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ABSTRACT - As the cyber space grows so also are it challenges. The most severe security challenges bothering cyber security 

researchers around the globe is botnet: a network of systems that is taken over by a hacker to launch attack or perform an unwholesome 

activity. Botnet as a means of cyber-attack delivery has more far reaching effect that any other means. It is a prime factor in the delivery 

of Distributed Denial of Service (DDoS), SPARM (mail or fake review), and click fraud among other cyber related crimes. It is equally 

implicated in most of the activities that are termed cyber warfare. The paper reviews the incidence and purulence of botnet and proposes 

an Artificial Neural Network based Botnet Detection and classification system. The model was implemented on an ISCXbotnet dataset 

and an accuracy of 98% was achieved in detection and classification.  

KEYWORDS: Botnet, command & Control channel, botmaster/botherder, zombie, 

INTRODUCTION 

Botnet is coined from the words roBOT and NETwork. 

It describes a kind of attack where a set of connected 

computer systems (possibly over the internet) is taken over 

by a distance or remote system to launch a systematic and 

simultaneous attack on a target system. [1, 2,3]. The 

controlled systems are referred to as the bot while the 

controlling system is called the botmaster. The bots are 

mostly the end user host systems which are a priori infested 

or compromised while the botmaster can be a human user at 

a remote end or a system operating the various hosts[4, 5]. 

The malware system deployed to enable a remote control of 

a system is also be called a bot. 

Botnet employs vulnerable machines using techniques 

that are employed by other types of malware (remote software 

vulnerability exploitation, social engineering etc). The 

defining chrematistics of a botnet is that is that it uses 

Command and Control Channels. This channel enhances the 

dissemination of botmaster’s commands to the various bots 

or armies[6, 7]. 

Botnets happens to be the most severe security 

challenges bothering cyber security researchers around the 

globe [8]. The botnet can be used in implementing so many 

hazardous effects in an organization. It can be used to transfer 

secret information to a competitor or an adversary, to spread 

denial of Service attack (DoS) for phishing activities, key 

logging activities forward spam activities and click fraud etc.  

Unlike other classes of malware that are generally used to 

exhibit technical prowess botnets are mostly employed for 

illegal and illicit undertakings. These undertakings may take 

the form of extortion, identity theft and software piracy. 

Hence the reason for a concerted research in this area. 

Recently many of the cyber-attacks have employed 

botnet in one way or the other [6, 9].  It signifies a vivid and 

cogent treat to the information systems across the globe.[10]. 

Botnet has the ability to obfuscate the identity of the attacker 

and easily multiply the source of attack. It has evolved from 

a simple spam factory to and elaborate big masquerade 

behind mammoth criminal activities. According to [11] the 

number of computers enrolled as bot increases by 8% per 

seek. Extracting from this every computer system is a 

potential victim.  Another study has reported a botnet of up to 

400,000 bots. 

A botnet can be defined as a coordinated group of 

compromised machines controlled via Command & Control 

(C&C) communication channels that are connected to some 

C&C servers/peers managed by botmaster/botherder. In other 

words, it is an army of infested end-user systems under the 

influence of a remote instructor, which has the capability to 

unleash havoc or spread malicious software or conduct a 

malicious activity on a target system [12, 13, 1]. We can also 

define a botnet as an assemblage of malware instances that 

are controlled through a C&C communication channels 

Through the botnet attack the identity of the botmaster is 

effectively concealed while the master can effectively 

conduct a multiple and simultaneous attack on the target. The 

bots can generally be used to conduct any attack as the 

botmaster deems fit. The essential characteristics of a botnet 

are that the bots communicate with some C&C servers/peers, 

enact some activities that can be said to be malicious, and 

these activities are in a similar or correlated the C&C  

In the botnet world according to [14] there are three 

actors: the botmaster, the vulnerable systems and the 

defenders. The botmaster is actively involved in recruiting the 

bots and controlling them to perform his nefarious act. His 

motive is always economic gain. The vulnerable systems are 

the end users’ systems whose vulnerability could be 

employed by the botmaster to get them recruited as zombies 

into the botnet. These system, if unpatched, remain tools in 
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the hands of a botmaster in conducting his criminal activities. 

The defender intends to prevent, detect, track host and trace 

the botmaster. He is always on the side of the law and 

protected by the law enforcement agency. 

The botnet life circle divided into four phases: formation, 

C&C, attack and post attack phases [9]. At the formation 

phase a botmaster attempts to and compromise any available 

vulnerable machines. It uses all the available methods 

including social Engineering to recruit vulnerable hosts to 

become part of his network of zombies. At the C&C phase, 

the master communicates with the bot through the C&C 

mechanism. The botmaster always keep track of the bots by 

relaying regular instruction which may include when and how 

to attack. At this point a defender may intervene and disrupt 

the botmaster activity thereby binging the botnet system 

down. 

The attack phase starts when the botmaster issues 

instruction to the bots to launch attack. The victim may be the 

host system itself or another system entirely depending on the 

mode of attack in the intention of the botmaster. During the 

post attack phase the bots may get exposed to the defender 

and it is brought down and the system patched. However, if 

the botnet remains active the botmaster increases the number 

of bots in his botnet by requiring more vulnerable systems for 

his future attack. 

Figure 1 Chat based botnet architecture using a C2 char 

service 

A. Architectures  

There are two basic topologies available in thorough 

which a botnet can be deployed. These are Centralized 

Command and Control (C&C) architecture or distributed 

Command and Control (C&C) architecture [7]. Centralized 

C&C architecture is a simple and widely used architecture. In 

(C&C) architecture the botmaster simply communicates with 

the bots using the C&C server to send commands to the 

botnet. The architecture is one way and therefore suffers a 

single point failure. Once the C&C server is brought down the 

whole botnet is down. The famous approaches used in 

centralized botnet include Internet Relay Chat (IRC) and 

Hypothec Transfer Protocol (HTTP).[15] 

Decentralized C&C is a relatively new architecture 

aimed at elevating the single point of entry setback suffers by 

a Centralized C&C architecture. In Decentralized C&C 

infrastructure all peers in the network works like a bot and a 

C&C Server at the same time. Here the botmaster’s role is 

only to send command to any recruited peer. The life cycle of 

a distributed botnet (particularly the P2P architecture) 

consists of initial infection, peer propagation, secondary 

injection and attack[16; 15, 8 5] 

B. History 

The first observable botnet-like behavior was in 1988 

when Robet Marris, released the internet first worm which 

was designed to “phone home” to a command & Control 

Server. In 1999 Sub7 – a Trojan and Pretty Perk – a worm 

were released. These malwares are known to connect infected 

systems to an IRC channel to listen to malicious commands. 

In 2000 was the emergence of the Global Threat bot GTbot 

which was known to to run custom scripts in response to IRC 

event. Agabot emerged in 2002 and in 2004 its variant 

phanbot was released. Phanbot Rbot was among the first 

known P2P based botnet.  

2003 witnessed the rise of spybots with new features like 

key logging and data miming and Rbot (a family of bots 

which used compression and encryption algorithms to evade 

detection). Others in the series include Zeus (2006) Grum 

(2008) and Gameover Zeus (2011)  

C. Artificial Neural Network 

Artificial neural network is an information processing 

approach that is inspired by the way biological neurons 

process information. It is a computing system made up of 

simple highly connected elements (the neurons), which 

process information by their dynamic state response to 

external input working together to solve a particular problem 

[34, 35, 37]. As human being learn by examples, so is the 

Artificial Neural Network does. ANN can be configured for 

applications such as pattern recognition, data classification 

etc. through a learning process. ANN has a remarkable ability 

to derive meanings from complicated or impressive data. 

Hence it can be used to extract patterns and detect trends that 

are too complex to be noticed by either man or other computer 

techniques. A trained neural network can be thought of as an 

“expert” in the category of information it has been given to 

analyze. The expert can then be used to provide trajectory 

given a new situation of interest [35, 37] 

As human being learns by examples, repeating the 

examples to create relationships so is the Artificial Neural 

Network does. The process of learning is referred to as 

training. The training problem is modeled as a minimization 

of loss function. This function is in general composed of and 

error term and regularization term. The error term evaluates 

how neural network fits the data set while the regulator tern 
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is sued to prevent out fitting by controlling the effective 

complexity of the network [37] 

The loss function depends on the adaptive parameters 

(biases and synaptic) and can be conveniently grouped 

together into a single n-dimensional weigh factor w. The 

fundamental element of ANN is the neuron. Each neuron 

handles: 

i.  The multiplication of the network inputs, x1, x2, x3, . . 

