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Abstract

In this century engineers, managers, and decision makers are overwhelmed with statistical data for interpretation of road
condition for planning purposes. With new development and recording of digital geospatial data acquired from various
geometric-GIS have been a useful tool for data manipulation; it simplifies the way data are visualized and interpreted direct. On
the other hand, one of the most important issues on smart transportation is to have a passable road. In order to implement
smart transport system, the data in the form of Geographical Information Systems (GIS) is essential. This paper discusses the
simplified approach used by Tanzania National Roads Agency (TANROADS to convert the non-special data collected many years
back into Geodatabase to achieve a cost-effective GIS solution. The result was an integrated GIS system for visualization of Roads
network and assist in data interpretation and planning. In this way different data such as condition data sets collected in
different times were analyzed in GIS to assist decision makers identify part of the network that need attention. The output was
used for Quality Assurance of the data including for instance identification of sections with no survey information. Other
information such as sections with poor, fair and good condition could be easily identified and this information may be used for
different purposes. It is recommended that road implementers may use this method and available non special data to come up

with up with cost effective GIS systems for road asset planning and investment decisions.
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The modernized smart infrastructure is essential in the arena of city planners to develop more effective highway
transportation. It is claimed by [1] that Internet of Things technologies make it possible to develop the smart city roads
which easy traffic data become a golden tool in analyzing an environment for installation of smart technologies. The
database technology used in TANROADS cannot support multi access and therefore cannot support geodatabase. The
data collection for long term planning of transportation. The uses of Geospatial current setting support disjointed GIS;
that is, it is not real-time support update on the database to be reflected on GIS directly. Each time the database is
updated you need to create a GIS shape file and open using GIS software to reflect the changes in a map. This study

provides the solution for the fore mentioned problem.

To start thinking of smart roads the smart Infrastructure must exist first. To have such a smart infrastructure you need
to have quality and reliable data collected smartly. GIS is the most prominent tool to assist planers in analyzing road
data. Nowadays, public and private agencies have always tried to maintain their infrastructure assets in a good and
serviceable condition at a minimum cost [2]. Many factors influence the decision on making road transportation smart.
These include serviceability of the existing road assets, availability of funding and design structure of the road. For road
infrastructure to be smart, you need to ensure not only the pass-ability of the roads but also road condition in totality
as well as prioritization of maintenance and funding [3], [4]. The management decisions on what assets to maintain and
when to maintain them should rely on quality and reliable data collection. Widely road assets data has been presented
in statistical format or contextual manner making a narrow visualization of the pattern of where things are on the road
section. With GIS road assert such as culvert and bridges condition can easily be visualized and associated with
maintenance strategy in the decision [5], [6]. GIS can be used to analyze data on axle loading, economic value, road
population, and tourism as well as road classification. The GIS delivers powerful spatial analytics, allowing you to
discover patterns and gain intelligence to better understand travel behaviors and perform accident analysis [7], [ 8].
GIS has been widely considered to handle such a diverse range of geospatial data and nowadays it is the game of data

visualization for busy planners [9], [10].

Both statistical for economical analysis and GIS tool once well-integrated help decision-makers find the optimum
distribution of resources for cost-effectively in maintaining the infrastructure systems [2], [6], [11]. [t is a fact that the
disjoint database working in a standalone framework cannot be of much help in this arena of Big data. The GIS developer
passive that the database should have powerful engine to run GIS information. However, it is claimed by [12] that even
MS Access database should be integrated with GIS application to enable management of the roads attribute information.
Most common attributes include bridge, roads maintenance of objects, accident, evaluation and classification of object

and communication on the roads.

Itis claimed in [13], [14] that the road infrastructure management should provide complete life cycle coverage, starting
with planning and continuing until replacement or reconstruction. Many studies show that transportation planning is
a complex process that carefully requires forecasting of future needs and the study of existing travel patterns in cities

[11], [15], [16]. Such a situation forces the developer to innovate on updating their toolkit to accommodate planning.
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Therefore, to be of more meaningful roads information from the database should be integrated with the GIS system to

yield more intelligence in pavement management.

