population) -

26847.915 
0.848 0.719 0.717 

51264.126 

2 Population   2.96(Population) 

+0.124 (No of House 

hold) + 9.548 

(Commercial Area) + 

8542(No of 

Employment) -

15985.14 

0.851 0.724 
0.722 

 
0.46785.451 

No of House 

hold 

Commercial 

Area 

No of 

Employment 

3 Population 2.589(Population) + 

0.984(No of House 

hold) +7.495(No of 

Employment) – 

10.85(No of Schools) - 

49456.878 

0.862 0.743 0.740 
50156.159 

 

No of House 

hold 

No of 

Employment  

No of 

Schools 

4 Population  1.85(Population) + 

0.844(No of House 

hold) + 2.52 

(Commercial Area) -

3450(No of Schools) -

84582.48 

0.875 0.781 
0.780 

 
48652.44 

No of House 

hold 

Commercial 

Area 

No of 

Schools 

5 Population  1.245(Population) + 

15.486(Commercial 

Area) + 0.586(No of 

Employment) – 

78.146(No of Schools) 

– 50864.26 

0.884 0.765 
 

0.762 
35894.15 

Commercial 

Area 

No of 

Employment  

No of 

Schools 

6 No of House 

hold 

 1.859(No of House 

hold) + 
0.852 0.726 

 

0.764 
46215.25 
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Commercial 

Area 

2.855(Commercial 

Area) + 6.89(No of 

Employment) – 

1.198(No of Schools) – 

19846.18 

No of 

Employment 

No of 

Schools 

7 Population  0.465(Population) + 

1.845(No of House 

hold) 

+1.795(Commercial 

Area)  -51856.45 

0.844 0.712 
 

0.710 
48652.74 

No of House 

hold 

Commercial 

Area 

8 No of House 

hold 

 5.489(No of House 

hold) + 

0.654(Commercial 

Area) + 1489(No of 

Employment) - 

34582.15 

0.826 0.682 
 

0.680 
40561.62 

Commercial 

Area 

No of 

Employment  

9 Commercial 

Area 

 49.985(Commercial 

Area) + 14.594(No of 

Employment) + 

8.567(No of Schools)  – 

48532.62 

0.871 0.759 
 

0.755 
51349.47 

No of 

Employment 

No of 

Schools 

10 Population   1.493(Population) + 

1.482(Commercial 

Area) + 14.658 (No of 

Schools) – 28154.68 
0.868 0.753 0.750 48514.19 

Commercial 

Area 

No of 

Schools  

Table 4:9 Calibrated Equations for Trip Attraction 

R value, R squared value, adjusted R squared value and standard error of the estimated 

are critically evaluate after the analysis. High R value means correlation is high with 

independent variables and dependent variable. Therefore we have to choose highest R 

value model equation as most suitable trip attraction model. 

After obtaining calibrated equations, R value, R squared value, adjusted R squared 

value and standard error of the estimate are calculated for each calibrated equations 

separately. The model with highest R value and R squared value is selected as the best 

fit trip attraction model. 

 

Trip Attraction Model  
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Trip Attraction = 1.245 (Population) + 15.486 (Commercial Area) + 0.586 

(Number of employment) – 78.146 (Number of Schools) – 50864.26 

 

According to the above equation model, trip attraction for a particular traffic analysis 

zone is directly functioned by the population, commercial area, number of employment 

and number of schools in a particular traffic analysis zone. Therefore, with the value 

of those mentioned four socio economic factors of a particular TAZ we can predict the 

trip attraction of that traffic analysis zone. 

 

 

4.7.2 Comprehensive validation of the trip attraction model  

 

4.7.2.1 Overall model fit 

The overall model fit is considered to find the variance of the dependent variables. If 

value of the R2 is 0.954 which means 95.4% of the variance of dependent variables 

can be explained by the model. Overall model fit is tabulated in following table.  