.xn (from original data, or from the output of other 

neurons in a neural network) by the associated input 

weights, 

ii.  The summation of the weight and input product to the 

bias value associated with the neuron, and 

iii. The passage of the summation result, u, through a linear 

or nonlinear transformation called the activation 

function, 𝜑. The neuron’s output, y, is the result of the 

action of the activation function. 

𝜑 = 𝑓(𝑢)    (1) 

𝑦 = 𝜑(∑𝑛𝑖=1 𝑋𝑖𝑊𝑖 + 𝑏)  (2) 

𝑦 = 𝜑(𝑊𝑇𝑋 + 𝑏)   (3) 

where b is the bias value (or external threshold), Wi, is 

the weight of the respective inputs xi, u is the argument of the 

activation function and WT is a transpose of the weight vector. 

The weight and bias are adjustable parameters of the neuron 

that causes the network to exhibit some desired or interesting 

behaviours. Fig 2 shows an illustration of an artificial neuron. 

[37] 

 

Figure 2 ANN Network [35, 37] 

D. Training algorithms 

There are five popular training algorithms. These are: 

i. Gradient Decent (Steepest descent) 

ii. Newton’s Method 

iii. Conjugate Gradient 

iv. Quasi Newton 

v. Levenberg Marquidt [35, 37] 

II RELATED WORKS 

The authors of [23] proposed a BotSniffer: an anomaly 

base botnet Command and Control detection system, 

although it is mainly sued for detecting centralized command 

and control activities. A BotMiner described and proposed by 

[22] uses a horizontal correlation approach that examines 

correlation between multiple host. BotMiner is independent 

of the botnet C&C protocol, structure and infection mode. 

The frame work of BotMiner targeted both centralized IRC 

and P2P botnets. The design of a BotMiner woks on the 

assumption that bots are coordinated malware that exhibit 

similar communication pattern and similar behavior both 

malicious and otherwise. Its major drawback is that it targets 

a group of compromised machines within a monitored 

network. However, it may fail if only one or two hosts are 

infected in a network but the hosts belong to a larger group of 

botnet with spans the monitored network. Again, it may fail 

to detect bots that exchange covert C&C messages without 

undertaking any malicious activity. 

Another approach was introduced by the authors of [24]. 

This was based on the analysis of network behavior. The 

approach focused on the characteristics of IRC flows. Hence 

the approach is divided in to four stages.  The first sage 

filtered off the not likely varying bot C&C data (given some 

prior knowledge of IRC bot commands) the second stag 

clustered the remaining flows into predefined network 

application clusters using machine learning. The third stage, 

the correlator stage, where clustered chat-like applications are 

clustered again in to a group of flows showing similar 

characteristic. Then the correlated flows are passed in to 

topology analysis to determine flows with common 

controllers. The last stage, an offline stage where a human 

factor analyzed the flows to determine whether they are 

botnet or not. This last stage spelled the setback of the 

proposed system. 

The authors of [33] in their work identified some TCP 

related features for the detection of HTTP botnets. With these 

features a Multi-Layer Feed Forward Neural Network 

training model using Bold Driver Back-propagation learning 

algorithm was created. This algorithm had the advantage of 

dynamically changing the learning rate parameter during 

weight updating process. With this approach, Spyeye and 

Zeus botnets are efficiently identified. 

In [25] the authors’ work is focused on detecting botnet 

C&C commination on an end host. This is based on the fact 

that a recruited host need to keep in touch with the botmaster 

to remain relevant. This is always done by frequent 

communication between the bot and the botmaster such that 

such communication exhibits some temporal regularity over 

a period of irregular large time period.  Evaluation of this 

approach using a real network traces yields low false positive 

rate. 
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The authors of [26] proposed a 2P2 botnet detaching 

technique using multi-phased flow model. In its proposal, 2P2 

botnets are identified by observing similar flow occurring 

between a group of hosts in the network on a regular basis. 

Flow with similar behavior are groped and a transition model 

of the grouped flow is constructed using a probability matrix. 

Then a likelihood ratio is computed and used for bot 

detection. An accuracy of above 95 was achieved with 

experimental evaluation 

In [27] the authors proposed a P2P botnet detection 

model using data mining technique. They explained the 

possibility of detaching host infected with a bot by analyzing 

bot traffic behavior. They introduced a set of metrics that 

could be used to differentiate between bot traffic, normal 

traffic, gaming traffic and general internet traffic. The 

evaluation of the proposed approach involved studying one 

2P2 botnet virus known as Trojanpeacomm and achieved a 

detection rate of over 87%. However, the approach has not 

been applied on other categories of botnet to see how it 

performs. However according to [9] the approach had not 

been applied on other categories of botnet to see how it 

performs.  

Since the botnet technology is evolving there is the need 

to consider distributed approach to bot dissemination. Hence 

the authors of [28] considered other types of network and 

streaming technologies and proposed artificial neural   

network for botnet detection.  

The authors of [9] proposed a new approach to 

characterize and detect network traffic (Particularly the P2P 

bots) before it launches an attack. Using machine learning 

technique, they extracted and analyzed a set of C&C traffic 

behavior and its characteristics. It applied all the five machine 

learning techniques and compared them. The work in [29] 

observed that focusing on statistics network flow rather than 

packet content was unable to differentiate between IRC traffic 

and benign graphic. He pointed the setbacks on previous 

methods as Principle component analysis, (PCA), Correlation 

Feature Selection (CFS), minimum redundancy minimum 

relevance (mRmR) and improper evaluation of feature sets on 

test bed datasets. He built a dataset which incorporates 

different varieties of botnet of different protocols in realistic 

environment. 

In their work [3], the authors modeled classifier using an 

assemble algorithm for botnet classification. It employed K-

nearest Neighbor and decision tree and bagging and Ada 

Boost for soft voting. 

III. METHODOLOGY 

A. Proposed ANN Model for Based Botnet Detection 

The proposed MLP network for botnet detection consists 

of 11 nodes at the input layer, one hidden layer and 4 nodes 

at the output layer. In the proposed model, 3 most frequently 

used activation functions have been considered. These are: 

i.  Logistic sigmoid activation function also known as 

logsig. 

𝑓(𝑢) =
1

1+𝑒−𝑢
    (4) 

ii.  Hyperbolic tangent sigmoid activation function also 

known as tansig.  

𝑓(𝑢) =  
2

1+𝑒−2𝑢
− 1    (5) 

iii.  Linear activation function also known as purelin. 

𝑓(𝑢) = 𝑢     (6) 

 

Figure 3  

A schematic of the proposed ANN network with variable 

neurons in the hidden layer is shown inin fig 4 .where xi 

(1≤i≤11) are the set of inputs; wij and wjk are adjustable 

weight values: wij connects the ith input to the jth neuron in 

the hidden layer, wjk connects the jth output in the hidden 

layer to the kth node in the output layer; yk (1≤k≤5) are the 

output.  

Each neuron and output node has associated adjustable 

bias values: bj (where j = number of neurons) is associated 

with the jth neuron in network layer 1, bk (1≤k≤5) is 

associated with the node in the network layer 2. Within each 

network layer are: the weights, w, the multiplication and 

summing operations, the bias, b, and the activation function, 

u.  

B. Data Acquisition and Pre-Processing 

For the purpose of the work the use iscxbot2014 dataset. 

The dataset was originally created by [29]. It is made up of 

data set from three different sources. These sources are: 
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i. ISOT data set created by fusing different available data 

sets [30]. (French chapter of honeynet project, Eriksson 

Research in Hungary and Lawrence Berkeley National 

Library). 

ii. ISCX 2012 IDS dataset generated in a physical testbed 

implementation using real devices that generated real 

traffic that mimic user behavior [31] 

iii. Botnet traffic generated by the malwares capture facility 

project. A research project with the purpose of generating 

and capturing botnet traces in long term. [32.] 

The dataset was extracted using Wireshark: a foremost 

and widely used network analyzer to generate an excel 

version of the set. The data set contain Forty-two (42] 

attributed out of which 11 were selected for our purpose.  

