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ABSTRACT

Traffic problems are increasing by the day. In Abuja, where the travel demand and the travel
density are high, traffic creates numerous problems such as traffic congestion; traffic jam, and
delays among others.

U Application of Global Positioning SysterfGPS and Geographic Information Systems
(GIS) in management of highway systems is now well established. They are powerful
tools for the analysis of both spatial and +spatial data and for solving important
problems of networking. Methods fomplemening GPSGIS as useful toolsfor
management of trafficongestion wre developed and emgples of decisionmaking
applications are provided. A Traveler Information System (WBich providessolutions
to traffic congesion in the dudy area in three ways was developedfirst by providing
transport planners in road controlling authorities with Traffic data (Speed, Level of
Service, Travel and Delay time) to better understand congestion, assess its causes anc
target investment to where there is the most needondly traffic information which
enables commuters and motorists to take rational decisions as to which route (less or non
congested or the fastest route) to take during peak hour tranel.thirdly to evolve
gueries that can evoke graphicasponse, which could be used dckte traffic congestion

in the sudy area.

The reseach demonstrates he TIS capability in traffic congeston management by way of using
available and reliable traffic information to find the fastest roufer use when meetingan

appointment.
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CHAPTER ONE

1.0INTRODUCTION

The role of transportation toommuterscannot be overemphasised. Transportadohances
employment, education, healther vi ces and | eisure. |l ndeed,
(Wane, 2001)However, owing to high levels of motorization, in recent times, inadequate traffic
management strategies, as well as inadequate land use and transportation planning, traffic
congestionis not uncommon in cities all over the world. The economic, social, environmental
and safety costs of traffic congestion are numerous.

Traffic congestioncan be defined as the situation when traffic is moving at speeds below the
minimum allowabledesignedspeed of a roadwayt is travel time or delay in excess of that
normally incurred under light or freflow travel conditions (Lomax et al., 1997). Congestion can
generally be defined as excess demand for road travel. Supply of road traveludifuas is not
sufficient to meet demand levels to a given level of service. Consequently, travel speeds fall and
delays areexperiencedThis general definition of congestion implies that it can be measured in
various ways. Average speed, flow/densitglay and travel time variability can all be used to
assess the level of congesti@dAmudapuranet al., 2007.)

Traffic congestion isa major transportation problem of Nigerian cities. Abuja, Lagos, Ibadan,
Kano, Kaduna, Onitsha, Aba, and Port Harcpuetent various levels of traffic congestion. The

cost of congestion in urban centres of Nigevlaen computedis enormous. Ogunsanya (1983
estimated the cost of congestion on Wharf Road in Apapa, Lagos, to be

N22.4 million in 1984 or 3.3 billion Naira at @@ prices. Ogunsanya (2002) described
congestion s abreaker of Cities.

In the United States of America the 22 Texas Transportation Institute observed that congestion
cost in 68 cities amounted to $72 billion. Likewise in Britain, drivers lose aboulllosh man

hours a year to traffic congestion.oifiethinks congestion problems are not too bad for now, the



forecast of global traffic volume is that it will double between 1990 and 2020 and again by 2050

(Engwitch 1992). This is an indication of whaetfuture portends for urban transportation.

1.1 Geographic Information Systems (GIS)

Geographic Information Systems (GIS) are a set of computer software, hardware, data, and
personnel that store, manipulate, analyze, and present geographically ref¢oerspedial) data

(see 1.1)GIScan link spatial information on maps (such as roadway alignment) with attribute or
tabular data. For example, a digital map of a road network can be linked to an attribute table
which stores pertinent information regarding each road section on the nefw@ knformation

could include items such as the secimentificationnumber, length of section, number of lanes,
condition of the pavement surface, average daily traffic volume, etc.

GIS also includes a comprehensive relational database managentem @B8MS), which uses
georeferences as the primary means of indexing information. It allows presentation of data in a
meaningful way including map and textural/tabular reports. It provides spatial analysis and
modeling procedures that perform computatiom data groups or layers and identifies patterns

and relationships.
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Figure 1.1: Main Components of a GIS(Anumba, 200%

1.2 Global Positioning Systen{GPS)

The Global Positioning SystefGPS is a spacdased satellite navigation system that provides
location and time information in all weather, anywhere on or near the Earth, where there is an
unobstructed line of sight to four or more GPS satellites. It is maintained by the United States

government and is freely accessible to anyone with a GPS receiver.

A GPS navigation devicglexamples in fig. 1.2)s any device that receives Global Positioning
System (GPS) signals for the purpose of determining the device's current location on Earth. GPS
devices provide latitude and longitude information, and some may also calculate altitude. GPS

devices are used in military, aviation, marine and consumer product applications.



A variety o handheld receivers A taxi equipped wih GPS navigation system

Figure 1.2 GPS navigation devices

1.3 GPSi GIS integration

Global Positioning System (GPS) is a satellite system that provides highly accurate location with
the use of special GPS receivers and their augmentations. This acB@&tdata is of limited

use by itself, unless it is coupled with a powerful visualization tool like the Geographic
Information Systems (GIS). The GIS is a widely accepted visualization tool that presents data in
a graphic form, which is a convenient andeefive means ofdisseminatingcomplex
information. These systems also have loads of relevant spatial argpaial data existing as
different layers of information that can be expressed as a map. Thus, the integration of GPS and
GIS brings into existence powerful tool that has location and visualization aspects that can be
put to effective use in all its applicatiofSPS and GIS are proven to be the best solutions for
development of spatial information systef{umar and Benedict, 2011Application of GPS

GIS in management of highway systems is mosll established. They are powerful tools for the
analysis of both spatial and ngpatial data anébr solving important problems of networking.

A combined GPS5IS approach to collecting, analysing andrisig travel time information

helpstransport planner® better understand traffic congestion.

1.4 Justification for the Study
The existing system of congestion management system requires more reliable data which is

expensive to collect and maintalophisticated methods requiring aerial photography,

4
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videotaping or systems of vehicle detectors of significant length of highway are used to
measure traffic density, mostly in research studiesice, combine advancements in data
collection and presentationcteniques such as Global Positioning System (GPS) and
Geographic Information System (Gl8gketravel time and delay studiessy.Data

obtained from travel time and delay studies give a good indication of the level of service
on the study section. Thesetaalso aid the traffic engineer in identifying problem

location, which may require special attention in order to improve the overall flow of traffic

on the route.

1.5 Aim of study
The aimof the studyistgor ovi de a f r a meinfarmakiondysiem (TiS) asvae | | er
GPSGIS application for the management of traffic congestion in a medium city (Abuja city
centre).
1.6 Study Objectives
The objectives of this study are:
x to assess traffic situation within the city centre of FCT with GI8 provide
transport planners in road controlling authorities with Traffic data (Speed, Level of
Service, Travel and Delay time ) to better understand congestion, assess its causes
and target investment to where there is the most.need
x  to determine thdastest routéhat commuters and motoristantake duringthe peak
hour travel usingnetworkanalysis
x  to evolvequeries that can evoke graphical response, which couldeoetasnanage

traffic congestion.



CHAPTER TWO

LITERATURE REVIEW

2.0 Traffic Metering Parameters

The followings are traffic metering parameters:

Vi.

Vil.

viii.

Travel time is the time taken bg vehicle to traverse a given section of a highway.
Running time is the time a vehicle is actually in motion while traversing a given section
of a highway.

Delay is the time lost by a vehicle due to causes beyond the control of the driver.
Operational delay is that part of the delay caused by the impedance of other traffic. This
impedancecan occur ¢her as side friction, where the stream flow is interfexdt by

other traffic (for example, parking or unparking vehicles), or as internal friction, where
the interference is within the traffic stream (for example, reduction in capacity of the
highway).

Stoppedtime delay is that part of the delay during whithe vehicle is at rest.

Fixed delay is that part of the delay caused by control devices such as traffic signals.
This delay occurs regardless of the traffic volume or the impedance that may exist.
Travel-time delay is the difference between the acttralvel time and the travel time that
will be obtained by assuming that a vehicle traverses the study section at an average

speed equal to that for an uncongested traffic flow on the section being studied.

Capacity is defined as the maximum number of vddscthat can pass over a given
section of a lane or roadway during a given time period under prevailing roadway, traffic,
and control conditions. It is the maximum rate of flow that has a reasonable expectation
of occurring.

Traffic density is defined aghe average number of vehicles occupying a unit length of
roadway at a given instant, usually expressed as vehicles per kilometres. It is a measure

of congestion of a traffic stream.
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Spacingis defined as the distance between successively vehicles in a traffic stream, as
measured from front bumper to front bumper.