Railway and highway bridges are an important part of the land transport infrastructure [17]. They represent a major
investment for society and an important part of that investment goes to inspection and maintenance [18]. Knowing
exactly railway crossing, Road junctions, bridges location, type and size, and even culverts on GIS data can efficiently
increase automation and facilitate implementation of smart road technology. Nevertheless, understanding traffic
volume is a key for pavement design. With smart road technology safety levels in bridges, junctions, and culvert size are
expected to be higher in smart roads than in other parts of the land transport infrastructure. This comes naturally
because a failure of a bridge or culvert could have severe consequences in material damage and human lives [19]. As
critical assets of the road networks, special attention has been given to bridge structures as well as junctions/

intersections where more crushing occurs [19], [20].

Traffic volume on roads not only affects pavement design and road accident but also causes environmental pollution. It
is observed in [1] that with IoT sensors, cameras, and radar, data can be analyzed in near real-time and used to improve
congested roadways, streamlining traffic flow. Likewise, Data can also be sent to the cloud for long-term analysis,
providing critical insight for efforts such as reducing CO2 emissions or improving road conditions. It is also noted in
[21] that rapids expansion of the road networks is considered the major factor affecting sustainable development in
many countries. Conversely improvement of roads in urban area is the catalyst in increasing automobile manufacturing,

vehicle ownership, expansion of road network, and social interaction.

It is concluded in [22]-[24] that road network affects social networking and interaction, while social life is widely
affected by transportation facility available in the cities. Other studies also conclude the same that the expansion of road
transportation results in the increase of vehicle ownership, energy use, and higher emission levels, increasing
congestion, ever more complex and intrusive road networks, a vehicle-based society, and inefficient usage of available
resources [25]-[27]. The use of GIS in such situation is unavoidable. It is observed by [25]-[28] that GIS has thus focused
on three main goals: acquiring geographic information, studying geo-objects and their relationships, and exploring

advanced geographic rules that determine planners’ spatiotemporal behavior.

GIS is a computer system for capturing, storing, checking, integrating, manipulating, analyzing, and displaying data
related to positions on the Earth's surface [29]. GIS has been recognized as an important tool for geospatial data
application decision support and planning analysis [30], [31]. Since maps can make better understanding compared
with a verbal sentence or statistical data, GIS provides great capacity for applications about geospatial data [30], [31].
Nevertheless, GIS can be used as a tool in both problems solving and decision-making processes, as well as for the
visualization of data in a spatial environment [32]. On the other hand, geospatial data can be analyzed to determine the
location of features and relationships to other features, knowing where the most and/or least of some feature exists,
Measuring the density of features in a given space, understanding what is happening inside an area of interest and what

is happening nearby some feature or phenomenon, and classifying on how a specific area has changed over time and in
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what way [12], [33], [34]. GIS application appears to be a rational choice for the manipulation and analysis of
transportation infrastructure information [2]. This technology can be used in different areas such as scientific
investigation, disaster management, traffic management, resource management, environmental impact assessment,
asset management, cartography, archaeology, infrastructure management marketing, urban planning, public health and
epidemiology, defense, airline route planning, and many other areas. GIS has become more popular in transport
engineering. A more comprehensive pavement management models require a diverse collection of road-related data,
which can only be achieved with GIS [35]. Furthermore, GIS can also vastly improve the quality of the Decision-making
process by allowing better coordination of maintenance and Rehabilitation activities of different infrastructure assets
[2]. Apart from that, the GIS-based system can offer the best understanding of pavement design, in terms of improved
management of the road transport network and infrastructure [36]. To arrive at Smart Road, planners need to have a
systematic process for site identification, and the deployment of treatments based on sound research rather than

opinion-based infrastructure development [37].