C. Model Development  

MATLAB was used to write the script files for the 

developed botnet detection and classification model and 

performance analysis to determine the weight and bias values, 

number of neurons and activation function type to be used in 

the optimal model equation. The script files were written to 

compare the relative effect of number of hidden layer neurons 

and activation function type on the performance of a designed 

network. A feedforward network topology and the default 

Matlab Neural Network Toolbox learning algorithm, 

Levenberg– Marquardt, were used.  

The number of neurons in the hidden layer was varied 

from 5 to 33 in incremental steps of 2. Logsig, purelin and 

tansig type of activation functions were used to create 9 

different pairs of activation functions. Thus, each of the 15 

different numbers of neurons was used with 9 different pairs 

of activation functions. Each run of the script file generates 

135 networks. For networks in which activation function 

pairs with logsig or tansig functions were used in the output 

layer, the input and target output data were pre-processed into 

0–1 or _1 to +1 range using bellow respectively. 

𝑋𝑛𝑜𝑟𝑚_0_1 =
𝑋−𝑋𝑚𝑖𝑛

𝑋𝑚𝑎𝑥−𝑋𝑚𝑖𝑛
    (7) 

𝑋𝑛𝑜𝑟𝑚_−1_1 = 2 ∗
𝑋−𝑋𝑚𝑖𝑛

𝑋𝑚𝑎𝑥−𝑋𝑚𝑖𝑛
− 1   (8) 

The network outputs from the simulation process were 

then post processed to the original range. To compare the 

relative effect of number of runs on network performance, the 

script file was run 20 times and 20 runs generated 2700 

trained networks for performance evaluation. The flow 

diagram of the ANN script file is shown in Fig. 3 flowchart. 

Out of the over 1million iscxbot2014 dataset downloaded 

and extracted through Wireshark into excel file, 9040 samples 

were used while training the network and 4040 were used for 

testing. During the training process, the input and target 

output data were applied to the network and the network 

computed its output. The initial weight and bias values and 

their subsequent adjustments were done by the Matlab Neural 

Network Toolbox software. For each set of output in the 

output data, the error, e, (the difference between the target 

output, t, and the network’s output, y,) was computed. The 

computed errors were used by the network performance 

function to optimize the network and the default network 

performance function for feedforward networks is mean 

squared error, MSE (the mean of the sum of the squared 

errors) which is given by: 

𝑀𝑆𝐸 =  
1

𝑁
(∑𝑁𝑖=1 (𝑒𝑖)

2)    (9) 

𝑀𝑆𝐸 =  
1

𝑁
(∑𝑁𝑖=1 (𝑡𝑖 − 𝑦𝑖)

2)   (10) 

where N is the number of sets in the output data. The 

weight and bias values are adjusted so as to minimize the 

mean squared error and thus increase the network 

performance. After the adjustments, the network undergoes a 

retraining process, the mean square error is recomputed and 

the weight and bias values are readjusted. The retraining 

continues until the training data achieves the desired mapping 

to obtain minimum mean square error value. 

D) Developed Model 

Mathematically, fig 4can be represented as: 

𝑦𝑖 = 𝜑2(∑
𝑚
𝑗=1 𝑤𝑗1𝜑1[∑

11
𝑖=1 𝑤𝑖𝑗𝑥𝑖 + 𝑏𝑗] + 𝑏1) (11) 

where m is the total number of neurons in the hidden layer.  

The operations within an N layered network can be 

mathematically represented by; 

𝑦𝑖 =

𝜑𝑁

(

  
 
∑
𝑝
𝑗=1 𝑤𝑘𝑖… 

𝜑2(∑
𝑚
𝑗=1 𝑤𝑗𝑘

𝜑1(∑
𝑛
𝑖=1 𝑤𝑖𝑗𝑥𝑖+𝑏𝑗)

𝐿𝑎𝑦𝑒𝑟 1 +𝑏𝑘)

𝐿𝑎𝑦𝑒𝑟 2
+⋯+ 𝑏𝑖

)

  
 

𝐿𝑎𝑦𝑒𝑟 𝑁

          (12) 

where i is the number for the ith neuron in layer N, p is the 

maximum number of neurons in layer N and N is the total 

number of network layers. 

For linear activation function in both hidden and output 

layers and the use of m number of neurons in the hidden layer, 

eqn. (10)is transformed into: 

𝑦 = 𝐿𝑊⌈𝐼𝑊 ∗ 𝑋 + 𝑏𝐼⌉ + 𝑏2   (13) 

𝑦 = [𝐿𝑊 ∗ 𝐼𝑊] ∗ 𝑋 + [𝐿𝑊 ∗ 𝑏1] + 𝑏2  (14) 

Where 

Layer weights, LW = [1,m] matrix 
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Input weights, IW = [m,11] matrix 

Layer 1 bias, b1 = [m,1] matrix 

Layer 2 bias, b2 = c 

Input vector, X = [11,1] matrix 

Thus 

[𝐿𝑊 ∗ 𝐼𝑊] =  [𝛼 𝛽 𝛾 ]    (15) 

[𝐿𝑊 ∗ 𝐼𝑊] ∗ 𝑋 = [𝛼 𝛽 𝛾 ][𝑇𝑅𝐷]   (16) 

The proposed model equation is: 

𝑦 = 𝛼𝑇 + 𝛽𝑅 + 𝛾𝐷 + 𝑐    (17) 

IV RESULT AND DISCUSSION 

In order to get best performance of the intelligent model, 

dynamic thresholding algorithm was developed to get the best 

threshold value using training dataset between 0.4 and 0.6 

with an  increment 0f 0.05. The best three threshold values 

ware recorded: 0.5, 0.505 and 0.58 as displayed in table 4.1 

Table 4.1: Dynamic thresholding for training dataset 

 

 

 

 

 

 

Table 4.2. Performance Evaluation of Activation Function Combinations and DTA 

Acti-

vation 

Functio

n Pair 

Accu-

racy 

(%) 

Correct 

Rate 

(%) 

Error 

Rate 

(%) 

Last 

Correct 

Rate 

(%) 

Last 

Error 

Rate 

(%) 

Inco

n 

clusi

ve 

Rate 

(%) 

Classi 

fied 

Rate 

(%) 

Sensi

-tivity 

(%) 

Speci

-ficity 

(%) 

False 

Positi

ve 

Rate 

(%) 

False 

Negati

ve Rate 

(%) 

PP 66.113 79.18 20.82 79.18 20.82 0 100 71.78 87.65 12.35 28.22 

PT 66.113 79.51 20.49 79.51 20.49 0 100 71.37 88.84 11.16 28.63 

PL 
65.448

5 
79.29 20.71 79.29 20.71 0 100 70.95 88.84 11.16 29.05 

TP 99.6 99.89 0.11 99.89 0.11 0 100 99.79 99.52 0.48 0.21 

TT 
75.083

1 
86.16 13.84 86.16 13.84 0 100 89.63 82.19 17.81 10.37 

TL 66.113 79.51 20.49 79.51 20.49 0 100 71.37 88.84 11.16 28.63 

LP 
79.734

2 
84.05 15.95 84.05 15.95 0 100 80.29 88.36 11.64 19.71 

LT 
82.059

8 
84.83 15.17 84.83 15.17 0 100 82.16 87.89 12.11 17.84 

LL 
81.395

3 
84.05 15.95 84.05 15.95 0 100 82.57 85.75 14.25 17.43 
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The performance evaluation of the activation function 

pairs and the Dynamic Thresholding Algorithm (DTA) 

ispresented in table 4.2 above. The metrics used in 

evaluating the performance are accuracy, correct rate, error 

rate, last correct rate, last error rate, inconclusive rate, 

classified rate, sensitivity, specificity, false positive rate 

and false negative rate. The performance evaluation report 

clearly indicates that all the traffic data were classified. 

There is no unclassified traffic. With reference to all the 

performance metrics, tansig-purelin (TP) activation 

function combination achieved the best values. The 

accuracy, sensitivity and specificity of TP pair are 

99.6678%, 99.79% and 100%. With these values, the false 

positive rate of 0% and false negative rate of 0.21% were 

attained. 

 

 

V CONCLUSION AND RECOMMENDATION 

A. Conclusion 

An Artificial neural network classifier for botnet 

detection and classification have been presented to for the. 

The model and its implantation on the chosen data set has 

shown to be of a comparative very efficiency given an 

average accuracy of 98%. The SCIX data set has also 

shown to be very relevant in the researches on botnet 

detection and classification. 