Headway s the interval in time between individual vehicles measured from head to head
as they pass a given point.

The term level of serviceis used to describe the different operating conditions which
occur on a lane or roadway when accommodating various traffic volumes below the
capacity of the facility. It is a qualitative measure of the effect of traffic flow factors such
as speé and travel time, interruptions, freedom to manoeuvre, driver comfort and
convenience, and indirectly, safety and operating costs. Six levels of service, levels A
through F, define the full range of operating conditions, with level of service A
representig the best or ideal to level of service F the worst or forced flow condition.
With each level of services, a service volume is defined, which is the maximum rate of
vehicular flow.

Headway s the interval in timéetween individualehicles measured from head to head

as theg pass a given point. It is expressed in seconds. It is also the distance between the
front of a vehicle and the following vehicle.

Spacingis the distance between successive vehiclesnaffictstream as meased from

front bumper to front bumper.

Gap is the headway in a major stream which is evaluated by a vehicle driver in a minor
stream who wishes to merge into the major stretis expressed either in units of time
(time gap) or in units of distance (gagap).

Density is the number of vehicles travelling over a unit length of highway at an instant
in time. The unit lengths usually 1 kilometre (km) thereby making vehicle per km

(veh/km) the unit of density.



XVii. Speedis the rate of motion expressed astance per unit time commonly expressed in
kilometres per hour (km/hr). It is an important measure of the quality of service provided
to the motorist.

a. Average running speed:Thi s i s also known as the fspa
stream measuremenaded on the observation of vehicle travel times traversing a section
of highway of known length. It is the length of the segment divided by the average
running time of vehicles to traverse the segment. The average running time includes only
the time the vRkicle is in motion and does not includes stopped delays.

b. Average travel speed:This is also a traffic stream measure based on travel time
observation over a known length of highway. It is the length of the segment divided by
the average travel time of veles traversing the segment including all stopped delay
ti mer s. 't is also a fispace mean speedo.

c. Time mean speedThis is the arithmetic average of vehicle speeds observed passing a
point on a highway and it i's al mdividuale f er r
speed are recorded passing a point and are arithmetically averaged.

d. Median speed:lIt is the speed at the middle value in a series of spot speeds that are
arranged in ascending order. 50% of the speed values will be greater than the median.
50% will be less than the median.

e. Modal speed: It is the speed value that occurs most frequently in a sample of spot
speeds.

f. Sport speed:it is an estimate of the distribution of speeds of vehicles in a stream of
traffic at a particular location on a highw It is the speed of a samplehicles ata
specified location.

g. Minimum allowable speed and Maximum safe speed are indices of traffic congestion.

(Garber and Lester, 2010)



2.1 Causes of Traffic Congestion andRemedialMeasures

There are tw@rincipal categories of causes of congestion, and they are; (a)-leweldactors

(e.g. relate to traffic on the road) and (b) maleneel factors that relate to overalemand for

road use. Congestion is fAtrigger edadn dathi dtrh e/ efi
Amacroo | evel by factors that contribute to
micro level factors are, for example, many people and freight want to move at the same time, too
many vehicles for limited road space. Manps may be delayed by events that are irregular, but
frequent: accidents, vehicle breakdowns, poorly timed traffic signals, special events like mass
social gatherings, political rallies, bad weather conditions, etc. which present factors that cause a
variety of traffic congestion problems. On the other side, macro level factors e.gisknd
patterns, employment patterns, income levels, car ownership trends, infrastructure investment,
regional economic dynamics, etc. also may lead to congestion.

Measure aimed at reducing congestican be either demand or supply side oriented. It is
therefore important to distinguish both types of measures. Three main factors influence the
supply sideof road travel:

A Firstly, capacity is one of the most importagiements of road space supply. For
example, the total kilometres of roads and the number of lanes determine the capacity of
the road network.

A Secondly, the operation of the road network influences supply. Maximising the efficiency
of operations, suchasog mi si ng signals |improves Asuppl

A Thirdly, the supply of the road transport equation is also affected by incidents such as
accidents or road works.

Importantly, the last two aspects can be influenced by traffic management approaches. It is thus
the suply-side of the road network that can be optimised by traffic management tools. Supply of

road space is mainly determined by past investment decisions and current operations. Changes in



the supply side of road space thus involve construction of new raaek $p reductions in
existing road space. Changes in traffic operations are also considered to be supply side measures.
Demand for road space influenced by a large number of issues.
A Demand is created when the need for travel between an origin antiretites arises.
Demand therefore strongly depends on seconomic and population factors.
A Another important factor influencing demand is the relative cost of road travel as well as
the availability of alternative means of transport.
A Other aspects thanfluence demand for road travel are availability of parking and the

social perception of car versus public transport trg@ehudapuranet al., 2007).

2.2 Applicationof GPSGIS
Various researches and studies have been carried out throughout the regafding
development of Information system using the combine -GS integration. Some of the
literatures referred for the study and considered as prime importance have been highlighted as
follows:
i.  Minimizing service delivery and travel time during rusburs downtown is strategic
target for several organizations, especially the emergency organizations. Theopaper
Riad et al.,(2012 utilizes multiple technologies combined to address a real time routing
for dynamic congestion road network. The papersgmées a system that receives
geographical information from a Global Positioning System (GPS) through Global
System for Mobile Communications (GSM) services (Short Message Service (SMS), or
General Packet Radio Service (GPRS)). The system utilizes theatimagamong GIS,
GPS, and either SMS or GPRS technologies for creatifimemoute.
i.h AThe ambul ance service, the exemplary gi f1
handicapped in the present existing condition. This reflects with the inabflithe

ambulance driver to reach the spot on time. To avoid these negative conditiorGI&PS
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technologies were used to maintain the objectives of the ambulance system, the base map
of the road routes in the study area was prepared from google earténseipied with
ground truth information. The spatial data for geterencing the prepared map was
acquired by a handheld GPS (Trimble). The GIS software was used (ArcGIS 8.1.1
version) in linking the spatial data with attributes like ambulance spots bad gaces

to reach, the ambulance is proposed to move and length of the roads (for drivers to reach
t he dest i nakumaoand Benedict, 20fie ) 0 .

Conventional means of manual collection and measurement of Road Traffic data is
usually time consumingost prohibitive and prone to human errOmwusu,et al., 006)
explored a new method of collecting traffic congestion data that is based on the
integration of Global Positioning System (GPS) and Geographical Information System
(GIS) technologies. The msarements of this project were carried out in Kumasi, the
second largest city in Ghana with a GPS receiver. Longiatitade pairs and speeds
were sampled at regular intervals, thus providing consistency and better accuracy in
measuring travel time datdnformation on starts and end times as well as trip
intermediate stations were automatically recorded compared with the traditional method
where the driver recorded data manually. It was established that, efficient vehicle
monitoring could be obtained liytegrating GPS derived traffic data such as traffic speed
and vehicle direction into a GIS environment. Using the geographic components in a
dataset and visualizing the results in a map provided clear picture of the stafécof

every route in the nefork. For example, road sections where delays and congestion
situations occurred were clearly indicated by the GPS based system.

AiINowadays, efficient vehicle monitoring can be achieved by integrating Global
Positioning System (GPS) derived traffic datahsas vehicle speed and direction of
traffic flow into a Geographical Information System (GIS) environment. This-GFSS

integrated system provides réahe meaningful location and status of the vehicles in the

11



Vi.

network. The system has been used to shovs¢lendto-second positional changes in
speed and directions of vehicles travelling in Kumasi, the second largest city in Ghana.
Using the geographic components in a dataset and visualizing the results in a map
provided a clearer picture of the tratitae of every route in the network. The GPS has
clearly indicated the road sections where speeds are unacceptable and driver behaviour is
affected giving transport planners the option to choose the desired speed management
technique to improve the traffic syt e @wusu,et al., 006)

Merry and Coifman,2005 describes a method of extracting transportation information
using global positioning system (GPS) receivers integrated with geographic information
system (GIS) technology. The collected Gitfihts were mapped to the highway using a
"snapping” technique in a GIS environment. Travel time, speed and congestion index
values were measured along selected highway segments for evaluating the traffic
condition of the highways.

The paper of Faghret al., (2003) presents the application of GPS in collecting travel
time, speed and delay information on 64 major roads all over the State of Delaware. A
comparative statistical analysis was performed between data collected by the GPS
method and data collesl simultaneously by the conventional method. The GPS data
proved to be at least as accurate as the data collected by the conventional method and was
50% more efficient in terms of manpower. Moreover, the sasipée requirement was
determined to maintaia 95% confidence level throughout the controlled test. Benefiting
from the Geographic I nformation Systemds
delay and speed information was integrated with other relevant traffic data and presented

graphically orthe internet for public use.

