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PREFACE 
 

Accidents today are among the leading causes of death, in some cases the number one cause, 

particularly the more industrialises nations. The number of minor as well as serious injuries and 

the human suffering and economic loss due to disabilities caused by accidents is inestimable. 

Thus while medical science has conquered the ravages of many diseases, accidents have become 

a new ―epidemic‖ of health importance, calling for equal effort for control and prevention 

Road accidents, can be a big threat to the country, and has been a major concern for the 

population and the government to reduce its occurrence .Millions are spent in order to reduce the 

accident occurrence through several modes of campaign. Unfortunately, over the years it keeps 

on increasing. Thus, by the use of an intelligent and effective Road Navigation System, the 

police would be able to greatly control and manage the whole accident events. This system 

further has an advantage of providing comprehensive intelligent GIS-based solutions for accident 

analysis and management.  

Road traffic accident is complicated to analyse as it crosses all the boundaries of engineering, 

geography or human behaviour. Therefore, there rises a need for a more systematic approach, 

which can automatically detect the surface topography (curvature and gradient) and the 

statistically significant spatial accident clusters. To implement countermeasures efficiently and 

effectively, it is important to identify the accident prone locations and analyse the accident 

patterns, so that the most appropriate measures can be taken for each of these specific location. 

This system is solely based on GIS technologies. This intelligent and effective Road Navigation 

System is used to get better results from accident data, which will include the most effective and 

useful queries and reports. This work focuses and evaluates the performance of a GIS based 

solution in order to integrate the Navigation Technology and Safety. 
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OBJECTIVE 

 

The objective of the project is to forecast the accident clusters with the aspect of road navigation 

based on its curvature and gradient. Also understand the underlying parameters for the increasing 

frequency of the same on the Area of Interest. 

An analytical study will be conducted based on the width, gradient and curvature of the road, as 

on hilly terrains, the gap between the hill and the edge of the road becomes a pivotal factor for 

the identification of the blindspot areas and the accident clusters. 

Although all the concerns are not directly addressed but few of the problems faced by the driver 

on the road has been identified. The list given below highlights the same: 

 Unaware of the blindspots present along the course of the road 

 Accident zones not known 

 Are the Zones lying in the Range of the Service Areas of Hospitals and Police Stations. 

The role of the Navigation System comes into play when the driver is assisted with the semi-

automated navigator which gives a pop up as the slope and curvature of the road changes, and 

prompts the driver to control his speed and thus reduces further hassles.  
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ABSTRACT 

 

Recent report by WHO indicate: (a) India having the highest number of fatal accidents, and (b) 

low and middle income countries accounting for 90% of accidents. The concern, regarding road 

safety in a developing country, like India, further amplifies in the absence of proper framework 

to analyze the accident related data using modern tools and techniques.  

This project undertaken at NAVTEQ, Mumbai and Symbiosis Institute of Geoinformatics, Pune 

has the potential to develop an API for drivers based on safe driving perspective. Furthermore, 

generation of map layout will be carried out which will highlight the blindspots and the accident 

prone zones. For this reason, a motorway located at Thane-Ghodbunder Road (State Highway 

42) has been selected as our AOI (Area of Interest), which will be my case study to determine the 

feasibility of this system. This project uses ArcGIS to combine the road network data, the 

LANDSAT image, the SRTM data and the toposheet as a raster GIS plot to be displayed. ArcGIS 

has been further used for the generation of slope, aspect and gradient and ERDAS has been used 

for the process of layer stacking and the classification of the image. Visual Studio has even been 

used for developing the webform and the API. 

This project talks about the road accidents caused due to blindspots or greater road curvature 

present along the stretch. An effort has been made to study in the detail the road accidents that 

have taken place along this terrain. A ground truth validation has also been conducted which 

gives an insight to the described situation. 

Keywords: Road Accidents, Blindspots, Curvature, GIS, Accident mapping  
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CHAPTER 1 – INTRODUCTION 
 

1.1 Problem Statement 
“To realize the value of one second; ask a person who has survived an accident”. 

In 2011, more than 20,800 people of Mumbai had lost their lives in road 

accidents. In Maharashtra, there is a highway related death every 15-20 minutes 

and an injury due to the same in every 5 minutes. Highway crash related deaths 

and injuries are a major concern for the government, despite the progress that has 

been made in the past 40-50 years to improve the transport safety through safer 

vehicles and roadsides and more responsible drivers. Although there has been a 

drop in this fatality rate but it still remains an on-going challenge for us to do 

more to improve this safety. 

Over the years there has been a tremendous change in the mobility habits. Culture, economy and 

technology has built a new society based on a new pattern of accessibility, integration of various 

networks, faster and more efficient and effective transportation and has resulted in changes in the 

way we animate and move. 

Automobiles have become a necessity from luxury and have thus resulted in a rapid increase in 

road accidents. The transience rate has reached unbelievable numbers in the recent time and is of 

utmost importance in terms of projects and research purpose.  

An automotive navigation system is a satellite navigation system designed for use 

in automobiles. It typically uses a GPS navigation device to acquire position data to locate the 

user on a road in the unit's map database. Using the road database, the unit can give directions to 

other locations along roads also in its database. 

As world is grooming, new and versatile technologies and techniques in navigation system are 

budding. The year 2012 has been marked very many novelty functionalities being incorporated 

in the existing navigation system, so that it can minimize the probable occurrence of these 

accidents. 

 

http://en.wikipedia.org/wiki/Global_Navigation_Satellite_System
http://en.wikipedia.org/wiki/Automobiles
http://en.wikipedia.org/wiki/GPS_navigation_device
http://en.wikipedia.org/wiki/Road
http://en.wikipedia.org/wiki/Database
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1.2 Background 
The current scenario of Mumbai has limitations when analysing crashes on multilane roads such 

as motorways (highways). The accomplishment of reducing these fatalities and injuries can 

greatly be achieved through a combination of efforts, including a proper use of road design, 

improving the driver‘s perception and their willingness to obey the safety norms. Despite these 

improved efforts the annual toll of loss of human life has not changed substantially in all these 

years. Vector GIS has been used in displaying these accident spots. Furthermore, raster GIS was 

used to analyse this spatially. It started with mapping and georeferencing the map within the 

limits of the Mumbai-Thane district. 

The spatio-temporal analysis of road accidents aims for the identification of statistical 

relationships between accidents and their occurrence in our AOI, Thane-Ghodbunder Road. So, 

by using integrated statistical analysis techniques in GIS, the data has been analysed, as well as 

an insight has been obtained to how this are distributed in the specified region. Hence, by means 

of spatial statistics the creation of a pertinent data analysis was possible, to evaluate the 

tendencies and relationships between the existing data. The aim of this study is to outline the 

importance and efficiency of using GIS in collecting, processing and analysing data. It is an 

efficient tool for displaying the spatial distribution of accidents along the road network. GIS 

enables the rapid processing and display on the map of the information regarding accidents and 

its use in making decisions regarding the reduction and prevention of accidents. 
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CHAPTER 2 – REQUIREMENTS 

2.1 Softwares 

2.1.1 ArcGIS 10.0  

ESRI‘s ArcGIS is a software used for working with maps and 

spatial information. It is used for creation of map, analysing those 

mapped information and discovering and managing these 

geographic information in the database. It provides a structure 

wherein these GIS resource, such as maps, imagery, geodatabases 

and tools, can be delivered as a web service.  

ArcGIS is a platform for designing and managing solutions through 

the application of geographic knowledge. It enables you to perform deep analysis, gain a greater 

understanding of your data, and make more informed high-level decisions. 

It is built around geodatabases, which use object-relational database approach for storing spatial 

data. This GDB contains topology information and can also model behaviour of features. ArcGIS 

is accessed using one or three software, each varying in their functionality. 

 ArcView: Provide comprehensive mapping and analysis tool, with simple editing and 

geographic capabilities. 

 ArcEditor: It provides all ArcView functionalities along with few advanced editing 

capabilities. 

 ArcInfo: It not just provides functions mentioned in the above two, but also advanced 

geographic capabilities and data management as well 

 Map Appreciation: It is used for organizing and managing the database. It also allows us 

to preview the dataset and view the metadata. 

 ArcMap: It is most commonly used. It views and analyses spatial data and also helps in 

creating map layouts. 

 ArcReader: It allows one to view and query maps created with the other ArcGIS 

products. 

 ArcScene: It is a 3D visualization application that allows viewing GIS data in three 

dimensions. It permits overlaying many layers of data in 3D environment. 

Figure 1 ArcGIS Logo 
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2.1.2 ERDAS Imagine 2011  

ERDAS has been supplying image processing software 

since 1978. Their flagship desktop package, ERDAS 

IMAGINE, led the way in image processing and raster 

data handling. Over time this software has evolved from 

command line prompt to the ribbon interface in the latest 

version. Along the way, much additional functionality 

has been added that enables the user to extract geospatial 

information from the raw satellite or aerial imagery.  

Other products have been incorporated into the product suite over time. LPS is a complete suite 

of photogrammetric production tools while ERDAS ER Mapper complements the image 

processing functionality of ERDAS IMAGINE. It is built on v2010, the most significant release 

of the software since 1992 when it evolved from a command line interface. The new 2011 

version has a Microsoft Ribbon style user interface, providing a modern look and feel, improving 

usability and productivity while reducing the learning curve. No other software tool on the 

market is as powerful when it comes to raster image processing.  

There is also a range of classification, feature extraction and change detection options available, 

both from within the core software and from add-on modules. IMAGINE also comes equipped 

with inbuilt connectivity to support enterprise geospatial image processing, enabling client side 

interaction with ESRI ArcSDE and Oracle Spatial 10g. 

ERDAS IMAGINE provides true value, consolidating remote sensing, photogrammetry, LiDAR 

analysis, and radar processing into a single product. We offer many solutions in one, 

incorporating the following standards, enterprise capabilities and products. It is a scalable 

solution that will grow with time. With three tiers and a multitude of add-on modules, we can 

easily tailor the system to meet the required specification. 

It includes a complete set of tools to analyse data from the imagery via mosaicking, surface 

interpolation, advanced image interpretation and orthorectification. It includes analysis of 

multispectral and hyperspectral images and also includes graphical spatial data modeling.  

Figure 2 ERDAS Logo 
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2.1.3 HTML & JAVASCRIPT 

HyperText Markup Language (HTML) is the main markup language for creating web pages 

and other information that can be displayed in a web browser. HTML is written in the form of 

HTML elements consisting of tags enclosed in angle brackets (like <html>), within the web page 

content. HTML tags most commonly come in pairs. 

The purpose of a web browser is to read HTML documents and compose them into visible or 

audible web pages. The browser does not display the HTML tags, but uses the tags to interpret 

the content of the page. HTML elements form the building blocks of all websites. HTML allows 

images and objects to be embedded and can be used to create interactive forms. It provides a 

means to create structured documents by denoting structural semantics for text such as headings, 

paragraphs, lists, links, quotes and other items. It can embed scripts written in languages such as 

JavaScript which affect the behaviour of HTML web pages. 

JavaScript (JS) is an interpreted computer 

programming language. It was originally 

implemented as part of web browsers so that 

client-side scripts could interact with the user, 

control the browser, communicate 

asynchronously, and alter the document content 

that was displayed. JavaScript is a prototype-based scripting language that is dynamic, weakly 

typed, and has first-class functions. Its syntax was influenced by the language C. It is a multi-

paradigm language, supporting object-oriented, imperative, and functional programming styles. 

JavaScript is a scripting language and is dynamic in nature. It was originally developed in 

Netscape by Brendan Eich. It is a light-weight, interpreted, object-oriented language with first 

class functions but used in many non-browser environments. The JavaScript standard is 

ECMAScript. Objects are created programmatically in JavaScript, by attaching methods and 

properties. Once an object has been constructed it can be used as a blueprint (or prototype) for 

creating similar objects. 

 

Figure 3 JavaScript & HTML Logo 
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2.1.4 Microsoft Office 2010  

Microsoft Office is an office suite of desktop 

applications, servers and services for the 

Microsoft Windows and OS X operating 

systems, introduced by Microsoft on August 1, 

1989. Initially it was a marketing term for a 

bundled set of applications. The first version of office 

contained Microsoft Word, Microsoft Excel and Microsoft PowerPoint. Over the years, Office 

applications have substantially grown. Presently it has been reported that Office is being used by 

over a billion people worldwide. 

The components of Microsoft Office that is used for Desktop Applications are: 

2.1.4.1 MSWord 

It is a word processor and was previously considered as the main program in Office. Its 

proprietary DOC format is considered as de facto standard. Report Documentation is the part that 

is carried out best in MSWord and we have done it in the similar way. 

2.1.4.2 MSExcel 

Microsoft Excel is a spreadsheet program that originally competed with the dominant Lotus 1-2-

3. It features calculation, graphing tools, pivot tables. For the purpose of this project, we have 

used excel to draw statistical diagram to represent the data obtained on accidents as well as the 

survey data. 

2.1.4.3 MSAccess 

It is a database management system that combines relational Microsoft Jet Database Engine with 

a graphical user interface and software development tools. It has been used by us for the process 

of database creation. 

  

Figure 4 Microsoft Office Logo 
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2.2 Tools 
For the completion of this project we have conducted a ground survey for the purpose of 

obtaining the co-ordinates of the accident sites as well as the POIs that were selected for this 

(Police Stations and Hospitals). 

For the very purpose, we have used a mid-level GPS Navigation System – NAVON N485. 

It is a high-definition, true colour display with a touch 

input. It is a portable navigation system designed for a car 

electronics interface. It provides detailed map information 

of cities, voice navigation and automatic smooth 

switching. It has a high sensitivity GPS receiver and 

antenna inside and is faster and more accurate to receive 

signal and positioning. Its advantage is it takes 1 second 

to re-capture the satellite signal, with less than 10 m for 

positioning range and the time accuracy for that is 1 

microsecond. 

Technical Parameters: 

Processor: SiRF Atlas IV 500 MHz 

OS: Microsoft Windows CE 6.0 

Memory: 2GB ROM / 64 vagy 128 MB RAM 

Display: 4.3‘‘ TFT LCD, 480 x 272, 16 bit 

Audio: built-in mono loudspeaker 

Connectors: 3.5 mm ear-pieces, mini-USB 

Battery: 1000mAh Lithium-ion 

Size: 124 x 77 x 10 mm 

Weight: 146 g  

Figure 5 NAVON N485 
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2.3 Development Platform 

2.3.1 Hardware 

Model: Dell T3400 

Memory: 4 GB RAM 

Storage: 250 GB Hard Disk 

Processor: Intel(R) Core(TM) 2 Duo 

2.3.2 Software 

  Operating System: Windows 7 Enterprise  

  Browser: Mozilla Firefox 20.0.1 and Google Chrome 26.0.1410.64 

2.4 Development Technology 
HTML5 

CSS 

JavaScript 

developer.here.com JavaScript API explorer 

 

The fact that Javascript is light, cross-browser, and plug-in-less and supports HTML5 made it a 

perfect choice for the project. 

The system is aimed at being used by the commoner, so it should be able to handle large traffic 

and should run without any plug-in. Moreover, the additional features of HTML5 enabled to 

provide the user with a rich experience without requiring heavy plug-ins.  
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CHAPTER 3 – STUDY AREA 
 

3.1 Area Description 
Mumbai is the capital of Maharashtra and Maharashtra is the most populous state of the country. 

Along with the neighbouring areas of Navi Mumbai and Thane, it is the most populous region of 

the world. For the successful completion of this project, we have taken our AOI (Area of 

Interest) as State Highway 42, which is commonly known as the Thane-Ghodbunder Road. It 

is a state highway that runs through the entire district of Thane. It is one of the major roads 

connecting the Eastern Express. 

It is approximately 20 km long and 

links the two main arterial roads of 

Mumbai, the Eastern Express. The 

road skirts the northern boundary 

of Salsette Island. The road is also 

considered of paramount 

significance not only because of its 

scenic beauty around Yeoor hills 

and Thane creek but also for the 

reason that it heads the list when it 

comes to the incidence of road 

accidents in/around Mumbai. 

 

The road extents from 19° 17' 3.95" N, 72° 54' 16.05"E to 19° 13' 1.25" N, 72° 58' 41.55"E. We 

had selected the entire stretch which highlights the accident prone sites as well as the turns 

present along the same. The road is situated at an elevation of 180 m above MSL (mean sea 

level). 

 

Figure 6 The AOI selected (Thane-Ghodbunder Road) 
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3.2 Traffic along Thane-Ghodbunder Road 
Traffic congestion in the city has reached alarming levels. Absence of a good public transport 

system coupled with the increase in the number of cars on city roads has worsened the situation. 

Over the years, the state has taken various measures to regulate vehicular traffic in the city, but 

to no avail. To counter the traffic crisis in the city, the state government has launched the 

Mumbai Urban Infrastructure Project (MUIP) and the Mumbai Urban Transport Project 

(MUTP). Work is also underway on the metro rail and monorail projects. In addition to this, 50 

skywalks are being built across the region. All these, once completed, will definitely help to curb 

the traffic congestion. 

The vehicle population in Thane has reached 12.61 lakh, and is expected to increase every year. 

Expecting buoyancy in the sale of motor vehicles during 2011-12, the state transport department 

has estimated a 15.24% rise in tax collection. It has set a tax collection target of Rs. 4,000 crore 

for this fiscal. In 2010-11, the department garnered Rs. 3,471 crore in tax revenue. 

The government statistics report reveal that the two-wheeler and car population still remains 

robust and constitutes more than 80% of the total motor vehicle population. As per this given 

statistics, it can be said that the city has witnessed an increase in the number of light motor 

vehicles. While the rising trend is a sign of increase in the buying power of citizens, it is likely to 

worsen the vehicular density on Thane roads. 

3.3 Accidents along Thane-Ghodbunder Road 
The Thane-Ghodbunder road also being a state highway is highly prone to any kind of road 

accidents. A survey conducted for this project give us a rough estimate to the actual statistics. 

The data for the last seven years (2007-2011) were gathered and based on that it can be 

concluded that the Road Accidents has had a decline of 0.77%, from 16.14% to 15.37%. 

Similarly, there has been a wan in the percentage of people killed and injured in these road 

accidents. The drop is a little more than 2% for the former and about 1.5% for the latter. But if 

we get to the depth of the situation, accident severity has increased from 19.9% to 26.9% (2002-

2011). Accident severity is defined as the number of persons killed per 100 accidents.  
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CHAPTER 4 – ASSOCIATED TERMS  
 

o Area of Interest: The extent used to define a focus area for either a map or database 

production. 

o Accident Sites: The location of an unexpected occurrence, failure or loss, either at a 

plant or along a transportation route. To put in layman terms, it is an area which has faced 

an accident. 

o Autocorrelation: The correlation or similarity of values, generally values that are nearby 

in a dataset. Temporal data is said to exhibit serial autocorrelation when values measured 

close together in time are more similar than values measured far apart in time. Spatial 

data is said to exhibit spatial autocorrelation when values measured nearby in space are 

more similar than values measured farther away from each other. 

o Base Map: It is used for locational reference and often includes a geodetic control 

network as part of its structure. It is a map to which GIS data layers are registered and 

rescaled. 

o Blindspots: It is defined as a part of an area that cannot be directly observed under 

existing circumstances. It is a portion of a field that cannot be inspected. In terms of 

telematics, it is an area to the side and slightly behind a driver‘s field of vision that is not 

reflected in the vehicle‘s rear-view mirror. 

o Contour: Imaginary line on a map that connects points of equal elevation based on a 

vertical datum, usually sea level. 

o Crash: To land in an abnormal manner, usually causing severe damage or destruction on 

impact. 

o Curvature: Curvature is the second derivative of a surface, or the slope of the slope. 

