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The inherent difficulties of IP networks represent a significant turning point in 
the convergence of information and communication technologies. Voice over 
Internet Protocol (VoIP) emerged with the introduction of 3G and IP-
telephony, providing an efficient exchanging data resources amongst linked 
users. Supporting hardware, software, and open-source protocols for data, 
voice, and video sessions enable the integration of data solutions onto a 
converged network using IP-telephony's array of multi-service technologies. 
The methodology adopted for the study was to concentrate on the technical 
concerns related to the implementation of an IP network to improve rural 
phone service. These included geopolitical, economic and technical issues 
on implementation. The study result showed that the network has excellent 
scalability and speed. Nodes also received request with 80% response rate. 
This demonstrated equivocall that it was possible to reach each notes. For 
the Federal University of Petroleum Resources Effurun, the researchers 
suggested a VoIP-based telephony system that will aid campus tele-
penetration, offer users a number of advantages, and fix latency, packet 
loss, and jitter problems. Rich media streaming supports blended learning, 
unified messaging, and other features. It also offers economy, flexibility, 
mobility, and productivity for users, all of which are advantages. The 
outcome demonstrates that the framework fixes the packet loss, jitters, and 
latency problems. The researchers recommend the following measures to 
mitigate packet loss and jitters: ICT suite and Ethernet cabled network 
should be employed; installation of wireless LANs and cloud storage for 
data. These will enable staff and students to access information online. 
 
Keywords: Wireless Sensor Networks, IoT, Keycard, Security locks, Ethernet.

1. Introduction 

The emergence of 3G communications has 
brought interactive services to our society, which 
were previously only accessible through public 
switch telephone networks (PTSNs) and today 
5G network. As a result, the use of these 
services has expanded (across great distances) 
without requiring human interaction (Oudalov et 
al., 2009; Roberson et al., 2021). With the rapid 
adoption of open-source solutions, the robust 
use of Internet Protocol (IP) is currently 
redefining communications through new 
technologies (Iyoboyi & Musa-Pedro, 2020; 
Jayatilaka et al., 2021). This allows users to 
exchange data. It incorporates features that 
PBXs once needed, enabling businesses to 
rearrange their services for efficient resource 
sharing. Daily operational tasks are automated 
by a strong network if it is built to satisfy 
particular user requirements. (Margossian et al., 
2015; Ojugo & Eboka, 2018; Oyemade & Ojugo, 

2021; Tullis & Stetson, 2004; Albert & Tom, 
2013). 

In Nigeria, rural and semi-urban telephone 
coverage has become essential because 
economic growth depends on it and is 
determined by the GDP, which is also highly 
correlated with telephone penetration and density 
(i.e., the number of lines per 100 people) (Fan et 
al., 2022; Pedro, 2020; Yoro, Aghware, 
Malasowe, et al., 2023). The volume of data 
traffic and income generated by telecom 
subscribers in rural and semi-urban areas is 
lower than that of their metropolitan counterparts. 
This frequently reduces the motivation for many 
operators to invest. The expense of providing 
services to large areas with little data traffic is a 
barrier that many providers face, unless the 
government steps in (Chen et al., 2018; Gokarn 
& Choudhary, 2021; Mao et al., 2018; Yoro, 
Aghware, Akazue, et al., 2023). 
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1.1 Telephony-Semi-Urban  

Studies focused on providing telecommunication 
services in rural areas for national, economic, 
and social interactions have been prompted by 
the growing interest in rural areas around the 
world (Liu & Campbell, 2017; Ojugo & Okobah, 
2018; Sun, 2019). According to the International 
Telecomms Union, a rural area is characterized 
by the following: (a) a limited and disorganized 
primary power source; (b) a lack of technically 
qualified personnel; (c) topographical conditions 
that impede the construction of conventional 
switching and transmission systems and impair 
their effective performance; and (d) the presence 
of economic constraints on investment that 
renders services unprofitable due to high-cost 
construction and maintenance, particularly if the 
cost is borne by the residents alone (Ojugo, 
Yoro, Yerokun, et al., 2013; Ojugo & Yoro, 2021; 
Valaei et al., 2018).  
 