It is argued by [38]-[40] that Smart roads use the [oT devices to make driving safer, more efficient, and in line with
government objectives. Smart roads combine physical infrastructures such as sensors and solar panels with software

infrastructure like Al and big data.

The study by [41], [42] show that, smart road technologies embedded in roads can improve visibility, generate energy,
communicate with autonomous and connected vehicles, monitor road conditions, and more. Furthermore, the study by
[42] show that Smart roads will bring about greater automation, higher energy efficiency, lower cost, improved public
safety, cleaner air, a greener environment, less traffic congestion, fewer accidents and fatalities, and hence improve the

overall quality of lives of city residents.

It is claimed in [41] that smart road phenomenon will no longer be viewed as static infrastructures but rather an
‘intelligent grid’, fully aware of the situation, context, and the environment. Smart roads will also be ‘end-to-end’,
meaning it will not only benefit the city residents but also the city leaders and operators [43]. It is asserted by [42], [43]
that with the improvement of technology residents will be able to interact with the smart transport entity through their
mobile phones while city operators will be able to monitor traffic and environmental conditions remotely but

attentively, responding promptly on a demand.

It is predicted by [43] that as smart roads progress towards realization, more research and development efforts will
be needed in the area of personal mobile, and software applications to help citizens realize the full benefits of future
smart transport. As shown in Fig. 1, the future will have a greater inter-mix and embedment of ICT and transportation.
Therefore, pavement management decisions need to integrate diverse spatially referenced data, including condition
surveys, construction history, skid resistance measurements, traffic counts, and construction and maintenance records

[12].
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Fig. 1. Future of smart transportation source: [43].

1.3 Core value of web-based GIS

The development of internet technology makes it possible for data communication between the Web servers and client
[31]. Web and the GIS are ever-evolving technologies and embrace the great potential for public use, allowing wider
involvement in environmental decision-making [7]. The information can be shared and transferred from one place to
another around the global with users making choices for access to geography-related information. The integration of

GIS and the internet further makes the geospatial information be in touch by users at anytime and anywhere [44].

It is stated in [2] that the distributed nature of the infrastructure asset also makes infrastructure management an
excellent ground for the use of emerging Web-based information technologies. These technologies allow efficient
inputting, accessing, and analyzing of information remotely from geographically distant locations. Currently, several
applications have been developed based on GIS technology for the management of traffic, road conditions, and
environment and safety data [45]. Web Based GIS applications are tools that allow users to control, interact, evaluate,
keep, manage and exhibit all kinds of geo-spatial data, as well as edit data through the web map and operations outcome

visualization [46], [47].

According to IGI Globle [48] “Web-based GIS is based on a type of distributed information. This set of technological
services is part of a communication structure between the GIS server and the client. Their relationship is expressed
through URLs and HTTP. Spatial data access, advanced mapping, and spatial analysis are the most common type of
analysis options in Web-based GIS”. A Web Based GIS Should be able to carry out any task that a standalone desktop GIS
application can do, but should be accessed remotely through the web [49]. Most current Web-GIS applications are
focused on environmental studies with fewer applications on infrastructure monitoring and management [31]. Web GIS
application plays an important role in environmental monitoring, bridge management, and public administration since
it provides GIS functionality through the Web. It also helps timely maintenance for an appropriate bridge since it allows

the responsible authority to access and visualize bridge conditions distantly and effectively [50], [51].

The GIS delivers powerful spatial analytics, allowing the authorities to discover patterns and gain intelligence to better
understand travel behaviors and perform accident analysis. It can significantly directly or indirectly reduce the number

of accidents on roads. It brings intelligence in planning, proper selection of pavement, innovation in maintenance,
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increasing safety, and other road assets [8], [52]-[54]. Similarly, Smart Road Technology aims at improving

transportation, health vitality, and living standards.