12



2.3 The importance of network analysis in GIS.

Routes and networks are the interconnected features that are used for transportation and include
highways, railways, city streets, rivers, transportation routes (transit, school buses, garbage
collection), and utility systems (electricity, telephone, watewage). Networks are an important

part of our everyday lives and analysis of these networks improves the movement of people,
goods, services and the flow of resour@es et al.,2002).

Two shortest path algorithms are most commonly used in transporntegtwork analysis. One

is Dijkstra's algorithmand the other i§loyd's algorithmDijkstra's algorithmsolves the single

source shortest path problems while i dafyarithm solves alpairs shortespath

In GIS, networks are used for more than just finding shortest routes. Resource allocation and
many other operations require network data.

Network analysis in GIS is often used to find solutions to trandpamtproblems by using either
vector or raster models to represent the real world. There have been numerous studies done on
which model is more effective for network analysis. The vebtsed model appears to be more
suited to analysis of precisely defthgpaths such as roads and rivers. The rasterbased model
seems best suited for analysis of problems where paths are ‘owfiped(Husdal, 2003).

The Network Analyst extension for ArcView solves problems of network traffic on streets,
rivers, railroads, ppes, or any interconnected set of lines. It can find the shortest or fastest route
between your origin and your destination, including all the stops along the way. It can tell
whether one place is or is not linked to another hundreds of miles awayddttfia closest
facilities to a location, such as the closest hospital to a vehicle accident and it identifies service
areas, such as areas serviced by a bank. Network Analyst can also build spatial models of traffic

flow (Ormsby and Alvi, 1999).
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CHAPTER THREE

3.0MATERIAL AND METHOD S

The following materialsvereused for the study.

i

i

i

Lap Top HP Pavilion Entertainment PC.
ArcGIS*9 (ArcCatalogand ArcMap Version 9.3).

GPSmap76CSXeceiver(GARMIN).

3.1Methodology

The methodologies thatereadopted for the study include:

T
T

Selection of study corridor.

Identification of traffic congestion areas in the city (Usiagvehicle mountedwith GPS
receiverthat is capble of logging in positional and time data and later download
onto a laptop computer.)

Traffic volume counting in some selected road junctions.

Georeferencing and digitizing the topographical map and the images.

Creationof Database (File Geodatabase)

Using Geographical Information System (GIS) Network Analysignbthe fastestroute

to take during peak hour travel. Travel cagtsbased on the length of time required to
travel between locations. Data used includes public data and data generated using a
Global Positioning System (GPS). Factors influencing the length of timeasusbhool
zones,traffic lights, and rush hour traffizvere considered in the determination of the

fastest route. The necessary stepswaattaking includes:

T Evaluation and selection of software thatsused

T Acquisition of data necessary for anadys

T Processing of acquired data to facilitate analysis

T Conducting the analysis

14



I Presentation of the findings

1 Data presentation, analysis and discussion

1 Figure 3.1 is thdMethodology Flow charts

Methodology How charts

Non spatial

GPS, Traffic data

Data
\4 \ 4
Spatial (X, Y, 2)
A\ 4 \ 4
Satellite
Image
\4
Georefence
\4
Digitizing
v | Geodatabase |
\4
Road networks

\ 4

Network analysis

A 4

Output (

Results)

Figure 3.1; Methodology Flow charts
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3.2The Study Area.

Abuja is the capital city of Nigeria. It is located in the center of Nigew#hin the Federal
Capital Territory (FCT). It has Coordinatés:A 4 NjOARND IN)B6EE7°N 7.483333F066667;
7.4833339 A 4 NjD AjNIN)BaGAE "N 7.483333F066667; 7.4833330ordinates 9 A 4 NjO njN
7 A 2 99N)66GAE7°N 7.483333F066667; 7.483333 Abuja is a planned citand was built
mainly in the 1980s. It officialljpecame Nigeria's capital on 12 December 1991, replacing
Lagos, which is still the country's most populous city. At the 2006 census, the city of Abuja had

a population of 778,567, making it one of the top ten most populous cities in Nigeria.

Abuja's geognahy is defined by Aso Rock, a 4@fetre monolith left by water erosion. The
Presidential Complex, National Assembly, Supreme Court and much of the town extend to the
south of the rock.

The Network roads consist of Express way, Arterial, Collector and Local roads. Other important
transport facilities that were developed include pedestrian walkways, overhead bridges, zebra
crossings, bus stops, parking facilities, tarring of some feedeisy@rection of streetlights and

traffic lights.

3.3 Traffic Situation in Abuja City Centre:

The transport infrastucture put in place in the city has not been able to ameliorate traffic

congeston in the cty. Themov e ment of governmentdéds seat and
companies from Lagos to the city hadluence the increasein the number of private cars

on the road. Moreover theimprovement in the income of civil servants and the windfall,

arising from it to the private sedor influencesthe rapid rate at which people bought vehicles.

This aso Thus, rather than depend on mass transit type of vehicles, which helped in the

reduction of traffic volume, everybody wants to ride his or her own private vehicles, which

has been noted to increasethe populaton of vehicles on the road and by extension the

congestbns arising thereafter
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Figure 3.2.: Map of Nigeria Showing Abuja, Fct.

Figure 3.3: Map of FCT Showing Abuja City Centre (Phase 1)
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Figure 3.4: Road Networks of Abuja City Centre (Phase 1), Fct.
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CHAPTER FOUR

4.1RESULTSAND DISCUSSION

Figure 4.1 is th&tudycorridor, the phase 1 of Abuja city centre.

Figure 4.1:. Map of phasel, Abuja city centre.

This map in figure 4.1 was processed using GIS to producehmmse 1Abuja city centre
showing theMagjor Road Networksin figures 4.2 and 4.3 below (See the Appendices for the

digitization process)
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Legend
—— Express Roads

—— Collector Roads
~ Aterial Roads

Figure 4.2: M ap of phase 1 Abuja city centre showing theMajor Road Networks
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Figure 4.3: Map of Abuja city centre phase 1showing theNames ofM ajor Road

Networks

4.2.0 Traffic Situation Assessment.

The traffic situation assessment carried out includes measurement of traffic density (using GPS

receiver) and traffic volume count.

4.2.1 M easur ements of traffic density with GPS Receiver.
A vehicle was mounted with a GPSmap76Cx (GARMIN}hat is capble of logging in

positional and time data and later downloaded onto a laptop computer (seefigures 4.4 and

4.5).
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Figure 4.4 GPSmap76Cx (GARMIN)

Figure 4.5: The vehiclewith the GPS receiver used in traffic situation assessment.

The system was useal for the determination of traffic condition (congegion data) in a pilot
projed covering the phasel of Abuja city centr&he vehicle travelled along major roads
with the city centre & the origin or degination of all the journeys. The vehicle was driven

floating in the traffic stream following the general traffic flow, so asto capure the expeded

22



traffic conditions in the morning as well as in the evening

4.22 Data Processng and Analysis
Following the field measurements, the GPS was connected to a compuyte figure 4.6and

captureddaa were transferrednto the computerfor processing and analysis.

Figure 4.6:.GPSconnectedo a Lapbp computer for dataansferred
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.2.3Information and Deduction from M easurement with GPS Recelver.
Figures 4.7 to 4.11 present the information and deductiontii@ffic assessientsituationon

AhmaduBello Waywithin the city centref Abuja, FCT, Nigeria.