Therefore, the following criteria are commonly 
used to categorize a region as rural: (a) an 
average subscriber density of no more than 50 
km; (b) a subscriber range of around 5 to 50 km; 
and (c) isolated villages with a maximum of 1000 
subscribers. Such telephony thus aims to provide 
telecomm services in sparsely inhabited areas 
with economic and/or topographical 
disadvantages, as semi-urban areas have an 
increased subscriber density (Bangor et al., 
2008; De' et al., 2020; Kortum & Bangor, 2013). 
Tele-density calculates the proportion of these 
users who have access to a phone line, whereas 
tele-penetration calculates the percentage of a 
nation's total population that uses telecom 
services (Awotwi et al., 2018; Ogheneruemu et 
al., 2017). 
 
Nigeria's telecoms steady growth has been 
dramatic, with highlights of growth rate of over 
66% in 2020 alone (Ojugo et al., 2012; Ojugo & 
Eboka, 2019). The Nigerian Communications 
Commission (NCC) is a prime example of the 
importance of rural telephony in Nigeria. The 
NCC campaigns to bridge the rural-urban divide 
by providing service extended to unserved and 
underserved areas in Nigeria (Ojugo & Otakore, 
2020; Oyemade & Ojugo, 2021). 
 
1.2 Literature Review 
The core elements of a converged network are 
its tools and capabilities, which enable safe data 
transfer services (voice, video, and mixed data 
packets) across the same transmission channels 
via switching, routing, and gateway applications 
and platforms. These features also allow for user 
flexibility and cost effectiveness. Accordingly, 
converged networks have higher levels of 
resource manageability, scalability, flexibility, 

security, and fault tolerance (Ibor et al., 2023; 
Udeze et al., 2022). Transfer service quality, 
availability, dependability, and security are 
guaranteed by its network. ICT makes user 
access wired, ensuring the necessity of wireless 
devices. Its benefits include minimal 
implementation costs, simultaneous broadcasting 
of the same data to multiple sites, ease of 
deployment in hazardous environments, ease of 
adoption, and portability. According to Delgadoa 
et al. (2018), Shelke & Sharma (2020), 
Vishwanath (2015), Yoro & Ojugo (2019), its 
drawbacks include lower data rates, fewer 
useable frequencies, and increased sensitivity to 
interference.   

In order to help data transfer services for public 
carrier networks and Internet users in general 
with an interoperable network, IP telephony uses 
signal technology based on Open IP-standards 
to provide users with end-to-end communication 
(file, data, voice, and video) (Lau et al., 2019; 
Ustun et al., 2011). IP-telephony uses the H.323 
protocol for session setup, control, and 
management. It leverages a broad family of 
communication protocols to provide voice and 
video services over an open packet network. 
Among its advantages are the following: The 
benefits of packet networks over TDM include: 
(a) the ability to use packet networks for call 
services anywhere on the network; (b) the ability 
to deliver services so that dual cabling and 
network equipment are not necessary for PBX or 
IP-PBX connections; and (c) the ability to carry 
data traffic from a variety of vendors and across 
various nations. These benefits allow for better 
flexibility in the interface of various Internet and 
phone technologies at a lower cost of 
implementation and operation. When designed to 
employ underlying infrastructure, a converged 
network expands the capabilities of an IP 
network over protocols and a PSTN (Algarni et 
al., 2017; Zawislak et al., 2022). 

According to (Allenotor et al., 2015; Joloudari et 
al., 2022; Ojugo et al., 2016; Ojugo & Allenotor, 
2017; Oyemade & Ojugo, 2020), the combined 
network's core capabilities are what provide its 
benefits. 

1. Economy: By using Ethernet economics to 
provide lower-cost connections to other websites 
and applications, it reduces the high costs 
associated with traditional legacy PSTNs through 
IP networks. 

2. Flexibility: The majority of PSTNs are 
proprietary, rigid, and monolithic. With resources 
distributed on demand and centralized gateways, 
IP networks offer virtual reach and economies of 
scale. Through the use of numerous new web 
services and support for broadband voice, office 
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integration apps, outsourcing tasks, mobility, 
telecommuting, automation, etc., it aids in 
facilitating communication. 

3. Security: When deploying and integrating 
wireless LAN apps, video surveillance, IP video 
on demand, streaming, and rich media 
conferencing applications, it delivers a higher 
degree of secure transfer that is superior to 
traditional systems.  