This is most useful for identifying areas of rapid change in slope or aspect. The Curvature 

tool can be used to create three different curvature rasters – an output curvature raster, an 

optional profile curve raster, and an optional plan curve raster.   

o Data: Any collection of related facts arranged in a particular format; often, the basic 

elements of information that are produced, stored, or processed by a computer. 

o Dataset: Any collection of related data usually grouped or stored together. 

http://support.esri.com/
http://support.esri.com/
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o Digitise: The process of converting the geographic features on an analog map into digital 

format using a digitizing tablet, or digitizer, which is connected to a computer.  

o Dijkstra’s Algorithm: An algorithm that examines the connectivity of a network to find 

the shortest path between two points. Dijkstra's algorithm is named after the Dutch 

computer scientist Edsger Dijkstra. 

o Geocode: The process of assigning a street address to a location, or a 

code representing the location of an object, such as an address, a census tract, a postal 

code, or x ,y coordinates. 

o  Geodatabase: A database or file structure used primarily to store, query, and manipulate 

spatial data. Geodatabases store geometry, a spatial reference system, attributes, and 

behavioural rules for data. Various types of geographic datasets can be collected within a 

geodatabase, including feature classes, attribute tables, raster datasets, network datasets, 

topologies, and many others. 

o Georeference: Aligning geographic data to a known coordinate system so it can be 

viewed, queried, and analyzed with other geographic data.  

o Geostatistics:  A class of statistics used to analyse and predict the values associated with 

spatial or spatio-temporal phenomena. Geostatistics provides a means of exploring spatial 

data and generating continuous surfaces from selected sampled data points. 

o GIS: An integrated collection of computer software and data used to view and manage 

information about geographic places, analyze spatial relationships, and model spatial 

processes. A GIS provides a framework for gathering and organizing spatial data and 

related information so that it can be displayed and analyzed. 

o Gradient:  The ratio between vertical distance (rise) and horizontal distance (run), often 

expressed as a percentage. A 10-percent gradient rises 10 feet for every 100 feet of 

horizontal distance. It is the rate of inclination of a surface in a given direction. The 

ascending or descending part of an incline. It is the degree to which something ascents. 

o GUI: Acronym for graphical user interface. It is defined as an interface between a user 

and a computer system that involves the use of a mouse- controlled screen cursor to 

select options from the menus, make choices with buttons, start programs by clicking 

icons etc. It is designed to standardize and simplify the use of computer programs. 

http://support.esri.com/
http://support.esri.com/
http://support.esri.com/
http://support.esri.com/
http://support.esri.com/
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o Hit-and-Run: It is closely associated with road accidents, where the driver of the motor 

vehicle leaves the scene of the accident without stopping to give assistance. It is 

especially the case involving a pedestrian and another vehicle. 

o Hotspots: Hotspot analysis is the investigation of the location the most dangerous sites 

plausible to get affected by accidents. Hotspots adapt the geometrical characteristics and 

the environmental features of the problematic locations in the existing road network. 

o HTML: Acronym for Hypertext Markup Language. A markup language used to create 

Web pages for publication on the Internet. HTML is a system of tags that define the 

function of text, graphics, sound, and video within a document 

o Incident: It refers to something that takes place or comes to pass. It applies to a minor 

occurrence. It is an undesired event that may cause personal harm or other damage but on 

a small scale. 

o Javascript: A scripting language that runs within a web browser and interacts with 

HTML code to enable web developers to add functionality to their websites. 

o Kernel: On a raster, an analysis boundary or processing window within which cell values 

affect calculations and outside which they do not. Filters are used mainly in cell-based 

analysis where the value of a centre cell is changed to the mean, the sum, or some other 

function of all cell values inside the filter. A filter moves systematically across a raster 

until each cell has been processed. 

o Kriging: An interpolation technique in which the surrounding measured values are 

weighted to derive a predicted value for an unmeasured location. Weights are based on 

the distance between the measured points, the prediction locations, and the overall spatial 

arrangement among the measured points. Kriging is unique among the interpolation 

methods in that it provides an easy method for characterizing the variance, or the 

precision, of predictions. 

o Lag: In the creation of a semivariogram, the sample distance used to group or bin pairs of 

points. Using an appropriate lag distance can be helpful in revealing scale-dependent 

spatial correlation. 

o LANDSAT: Multispectral, earth-orbiting satellites developed by NASA that gather 

imagery for land-use inventory, geological and mineralogical exploration, crop and 

forestry assessment, and cartography. 
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o Model Builder: The interface used to build and edit geoprocessing models in ArcGIS. 

o Mortality: It is the state or condition of being susceptible to death. It is also defined as 

the number of deaths in a given place, cause or time. 

o Mosaic: A raster dataset composed of two or more merged raster datasets—for example, 

one image created by merging several individual images or photographs of adjacent 

areas. 

o Multimodal Network: A network in which two or more types of transportation modes 

(such as walking, riding a train, or driving a car) are modeled. 

o Neighborhood: On a raster, an analysis boundary or processing window within which 

cell values affect calculations and outside which they do not. Filters are used mainly in 

cell-based analysis where the value of a centre cell is changed to the mean, the sum, or 

some other function of all cell values inside the filter. 

o Network Analysis: Network Analysis focuses on edge-node topology to represent real 

life networks of information, which may include: driving direction, multi-modal routing, 

service roads, information networks and few more. A series of nodes are connected to 

each other by edges. Each of these edges starts or ends with a node. 

o Nugget: A parameter of a covariance or semivariogram model that represents 

independent error, measurement error, or microscale variation at spatial scales that is too 

fine to detect. The nugget effect is seen as a discontinuity at the origin of either the 

covariance or semivariogram model. 

o Overlay: A spatial operation in which two or more maps or layers registered to a 

common coordinate system are superimposed, either digitally or on a transparent 

material, for the purpose of showing the relationships between features that occupy the 

same geographic space. 

o p-Value: A probability resulting from a statistical test of the coefficient associated with 

each independent variable in a regression model. The null hypothesis for this statistical 

test states that the coefficient is not significantly different from zero. Small p-values 

reflect small probabilities. They suggest that the coefficient is significantly different from 

zero, and consequently, that the associated explanatory variable is helping to model or 

predict the dependent variable. Variables with coefficients near zero do not help predict 

or model the dependent variable. 
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o QQ Plot: A scatter chart in which the quantiles of two distributions are plotted against 

each other. 

o Risk: It is the probability or threat of damage, injury or any negative occurrence that is 

caused by external/internal vulnerabilities, and that can be avoided through pre-emptive 

action. 

o Routing: Process of selecting paths in a network along which to send network traffic. 

o Service Area: A type of network analysis that determines the region that encompasses all 

accessible streets (streets that lie within a specified impedence). 

o Shapefile: A vector data storage format for storing the location, shape, and attributes of 

geographic features. A shapefile is stored in a set of related files and contains one feature 

class. 

o Situational Awareness: It is the perception involving being aware of what is happening 

in the vicinity, in order to understand one‘s actions and its impact on the goals and 

objectives, immediately or in the near future. 

o Slope: The incline, or steepness, of a surface. Slope can be measured in degrees from 

horizontal (0–90), or percent slope. A slope of 45 degrees equals 100 percent slope. As 

slope angle approaches vertical (90 degrees), the percent slope approaches infinity. 

o SRTM: The Shuttle Radar Topography Mission (SRTM) obtains elevation data on a 

near-global scale to generate the most complete high-resolution digital topographic 

database of Earth. SRTM consists of a specially modified radar system that flew on board 

the Space Shuttle Endeavour during an 11-day mission in February of 2000. 

o Survey: Measuring physical or geometric characteristics of the earth. Surveys are often 

classified by the type of data studied or by the instruments or methods used. 

o Telematics: It is an integrated use of telecommunications and informatics. Evolved to 

refer to systems used in automobiles that combine wireless communication with GPS 

tracking. 

o Terrain: It is a general term referring to the lay of the land. It is the vertical and 

horizontal dimension of land surface. Generally expressed in terms of elevation, slope 

and orientation of terrain features. 
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o Toposheet: A rectangular map bounded by lines of latitude and longitude, often a map 

sheet in either the 7.5-minute or 15-minute series published by the U.S. Geological 

Survey. Quadrangles are also called toposheets. 

o Validation: It is a cognitive process of establishing a valid proof. An assessment of an 

action or decision plan to deduce that it is correct. 

o Variogram: A function of the distance and direction separating two locations that is used 

to quantify dependence. The variogram is defined as the variance of the difference 

between two variables at two locations. The variogram generally increases with distance 

and is described by nugget, sill, and range parameters. If the data is stationary, then the 

variogram and the covariance are theoretically related to each other. 

o Verification: It is the process of establishing the truth, accuracy or validity of something. 

It is like an additional proof attached to some hypothesis or theory. 

o Voronoi Map: A partition of space into areas, or cells, that surround a set of geometric 

objects (usually points). These cells, or polygons, must satisfy the criteria for Delaunay 

triangles. All locations within an area are closer to the object it surrounds than to any 

other object in the set. Voronoi diagrams are often used to delineate areas of influence 

around geographic features.  

o Webpage: A page of information stored on a website and viewed in a web browser. Web 

pages may contain text, graphics, animations, forms for data entry, and links to other 

webpages. 

o Width: It is the measurement or extent of something from side to side. In this project, it 

is in terms of the road width. 

o z-Score: A statistical measure of the spread of values from their mean, expressed in 

standard deviation units, where the z-score of the mean value is zero and the standard 

deviation is one. In a normal distribution, 68 percent of the values have a z-score of plus 

or minus 1, meaning they lie within one standard deviation of the mean. Z-scores are a 

common scale on which different distributions, with different means and standard 

deviations, can be compared.  
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CHAPTER 5 – ACCIDENT BASICS 

5.1 What is an accident? 
An accident is the final event in an unplanned process that results in injury or illness to an 

employee and possibly property damage. It is the final effect of multiple causes. An "event," 

occurs when one "actor" (one person/thing) performs an "action" (does something). In this 

definition, a person or thing will do something that result in a change of state. Accidents are 

processes that culminate in a final event that causes injury or illness. 

5.2 Accidents and Incidents 
Accidents are part of a broad group of events that adversely affect the completion of a task. 

These events are incidents. For simplicity, the procedures discussed in this course apply most 

appropriately to accidents, but they are also applicable to all incidents in general. 

5.3 Accident Types 
Accidents can broadly be classified under the following broad heads: 

 Physical and Non-physical 

 By activity 

 By Vehicle 

In the last few decades, road 

safety has become a high 

priority in many 

governments‘ policy-making, 

and it is now a critical item 

on the political agenda. Road 

mortality rates are very high 

around the world and its 

economic and social cost is a 

barrier to social development. 

In fact, road accidents are one 

of the main causes of death.  

Figure 7 Total Accidents in Maharashtra and Thane-Ghodbunder Road 
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In 2011, India encountered 479216 road accidents of which 73661 had taken place in 

Maharashtra. The number of people killed and injured in these accidents was also large for both 

the country and the state. 

Road accidents are complex to analyse as it crosses all the boundaries of geography. This project 

involves a presentation of a report with all accident spots along our AOI. The geographic 

information is a valuable asset but its usefulness can only be achieved when the data is gathered 

and analysed on a georeferenced perspective. But, the true meaning of the information comes to 

light only when it is displayed in the form of map layouts.  

The problem of accident is a very acute in highway transportation due to complex flow pattern of 

vehicular traffic, presence of mixed traffic along with pedestrians. Traffic accident leads to loss 

of life and property. Thus the traffic engineers have to undertake a big responsibility of providing 

safe traffic movements to the road users and ensure their safety. Road accidents cannot be totally 

prevented but by suitable traffic engineering and management the accident rate can be reduced to 

a certain extent. 

5.4 Objective of Accident Studies 
Some of the objectives of accident studies are listed below: 

 To study the causes of accident and suggest corrective measures at potential locations 

 To evaluate the existing design 

 To compute the financial losses incurred 

 To support the proposed design and provide economic justification to improve the present 

scenario 

 To carry out before and after studies and demonstrate the improvement in the problem 

5.5 Accident Causes 

Road accidents are a global tragedy with ever raising trend. They are common fare in our daily 

news as we see these accidents happen almost every day. Road accidents happen very quickly 

but usually leave a lasting and devastating effect. Due to these accidents, countless of individuals 

and families were left changing the direction that their lives are taking.  
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Personal injury sustained from a car accident is becoming a major tort case in the country. It is 

particularly dealt with by law to compensate the rising number of helpless victims who suffer 

injuries, disability and even death. Those who are involved may found themselves facing or 

pursuing civil or criminal suits. 

The majority of road crashes are caused by human error. In 1985, a study by K. Rumar, using 

British and American crash reports as data, found that 57% of crashes were due solely to human 

factors, 27% combined both roadway and driver factors, 6% combined vehicle and driver factors, 

3% solely to roadway factors, 3% to combined roadway, driver and vehicle factors, 2% solely to 

vehicle factors and 1% to combined roadway and vehicle factors. Later, these causes were 

generalized and were found to hold valid for any of the country.  

The dictionary defines accident as "an unexpected and undesirable event, a mishap unforeseen 

and without apparent cause." Strictly speaking, most accidents are not accidents at all: they are 

collisions that could and should have been avoided. Accidents are caused by some person(s) 

failing to act safely, or to correct an unsafe condition. Negligence is a legal theory that is the 

basis for many car accident lawsuits, but often has more than one cause. Though there is no 

particular order to the different causes of accidents. 

The main causes are mentioned below: 

 Human Factors:  Majority of road crashes are caused by human error. Research shows 

that driver error accounts for over 80% of all the fatal crashes on road. 

 Motor Vehicle Speed 

 Driver Impairment 

 Alcohol 

 Physical Impairment 

 Youth 

 Old Age 

 Sleep Deprivation 

 Drug Use 

 Distraction 

 Combination of Factors 
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 Road Design 

 Hazard Visibility 

 Road Surfaces 

 Traffic Control Devices and Traffic Flow 

 Weather 

 Behavioural Control Devices 

 Vehicle Design and Maintenance 

 Design Defects 

 Tyre Blowouts 

 Mechanical Failure 

5.6 Accident Data Collection 

The accident data collection is the first step in the accident study. The data collection of the 

accidents is primarily done by the police. Motorist accident reports are secondary data which are 

filed by motorists themselves. The data to be collected should comprise all of these parameters: 

 General: Date, time, person involved in accident, classification of the accident like fatal, 

senior, minor 

 Location: Description and detail of location of accident 

 Details of Vehicle Involved: Registration number, description of vehicle, loading detail, 

vehicular defects 

 Nature of Accident: Detail of collision, damages, injury and casualty 

 Road and Traffic Condition: Details of road geometry, surface characteristics, type of 

traffic, traffic density 

 Primary Cause: Details of various possible cases which are the main causes of the 

accident 

 Accident Cost: Financial losses incurred due to property damage, personal injury and 

casualty 
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CHAPTER 6 – LITERATURE REVIEW 

6.1 Introduction 
The purpose of the literature review is to identify and synthesize appropriate references to 

demonstrate and illustrate the presence and absence of knowledge and information regarding 

road accidents. These references include journal articles, conference papers, published technical 

reports and other readily available information on the World Wide Web and other sources. This 

literature review will, also present evidence that supports the need of this research. 

6.2 Road Accidents: An International Perspective 
The international traffic and highway system includes more than 22 million km of roads in 

service of the vehicular traffic and the road users, 470 million car passengers and 145 million 

users of different modes of transport. One fifth of the vehicles that use the roadway system 

belong to India. 

It is illustrated that vehicular crashes represent one of the main causes of death having significant 

social extensions as well as substantial financial consequences. According to the International 

Health Organization, 600000 people are killed and 15 million are injured every year in crashes. 

In addition, the statistical analysis of the readily available crash data conducted by the 

International Road Federation (IRF) indicates that 320000 fatal crashes are occurring annually 

in 108 countries that belong to the five continents, which cooperate with the IRF. The countries 

that represent the highest fatality rate is China (>70000) followed by Russia (65000) and then 

India (60000), Yves, 2001. 

6.3 Road Accidents and Statistics 

Road crash analysis has been widely examined and various methods for identifying unsafe 

locations have been developed. Simple methods for identifying unsafe locations, where the 

number of crashes or the crash rate per unit exposure exceeds a given threshold, are routine and 

straightforward (Taylor et al. 2000). Austroads (1988) describes another method that uses critical 

crash rates to determine whether the crash record of each location is significantly greater than the 

system wide average. Empirical Bayes method, involve developing a statistical model based on 

reference population and comparing the expected number of crashes with the observed number 

(Elvik 2008; Li and Zhang 2008). In addition to the crash rates, unsafe locations are ranked 

according to their severity.  
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Severity Index for a particular location is calculated with the help of the formula given below: 

SI = (3.0 * X1) + (1.8*X2) + (1.3*X3) + X4………………………….…. Equation 1 

Where,  

 X1: total number of fatal crashes 

X2: total number of serious injury crashes 

X3: total number of other injury crashes 

X4: total number of property-damage-only crashes 

However, these methods, along with other traditional methods, focus on road segments or 

specific locations and thus produce results that are partially dependent on the length of road 

segment (Thomas 1996) and might not be able to capture the wide crash hotspots (Anderson 

2009). 

6.4 Road Accidents and GIS 
In many developed countries, GIS has been widely used for mapping the accident locations. 

Many academicians and even government agencies are working on building new tools and 

improving the existing scenarios for road safety analysis. One such example can be found in one 

of the reports prepared by Federal Highway Administration of US Department of Transportation 

(Smith et al. 2001). Another such effort, to give an overview of road safety analysis methods, has 

been given by Aylo (2010). The report contains an overview of statistical methods to analyze 

accident patterns. Even though statistical analysis has widely spread uses, safety analysis using 

only statistical method is not complete. This is mainly because, accident is a spatial 

phenomenon. Many spatial factors are taken into consideration for understanding the implication 

in the number of road accidents over the years. GIS is widely used to perform spatial data 

management and analysis operations. 

Spatial patterns of accident crash data can also be analyzed by spatial autocorrelation, statistics 

that take into account simultaneously discrete event‘s locations and their values (Long Tien 

Truong, Sekhar V.C. Somenahalli, 2011).  
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Mandloi & Gupta (2003) has explained this in detail. Weights for each accident sites have been 

determined by giving weight to several parameters at a particular situation, with which the 

weight for the data point at that location can be determined. These methods were then compared 

to choose the one that best suits the requirements. One such comparative study was undertaken 

by Anderson (2007). King Ivan and Ionel Haidu (2012) greatly spoke on the spatio-temporal 

distribution of road accidents and also mentioned about their distribution with respect to the 

moments in time (hours, days and seasons). 

Omer M. Soysal, Helmut Schneider (Louisiana State University, Baton Rouge, LA) discussed 

about the Zonal Statistics to identify hot regions of road accidents. They presented the use of 

ArcGIS zonal statistic tool for this hot region identification. This helped in identifying the areas 

with higher crash index. 

6.5 Algorithms 

6.5.1 Dijkstra’s Algorithm 

It was conceived by a Dutch computer scientist, Edsger Dijkstra in 1956 and was published in 

1959, is a graph that solves the single-source shortest path problem for a graph with non-negative 

edge path costs, producing a shortest path tree. This algorithm is used in routing or in GPS 

Technology. It can be used for calculating the shortest route between two sets of points. The 

problem of finding shortest path plays a central role in the design and analysis of networks.  

Finding the shortest route is one of the prime aims of our project, as it mainly deals with 

accidents and its important providing the shortest route from the accident spot to the nearest 

hospital or emergency centres. Dijkstra‘s algorithm is used in Internet‘s Open Shortest Path First 

(OSPF) routing procedure. The routing algorithm is present below in pseudo-code: 

Given a network G = (N, E), with a positive cost Dij for all edges (I, j € N), start node S and a set P of 

permanently labelled nodes, the shortest path from the start node S to every node j is found as follows: 

Initially P = {S}, Ds = 0, and Dj = dsj for j € N  
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Figure 8 Dijktra's Algorithm 
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6.5.2 Horn’s Algorithm 

Slope measures the rate of change of elevation at a surface location. It may be expressed as 

percent slope or degree slope.  Percent slope is 100 times the ratio of rise (vertical distance) over 

run (horizontal distance), whereas degree slope is the arc tangent of the ratio of rise over run. 

The method of Horn (1981) is a modified version of the technique of Sharpnack and Akin 

(1969), using unequal weighting coefficients for the nearer elevation values. These weightings 

are proportional to the reciprocal of the square of the distance from the kernel centre. Horn's 

method is implemented in the ―SLOPE‖ function of the ArcInfo GRID software package (ESRI, 

1995). This method uses eight neighbouring cells and applies a weight of 2 to the four immediate 

neighbours and a weight of 1 to the four corner cells.  

Horn‘s algorithm computes slope at C0 

   
√[(         )   (         )    [(         ) (         )  

  
 ………... Equation 2 

And the D value at C0 is computed by: 

D = arctan 
([(             ) – (             )  

([(             ) – (             )  
          Equation 3 

 

The accuracy of slope measures can influence the 

performance of models that use slope as inputs. 

Horn‘s algorithm is best for estimating slope in an 

area of moderate topography. Errors in slope estimates 

tend to be greater in areas of higher slopes. Data 

precision problems can be the cause for slope errors in 

areas of low relief. 

  

Figure 9 Slope Calculation 
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6.5.3 Zevenbergen and Thorn’s Algorithm  

Curvature is the second derivative of a surface, or the slope of the slope. This is most useful for 

identifying areas of rapid change in slope or aspect. The basic principle of curvature calculation, 

as with slope and aspect, is to pass a moving window over the elevation surface and fit the 

elevation values, the coefficients of which will yield the slope, aspect and curvature of the centre 

cell of the moving window. 

A common algorithm is to fir a 3–by–3 window with a quadratic polynomial equation and is 

often referred to as the Zevenbergen and Thorne‘s Algorithm. It is given by: 

z = Ax2y2 +Bx2y + Cxy2 + Dx2 + Ey2 + Fxy + Gx + Hy + I………. Equation 4 

The coefficients A-I can be estimated by using the elevation values in the 3-by-3 window and the 

raster cell size. The measures of profile curvature can be computed from the coefficients. Profile 

Curvature is estimated along the direction of maximum slope. A positive curvature value at a cell 

means that the surface is upwardly convex at the cell location.  

Figure 10 Curvature Calculation 
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CHAPTER 7 – ROAD GEOMETRY 

7.1 Introduction 

Geometric design for transportation facilities includes the design of geometric cross sections, 

horizontal alignment, vertical alignment, intersections, and various design details. These basic 

elements are common to all linear facilities, such as roadways, railways, airports etc.  

Although the details of design standards vary with the mode and the class of facility, most of the 

issues involved in geometric design are similar for all modes. In all cases, the goals of geometric 

design are to maximize the comfort, safety, and economy of facilities, while minimizing their 

environmental impacts.  

This chapter focuses on the fundamentals of geometric design, and presents standards and 

examples from different modes. This design of highway facilities deals with the proportion of 

physical elements of highways, lane widths, clearances, cross-section dimensions, etc. 

Physical dimensions of geometric design elements are determined by: 

  Characteristics of driver 

  Characteristics of vehicle 

  Characteristics of road 

Factors Influencing Highway Design: 

  Functional classification of highway being designed 

 Principal arterials 

 Minor arterials 

 Collectors 

 Local roads 

 Expected traffic volume and vehicle mix 

 Volume: design for 30th highest hourly volume 

 Vehicle mix: proportion of passenger cars, heavy vehicles 

 Design speed 

 Topography of area in which highway will be located 
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 LOS to be provided 

 Available funds 

 Safety 

 Social and environmental factors 

7.2 The Geometric Cross Section 
The primary consideration in the design of geometric cross sections for highways, runways, and 

taxiways is drainage. Details vary depending on the type of facility and agency. Highway cross 

sections consist of travelled way, shoulders (or parking lanes), and drainage channels. 

 Shoulders are intended primarily as a safety feature. They provide for accommodation of 

stopped vehicles, emergency use, and lateral support of the pavement. Shoulders may be 

either paved or unpaved. 

 Drainage channels may consist of ditches (usually grassed swales) or of paved shoulders 

with berms or curbs and gutters. 