[Ahmadu EBello Way/Bamex Junction]
i

[Ahmadu Bello Way/Diamond Junction|

 [Ahmadu B Way/Ransom Kuti Junction]

Figure 4.7: Ahmadu Bello Way on GPS MapSource
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Figure 4.8: Ahmadu Bello Wayson GPSGoogle Earth

Figure 4.9: Ahmadu Bello Way (showing Traffic Congestigron GPSGoogle Earth
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Figure 4.11: Data of traffic situation on theAhmadu Bello Way (Diamond Bank
Junctionto Barnex Junctionpn GPSMapSource

26



Table 4.1 Traffic Data on Ahmadu Bello Way (Federal Secretariat to Barnex Junction)

MEAN PEAK '\SEQE TOTAL PEAK '\SEQE PERCENT
AM/ | DISTANCE | TRAVEL PEAK TIME LEVEL OF
ROUTE SEGMENTS PM (KM) TIME TRAVEL DELAY DELAY | RUNNING DELAY | SERVICE
(SECONDS) SPEED (SECONDS) SOURCE SPEED %)
(KM/H) (KM/H)
Federal Secretarig Am 3.2 285 41 105 Signal/Con 65 37 A
gestion
To
Diamond Bank
Ahamadu Junction Pm 3.2 409 29 181 52 44 A
Bello Way| Diamond Bank | Am 1.5 282 19 191 Signal/Con 59 68 D
Junction gestion
To
Barnex Junction| Pm 1.5 313 17 200 Signal/Con 47 64 C
gestion

1. Ahmadu Bello Way (Federal Secretariat to Diamond Bank Junctidfrning peak

period (AM)

a. Distance (3.2km), mean peak travel time (285s) and mean peak travel speed

(41km/h) in table 4.1 are providesh GPS MapSourde figure 4.10

b. MeanPeak Running Speed km/hr = (55+61+62+65+73+67+75569 = 65kmph

(see fig.4.10)

c. TotalPeak Delay = [((Mean Peak Running Spéee(Ylean Peak Travel Speed))/

Mean Peak Running Speed] mean Peak Travel Time

= [(65-41)/65] 285 = 105sec

d. PercenTime Delay (%) = (Total Peak Delay/Meardk Travel Time) 100 =

(105/285)100 = 37%

2. Ahmadu Bello Way (Diamond Bank Junction to Barnex Junction)Evening peak

period (PM)

a. Distance (1.5km), mean peak travel time (409s) and mean peak travel speed

(29km/h) are povidedon GPS MapSourde figure 4.11

b. Mean Peak Running Speed km/hr = (58+53+49+51+48)/5 = 52ksejetfig.4.11)
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c. Total Peak Delay = [((Mean Peak Running Spéedjlean Peak Travel Speed))/

Mean Peak Running Speed] mean Peak Travel Time

= [(52-29)/52] 409 = 181sec

d. Percenfime Delay (%) = (Total Peak Delay/Mean Peak Travel Time) 100 =

(181/409)100 = 44%

3. Level of Service (LOS)expresses the performance of a highway at Traffic volumes less

than capacity.

a.

b.

Level of Service A:Percent Tine Delay ranges from 380%
Level of Service B: Percent Time Delay ranges from-86%
Level of Service C:Percent Time Delay ranges from-65%
Level of Service D:Percent Time Delay ranges from-88%
Level of Service E:Percent Time Delay rangdésm 80-85%
Level of Service F:Percent Tme Delay ranges from 8500%
(Garber and Lester,2010)

Tables 4.2 and 4.3 are traffic data on Ahmadu Bello way from Federal secretariat to
Barnex junction.

Table 4.2Traffi c data a0 Ahmadu Bello Way (Federal Secretariat to Diamond
Bank Junction)
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Traffic Data Morning Period (AM) Evenzgg']vll;’erlod
Distance (km) 3.2 3.2
Travel Time (sec.) 285 409
Mean Speed (km/h) 41 29
Delay Time (sec.) 105 181
Running Speed (km/h) 65 52
% Time Delay 37 44

4.2.4Traffic data Imported into GIS (as in figures 4.12 and 4.13pr presentation.

Attributes of Sheetl$ = |[=] ﬁ

Tralfic Data Moming Period (AM) Evening Period (PM)
} [ Digtance {lim) 12 iz
Travel Time (sec ) 285 409
Mean Speed km/h) LYl 29
Delay Time (sec.) 105 181
Running Speed {m/h) 65 ha
% Time Delay Y 44

Record: ﬂﬂl 1 ﬂﬂ Shaow: W Selected | Records (0 out of & Selected) Options = |

Figure 4.12: Traffic data in attribute table of GIS.

Ahmadu Bello Way (Federal Secretariat to Diamond Bank Juncticn) @

Ahmadu Bello Way (Federal Secretariat to Diamond Bank Junction)

‘ Worning Period I Evening Period |

ano

350"

3004

2504

2004

1504

1004

504

=
I

Distance (km} Travel Time (sec.) Mean Speed (km'h} Delay Time (sec.) Running Speed (km/h} % Time Delay
Traffic Data

Figure 4.13:Graph presentation of the Traffic data in GIS.
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Table 4.3: Traffic data on Ahmadu Bello Ways (Diamond Bank Junction to Barnex
Junction)

TRAFFIC DATA MORNING PERIOD EVENING
(AM) PERIOD (PM)
Dsitance (km) 15 15
Travel Time (sec.) 282 313
Mean Speed (km/h) 19 17
Delay Time (sec.) 191 200
RunningSpeed (km/h) 59 47
% Time Delay 68 64

4.2.5Traffic data Imported into GIS (as in figures 4.14 and 4.15pr presentation.

Attributes of Sheet1$ e
Traffic data Moming Period(AM) Evening Period (PM)
¥ | Dsitance fom) 15 15
Travel Time (sec) 282 33
Mean Speed fkm/h) 15 17
Delay Time (sec.) 151 200
Running Speed {km./h) h9 a7
L Time Delay &8 B4
Record: ﬂjl 1 jﬂ Show: I Al Selected | Records (0 out of 6 Selected) Options -I

Figure 4.14:Traffic data in attribute table of GIS.

AHAMADU BELLO WAY (Diamond Bank Junction to Barnex Junction)

AHAMADU BELLO WAY (Diamond Bank Junction to Barnex Junction)

| [ Morning Period [ Evening Period |

Dsitance (km) Travel Time (sec.) Mean Speed (km'h} Delay Time (sec.} Running Speed (km/h) % Time Delay
Traffic data

Figure 4.15:Graph presentation of the Traffic data in GIS.
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Figures 4.16 to 4.20 present the information and deductiontfiadfit assessientsituation

on HerbertMacaulayWay within the city centref Abuja, FCT, Nigeria.
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[Herbert M Way/Wuse Market Areal

[Herbert M Way/NNPC Area Junction|

%)

5

Figure 4.16: HerbertMacaulay vayon GPS MapSource
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Figure 4.17:HerbertMacaulay vay on GPSGoogle Earth
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Figure 4.18:HerbertMacaulay vay (showing Traffic Congestiomn GPSGoogleEarth
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Figure 4.20: Data of traffic situation onHerbertMacaulay vay (Wuse Market Area to

NNPC Area)on GPS MapSource
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Table 4.4Traffic Data o HerbertMacaulay vay (Berger junctionto Wuse Market Arga

pEAk | PEAK | TOTAL | peax | pEak |PERCENT| pyp
DISTANCE PEAK TIME
ROUTE | SEGMENTS | AM/PM (KM) TRAVEL |TRAVEL DELAY DELAY |RUNNING DELAY OF
TIME SPEED (SECONDS) SOURCE| SPEED (%) SERVICE
(SECONDS)| (KM) (KM)
Berger Am 15 1049 5 903 Signal/ 36 86 F
junction conges
tion
To
Herbert | wuse Marke{ Pm 1.5 475 12 361 fi 50 76 D
Marculey Area i
Wuse Marke{ Am 3.3 620 19 410 Signal/ 56 66 D
Way Area conges
tion
To
NNPC Area
Junction Pm 3.3 683 17 464 f 53 68 D

1. Herbert M acaulayWay (Wuse market Areao NNPC Area Junctior) Morning period

(AM)

a. Distance (1.5km), mean peak travel time (1049s) and mean peak travel speed

(5km/h) are providedn GPS MapSourcat figure 5:13

b. MeanPeak Runmig Speed km/hr = (51+37+29+27)/4 = 36knfpke fig. 5:13)

c. TotalPeak Delay = [((Mean Peak Running Spee(Ylean Peak Travel Speed))/

Mean Peak Running Speed] mean Peak Travel Time

= [(36-5)/36] 1049 = 903sec

d. Percenffime Delay (%) = (Total Peakdlay/Mean Peak Travel Time) 100 =

(903/1049)100 = 86%

2. Herbert M acaulayWay (Berger Junction to Wuse Market junction Evening peak

period (PM)
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a. Distance (1.5km), mean peak travel ti?hé55) and mean peak travel speed

(12km/h)are providecbn GPS MapSourcat Figure 5:13

b. Mean Peak Running Speed km/hr = (50+37+46)/3 = 50kispd fig. 5:13)

c. Total Peak Delay = [((Mean Peak Running Sf)ée(Mean Peak Travel Speed))¢an

Peak Running Speed] mean Peak Travel Time

= [(50-12)/50]475 = 361sec

d. Percenfime Delay (%) = (Total Peak Delay/Mean Peak Travel Time) 100 =

(361/475)100 = 76%

Tables 4.5 and 4.6 are traffic data on Herbert Macaulay way from Berger Junction to
NNPC Area.