In order to arrive at good planning, selection of pavement type, improved safety and decide on maintenance strategy
[12], [55]. The pavement management needs to integrate diverse spatially referenced data including surveys,
construction history, skid resistance measurements, traffic counts, and construction and maintenance records [12].

The contribution of this paper is found on the methodology of converting non special database into geodatabase.

The TANROADS Road network database, popularly known as the Roads Maintenance Management System (RMMS) has
been developed many years ago when the GIS technology was not much being used. Initially the database was targeted
for storing the road network data and use it for maintenance planning and programming. Currently, although the system
continues to maintain the same functionality it is being used for diverse applications other than maintenance planning
and programming. The system is also being used for investment planning and it has been integrated with other decision
support tools such as Highway Development and Management too (HDM-4) for long planning of road maintenance

The current RMMS system have been integrated with GIS using an interface (GeoGIS) that connect to the RMMS and
convert any set of selected data into a shape file that can be opened and viewed using standard GIS software. The
challenge with this integration is that it is not real-time. Each time the RMMS database is updated you need to create a
GIS shape file and open using GIS software in order to reflect the changes in a map. This process is a bit lengthy, though
it serves the purpose of mapping. To alleviate this TANROADS team of Roads Management Systems formed team of
experts in cooperation with RMMS Software Programmer to investigate and implemented the more effective system of
integrating RMMS database with GIS. The adopted process enable viewing the RMMS data in a GIS map directly from
the RMMS database and perform all GIS analysis using GIS application using data from the RMMS database. This enables
the GIS view to be updated simultaneously as the database is being updated. The process involved converting the RMMS

which was non special database into Geodatabase while maintaining format of the RMMS database.

The GeoDatabase is any database with special representation capability. The GeoDatabase can show its features in GIS
maps and the map is updated as you update the database. The RMMS database was integrated with GIS through the
GeoGIS interface. The challenge with this integration is that it is not real-time. Each time the RMMS database is updated
you need to create a GIS shapefile and open using GIS software to reflect the changes in a map. This process is a bit long,
though it serves the purpose of mapping. To alleviate this, multi-disciplinary effort was required. The TANROADS
formed a team of experts in cooperation with RMMS Software Programmer to investigate and implement the more
effective system of integrating the RMMS database with GIS. The adopted process enabled viewing the RMMS data in a
GIS map directly from the RMMS database. The process involved converting the RMMS, which was a nonspecial database
into a personal GeoDatabase while maintaining the format of the RMMS database. We took advantage of the GeoGIS

interface for creating the shape file of the entire network and convert the shapefile into feature class directly.
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The Geodatabase is any database with special representation capability. The Geodatabase has ability to show its
features in GIS maps and the map is updated as you update the database. The conversion must ensure that all roads and
road sections are correctly defining, codded (numbered) in the non-special database (RMMS). The conversation of
RMMS into Geo Database involves three steps and that are as follows:
e C(Create the shape file of all the roads sections using any appropriate means including digitizing, using GIS
interfaces, etc.
e C(Create route layer of roads/sections in Arc GIS
e Convert route layer back RMMS Database and restore relational database capabilities with other non-special
tables of the RMMS.
The advantages are taken of the GeoGIS interface for creating the shape file of the entire network. The Arc GIS was then
used to convert the shape file into feature class. The process is summarized in Figs. 2,3, and 4 and are summarized as
follows:
e Use Arc Catalogue to create a Personal database called Roadmentor.mdb (The main RMMS database)
e Import the Feature class in Personal database as feature class (multiple). The feature class referred here is the
shape file for all roads here it is called (HighwayOrdnance)
e In Arc Map Create Route (Linear Referencing>Create Route) from the shape file, i.e HighwayOrdnance for

RMMS Geodatabase.

Fig. 2. Route layer highway ordnance.

e Reconstruct the routing table (HighwayOrdnance) in Roadmentor.mdb to include all fields of the standard
HighwayOrdnance table.