B. Recommendation  

We hereby recommend that more than one training 

algorithm could be combined to generate of more flexible 

and robust detection system. 
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ABSTRACT— This paper presents a comparison between relaying algorithm based on Artificial Neural Network (ANN) and adaptive 

neuro-fuzzy inference system (ANFIS) technique for the protection of transmission line. A feed forward ANN with six inputs and eleven 

outputs has been developed for the detection and classification of faults. Data was generated by simulating a 400 kV, 50Hz, 100 km 

transmission line in PSCAD/EMTDC at a sampling frequency of 2 kHz. Three ANN and ANFIS configurations with different 

combinations of inputs have been attempted. Initially all the three ANN and ANFIS configurations were trained and tested using truncated 

data for their comparative performance. ANFIS configuration has been found to be the best one and different set of data have been used 

for training and testing with different number of epochs and membership function. 'gbell' membership function found to be the best 

membership function in performance for both training and testing with least error, been 100% accuracy and lesser number of epochs and 

faster than ANN. 

 KEYWORDS— artificial neural network, fault detection, phase selection, power system faults, transmission line. 

 INTRODUCTION 

 A transmission line is one of the main components in 

electric power system which provides a path to transfer 

power from generation to load. The transmission line is 

exposed to different types of faults namely phase-to-earth, 

two-phase-to- earth, phase-to-phase, three phase faults. The 

fault on the transmission line needs to be detected and then 

isolated quickly to prevent the disturbance in the line. It is 

important to detect, classify and clear the faults with high 

speed, selectivity and accuracy in order to prevent 

instability which can cause damage to the system. Several 

techniques have been reported in the literature for detection 

and location of faults on transmission lines [1,2].  The 

objective is to protect the transmission line in such a way 

that the power system is stable and only the faulty part is to 

be isolated leaving the rest part of the system in operation.  

Hence, it is essential to detect the fault quickly and separate 

the faulty section of the transmission line for safety, 

economy and power quality. A fault detector that uses 

artificial neural networks (ANN) has been described in [3]. 

It performs the fault defection problem as a pattern 

classification process. However it does not classify the 

faults. Back-propagation ANN has been used as a pattern 

classifier for a distance of 100 km with two sources at both 

ends in [4]. However, only one type of fault, phase to 

ground fault, was simulated varying the fault distance, fault 

resistance, fault inception angles, sources impedance, 

source capacities and power transfer angle. ANN used six 

inputs, namely normalized Ia, Ib, Ic and Va, Vb, Vc and 

had six nodes in the input layer, six nodes in the first hidden 

layer, two nodes in the second hidden layer and one node 

in the output layer.ANN was successfully trained to detect 

fault in protection zone only with accuracy at 78.82% of the 

protection zone. Fault detection and classification has been 

achieved in [5]. Two hidden layers with (30-20-15-11) 

have been used. However, it requires large memory as the 

number of inputs is more.  Faults have been detected and 

classified using ANN with the relay operating time of 1 

cycle in [6]. Single-line-ground faults have been classified 

with the relay operating time of 1 cycle in [7]. The prime 

motive behind the present work was an accurate fault 

classification as well as fault detection in such a way that 

the maximum accuracy is achieved with minimum relay 

operating time. Paper reports improved algorithm which 

does classification as well as detection and has accuracy of 

100% and requires less memory with relay operating time 

of less than ¾ cycle which is an improvement over work 

achieved by the earlier researchers. 

ANN has been trained and tested using Back-

propagation algorithm with a large amount of data. The 

inputs to ANN were the rms values of phase voltages, line 

voltages, line currents and ratios of sequence components 

of currents in different combinations and the same data 

used for training and testing for  ANFIS. 

The transmission line was simulated using an 

electromagnetic transient program, EMTDC/PSCAD on a 

sample three-phase power system. The data has been 

generated for all the types of faults at two different 

locations with two values of fault resistance and eight 

values of fault inception angles at a sampling rate of 2 kHz. 

Three ANN configurations (ANN-1, ANN-2, ANN-3) with 

six inputs and eleven outputs have been attempted. The 

three configurations differ in the inputs. The inputs were 

Va, Vb, Vc and Ia, Ib, Ic to ANN-1, Vab, Vbc, Vca and 
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In/Ip, Io/Ip, Ip/Iload to ANN-2 and. Va, Vb, Vc and In/Ip, 

Io/Ip, Ip/Iload to ANN-3. The same configuration used for 

ANFIS. 

All the three ANN and ANFIS configurations were 

attempted and compared. ANFIS has been found as the best 

configuration in terms of accuracy and performance as 

100% accuracy has been  achieved in both training and 

testing with a minimum delay.  

II. DATA GENERATION FOR TRAINING AND 

TESTING OF ANNS AND ANFIS 

A. Simulation  

 

  Simulations were performed using an electromagnetic 

transient program, EMTDC/PSCAD, on a sample three-

phase power system. Fig. 1 shows the three phase model of 

the system that has been studied. The system consists of a 

generator of 400 kV located on one side of the transmission 

line. The transmission line (line-1 and line-2 together) is 

100 km long. The line has been modeled using distributed 

parameters. A three phase fault module is used to simulate 

different types of faults with different inception angles, 

different fault resistances, and different source and load 

impedances at various locations on the transmission line.   

Fig. 1. Model simulated in PSCAD (fault location at 0km)   

B. Dataset  

 As the input signals to the protective relay are currents 

and voltages. In the same way these inputs have to be fed 

to the ANN. However, some other parameters are needed 

to differentiate between the types of faults. Those 

parameters are zero sequence currents (Io), positive 

sequence currents (Ip) and negative sequence currents (In). 

Twelve quantities are needed to select the best set of input 

combinations for the neural network. The quantities include 

Ia, Ib,I c, Va, Vb, Vc, Vab, Vbc, Vca and In/Ip, Io/Ip, 

Ip/Iload. Balanced faults and unbalanced faults are 

differentiated by the ratio of negative sequence current to 

positive sequence currents (In/Ip), the ratio of zero 

sequence currents to positive sequence currents (Io/Ip) is 

used to differentiate between the ground faults to phase 

faults and the balanced fault and no fault condition is 

differentiated by the ratio of positive sequence currents to 

load currents (Ip/Iload). C. Generated Data The values of 

three-phase rms voltages and currents are measured. The 

rms voltages include the rms line to line voltages and rms 

phase voltages. The line components are first processed 

using FFT algorithm and then the sequence components at 

the fundamental frequency are derived. 

 Fig. 2 shows the graphs obtained during single line-to-

ground fault of the system.  

 

Fig. 2. Rms graphs of 12 parameters during single-line- 

to-` 1ground fault. 

III. ANN INPUTS AND CONFIGURATION 

Three ANN configurations have been attempted. The 

configurations differ in the input signals applied. The three 

combination of inputs include (Va, Vb, Vc and Ia, Ib, Ic) 

for ANN-1, (Vab, Vbc, Vca and In/Ip, Io/Ip, Ip/Iload) for 

ANN-2 and (Va, Vb, Vc and In/Ip, Io/Ip, Ip/Iload) for 

ANN-3. but the combination  of ANN-2 have better 

accuracy compare ANN-1and ANN-3, due to this ANN-2 

will be consider. 

A. ANN-2 

1) Inputs Line voltages and sequence current ratios 

were used as inputs to ANN-2. The six inputs used include 

Vab, Vbc, Vca and In/Ip, Io/Ip, Ip/Iload. The outputs were 

eleven which consists of AG, BG, CG, AB, BC, CA, ABG, 

BCG, CAG, ABCG and no-fault. One hidden layer was 

used with different number of neurons for optimization. 

 2) Results The numbers of iterations required for the 

training process were 48. The mean square error in fault 

detection achieved by the end of the training process was 

4.57e-07 and the number of validation check fails was zero 

by the end of the training process.  Fig. 3 shows the training 

performance plot of the neural network. 
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Fig.  3. Mean-square error performance of ANN-2 (6-20-

11) 

 

 

Fig. 4. Confusion matrices for Training, Testing and 

Validation Phases of ANN-2 (25 sample delay) 

The accuracy of training for ANN-2 for fault 

classification with no delay was 79.8%. In order to increase 

the accuracy 5 samples were removed and the accuracy was 

still 83.2%. Then the accuracy reached a value of 94.1% at 

a delay of 10 samples, 99.4% at a delay of 15 samples, 

99.2% at a delay of 20 samples. The accuracy of 100% was 

obtained at a delay of 25 samples as shown in Fig. 6. 