Figure 12 Two Lane Highway Cross Section Figure 11 Divided Highway Cross Section 
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7.3 Vertical Alignment 
The vertical alignment of a transportation facility consists of tangent grades (straight lines in the 

vertical plane) and vertical curves. Vertical alignment is documented by the profile. The profile 

is a graph that has elevation as its vertical axis and distance, measured in stations along the 

centre-line or other horizontal reference line of the facility, as its horizontal axis. 

7.3.1 Tangent Grades 

These are designated according to their slopes or grades. Maximum grades vary, depending on 

the type of facility, and usually do not constitute an absolute standard. The effect of a steep grade 

is to slow down the heavier vehicles (which typically have the lowest power/weight ratios) and 

increase operating costs. Furthermore, the extent to which any vehicle (with a given 

power/weight ratio) is slowed depends on both the steepness and length of the grade. The effect 

of the slowing of the heavier vehicles depends on the situation, and is often more a matter of 

traffic analysis than simple geometric design.  

As a result, the maximum grade for a given facility is a matter of judgment, with the trade-offs 

usually being cost of construction versus speed. In the case of railroads, on the other hand, the 

trade-off is an economic one, involving travel time, construction cost, and minimum 

power/weight ratios for trains on 

various grades. 

 

 

 

 

 

 

 

 

Figure 13 Vertical Tangents 
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7.3.2 Vertical Curves 

Vertical curves are normally parabolas centred about the point of intersection 

(P.I.) of the vertical tangents they join. Vertical curves are thus of the form 

y = yo+ g1x + rx
2
/2………………………….….  Equation 5 

y_ elevation of a point on the curve 

y0 _ elevation of the beginning of the vertical curve (BVC) 

g1 _ grade just prior to the curve 

x_ horizontal distance from the BVC to the point on the curve 

r_ rate of change of grade 

The rate of change of grade, in turn, is given by  

r = g2 – g1/2………………………….…. Equation 6 

Where, g2 is the grade just beyond the end of the vertical curve (EVC) and L is the length of the 

curve. Also, vertical curves are sometimes described by K, the reciprocal of r. K is the distance 

in meters required to achieve a 1 percent change in grade. Vertical curves are classified as sags 

where g2>g1 and crests otherwise. Note that r (and hence the termrx
2
/2) will be positive for sags 

and negative for crests. 

7.3.3 Vertical distances in the vertical curve formulas are the product of grade times a 

horizontal distance 

The parabola is selected as the vertical curve so that the rate of change of grade, which is the 

second derivative of the curve, will be constant with distance. Note that the first derivative is the 

grade itself, and since the rate of change of grade is constant, the grade of any point in the 

vertical curve is a linear function of the distance from the BVC to the point. That is, 

g = dy/dx = g1 + (Rx) ………………………….…. Equation 7 

 

The quantity rx
2
/2 is the distance from the tangent to the curve and is known as the offset. If x is 

always measured from the BVC, the offset given by rx
2
/2   will be measured from the g1 tangent. 
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To determine offsets from the g2 tangent, x should be measured backward from the EVC. Since 

the curve is symmetrical about its centre, the offsets from the g1 and g2 tangents, respectively, are 

also symmetrical about the centre of the curve, which occurs at the station of its P.I. 

 

Figure 14 Stopping Sight Distance Diagram and its Derivation 
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Figure 15 Sight Distance Derivation 
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In some cases, sag vertical curves with a small total grade change can be sharp enough to cause 

discomfort without violating sight distance standards. In this case, it is necessary to establish a 

comfort criterion of the form 

   
 

  ………………………….…. Equation 8 

Where, r is the rate of change of grade, ‗a‘ is the maximum radial acceleration permitted, and y is 

speed. There is no general agreement as to the maximum value of radial acceleration that can be 

tolerated without producing discomfort. 

Figure 16 Stopping Sight Distance Diagram for Sag Vertical Curve 
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Finally, vertical curve lengths may be limited by the need to provide clearances over or under 

objects such as overpasses or drainage structures. In the case of sag vertical curves passing over 

objects or crest vertical curves passing under them, the required clearances establish minimum 

lengths; in the case of crest vertical curves passing over objects or sags passing under them, the 

clearances establish maximum lengths. Where clearances limit vertical curve lengths, adequate 

sight distance should still be provided. 

In either case, the maximum or minimum length of the vertical curve may be determined by 

assuming that the clearance is barely met and calculating the length of the vertical curve passing 

through the critical point thus established. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Equation 9  
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Figure 17 Calculation of lengths of vertical curves 
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7.4 Horizontal Alignment  
Horizontal alignment for linear transportation facilities such as highways and railways consists 

of horizontal tangents, circular curves, and possibly transition curves. 

7.4.1 Horizontal tangents 

Horizontal tangents are described in terms of their lengths (as expressed in the stationing of the 

job) and their directions. Directions may be either expressed as bearings or as azimuths and are 

always defined in the direction of increasing station. Azimuths are expressed as angles turned 

clockwise from due north; bearings are expressed as angles turned either clockwise or 

counterclockwise from either north or south. For instance, the azimuth 280 is equivalent to the 

bearing north 80west (or N80W). 

 

 

Figure 18 Representation of Transition Curve for Highways 
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7.4.2 Circular Curves 

Horizontal curves are normally circular. Horizontal curves are described by radius (R), central 

angle (Δ) (which is equal to the deflection angle between the tangents), length (L), semi-tangent 

distance (T), middle ordinate (M), external distance (E), and chord (C). The curve begins at the 

tangent-to-curve point (TC) and ends at the curve-to-tangent point (CT). In the past, severity of 

curvature was sometimes expressed in degree of curvature. Although obsolete in the metric 

system, degree of curvature may still be encountered in some situations. Degree of curvature 

may be defined in two ways. The arc definition is the angle subtended by a 100 ft. arc. The chord 

definition is the angle subtended by a 100 ft. chord. The relationship between radius (in feet) and 

degree of curvature (arc definition) is 

D= 36,000/ 2 R = 5729.58/R ………………………….…. Equation 10 

Where D = degree of curvature and R = radius of curvature, in feet. 

The length of a circular curve is given by  

L = 2 R/360
0 

= R ∆rad………………………….….  Equation 11 

Where ∆is the central angle of the curve; ∆rad refers to ∆measured in radians. 

 

  

  

Figure 19 Elements of Simple Circular Horizontal Curve 
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The semi-tangent T of a circular curve is given by: 

       
 

 
………………………….…. Equation 12 

The external distance E is given by: 

   [
 

   (
 

 
)
  ]………………………….…. Equation 13 

The middle ordinate M is given by: 

   *     (
 

 
)+………………………….…. Equation 14 

The chord C is given by: 

        (
 

 
),   (

 

   
)  ………………………….…. Equation 15 

Circular curves are usually laid out in the field by occupying the tangent-to curve point TC with 

a transit and then establishing successive points by turning deflection angles and measuring 

chords. The deflection angle in radians dx to a point on the curve at a distance x from the TC is 

given by: dx = (
 

  
)     ………………………….…. Equation 16 

The chord cx to this point is given by: 

Cx = 2R sin (dx) ………………………….….  Equation 17 

Minimum radius of horizontal curve is most commonly established by the relationship between 

design speed, maximum rate of super-elevation, and curve radius. The relationship between the 

radius of curvature R, the setback distance m, and the sight distance s is given by 

    [      
      

 
] ………………………….…. Equation 18 

 

   
 

     
*     (   )

 
+ ………………………….…. Equation 19 

 

Where, the angles are measured in degrees 
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Since these formulas are hard to solve for R, design charts or tables are normally used to find the 

minimum radius of curvature that will provide stopping sight distance. Minimum lengths or radii 

of horizontal curves may also be based on appearance criteria. Where deflection angles are small, 

a short horizontal curve may give the appearance of a kink. To prevent this, minimum horizontal 

curve lengths may be prescribed for curves with small deflection angles. 

 

 

Figure 20 Horizontal Curve Features 
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Figure 21 Circular Curve Layout 
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7.4.3 Transition Curves 

Transition curves are used to connect tangents to circular curves. Several forms of curve have 

been used for this purpose. The most logical choice from a theoretical standpoint, and the only 

one discussed here, is the clothoid spiral, for which the radius of curvature varies as the inverse 

of the distance along the curve from its beginning. Spirals are used both for esthetic reasons and 

because they provide a ―rational‖ super-elevation transition. In the case of railways, such rational 

super-elevation transitions are virtually necessary for reasons of vehicle dynamics. In the case of 

highways, spirals are used primarily for esthetic purposes.  

They are most appropriate for roadways with relatively high design standards, where larger 

radius curves are used. Under these circumstances, drivers can often see a considerable way 

ahead on the roadway, and can detect the difference between the smoother, flowing lines 

provided by the transition curves and the more abrupt alignment that results in their absence. For 

roadways with lower design standards, some recent research reports indicate that use of spirals 

may increase accident rates. It is surmised that the reason is that drivers have a harder time 

judging the severity of curves where spirals are used. Since the spiral is defined as the curve such 

that the reciprocal of the radius varies linearly from zero at the TS to 1_Rc at the SC. 

 

 
 (

 

  
) (

 

  
)………………………….…. Equation 20 

OR 

RL = (Rc) * (Ls) = A
2
………………………….…. Equation 21 

The spiral angle θ is given by 

    
 

  
………………………….…. Equation 22 

Spirals are laid out in the field in a manner similar to that for circular curves. In this case the TS 

are occupied by the transit, and successive points along the spiral are established by turning 

deflection angles and measuring chords. For a point on a spiral whose coordinates have 

previously been calculated, the deflection angle d is 

        

 
………………………….…. Equation 23 
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And the chord c is  

   √     ………………………….…. Equation 24 

In order to determine the stations of the critical points on the curves, it is necessary to remember 

that stationing runs along the curves and not the tangents. 

 Figure 22 Nomenclature for Spiral Transition Curve 
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Equation 25 
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7.4.4 Superelevation 

The purpose of superelevation or banking of curves is to counteract the centripetal acceleration 

produced as a vehicle rounds a curve. The term itself comes from railroad practice, where the top 

of the rail is the profile grade. In curves, the profile grade line follows the lower rail, and the 

upper rail is said to be ―superelevated.‖ Since most railways are built to a standard gage, 

superelevations are given as the difference in elevation between the upper and lower rail. In the 

case of highways, somewhat more complicated modifications of the cross section are required, 

and, because widths vary, superelevation is expressed as a slope.  

 

 

Figure 23 Superelevation 
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Figure 24 Force Diagram for Superelevation 
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Figure 25 Superelevation Diagram for Force 
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Figure 26 Forces Parallel to Highway - Superelevation 
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Maximum rates of superelevation are limited by the need to prevent slow-moving vehicles from 

sliding to the inside of the curve and, in urban areas, by the need to keep parking lanes relatively 

level and to keep the difference in slope between the roadway and any streets or driveways that 

intersect it within reasonable bounds. In addition, there is a trade-off between the maximum rate 

of superelevation and the minimum curve radius permitted at any design speed. 

Superelevation transitions involve modification of the roadway cross section from normal crown 

to full superelevation, at which point the entire roadway width has a cross-slope. The manner in 

which this transition is accomplished is expressed by a superelevation diagram, which is a graph 

of superelevation (cross-slope) versus distance measured in stations. As an alternative, the 

diagram may show the difference in elevation between the profile grade and the edge versus 

distance. Superelevation transitions involve modification of the roadway cross section from 

normal crown to full superelevation, at which point the entire roadway width has a cross-slope.  

For highways, superelevation is 

usually applied by rotating the cross 

section about the profile grade line. 

This will be the centre-line in the case 

of two-lane highways, undivided 

multilane highways, and multilane 

divided highways with paved 

medians.  

For multilane divided highways with 

wide medians, the inside edge of 

travelled way is often used as the axis 

of rotation. For freeway ramps, the 

axis of rotation will normally be the 

edge of travelled way closer to the 

freeway; however, it may be shifted 

to avoid sags in the edge grade of the 

ramp. 

Figure 27 Differences in elevation shown by Superelevation 
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Figure 28 Rate of Superelevation 
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Figure 30 Grade differences from Superelevation transition 
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7.5 Coordinates of Horizontal and Vertical alignment 

Transportation facilities such as highways and railways are three-dimensional objects. Although 

many aspects of their design can be determined by considering horizontal and vertical alignment 

separately from one another, it is important to understand the relationship between them. Proper 

coordination of horizontal and vertical alignment is important for reasons related to the 

aesthetics, economics, and safety of the facility. 

As a general rule, horizontal curvature and grades should be kept in balance. That is, the designer 

should avoid both the provision of minimal curvature at the expense of long, steep grades and the 

provision of level vertical alignment at the expense of excessive horizontal curvature. Where 

there is both horizontal and vertical curvature, it is normally best from an aesthetic standpoint to 

provide the impression of a single three-dimensional curve in both the horizontal and vertical 

planes.  

This means that horizontal and vertical curves should normally coincide. In some cases, 

however, safety considerations may suggest that horizontal curves be extended beyond vertical 

curves in order to avoid hiding the beginning of the horizontal curve from drivers approaching it. 

This is especially important where horizontal curves coincide with rather sharp crest vertical 

curves. In addition, use of long, relatively gentle curves and short tangents will normally produce 

a more flowing line than will use of long tangents and short, sharp curves. This is especially true 

when the deflection angle of horizontal tangents or the difference between grades is small.  At 

the same time, too much curvature may also pose problems.  

On two-lane highways, for instance, it is also important to provide an adequate number of 

sections with passing sight distance, and these sections need to be of adequate length to prevent 

drivers from becoming impatient when following slow-moving vehicles. Finally, on intersection 

approaches, highway alignments should provide adequate sight distance and should be as flat and 

straight as possible. In addition to these rules, there are a number of guidelines related to the 

positioning of curves (either horizontal or vertical) relative to one another. These are based on 

aesthetics and in the case of horizontal curves, on the necessity of providing adequate 

superelevation transitions. 
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Reversing horizontal curves must be separated by a tangent or by transition curves to allow for 

the development of superelevation. The superelevated cross-slopes of the roadway will be in 

opposite directions in the two curves, so that some distance must be provided for rotation of the 

cross section. Where transition curves are used, however, the ST of the first curve may coincide 

with the TS of the second. Reversing vertical curves pose no problem.  

Compound curves result when two curves of differing radius (or for vertical curves, different 

rates of change of grade) join one another. Such curves are normally avoided for centreline 

alignment, although use of three-centred compound curves for pavement edges in intersections is 

common. Problems with compound curves include aesthetics and, in the case of horizontal 

curves, difficulty in developing the necessary superelevation transition, as well as possible 

deception of the driver as to 

the severity of the curve. 

Compound curves may be 

acceptable if the difference 

in radius is small or if they 

occur on a one-way roadway 

and the radius of curvature 

increases in the direction of 

travel. Broken-back curves 

consist of two curves in the 

same direction separated by 

a short tangent. Such curves 

(whether horizontal or 

vertical) are objectionable 

on aesthetic grounds and 

should be replaced by a 

single, larger- radius curve. 

 

Figure 31 Special Curves (I) 
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Figure 32 Special Curves (II) 
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7.6 Intersections & Interchanges 
Geometric design of transportation facilities must provide for the resolution of traffic conflicts. 

In general, these may be classified as merging, diverging, weaving, and crossing conflicts. 

Merging conflicts occur when vehicles enter a traffic stream; diverging conflicts occur when 

vehicles leave the traffic stream; weaving conflicts occur when vehicles cross paths by first 

merging and then diverging; and crossing conflicts occur when they cross paths directly. There 

are three basic ways of resolving crossing conflicts. Time-sharing solutions involve assignment 

of the right-of-way to particular movements for particular times. An example of this type of 

solution is the signalized intersection. Space-sharing solutions convert crossing conflicts into 

weaving conflicts.  

An example of this is the traffic circle or rotary. Grade separation solutions eliminate the 

crossing conflict by placing the conflicting traffic streams at different elevations at their point of 

intersection. Examples of this solution are freeway interchanges and highway–railway grade 

separations. Freeway interchanges are classified primarily according to the way in which they 

handle left-turning traffic.  

Diamond interchanges employ diamond ramps, which connect to the cross road by means of an 

at-grade intersection. Left turns are accomplished by having vehicles turn left across traffic on 

the cross road. Cloverleaf intersections employ loop ramps, in which vehicles turn left by turning 

270° to the right. Partial cloverleaf (or parclo) interchanges involve various combinations of 

diamond and loop ramps. Direct interchanges employ direct ramps, in which vehicles turn left by 

means of a left-turning ramp that is grade-separated as it crosses both traffic streams. Frontage 

roads are used to provide access to adjacent property, and collector–distributor roads are used to 

intercept traffic from local streets that do not cross the freeway. Interchange configurations are 

selected on the basis of structural costs, right-of way costs, and ability to serve traffic.  

In general, diamond ramps have the lowest structural and land use costs, but also have the lowest 

capacities. Loop ramps provide higher capacities at moderate structural costs, but have high 

right-of-way costs because they take up more space. Direct ramps have the highest capacities, 

and often have moderate right-of-way costs, but often have very high structural costs due to the 

extensive structures required.  
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Direct ramps are often used in freeway-to-freeway interchanges, where they are referred to as 

freeway-to-freeway connectors (or branch connectors) rather than ramps. Freeway ramp 

junctions are normally treated as standard details, but may differ from agency to agency. In 

general, there are two types: tapered and parallel. Highway intersections at grade also pose a 

number of special geometric problems. Pavement edges in intersections must be rounded to 

accommodate the wheel tracking paths of large vehicles. This is normally done by use of 

templates for particular design vehicles, In addition, care must be taken to ensure that building 

setbacks and landscaping provide adequate sight distance for vehicles approaching the 

intersection, and pavement crowns must be flattened and warped so as to allow for drainage 

while at the same time providing as smooth a crossing as possible. There are no set rules for 

design of vertical alignment and cross section through intersections; rather each case must be 

analysed individually in order to provide the best possible combination of smooth ride and 

drainage within whatever constraints may be present. 

 

 

Figure 33 Traffic Conflicts 
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CHAPTER 8 - METHODOLOGY 
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CHAPTER 9 – INPUTS REQUIRED  
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CHAPTER 10 –DATA CREATION 

10.1 Introduction 
In many ArcMap applications, users use basemaps on which operational information, 

observations and derived information from analytic models are displayed and are then used. 

 Many cities use road network data as their basemaps, on which different layers are 

overlaid which shows occurrence of any event or incident 

 Orthoimagery are generally used as base maps on which operational information are 

often overlaid 

A basemap is mainly used for locational reference and provides a framework on which users 

overlay or pile up their operational layers, perform tasks and visualize geographic information. 

The basemap serves as a foundation for all subsequent operations and mapping. Many maps 

include multiple base layers. 

10.2 Point Data Creation 
Point data formation was one of the 

important chunks of the data creation. In 

this project, we have created the data for 

accident sites. These data was formed based 

on ground survey that was carried out by us 

as well as by studying the statistical data 

that was available to us. Along with these 

available data, logical reasoning was also 

applied so that it made it easier for us to 

identify and geocode the accident sites. 

The accident site that was created was 

further divided into two sets. Since the data 

collected was huge, for that very purpose it 

was necessary for us to categorise them into 

these sections for a better representation. 

Figure 34 Point Data Creation on ArcGIS 
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10.3 AOI Digitization 
Digitizing is the process of interpreting and converting paper map or image data to vector digital 

data. In manual digitizing you trace the lines or points from the source media. On-screen 

digitization involves 

digitization of a set of 

features from a scanned 

photo or image. Digitizing 

on screen is often called 

―heads-up‖ digitization. 

For the completion of this 

project, we have digitized 

out AOI, which is the 

Thane-Ghodbunder Road 

from the georeferenced 

toposheet. 

10.4 TIN Creation 
It is an acronym for 

Triangular Irregular 

Network. It is a digital data 

structure used in a GIS for 

representation of a surface. 

A TIN is a vector based 

representation of the 

physical land surface, made from 

irregularly distributed nodes and lines with 3D coordinates (x, y and z) that are arranged in a 

network of non-overlapping triangles. Since the nodes can be placed irregularly over a surface, 

TINs can have a higher resolution in areas where surface is highly variable or where more detail 

is desired and lower resolution in areas that are less variable. TINs were first invented by Phil 

Mellor whilst studying Sociology at University of Edinburgh. 

 

Figure 35 AOI Digitization 
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A TIN comprises a triangular network of vertices, known as mass points, with associated 

coordinates in three dimensions connected by edges to form a triangular tessellation. Three-

dimensional visualizations are readily created by rendering of the triangular facets. In regions 

where there is little variation in surface height, the points may be widely spaced whereas in areas 

of more intense variation in height the point density is increased. . ArcGIS supports the Delaunay 

triangulation method. 

The resulting triangulation satisfies the Delaunay triangle criterion, which ensures that no vertex 

lies within the interior of any of the circumcircles of the triangles in the network. If the Delaunay 

criterion is satisfied everywhere on the TIN, the minimum interior angle of all triangles is 

maximized. The result is that long, thin triangles are avoided as much as possible.  

Contours are a common source of digital elevation data. In general, all the vertices of the contour 

lines are used as mass points for triangulation. In many cases, flat triangles are created in the 

surface. Flat triangles are created whenever a triangle is formed from three nodes with the same 

elevation value. Flat triangles are frequently generated along contours when the sample points 

occur along the contour at a distance that is less than the distance between contours. When these 

"excess" vertices are not removed, the Delaunay triangulation discovers that the closest sample 

points are those along the same contour, causing the generation of flat triangles. 

The flat triangles have a slope of 0 and do not have defined aspect. They might cause problems 

when the surface is used for modeling. The input features used to create a TIN remain in the 

same position as the nodes or edges in the TIN. This allows a TIN to preserve all the precision of 

the input data while simultaneously modeling the values between known points. 

TINs are made from mass points, breaklines, and polygons. Mass points are point height 

measurements; they become nodes in the network. Mass points are the primary input into a TIN; 

they determine the overall shape of the surface.  