4. Productivity: Because it saves money, users 
may utilize applications to increase productivity 
and achieve higher transfer quality more quickly 
and easily. Web services and tools are beneficial 
to its end users. 

5. Resilience: enables catastrophe recovery and 
business continuity to maintain an organization's 
connectivity for services that can survive. Apps 
and intelligent layer technologies are designed 
with redundancy in mind. These days, clustering, 
hot standby, dual power supplies, and fault-
tolerant storage systems like RAID are typical. 
With easier-to-deploy support and open-
standards communication, IP provides better 
failover, self-healing, and redundant capabilities 
than PSTN while maintaining dependability and 
availability. 

1.3 Motivation of Study 

An evaluation of Federal University of Petroleum 
Resources' current hybrid PSTN/PBX system, 
which uses the 4G/5G concept, Effurun suggests 
that the legacy system is plagued with: 

a. Control and local rivalry make it challenging to 
handle various vendors and their heterogeneous 
technology and equipment. 
b. Difficulty navigating limits and geographic area 
coverage 
c. Centralized site management  
d. Modifying network resource usage  
e. Challenges faced by these MTOs in navigating 
diverse regulatory borders 
f. Unable to provide innovative communication 
services through a variety of media  
g. Offering the necessary degrees of integration 
to make IP telephony systems easier to use and 
to gain access to users and management. 
In order to provide an IP-network with numerous 
advantages, the study aims to address IP 
telephony at Federal University of Petroleum 
Resources Effurun over an existing PSTN/PBX 
infrastructure. Our research examines the 
technological problems with this hybrid 
IP/PSTN/PBX phone system. 

2. Materials and Methods 
2.1 Planning the Converged Network 

Three categories of issues need to be addressed 

by this IP network: (a) Geopolitical, which deals 
with the social, educational, political, and 
economic history of the coverage area; (b) 
Economic, which involves the initial investment 
needed to deploy such communication services 
through the installation of facilities and 
equipment in such a remote region, its 
operational cost, and the user's capacity to 
generate revenue – in order for such a service to 
be provided, supported financially and with 
minimal subsidies; and (c) Technical, which 
involves the availability of technology to 
implement such design, regulatory framework, 
communities' sizes, expected traffic patterns, 
types of communication services, and the 
availability of a technical crew (Ojugo, Yoro, 
Oyemade, et al., 2013). As a result, the study 
concentrates on the technical concerns related to 
the implementation of an IP network to improve 
rural phone service. 

The researchers considered that staff and 
students should be able to access these network 
services when planning an IP-net on FUPRE's 
hybrid PSTN/PBX. The network is built to support 
15,000 users, including staff and students. 
According to the Nigerian Universities 
Commission, a department's teacher-to-student 
ratio in science should be 1:10 for students and 
1:15 for those in engineering for optimal learning 
outcomes. With more than 15,000 students and 
almost 1,000 staff members, our goal is to create 
a network that can support more than 20,000 
subscribers at once. The following two main 
problems pose a threat to the quality of the 
services: 

1. Packet loss is caused by a variety of factors, 
including protocol retransmission capabilities, 
buffer overflow, undesired transfer, and rejected 
packets. Compared to UDP apps, TCP 
applications that use RTP are more resilient to 
packet loss. Allotted bandwidth aids in reducing 
this. Carefully weighing factors such an 
organization's priorities, available bandwidth, and 
cost is necessary when determining how much 
bandwidth is allotted to a service. The bandwidth 
that has been chosen to accommodate 1,000 
full-duplex G.711 encoded speech channels, with 
packet formation times of 20 ms and sizes of 200 
byte packets (160 byte payload plus 40 byte IP 
header), is calculated as follows (Ojugo et al. 
2013): 

 
 

 
= 50 * 200 * 1000-calls * 8bps =  
80Mbps 
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The overhead time packet used by data 
connection protocol and transport medium, or 
the links connecting the routers, is not taken 
into consideration while measuring IP traffic. 
Thus, raw values were added to the overhead 
to find the connection speed needed to 
support the required number of calls. 
Depending on the signaling protocol being 
used and the rate at which calls are 
generated, our bandwidth requirements will 
change. A high peak bandwidth may be 
needed for signaling when many calls are 
placed in a little amount of time. It should be 
noted that the IP signal protocol has a 
maximum bandwidth requirement of about 3% 
of total bearer traffic. Hence, 1,000 calls can 
be made in a second, or roughly 2.4 Mbps 
(3% of 80 Mbps). 