Further delay would make no sense. Confusion matrices for 

a delay of 25 samples (12.5 ms) are shown in Fig. 4. 

Similarly ANN-2 was tested and the accuracy of testing for 

ANN-2 for fault classification with no delay was 81.3%. In 

order to increase the accuracy 5 samples were removed and 

the accuracy was still 84.9%. Then the accuracy reached a 

value of 93.5% at a delay of 10 samples, 98.0% at a delay 

of 15 samples, 98.8% at a delay of 20 samples. An accuracy 

of 100% was obtained at a delay of 25 samples as shown in 

Fig. 5.   

 

Fig. 5. ANN-2 Confusion matrix for testing of ANN-2 

with 25 sample delay    

IV. ANFIS INPUTS AND CONFIGURATION 

Three ANFIS configurations have been attempted. The 

configurations differ in the input signals applied. The three 

combination of inputs include (Va, Vb, Vc and Ia, Ib, Ic) 

for ANFIS-1, (Vab, Vbc, Vca and In/Ip, Io/Ip, Ip/Iload) for 

ANFIS-2 and (Va, Vb, Vc and In/Ip, Io/Ip, Ip/Iload) for 

ANFIS-3. but the combination  of ANFIS-2 have better 

accuracy compare ANFIS-1and ANFIS-3, due to this 

ANFIS-2 will be consider. 

A. ANFIS-2 

1) Inputs Line voltages and sequence current ratios 

were used as inputs to ANFIS-2. The six inputs used 

include Vab, Vbc, Vca and In/Ip, Io/Ip, Ip/Iload. The 

outputs were eleven which consists of AG, BG, CG, AB, 

BC, CA, ABG, BCG, CAG, ABCG and no-fault.  

B. ANFIS DATA TRAINING AND TESTING           The 

data is classified as training data and testing data in 

ANFIS’s learning process. Testing data should be in the 

range of training data for the purpose of testing procedures. 

The number of training epoch also gives a good result in 

predicting the target. Accurate targets consider a minimum 

prediction error from the result of ANFIS training. The 

error can be reduced by adjusting the variable membership 

function (MF) and epoch parameters. With increasing in 

number of MF and epoch, the error will reduce accordingly. 

Sometimes, no reducing in error can be noticed even 

though the epoch was increased up to 5000 and above. This 

is due to the way the data is assembled. Therefore effective 

input data assembly will result good prediction. For this 

work, effective configuration of the data has been reached 

by preparing a wide data range between their elements and 

arranging the data from small to large values.  

During the training process, MF parameters are varied 

so as to yield the ANFIS’s output as target values. The 
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minimum error percentage is a small difference between 

target and prediction values and it is used to measure the 

success level of a training process. 

 

C. TESTING AND TRAINING OF ANFIS WITH      

GBELLMF WITH EXPANDED DATA SET 

I. In this part the number of samples data increased 

for both training and testing,in the training similarly six 

inputs were used i.e. 𝑉𝑎𝑏 , 𝑉𝑏𝑐 , 𝑉𝑐𝑎  𝑎𝑛𝑑 𝐼𝑛/𝐼𝑝, 𝐼𝑜/𝐼𝑝 , 𝐼𝑝/

𝐼𝑙𝑜𝑎𝑑 together with the 0 and 90 degree faults inception 

angles and 50km fault location. While for testing the 

same set of inputs were used with 45 and 135 degree 

inception angles. The figures below show the training 

and testing results starting from 10 epochs to 20epochs 

of the gbellmf. 

D. RULE 

In this part, an ANFIS model has been developed with 

12 fuzzy ‘IF-THEN’ rules for the task of determining the 

ten faults and no-fault condition. Since, the number of 

block functions represents the rules for every input data, 

it is difficult to describe the operational process of the 

model due to lack of space. However, a rule viewer is 

shown in Fig.5.1.8 for that purpose. There are five stages 

of ANFIS operational process that includes 

fuzzification, ‘IF-THEN’ rules, normalization, 

defuzzification and neuron addition. Figure 5.4.1:show 

the rule viewer of gbellmf with 12 rules 

 

Fig. 6: An ANFIS model structure for the task of 

identifying ten fauts and no-faults condition 

 

Figure 7:train result of gbellmf with 5 epochs 

E. Testing results 

About 1640 samples of data set were tested with six inputs 

i.e. 𝑉𝑎𝑏 , 𝑉𝑏𝑐 , 𝑉𝑐𝑎  𝑎𝑛𝑑 𝐼𝑛/𝐼𝑝, 𝐼𝑜/𝐼𝑝 , 𝐼𝑝/𝐼𝑙𝑜𝑎𝑑and ten faults 

and no-fault condition used as output with different fault 

inception angles and epochs. The results are show in the 

figures below; 

Figure 8:test result of gbellmf with 15 epochs 
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V.  FINDINGS 

 

A.  ANFIS 

● Gbellmf has the best performance for both 

training and testing data. 

● The error are reduced with increased the 

number of epochs 

● The optimum number epochs for both testing 

and training was found to be 5epochs 

● Training error = 0.0038754 

● Testing error =0.0814 

● Faster than ANN 

 

B. .ANN 

● 20 neurons is the optimums number for 

training 

● 22 neurons is the optimum number for testing 

● The optimum delay is 25 samples i.e.12.5ms 

 

VI. CONCLUSION 

ANFIS technique involves more computation, but it 

provides better accuracy for detection and classification all 

types faults in transmission lines than ANN .Different set 

of data had been trained and tested with different number 

of epochs and membership function and gbellmf was found 

to be the best membership function in performance for both 

training and testing with least error, high accuracy and less 

number of epochs and  faster than ANN with less delay. 
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Abstract—This paper present the design and simulation of a single 

band micro strip patch antenna for 5G wireless application 

operating at 60GHz with a maximum reflection coefficient of -

41.648731dB,a very wide bandwidth of 30GHz and a gain of 

8.82dB.The transmission line of the antenna used is an inset feed. 

The substrate used is Rogers RT5880 which has a dielectric 

constant of 2.2, loss tangent 0.0009, and height 1.6mm.The 

antenna dimensions were calculated and simulated results have 

been displayed and analyzed using CST software.  

Keywords—millimeter-wave, 5G, u slot and H slot, microstrip, 

60GHz 

I. INTRODUCTION  

Today and in the recent future, to fulfill the presumptions and 

challenges of the near future, the wireless based networks of 

today will have to advance in various ways. The 5G 

technology uses a higher frequency  range  of 28-72  propose 

by FCC on October 22nd 2015 as the FCC 15138 rule, which 

is able to deliver a high data of multi-Gbp and will be able to 

support as much as 1000x by 2030.With the competence of 

5G,a lot of industries will be enhanced such  as Artificial 

intelligence, and the Internet of Things (IoT) that is fueling a 

need for massive connectivity of devices, and also a need for 

ultra-reliable, ultra-low-latency connectivity over Internet 

Protocol (IP). 

In this paper, the propose single patch antenna is designed to 

resonate at 60GHz millimeter wave frequency.The patch is 

design using the substrate Roger RT5880 with a dielectric 

constant of 2.2,thickness of 0.254mm with 3.5mm × 2.9mm 

as the dimension of the patch. The design antenna uses the 

50Ω microstrip line feeding and simulated by the CST 

software. 

II. MATERIALS AND METHODS 

The proposed micro strip patch antenna operating at 60GHz 

for 5G is shown in Figure 1 

 
Figure 1: Proposed Micro strip Patch Antenna 

 TABLE I. Dimension of proposed antenna 

Parameter Dimension (mm) 

wg 8 

lg 7.5 

Wp 3.5 

Lp 2.9 

Wf 0.41 

Lf 2.15 

Ifx 0.2 

Ify 0.2 

Hx 2.4 

Hy 2.5 

Ex 1.5 

Ey 1.35 

D 0.3 

The copper plate with dimensions of 8mm x 7.5mm and 

thickness of 0.003 mm is used as the ground plane. The H 

and U slot cut on the patch help to enhance the impedance 

bandwidth, the length and width is 1.5 mm and 1.35 mm. 