Table 4.5Traffic data orHerbert Macaulay way(Berger Junction to Wuse Market
Area)

MORNING PERIOD EVENING
TRAFFIC DATA (AM) PERIOD (PM)
Distance (km) 1.5 1.5
Travel Time (sec.) 1049 475
Mean Speed (km/h) 5 12
Delay Time (sec.) 903 361
Running Speed (km/h) 36 50
% Time Delay 86 76

4.2.6Traffic data Imported into GIS (as in figures 4.21 and 4.22pr presentation.
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Attributes of Sheetl$

Traffic Data Moming Period (AM) Evening Period (PM)
* | Distance dom) 15 15
Travel Time (sec ) 1049 475
Mean Speed (km./h) 5 12
Delay Time {gec.) 503 361
Running Speed fkm./h) 36 50
% Time Delay 86 76

Records (0 out of & Selected)

Remrd:ﬂj 1 jﬂ Show: W Selected Options -

Figure 4.21:Traffic data in attribute table of GIS.

HEREBERT MACAULAY WAY (Berger Junction to Wuse Market Area)

| 3 Morning Perios B Evening Period |

1,000+

104

Distance (km)

Travel Time (5&c.) Mean Speed (kmvh) Delay Time (Sec.)

Traffic Data

Running Speed (kmh) % Time Delay

Figure 4.22: Graph presentation of the Traffic data in GIS.

Table 4.6Traffic data orHerbert M acaulay ways Wuse Market Area to NNPC Arga

MORNING PERIOD EVENING
TRAFFIC DATA (AM) PERIOD (PM)
Distance (km) 3.3 3.3
Travel Time (sec.) 620 683
Mean Speed (km/h) 19 17
Delay Time (sec.) 410 464
Running Speed (km/h) 56 53
% Time Delay 66 68

4.2.7Traffic data Imported into GIS (as in figures 4.23 and 4.24%or presentation.
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Aftributes of Sheetl$ = |/[=] g

Traffic Data Moming Period (AM) Evening Period
¥ | Distance danl 33 33
Travel Time (sec.) 620 [in]
Mean Speed (um/h) 15 17
Delay Time fsec.) 410 464
Running Speed {km/h) 56 53
% Time Delay 66 (%]

Record: ﬂjl 1 jﬂ Shaow: W Selected | Records (0 out of & Selected) Options = |

Figure 4.23:Traffic data in attribute table of GIS.

HERBERT MACAULAY WAY (Wuse Market Area to NNPC Area)

= Morning Period [l Evening Period |

Distance (km) Travel Time (S&c.) Mean Speed (kmm) Delay Time (38¢.) Running Speed (kmh) % Time Delay
Traffic Data

Figure 4.24:Graph presentation of the Traffic data in GIS.

Tables 4.7.0 to 4.7.2 are identifi@dngested and Uncongested Roads

Table 47.0. Attributes of roads
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OBJECTID*| SHAPE* [ ROAD TYPES Road_Name One_Way | Speed | SHAPE Length | Condition
1|Polylne | ATERIALROAD | AHMADU BELLD WAY LHS F 42 16.230855 | CONGESTED
2 |Polylne | ATERIAL ROAD | AHMADU BELLO WAY RHS T 40 16.277024 | CONGESTED
3 |Polyne | ATERIALROAD | SaniAbacha Way LHS F 100 9107258 | UNCONGESTED
4 |Polylne | ATERIAL ROAD | Sani Abacha Way RHS F 100 9.393804 | UNCONGESTED
S |Polyne | ATERIALROAD | Herbert Macaulay Way LHS F 30 9.433855 | CONGESTED
5 |Polylne | ATERIAL ROAD | Herbert Macaulay Way RHS T 30 9.459322 | CONGESTED
7 |Polylne | ATERIAL ROAD | Shehu Shagari Way LHS F 45 11855586 | CONGESTED
8 |Polylne | ATERIAL ROAD | Shehu Shagari Way RHS T 44 11.863754 | CONGESTED
9 |Polyline | ATERIAL ROAD | Olusegun Obasonjo Way LHS F 47 5.860355 | CONGESTED
10 | Polylne | ATERIALROAD | Olusegun Obasonjo Way RHS T 47 5.883116 | CONGESTED
11 | Polyline | EXPRESS ROAD | Murtala Muhammed Express Way L | F 120 23.845252 | UNCONGESTED
12 | Polylne | EXPRESS ROAD | Murtala Muhammed Express Way R | T 120 23.910272 | UNCONGESTED
13 | Polylne | EXPRESS ROAD | Nnamdi Azikiwe Express Way LHS | F 120 2218303 | UNCONGESTED
14 | Polylne | EXPRESS ROAD | Nnamdi Azikiwe Express Way RHS [T 120 22138758 | UNCONGESTE

Table 47.1. Attributes of Express Roads

Attributes of Express Roads

D@g

FID Shape * Id NAMES CONDITION

k 0 | Polyline 2 | MURTALA MUHAMMED EXPRESS WAY | UNCOMGESTED

1 | Polyline 1 | NNAKDI AZIKWE EXPRESS WANY UNCOMGESTED
Record: ﬂjl 1 ﬂﬂ Shuw:l Al Selected | Records {Uﬂ

Table 47.2. Attributes of Aterial Roads

1- Attributes of Aterial Roads

m

FID Shape Id HAMES CONDITION
3 0 | Polyline 1 | IBRAHIM BABAGINDA WAY UNCONGESTED
1 | Polyline 2 | SHEHU SHAGARIWAY CONGESTED
2 | Polyline 3 | AHMADU BELLO WAY CONGESTED
3 | Polyline 4 | SANI ABACHA WAY UNCONGESTED
4 | Polyline 5 | HERBERT MACUALEY WAY CONGESTED
% | Polyline § | OLUSEGUN OBASANIO WAY UNCONGESTED
& | Polyline 7 | MOSHOOD ABIOLA ROAD CONGESTED
7 | Polyline & | MUHAMMED BUHARI WAY UNCONGESTED
& | Polyline 9 | TAFAWA BALEWA WAY CONGESTED
9 | Polyline ]
10 | Polyline 10 | COMSTITUTION AVENUE UNCONGESTED
11 | Polyline 11 | INDEPENDENCE AVENUE UNCONGESTED
12 | Polyline ]
13 | Polvling 1]

Remrd:ﬂjl 1 ﬂﬂ Show: W Selected | F‘.emrdsj

-

Table 47.2. Attributes ofCollector Roads
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Attributes of Collector Roads EERRE X
FID Shape Id NAMES CONDITION -
3 0 | Polyline 1 [ ALVAN IKOKU WAY CONGESTED I
1 | Polyline 2 [ AGUNT IRONSI STREET UMCONGESTED
2 | Polyline 3 | ADETOKUNBO ADEMOLA CRESENT CONGESTED
3 | Polyline 4 [ KASHIM IBRAHIM WAY UMCONGESTED
4 | Polyline 5 [ AMINU KANO CRESCENT CONGESTED
5 | Polyline ] CONGESTED
& | Polyline ] UMCONGESTED
T | Polyline & | MICHEAL OPARA STREET UMCONGESTED
2 | Polyline T [YAKUBU GOWON CRESCENT UMCONGESTED
59 | Polyline & | R.B DIKKO ST. UMCONGESTED -
10 | Pohyline 9 [ MAHMUD RIBADU ST. CONGESTED 1
11 | Polyline 10 | YAKUBU GOWON CRESCENT CONGESTED
12 | Polyline 11 | YAKUBU GOWON CRESCENT CONGESTED
13 | Polyline 12 | MUHAKMRBMADU BUHARI WAY CONGESTED
14 | Polyline 13 | SAMUEL LADOKE AKINTOLA BOULERVE | UNCONGESTED
15 | Polyline 14 | FUNMILOLA RANSOME KUTI RD. UMCONGESTED
16 | Polyline 15 | KAKM SALEM ST. CONGESTED
17 | Polyline 16 | 1.5 TARKAR ST. CONGESTED
18 | Polyline 17 | ZAKARI MAIMALARI ST. UMCONGESTED
19 | Polyline 18 | SANNI ABACHA WAY UMCONGESTED R
20 | Polyline ]
21 | Polyline 19 | MONSTEROTO ST. CONGESTED
22 | Polyline ]
23 | Polyline 20 | DOULA CRESCENT UMCONGESTED
24 | Polyline ]
25 | Polyline 21 | KATSINA-ALA ST. CONGESTED
26 | Polyline 22 | LAKE CHAD CRESCENT -
Record: ﬂjl 1 jﬂ Show: I? Selected | Records (0 out of 35 j

Summary 1

U The speed information, travel and delay time generated from the use of GPS

enables transport planners in road controlling authorities to better understand

congestion, assess its causes and target investment to where there is the most

need.