 

R R Square Adjusted R Square Standard Error of the Estimate 

0.884 0.781 0.780 48652.44 

Table 4:10 Overall Model Fit for Trip Attraction 

 

4.7.2.2 Goodness of Fit 

Paired wise T test is carried out for checking the goodness of fit of this model. Here it 

can be checked the gap between actual Origin destination matrix and estimated origin 

destination matrix. The average result of the paired wise T test should be less than 

0.05. According to the T test result can be illustrated as follows.  
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P value of the paired 

wise T test analysis should be higher than 0.05 according to the analysis. If so, it would 

accept the null ahypothesis. As per the above table p value is 0.218. This means that 

there is a 21.8% of probability to get null hypothesis truth. Also value of the t value is 

1.850 which is close to zero means there is no high level of difference between two 

data distribution.  

Then we have values for population, commercial area, number of employment and 

number of schools for entire 331 divisional secretariats. Also we have derived trip 

attraction model. Then we could calculate trip attraction values for each traffic 

analyzing zone. We have known trip attraction values for 62 number of trip analyzing 

zones.  

Then we calculated trip attraction values by the derived model for those 62 number of 

trip analyzing zones. After that we could check the accuracy of the derived model by 

conducting t test to goodness to fit.  

As a results of the t test it is noted that derived trip attraction model is fit for the Sri 

Lankan context. 

It can be found the trip attraction and trip production for the other Traffic Analysis 

Zones of the Origin Destination Matrix. Then we have origin destination matrix with 

the values of trip attraction and trip production of whole origin destination matrix.  

During the SPSS analysis multicollinearity check was done for the dependent 

variables. In SPSS first we choose analyze tab and then select correlate. Then bivariate 

was choose. Then window called bivariate correlation was opened. Then independent 

variables have been selected and click OK button. Then calculation is done by SPSS. 

Then it can be seen that Pearson correlation is not very high.  Then clicked analyze tab 

and went to the regression under that category. After that opened linear regression tab 

by clicking linear under regression tab. Then chose independent variables and 

Mean Variation Mean Variation Correlation hmd df p t 

74.35 4485.42 56.48 3168.28 0.85 0 24 0.218 1.850 

Table 4:11 Result of paired wise T test analysis for Trip Attraction 
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dependent variable separately. Then clicked statistically and chose collinearity 

diagnosis and finally clicked OK button. Then SPSS software calculated 

multicollinearity. It could be calculated of tolerance and VIF. As per the outcomes 

tolerance values are less than 1 and VIF is less than 10. Therefore we can argued that 

our independent variables are actually independent. Also we checked condition index 

in collinearity diagnostics table. All values are less than 15 means it could be 

concluded that our independent variables are actually independent to each other.       

However, trip interchange values of the origin destination matrix are not evaluated. 

Therefore, next step is to find these trip interchange values.  

 

4.8 Trip Interchange Model  

After developing models for trip production and trip attraction, it could be calculated 

for trip production values and trip attraction values for the entire 331 divisional 

secretariat divisions. Then from that calculation final column and final raw can be 

filled.  

Then next task is to fill the cells of the partially filled origin destination matrix. As per 

the available partially filled origin destination matrix 40,486 cells are filled. Therefore 

there are balance 69,075 cells are unfilled. Then we have to fill those cells which 

represents trip interchange values.  

There were many models found out by many scholars in order to solve this problems. 

Entropy maximization, gravity model, Furness model etc. each models have pros and 

crones. Entropy maximization and gravity model are the mostly used by the various 

studies.  

Although entropy maximization is widely used in the other studies it will obtain results 

based on the unknown factors. Also if there are number of unknown is more than the 

number if available information then result will be not accurate. This method is based 

on the uncertainty.  
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Therefore gravity model is based on the number of trips production and attraction in a 

particular zones and the distance between those two zones. The general gravity model 

can be illustrated as follows.  

 𝑇𝑖𝑗 =  
𝐾𝑃𝑖𝐴𝑗

𝑑𝑖𝑗
𝑛  

𝑇𝑖𝑗 = Number of trips between zones i and j 

𝑃𝑖  = Number of trips produced in zone i 

𝐴𝑗  = Number of trips attracted to zone j 

𝑑𝑖𝑗 = Distance or time or cost of travelling between zone i and zone j 

K   = Constant which is independent from i and j 

n    = An exponential constant and value of this usually found between 1 and 3 

k    = Total number of zones. 