 

2. Jitter is the variation in the time delay in 
milliseconds (ms) between data packets over a 
network. It is the discrepancy between a packet's 
projected arrival time and its actual arrival 
time(Jones & Brown, 2019). It is anticipated that 
new packets will reach their destination every 20 
ms if the packet transmission rate remains 
constant at 20 ms (as intended). Jitters, on the 
other hand, are brought on by fluctuations in 
queuing that arise from continuous changes in 
traffic loads and when one or more packets use a 
different equal-cost link that is not the same 
length (electrically or physically) as the link used 
in other voice packets. To prevent this, the 
packet stream was buffered up using media with 
a play-out buffer so that jitters would not affect—
or at least be reduced—the voice wave that is 
rebuilt. 

2.2 Data Collection and Existing System 
Analysis 

In order to facilitate effective and efficient 
resource sharing, the study looks for system 
connectivity. Professionals across various 
sectors now have more and limitless chances for 
resource collaboration and sharing, both locally 
and worldwide, thanks to networks. The 
researchers created a reliable, scalable network 
that enhances Federal University of Petroleum 
Resources Effurun personnel, students, and 
management communication. It aims to 
accomplish the following goals: 

1. Examine the current network and 
determine what was needed to get it to where it 
is now.  

2. Ascertain the network's physical design 
and its constraints. 

3. As the list of requirements for a suggested 
network, create a requirements document. 

4. Estimate the data flow and suggest suitable 
data security and safety precautions for the 
infrastructure. 

5. Use the Academic Edition of Riverbed 
Modeler to simulate the suggested network. 

 
In order to prepare Federal University of 
Petroleum Resources Effurun for the adoption 
and use of the VoIP-based solution, the study 
aims to change the current network 
infrastructure. Table 1 provides a breakdown of 
the population size of the community, while 
Tables 2, 3, and 4 display the hardware and 
software that are currently connected to the 
network. 
 
Table 1. Fact-Sheet of User Population 

No Population Number Training 

1 Management Staff 12 Yes 
2 Academic Staff 348 Yes 
3 Non-Academic Staff 775 Yes 
4 Student(s) 2364 Yes 
5 Technical ICT Team 14 Yes 

 
Table 2. Fact-Sheets for User Population 

No Population Status 

1 Internet services provider: Wide coverage 
with 3Mbps or 
higher broadband 
is ideal 

2 10Base-T to connect devices Upgrade required 
3 100Base-Tx Ethernet Tech 

Connectivity between servers 
Upgrade required 

4 Category six cabling Still useful 
5 3-CISCO ME 3640 24CX 

Series Ethernet Switches 
Still useful 

6 1-CISCO 7000 Series Router, 
reached end-of-life 

Still useful for 
backup 

7 1-CISCO Aironet Wireless 
1800 Access Points in classes 

More required 

8 Ethernet connectivity in offices Upgrade required 

 

Table 3. Fact-Sheets of Server and Devices 

No Hardware  

1 HP Pro-Liant DL560 Gen8 
Servers with Server, two 750 
GB HDD Working on RAID 

More Servers 
required. Upgrade 
to Mp Proliant 
Gen-10 Servers. 

2 Workstation Additional 
Required 

3 Network Printers available More Required 

 

Table 4. Fact-Sheets of Application Software 

No Software Status/Recommended 

1 MS Secured Safe 
Server 

Upgrade to Microsoft Visual 
Studio Team Server 

2 MS SQL Server 
2008 

Upgrade SQL Server 2012 

3 Active Directory Still Useful 
4 MS Exchange 

Server 2010 
Still Useful 

5 Web Server (MS 
IIS/8.5) 

Still Useful 

6 MS SQL Server 
2008 R2 RTM 

Still Useful 

7 MS Virtual Machine 
Server 2008 R2 

Still Useful 

8 DHCP Server Still Useful 
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2.3. Layout of the Existing Network 
Design 

Our software requirements and specs 
document(s) present the numerous fact-sheets 
seen from Table 1 to 6, respectively, to reflect 
applications, device, and user requirements. The 
result is a suggested network that can resist the 
obstacles predicted by its possible users. The 
breakdown of these different need criteria may 
be found in Tables 5 and 6. It is suggested that 

the HP-ProLiant Gen 10 servers be installed. 
Since the Gen 8 server has reached the end of 
its service life, HP might not provide 
maintenance for it after 2023. Certain new utility 
and application software packages that may be 
installed on Gen 8 servers might not be 
supported as well. FUPRE adopted next 
generation VOIP end-to-end architecture Figure 
1, (Ojugo et al. 2013). 
 

