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Abstract- Vehicles saturation in transportation infrastructure 

causes traffic congestion, accidents, transportation delays and 

environment pollution. This problem can be resolved with 

proper management of traffic flow. Existing traffic management 

systems are challenged on capturing and processing real-time 

road data from wide area road networks. The main purpose of 

this study is to address the gap by implementing a mobile phone 

based Road Information Management System. The proposed 

system integrates three modules for data collection, storage and 

information dissemination. The modules works together to 

enable real-time traffic control. Disseminated information from 

the system, enables road users to adjust their travelling habit, 

also it allows the traffic lights to control the traffic in relation to 

the real-time situation occurring on the road. In this paper the 

system implementation and testing was performed. The results 

indicated that there is a possibility to track traffic data using 

Global Positioning System enabled mobile phones, and after 

processing the collected data, real-time traffic status was 

displayed on web interface. This enabled road users to know in 

advance the situation occurring on the roads and hence make 

proper travelling decision. Further research should consider 

adjusting the traffic lights control system to understand the 

disseminated real-time traffic information. 

 

Index Terms— Road Information Management System, Mobile 

Phone Application, Road Traffic Congestion, Software 

Development, Traffic Management 

 

I.  INTRODUCTION 

System testing and implementation is among the 

project stages where theoretical design is turned into a 

working system [1, 2]. It is built on the results of all prior 

Software Development Life Circle (SDLC) stages. In this 

stage components of the system constructed during 

design and development stage are installed in the 

production environment. In this research a mobile based 

Road Information Management System (RIMS) was 

developed and implemented, purposely for mitigating 

traffic congestion. W-model was used as a SDLC model 

for developing and implementing the system. This model 

was preferred over other models due to its flexibility in 

implementing systems comprising sub systems. The W-

model incorporates testing into entire SDLC phases. The 

model clearly illustrates that testing should start at the 

very beginning of project. It is claimed in the literature [3] 

that testing is an optimal way to produce a quality 

software application. A comprehensive testing 

management examines all components associated with 

the application. Even more, testing provides an 

opportunity to validate and verify things like the 

assumptions that went into the requirements, the 

appropriateness of the systems that the application is to 

run on. More likely though, in testing the focus is mainly 

on the functionality and reliability of application itself [4]. 

Reference [5] argues that, implementation phase 

continues until the system is operating in production in 

accordance with the defined user requirements. Testing is 

involved in every stage of software life cycle, but the 

testing done at each level of software development is 

different in nature and has different objectives. Reference 

[2] lists items in testing spectrum as follows: - (i) Unit 

testing is done at the lowest level. It tests the basic unit of 

software, which is the smallest testable piece of software, 

and is often called “unit”, “module”, or “component” 

interchangeably. (ii) Integration testing is performed 

when two or more tested units are combined into a larger 

structure. The test is often done on both the interfaces 

between the components and the larger structure being 

constructed, if its quality property cannot be assessed 

from its components. (iii) System testing tends to affirm 

the end-to-end quality of the entire system. System test is 

often based on the functional/requirement specification of 

the system. Non-functional quality attributes, such as 

reliability, security, and maintainability, are also checked. 

(iv) Acceptance testing is done when the completed 

system is handed over from the developers to the 

customers or users. The purpose of acceptance testing is 

rather to give confidence that the system is working than 

to find errors. Reference [6] recommends that system 

testing should continue even after its implementation, so 

as to reduce number of errors which are already present 

in the system. 

Implementation of Road Information Management 

System (RIMS) incorporated all functionalities of the 

modules which were developed as its subsystems. The 

main goal of implementing RIMS in this research is to 

show that, with a huge number of mobile phones moving 

all the time across the roads, capturing road information 
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on a wide area road network is possible. This will give 

possibilities of eliminating traffic congestion problem in 

the studied area (i.e. Dar es Salaam, Tanzania) through 

real-time road information dissemination [7]. Before 

starting their trips, road users are provided with the traffic 

situation information so that they get to know in advance 

the road situation. Disseminated information alert the 

road users about existence of traffic congestion on a 

specific road segment, so that they can find alternatives 

such as: - (i) Choose alternative roads to the destination, 

and skip the jam. (ii) Use other means of transportation 

such as, instead of driving a private car they can use 

either public transportation or ride a bicycle. (iii) Change 

time of travelling, by travelling at a time when there is no 

congestion. 

RIMS were developed by integrating three different 

sub systems, these are: - (i) Mobile application (ii) 

Relational Data Base Management System (RDBMS), 

and (iii) Web site. The mobile application was 

implemented on Android platform, data storage and 

processing was implemented in MYSQL RDBMS. 