A
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Fig. 3. Rebuilding of new database.
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e Showing other features of the database along with the route file
The final physical database design of the RMMS specified the changes in database attributes that require both relational
database and GeoDatabase retrieval. In the case of RMMS, others data except nodes were shown as route events along
the route line with the link used as Route Identifier. The event was shown for instance as located FROM.... N TO...M
along the link route that is linear feature, or as a point feature using a distance from the start of the link or by
coordinates. This requires modification of the existing tables to contain the fields that will store the additional featured
required by arc Map data for each data row. For the case of RMMS, among others, the highway ordnance tables were
modified to include fields to facilitate locating features along the line highway ordnance route. This effect required the
modification of the following object inventory details, network condition paved and unpaved, bridges culvert, junction,

and nodes.

e Adding other base map layers to make the map presentable
The final base layer was added to the highway ordnance. The resulting map after showing other route events and adding

base map layers looks as shown below.

S @ w30 A8

Fig. 4. Adding the base layer.

2.2 Prototyping with WeBGIS

Until to date, the RMMS system uses a jet engine that cannot allow multi-user interaction. Therefore, the change of
backboned database becomes necessary to allow Web GIS. In the prototype of web server GeoServer with PostGreGIS
were configured. The GeoServer is an open-source platform for publishing spatial data and interactive mapping
applications. It was used as a spatial data server. It allows to creates map images from spatial information stored in
digital format. It can handle both vector and raster data. GeoServer renders map tiles according to specifications

provided by the Web Map Service protocol.

When a layer is configured in GeoServer, its data such as images for the map are saved using what's called the URL
endpoint. It's a link for where the application requests the images and creates the map. The server takes care of it and

makes the visual information available via that endpoint.
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2.3 Mapping technology

Mapping technology is the most important part of every web-based GIS application, which allows displaying data in the
form of maps [56]. There are three ways in which visualization functionality is implemented; static map renderers,
slippy maps, and flash mapping. The slippy mapping technique was used because it can provide dynamic and interactive
maps. Slippy maps are faster to load because they can load up only the tiles that a user wants to see, while static maps
load all the tiles at once [56]. Therefore, the lippy mapping technique can minimize computational time, processing

power, and memory resources.

3. Results and Discussion

3.1 Status of road network and inventory

The national road covers almost 36,257.97 km where the paved road is about 10,666 (29.42 %) and the unpaved road
is 25,591 (70.58%) as shown in Fig. 5. However, according to the RMMS data set, the development trends in the last
three years, that is June 2018 to September 2020, indicate that the paved road increased by 8.27 % while the unpaved
road decreased by 3.08% national wise. Fig. 6 shows GIS for the Inventory network. The inventory details indicate that

about 10,155 km is a bituminous road while 24, 718km is Gravel Road and about 1419 km is earth road.

Ve "
vopond gt Wl CRYC I
Tventory e taisA A PR e
[ e o e e
St i Y TR =
e . e

— e w
ey N4

Fig. 6. Inventory road network.
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It is observed in Fig. 7 that paved roads increase by 8.27% while unpaved roads decrease by 3.08. %. The decrease of

the unpaved road is estimated at y = 407.6x+26839 while the increase is estimated at y=407.6x +9418.

The above status of road development is common to many developing countries. The same situation is noted by [12]
and it is claimed that even in the capital city, not all roads are paved and some paved one are not in good condition.
Paved road network sometimes remains unchanged in length or surface for two or more decades while vehicle fleet are
double, population are tripled and human activity is highly increased. It is common in developing country to found many
parts of the road to have poor condition with extensive cracking, potholes, bleeding, and rutting. Nevertheless, lacks of
intelligence in annual maintenance strategy results in permanent surface water as a result there is a widespread loss of
grilles coverage drains, leading to blockage of the drains themselves. In such a situation GIS tool for intelligence in

decision-making for pavement is avoidable.