 

It can be examined that this gravity model developed based on the travel cost between 

two zones because this model is based on the distance between those two zones. Travel 

cost is depends on the distance between two particular zones.  

Then, this general gravity model is applied to find the interchange values between two 

zones. However, results from the general gravity zone have significant difference from 

the O-D surveys values. Therefore importance of the new version of the gravity model 

was arisen. As a result new version gravity model called doubly constrained gravity 

model was developed. Also this new model is called as production-attraction 

constrained gravity model. Therefore this doubly constrained gravity model is used to 

find the values of the interchange. Then interchange values obtained from the doubly 

constrained gravity model and values from O-D surveys were evaluated. Then it was 

found that those tow values were matched remarkably. Therefore this production-

attraction constrained gravity model was selected. This model equation can be 

illustrated as follows.  

 



66 

 

𝑇𝑖𝑗 =
𝐴𝑖𝐵𝑗𝑂𝑖𝐷𝑗

𝑑𝑖𝑗
2  

Tij= No. of trips from origin i to destination j 

Oi= No. of trips beginning from zone i 

Dj= No. of trips ending at destination j 

Ai= Origin specific correlation factor 

Bj= Destination specific correlation factor 

dij= Distance between origin i and destination j 

 

Then all the balance trip interchange values of the origin destination matrix were 

calculated using the above model equation. However several iteration processes have 

been done for obtain best fit values for trip interchange.  

Finally we have fully completed origin destination matrix for entire Sri Lanka.   

4.8.1 Goodness of Fit 

Then T test was carried out to find the goodness of fit of the derived gravity model. 

This T test analysis was done with using 50 of sample data. Then results of the T test 

can be illustrated as following table.  

 

 

 

According to the above results it shows the p value is very higher than 0.05 and the 

difference is less between two data distribution. Therefore this result concludes that 

there is high probability to get null hypothesis truth. The value of t value of all factors 

are very close to zero. It shows there is no high level of significance variance between 

two variables.  

Finally we could be able to obtain complete origin destination matrix for the entire Sri 

Lanka. (It is annexed as appendices 27)  

Mean Variation Mean Variation  Correlation  hmd df p t 

1.5844 0.276 1.582 0.284 0.971 0 50 0.278 -1.05 

Table 4:12 The results of T test Analysis 
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CHAPTER 05 

5 CONCLUSION AND RECOMMENDATION 

 

5.1 Introduction 

This research investigates to find a method to estimate a fully completed origin 

destination matrix from the partially filled origin destination matrix. Therefore, this 

chapter concludes all the findings that gained from the from the research. In addition 

to that, limitations of the study have been surfaced and recommendation for future 

researches are also given in this chapter.  

5.2 Background  

Origin destination matrix is one of the most crucial requirement of the traffic planning. 

According to the literature review, it was identified that most scholars have mentioned 

that traditional methods are important to estimate the origin destination matrix.  

Different countries used various methods to solve the problems incorporated with the 

OD matrix in related to their environmental context. It was found by the literature 

review that various methods such as entropy maximization, gravity model. Regression 

analysis, growth factor methods used in other countries according to their country. 
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However, there are no such literature on Sri Lankan context under this model.  

However, some relevant organizations have tried to develop origin destination matrix 

for Sri Lankan context with doing manual surveys such as Road Development 

Authority, Civil Department of University of Moratuwa. However they couldn’t 

develop fully filled origin destination matrix to entire Sri Lanka due to lack of finance 

and time consuming. Therefore this research helps to develop fully filled origin 

destination matrix which can used for traffic planning purposes.  

This research found two separate equation model to find the trip production and trip 

attraction for each traffic analysis zone. In this research a particular divisional 

secretariat is considered as traffic analysis zone (TAZ). Therefore, there are 331 TAZs 

in the entire Sri Lanka. After that method was develop to find the trip interchange 

values in the origin destination matrix. There are 109,561 trip interchange values in 

the origin destination matrix which developed to the entire Sri Lanka. Also finally 

these methods are validated with the suitable techniques and finally developed the fully 

filled origin destination matrix for entire Sri Lanka.  