 

Table 5. Fact-Sheet of Proposed Network Specification  

Type Description Gathered At Location Status Priority 

Device Cisco ASR 1002-X Chassis Routers Initial Condition ICT Unit Core High 

Device Cisco Aironet 3600 Series Initial Condition See Map Core High 
Device Hp ProLiant Gen 10 (1.5TB) Server   Initial Condition ICT Unit Core High 

Device Cisco Catayst 6500 Series Switches for 
distribution layer 

Initial Condition ICT Unit Core Critical 

Device Hikvision CCTV camera to enhance physical 
security in ICT 

Management See Map Core Critical 

Device Swipe cards for authentication Management ICT Unit Core High 

Network 10GB Category 5-E cables for patch panels  Management See Map Core High 

Network 10GB Category Six cables for host to 
Servers  

Management See Map Core High 

Network 1GB multimode fiber server backbone Management See Map Core High 

Network Cisco ASA-5550 Adaptive Security 
Appliance 

Management Server 
Room 

Core Critical 

Users Training of various categories of staff Management TBD Core Critical 

Business Minimal Budget(btw £300,000 - £400,000) Management Info Core High 

Business Minimal disruption of organizational activities Management Info Core High 

 

 
 
Figure 1. VoIP-solution framework-Federal University 
of Petroleum Resources. (Ojugo et al. 2013) 

 
The researchers recommend the following 
measures to mitigate packet loss and jitters: (a) 
the ICT suite and offices employ an Ethernet 
cabled network; (b) wireless access points 
should be installed in classrooms for student real 

time online access; and (c) cloud storage for data 
has been suggested. These will enable 
personnel to: (i) access vital data remotely at any 
time of day; (ii) recover quickly and efficiently 
from outages; (iii) seamlessly switch over to a 
backup data source in the event of an outage; 
and (iv) spend less on an alternative power 
source in light of the inadequate public supply. 
The network devices being hosted are 
guaranteed a steady power supply by the 
collocation facility. Office 365 is the suggested 
office suite. For educational institutions, there is 
a free online version of this. It includes additional 
server programs as well. Only important officers 
within the company are eligible to acquire the 
offline editions at a discounted price. Compared 
to buying Office licenses for individual users or 
an enterprise edition for the firm to utilize, this 
offers a more affordable choice. Additionally, it 
forbids the use of unauthorized software in 
lawsuits, as is routinely done.  
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Table 6. Fact-Sheet of Application on proposed Network 

Type Description Gathered Location Status Priority 

Application Active Directory and Domain Controller is 
installed on main and backup servers 

Management Server Machine Core Critical 

Application Microsoft SQL Server 2012 to link to the 
Database Server 

Management Server Machine Core Critical 

Application MOSS SharePoint 2008 for data and protocol Management Server Machine Core Critical 
Application Office 365 Management Server  Core High 
Application NovaBack16: Disaster Recovery Management Server Machine Core Medium 
Application Antivirus Software Management Server Core Critical 
Application Payroll Software Management Dedicated Machine Core High 
Application Microsoft Virtual Server 2012  Management Server Core Medium 
Application DNS Server Good Server Core Critical 
Application DHCP Server / Solar Wind Suite Good Server Core Critical 
Application Cloud server storage Good Cloud Core High 

 

According to Eboka and Ojugo (2020), the 
network topologies employed in a design have a 
crucial role in influencing the overall performance 
of the network. Topologies come in two flavors: 
logical and physical. The layout of the cables and 
the device make up the physical topology. The 
routes that data signals take to get from one 
place to another are covered by the logical 
topology (Ojugo & Yoro, 2021).  Because of its 
ease of use and functionality, the current network 
has a flat network topology as its logical layout. 
Integration as a substitute distribution and result 
storage system is made possible by basic 
procedures. The Web server provided access to 
the course registration forms, which are then 
saved back into the database server once they 
are filled out. Periodically, the network generated 
traffic. As a result, during peak times, the 
network experiences few problems. If additional 
apps and user groups are added, this can no 
longer be the case (Akazue et al., 2022, 2023; 
Ojugo & Okobah, 2017; Okobah & Ojugo, 2018). 