Breaklines are lines with or without height measurements. They become sequences of one or 

more triangle edges. Breaklines typically represent either natural features, such as ridgelines or 

streams, or built features, such as roadways. Polygons represent surface features with area—such 

as lakes—or boundaries (also called hulls) of separately interpolated areas. Hulls could define 

the shores of individual islands in an archipelago, or the boundary of a study area. 
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Figure 36 Representation of TIN 
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10.4.1 RASTER Creation from TIN 

A raster surface can be converted to a TIN for use in surface modeling or to simplify the surface 

model for visualization.  Conversion to a Triangular Irregular Network (TIN) can also allow us 

to enhance the surface model by adding features, like streams and roads that were earlier not 

present in the original raster. 

When a raster is converted to a TIN, a certain number of raster mesh points become nodes in the 

TIN. (A mesh point is a location where four cell corners meet.) 

The number of mesh points used to create the TIN is the smallest number that satisfies two 

conditions. First, the output TIN must cover the entire surface area of the input raster. Second, a 

user-specified z-tolerance must be met. The z-tolerance is a number that limits z-value 

differences between the input and output surfaces. 

Raster to TIN first generates a candidate TIN using sufficient input raster points (cell centers) to 

fully cover the perimeter of the raster surface. It then incrementally improves the TIN surface 

until it meets the specified Z tolerance. It does so by adding more cell centers on an as-needed 

basis during an iterative process. 

The interpolation zone of the input raster is revered in the output TIN. The polygonal 

representation of the interpolation zone is extracted from the raster, with z-values. 

A large z-tolerance allows the TIN surface to conform less closely to the raster. The output TIN 

has fewer nodes and triangles and the conversion process is faster. A small z-tolerance makes the 

TIN conform more closely to the raster. The TIN has more nodes and triangles and takes longer 

to process. 

The z-tolerance is the maximum allowed difference between the z-value of an input raster cell 

and the z-value of the output TIN at the location corresponding to the raster cell center. 

To put it another way: suppose you convert a raster to a TIN, then identify a location on the 

surface to compare the input and output elevation values. If the location you click on corresponds 

to the center of a raster cell, you can be sure that the elevation difference between the two layers 

will not be greater than the z-tolerance. If the location you click on does not correspond to a cell 

center, the elevation difference may or may not be greater than the z-tolerance. 
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Figure 37 Raster Representation of TIN Dataset 
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10.5 DEM Formation 
The generation of a DEM (Digital Elevation Model) from contour map data is a common Raster 

GIS application. The most common digital data of the shape of the earth‘s surface is cell-based 

DEM. This is used as input to quantify the characteristics of the land surface. 

A digital elevation model 

(DEM) is based on a 

higher number of points 

with X-, Y- and Z- co-

ordinates describing the 

bare soil. The DEM may 

be arranged in a raster or 

a random form. It is a 

representation of a 

continuous surface. The 

accuracy of this data is 

determined primarily by 

the resolution (the 

distance between sample 

points). 

Errors in DEMs are usually 

classified as either sinks or 

peaks. A sink is an area 

surrounded by higher 

elevation values and is also 

referred to as a depression 

or pit.  

Figure 38 Representation of DEM along with AOI 
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CHAPTER 11 – ANALYSIS & DISCUSSION 

11.1 Hotspots Analysis 
Hotspot analysis is the investigation of the location the most dangerous sites plausible to get 

affected by accidents. It is 

carried out or is generally split 

into different phases. Firstly, 

the hazardous locations (hot 

spots) need to be identified. 

Next, the locations are ranked 

in order of their severity (which 

is calculated by Accident Rate). 

Consequently, it is analyzed why few locations are hotspots and others are not.  

Hotspots adapt the geometrical characteristics and the environmental features of the problematic 

locations in the existing road network. This task entails localizing and treating intersections and 

road segments with an unusual high accident rate ( 
              

           
 ), the so-called hotspots. To 

reduce the number of accidents, it is important to identify the concentration of these accidents. 

As a result, the geographical aspect (slope and curvature) plays an important role to describe and 

tackle the problem of accidents. The importance of geographical aspect is worth acknowledging, 

but very often statistical – non-spatial regression models are used to replicate the number of 

accidents with respect to some variables. This section illustrates the use of Moran‘s index for 

accidents along State Highway-42 (Thane-Ghodbunder Road) in Maharashtra. An important 

issue for accident analysis is the variability, i.e., the fact that the yearly number of accidents on 

the road segment varies for each year. This can be explained by the inherent accident risk of a 

road segment. The randomness in the number of accidents depends on factors which cannot 

always be predicted. Therefore, it is of utmost importance to study the road network.  

Hotspot analysis uses vectors and not rasters to identify the locations of statistically significant 

hotspots and coldspots in the data. It produces Z scores and P values. A high Z score and small P 

value for a feature indicates a significant hotspot. A higher (or lower) the Z score, the more 

intense the clustering. A Z score near zero means no spatial clustering. 

                                                        Figure 39 Hotspot Analysis 
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11.1.1 Workflow for Hotspot Analysis  
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Figure 40 Hotspots around the Thane-Ghodbunder Road (2007-2009) 
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This shows the Average Nearest Neighbour along with the Dataset Information. It also gives the 

Z score and the p value for the hotspots generated for the year 2007-2009. 

  

Figure 41 Average Nearest Neighbor along with the Dataset Information for 2007-2009 
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Figure 42 Hotspots along the Thane-Ghodbunder Road (2009-2011) 
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This report shows the Dataset information along with the summary of the average nearest 

neighbour. It gives us the Z score as well the p value. The observed and the expected mean 

distance are also mentioned in this report. 

  

Figure 43 Average Nearest Neighbor along with the Dataset Information for 2007-2009 
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This attribute table gives us a view 

at the co-ordinates of the different 

hotspots along with its accident 

count as well as the fleet count. This 

in turn generates the Accident Rate, 

which has thus helped in the 

generation of the hotspot site for the 

year 2007-2009. 

 

 

 

 

 

This attribute table gives us a 

view at the co-ordinates of 

the different hotspots along 

with its accident count as 

well as the fleet count. This 

in turn generates the 

Accident Rate, which has 

thus helped in the generation 

of the hotspot site for the 

year 2009-2011. 

 

 

Table 1 Attribute Table showing Accident Rate for 2007-2009 

Table 2 Attribute Table showing 
Accident Rate for 2009-2011 
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The Hotspot Analysis (Getis-Ord Gi*) tool runs 

to display the hotspots shown above. The 

attribute table given below shows the different 

Z scores and P values of different accident sites. 

The Getis-Ord local is given by:  

 

 

 

 

 

These tables give us a relation 

between the Z scores and the P values along 

with the accident rates that have taken place 

along the Thane-Ghodbunder Road.  

The statistics that have been taken 

into account has been for the last 5 years, i.e. 

from 2007-2011.  

Figure 44 The Hotspot Analysis Tool 

Table 3 z-Score and p-Values for 2007-2009 

Table 4 z-Score and p-Value for 2009-2011 

Equation 26 
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The report below shows the Spatial Autocorrelation where the Global Moran‘s Index is specified 

along with the expected index. It also denotes the variance along with the Z-score and the p-

Value. Euclidean Distance has been used for this and the distance threshold has been given as 55. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 45 Moran's I Summary and Dataset Information 
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11.1.2 Kernel Density 

Kernel density estimation (KDE) is a non-parametric way to estimate the probability density 

function of a random variable. Kernel density estimation is a fundamental data smoothing 

problem where inferences about the population are made, based on a finite data sample. In some 

fields such as signal processing and econometrics it is also termed the Parzen–Rosenblatt 

window method, after Emanuel Parzen and Murray Rosenblatt, who are usually credited with 

independently creating it in its current form. It has an advantage of simplicity but it also has 

disadvantages, such as lack of continuity. 

 

 

 

 

 

 

 

 

 

 

The Kernel Density tool calculates the density of features in a neighbourhood around those 

features. It can be calculated for both line and point features. Conceptually, a smoothly curved 

surface is fitted over each point. The surface value is highest at the location of the point and 

diminishes with increasing distance from the point, reaching zero at the Search radius distance 

from the point. Only a circular neighbourhood is possible. The volume under the surface equals 

the Population field value for the point. The density at each output raster cell is calculated by 

Figure 46 Kernel Density of Mumbai and its surroundings 
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adding the values of all the kernel surfaces where they overlay the raster cell centre. The kernel 

function is based on the quadratic kernel function described in Silverman. 

Increasing the radius will not greatly change the calculated density values. Although, more number of 

points fall inside the larger neighbourhood. This number will then be divided by a larger area when 

calculating density. This thus helps in generating a more generalized output raster  

  

Figure 47 Kernel Density & Elevation along the AOI 
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11.2 Network Analysis 
GIS deals with the interrelated nature of geographic data. Some of these data has a few 

specialized rules, parameters and restrictions on interaction. Measurements, relationship-testing 

and analysis, all these 

occur within this 

particular framework. 

Network Analysis 

focuses on edge-node 

topology to represent 

real life networks of 

information, which may 

include: driving 

direction, multi-

modal routing,  service roads, information networks and few more.  

A series of nodes are connected to each other by edges. Each of these edges starts or ends with a 

node. Each node touches at least one edge and they have one or more edge connecting them. 

ArcGIS Network Analyst provides network based spatial analysis, such as routing, location 

allocation, service area, fleet routing, etc. It dynamically models realistic network conditions. 

Networks can easily be built using a sophisticated data model. Rules dictate how objects can 

move through the network. A set of nodes are connected by lines which represent some type of 

flow. This is in turn incorporated with flow rules. 

For this project, we have created service areas for the important POIs (Hospitals and Police 

Stations) along the Thane-Ghodbunder Road. The purpose of the creation of the service area is 

because, any accident which takes place along this stretch, these POIs can cater to them earliest 

compared to the others present around. 9 hospitals and 4 police stations had been identified along 

this stretch. Furthermore, a 5 km radius has been specified for each of them and thus the service 

area maps have been thus, generated. 

 

 

Figure 48 Networks being shown 
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11.2.1Workflow for Network Analysis  

Road 

Network 
 

Route 
Network 

Layer 

Created 

Addition 

of POIs  
Area 

Coverage 

specified 

Service 

Area 

Generate

d 

Map 

Layout 

Created 

Network 

Dataset 

Created  

Map 

Layout 

Created 



SYMBIOSIS INSTITUTE OF GEOINFORMATICS, PUNE 

 
 

100 

 

Fig 41: Representation of Important Hospitals in the Area of Interest.
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Fig 42: Representation of Important Police Stations in the Area of Interest 
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Fig 43: Representation of the Accident Spots for the year 2007-09 
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Fig 44: Representation of the Accident Spots for the year 2009-11 
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Figure 49 Locations of the POIs along the AOI 
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Figure 50 Overlay of the AOI along with the Network Dataset on the Toposheet 
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Figure 51 Parameters selected for Service Area generation 
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Figure 52 Service Area Map for Police Stations 
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11.3 Geostatistical Analysis 
Any measurement we take in Earth and environmental sciences has a spatio-temporal reference. 

This reference is determined by 

four main parameters: 

 Geographic location 

 Elevation 

 Time of measurement 

 Spatio-temporal support 

Spatial-temporal data analysis is 

a combination of geoinformation 

science and spatio-temporal 

statistics. As implied, 

geostatistics is a subset of 

statistics specialized in analysis 

and interpretation of geographically 

referenced data. 

The main function of this geostatistics is that it determines the probability of certain variables 

occurring over an area where identifying every possible location would be impossible. It 

provides a multitude of powerful interpolation methods with advanced analytical tools for 

generating interpolated surfaces from discrete spatial data measurements. These surfaces 

represent a statistical estimation or prediction of where a certain phenomenon may occur. 

This provides two groups of interpolation techniques: deterministic and Geostatistical. 

Deterministic techniques use mathematical functions for interpolation. Geostatistics relies on 

both statistical and mathematical methods, which can be used to create surfaces and assess the 

uncertainty of the predictions. 

 

  

Figure 53 Geostatistical Analysis on ArcGIS 
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11.3.1 Geostatistical Workflow  
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11.3.2 Kriging 

An interpolation technique where the surrounding values are measured and weighted to derive a 

predicted value for an unmeasured location. Weights are based on the distance between the 

measured points, the prediction locations, and the overall spatial arrangement among the 

measured points. Kriging is unique among the interpolation methods in that it provides an easy 

method for characterizing the variance, or the precision, of predictions. Kriging is based on 

regionalized variable theory, which assumes that the spatial variation in the data being modelled 

is homogeneous across the surface. That is, the same pattern of variation can be observed at all 

locations on the surface. The theory behind interpolating or extrapolating by kriging was 

developed by the French mathematician Georges Matheron based on the Master's thesis of 

Danie G. Krige, the pioneering plotter of distance-weighted average gold grades at the 

Witwatersrand reef complex in South Africa. 

Kriging belongs to the family of linear least squares estimation algorithms. The aim of kriging is 

to estimate the value of an unknown real-valued function, , at a point, , given the values of 

the function at some other points, . A kriging estimator is said to be linear because 

the predicted value is a linear combination that may be written as:  

  ∑    
   ( )  (  )………………………….…. Equation 27 

 

 Depending on the stochastic properties of the random fields, different types of kriging apply. The type of 

kriging determines the linear constraints on the weights ὠ i and hence the method for calculating the 

weights, depend upon the type of kriging. The classical types of kriging are: 

 Ordinary 

 Simple 

 Universal 

 Indicator 

 Disjunctive 

 Probability 

Ordinary kriging is the most commonly used type. It assumes a constant but unknown mean. 
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Figure 54 Semivariogram for Accident Sites for 2007-2009 

 

 

 

 

 

 

 

 

 

 

 

Figure 55 Semivariogram for Accident Sites for 2009-2011 
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The above figure displays the semivariogram/covariance model which allows us to examine the 

spatial relationships between the measured points (in this case, it‘s the Accident Sites) for 2007-

2009 and 2009-2011. Things that are closer together are more alike than things that are farther 

apart. 

A semivariogram gives us information about the nature and structure of the spatial dependency 

in a random field which must be estimated from the data. Estimating a semivariogram helps us in 

deriving an empirical estimate about the data. A traditional semivariogram plots one-half of the 

squares of the differences between samples versus their distance from one another. 

 

 

 

 

 

 

 

 

 

 

 

The crosshair shows a location that has no measured value. We can predict a value by using the 

values of the measured locations. Using the surrounding points and the semivariogram or 

covariance model fitted previously, you can predict values for the unmeasured location. The 

cross-validation diagram gives you an idea of how well the model predicts the values at the 

unknown locations. 

Figure 56 Cross Validation Diagram for Accident Sites (2009-2011) 
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Figure 57 Prediction Graph for Cross-Validation 

Table 5 Cross-Validation table showing Error 
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This is the Report that is generated after the steps 

involved in process of kriging get completed. It 

includes the Input Dataset which has the Dataset 

name as well as its Location, Type, Data Field and 

the Total number of Records that it contains. 

It also specifies the method used (kriging in this 

case) along with its type as well as the output type. 

The Variogram along with the lag size and the 

nugget size is also mention. The important thing is 

that, it also contains the percentage of error. 

This is a report generated for Accident Sites for 

2007-2009. A similar report was generated for 

Accident Sites 2009-2011. 

Figure 58 Prediction Graph with Sample Size for 2009-2011 

Figure 59 Report Generated for Accident Sites 
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11.3.3 Histogram 

The Histogram tool provides a univariate description of the data. The tool displays the frequency 

distribution for the dataset of interest and calculates summary statistics.  

The frequency distribution is a bar graph that displays how often observed values fall within 

certain intervals or classes. The number of classes of equal width that is used in the histogram is 

specified. The relative proportion of data that falls in each class is represented by the height of 

each bar. 

The important features of a distribution can be summarized by statistics that describes its 

location, spread and shape. 

11.3.3.1 Measures of Location 

Measures of location provide us with an idea of where the centre and the other parts of the 

distribution lie. The mean is the arithmetic average of the data and provides a measure of the 

centre of the distribution. The median corresponds to a cumulative proportion of 0.5. 

11.3.3.2 Measures of Spread 

The spread of points around the mean value is another characteristic feature of the frequency 

distribution. The variance of the data is the average squared deviation of all values from the 

mean.  

The standard deviation is the square root of the variance. It describes the spread of the data about 

the mean in the same units as its original measurements. The smaller the variance and standard 

deviation, the tighter is the cluster of measurements about the mean value. 

11.3.3.3 Measures of Shape 

 The coefficient of skewness is a measure of the symmetry of a distribution. For symmetric 

distributions, the coefficient of skewness is zero. If a distribution has a long right tail of large 

values, it is positively skewed, and if it has a long left tail of small values, it is negatively 

skewed. The mean is larger than the median for positively skewed distributions and vice versa 

for negatively skewed distributions. The kurtosis is based on the size of the tails of a distribution 

and provides a measure of how likely the distribution will produce outliers. The kurtosis of a 

normal distribution is three.   
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This distribution has been depicted 

in a histogram with a range of 

values split in 10 classes. The 

frequency of data within each class 

is represented by the height of 

each bar. Generally, the important 

features of a distribution are its 

central value, spread, and 

symmetry. If the mean and the 

median are approximately the 

same value, it implies that the 

distribution is a normal 

distribution. 

Figure 60 Histogram showing Mean, Median and Standard Deviation (2007-2009) 

Figure 61 Histogram showing Mean, Median and 

Standard Deviation (2009-2011) 
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11.3.4 Q-Q Plot 

Q–Q plot ("Q" stands for quantile) is a probability plot, which is a graphical method for 

comparing two probability distributions by plotting their quantiles against each other. First, the 

set of intervals for the quantiles are chosen. A point (x, y) on the plot corresponds to one of the 

quantiles of the second distribution (y-coordinate) plotted against the same quantile of the first 

distribution (x-coordinate). Thus the line is a parametric curve with the parameter which is the 

(number of the) interval for the quantile. 

If the two distributions being compared are similar, the points in the Q–Q plot will 

approximately lie on the line y = x. If the distributions are linearly related, the points in the Q–Q 

plot will approximately lie on a line, but not necessarily on the line y = x. Q–Q plots can also be 

used as a graphical means of estimating parameters in a location-scale family of distributions. 

A Q–Q plot is used to compare the shapes of distributions, providing a graphical view of how 

properties such as location, scale, and skewness are similar or different in the two distributions. 

Q–Q plots can be used to compare collections of data, or theoretical distributions. The use of Q–

Q plots to compare two samples of data can be viewed as a non-parametric approach to 

comparing their underlying distributions. 

A general QQ plot is a graph on which the quantiles from two distributions are plotted versus 

each other. For two identical distributions, the QQ plot will be a straight line. Therefore, it is 

possible to check the normality of the accident occurrence by plotting the quantiles of that data 

versus the quantiles of a standard normal distribution. From the normal QQ plot above, we can 

see that the plot is not very close to being a straight line. The main departure from this line 

occurs at low values. 

A Q–Q plot is a plot of the quantiles of two distributions against each other, or a plot based on 

estimates of the quantiles. The pattern of points in the plot is used to compare the two 

distributions. The main step in constructing a Q–Q plot is calculating or estimating the quantiles 

to be plotted.  

If the data does not exhibit a normal distribution in either the histogram or normal QQ plot, it 

may be necessary to transform the data to make it conform to a normal distribution before using 

certain kriging interpolation techniques. 
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Figure 63 Normal QQ Plot for 2007-2009 

Figure 62 Normal QQ Plot for 2009-2011 
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11.3.5 Trend Analysis 

If a trend exists in the data, it is a nonrandom (deterministic) component of a surface that can be 

represented by a mathematical formula. For instance, a gently sloping hillside can be represented 

by a plane. A valley would be represented by a more complex formula (a second-order 

polynomial) that creates a U shape. The Trend Analysis tool enables us to identify the 

presence/absence of trends in the input dataset and identify which order of polynomial fits the 

trend best.  

Each vertical stick in the trend analysis plot represents the location and value (height) of each 

accident sites. The data points are projected onto the perpendicular planes, an east–west and a 

north–south plane. A best-fit line (a polynomial) is drawn through the projected points, showing 

trends in specific directions. If the line were flat, this would indicate that there is no trend. 

 

Figure 64 Trend Analysis for 2007-2009 based on Accident Rates 
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In the above figure, the green line starts from low values, and increases as it moves towards the 

centre of the X-axis, and then decreases slightly. Similarly, the blue line increases as it moves 

north and decreases gradually even before it reaches the centre. This demonstrates that the data 

seems to exhibit more or less a strong trend from the centre of the data domain in almost all 

directions. 

 

Similarly, in the above figure the green line starts from a high value and increases at a gradual 

rate as we move towards the centre and even further it decreases. Throughout, the green curve 

shows a decline till the end. The blue line also follows the trend similar to the green line. It starts 

at a higher value and as we move further down it decreases and almost touches the base. This 

reveals that the trend for this data (Accident Sites for 2009-2011) is not that strong as compared 

to the previous data (Accident Sites for 2007-2009). These points can be adjusted by rotating the 

locations and the trend that is demonstrated is stronger. 

Figure 65 Trend Analysis for 2009-2011 based on Accident Rates 
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11.3.6 Voronoi Map 

In mathematics, a Voronoi diagram is a special kind of decomposition of a metric space 

determined by distances to a specified discrete set of objects in the space. It is named after 

Georgy Voronoi.  

In the simplest case, we are given a set of points S in the plane, which are the Voronoi sites. 

Each site s has a Voronoi cell, also called a Dirichlet cell, V(s) consisting of all points closer to s 

than to any other site. The segments of the Voronoi diagram are all the points in the plane that 

are equidistant to the two nearest sites. The Voronoi nodes are the points equidistant to three (or 

more) sites. 

Voronoi maps are constructed from a series of polygons formed around the location of a sample 

point. Voronoi polygons are created so that every location within a polygon is closer to the 

sample point in that polygon than any other sample point. After the polygons are created, 

neighbours of a sample point are defined as any other sample point whose polygon shares a 

border with the chosen sample point. 