The time datdzero speed for 14seconds in indeg( of table 4:8)allows

re-adjustmenbof traffic light for management of traffic congestion.

The viewing of the traffic situation in google earth makes it easy to study the

network roads at critical location for

figure 4: 25 below)

Table 48. Track data
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4.3.0Traffic Volume Count
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Figure 4.25View of traffic situation at Barnex junction in google earth.

The traffic situation in some sekcted road junctions in Abuja city centerwas eamined




through traffic volume count on six major junctions of the FQ@ese junctions are:

Berger, Barng, Federal secretarial, Nicon Hilton, Area 10 and Area 11 Jurscisrshown

S/NO

JUNCTIONS

MONDAY

TUESDAY

WEDNESDAY

THURSDAY

FRIDAY

SATURDAY

SUNDAY

TOTAL

in figures 4.26 and 4.27 Using the data collected from vehicle counting

conducted as part of travel survey carried out for the purpose of this

research The summaryfor the traffic situation for a week is as shown in Table 4.9.

leJm:toﬁ ]\
)

[Ty r—
baioetdom tabporsinscall

t

Figure 4.26 SampleCongested pad junctions for traffic volume count

Table 4.9: Traffic volume incident on sdeded junctions per day and for a week
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BERGER 41840 42431 43802 44109 45643 35261 18750 271836
BARNEX 46077 46730 51606 47102 47453 28905 15828 283701
FEDERAL

SECRETARIAT 46320 47501 47584 47490 46870 12480 4758 247199
NICON HILTON 47610 48532 49146 48334 43116 27658 10356 274752
AREA 11 42313 45475 46492 46003 47341 23246 11623 262493
AREA 10 44025 44385 44405 43823 44130 26643 12433 259844

Situatien of Traffic volume per day in some selected Junctions in Abuja city centra - @
Situation of Traffic volume per day in some selected Junctions in Abuja city centre
| Monday Tuesday VWednesday Hl Thursday I Friday M Saturday  H Sunday
o
BERGER BARNEX FEDERAL SECRETARJIAJNCTIONS NICON HILTON AREA 11 AREA 1D
|

Figure 4.27 Stuation of Traffic volume per day in some selected junctions in Abuja
city centre.

Barnex junction recorded the highest traffic volume because:

It is a business environment that attracts both privatgahlic vehicles.

There are two petrol stations also at this junction where vehicles come to buy fuel.
Vehicles that come from the express usually pass through this junction, either to
Wuse or down to the Federal Secretariat.

There is a net work houses (&) in this area, also consist of different banks

where people usually come for diverse transactions.
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Federal Secretariat Junction: Federal Secretariat junction has almost the same traffic
volume every day from Monday to Friday, because the environmembns of government

offices and private firms which have regular attractions and departures. The junction is
usually less in traffic volume on Saturdays and very less on Sundays, because civil servants
do not go to work on these days.

Berger Junction: Berger junction is usually the highest on Saturday and Sundays because
vehicles still pass through this junction on Saturday mainly for business purpose and this is
usually less in order junctions.

Area 10 Junction: records the lowest volume from Monday taday because the junction
services few business areas with alternative routes; moreover some of the roads that lead to
these junctions have been blocked for security reasons. However, it has reasonable volume on
Saturday and Sunday when compare with otleeysa result of the shopping complex,

Cultural centre and some churches situated in the environment.

4.4.0 Georeferencing and digitizing thepographical map and the images of Abuja city

centre (see figure 4.28).
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Figure 428: Map of phase 1Abuja city centre.

4.4.1 Physical desgn
This is the sbge where the choice of the ©ftwaresand hardwareswasdetemined. In this
study, ArcGIS 9.3(ArcCatalog and ArcMap Version 9.8Jere usedto processthe maps.
The major hard ware used is the lap top hp and GPSmap76CSXreceiverto collect

informationon the mordinates.

4.4.2 Analogue to Raster Conversion:
The street guide and topographical maps of Abuja were scanned and loaded into ArcGIS

9.3 (ArcCatalog and ArcMap Version 9.3
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4.4.31mage Geo-referencing:

After loading the images into ArcGIS*9 they were registered to conform to UTM
Coordinatesystem with 32North Minna.Prior to this, coordinates of seven estdlished
control points were recorded during the field work, using GPS hand recever
configured and projected to Universal Traverse Mercator Zone 31 with Minna as the

Datum. Using the above information, the coordinatesfor the imageswere detemined.

4.4.4 Raster to Vector Conversion:
After the images have been geo-referenced, the images were exported to ArcView 9.3
software environment. It wasfrom this environment that on-saeen digitizing was carried
out. Detais on the images were tracedout in segments aspoints, lines and polygon. This
was done by creating layers for eachtheme. Thus, themes such asarealand use formed
the polygon layer; road network of Abuja formed the linear layers while road junctions

formedthe point layer (see figure 4.29)
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Figure 4.29. Modelling Traffic Congedions in Cities.(Ogunbodede, 2006)

The traffic patterrduring the peak hour travel in Abuja City centre is as shown in figure 4.30
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2300 4200 $600

Figure 4.30: Traffic Patterrduring the peak hour travel in Abuja City centre

4 5.0 Network Analysis Methodology
Preparation of data to become Network data set.

45.1 Database Creation (File GeodatabasepPatabase ia large amount of data stored in a

computer system so that one can find and use it easily.

1 Lunch ArcCatalog by clicking oArcCatalog icon

Connect folder

Connect folder by clicking on connecting folder option in ArcCatalog window, then Browse

to the location of the folder on the deskstop as shown below:

File Edit View Go Geoprocessing Customize Windows Help

= x|SR EEEN QBB P s
Folder Connections v -
= =
Catalog Tree 1 x J Contents | Preview I Degcripﬁon|
[E% Folder Connections

(3 Database Servers
E5l Database Connections

Choose the folder to which you want to connect:

@ Toolboxes [Conned To Folder M]




Figure 4.31: ArcCatalog FolderConnections

& ArcCatalog - ChUsersinp usen\Deskiop\ABUIA NEWWORK I

File Edit View Go Geoprocessing Customize

Windows Help

plea @e x EEDR QRERE

CUsers“hp user\Desktop " ABUJA NEWWORK

EJEET

Catalog Tree a1 x

X

[

=1 E3 Folder Connections
£ Ci\Users\hp user\Desktop\ABUJA NEWWORK
ﬁ Toolboxes
({7 Database Servers
£l Database Connections
i GIS Servers
[Z5 My Hosted Services
[ Ready-To-Use Services

Cortents | Preview | Description |

Mame

13 ABUJA.gdb
#1.png

#H11.png

Q| ABUIA. mxd

[=J ABUJA_ROAD.shp
@ Resulting image tif

Figure 4.32: ArcCatalog File Geodatabase.

1 Right click on connected folder

M Click on new then File GeodataBase

1 Name it as Abuja
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Type

File Geodatabase
Raster Dataset
Raster Dataset
Map Document
Shapefile

Raster Dataset



4l ArcCatalog - CAUsers\hy

File Edit View Go Geoprocessing Customize Windows Help

& EE B -
C:\Users‘hp user\Desktop \ABLUJA NEWWORK -
= [T =
HEEL
Catalog Tree # X | Conterts | preview | Description |
i1 3 Folder Connections N T
ERE] C:\Users\hp user\Deskiop\ ABUIA hiaaasos Rl yee
13 ABUJA.gdb B Copy Chrl+C File Geodatabase
B 1.png Raster Dataset
% 11.png Rename B2 Raster Dataset
ABUJA.mxd Map Document
51 Disconnect Folder
% ABUIA ROAD.shp e [ o shp Shapefile
E b Resulting image:tif A = ge.tif Raster Dataset
[+ colooxes
New 3
(g Database Servers | = Folae
£ Database Connections [ Properties... [ 3 File Geodatabase |
GIS S
63 GIs Servers O Personal 4y, File Geadatabase
5 My Hosted Services B va
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Figure 4.33: ArcCatalog New File Geodatabase.
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F5 My Hosted Services
&5 Ready-To-Use Services

Figure 4.34: ArcCatalog Abuja ghd File Geodatabase.