The feed lines have a length and width of 0.41mm and 

3.25 mm. The single band antenna has been designed at 

work 60 GHz millimeter wave frequency. 
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Figure2: The Simulated Micro Strip Patch Antenna 

III.  RESULTS AND DISCUSSIONS 

The antenna was modeled and simulated using CST 

Microwave commercial software programs and each layer of 

the proposed design was assigned with its respective physical 

and electrical properties. The result of the return loss, VSWR 

(Voltage Standing Wave Ratio), gain and the radiation pattern 

of the single patch element obtained is shown in Figure 3 - 7. 

The S11 parameters were obtained to be -41.65 dB taken as 

the base value which is favorable for mobile communication. 

The single patch resonates at 60 GHz with a return loss of -

41.65 dB as seen in Figure 3 below. The acceptable level of 

VSWR for wireless application should be less than 2 and as 

seen in Figure 4, the VSWR of the single patch antenna is 1.8 

The antenna achieved a high gain of 8.82 dB which is 

considered excellent in terms of a compact micro strip patch 

antenna as shown in Figure 4. The radiation pattern at phi=0° 

and theta = 90 is presented in Figure 5 and 6. An 

omnidirectional pattern of the proposed antenna is seen with 

a small back lobe. 

 

 

 

Figure 3: Return Loss 

 

  Figure. 4: VSWR curve of proposed antenna 

    
Figure 5: Radiation Pattern 

 

Figure 6: Radiation Pattern at 90 
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 Figure 7: 3D Display of antenna gain 

The summary of result is shown in Table 2 below. The 

obtained parameters shows that the proposed antenna is a 

suitable for 5G mobile communication. 

 Table 2: Summary of Results 

Antenna 

parameter 
S11 

parameter 

VSWR Realize

d Gain 
bandwidth 

     

Specification 

Detail 
 

60 GHz at  

-41.65 dB  

1.8 

 

8.82 dB  

 

30 GHz 

 

IV. CONCLUSION 

In this paper, a rectangular micro strip patch antenna has been 

proposed for 5G wireless communication. The antenna 

resonates at 60 GHz with a return loss of -41.65 dB. The 

achieved gain of the antenna is 8.84 dB and the radiation 

pattern is omnidirectional. The integration of the antenna can 

be done in devices where space is a major concern and can be 

used in future 5G wireless devices. 
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ABSTRACT-The study of congestion on GSM networks in Nigeria is necessary as congestion remains a major challenge to 

telecommunications services provision both to service providers and subscribers. The subscribers are compelled to quit the service provider 

who fails to meet up with the services required by them. This occurs at a time when the wide spread use of mobile communication has 

heightened consumers’ demand for quality of service anytime, anywhere. Today, network operators face challenges of improving the quality 

of services. Operators are fast realizing that they are in a highly competitive environment, where subscribers can easily quit them. 

Dissatisfaction by subscribers gives rise to a high rate of subscriber churn (a situation of stopping doing business with the company or 

service) and low revenue for the operator. Congestion is a problem all GSM service providers are facing and trying to resolve. Drive test 

was conducted using Transmission Evaluation and Monitoring System (TEMS) software and congestion was analyzed to check the 

performance of Etisalat, and MTN Networks in Zaria and methods for its improvement were suggested. 

Keywords- QoS, KPIs, ITU, Cellular Network and Congestion 

 

I. INTRODUCTION 

A cellular telephone is designed to give the user maximum 

freedom of movement. As a result of this freedom, the number 

of mobile users keep growing at an alarming rate. The role of 

cellular phones has risen with the improvement in services, 

reduction in service cost, and the ever increasing range of 

services available through cell phones and as a result, 

subscribers possess multiple lines on the same or various 

networks, all of which have contributed to the challenge of 

congestion (Kuboye etal, 2010).The cellular system began in 

the United States of America with the release of the Advanced 

Mobile Phone Service (AMPS) system in the year 1983, Asia, 

Latin America, and Oceanic countries adopted the AMPS 

standard  

creating the largest potential market in the world for cellular 

service (Mehrotra, 2015). 

GSM was introduced to solve the problem of capacity, high-

level of interference, high power consumption, signaling 

issues, inefficient use of radio spectrum and so on, which were 

faced in the analogue mobile system. The technology was 

embraced by everybody considering the advantages a GSM 

has, such as increase in the number of simultaneous user and 

clarity of voice communication, in addition to those problems 

of AMPS it resolved. GSM revolution in Nigeria started in 

August 2001, and this brought a great change in the ICT. The 

Nigerian telecommunications industry is rapidly growing, and 

many operators and their operations put forth different 

services, but in the diverse services provided, most of the 

subscribers do not receive satisfaction due to the poor nature 

of services available on these networks. With the rapid growth 

of the wireless industry, GSM networks are rolling out and 

expanding at a high rate. The industry is also becoming 

intensely competitive. In this environment, high quality 

service is a competitive advantage for service providers. A lot 

of effort is made by a network operator to monitor the network 

and maintain current, comprehensive and accurate status of its 

quality. This status together with new traffic demand data is 

used by the operators to improve the Quality of Service (QoS) 

of their networks and adjust their Operations QoS of mobile 

cellular networks which was defined by ITU-T Rec E. 800 as 

“the collective effect of service performance that determine 

the degree of satisfaction of a user of the service” has many 

performance attributes or metrics which have continue to give 

telecommunications experts and operators lot of keen 

consideration for continual optimality. In GSM, parameters 

used include network accessibility, retain-ability, mobility, 

and service integrity. According to ITU standard, all these are 

affected by system configuration or/and dimensioning. Since 

the QoS is very important, then researching into factors 

affecting this QoS is equally very important. This research 

work focuses on carrying out investigation on the parameters 

that determine the QoS in GSM technologies for the mutual 

benefits of both subscribers and network operators. 

 

II. RELATEDWORKS 
Popoola et al., (2012) evaluated the network performance and 

QoS of GSM cellular system in Nigeria using Key 

Performance Indicators (KPIs). The result of the study showed 

that the QoS of GSM system in the country was unreliable, 

poor, and unsatisfactory. The limitation in their work was the 

fact that the assessment and the performance evaluation were 

carried out by using structured questionnaire which could not 

be appropriate for standard QoS measurement analysis. 

Shoewu et al., (2011) presented a report on the QoS of 

network optimization and evaluation of KPIs provided by 

GSM operators considering the ability to establish and 

maintain call connections, call retention, handover, inter and 

intra network call setup. The work consequently developed a 

model of service quality and a set of dimensions for 

comparative evaluation which were opined to direct regulators 

and service providers. The major problem of this work was 

that, the ability to establish and maintain call connections, call 

retention, handover, inter and intra network call setup could 

not be used for the comparison of the QoS Performance of 

various GSM Operators. 

Louge, (2011) used subscribers’ perception of the quality of 

service of GSM services in Nigeria to determine the network 

performance through a questionnaire titled “user perception of 
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the QoS of GSM Service providers in Ibadan, Nigeria to 

gather responses from users. The responses were presented 

using descriptive statistics and data collated using inferential 

statistics. Finding from the questionnaire showed that a 

significant number of respondents were not satisfied with the 

QoS provided by the operators. They experienced epileptic 

services, call drops, low voice call quality, poor 

interconnectivity, and poor reception on the network. The 

major problem of this work was that the work seemed like 

work that was carried out based on sample opinion. Just using 

questionnaire to take statistics by sample opinion could not 

establish or justify assessment or performance evaluation of 

QoS. 

Agago et al., (2012) optimized GSM network performance 

with respect to efficiency by developing a pilot study. 

Simulations were carried out to assess various parameters and 

recommendations were made on how to improve the 

efficiency of the wireless communication network. The 

limitation of this work was the fact that the work was based 

on optimizing the efficiency of wireless communication 

network which could not be used to determine or compare the 

QoS of GSM Network. 

Ndife et al., (2013) carried out an evaluation and optimization 

of QoS of mobile cellular networks in Nigeria using drive test 

but without considering the KPIs. With this, a holistic network 

optimization model using an Adaptive Network-based Tuzzu 

Inference System (ANFIS) algorithm was developed. The 

limitation of this work was that drive test could not give a 

standard performance measurement of QoS Analysis in a 

GSM network. 

Innocent(2015) uses ANFIS and ANN features to evaluate the 

performance of GSM network Call Set-up Success 

Rate(CSSR) of MTN Kano region. Innocent’s paper focused 

only on corporate analysis of the measured (CSSR) to that of 

estimated using (ANFISS) and (ANN) model. 