The dual graph for a Voronoi Map corresponds to the Delaunay triangulation for the same set of 

points. The closest pair of points matches to the two adjacent cells in the Voronoi Map. Two 

points are adjacent on the convex hull if and only if their Voronoi cells share an infinitely long 

side. The Voronoi Map tool provides a number of methods for assigning or calculating values to 

polygons. These are: 

 Simple: The value assigned to a cell is the value recorded at the sample point within that 

cell.  

 Mean: The value assigned to a cell is the mean value that is calculated from the cell and 

its neighbors 

 Mode: All cells are placed into five class intervals. The value assigned to a cell is the 

mode of the cell and its neighbors.  

 Cluster: All cells are placed into five class intervals. If the class interval of a cell is 

different from each of its neighbors, the cell is colored gray to distinguish it from its 

neighbors.  
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 Entropy: All cells are placed into five classes based on a natural grouping of data values. 

The value assigned to a cell is the entropy that is calculated from the cell and its 

neighbors 

Entropy = - ∑ (pi * log pi) ………………………….…. Equation 28 

Where pi is the proportion of cells are assigned to each class. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Median: The value assigned to a cell is the median value calculated from the frequency 

distribution of the cell and its neighbors. 

 Standard Deviation: The value assigned to a cell is the standard deviation that is 

calculated from the cell and its neighbors. 

 Inter-quartile Range: The 1st and 3rd quartiles are calculated from the frequency 

distribution of a cell and its neighbors. 

Figure 66 Voronoi Map for Accident Sites for 2009-2011 
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11.3.7 Semivariogram 

The okapi variogram 2γ is a function describing the degree of spatial dependencies of a spatial 

random field or stochastic process Z(x). It is defined as the expected squared increment of the 

values between locations x and y (Wackernagel 2003). It is given by: 

2γ(x, y) = E (|Z(x) – Z(y) |
2
) ………………………….…. Equation 29 

γ (x, y) itself is called the semivariogram. 

Semivariogram is non-negative as it is the expectation of a square. As a consequence, the 

semivariogram might be non-continuous only at the origin. The height of the jump at the origin 

is sometimes referred to as nugget or nugget effect. Limit of the variogram tending to infinity 

lag distances are termed as sill. The distance in which the difference of the variogram from the 

sill gets negligible is referred as range. 

The variogram is the key function in geostatistics as it is used to fit a model of the 

temporal/spatial correlation of the observed phenomenon. A distinction can be made between the 

experimental variogram that is visualization of the possible spatial/temporal correlation and the 

variogram model is further used to define the weights of the kriging function. Experimental 

variogram is an empirical estimate of the covariance of a Gaussian process. 

When a variogram is used to describe the correlation of different variables it is called cross-

variogram. Cross-variograms are used in co-kriging. In case there are any binary values or values 

that represent classes, then indicator variograms are used. Indicator kriging uses indicator 

variogram. 

In mathematical statistics, a set of n measured values gives df = (n-1) Equation 30 degrees of 

freedom whereas the in situ or temporarily ordered set give df (o) = 2(n-1) …….…. Equation 31 

the degrees for the first variance term. It is claimed that the variogram and semivariogram are 

both invalid measures for variability, precision and risk because the sum of squared differences 

between x and x+h is divided by n, the number of data in the set rather than by df (o) = 2(n-1) 

…….…. Equation 32 the degrees of freedom for the first variance term of the ordered set. 
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Figure 67 Semivariogram for Accident Sites for 2007-2009 

Figure 68 Semivariogram for Accident Sites for 2009-2011 

Figure 69 Covariance for Accident Sites (2007-2009) 

Figure 70 Covariance for Accident Site (2009-2011) 
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11.3.8 Cross-Covariance Cloud 

The statistical tendency of variables of different types, attributes, names, and so on, to vary in 

ways that are related to each other. Positive cross covariance occurs when both variables tend to 

be above their respective means together, and negative cross covariance occurs if one variable 

tends to be above its mean when the other variable is below its mean. 

The term cross-covariance is sometimes used to refer to the covariance cov(X, Y) between two 

random vectors X and Y, in order to distinguish that concept from the "covariance" of a random 

vector X, which is understood to be the matrix of co-variances between the scalar components of 

X. 

 

 

 

 

Covariance for Accident Sites for the year 

2007-2009 and 2009-2011 

Figure 72 Covariance Cloud of Accident Sites for 2007-2009 

Figure 71 Covariance Cloud of Accident Sites for 2009-2011 
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The semivariogram/covariance cloud allows you to examine the spatial autocorrelation between 

the measured sample points. It is generally assumed that things that are close to one another are 

more alike. The semivariogram/covariance cloud lets you examine this relationship. A 

semivariogram value, which is the difference squared between the values of each pair of 

locations, is plotted on the y-axis relative to the distance separating each pair of measurements, 

which is plotted on the x-axis.  

Each red dot in the semivariogram/covariance cloud represents a pair of locations. Since 

locations that are close to each other should be more alike. In the semivariogram plot the 

locations that are closest (on the far left on the x-axis) should have small semivariogram values 

(low values on the y-axis). As the distance between the pairs of locations increases (moving right 

on the x-axis), the semivariogram values should also increase (move up on the y-axis). However, 

a certain distance is reached where the cloud flattens out, indicating that the values of the pairs of 

points separated by more than this distance are no longer correlated. 

Looking at the semivariogram, if it appears that some data locations that are close together (near 

zero on the x-axis) have a higher semivariogram value (high on the y-axis) than you would 

expect, you should investigate these pairs of locations to see if there is a possibility that the data 

is inaccurate. 

For the covariance cloud for Accident Sites 2007-2009, we can find pair of sample locations that 

are selected in the semivariogram are highlighted in the light blue colour. The lines with high 

semivariogram values for a particular distance between the points in a pair are those that 

correspond to the largest gradient in the ozone values. 

The semivariogram/covariance cloud illustrated that the unusually high semivariogram values 

are largely represented by the lines perpendicular to the coast. The analysis using this tool 

indicates that the interpolation model should account for anisotropy. The semivariogram surface 

indicates there is spatial autocorrelation in the data. 
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11.3.9 Semivariogram / Covariance Modeling 

Semivariogram / Covariance cloud explores the overall spatial autocorrelation of the measured 

points. The goal of semivariogram/covariance modeling is to determine the best fit for a model 

that will pass through the points in the semivariogram. The semivariogram is a graphic 

representation used to provide a picture of the spatial correlation in the dataset. 

The Semivariogram/Covariance Modeling dialog box allows you to fit models to the spatial 

relationships in the dataset. The lag size is the size of a distance class into which pairs of 

locations are grouped to reduce the large number of possible combination. In this process of 

modeling, our goal is to fit a curve through all the points those were earlier obtained. The 

empirical semivariogram values (red points) are grouped according to the separation distance 

they are associated with. The points are split into bins (or lags), and the lag size determines how 

wide each interval (bin) will be. This process is known as binning. 

Figure 73 Semivariogram/ Covariance Modeling of Accident Sites (2007-2009) 
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The flattening of the semivariogram indicates that there is little autocorrelation in attribute 

(accident rate) values beyond the specified range. The fitting algorithm actually uses variable lag 

sizes, which allow spatial autocorrelation in accident sites which is to be captured, at short 

distances. 

Thus, by removing the trend, the semivariogram will model the spatial autocorrelation among 

data points without having to consider the trend in the data. The trend will automatically be 

added back to the calculations before the final surface is produced. 

The color scale, which represents the calculated semivariogram value, provides a direct link 

between the empirical semivariogram values on the graph and those on the semivariogram 

surface. The value of each cell in the semivariogram surface is color coded, with lower values 

shown in blue and green and higher values shown in orange and red. The average value for each 

cell of the semivariogram surface is plotted on the semivariogram graph and depicted as a red 

point. 

The average value for each lag is plotted on the semivariogram graph as well, and is depicted as 

a blue cross. The x-axis on the semivariogram graph is the distance from the center of the cell to 

the center of the semivariogram surface. 

 

Figure 74 Semivariogram/ Covariance Modeling of Accident Sites (2009-2011) 
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11.3.10 Searching Neighborhood 

A common practice followed to limit the data is by using a circle (or ellipse) to enclose the 

points that are used to predict a value at an unmeasured location. To avoid bias in a particular 

direction, the circle (or ellipse) can be divided into sectors from which an equal number of points 

are selected. So, by using the Searching Neighborhood dialog box, you can specify the number 

of points (a maximum of 200), the radius (or major/minor axis), and the number of sectors of the 

circle (or ellipse) to be used for prediction.  

It can be assumed that as the locations get farther from the prediction location, the measured 

values will have less spatial autocorrelation with the prediction location. The points selected in 

the data view window indicate the weights that will be associated with each measured value to 

predict a value for the location marked by the crosshair. 

It is possible to eliminate locations that are farther away that demonstrate little influence using 

search neighborhoods. Not only is there less relationship with locations that are farther away, but 

it is possible that the locations that are farther away may have a detrimental influence if they are 

located in an area much different than the prediction location.  

 Figure 75 Tool for Searching Neighborhood of Accident Sites 2007-2009 
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The specified shape of the neighborhood restricts how far and where to look for the measured 

values to be used in the prediction. Other neighborhood parameters restrict the locations that will 

be used within that shape. 

The shape of the neighborhood is influenced by the input data and the surface that you are trying 

to create. If there are no directional influences on the spatial autocorrelation of your data, then 

you will want to consider points equally in all directions. If there is directional autocorrelation in 

the data, then the shape of the neighborhood is an ellipse with the major axis parallel with the 

direction of long-range autocorrelation. Once a neighborhood is specified, then the location of 

the points within the space can be restricted. 

The maximum and the minimum neighbor that we want to include can also be defined. The 

neighborhood can further be divided into sectors to ensure that we get values from all the 

directions. If the neighborhood is divided into sectors, the specified maximum and minimum 

number of neighbors will be applicable to each sector. Using the data configuration within the 

specified neighborhood, in conjunction with the fitted semivariogram model, the weights for the 

measured locations can be determined. From the weights and the values, a prediction can be 

made for the unknown value for the prediction location.  

Figure 76 Tool for Searching Neighborhood of Accident Sites 2009-2011 
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11.3.11 Cross Validation 

It is a procedure for testing the quality of a predicted data distribution. In cross validation, a 

piece of data whose value is known independently is removed from the dataset and the rest of the 

data is used to predict its value. Full cross validation is done by removing, in turn, each piece of 

data from the dataset and using the rest of the data to predict its value. 

Cross-validation uses all of the data to estimate the trend and autocorrelation models. It removes 

each data location, one at a time, and predicts the associated data value. For all points, cross-

validation compares the measured and predicted values. In a sense, cross-validation "cheats" a 

little by using all of the data to estimate the trend and autocorrelation models. After completing 

cross-validation, some data locations may be set aside as unusual, requiring the trend and 

autocorrelation models to be refit. 

 

 

Table 6 Cross Validation table for 2007-2009 
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The calculated statistics serve as diagnostic that indicate whether the model is reasonable for 

map prediction. The objective of cross validation is to help us in making an informed decision 

model about which model provides the most accurate prediction. For a model that provides the 

most accurate prediction, the mean error should be close to 0, the root mean square error and 

average standard error should be as small as possible, and the root mean square standardized 

error should be close to 1. 

The term prediction error is used for differences between the prediction and the actual measure 

value. The Cross Validation dialog box also displays scatter-plots that show Error, Standardized 

Error and QQ Plot for each data point.  

The Prediction Standard Error Map for the Accident Sites for 2007-2009 and 2009-2011 

calculated with respect to the Accident Rate for the same years have been given below: 

Table 7 Cross Validation table of Accident Sites for 2009-2011 
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The prediction standard error quantifies 

the uncertainty for each location in the 

surface that has been created.  

 

 

 

 

  

Figure 77 Prediction Standard Error Map of 
Accident Sites for 2007-2009 

Figure 78 Prediction Standard Map for Accident Sites for 2009-2011 
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11.3.12 Comparing Models 

Comparison helps you determine how good the model that created a geostatistical layer is 

relative to another model. The two geostatistical layers that you are comparing could have been 

created by two different models, or they could have been created with the same model but with 

different parameters. In the first case, you are comparing which method is best for your data, and 

in the second, you are examining the effects of different input parameters on a model when 

creating the output surface. 

The Comparison dialog box uses the cross-validation statistics. However, it allows us to examine 

the statistics and the plots side by side. Generally, the best model is the one that has the 

standardized mean nearest to zero, the smallest root-mean-squared prediction error, the average 

standard error nearest the root-mean-squared prediction error, and the standardized root-mean-

squared prediction error nearest to one. 

  

Figure 79 Cross Validation for 2009-2011 showing a comparison 
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11.4 Slope Analysis 
The Slope tool calculates the maximum rate of change between each cell and its neighbors, for 

example, the steepest downhill descent for the cell (the maximum change in elevation over the 

distance between the cell and its eight neighbors). Every cell in the output raster has a slope 

value. The lower the slope value, the flatter is the terrain and the higher the slope value, the 

steeper the terrain. The output slope raster can be calculated as percent of slope or degree of 

slope.  

When the slope angle equals 45 degrees, the rise is equal to the run. Expressed as a percentage, 

the slope of this angle is 100 percent. As the slope approaches vertical (90 degrees), the 

percentage slope approaches infinity. 

The Slope tool is most frequently run on an elevation dataset, as the following diagrams show. 

Steeper slopes are shaded red on the output slope raster. However, the function can also be used 

with other types of continuous data, such as population, to identify sharp changes in value.   

 

 

 

 

 

 

 

 

 

 

Figure 80 Slope Analysis 
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Figure 81 Slope shown along the selected AOI 
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11.5 Curvature 
GIS applications in hydrological studies often require computation of surface curvature to 

determine if the surface at a cell location is upwardly convex or concave.  We have a common 

algorithm, to calculate surface curvature; it fits a 

3 by 3 window with a quadratic polynomial 

equation, known as Zevenbergen and Thorn. 

Profile curvature is estimated along the direction 

of maximum slope. Plane curvature is estimated 

across the direction of maximum slope. And 

curvature measures the difference between the 

two: profile curvature – plan curvature. A 

positive curvature value at a cell means that the 

surface is upwardly convex at the cell location. 

A negative curvature value means that the 

surface is upwardly concave. And a zero value means that the surface is flat. 

 

Figure 82 Curvature along the AOI 

Figure 83 Different Values of Curvature being shown in the AOI 
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Figure 84 Curvature along the AOI 
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CHAPTER 12 – STATISTICAL ANALYSIS 
Statistics is the study of collection, organization, analysis, interpretation and presentation of data. 

It deals with all aspects including the planning of data collection in terms of design of surveys 

and experiments. Statistics is a mathematical science involving the collection, interpretation, 

analysis, and presentation of data. It is often used to make predictions based on data. 

Statistics can be described as the scientific, mathematical study of data. In very large datasets, it 

is impossible or impractical to quickly analyze every piece of data, so a sample of the data is 

studied and the rest of the data results can be extrapolated from the sample data. This gives 

mathematicians results faster and allows for other mathematical exercises such as trend analysis, 

frequency and distribution analysis and many other types of data interpretation. 

The Statistical analysis of accident is carried out periodically at critical locations or road 

stretches which will help to arrive at suitable measures to effectively decrease accident rates. It is 

the measure (or estimates) of the number and severity of accident. Accident prone stretches of 

different roads may be assessed by finding the accident density per length of the road. The places 

of accidents are marked on the map and the points of their clustering (black spot) are 

determined. By statistical study of accident occurrence at a particular road or location or zone of 

study for a long period of time it is possible to predict with reasonable accuracy the probability 

of accident occurrence per day or relative safety of different classes of road user in that location. 

The interpretation of the 

statistical data is very 

important to provide 

insight to the problem. 

The position of India in 

the year 2011 in country-

wise number of person 

killed per 100000 

populations is shown and 

the increase in rate of 

accident from year 2005 

The Prediction Standard Error Map for 

Accident Sites 2009-2011 

Figure 85 Country wise representation of total persons killed in accidents 
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to year 2011 is also shown. In 2011, 14 accidents occurred per hour. 

Road accidents are not reliably and regularly published by all countries of the world but 

accidents of the most severe form, those involving a fatality, are normally more reliably recorded 

than the other types. It is the scientific discipline that provides methods to help us make sense of 

data. It is a formal process of making decisions based on collecting, analyzing, and drawing 

conclusions from data, which uses sound processes and scientific tools. A familiarity with the 

goals and method of statistics teaches us how to make intelligent judgments and informed 

decisions in the presence of uncertainty and variation. Statistics forms an essence of any good 

project. 

There are namely two main branches of statistics: 

 Descriptive Statistics: Methods for organizing and summarizing data which provide 

increased understanding and an effective way to present data. Bar Charts, Line Graphs, 

Pie Diagrams are also examples of descriptive statistics. 

 Inferential Statistics: Generalizing from a sample to the population from which it was 

selected and assessing the reliability of such generalizations. Trend Line is an example of 

inferential statistics. 

For our project, descriptive statistics has been used because the statistical data was readily 

available with us. 

There are different types of datasets that are used for the purpose of statistical representation. 

There are three main types of datasets that are used, namely: 

 Univariate Data: A dataset consisting observations on a single attribute (or variables). 

 Multivariate Data: A dataset consisting of observations on two or more attributes (or 

variables). 

 Bivariate Data: A dataset consisting of observations on only two attributes (or 

variables). It is a special case of Multivariate Data. 

In this case, we have mainly used Bivariate and Multivariate Data for the representation of our 

data. 
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YEAR 2007 2008 2009 2010 2011 

MAHARASHTRA 16.14993878 15.75213417 16.48427451 16.36140762 15.37114787 

STATE HIGHWAY 42 6.186474432 5.972645437 6.662417047 6.613729064 6.240609662 

Table 8 Road Accidents Statistics for 
Maharashtra & SH – 42 

This graph illustrates the total 

number of accidents that has 

taken place in Maharashtra and 

also along our AOI. This has 

been calculated with respect to 

the total accident figures of the 

country and then the required 

percentage has been calculated. 

Also the data is for the period 

2007-2011.  

YEAR 2007 2008 2009 2010 2011 

MAHARASHTRA 11.02700063 10.66207 10.80258613 10.72634257 9.796931 

STATE HIGHWAY 42 0.45815019 0.576562 0.68865302 0.632630096 0.568837 

Table 9 Persons killed in road accidents for 
Maharashtra & SH - 42 

The graph on the right gives us a 

picture of the total number of persons 

who have been killed in road accidents. 

It displays the statistics of both 

Maharashtra and also of our area, 

which is the Thane-Ghodbunder Road. 

This data has been represented in 

percentage after being compared to the 

country‘s data, for a period of 5 years. 

Figure 86 Representation of Total Road Accidents for Maharashtra & SH - 42 

Figure 87 Representation of persons killed in road accidents in Maharashtra & SH - 42 



SYMBIOSIS INSTITUTE OF GEOINFORMATICS, PUNE 

 
 

142 

YEAR 2007 2008 2009 2010 2011 

MAHARASHTRA 10.73078355 10.20276801 8.77704274 10.27713044 9.222347762 

STATE HIGHWAY 42 1.429484145 1.197362444 1.606767509 1.504790717 1.268165349 

Table 10 Persons injured in road accidents for 
Maharashtra & SH - 42 

This graph represents the total 

number of persons injured in 

accidents for the last 5 years (2007-

2011). This thus makes our work 

easy in comparison as the base for 

both of them is same. They have 

been calculated with reference to 

the total persons injured in India. 

 

YEAR 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Tot. Pop. 

(thousands) 
1016710 1028610 1045547 1067388 1079117 1095722 1112186 1128521 1144734 1160813 

Urban Pop. 

(thousands) 
281416 285748 294668 301224 307721 314145 321623 329112 336746 371460 

Vehicle Pop. 

(Thousands) 
52.37 54.99 58.92 67.01 72.72 81.5 89.61 100.7 110.52 121.63 

Table 11 Statistics of total and urban population and 
vehicle population (2002-2011) 

 

This graph helps us to compare the 

increase in the population and the 

vehicle population. It can be seen that 

after 2006, there has been a steep rise in 

the vehicle population and thus resulting 

in more number of road accidents. 

Figure 88 Persons killed in road accidents in Maharashtra & SH - 42 

Figure 89 Trend showing the total and urban population along with the vehicle population 
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ROAD TYPES SURFACED (in kms.) UNSURFACED (in kms.) 

MAHARASHTRA 13724 600 

THANE 212001 60683 

Table 12 Road types in Thane & 
Maharashtra 

The bar graph represents the 

road surface in Maharashtra as 

well as Thane. Since, our AOI 

is a part of the Thane region so 

the road type associated is 

more associated with this area. 

It is obvious that Thane being 

a developed region has a larger 

percentage of surfaced roads as 

compared to the unsurfaced 

roads. 

YEAR 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Accident 

Severity 
19.9 20.8 21.1 21.5 21.6 22.9 23.9 24.7 25.8 26.9 

Table 13 Accident Severity from 2002-2011 

This graph shows the increasing 

accident severity over the years. 

Accident severity is defined as the 

total number of persons killed per 

100 accidents. After 2006, we can 

observe a sharp increase in the 

curve which we can relate to the 

increase in the total number of 

vehicle population. 

Figure 90 Road Types Representation 

Figure 91 Accident Severity for 2002-2011 
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CATEGORY VEHICLE POPULATION (SH 42) VEHICLE POPULATION (MAHARASHTRA) 

Two Wheelers 721705 12429011 

Cars 312489 2027080 

Jeeps 36884 394647 

Taxi meter fitted 3442 57047 

Tourist Cabs 24302 111449 

Auto rickshaws 86668 640700 

School Buses 280 7415 

Private Services Vehicles 1615 8326 

Ambulances 1210 9571 

Trucks & Lorries 70460 334863 

Others 2263 27188 
Table 14 Vehicle Population of SH - 42 

& Maharashtra 

This graph represents the 

total vehicle population for 

the entire state of 

Maharashtra as well as for 

our AOI, which is the Thane-

Ghodbunder Road, for the 

year 2011. It can be seen 

from these column graphs 

that the number of two 

wheelers is highest in both 

cases and is then followed 

by cars. Our AOI, being a 

state highway does have 

considerable amount of 

truck and lorries travelling. 