MName

3 Abuja.gdb

@/ ABUJA.mixd

[ ABUJA_ROAD shp
i Resulting image tif

Type

File Geedatabase
Map Decument
Shapefile

Raster Dataset

4 5.2 Feature Dataset:Is a set of data to be analysetirefile Geodatabase Feature Dataset

T Abujai was created.

1 Double Click on Abuja.gdb

9 Click on new then Feature Dataset

1 Name it as Abuja
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1 Click next and Select the cabnate system

i Click next, then next and Click Finish

PO e e

File Edit View Go Geoprocessing Customize Windows Help
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13 Abuja.gds ¥ Abuja.odb File Geodatabase
ABUIAmxd Qasui B Copy ctrl+C Map Document
(=] ABUIA_ROAD.shp [=Jasuid Shapefile
[ Resulting image tif FBResult) % Delete Raster Dataset
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£ Database Servers Rename F2
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Figure 4.35: ArcCatalog New Feature Dataset.
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XY Tolerance

The XY tolerance is the minimum distance between coordinates before they are
considered equal. The XY tolerance is used when evaluating relationships between
features.
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Z Tolerance

0.001

M Tolerance

0.001 Unknown Units

Reset To Default About spatial reference properties

Accept default resolution and domain extent {recommended)

[ < Back ][ Finish J[ Cancel ]

Figure 4.36: ArcCatalog New Feature Dataset, XY Tolerance.
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Figure 4.37: ArcCatalog File Geodatabase FeatuDataset.
4 5.3 Feature ClassesFile Geodatabase feature classdbuja Road was created.
91 Double Click on Abuja Feature Dataset
1 Click on new then Feature Class
1 Name it as ABUJA_ ROAD
1 Under Type Select LineFeature

M Click next, then next and Click Finish

B3 ArcCatalog - Ci\Users|

File Edit View Go Geoprocessing Customize Windows Help

80 @ g
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ElEEE
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File Geodatabase Feature Datas:

[ g 1 . ] _— B ssam ||

& ArcCatalog - C\Users\h

File Ean|guré°4538mAwgc®a°t&Fo

gNewFeature Class.

= x QR RO e :
C\Usersthp user'\Desktop ABLIA NEWWORK\Abuja gdb Abuja - -
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B L Abuja.gdb [E) ABUJA_ROAD File Geodatabase Feature Class
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Figure 4.39: ArcCatalog File Geodatabase Feature Class.
45.4 Coded Domain Databas@roperties were create@pde Descriptiorftypes of roads).
1 Under Catalog Tree by Leifand Side
1 Right Click on Abuja gdb
1 Click Properties
1 Under Domain Name Type Road
1 Under Description Type All Type of road
1 Under Domain Properties, Select Text under Field Type

1 Under Coded Value, type for the code and description as follows

Desaption
1 Express road
2 Arterial road
3 Collector road

1 Apply and Click Ok.

' 3
Database Properties Iﬁ
Domains
Domain Name Description -

Road Tvpe Al Type of road Lo

< [ b

Domain Properties:

Field Type

Text

Domain Type

Coded Values

Split policy

Default Value

Merge policy

Default Value




Figure 4.40: Database Properties.

T
T

Under Catalog Tree by Left Hand Side

Double Click on Abuja

Right Click on ABUJA_ROAD

Click Properties

Click Filed Tab

Under Field Name Type Road_type

Under Data Type select Text

Under Field PropertiegJnder Domain Select Road Type

Apply and Click Ok.

- ™
Feature Class Properties ﬂ
| General I Editor Tracking I XY Coordinate System I Domain. Resolution and Tolerance
Fields | Indexes I Subtypes | Feature Extent I Relationships I Representations
Field Name Data Type -
OBJECTID Object ID L
SHAPE Geometry
SHAPE_Length Double
Road_type Text

Click any field to see its properties.
Field Properties
[ Alias | Road type [ ]




Figure 4.41:Feature Class Properties.
NOTE
At least you must havime following in your attribute table:
1 Road Name
1 Road Type
1 Direction of travel

1 Speed

45.5 Adding Image for Georeference and Shapefile for Digitizing

1 Lunch ArcMap by cliking on ArecMap icon

M Click on add Data, then browse for the folder

Untitled - ArcMap

File Edit View Bookmarks Inset Selection Geoprocessing Custemize  Windows  Help

Det | & B EX M EEEED
R Q[ @3k 53 b AddDate.. el
Georeferencing = Add Data :I =
Editor = ; Metwork Analyst = E‘[ﬁ A Add new data to the map's active  ftical Analyst - @ =
Table Of Contents ox data frame.
asaE EF Tip: You can also drag data into
Eé fvoi:;;ﬂ‘:lp from the Catalog

Figure 4.42: ArcMap- Add Data.
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1 Add the resulting Image by double click the image
1 Add the Shapefile by double click Abuja gdb
1 Double click Abuja

1 Select ABUJA ROAD then click Add

( Add Data e |
Lock in: [ﬁﬁ.buja '] & L.a| el ﬁ' Bl @&
Name: ABUJA_ROAD
Show of type: [Damsets, Layers and Results v] [ Cance| ]

Figure 4.43: ArcMap- Abuja Road
4 5.6 Georeferencing

Georeferencingis the process of taking a raster image or vector coverage, assigning it a
coordinate system and coordinates, and translating, transforming, and warping/rubber
sheeting it into position relative to some other spatial daizh) as survey locations, street
intersections, etc.
To Georeferncing a Map

1 Under Georefernce Toolbar, Click Georeferencing and uncheck Auto Ajust

@) ABUJA - ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customiz
U da B & - | 11125 - s

RAT@I 3l e (- DI N@ 7 E 2K
Georeferencing | | Resulting image tif ']_,!"" _FQ' @ |

E Ger

-

[ Fit To Display

[v| Auto Adjust

Flip or Rotate Auto Adjust
Transformation

Toggle the automatic adjustment
on or off.




Figure 4.44: ArcMap- Auto Adjust
1 Add control point by clicking add control points icon
1 Select the location then right click and input the target coordinate. e.g X and Y

coordinate

@ ABUJA - ArcMap
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

NS R XD (b |15 v;@@[g e g
QANQIFIl e« (-0 K@ FIENAES TR
: ing~ o 7 Flog &+ &+ s e I
. Georeferencing [Rumngmage_ﬁ v]ZI.,e‘\ i @ = ® :l il
- Editor~ 2 © Network Analyst ~ | Brl-Eof B & ﬁ © Geostatistical Analyst @i s
Table Of Contents I x
&lac8|E
EF=] v Dats o IR
ABUJA_ROAD
0 D_ N Enter Coordinates
=] Resulting image.tif =
RGB b N33 162.870020
M Red:  Band 1 Y: 985692.807584
[ Green: Band_2
M Blue: Band_3

Figure 4.45: ArcMap- New Data Frame.
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The following are sample targedordinate used for the work (in meters)

SIN X Y
1. 333162.803874 985692.807584
2. 333170.245295 985684.473192
3. 333163.068458 985678.784639
4. 333157.611416 985684.903141

[ R T
[EB—4 New Data Frame
= [ ABUJA_ROAD
=] Resulting image.tif
RGB
Bl Red: Band_1
I Green: Band_2
Bl Blue: Band_3

Figure 4.46: ArcMap- Resulting Image
45.7 Diqitizing

The process of converting the geographic featuresRaster Map to Vector Map,Analog
Map to digital Map, Static Map to Dynamic Map,

The Digitized Map of the Study Area is shown below:
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Figure 4.47 Digitized Map of the Study Area

T

Double click feature class

Double click on Data Management Tools

Double click integrate, a dialog box appear
Browse for digitized road (ABUJA_ROAD)

Select ABUJA ROAD then click Add and ok.

Integrate all the digitized line feature by clicking on Arc ToolBox

Q) ABUJA - ArcMap = B
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DBESLEAR X (D0 ] EEEEO
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i Georef = i ™ . W W il ® P =5 500
 Georeferencing ~ | Resuling mage tf SR - gial : 1% @I m & N H | Bi = @9 Deto Management Taols k4 Hg
¢ Editor~ 2 © Network nalyst~ | B - 17 [ (] Geastatistical Analyst= SD0RER B @E\ 3 & Archiving B
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2o : 3 & Data Comparison —_| N ?
g #_ Integrate & Distributed Geodatabase I =
5 £ New & Domains fes to show. B
a ® Input Features Input Features = & Feature Class =
- [ =] ., Append Annotation Feature Classes b
E B Resu The feature classes to be #, Calculate Default Spatial Grid Index H
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Re " between features #, Create Feature Class =
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el o8 the varices #, Create Random Points
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er rank will #., Update Annotation Feature Class
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igher rank than 2). % General
Joatures in the & Generslization
lass with a rank of
ove when a large & Geodatabase Administration
nce is used. &5 Geometric Network
i & Graph
& Indexes
Sl B mime | &l

A1 o, e




Figure 4.48 ArcMap- Input Features

#, Integrate

=S

Input Features
| = &
Features Ranks
C:\Users'thp user\Desktop\ABUIA NEWWORK\Abuja. gdb\Abuja\ABUJA_ROAD
Il T b
XY Tolerance {optional)
Meters -

Input Features

The feature classes to be
integrated. When the
distance between features
is small in comparison to
the tolerance the vertices
or points will be clustered
(moved to be coincident).
The feature class or layer
with the lower rank will
snap to the feature from the
feature class or layer with
the higher rank (with 1
being a higher rank than 2).
Mote that features in the
feature class with a rank of
1 may mave when a large
x.y tolerance is used.