5.3 Findings & Usefulness for planners 

In order to find the model for trip production and trip attraction for the OD matrix, 

regression analysis was used. SPSS software used for this purpose. As per the literature 

review, it was found that trip production and trip attraction for a particular area depends 

on the socio factor of that particular area or the zone. Therefore in order to find the 

relationship between those we used to SPSS software. 

Using linear regression analysis, model equations for trip production and trip attraction 

were found as follows.  

Trip Production = 1.486 X 10(-4) (Total Income) + 0.458 (Population) – 0.864 (Car 

Ownership) + 1.855 (Rental Value) -24865.85 

 

Trip Attraction = 1.245 (Population) + 15.486 (Commercial Area) + 0.586 ( Number 

of employment) – 78.146 (Number of Schools) – 50864.26 
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With the above findings it is identified that trip production and trip attraction were 

closely related to two different set of socio economic factors. As a result trip 

production of a particular traffic analysis zone is depends on the total income, total 

population and car ownership of that zone. Similarly, trip attraction is depends on the 

land value, number of occupants, inter emigration and commercial area of that zone. 

As per the above outcome it could be argued that trip production for a particular 

divisional secretariat will be increased when the income of the people of that divisional 

secretariat are high. Also we can say that income of the people is positive correlated 

to the trip production.   

As same as commercial area is highly trip attracted. If the commercial area is more in 

a particular traffic analyzing zone, then trip attraction will be higher in that particular 

TAZ.  

It was able to find the total trip production and trip attraction of a particular traffic 

analysis zone from that trip production model and trip attraction model. Then next task 

was to find the trip interchange values of the origin destination matrix. In order to find 

that doubly constrained or production attraction constrained gravity model was 

selected. Every cell of the origin destination matrix were calculated with that doubly 

constrained gravity model.  

After elaborating all three models, validation process was carried out for all these three 

models. In the validation process all three models have good t value and therefore these 

three models have very high confidence for applying for actual scenarios.  

Furthermore, these models can be used by the transport planners in order take their 

decision in long term transport options strategies. Since these models are developed 

for entire Sri Lanka, these models can be used for national decision making as well as 

regional decision making. Benefits of the finding of this research can be summarized 

as follows.  

1. Understand preferred routes and trip trends to determine which regions are best 

for a targeted advertisement or a new retail location. 

2. This can be used for preparation of the development plan for a particular area 
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by which how to change the land use pattern in order to enhance traffic 

management 

3. This can be used by the government agencies in order to allocate budget for 

transportation in future.  

4. It can be decide how to plan public transportation for a particular area with the 

results of accurate origin destination matrix’ 

5. With these derived trip production model and trip attraction model we can find 

the trip generation and trip attraction for divisional secretariat in the future 

without doing OD surveys. With the values of the socio economic factors 

which influence to trip production and trip attraction it can be found the trip 

generation and trip attraction for a particular divisional secretariat division. 

6. This results can be used to decide highway construction, interchange location, 

number of lanes of the highway 

7. This matrix can be used to decide to relocation of government organization so 

that convenient to public transportation 

 

 

5.4 Limitation of the Study  

This study was carried out based on the partially filled origin destination matrix which 

was prepared with the conventional survey techniques. Therefore, trip production 

model, trip attraction model and trip interchange model were checked with the exiting 

data of OD matrix in which data was obtained from the said conventional survey 

technique. Therefore result of this study is directly based on the actual survey data of 

the partially filled origin destination matrix.  

Therefore if accuracy level of the partially filled OD matrix high means accuracy of 

the result of this study is high and vice versa.  

5.5 Recommendation for future research  

This research study was carried out based on the various assumptions regarding the 

existing transportation of the Sri Lanka. These assumptions were obtained for this 
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study due to time limitation and data availability. Therefore this research study and the 

results of this study can be used for the future direction in order to get best opinion 

regarding the transportation behavior of the Sri Lanka.  

Good transportation and railway transportation were not included in this study. 

Therefore it can be continue this study further with the railway transportation with the 

result of this study. Also further researches can be done in order to enhance the 

accuracy of the research.  
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