The remaining occupies 

almost negligible amounts. 

Figure 92 Vehicle Population of Maharashtra 

Figure 93 Vehicle Population of SH - 42 



SYMBIOSIS INSTITUTE OF GEOINFORMATICS, PUNE 

 
 

145 

YEAR 

ACCIDENTS ON 

NATIONAL HIGHWAY 

(in %) 

ACCIDENTS ON STATE 

HIGHWAY (in %) 

2002 28.6 22.5 

2003 32.3 23.5 

2004 31.4 22.4 

2005 30.3 23.5 

2006 29.6 23.6 

2007 30.4 18.5 

2008 29 24.4 

2009 28.5 25.6 

2010 29.3 23.8 

2011 30 24.5 

Table 15 Accidents occurring on National & State Highway 

 

 

The above graph illustrates the relation between the road category and the rate of accidents. Road 

category refers to the division of the road type like, National Highway, State Highway and 

others. It can be seen that in the last 10 years, the accidents on National Highways have 

increased from 28.6% to 30% and it has been from 22.5% to 24.5 in case of State Highways. The 

primary cause of the increase in these accidents is over-speeding. It‘s the general human nature 

to over-speed while driving on the highways, which leads to these accidents. 

Figure 94 Correlation between accidents & road category 
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CATEGORIES 
TWO-

WHEELERS 

AUTO 

RICKSHAW 
CARS BUSES 

TRUCKS & 

LORRIES 
OTHERS 

ACCIDENT % 23.7 7.3 21.8 9.5 23.3 14.4 

Table 16 Vehicle contributing to 
accidents in Thane-Ghodbunder Road 

The above pie chart shows 

the distribution of accidents 

in the Thane Ghodbunder 

Road with respect to the 

vehicle category. It can be 

seen from the chart that the 

major share is taken up by 

the two-wheelers and trucks 

& lorries. It is then followed 

by cars. Since, it is a state highway the prevalence of cars are quite high and thus explaining its 

contribution to road accidents. 

TIME 
06:00-

09:00 

09:00-

12:00 

12:00-

15:00 

15:00-

18:00 

18:00-

21:00 

21:00-

00:00 

00:00-

03:00 

03:00-

06:00 

% SHARE 

IN 

ACCIDENTS 

11.8 16.2 14.9 16.7 16.1 10.7 6.6 7 

Table 17 Date Time Modifier 
showing accident occurrences 

From this given bar, it can 

be seen that the maximum 

percentage of accident 

occurs during 03:00PM-

06:00PM. This is when the 

rush is at its peak and thus 

resulting in most number of 

road accidents. It is 

followed by 09:00AM-

Figure 95 Vehicles contributing to accidents in SH - 42 

Figure 96 Date Time Modifier showing accident occurrences 



SYMBIOSIS INSTITUTE OF GEOINFORMATICS, PUNE 

 
 

147 

12:00PM. 

LULC Class Thane Area (sq. km) AOI Area (sq. km) 

Urban - Built Up 295.19 
9.37 

Urban - Mining 2.2 
0.02 

Rural - Built Up 59.09 
0.93 

Plantation 650.31 
4.34 

Crop Land 2720.53 
0.61 

Fallow 789.68 
4.74 

Evergreen/Semi-Evergreen 2144.7 
1.22 

Deciduous 426.51 
3.24 

Swamp/Mangroves 10.26 
 

Scrub Forest 437.19 
0.05 

Barren/Wastelands 1245 
1.13 

Wetlands/Water Bodies 777.34 
3.11 

Table 18 LULC Classes for Thane & SH - 42 

 

 

 

 

 

 

 

 

 

Figure 97 LULC representation of Thane 

Figure 98 LULC representation of SH - 42 
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The above compound graph explains the different LULC (Land Use and Land Cover) classes. It 

covers almost all the broad classes ranging from settlements to plantation to crop land. In this 

diagram we can see that crop land covers the maximum area followed by evergreen/semi-

evergreen forests. Since the region is situated along the Western Ghats so the percentage of 

forests is high. Also to add to this is the Sanjay Gandhi National Park which is located in close 

proximity. So the chance of having a high percentage of forests is noticeable. 

It can also be added that the area has about 20% of the total area devoted to barren land or 

wasteland. 

 

  

Figure 99 Comparison between LULC of Thane & SH - 42 
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CHAPTER 13 – SURVEY ANALYSIS 
Surveying is an important component of any report. It is like an evidence to support the analysis 

that has been carried out and data forms an integral part of this survey. Data can be defined as the 

quantitative or qualitative values of a variable. It is the smallest unit of information from which 

other measurements and analysis are carried out. Data sources are broadly classified as Primary 

and Secondary Data. 

Primary data refers to something collected from the original first hand source. It is more reliable, 

authentic and objective. It cannot be changed by human so its validity is greater than secondary 

data. 

Secondary data is the data that has already been collected by and is readily available from other 

sources. They are cheaper and can be obtained quickly as compared to the former. 

In normal circumstances, secondary data is not given much importance but in a country like 

India, a word of mouth is considered as the most reliable source. Thus, our entire survey is 

based on a third party data, where we have visited our AOI in order to find out more information 

about that area. 

A questionnaire had been drafted, which had a list of questions which were asked to people 

along this road. On the basis of that, a database was created which had a record of all the people 

who were surveyed. There replies were then represented in the form of statistical diagrams to 

further analysis accidents. 

13.1 Accident Report Form 
The main purpose of the database was to answer any kind of questions related to accident 

occurrence, its type, place and few more. For example, the question of ―who‖ was involved for 

analysis purpose needs more than just the person‘s name. All the people involved in the accident, 

along with their ages, sexes needs to be recorded. The vehicle types involved in the collision 

must also be known along with its details. 

The accident Report Form can be divided into three main section: General details, Vehicle 

(+Driver) details and Casualty Details. The relationship between these three areas can be one to 

many, and thus the accident data should be stored in relational database. 
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13.2 Location Coding 
It is important that the accident data is recorded accurately and a sketch map can be provided 

showing the actual scene. This helps others to precisely know the spot. From this given sketch 

the accident location can be located on the map and will have more than one reference point. For 

the GIS systems, the geographical co-ordinates of that spot can also be acquired.  
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Figure 100 Snapshots showing the AOI along with its important location for accidents 
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Figure 101 A snapshot of the data collection process 
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13.3 Methodology for the Survey 

 

 

 

 

 

 

QUESTIONNAIRE 
PREPARATION 

GROUND TRUTH 
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SURVEY REPORT 
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13.3 Database of the Survey Conducted 

Table 19 Database of the survey conducted 
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13.4 Statistical Representation 
The following statistical diagrams were prepared from the surveyed conducted by us. 

13.4.1 Accident Ratio 

 Males Females 

Total Number 35 20 

Affected Number 18 5 

Witnessed Number 20 13 

Table 20 Accident Ratio between the people surveyed 

The above table and graph gives us a relation between the ratio of the male and the female 

population, who were surveyed in that stretch of road. It gives us an idea about the total number 

of people who were affected by accidents and the number of people who witnessed accidents as 

well. The total column gives us the total number of people who were surveyed along the Thane-

Ghodbunder Road. They have further been segmented into males and females which give us a 

visual effect in understanding the data. 

 

 

Figure 102 Accident Ratio Representation 
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13.4.2 Visibility on Road 

Excellent Good Fair Poor 

5 13 20 17 

Table 21 Accident occurrence depending on road visibility 

 

The above graph gives us an idea of the visibility condition of the road and according the 

accidents have occurred along the area surveyed – Thane Ghodbunder Road. From the graph we 

can see that, the maximum road accidents have occurred when the road visibility was fair and is 

closely followed by poor visibility conditions.  

Fair visibility results in about 36% of the accidents (from the survey conducted) and the poor 

visibility condition accounts for almost 31% of the accidents. It has also been seen that even 

globally, most number of accidents occurs due to fair to moderately fair visibility. That very 

trend has also been seen along this Thane-Ghodbunder Road stretch. 

Table 22 Accident occurrence representation based on road visibility 



SYMBIOSIS INSTITUTE OF GEOINFORMATICS, PUNE 

 
 

157 

13.4.3 Time of Day of Occurrence 

Daylight Dusk Night 

10 15 30 

Table 23 Accident occurrence on the basis of time of day 

 

It is a well-known fact that, most of the accidents occur during the night. It has been the same for 

this area as well. Almost 55% of the total accidents occur at night. It is indirectly related to the 

visibility conditions. Daylight provides with a better visibility as compared to dusk or night. 

Many times a foggy or a misty weather during the day or night may give rise to increasing 

number of accidents.  

This graph shown above is based on the survey we had undertaken along the Thane-Ghodbunder 

Road. We had surveyed 55 people and these graphs are based on the answers that they had 

provided to out questionnaire. 

 

Figure 103 Time of day affecting the accident occurrence 
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13.4.4 Road Conditions 

Dry Damp Wet 

16 5 34 

Table 24 Road conditions affecting accidents 

 

Road conditions also have a direct relation with the rate or number of occurrence of accidents. 

Monsoons or the rainy seasons, witness the maximum number of accidents.  

In the survey undertaken, 55 people were surveyed and based on their response this column bar 

has been constructed. From the table and the graph it can be seen that, more than 60% of the 

people surveyed have said that most of the accidents which has occurred along the Thane-

Ghodbunder Road is a result of wet road conditions. Damp road conditions also do result is 

accidents but the number is even less than 10%. 

As seen, dry road conditions also results in accident occurrence which is about 30%. It is because 

of the uneven road surfaces or potholed and jaggy surfaces that cause most of these accidents. 

So, we can see that both the dry and wet road conditions do affect the occurrence or rate of 

accidents. 

Figure 104 Accident occurrence based on road conditions 
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CHAPTER 14 – WEB INTERFACE CREATION 
A website is a term that describes a collection of webpages, media files and other digital assets 

that are combined in the URL. The importance of a website is determined by many reasons. It is 

sometimes the desire and goal that can be achieved through a website. In our case, we have 

mainly been dealing with accident sites along the Thane-Ghodbunder Road.  

The purpose of us designing this website is to provide knowledge to the people who have been 

travelling along this stretch of road. Not only that, this website pre-forecasts the occurrence of 

accidents and also suggests the areas mostly prone to accidents. The information provided is 

greatly supported by statistical data which has been gathered and also the process of surveying 

where the people travelling along this section of the road were reviewed. 

The website also gives an idea to the hospitals and police stations that are provided around the 

accident sites at a close proximity with 5km as its radius. The first thing the needs to be done 

before creating a website are to plan what elements and features that needs to be incorporated. 

Not just that, this website also provides the information but also displays maps of the area that 

has been selected at the click of a button. It also displays the important POIs (Hospitals and 

Police Station) along that road with their area of coverage. The maps can be viewed in not just in 

the normal map layout view but the terrain and the satellite view can also be observed. 

The map also displays the routing between two points selected on the map. Not just that, the map 

also displays information bubble about the location that has been selected. If desired, it can also 

zoom in to the point selected. This is a map which is also dynamic in nature and interacts quite 

easily with the user. To put it simply, the website is user-friendly in nature and can be quite 

easily used by the people. 

The designing of the website, which displays the map, has been done using HTML, Javascript 

and CSS. 
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14.1 WIX 

14.1.1 The MAIN Interface 

   

Figure 105 The MAIN INTERFACE of the informative website 
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14.1.2 HOME 

 

This is the main interface of our website, titled ―E-Chariots‘.com‖. This shows us the snapshot of 

all the tabs that are present on this page. Each of these tabs has further drop downs helping us to 

navigate to the page of our choice. This is the Home page and it mainly talks about accidents and 

the objectives that have been undertaken for this project on accident study. 

Figure 106 The HOME page 
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14.1.2.1 About Accidents 

 

The HOME tab is further sub-categorized into smaller parts. The first broad head under this tab 

is ―About Accident‖. This gives us a detail about accidents, its definition and the different types 

of accidents that are commonly found. This also gives the accident statistics for the entire 

country and also gives its ratio with the state. 

Figure 107 ABOUT ACCIDENTS page 
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14.1.2.2 Causes 

 

The next thing under the HOME tab is the causes of accidents. It is pointless talking about 

accidents, if the factors or the causes of its occurrence are not mentioned. It is broadly classified 

in three different types and each of them has a further classification. They have been shown in 

different columns for a better understanding along with images. 

Figure 108 CAUSES page 
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14.1.2.3 Data Collection 

 

The next thing that is of prime importance is the Accident Data Collection. After an accident 

occurs the important information that are required are provided in this tab. This talks about the 

importance data that needs to be collected / obtained from a person who has faced an accident. 

Figure 109 DATA COLLECTION page 
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14.1.3 ABOUT US 

 

This is the page that opens on the click of ABOUT US. It talks all about accidents that have 

occurred in Maharashtra and also along our area selected. It also discusses the current scenario of 

Mumbai and its surrounding regions. It also discusses the use of GIS in this project and how it 

helps in dealing with accidents. 

Figure 110 ABOUT US page 
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14.1.3.1 Geographical Location 

 

The first sub-header tab that can be seen below the ABOUT US tab is the Geographical 

Location. On the click of this tab, it displays the locational co-ordinates of the AOI that we have 

selected. It also gives us the length of the entire road stretch that we have covered in this project. 

This road is also the State Highway and it traverses through the entire Thane district and is 

indeed an important network. It is also considered important because it connects NH-8 (Mumbai 

Ahmedabad Highway) to the Eastern Express Highway. 

 

Figure 111 GEOGRAPHICAL LOCATION details 
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14.1.3.2 Traffic along the AOI 

 

The next sub-header is Traffic Along the chosen AOI. We are talking about accidents and it is 

quite important to mention the traffic along the specified network. This gives us the total vehicle 

population and the tax revenue that is collected from this source. It also tells us that the more 

than 80% of the total vehicle population consists of two-wheelers and cars. Over the last 5 years, 

these figures have been increasing greatly and soon the vehicular density will worsen the state of 

the Thane-Ghodbunder Roads. 

Figure 112 Page showing TRAFFIC ALONG THE AOI 
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14.1.4 EVIDENCES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This is the evidence tab, which gives us the list of 18 road accidents that has taken place all over 

the world. It ranges from India to Pakistan to New Zealand, Nepal and also America. 

It has also been seen that India has the highest number of road accidents in the world. With 

130000 deaths annually, the country has overtaken China and is now has the worst road traffic 

rate worldwide. 

Figure 113 EVIDENCES shown in a slideshow 
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14.1.4.1 Evidences to Support the Selection of AOI 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This lists the accidents that has occurred along the Thane-Ghodbunder Road and hence providing 

us with indications for the selection of the AOI. To add, Thane-Ghodbunder Road is the top 

accident prone road in the Navi Mumbai region. 

 

Figure 114 EVIDENCES TO SUPPORT THE SELECTION OF AOI 
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14.1.5 HOW WE WORK 

 

  

Figure 115 SNAPSHOT SHOWING THE WORKING 
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14.1.6 DATA ANALYSIS 

 

This tab states about the Data Analysis that has been carried out by us for this project. Analyzing 

of data refers to the process of inspecting, cleaning, transforming and modeling of data 

highlighting the useful information and conclusions that can be drawn from the given set. 

In this case, we have performed four broad groups under the data analysis head. These are: 

Hotspot Analysis, Network Analysis, Geostatistical Analysis and Statistical Analysis. 

Figure 116 DATA ANALYSIS page 
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14.1.6.1 Hotspot Analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This tab talks about the details of Hotspot Analysis along with the snapshots of the flow of it. It 

shows us the details of each of the attribute of the accident sites that was created for this. It also 

gives us the p-value and z-score of the selected data. Lastly, it displays a map layout of different 

hotspot regions. 

Figure 117 HOTSPOT ANALYSIS snapshots shown in the form of slideshow 
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14.1.6.2 Network Analysis 

The Network Analysis tab mentions about the entire important network that is present along the 

Thane-Ghodbunder Road. It also shows the location of the important POIs (Hospitals and Police 

Stations). The purpose of the creation of network datasets and service roads is to show the area 

covered by each of these POIs in case there is any accidents along the road stretch. 

The service areas have been created with a radius of 5km and can cater to the needs of accidents 

occurring within that stretch.  

Figure 118 NETWORK Analysis Snapshot 
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14.1.6.3 Geostatistical Analysis 

This is the tab which deals with Geostatistical Analysis. Geostatistical implies a subset of 

statistics that specializes in analysis and interpretation of geographically referenced data. Its 

main function is to determine the probability of certain variables occurring over an area and 

identifying the every possible location which in reality is impossible. 

In this analysis, we have performed Kriging, Covariance Map, and Voronoi Diagram, identified 

the Global Trend Line and have also plotted the Cross-Covariance Cloud along with the 

Prediction Map. 

Figure 119 GEOSTATISTICAL ANALYSIS page 
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14.1.6.4 Statistical Analysis 

 

Statistical Analysis is considered as the best way to represent any kind of quantitative data. It 

ranges in the form of Line Graphs, Bar and Column Graphs and also Pie Diagrams. This helps us 

in comparing the data that is present with us. It also helps us in obtaining a desired trend of 

something that is unknown to us. 

Figure 120 STATISTICAL ANALYSIS details 
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14.1.7 CONTACT 

 

This is the how the Contact Us page looks like. This provides the user with a means to connect to 

us. If he desires, he can talk about his/her problem and can easily get in touch with us. 

 

 

Figure 121 CONTACT page 
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14.1.8 GLOSSARY 

It is sub-divided into two broad categories. 

14.1.8.1 Software/Tools Used 

For the successful completion of this project, the following softwares and tools has been used. 

ArcGIS has been used for accomplishing the data analysis. Maps that have been used are 

provided by ―here.com‖. Creation of database has been carried out in MS Excel and 

documentation on MS Word. 

Figure 122 SOFTWARES/TOOLS used 
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14.1.8.2 Technical Terms 

This talks about the technical terms which have been used by us for the completion of our 

project. It also gives us a basic idea about the algorithm that we have followed for displaying the 

map layouts. 

  

Figure 123 GLOSSARY elaborating the TECHNICAL TERMS 
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14.2 HERE 

14.2.1 The INTERFACE 

This webpage displays the here maps and the all events related to that. Once this website is 

opened this is the display that can be seen on the screen. It displays five tabs. On the click of 

each of these tabs a different set of information is provided. 

Also, there is a text marquee that runs through the top screen stating the tag line, “If you want to 

know the value of a second; ask the one who has survived an accident”. The bottom screen has 

an image marquee which displays images related to road accidents in Mumbai and its 

surrounding areas. 

Figure 124 The Base Interface 
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14.2.2 MAPS 

 

The MAPS tab displays the map which shows the here map that directly displays AOI (Thane-

Ghodbunder Road). The map can be zoomed in or zoomed out as per our needs. The map can 

also be panned depending on which areas we wish to view. 

The marquees present (both the text and that of the images) can still be seen in this page.  

Figure 125 On the click of Maps 



SYMBIOSIS INSTITUTE OF GEOINFORMATICS, PUNE 

 
 

181 

14.2.3 COMPONENTS 

  

The COMPONENTS tab displays the different layers and switch to all these layers will be made 

possible. The layers include – Map View, Satellite View and Terrain View. This also displays 

the scale of the map and thus the distance can be calculated if and so desired.  

Figure 126 Click on Components 
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Figure 128 The Satellite View 

Figure 127 The Terrain View 
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The above figure displays the information that can be seen on the right click. On right click a 

dialog box opens up which shows the exact location along with its zip code (if available). It also 

has the option of zooming in and zooming out. 

There is also an option of adding a way point and calculating the route between two given point. 

Direction from here and direction to here, gives us a scope to show the shortest distance between 

two selected points. 

  

Figure 129 On Right Click 
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Figure 131 Components on Terrain View 

Figure 130 Components on Satellite View 
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Figure 133 Length of AOI 

Figure 132 A Synoptic View 
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This shows the routing between two selected points. For that purpose we just need to select, the 

source point and the destination point and the shortest route is calculated between them. This 

routing is carried out by using the Dijkstra‘s Algorithm which gives the route between two 

points. 

The routing forms a part of the components tab.  

   

Figure 134 Routing on a Map View 
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Figure 136 Routing on Satellite View 

Figure 135 Routing on Terrain View 
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14.2.4 TRAFFIC 

 

This tab directly links to the real time traffic data. In the figure above, we can see the traffic data 

along the Thane-Ghodbunder Road which was selected as our AOI. The real time traffic is 

available not just for our AOI but for any location on the map. 

This also allows us to zoom in, zoom out and pan the map and detect for the desired location on 

the map.  

Figure 137 Traffic Data along the AOI 
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14.2.5 HOSPITALS 

 

This Hospital tab displays and overlays all the hospitals that are present along the AOI selected. 

If desired it can show the distance of the hospitals from the accident sites 

  

Figure 138 Overlay of Hospitals along the AOI 
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14.2.6 POLICE STATIONS 

 

This Police Station tab displays and overlays all the police stations that are present along the AOI 

selected. If desired it can show the distance of the police station from the accident sites. 

  

Figure 139 Police Stations along the AOI 
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CHAPTER 15 

SPATIAL MICRO-SIMULATION FOR 

ROAD SAFETY ANALYSIS 

 

 

 

 

The Potential for Merging Different Micro-data for 

Simulative Study 
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Introduction 
Transportation safety analysis aims at surveying events that can cause death, injury, and property 

damage. It also aims at understanding the causes and contributing factors to accident occurrence, 

severity of accident occurrence, risk and exposure to risk, and the actions required to mitigate all 

these. Geo-simulation and activity micro-simulation create virtual worlds of transportation 

systems and the agents living within these systems to assess land use and transportation policies 

at a very fine spatial and temporal resolutions. These relatively new methods can provide a 

variety of data for more informed safety analysis. 