Personal Hypertext Pre-processor (PHP), Java Script and 

Hypertext Markup Language (HTML) were used to 

implement the website on Apache web server. The 

system implementation started by installing the mobile 

application clients, these are sub systems which have 

main responsibility of road data collection. The sub 

system is considered as source of information to all other 

subsystems in RIMS. References [8, 9] argue that mobile 

phones are diffusing rapidly in developing countries but 

research conceptualizations have been lagging behind 

practice, particularly those that link mobile phones to 

livelihoods. To fill the gap of proper utilization of mobile 

phones to solve problems of the poor, where traffic 

congestion is among the problems, this research has 

explained in details the system testing and 

implementation procedures that can be followed to 

mitigate the traffic congestion problem using a mobile 

phone based RIMS. We have discovered that road 

information can be easily collected using mobile phones 

which are all the time available on the roads. The 

collected road data then gets processed and stored in a 

database, at the end the web interface is used to 

disseminate traffic information to the road users. In order 

to solve congestion problem there have been several ideas, 

most of them are suggesting road information sharing 

[10]. Floating Car Data (FCD) is one of the methods used 

to gather traffic information [7]. It uses vehicles as sensor 

nodes that transmit their speed to the server. The server 

then broadcasts the updated speed data to all vehicles on 

the road so that vehicles can compute optimal travel 

routes based on current traffic data [11].  Hence road 

information management conducted in this research 

generates the probability to create more intelligent roads, 

vehicles and users. This leads to congestion mitigation 

through information sharing. 

This paper is organized as follows. Section 2 

introduces the overall approach to solve the traffic 

congestion problem. Section 3 illustrates the application 

of the proposed system, RIMS in realistic traffic test 

cases, and describes the research findings. Section 4 

draws conclusion of this study. 

 

II.  METHODOLOGY 

The initial focus of research was made on design and 

development of RIMS. After the development, then 

RIMS was tested and implemented purposely to solve the 

road traffic congestion problem which is currently 

affecting the daily life of Tanzanians. In order to test and 

implement the system, the developed modules were 

installed on hardware and system performance on real 

situation was monitored. 

A. System Installation and Testing 

System testing was conducted in Dar es Salaam city. 

Five smart phones installed with the road data collection 

application were distributed to five bus commuters’ 

drivers (daladala drivers). Three bus routes were selected 

for testing, these are: - (i) Bagamoyo road (Mwenge – 

salender bridge) (ii) Morogoro road (Ubungo - Akiba) (iii) 

Nelson Mandela road (Ubungo – Tazara). Figure 1 shows 

the road segments considered for system testing. The 

mobile phones were distributed in a way that, each road 

to have at least two phones collecting the data. Two 

phones were used for Bagamoyo road, the other two 

phones were used for Morogoro road and one phone was 

used for Nelson Mandela road. The participating drivers 

were guided to start the mobile application (tztraffman – 

Tanzania Traffic Manager) whenever they were travelling 

on the selected road segments. This enabled the mobile 

phones to collect and send data from only the intended 

locations. Test cases to check the mobile application 

performance were created. 

 

Fig. 1. Road Segments for System Testing 

B.  Data Storage and Processing 

From the mobile application, road data was posted to 

the database. The mobile application was configured to 

send data after every ten seconds. The data included 

phone’s International Mobile Equipment Identity (IMEI) 

number, latitude and longitude coordinates and speed. 

Test cases to check the collected data in the database 

were created. 
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C.  Road Traffic Information Dissemination 

Web interface which considers responsive design was 

created, the interface has capability of being accessed 

using both computers and mobile devices (tablets, mobile 

phones) [12]. Using PHP scripts the collected road data 

were processed to find the real-time traffic condition. The 

system was configured to calculate average speed from 

the recorded speed of the past twenty seconds from the 

time when the road user sends an information request. 

This was done purposely to capture the real-time traffic 

condition. The interface provides a form which is used by 

the road users to send a request to the server. The request 

includes specific road segments needed by the user. The 

request is then processed in relation to the selected road 

segment. Real-time road traffic condition of the selected 

segment is displayed as a feedback message to the road 

user. From the message, the road users are free to make a 

proper travelling decision in relation to the present traffic 

situation. 

 

III. EXPERIMENTAL RESULTS 

A. System Setup and Execution 

RIMS was installed comprising three modules, the first 

module is road data collection mobile application. Figure 

2, 3 and 4 show the screen shots of the module. When the 

system starts, the first screen Figure 2 is displayed to give 

introductory information of the system. It guides the 

drivers to start the application whenever they are driving. 

This enables the phone to collect data while on the road. 

Figure 3 shows the configuration screen, the driver has to 

enter appropriate phone’s IMEI number, so as it can be 

easily recognised by the server. The server Internet 

Protocol (IP) address together with the port number are 

needed in the mobile application, to make sure that the 

device is going to send road data to that specific server. 

The last part of the mobile application is shown on Figure 

4, where connection to the server success or failure 

message is displayed. Whenever the mobile application 

sends the road data, a location update message is 

displayed. 

Screen shots for the data collection module: 

 

Fig. 2. Mobile Application Home Screen 

 

Fig. 3. Mobile Application Configuration Screen 

 

 

Fig. 4. Mobile Application Road Data Collection Screen 

 

Screen shot for the data storage and processing: 

The second module is data storage and processing 

server. All road data collected by the mobile application 

is stored in the database. The stored data can be viewed 

by browsing the specific tables in the database as shown 

on Figure 5. 