[ oK ] [ Cancel

] [Environments... ] l

<« Hide Help ]

l

Tool Help

Figure 4.49 ArcMap- Input Featureintegrate.

To save the digitized and integrated ABUJA_ROAD

M Click on file then clock save as

1 A dialog box appear

1 Locate the location where to save the digitized and

I Under file name type ABUJA arlicks save

integrated ABUJA ROAD

4 5.8 Creating a Network dataset Creatinga set of data to be analysed.

NOTE:

In creating a Network dataset the main factor is the COST

Cost attribute:
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1 Travel time

1 Travel length.

U Lunch Arc Catalog
U UnderCatalog tree,right click on Abuja

U Select new then Network Dataset

File Edit View Go Geoprocessing Customize Windows Help

eleyo B x BREERQBEEBE P

C:\Users“hp userDesktop  ABLA NEWWORK Abuja gdbAbuja - -

= =

L @ I-‘_‘:E! =

Catalog Tree f X | Cortents |F‘review | Descn'ption|
=l E3 Folder Connections

Bl £ C\Users\hp user\Desktop\ ABUJA NEWWORK

= 3 Abuja.gdb [=]ABUIA_ROAD

p

g‘l ABU @ Copy Ctrl+C

i Resu

3| ﬁ Toolboxes % Delete

# [ Database Se

# 3l Database C

7 [ GIS Servers | = Refresh  F3

# [ My Hosted

Name

Rename  F2

Manage 3
T (& Ready-To-L =
# B3l Tracking Cc| New r | ] Feature Class...
Import 3 % Relationship Class...
Export b [[2a] Terrain...
P Properties... |ﬁ Network Dataset...
Topology...
HI Topology Mew Network Dataset
Parcel Fabric... _
. Create a new network dataset in
€] Geometric Netw| thi feature dataset.

Requires the Metwork Analyst
extension. Disabled if that
extension is not checked in the
Customize » Extensions dialog.

Figure 4.5Q Creating a Network dataset
U Click next then enter name(Abuja_ND)
U Click next then select the road (ABUJA ROAD)
U Click next therselect YES
U Click next then click Connectivity

U A dialog box appear, under connectivity policy select Any vertex then click ok.

esktop\ABLJA NEWWORK\Abuja.gdb\Abujz

File Edit View Go Geoprocessing Customize | Mew Netwaork Dataset

& e B x| 2 EEE R QIR
- The default connectivity settings for network datasets establish connectivity
C\Users\hp user\Desktop ABLJA NEWWORK\Abuja gdbAbl only at coincident endpoirts of line features during the build process

=1 =
FEE; . I .
IF you wart to use different connectivity settings. click the Connectivity button L
Catalog Tree nox below. *You can change the connectivity settings now, or you can changs
51 Folder Connections them after the network dataset has been created —

=l £ C\Users\hp user\Desktop\ABUJA NEWWORK
A Abuja
B ADITIA el




Figure 4.51 Creating a Network datas€bnnectivity.

U Click next then next

U Underspecify the attributes for Network dataset, click Add to add 3 new
attribute(Speed, Length and Travel Time)

4.59 Speed
U click Add to add new attribute

U Under name, type Speed

U Under usage type, select Cost
U Under units, select Meters

U Under data type, select Double

U Then click ok.

File Edit View Go Geoprocessing Customize | New Network Dataset

aleyE @B x| 88
C:\Users\np userDesktop\ABUJA NEWVWORK\Abuja gdb\AH)
=Y =R
ERBE
Catalog Tree 7 x

Specify the attributes for the network dataset:

@ Name Usage Units Data Type Add

|
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ove
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Figure 4.52 New Network datasefdd New Attribute.
4.510Length

U Click Add to add new attribute

U Under name, type Length

U Under usage type, select Cost

U Under units, select Meters

U Under data type, select Double

U Then click ok.

cCatalog - C:\Users\
File Edit View Go Geoprocessing Customize | New Network Dataset Py
«lee | BE x| 23 EEE @ B
CA\Usershp user\Desktop\ABLA NEWWORK Abuia gdb g | Peoty the atiibutes forthe network dataset
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[F]use by Default

Figure 4.53 New Network datasefdd Attribute, Length
4.511 Travel Time

U Click Add to add new attribute
U Under name, type Travel Time
U Under usage type, select Cost
U Under units, select Minutes

U Under data type, select Double

U Then click ok.

File Edit View Go Geoprocessing Customize | New Network Dataset

By | B R % | ga EE

Bl
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Figure 4.54 New Network datasefdd Attribute, Travel Time..
U Click on Evaluator
U Dialog box appear, under attribute selécivel Time
U under type select field
U Under valueright click select value then properties
U Field evaluator dialog box appear

U Under Value =, type Field then click ok.

&l ArcCatalag - CAUsers\h
File Edit View Go Geoprocessing Customize | Mew Network Dataset

& B EN= A Q 4
Specify the attributes for the network dataset

C:\Users‘\hp user\Desktop \ABLA NEWWOHKWu]a.gdb\&E
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FEE
= A £ length Cost IMeter: Double e
Catalog Tree 2 x ( u
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55 Ready-To-Use Services
Delete DEL

3 Tracking Connections

Figure 4.55 New Network dataseEvaluators.

File Edit View Go Geoprocessing Customize | New Network Dataset
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Figure 4.56 New Network datasefField Evaluators.

-

About network evaluators

Ok

-
Ewvaluators ——— — — M
Attribute: [Travel time V]
Attribute Values:
Source Values | Default Values

! Source Direction Elerment Type Value R
ABUIA_ROAD From-Te Edge Field = expression> | b ]
ABLIA_ROAD To-From Edge Field = expression> '&r‘

J [ Cancel ] [ Apply ]

U

Figure 4.57. Evaluators Attribute Values Travel Time
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4.512 For the speed

U under attribute select Speed

U under type select field

U Under value, select shape length

U Then apply and ok

U Click next then select YES and click direction

U Click on general tab

U Under Name, select Road_Name

U Then apply and ok.

U Click next, summary dialog box appear then click finish.

r

Evaluators

Attribute: [ Speed

Attribute Values:

Source Values | Default Values

' Source Direction
ABUJA_ROAD From-To
ABUJA_ROAD To-From

Element
Edge
Edge

Type
Field
Field

Value
Shape_Length
Shape_Length

R) ]

About network evaluators

K ] [ Cancel

Apply




Figure 4.58 Evaluators Attribute Values Speed
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Figure 4.59 Network Directions Properties
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Figure 4.60:New Network Dataset.

U Click YES to build the new network dataset

U The result shown below:

-

Mew Metwork Dataset

The new network dataset has been created. Would you like to build it now?

| Yes | ’ Mo

Figure 4.61 New Network Dataset Created.

)l ArcCatalog - C\Wse A

File Edit View Go Geoprocessing Customize Windows Help
s Bex BEERQEERD ;
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= 3 Abuja.gdb {H Abuja_ND File Geodatabase Metwork Dataset
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E| ﬁ Toolboxes
| @ Database Servers
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Figure 4.62 New Network Dataset Created Build.

4.513 To add the Abuja_ND in ArcMap

0 Lunch Arcmap

U Click on add data icon, browse and locate the Abuja_ND

U Select Abuja_ND and click Add.
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Figure 4.63 Add Data.

U Click YES to addo the map

Do you also want to add all feature classes that participate in 'Abuja_ND' to the
map?
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Figure 4.64 New Data Frame.
4.514 To create NewRoute: The route solver fingithe shortest or quickepath between
two or more stops.
U Click on Network Analysis tab

U Click new route

Figure 4.65 Creation of New Route

U New route features will appear on Table of contents(LHS)
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