Marshal, (2015) carried out the assessment ofQoS over GSM 

network using KPIs, in his work Marshal,2015 selected 

Etisalat Nigeria in Kano and Katsina as a case study, only that 

the study covers virtually the areas mentioned and the results 

may not be specific.  

Having observed the limitations of the above literatures 

reviewed, this research came up with a better method in 

accordance with the standard for Congestion Comparative 

Analysis and measurement of the QoS in GSM Cellular 

network. The work considered the major KPIs such as TCH 

and SDCCH that were used in Congestion Comparative 

Analysis in GSM Cellular Network. The data used in this 

research were obtained directly from network operators 

through drive testnot through opinion sampling. The data were 

directly from BSC and BTSs of Etisalat, and MTN in Zaria. 

The research also described the causes and impacts of TCH 

and SDCCH congestion rate and provided measures to reduce 

the congestion rate and optimize the KPIs. The research also 

provided the models for allocation of calls within GSM 

network based on the network capacity and traffic, 

distribution procedure and optimization method and algorithm 

for implementing the models to manage congestion of calls in 

GSM network. All these are what the operator needs to use to 

improve service level of a GSM Communication Network. 

 

III. Methodology/Materials 
The methodology adopted in carrying out this research 

included the following; 

Collection of data(by means of drive test) from BSC and BTSs 

of Etisalat and MTN-Zaria from 1st January to 30th June,2017 

Generating the data collected to a MapInfo-format for the 

purpose of plotting drive test information, view a cellular 

network with sites and cells and for analysing key 

performance indicators(KPIs) of the system. 

Analysis and Extraction of relevant parameters from the data 

collected for comparing the performance of the two networks. 

Transmission Evaluation and Monitoring System (TEMS) 

investigation software was used to analyse the data to achieve 

the improved voice quality, increased accessibility, more 

successful call attempts and better service performance. 

 

Materials 

The drive test equipments required in performing cluster test 

and data collection are; 

 Laptop as a user interface that displays all information 

during RF drive testing. It is the user interface where 

drive test software such as Transmission, Evaluation 

and Monitoring System (TEMS), MapInfo and MS-

excel are installed and hardware such as scanner, 

external GPS and mobile phone are connected 

 Dongle as a small modem that enables a user to connect 

to the Internet using mobile phone. 

 TEM software from ASCOM as the backbone of RF 

drive testing optimization tool. It is used to obtain all 

RF parameters for data collection and data analysis. 

 Laptop as a user interface that displays all information 

during RF drive testing. It is the user interface where 

drive test software such as Transmission, Evaluation 

and Monitoring System (TEMS), MapInfo and MS-

excel are installed and hardware such as scanner, 

external GPS and mobile phone are connected 

 Dongle as a small modem that enables a user to connect 

to the Internet using mobile phone. 

 TEM software from ASCOM as the backbone of RF 

drive testing optimization tool. It is used to obtain all 

RF parameters for data collection and data analysis. 

 External GPS (Global Positioning System) as a device 

connected externally to Laptop collecting the data of 

latitude and longitude of each point/measurement data, 

time, speed, etc. 

 MS-Sony Ericsson TEMS phone used for collecting 

data such as signal strength, best service, etc. It is also 

used for making short call and long call during RF 

drive testing for drop call rate optimization evaluation. 

 Scanner that is used in collecting data through the 

network because mobile radio is limited and does not 

handle all the necessary data for complete RF analysis. 



 
Proceedings of the 1st National Communication Engineering Conference 2018 

 

 

 

19 

 

NCEC 2018:   Department of Communications Engineering, 
Ahmadu Bello University, Zaria, Nigeria, 17th – 19th October 2018 

 

 

 
Figure 1.  Laptop 

 

Methods of Data Collection 

The data were obtained from Etisalat and MTN Nigeria, Zaria 

Metro-police, comprising TCH, SDCCH, CSSR, CCR, CDR, 

CST, and TCHASR for the period of 6 months (from 1st 

January to 31st June 2017). Test routes were planned to 

include all the roads(around PZ) which are covered by 

different sectors of the sites under study. Also, the main streets 

around the BTSs, BSC were included. The test routes reached 

the overlapping areas of surrounding neighbour cells. This 

ensured the proper verification of the actual coverage area of 

the sites and the handover functions. 

Drive Test 

Drive test is the process of data collection from the GSM 

network so as to check the network performance by means of 

coverage evaluation, system availability, network capacity, 

network retain-ability and call quality. This is accomplished 

by checking the status of KPIs like receive level, receive 

quality, Speech quality and so on, in order to make appropriate 

recommendations where necessary for effective optimization. 

The drive test was carried out in a dedicated manner to identify 

the eventual black spots(radio coverage, holes) present within 

Zaria Metropolis. The logs recorded during the test were 

analysed and recommendations were made to improve the 

QoS in the City. The drive test investigated what the mobile 

users experienced on the radio network in the area. This was 

done by collecting data related to the radio network itself, 

services running on the network, radio frequency scanner 

information, and geographical positioning data to enable 

mobile station location logging. 

Benchmarking drive test involves comparing the network 

performance in terms of network accessibility, retain-ability, 

mobility, data throughput and service integrity. This enables 

the network operator to know its rank among other 

competitors and where necessary improvement action needed. 

After drive test data collection using TEMS software, the data 

were analysed to check the event summary such as call 

attempts, call completion, drop calls, and blocked calls. Also, 

graphical representation of the data was drawn to be able to 

understand how the network plots of 2G and 3G signal levels, 

2G and 3G signal quality, and other events summary that were 

represented graphically. 

 

TEMS Investigation Interface 
TEMS investigation is the industry-leading solution for 

troubleshooting, verification, optimization, and maintenance 

of wireless networks. TEMS investigation has powerful, 

versatile features that are essential throughout the network’s 

lifecycle. Using TEMS investigation, operators can achieve 

improved voice quality, increased accessibility, more 

successful call attempts, and better service performance. 

Support for GSM, GPRS, EDGE, WCDMA, HSPA, and GAN 

(UMA), CDMA (IS-95 to EV-DO Rev A),and now the 

addition of WiMAX technology functionality, further 

demonstrates that TEMS investigation is the ideal choice for 

network operators. TEMS investigation also offers true multi-

vendor support in addition to its multi-technology 

infrastructure support. It supports handsets from all major 

vendors across multiple technologies. Its measurement and 

reporting functions have general features that can be applied 

to any event or radio parameter that is measured. These 

features include a real-time map display and a report 

generator, allowing quick verification of the cell coverage. 

The map functionality in TEMS investigation provides basic 

statistics and the distribution of an arbitrary area selection 

plotted on the map. The route analysis module allows the user 

to work with multiple log files when post-processing the data 

by performing tasks such as statistical binning and 

benchmarking. TEMS investigation offers operators one tool 

with the ability to collect, analyse, and post-process the net-

work data used on a daily basis for network monitoring, 

troubleshooting, and optimization. This complete solution 

eliminates the need for multiple tools, reducing costs and 

saving time, and effort for operations staff. In addition, TEMS 

investigation gives operators a way to utilize all the benefits 

of network data while at the same time protecting its integrity. 

TEMS Investigation collects data beyond the abilities of other 

tools on the market. In addition to all standard parameters, it 

employs specialized developed algorithms to collect unique 

information not available in other vendors’ tools. For 

example, the Sony Ericsson Z750 (Triband 

HSDPA/WCDMA, Quadband GSM/EDGE) now offers 

powerful WCDMA scanning capabilities. This model is a 

cost-effective, conveniently slim tool for solution for the agile 

field engineer. TEMS investigation gives efficient work 

processes that allow operators to focus on network quality. 
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Figure 2 TEMS Investigation Interface 

 

TEMS Discovery                                                                                                                                                                                      

TEMS discovery is the wireless industry’s most holistic 

network analytical and optimization platform, providing 

mobile operators and their service providers with unparalleled 

insight into network performance as it is perceived by 

subscribers at the device, the application and the network 

level. This holistic approach is unique to TEMS Discovery, 

empowering operators to lock-in premium subscribers by 

validating that customers receive the service levels they 

demand, around-the-clock, from any location, and across 

voice, data and integrated media services. TEMS Discovery 

automatically analyses drive-test, User Equipment (UE), 

network OSS, crowdsourced, and application data, providing 

actionable intelligence via a Web-based management 

dashboard. TEMS Discovery enterprise offers a variety of 

analytical packages for customer experience, VoLTE, indoor, 

capacity (traffic hotspots and small cell); SON; handset 

analysis; subscriber KPIs, and benchmarking. TEMS 

Discovery is available in its flagship enterprise edition, as well 

as desktop editions that enables engineers to drill down into 

UE (collected from TEMS and third-party tool vendors) and 

OSS data (collected from Ericsson, Nokia Siemens Networks 

and Huawei). 