[ | |
30,000.00
25,000.00 V=-407 6x + 268 - 25,591.74
2 -
20,000.00 R®=0.989
15,000.00 Paved
[ o
10,000.00 -850 TSI 10666.23
y=407.6x+9418.
5,000.00 R*=0.989 = npave
0.00 d
2018 2019 2020
| | || n

Fig. 7. Road network growth in 2018-2020.

3.2 Discover patterns and gain intelligence using GIS

The bellow is the status of the condition of the unpaved road of Singida and Dar es Salaam as of September 2020. From
Fig. 8 it is observed in Singida region that most of the unpaved roads, which were surveyed in 2019/2020, were in fair
condition, few kilometers were in good condition, and poor condition scattered around the network. The same is
observed in Dar es salaam region in Fig. 9. With the map in Fig. 10, it is easier to identify other features like AADT, ESAL,
culverts size and position, skid resistance measurement, work history, committed road section, and all inventory
features of the road section. With the support of GIS visualization planners can reduce the challenges of ascertaining
smart roads in a road section. However, sections of unpaved roads with good and fair conditions may suit some future
of Smart Roads. GIS analytics can help the manager to identify the pattern in the road network and gain intelligence in
the plan for smart road technology. The essence of GIS, in this case, is to identify that section with a recent survey to
allow decision on the area that needs maintenance. With the constrained budget, the planner can have a narrow decision

on which area to inject money and which in particular can remain on a waiting list.

10
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Fig. 10. ESAL data in Mwanza and traffic volume in Dar es Salam.
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Fig. 10 indicates the Map of Mwanza and Dar es salam. The Map designate use of GIS to discover a pattern of AADT in
and ESAL data. The Annual Average Daily Traffic (AADT) is a measure used primarily in transportation
planning, transportation engineering, and retail location selection. Traditionally, it is the total volume of vehicle traffic
or road for a year divided by 365 days. It is a standard measurement for vehicle traffic load on a section of road, and
the basis for most decisions regarding transport planning, or to the environmental hazards of pollution related to road
transport. One of the most important uses of AADT is to decide on structural design aproprite for road section. In that
sense, the road section with higher traffic volume may be suitable for the installation of smart road technology. With
RMMS, the GIS planner was able to visualize areas with a higher volume of traffic during planning. The AADT is a source
of computing equivalent to single axle load (ESAL) which saves the purpose of establishing a damaged relationship for
comparing the effect of exle carrying different loads. The author advocate that pavement management decisions need
to integrate diverse special referenced data, including past and current condition survey, works history, committed
works, Annual daily traffic, road age of deterioration, as well as ongoing works on the roads. GIS Technology offers an
appropriate tool to handle such kind of information. New Geo Database allows dynamic changes of the data and reflects
the changes on the map immediately making the system to be of more user-friendly and allows in-time decision-making
process. AADT contributed much on arriving at economic factors and such contributed requires focuses on the survey

data processing to determine Cost-effective maintenance and planning to reduce traffic collision.

The magnitude of traffic accidents is very high in some parts of Africa. Smart technology for roads with wireless digital
traffic signs and roads that detect traffic violations can save people's lives not only on paved roads but also on unpaved
roads too. It is observed by [57] [57] that road traffic collisions, which include an incident with pedestrians, vehicles,
and animals, are currently the eight bigger killers in the world. The reports by [57] indicate that many as 14 million
people are Kkilled every year about one every 23 seconds while another 20 m to 50 m are injured but survive, often with
the life-changing disability. Many countries need strategies to reduce the number of road traffic-related collisions in the
community save lives by responding better to collisions when they occur, and enable people who have been affected by
road traffic-related trauma to cover and continues living healthy and productive lives. The current installation of the
loop counter in some part of trunk roads (Maping in bagamoyo road) does not only reveal the paten of vehicle
classification but also over speeding on the roads. It is observed in Fig. 11 that there was high speed between 13pm and
17 pm with maximum at 14 pm which was recorded at 100km/h. Father analysis indicates that short vehicle class were

the ones with higher speed on the roads.