 

Screen shots for the information dissemination 

interface: 

The last module is traffic information dissemination 

interfaces. Figure 6 and 7 show screen shot of the 

interfaces. The road users send a request for real-time 

traffic information of a specific road segment. Figure 6 

shows the form utilized by users to select both start and 

destination point road junctions. From these data the 

system can easily figure out a specific road segment 

needed. Feedback message indicating traffic situation of 

the selected road segment is then displayed as shown on 

Figure 7. By processing the collected road data together 

with the posted request, the system can determine 

whether there is traffic congestion, slow motion or free 

flow on a specific road segment. 
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Fig. 5. Stored Road Data 

 

 

Fig. 6. Traffic Information Request Interface 

 

 

Fig. 7. Traffic Information Retrieve Interface 
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B.  System Testing 

System testing is one of the “verification and 

validation software practices [13]. Through verification, 

we make sure the product behaves the way we want it to, 

and Through validation, we check to make sure that 

somewhere in the process a mistake hasn’t been made; 

validation always involves comparison against 

requirements [14]. There are two basic classes of 

software testing, black box testing and white box testing 

[15]. 

In this paper implementation of black box test on 

RIMS is presented. The choice of test cases for functional 

testing is based on the requirement or design specification 

of the RIMS, Table 1 lists all the test cases. Expected 

results or test oracles, included requirement/design 

specifications, hand calculated values, and simulated 

results. Functional testing mainly focus on external 

behaviour of the software entity [6], this was checked 

from known inputs against expected results. 

As indicated in Table 1, functional and behaviour of 

RIMS were tested through determining whether or not the 

system does what it is supposed to do. The black box 

testing was considered, since the application codes and 

logic structure of the application were already tested 

during system development phase. 

During the testing activity, test cases were generated to 

find circumstances where the application does not 

respond as required and revealing bugs or defects. Test 

cases were written to cover things that the user will do 

most often. Our objective was to find as many defects as 

possible using as few test cases as possible. 

 
Table 1. RIMS Testing 

Test Case 

ID 
Description Expected Results Actual Results 

Pass 

/ Fail 
Comments 

1 Precondition: Mobile phone is switched on 

 

Application icon 

clicked to start 

road data 

collection mobile 

application 

Mobile application home 

page displayed 

Mobile application home 

page displayed 
Pass  

2 Precondition: GPS service enabled 

 

Do mobile 

application setup, 

enter IMEI 

number, server IP 

address and port 

number on 

configuration 

screen 

- Correct data entered: Service 

starting, connections to the 

server succeed, road data are 

updated and location update 

message displayed on road data 

collection screen 

- Wrong data entered: 

Connection failure message is 

displayed 

- With correct data entered: 

Connection to the server 

succeeded and road data 

were updated 

 

- With wrong data entered: 

No response was displayed 

Fail 

With wrong data entered 

nothing was displayed, 

bug fixing was done to 

display connection failure 

message 

3 Precondition: Phone registration in the database, IMEI number recorded 

  

Road data collected by 

registered phones are updated in 

the database after every 10 

seconds 

Road data are updated in the 

database after every 10 

seconds 

Pass 

10 seconds was set as the 

minimum time interval to 

capture real-time changes 

4 Precondition: URL for the road information request web page entered in the browser for opening 

  
Road information request form 

displayed 
 Pass  

  

Start and end junctions for the 

intended road segments are 

selected, request is submitted by 

clicking submit button 

Start and end junctions for 

the intended road segments 

are selected, request is 

submitted by clicking 

submit button 

Pass  

  

Real-time road traffic status of 

the selected road segment is 

displayed on the new page 

Traffic status of the past 

1minute is displayed 
Fail 

Time adjustment was done 

to calculate average speed 

for the past 20 seconds, 

this approximate to real-

time 

 

IV. CONCLUSION 

It has been noted that, when the implementation phase 

concludes, the system begins operating and continues to 

do so until the organization determines it has outlived its 

usefulness and starts planning for a replacement system. 

The approval of the implementation phase deliverables 

and the completion of the implementation project status 

review, and the execution of project close-out activities, 

signify the end of the implementation Phase. RIMS 

design and development work considered planning and 

analysis of the system. RIMS modules were integrated to 

enable road information management which leads all 

activities done in the system to traffic control. 
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In the future, system development should also consider 

other mobile platforms different from Android, such as 

Microsoft Windows, Symbian OS and iOS [16]. This will 

enable varieties of mobile phones to be used in road data 

collection. This research has only concentrated on 

Android platform due to time constraints, and the only 

available mobile phones for the research were Android 

based. Big data techniques also should be considered in 

data storage and processing. Sending road data to the 

server requires utilization of data transfer service from 

mobile subscription company, this is costly. Therefore 

more research is needed to provide a more cost effective 

solution for road information management. 

Currently traffic management in Tanzania is only 

controlled by traffic lights, more research is needed to 

integrate the proposed RIMS with the existing traffic 

light systems, and this will enable the traffic lights to act 

according to the realistic situation occurring on the road. 

In the current stage, the traffic light system has no ability 

to adjust themselves in relation to the occurring situations 

on the road. Instead they continue to function normally 

even if there changes on the road such as accident, 

parades and any other activities which cause traffic jam. 
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