As one would expect surface transportation safety analysis examines a variety of ―agents‖ 

moving within the transportation system. These agents are individual vehicles (e.g., passenger 

cars or commercial vehicles) operated by drivers of a wide range of training and experience in a 

multitude of environments and individual psychophysical conditions. Moreover, operational and 

policy analyses of the behaviour and performance of these agents and the performance of the 

system within which they act requires the use of a wide spectrum of spatial and temporal 

analytical fidelity and resolutions. At a somewhat coarser spatial resolution of a traffic system 

component, risk assessment uses a variety of tools to examine roadway intersections (e.g., 

analysis of conflicts among the different movements) and traffic and highway design principles 

to minimize accident occurrence at intersections and at different elements of roadways. 

At higher levels of spatial abstraction such as an urban environment we also aim at identifying 

high risk locations in a city and even perform spatial analysis of much larger geographical 

regions . Based on these analyses preventive designs and policies can be developed that change 

by jurisdiction to match local circumstances and the resident population (e.g., the resident mix of 

very old and very young drivers). Similarly along the time dimension, we have analysis of time 

of day of accident occurrence that shows there are specific times during a day during which most 

accidents occur we also find weekly and monthly accident analysis showing seasonality and 

studies of accident involvement and severity in the life span of individuals but also the 

differential rates of changing/improving accident occurrence among different age groups. We 

also take into account the duration of driving before accident as many macro-temporal and daily 

rhythms are correlated and they also contain a variety of spatial and social context informants. 
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In fact, safety analysis also considers social determinants of accident occurrence and risk as well 

as perception and attitudes towards risk with many exogenous and endogenous determinants. All 

this motivates the increasing use of analytical methods that are more sophisticated, complex, but 

also more informative than simple descriptive statistics or basic regression techniques. The use 

of this type of models can be traced back to the 1950s when the freeway beltways were planned 

for Chicago, Detroit, and Pittsburgh in the US. At that time simulation models were mostly based 

on spatial interaction regional science theories aiming at linking land use to transportation 

system performance. Over time we experienced a gradual movement away from coarse level 

analyses and increasing acceptance of behavioural theories and analytical methods motivated by 

policy questions moving away from the construction of major projects and closer to policies that 

require understanding of markets. 

 

The use of these simulation models is increasing among practitioners and it is reaching 

unprecedented sophistication in terms of theories, data collection, and modeling and simulation 

techniques. In this way we can also perform activity and travel demand analysis at any level of 

spatial and temporal aggregation. 
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Micro-simulation: An Introduction 
Micro-analytic simulation or micro-simulation, attempts to re- produce or model the 

demographic, social or economic characteristics of human behaviour. Moreover, in terms of 

micro-simulation itself little of this work to date has had a spatial dimension. More recently there 

have been more applications of spatial micro-simulation, for example the national spatial micro-

simulation model SVERIGE in Sweden. As there are limited sources of geographically detailed 

micro-data there is a need to create these datasets to answer certain research questions which can 

be done by using static geographical micro-simulation techniques. The use of micro-simulation 

can be justified as it is not only a novel method of answering ―what-if‖ policy questions but also 

makes an original contribution to the existing literature in the field as well as allowing for 

interrogating the new micro-data created for applied policy analysis, answering previously 

unaddressed research questions. 

It is said that micro-simulation models are concerned with the behaviour of micro-units such as 

persons within a family/ household, they are especially well suited to analyze the distributional 

impacts of policy changes. There is a wealth of just this type of analysis worldwide and 

examples of micro-simulation models already in use demonstrate this.  

Micro-simulation is useful as a baseline can be constructed in the form of a mirco-dataset, from 

which the effects of changes (usually in the form of policy changes) to the population can be 

quantified or forecast into the future. In other words we can conduct a real-world experiment 

within a modeling environment without the need to actually conduct a real-world equivalent. The 

advantages of micro-simulation are outlined in brief namely; data linkage, re-aggregation, 

efficiency of storage and updating or forecasting. So overall, the significant advantages the 

micro-simulation modeling methodology can bring to empirical research with a focus on policy 

analysis in particular are numerous and justify the use of this technique for the analysis of 

accidents on Thane Ghodbunder road. 
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Figure 140 Simulation on Road Network 
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Figure 141 General micro-simulation models 
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The Research questions 
 

What? Who?  Where? When? Why? 
 

The substantive research questions which have been formulated are designed to give this project 

a clear set of objectives, direction and focus. The research questions are outlined below: 

 

The Real data analysis: 

a) What was the accident cause? 

b) Did the accident result in an injury? 

c) Was the accident fatal? 

d) What was the vehicle type? 

e) What was the victim‘s position? 

f) Who was the victim? 

g) What was the collision type? 

The Synthetic data analysis: 

I. The Temporal Analysis: 

a) What was the date of accident? 

b) What was the day of accident? 

c) What was the time of accident? 

d) What was duration of driving before accident? 

e) What was the direction of Travel? 

II. The Physico-psychological Analysis: 

a) What was the age of the driver? 

b) What was the sex of the driver? 

c) What is his tenure for holding the driving license? 

d) What was the nature of accident? 
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Spatial Micro-simulation: 
Spatial micro-simulation is a technique used to create simulated output data by combining or 

merging various datasets to populate and therefore to create a new synthetic population with an 

inbuilt geography. This means that the new synthetic data is created which is as close as possible 

to the real population for a given set of geographical areas. Once the data has been simulated it is 

possible to analyze and interpret it. For instance, the micro-simulated or synthetic data can be 

used in Geographical Information Systems (GIS) to draw maps of the new variables created or as 

a starting point for further dynamic micro-simulation modeling. The technique can be 

summarized as an up-scaling of data, for example, taking data from a survey (e.g. SHS), in order 

to match a series of constraint tables from a different source, e.g. the census output area totals for 

Scotland. The result is that the unknown census variables can be filled in from the variables 

which exist in the survey data. This can be achieved using spatial (or geographical) micro-

simulation by iteratively merging census and survey data to create the data that will populate 

areas as opposed to creating just a national population which would ignore the geographical 

element of the data, which would be a spatial micro-simulation. This technique works by finding 

individuals in the survey who closely match the census constraints and then cloning these 

individuals so that there are enough to create a whole population for each small area. 

Furthermore, dynamic spatial micro-simulation, which involves forecasting key socio-economic 

variables into the future based on either current trends or on the consequences of different policy 

scenarios. 
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Micro-simulation Methodologies: Creating Micro-data 
The various methods of creating the micro-data from the methodology include: 

 Linear programming models, 

 Discrete choice models  

 Iterative proportional fitting (IPF) 

 Simulated Annealing (SA) 

 Combinatorial Optimization (CO) 

 Reweighting approaches 

 

Combinatorial Optimization is a method which can attempt to reduce the error, relative to the 

constraints, to acceptable levels of the output data. The method itself is a stochastic process, the 

initial position is selected at random, as is every candidate household subsequently .The basic 

principle is to select a combination of households  that reproduces, in so far as is possible, the 

characteristics of a chosen area so that estimates are as close to the real world situation as 

possible. 

The SA technique is an optimization method that attempts to introduce random components into 

a system. An SA procedure would select a combination of households that would have 

characteristics as close as possible to the actual data. The over-all aim of simulated annealing is 

to minimize the total absolute error 

of the data. SA is a form of CO, but also can be used for reweighting records in a survey for 

example. SA also involves a stochastic or a random number element. 

Deterministic reweighting as a spatial micro-simulation methodology is explained. What this 

entails is the reweighting of an existing micro-data sample (which is only available at coarse 

levels of geography), so that it would fit small area population statistics tables such that the result 

is a new micro-data sample for each small area. As is simply explained the weights represent the 

existence of the corresponding household in the corresponding area in other words how many of 

that household type exist in that area. This means that the original survey weights are 

recalculated to form a series of new weights that match a series of alternative constraints from a 

different source. 
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Some key types of Micro-simulation: 
This section aims to define some key types of MSMs to give the reader an idea of the differences 

between alternative approaches and the varying levels of complexity of each of the different 

micro-simulation methodologies. It also alludes to the possible applications of each type of 

model which will differ slightly due to the type of model output. Describing the different 

approaches may also better illuminate which is the most appropriate to address the research 

questions. 

 Static Micro-simulation - This is the most basic type of MSM. In essence what happens is 

that in static micro-simulation, certain behavioural relations and institutional conditions 

of a micro-data base of a certain time period are systematically varied. In other words, a 

micro-dataset is created and from this the policy analysis is performed for a given point 

in time. An example of this type of model is the TAXBEN model. This type of analysis 

(tax and benefit modeling) is particularly useful for `macro' or national level policy 

impacts, showing the potential impacts by particular subgroups of the population but 

doesn't take account of spatial impacts. 

 

 Static Spatial Micro-simulation – A more advanced version of a static MSM with 

geography taken into account. This means that the spatial patterning of the model inputs 

and outputs are taken into consideration. In designing the model, provision is made for 

different areas to contain different numbers and types of individuals rather than a single 

national population. The main difference is that unlike a Static MSM, the Spatial MSM is 

estimated several times for each area separately. So, it is an extension of the Static MSM 

in that the national populations become the small area populations. In practice several 

separate MSMs are formed. This of course adds to the complexity of the model as it 

requires re-running an algorithm multiple times for the geography to be estimated. Static 

spatial micro-simulation has been effectively used for some time, for example this 

approach was used to forecast demand for water. Other examples include the Simulation 

Model for the Irish Local Economy (SMILE) which is a static spatial model as well as the 

SimCrime model, showing that there is room for application in areas outside economics. 
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 Dynamic Micro-simulation - A model is considered dynamic primarily when ageing is 

added to the model. It is stated that, the main difference between a dynamic micro-

simulation model and a static one is the ageing procedure. So, the model is allowed to 

change over time, meaning that forecasts of present and future scenarios can be made. A 

static MSM, such as the two previous types, only allow for one point in time to be 

modeled, whereas a dynamic model will also allow the effects impacts of changes in 

policy over time to be modeled. The Dynamic Simulation of Income Model (DYNASIM) 

was one of the first models to begin the process of building a framework for this type of 

model. A further example of this type of model is CORSIM. This type of model would be 

particularly useful for policies which change over the life course; pensions analysis for 

example. 

 

 Dynamic Spatial Micro-simulation – It is a dynamic MSM but with both a dynamic and a 

geographic element. In other words, this flavour is a more complex version of both the 

static spatial and dynamic micro-simulation models. Not only will the model change over 

time, but also across space. The task is to create geographically referenced micro-data 

and project them forward through time by simulating demographic processes. The 

SimBritain model is an example of a dynamic spatial micro-simulation model. Another 

example of a national dynamic spatial micro-simulation model is the SVERIGE model 

designed for analysis in Sweden. This type of model requires considerable resources in 

terms of model development and computing power. Most models of this type begin life 

as a simpler static MSM which is then further developed into a dynamic MSM. On the 

other hand, the power of the dynamic MSM to predict changes into the future or over 

time is a major feature of this type of model which may justify the considerable resource 

and time inputs. Dynamic spatial MSMs are therefore extensions of both static spatial and 

dynamic micro-simulation models which bring advantages in terms of forecasting 

geographically but also negatives with respect to the resource intensive nature of building 

such a model and the complexity involved in doing so. 
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The Different Simulation Models 
In this section an overview of the variety of applications of micro-simulation is given as well as 

some of the MSMs that have been developed are discussed in brief. A disclaimer should be made 

at this point, in that this is in no way a comprehensive list of models, rather a selection of the 

breadth of applications. 

 DYNASIM: This model is referred to in the literature as the first dynamic MSM and has 

been used as the basis for many more developments in micro-simulation modeling. The 

Dynamic Simulation of Income Model (DYNASIM) was aimed at addressing a key type 

of question, if policy makers are considering, one spending policy as compared to some 

other spending policy, they should know what the consequences of policies under 

consideration are likely to be. The model took around seven years to develop, showing 

the time and effort expended at the outset required to give consideration to individuals or 

households (micro units) rather than averages or aggregates (macro units) in a modeling 

context. The main issue would therefore appear to be the considerable resource required 

to build such a model. On the other hand, as this has been referred to as the first dynamic 

MSM, this is a reasonable explanation for the time taken to build a framework for any 

future analysis. 

 

 CORSIM: The CORSIM model is another key model in the field of micro-simulation, a 

development that arguably made a series of crucial improvements to the DYNASIM 

model. This is because the model itself has been the starting point for many of the models 

that exist today, such as those in Sweden and Canada, via the sharing of the machine code 

used to create the micro-data. It is not explicitly a spatial MSM rather it generates a 

synthetic longitudinal dataset of families and persons, so is therefore a dynamic MSM. 

The main criticism is that there is no spatial element to the model which could provide 

additional useful information for policy analysis. 

 

 SVERIGE: Micro-simulation has been used in Sweden to build a dynamic spatial MSM 

called SVERIGE (System for Visualizing Economic and Regional Influences Governing 

the Environment) which has then been the foundation for other analysis.  
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The type of analysis that has been performed includes the assessment of economic-

demographic effects of immigration in Sweden. It was the first national level spatial 

model of its kind, examining the spatial consequences of policy in Sweden. The model 

itself is based on Swedish households and generates events for individuals based on 

household and regional socio-economic variables which determine the probabilities in the 

model of moving from one state to another state, for example into marriage. The model is 

separated into modules, like many other dynamic models, which contain a series of 

specific functions, for example a mortality module determines who is terminated from the 

model. The main feature of the model itself is that it has built upon previous models by 

adding a spatial element to the dynamic MSM. This makes the SVERIGE model a 

worthwhile example of the type of analysis that could be conducted in Scotland and 

demonstrates clearly the usefulness of the technique. 

 

 MOSART: MOSART is a model developed by Statistics Norway and is a dynamic 

micro-simulation model with a cross-section of the Norwegian population and a 

comprehensive set of characteristics. The purpose of MOSART is to make projections of 

population, education, labour supply and public pension benefits for the Norwegian 

population. The MOSART model begins with a \1 per cent random sample of the 

population of Norway in 1989 ,40000 persons with actual information on marriage, birth 

histories, educational level and activities, pension status and pension entitlements. This 

shows the range of micro-data which already exists, providing a solid foundation for the 

model to be developed from. The model was developed to help assess the impacts of an 

ageing population on the expenditure on public pensions, among other things. It has been 

reported that by using historical data the model performs reasonably well and that its 

underlying assumptions turn out to be correct. The model was first developed in 1988 and 

completed in 1991, which shows the length of time such complex dynamic models take 

to develop, a significant disadvantage. As the model has been designed with sensitive 

data it is not widely available for use, mainly confined to Norwegian Government 

applications. On a positive note, the accuracy of the model and its usefulness have been 

demonstrated. 
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 SMILE: The SMILE (Simulation Model for the Irish Local Economy) is both a static and 

dynamic spatial MSM which has been designed to address the possible impacts of policy 

change and of economic development on the rural areas of Ireland. The main thrust of the 

model is a core which simulates the components of population change (mortality, 

migration, fertility) at the small area level which can be projected forward over time. It 

uses data from the UK Census of Population Small Area Population Statistics (SAPS) in 

Ireland. The static model creates a population at District Electoral Division level and 

assigns attributes to individuals which become the base population. This is then aged by 

adjusting the individuals‘ fertility, mortality and migration characteristics. The errors in 

the model are calculated to be reasonable averaging between 2 and 3 percent at the 

county level. The SMILE model produced a useful set of disaggregated spatial data for 

Ireland which could potentially be used for much more policy and spatial analysis. The 

model has also been used to estimate visitor numbers (among other variables) for an 

outdoor recreation site. Another use for the model was to examine the emissions of 

methane gases from Irish farms with micro-simulated data created using a simulated 

annealing methodology and combining data from the Irish Census of Agriculture and a 

National Farm Survey. This again shows the power of micro-simulation, which can be 

applied to a variety of settings as well as the potential to expand a static model to 

different fields or to forecast future policy scenarios. 

The Data 

 

A. The Real Data: As discussed in Chapter 12 (Statistical Analysis) 

B. The Synthetic Data  
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The Geo-Simulation Schema 
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The RAYSIM 
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RESULTS AND DISCUSSION 

  

Figure 142 The georeferenced toposheet 
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Figure 143 The georeferenced toposheet of the selected AOI 
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Figure 144 The 3D View of India Road 
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Figure 145 3D View of the road network overlaid on the toposheet 
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Figure 146 The 3D View of India Roads, shown in Mumbai 
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Figure 147 The 3D View of the Thane Ghodbandar Road 
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Figure 148 The Mumbai Network in 3D View 
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Figure 149 A 3D View of India & Mumbai Road Network along with the elevation 
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The Accident Sites 

for the Simulative 

Analysis 

Figure 150 The 3D View of the Thane Ghodbandar Road with the Accident Sites for the Year 2007-09 
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Figure 151 The Attribute Table of the Accident Sites for 2007-09 for the Microsimulative Analysis 
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Figure 152 The 3D View of India Roads, shown in Mumbai along the Mumbai Network 
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The Geosimulation Analysis 

A. Data & Methods 

1.  Introduction 

In this section we will discuss the wide range of data and methods which were considered 

for this research project. It sets out a brief description of the data and the method and also 

the appropriate details the pros and cons of the usage of a particular dataset of method. 

The various different types and sources of data for this research project are dealt with to 

begin with. This is followed by a similar exercise for the methods that could be used.  

We have used a wide range of data, to carry out the objective of this project work. 

Starting with the road, analysis, which included the gradient, curvature, bend, blind turns, 

and the associated spatial analysis. Further, the risk assessment factor associated with 

accidents and the nearby population distribution required a simulative analysis and study. 

This simulation when carried out at the microdata scale required a miscrosimulative 

study. The micro level data collection was a difficult task to achieve, so the 

Microsimulation has been carried out on a Synthetic Data Set. This Synthetic Data Set 

was achieved by, first categorizing the data, and understanding the different parameters, 

required to carry out the risk assessment. 

The data were further grouped together to perform the  

 Temporal Analysis 

 Physicopsychological Analysis 
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The Database for year 2007-09 to carry out Microsimulation 
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The Database for year 2009-11 to carry out Microsimulation  
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2. Types of Data 

 Cross sectional Data: Cross sectional data is data that has been collected at a particular 

point in time. The fact that it is collected at a point in time means that it provides a 

`snapshot' of the population from which the data is derived. Each sub section deals with 

the potential sources of cross-sectional data that can be used to address the previously 

mentioned research questions. Cross sectional data is particularly useful for assessing 

metrics at a point in time such as the most frequent occurrence in road accidents. This can 

be extended to monitor the trends between several points in time by using repeated cross 

sectional measurements. The disadvantage of cross sectional data is that because it is a 

`snapshot' the temporality of relationships cannot be established, for example did 

accident get affected by the duration of travel before accident or vice versa. So causality 

is difficult to apportion with this type of data and this exercise is usually best avoided as 

the results are probably going to be misleading rather than informative and objective on 

such a question. There is also bias associated with this type of data as those who do not 

respond or are missed may be systematically different from those who do respond, for 

example respondents in a survey. On balance, cross sectional data usually provide a 

wealth of information which can be used for many aspects of public health research, road 

accident analysis etc.  

 The Demographic Data: The Statistical analysis of accident is carried out periodically at 

critical locations or road stretches which will help to arrive at suitable measures to 

effectively decrease accident rates. It is the measure (or estimates) of the number and 

severity of accident. Accident prone stretches of different roads may be assessed by 

finding the accident density per length of the road. The places of accidents are marked on 

the map and the points of their clustering (black spot) are determined. By statistical 

study of accident occurrence at a particular road or location or zone of study for a long 

period of time it is possible to predict with reasonable accuracy the probability of 

accident occurrence per day or relative safety of different classes of road user in that 

location. The interpretation of the statistical data is very important to provide insight to 

the problem. 
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B. The Cross Sectional Data and Regression for the Microsimulative Study 

 

In all our statistical work to date, we have been dealing with analyses of time-ordered 

data, or time series: the same variable or variables observed and measured at consecutive 

points of time. Usually but not necessarily, the points of time are equally spaced. Time-

ordered data are very often pertinent for total quality; for example, we need to know 

whether our processes are in statistical control or whether they are being affected by, say, 

trends or special causes. We need also to evaluate the effectiveness of interventions 

aimed at improving our processes and to assure that we are holding the gains from 

effective interventions from the past. But not all data are time-ordered. There is also a 

type of data called cross-sectional data, where we are dealing with information about 

different individuals (or aggregates such as work teams, sales territories, stores, etc.) at 

the same point of time or during the same time period. For example, we might have data 

on total accidents per worker over the course of the last calendar year for all the workers 

in a given plant, or we might have questionnaire data on customer satisfaction for a 

sample of customers last month. 

C. The RAYSIM Model: 

 Introduction: 

The Road Accident analysis Simulative Model (RAYSIM), works on the 

fundamental concepts of GIS, where the integration of GIS Data with microdata is 

done. The analysis of the GIS data is done with respect to the Hotspots and 

Coldspots for the accidents on the Thane Ghodbandar Road. The RAYSIM works 

on the principle of Linear Regression and Reweighted Methods. 

RAYSIM takes into account the variables, and computes the results based on the 

weights assigned to them. The basic step for the successful running of the Model 

is conceptualization of a technique, which works on different hypothesis 

generated out of the various parameters considered. 

It starts with the first Hypothesis, and after testing all the hypothesis, and 

integration of them all is done, to generate a common output, satiating the 

requirements of this project, to assess the risk factor associated.The RAYSIM in 

its initial stages, works on the Synthetic Data, which can anytime be substituted 
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with Real Data, to derive a real time result. The main drawback of this entire 

work is lack availability of data, of the required nature. 

 

 How RAYSIM Works? 

It works basically with the attributes of the Data, outputs from the Hotspots 

analysis and the Synthetic Database generated. The platform to carry out this is 

ArcGIS 10 and Microsoft Excel. The data in the form of Shapefiles are input into 

ArcGIS. There the Hotspots and network analysis are performed whose attributes 

are further input into the RAYSIM. The inputs are initially joined to the synthetic 

database, using the Joins option from the ArcGIS attribute database. 

On these data the Ordinary Least Squares (OLS) and Geographically Weighted 

Regression (GWR) are carried out. On the outputs obtained from these analyses, a 

weighted liner regression is carried out, for the Bivariate and Multivariate 

conditions.  