Speed

Speed-10 (Metric) Site: T36-3294.0.0W (2)
Descr: KOFIA AKO!
Filter 9 Friday.
Filter: Cls(1-4) Dir(NESW) Sp(8, 1
Scheme: Vehicle classi

17:43 Frigay, April 23, 2021
8y(>0) Span(0 - 91.44) Lane{0-18)

<0:00:00 Friday, April 23, 2021 (Houn)

Speed (km/h) dt=1 hr

eo-{64 (PSL) 7

....................
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 16 16 17 1

Fig. 11. Over speed on the roads.
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GIS information is an important aspect in deciding on road maintenance funding. Fig. 12 indicates the GIS pattern of a
bridge in the Mbeya region. Bridges remain one of the cornerstones in roads assert as they allow people and animals
to go in their daily activities without having to negotiate a busy road, a dangerous railway line, or a fast-flowing river.
Bridges and junctions are prone to the accident due to road crossing and the abstraction of view of the vehicle coming
from different directions. We can argue that bridges and roads are as important to your health as what is in your
medicine cabinet. The economic impact of bridges can be easily realized when there is a bridge failure. Bridges is a
critical component of transportation infrastructure [33]. When a bridge closes economic activities slow or grounded to

a complete halt. Worldwide, road and its asset have a remarkable economic and social impact on society [4].

Fig. 12. Bridges location in mbeya regional network.

3.3 WebGIS

Web-based GIS applications can be as simple as presenting a simple map of the world to front-ending complex spatial
analyses of spatial distributions and processes. GIS-enabled web applications can utilize many technologies and
database platforms, the choice of which can impact the performance of the web application. MS-Access is not the
software of choice for a GIS application built around millions of records because the software has not been developed
to handle very large amounts of geographically referenced data efficiently. An important consideration in software
selection is the speed of response that is database response time as users may expect the result of GIS analysis to be
produced in real-time [56]. These requirements choose mapping, database, and development technologies and
standards are very important. GeoServer with PostGreGIS application can be of relevance in mapping, database, and
development technologies that are required to be used in developing high-volume web-based GIS applications. Fig. 13
indicate a web-based prototype. With web GIS, multiple users can have an online quarry. The user could quarry base

Map feature or Patten of the Road Network.
An important part of any web-based GIS application is its mapping or visualization technology to multiple users, which

makes it possible to show data in the form of maps. The popularity of web-based mapping applications, therefore, arises

in the wide dissemination of software that makes it easy for users and developers to publish map data at glance.
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Fig. 13. Online map queering.

4. Conclusions and Recommendations

In this article, we have demonstrated the methodology of integrating non spatial databases into GeoDatabase. This
article also gives out that the new simplified GIS system allows users department to visualize the results of database
queries and pavement management analyses on a map. As a result, it empowers road planners with intelligence on
decision-making for pavement maintenance. Users can view network conditions and economical factors at glance. With
GIS other not only road information can be revealed but also traffic volume and over spending. The integrated condition
data with graphs, tables, charts, maps is very efficient in helping engineers to communicate with politicians and others
stakeholders on issues arising on the roads. Moreover, with GIS those sections with the poor, fair and good condition

could be easily identified visually on the map.

It is noted that smart infrastructure is in the front end for improving transportation, human health, and living, which
applied, to both paved and unpaved. It is anticipated that future roads will be made intelligent and sign-free. Moreover,
they will be safer and commutative such that they will not only support mobility of people and cargos but also enhance
other projects such as energy, big data analysis, artificial intelligence as well as smart transportation technologies. It is

recommended that in pavement planning the use of GIS should take into account to improve intelligence in planning.
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