3. Results and Discussion 
 
The initial test sets were conducted using the 
Riverbed Modeler (Figure 2). It was correctly 
configured the software with the necessary apps, 
user population, and application configuration 
and profile configuration variables in order to 
perform the simulation efficiently. 

 

Figure 2. Riverbed Modeler (WANSolution Works, 
“Riverbed Modeler Wireless Suite (Online).  

 

3.1. Application Response Time 

The time difference between a user's request 
and the actual time a response is returned is 
determined by this measure. Figure 2 shows the 
tracking of file downloads from FTP, HTTP 
pages, email servers, and database queries in 
order to attain response times. For 20,000 users 
and/or subscribers, Figure 2 displays the 
application response time as well as that of other 
solutions. 

 

Figure 2: Response time with 20,000-users 

The database queries took 0.38 seconds to 
retrieve, 0.008 seconds for email, 0.052 seconds 
for FTP, and 0.32 seconds for HTTP. As a result, 
the network has excellent scalability and speed. 
The application responsiveness and network 
scalability test simulation results are shown in 
Table 7. 

Table 7. Application Response & Scalability 

Items Time Secs Time Secs 

DB Query  0.38 3512 
Email 0.008 3512 
FTP 0.052 3512 
HTTP 0.32 3512 

 

3.2. Availability Test 

To communicate with the various nodes on a 
network, use the ping command. It 
communicates with various devices on the 
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network by sending Internet Control Message 
Protocol. The PING command is executed in 
Figure 3 to check the network's availability and 
reachability. It is evident that several nodes 
received echo requests, with an 80% response 
rate obtained. The only reason for this was that it 
was the first time. 100% of the subsequent echo 
requests were successful. This demonstrates 
unequivocally that it was possible to reach each 
node. 

 

Figure 3. Reachability/Availability Test 

3.3. Throughput Testing 

It is described as the real data transfer rate in a 
medium over a specified amount of time. The 
throughput test is a crucial performance 
parameter since network capacity can be 
influenced by mistakes and interference, 
resulting in a significant discrepancy between the 
reported and real capacity. The four LAN 
segments' data transfer rates were examined, as 
shown in Figure 4. 

 

Figure 4. Throughput test for Data Transfer 

The student LAN had the maximum transfer rate, 
or throughput, at almost 50,000,000 bps, or 
47.68 mbps. The management LAN had the 
lowest throughput, at roughly 7,000,000 bps, or 
6.68 mbps, as seen in figure 3. With a 9.92 Gbps 
bandwidth capacity, multimode fibre optic cabling 
was used to connect the numerous LANs to the 
main switch. As a result, the network is not 
negatively impacted by the highest throughput. It 

was anticipated that there will be great 
performance with the LAN wiring capacity. 
 

4. Conclusion 
In order to provide a network that satisfied the 
needs of the client organization's stakeholders, 
the study examined standardized techniques to 
network analysis, design, architecture, modelling, 
testing, and optimization. Hierarchical design 
was utilized to make sure that the needs of the 
users were satisfied. It guarantees that the 
requirements of the different stakeholders served 
as the foundation for the selection of various 
network topologies, applications, protocols, and 
devices. From a technological perspective, it was 
not feasible to investigate many more prospects 
due to limitations in time, energy, and resources. 
Four applications—centralized data storage, file 
transfers, web services, and email services—are 
implemented by the study on the networks that 
are created. 

The researchers advise putting campus clouds 
and voice over internet protocol (VoIP) into place 
for external data storage and internal 
communication, respectively. While campus 
cloud, in its various forms, will offer a dependable 
platform for data recovery and network agility 
required by enterprises in today's competitive 
world, VoIP will ensure an effective utilization of 
the network infrastructure. In summary, based on 
many network tests, the fundamental operations 
of the suggested network were operating as 
intended and in harmony with the project's goals. 
According to our opinion, the different 
stakeholders' needs will be satisfied by the 
network's deployment as outlined. 
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