These regression analyses are further analyzed for the Temporal Analysis and 

Physicopsychological Analysis. Further different hypothesis are generated, which 

are tested according to the regression formula, data availability and the analysis. 

The results of these tests, for the different Hypothesis, will be associated together, 

to derive a correct Microsimulative approach and analysis to accident assessment 

on the Roads. 

 The Working: 

 Data Required: 

After the Hotspots analyses were carried out, the attribute from the layer 

generated was used to carry out the working of the RAYSIM. The 

attributes were chosen according to the layers, which were the best fit for 

the Bivariate and Multivariate Linear Regression Analysis. 

 Methodologies Used: 

i. Hotspots Analysis: Discussed in Chapter --------------- 

ii. Ordinary Least Squares: In statistics, ordinary least squares 

(OLS) or linear least squares is a method for estimating the 

http://en.wikipedia.org/wiki/Statistics
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unknown parameters in a linear regression model. This method 

minimizes the sum of squared vertical distances between the 

observed responses in the dataset and the responses predicted by 

the linear approximation. The resulting estimator can be expressed 

by a simple formula, especially in the case of a single regressor on 

the right-hand side. The OLS estimator is consistent when the 

regressors  are exogenous and there is no perfect multicollinearity, 

and optimal in the class of linear unbiased estimators when 

the errors are homoscedastic and serially uncorrelated. Under these 

conditions, the method of OLS provides minimum-variance mean-

unbiased estimation when the errors have finite variances. Under 

the additional assumption that the errors be normally distributed, 

OLS is the maximum likelihood 

estimator. 

 

 

 

 

 

 

 

 

  

Figure 153 Ordinary Least Squares 

http://en.wikipedia.org/wiki/Linear_regression_model
http://en.wikipedia.org/wiki/Dataset
http://en.wikipedia.org/wiki/Statistical_estimation
http://en.wikipedia.org/wiki/Simple_linear_regression
http://en.wikipedia.org/wiki/Consistent_estimator
http://en.wikipedia.org/wiki/Exogenous
http://en.wikipedia.org/wiki/Multicollinearity
http://en.wikipedia.org/wiki/Statistical_error
http://en.wikipedia.org/wiki/Homoscedastic
http://en.wikipedia.org/wiki/Autocorrelation
http://en.wikipedia.org/wiki/UMVU
http://en.wikipedia.org/wiki/UMVU
http://en.wikipedia.org/wiki/Normal_distribution
http://en.wikipedia.org/wiki/Maximum_likelihood_estimator
http://en.wikipedia.org/wiki/Maximum_likelihood_estimator
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iii. Geographically Weighted Regression: GWR is a relatively simple 

technique that extends the traditional regression framework of 

equation (1) by allowing local variations in rates of change so that 

the coefficients in the model rather than being global estimates are 

specific to a location i. The regression equation is then  

        ∑    

      

 

Where, aik is the value of the kth parameter at location i. It is very                   

easy with GWR to compute parameter estimates, for instance for  

locations that lie between data points, which makes it possible to 

produce detailed  maps of spatial variations in relationships. In 

GWR, weighting an observation in accordance with its proximity 

to i would  allow an estimation of aik to be made that meets the 

criterion of ―closeness of  calibration points.‖ 

iv. Bivariate Linear Regression: The simplest regression model is the 

bivariate one, in which there is one response or dependent variable, 

and one predictor or independent variable, and the relationship 

between the two is represented by a straight line. Building a 

bivariate linear regression model to represent the relationship 

between two variables by a straight line involves determining the 

coefficients of that line, a process known as "fitting" the regression 

line. 

v. Multivariate Linear Regression: Multiple linear regression attempts 

to model the relationship between two or more explanatory 

variables and a response variable by fitting a linear equation to 

observed data. Every value of the independent variable x is 

associated with a value of the dependent variable y.  
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The population regression line for p explanatory variables x1, x2, 

... , xp is defined to be 

 y = 0 + 1x1 + 2x2 + ... + pxp. 

This line describes how the mean response y changes with the 

explanatory variables. The observed values for y vary about their 

means y and are assumed to have the same standard 

deviation . The fitted values b0, b1, ..., bp estimate the 

parameters 0, 1, ..., p of the population regression line. 

Since the observed values for y vary about their means y, the 

multiple regression model includes a term for this variation. In 

words, the model is expressed as DATA = FIT + RESIDUAL, 

where the "FIT" term represents the expression 0 + 1x1 + 

2x2+ ... pxp. The "RESIDUAL" term represents the deviations 

of the observed values y from their means y, which are 

normally distributed with mean 0 and variance . The notation 

for the model deviations is . 

Formally, the model for multiple linear regression, 

given n observations, is  

yi = 0 + 1xi1 + 2xi2 + ... pxip + i for i = 1,2, ... n. 

In the least-squares model, the best-fitting line for the observed 

data is calculated by minimizing the sum of the squares of the 

vertical deviations from each data point to the line (if a point lies 

on the fitted line exactly, then its vertical deviation is 0). Because 

the deviations are first squared, then summed, there are no 

cancellations between positive and negative values. The least-

http://www.stat.yale.edu/Courses/1997-98/101/linmult.htm
http://www.stat.yale.edu/Courses/1997-98/101/linmult.htm
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squares estimates b0, b1, ... bp are usually computed by statistical 

software. 

The values fit by the equation b0 + b1xi1 + ... + bpxip are 

denoted i, and the residuals ei are equal to yi - i, the difference 

between the observed and fitted values. The sum of the residuals is 

equal to zero. 

The variance ² may be estimated by 

 s² =  

also known as the mean-squared error (or MSE).  

 

 

 

 

 

 

  

Figure 154 Multi-variate Regression 
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 The Hypothesis Generation Task: Problem structuring is a pre-decision 

process by which the decision maker develops the salient characteristics of 

the decision problem. The decision maker must first develop the 

objectives and constraints of the decision problem. Once the over-all 

objectives are formulated, various structural elements are supplied. 

Structural elements may include: possible acts which are specified by the 

decision maker, relevant states of the hypotheses, and possible outcomes. 

Outcomes are determined by both, the act that the decision maker chooses 

and the state of the world that obtains when that act occurs. The 

hypothesis set that the decision maker creates should contain plausible 

hypotheses. The construct of "plausibility" includes the notion that for a 

hypothesis to be included in the set of hypotheses it should be sufficiently 

probable to be worth further analysis. This does not necessarily involve an 

assessment process as detailed and thorough as is typically implied by the 

term "probability assessment." All that is logically necessary at the early 

stages of problem structuring is that the decision maker makes a rough 

"go/no go" decision in regard to each hypothesis. Hypotheses that pass this 

crude plausibility test may be more carefully assessed in later stages of 

decision analysis. While it is possible that plausibility assessment and 

probability assessment share common elements, there are a few clear 

differences. The first major difference is in the nature of the task 

requirements. In a probability assessment task, assessments are usually 

made about the relative likelihood of a set of specified hypotheses known 

to the decision maker. In a hypothesis generation task, hypotheses are 

evaluated with respect to whether or not they should be considered further. 

This evaluation is complicated by the fact that the evaluation should be 

relative to both previously-specified hypotheses that the decision maker 

may have and unspecified hypotheses that are yet to be generated by the 

decision maker. Hypothesis generation tasks also have the characteristic 

that generated hypotheses should be consistent with any available 
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information. This information may be specific data or knowledge about 

the task. Obviously, hypotheses that are inconsistent with the available 

evidence should not be considered. Information provided by data and the 

task has a second important role, since it serves as a basis for the memory 

search processes described in the next section. Although the emphasis will 

be on memory search processes, the importance of the data as constraints 

to the logical possibility of hypotheses should be kept in mind. 
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i. Hypothesis Testing: Hypothesis testing begins with an assumption called Hypothesis., 

that we make about a population parameter. A hypothesis is a supposition made as a basis 

for reasoning. According to Prof Morris Hamburg, ― A hypothesis in statistics is simply a 

quantitative statement about a population.‖ Palmer O Johnson beautifully describes a 

hypothesis as ―islands in the uncharted seas of thought to be used as bases for 

consolidation as recuperation as we advance into the unknown.‖ 

ii. Procedure for Testing Hypothesis:  

 Set up a Hypothesis: The first thing to do is to set up a hypothesis about a 

population parameter. The two hypothesis in a statistical test are normally referred 

to as: Null Hypothesis & Alternative Hypothesis. 

 Set up a suitable significance level: The significance level is customarily 

expressed as a percentage, such as 5% is the probability of rejecting the null 

hypothesis, if it is true, The confidence with which an experimenter rejects or 

retains a hypothesis depends upon the significance level adopted. 

 Setting a test Criterion: This involves selecting an appropriate probability 

distribution for the particular test .i.e., probability distribution which can properly 

be applied. Test criteria must apply an appropriate probability distribution. 

 Doing Computations: Having taken the first three steps, we have completely 

designed a statistical test. Now we proceed to the performance of the various 

computations, from a random sample of size n, necessary for the test. These 

calculations include the testing statistic and the standard error of the testing 

statistic. 

 Making decisions: Finally, we may draw, statistical conclusions and take 

decisions. A statistical conclusion or statistical decision is a decision either to 

reject or to accept the null hypothesis. The decision will depend on whether the 

computed value of the test criterion falls in the region of rejection or the region of 

acceptance.  

iii. The Hypothesis : 

a) “Longer Duration of Driving before an accident leads to higher accident rate.” 

The longer the duration of driving, greater is the fatigue, and this factor becomes 

important when we consider the Physicopsychological aspect of the microdata for 
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the simulative analysis. The decision making power of any human is also affected 

by his or her fatigue levels. We have understood, according to the analysis till 

now that, when considering the reasons and facts behind the road accidents, we 

are supposed to take into account, the decision making power of the driver as well 

as his mental state. This level of analysis goes more deep into the biasness 

towards the driver being solely responsible for the accidents, but as per this 

project and subject to the constraints of the data and the associated analysis, the 

mentioned hypothesis was drawn. 

 

. 
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Figure 155:  The Scatter Plot between the Duration of travel and the accident rate for 2007-11 
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Figure 156 : The Bivariate Linear Regression between Duration of driving and the accident rate 
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b) “Maximum accidents occur on Mondays & Fridays.”  

A look at the statistical database shows an inclination towards more accidents on 

Mondays and Fridays, over a span of 4 years .i.e., 2007-11. This has been 

considered as one of the hypothesis, because of a trend observed in their 

distribution across the timespan. This also takes into account the effect of the two 

days on the traffic volume on the Thane Ghodbandar Road .The geographical 

location of the road explains the reason behind the traffic flow. After the 

statistical analysis of the duration of driving and the accident rate, we observe that 

it is 4 hours on an average for the accidents. But precisely when we look into the 

date, and understand the micro-level impact for the same, we observe that the 

duration of driving before meeting an accident is 2.5 hours on Mondays and 

Fridays. This further brings us to a conclusion that, the region within an area of 

2.5 hrs*40kmph, i.e. 10 km from Thane Ghodbandar road lies in the risk zone 

during the weekends and Mondays. A survey study gives us the following  

reasons for the same: 

 Rash driving on weekends for party 

 Haste to reach home early 

 Some plans for weekend which needs to be met. 

 Lazy driving on Monday 

 Sleepy State 

 Other reasons. 
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Figure 161 Map Layout for the Accident Prone Areas 
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c) “Tenure of holding a driving license directly affects the rate of accidents.” This 

is again a Physicopsychological parameter, considered, which is relevant, if 

believing in ―Experience is the best teacher‖.  

 

 

 

Figure 162 RepresentaEtion of bivariate regression between the Tenure of Holding a Driving License and the Accident Rate. 



SYMBIOSIS INSTITUTE OF GEOINFORMATICS, PUNE 

 
 

241 

d) “The nature of accidents, whether fatal or non- fatal is closely dependent on 

the date time modifiers.”  

Here we see, whether the day of the week or the time of the accident, really play a 

strong role in the occurrence of accidents.  

From the statistical analysis we observe that there is a slight increase in the 

number of non-fatal accidents on Mondays and Saturdays of the year 2007-09. 

But, in the year 2009-11, we observe a different trend, which says, there is an 

increase in the number of accidents on Tuesdays and Saturdays. The shift 

observed although, based on the current data, could not be explained. The 

requisite to do is to carry out a survey for the same and understand this. However, 

in the absence of this level of microdata, we were not very successful in 

addressing this hypothesis, although sincere efforts were made for the same.  

 

iv. Evidence: Evidence that will help validate or falsify the aforementioned hypotheses 

includes the following spatial and aspatial data. 

 Pre-existing Data: 

a) Shapefiles 

b) Accident Data 

c) Raster Data 

d) State and Country Data on Accidents 

e) Synthesized Data 

f) Survey Data  

g) Statistical Data 

 

 Derived aspatial Evidence: 

a) Graphs & Trend Lines 

 

 Derived Spatial Evidence: 

a) Maps 

b) Spatial Database 

c) GPS points  

 

 Unavailable data: 

a) The aspatial microdata 

b) The spatial microdata 

c) In-depth data for city wise accident data based on gender, age, 

time, etc. for a more comprehensive analysis 

d) Target Location Data 
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 Results & Discussions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

      

Table 25 Attributes of the Dataset used for Accident Sites for 2007-09 

Table 26 Attributes of the Dataset from Hotspots Analyses for 2007-09 
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Figure 165 Attributes of the Dataset  and from Hotspots Analyses for 2009-11 
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Figure 166  Attributes of the Dataset from OLS Analyses for 2007-09 



SYMBIOSIS INSTITUTE OF GEOINFORMATICS, PUNE 

 
 

246 

 
Table 31Attributes for simulation for accident sites 2007-2009 (i) 
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Table 32 Attributes for simulation for accident sites 2009-2011 (i) 



SYMBIOSIS INSTITUTE OF GEOINFORMATICS, PUNE 

 
 

248 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 32 Attributes for simulation for accident sites 2009-2011 (i) 
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Table 33 Attributes for simulation for accident sites 2009-2011 (ii) 
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Figure 167 The scatterplot for the different Regression Analysis carried out on the OLS and GWR Database for 2007-2009 
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Figure 168 Fig: The scatterplot for the different Regression Analysis 
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169 Fig: The scatterplot for the different Regression Analysis carried out on the GWR Database 
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Figure 170 The scatter plot for the parameters taken for RAYSIM (2007-2009) 
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 Figure 171 The scatter plot for the parameters taken for RAYSIM (2009-2011) 
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Figure 1702 The scatter plot for the parameters considered in RAYSIM for 2009-11 

 

 

  

  



SYMBIOSIS INSTITUTE OF GEOINFORMATICS, PUNE 

 
 

256 

 

 

Figure 1713 Bi-variate 
regression shown with 
different parameters 
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15.13 Conclusion 
In the very beginning of this project, the impact of accidents was discussed and later they were 

correlated to the temporal, spatial and physicopsycological data and their impact on accidents. 

We further postulated the various ways which could determine or reasons that could alter the 

accident rate. This research has in essence examined a series of snapshots as an output to the 

microsimulation model, RAYSIM. It also has shown the potential for microsimulation modeling 

to be applied for the road accident analysis. 

This approach has also given a more detailed picture based on the implications of the 

topography, the decision making power of the driver as well as the other temporal data on the 

accident rate.  

The microsimulation model RAYSIM has also used relevant methods, or tools which can be 

applied to analyze and uncover the road accident reasons, ranging from the location to the time 

and day of accidents. 
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CHAPTER 16 – INFERENCE 
 

The objective of this project was to forecast accident clusters based on the road geometry, 

gradient, width and curvature. Prediction of the blind-turns ahead was also one such aim of this 

project. For that very purpose, a decision support system for driver assistance aided to a 

navigator can be helpful in that case. ADAS (Advanced Driver Assistance System) are systems 

that help the driver in the driving process. It is designed with a safe Human-Machine Interface 

that increases car safety and delivers a more general road safety. It is rich, robust digital data 

which includes hundreds of road attributes. 

ADAS Usage 
The map attributes for ADAS has the following benefits and usage: 

 Active Safety: Adaptive front lights to avoid collision 

 Driver Assistance: Speed warning signs do pop up 

 Energy Efficiency: Hybrid Power-train control and predictive cruise 

control 

 Use-based Charging: Road User Charging and pay as you drive 

ADAS Benefits 

 Provide warnings on route 

 Improves route calculation 

 Route planning 

NAVTEQ Maps include data which can specifically support ADAS, such as road geometry, 

slope and height. Relying on these ADAS capabilities; key customers of NAVTEQ Maps helps 

drivers in better detection and avoiding dangerous situations and which in turn will prevent 

accidents. This technology has greatly been put to use abroad but that isn‘t the case in India. If 

this ADAS technology is put to use the accident rates can be reduced to a great extent. 

  



SYMBIOSIS INSTITUTE OF GEOINFORMATICS, PUNE 

 
 

259 

CHAPTER 17 – CONCLUSION 
 

The project work started with the following points in mind: 

 A Navigation Related Project 

 Probable topics submitted 

 Microsimulative approach selected, out of the given topics to NAVTEQ INDIA PVT 

LTD. 

Once the selection was done for the topic, we needed data to carry out the work. This was 

followed by data gathering to carry out a GIS project. This data had various facets which initially 

started with Survey. The survey was conducted, firstly to evidence the reasons available for the 

selection of Thane Ghodbander Road as our area of interest, secondly to collect the sample 

points, using GPS Navigator NAVON N85. Thirdly, the Survey was conducted to validate the 

results obtained from the analysis of the road, spatially and aspatially. 

This work led us to the following insights for the causes of the accidents on Thane Ghodbander 

Road  

 The blind curves are the major reasons for accidents accounting to 56% 

 The date time modifiers account for 23% of the total accidents 

 The physicospychological factors pertaining to drivers account to 11% of total accidents 

 The other causes like, drunken driving, ongoing construction projects, slipping, etc fall 

under accidental causes for accidents which account for 10% of the total causes. 
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Solutions were discussed based on the primary and secondary reasons. The spatial and aspatial 

analysis of the road gave us an insight as to why, was the accident rate alarming .i.e., 16% of the 

total road accidents in Maharashtra. 

The primary solution discussed was: 

 ADAS (Advance Driver Assisted System) assisted driving: This system has the potential 

to solve the problems leading to crash on the road. The reasons were well acknowledged 

by the experts, where also the road geometry was taken into account. This further 

exemplified the usage of ADAS, as to alert the drivers regarding the blind turns, sharp 

curvature, changing gradient, the traffic flow, etc. In high volume of traffic it helps 

maintain a safe distance from the potentially crashing vehicles.  

 Placing of concave mirrors at appropriate locations, eg, Blind Turns. 

 Speed Check Signs at regular intervals. 

 Safety Checks at locations where heavy constructions are taking place. 

 With analysis we derived that, there were certain location eg. Gaimukh which was a 

hotspot for accident, but lacked any trauma centre nearby. From survey, it was also 

unveiled that, lack of such centres has also made a minor accident into a fatal crash and 

added to accident severity 
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Figure 173 Analysis Result 
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ANNEXURE 
Questionnaire for the Survey 

Name of interviewer: ___________________________ 

Telephone: ___________________________________ 

I‘m conducting a survey on accidental injury. This survey aims to grasp the accidental situation 

of the population along the Thane-Ghodbunder Road, Maharashtra, including pattern, cause and 

treatment of these accidents, and the preventive measures taken by the public. Information 

provided will be strictly kept confidential and will be solely used for statistical purpose. Thanks! 

 

DETAILS OF THE SURVEYEE 

Name: 

Age: 

Sex: 

Employment Status: 

CONDITIONS AT THE TIME OF THE ACCIDENT 

Time of day: 

☐ Full daylight    ☐ Dusk     ☐ Night 

Visibility: 

☐ Excellent    ☐ Good    ☐ Fair     ☐ Poor 

Road Conditions: 

☐ Dry     ☐ Damp    ☐ Wet 

DATE START TIME END TIME DURATION No. OF HOUSEHOLDS 

09.02.2013 10:00 AM 4:00 PM 6.0 hours 12 

23.02.2013 01:00 PM 06:00 PM 4.0 hours 10 

24.02.2013 11:30 AM 05:30 PM 6.0 hours 15 

08.03.2013 12:00 PM 05:00 PM 5.0 hours 10 

15.03.2013 12:00 PM 04:30 PM 4.30 hours 8 

Table 27 Details of the Survey Conducted 
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ACCIDENT RELATED QUESTIONS 

Accident Cause: 

Did the accident result in an injury (Y/N): 

Nature and Extent of Injury: 

Action(s) Taken: 

Eye witnesses around: 

 

THE FOLLOWING QUESTIONS PERTAINS TO THE VEHICLE 

Vehicle Type: 

☐ Car    ☐ Truck 

☐ Van    ☐ Bus 

☐ Other: ____________________     

Victim’s Position: 

☐ Driver 

☐ Passenger --------- Location   ----------   ☐ Left  ☐ Middle ☐ Right 

☐ Other ---------------- ☐ Front Passenger ☐ Rear Passenger ☐ Third Seat (rear) 

Collision Type: 

☐ Driver Side Impact   ☐ Head on Collision  ☐ Front Impact 

☐ Passenger Side Impact   ☐ Rear Impact   ☐ Pedestrian Incident 

  

THE FOLLOWING QUESTIONS PERTAINING TO THE OTHER VEHICLE 

Vehicle Type: 

☐ Car    ☐ Truck 

☐ Van    ☐ Truck 

☐ Bus    ☐ Other: ____________________ 
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Victim’s Position: 

☐ Driver 

☐ Passenger --------- Location   ----------   ☐ Left  ☐ Middle ☐ Right 

☐ Other ---------------- ☐ Front Passenger ☐ Rear Passenger ☐ Third Seat (rear) 

Collision Type: 

☐ Driver Side Impact   ☐ Head on Collision  ☐ Front Impact 

☐ Passenger Side Impact   ☐ Rear Impact   ☐ Pedestrian Incident   
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APPENDIX 
 