 

 
 

Figure 3 TEMS Discovery                           

 Drive Test Route 

Quality routes are pre-defined pathways and that must be 

performed periodically, usually 2 to 2 months. These routes 

should cover the relevant areas of the network, such as large 

customers and companies, bridges and major Avenues, etc. 

long ago. These routes were marked in printed maps and 

delivered to the staff responsible for performing the Drive 

Test. Currently, it is more common the creation and use of 

these routes in vector files, lines drawn on GIS programs such 

as Map-info and Google Earth. 

 

 
 

Figure 4 Drive Test Route 
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Figure 5 Zaria Test Route 

 

IV. Results and Discussion 
From the data obtained in the site, the Tables 1 and 2 show the 

call events statistics results which compare the performance 

of the two networks. 

 

 

 

 

Table 1 Summary of 2G Call Events Statistics Overall  

Voice  

Event details  Etisalat  MTN 

Call attempt  153 334 

Call attempt retry  02 31 

Call initiation  152 335 

Call end  152 321 

Call established  150 321 

Call setup  150 1 

Blocked call 0 1 

Dropped call 1 3 

Handover 559 526 

Handover failure  0 13 

Location area update  42 49 

 

Table 2 Summary of 3G Call Events Statistics Overall 

Voice  

Event detail  Etisalat  MTN 

Call attempt  170 356 

Call attempt retry  2 34 

Call initiation  170 361 

Call end  169 323 

Call established  168 332 

Call setup  169 332 

Blocked call 0 21 

Drop call 0 9 

Handover 83 396 

Handover failure  0 10 

Location area 

update  

42 112 

 

 

Speech Quality Index  

Speech Quality Index (SQI) is a quality of speech of a 

network. It is designed to cover all factors that Received 

Signal Quality (RxQual) lack to measure. SQI computation 

considers the Bit Error Rate (BER), the Frame Erasure Rate 

(FER) and data on handover events. The Figures4.1 and 4.2 

show the speech quality index for Etisalat and MTN network 

operators from data collected. 

 

 
Figure 6 Etisalat 2G SQI Drive 

Figure 6 shows the speech quality index of Etisalat 2G 

network the best SQI is 28 and above whose measurement 

counts of 8906 points and it also has the highest proportion of 

counts. Below 14 represent or bad SQI and it has the smallest 

measurement point of 99. This indicates that the SQI of this 

network is strong and better than MTN. 

 

 
Figure 7 MNT 2G SQI Drive 

 

Figure 7 shows the SQI of MTN 2G network. The best SQI is 

28 and above whose measurement counts of 3249 point while 

the SQI with the highest proportion of counts falls within 21-

28 with a point of 5218. Below 14 represent a bad SQI and it 

has the smallest measurement point of 456. This indicates that 

the SQI of this network is strong but not as strong as Etisalat. 
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Figure 8 Etisalat 2G SQI Histogram Plot 

 
Figure 9: MTN 2G SQI Plot 

Figures 8 and 9 show SQI histogram plots for Etisalat and 

MTN networks, respectively. From the histogram it is 

observed that the SQI for Etisalat network is the best because 

it has higher percentage of maximum SQI. The congestion rate 

of MTN network is higher than that of the Etisalat network. 

Signal Quality  

For 2G network, it is denoted as received signal quality (Rx 

Qual) and for 3G energy per chip per noise density (Ec/Lo). It 

is the measure of signal quality and the unit is dBm. The 

Figure 10 shows the signal quality for Etisalat and MTN 

network operators from the data collected. 

 
Figure 10 Etisalat 2G RxQual Drive Test 

 

Figure 10 shows the received signal quality level Etisalat 2G 

network, measured base on BER. The value is between 0 and 

7, the lower it is the better. The received signal quality of a 

larger proportion of the measurement point (11707) falls 

within the range of 0-3. Also the best received signal quality 

level of the lowest received signal quality falls into 7 and has 

the measurement points 5. 

 

 
Figure 11 MNT 2G Rx Qual Drive 

 

Figure 11 shows the received signal quality level for MTN 2G 

network, measured based on BER. The value is between 0 and 

7. The RxQual of a larger proportion of the measurement point 

(9043) falls within the range of 0-3. Also the best received 

signal quality level and the lowest received signal quality falls 

into 7 and has the measurement point 85. 

 
                     Figure 12 Etisalat2GRxQualPlot 
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Figure 13 MTN “2G RxQual Plot 

 

Figure 12 and 13 show RxQual histogram plots of Etisalat and 

MTN 2G networks, respectively. The plots show how the 

comparison of RxQual between Etsialat and MTN networks.  

It is observed that the RxQual of Etisalat is the better because 

it has highest percentage of minimum BER. Thus, it implies 

that Etisalat subscribers experience better received signal 

quality and low congestion compared to MTN subscribers in 

the area.  

 

 
Figure 14 Etisalat 3G Ec/Lo Drive 

 

Figure 14 show the received signal quality level Etisalat 3G 

network Ec/Lo, measured base on BER. The value is between 

-15 and - 6, the it is higher the better. The received signal 

quality of a larger proportion of the measurement point (7613) 

falls within the range of -11 to –6, and it is a good received 

signal quality level of the lowest received signal quality that 

falls into-15 and has the measurement point of 634. 

 
Figure 15 MNT 3G Ec/Lo Drive 

 

Figure 15 shows the received signal quality level for MTN 3G 

network Ec/Lo, measured base on BER. The value is between 

-15 and -6. The received signal quality of a larger proportion 

of the measurement point of 6967 falls within the range of -11 

to -6 and it is a good received signal quality level and the 

lowest received signal quality that falls within the range of -

15 to -13 and has the measurement point of 1294. 

 

 
 

Figure 16 Etisalat 3G Ec/Lo Plot 

 
Figure 17 MTN 3G Ec/Lo Plot 

Figure 16and 17 show energy per chip per noise density Ec/Lo 

histogram plots of Etisalat and MTN networks, respectively. 
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It can be observed that the Ec/Lo for Etisalat network is better 

than MTN network because it has higher percentage of best 

Ec/Lo level. Thus the network quality of Etisalat is better than 

MTN network. 

 

Network Coverage  

This determines the area that a network can cover. For 2G 

networks it is termed as Received Signal Level (Rx Level) and 

for 3G networks it is termed as Received Signal Code Power 

(RSCP). This is the signal power level (signal strength).The 

pilot channel of a cell is received and usually expressed in 

dBm. With this parameter different cell using the same career 

can be compared and handover or cell reselection decision can 

be taken. Figures 16 and 17show the network strength for 

Etisalat and MTN network operators from data collected. 

 
Figure 18 Etisalat 2G Rx Level Drive 

 

Figure 18 shows the coverage plot of the received signal level 

obtainable on the networks at different mobile user locations 

for Etisalat 2G network. The analysis of this result revealed 

that approximately 13,600 measurement points were collected 

during the drive test. The received signal strength of a larger 

proportion of the measurement points (6993 points) fell within 

the range of -85 to -75 dBm. Higher signal values of -65 to 0 

dBm were received at 1596 measurement points. The lowest 

received signal level range of below – 95dBm was 

experienced at 30 measurement points within the coverage 

area. 

 

 
Figure 19 MTN 2G Rx Level Drive 

 

Figure 19 shows the coverage plot of the received signal level 

obtainable on the networks at different mobile user locations 

for MTN 2G network. The analysis of this result revealed that 

approximately 13, 480 measurement points were collected 

during the drive test. The received signal strength of a larger 

proportion of the measurement points of 4927 points fall 

within the range of -75 to -65 dBm. Higher signal level values 

of -65 to 0 dBm were received at 2371 measurement points. 

The lowest received signal level range of below -95dBm was 

experienced at 135 measurement point within the coverage 

area. 

 

 
Figure 20 Etisalat 2G Rx Level Plot 

 

 
Figure 21 MTN 2G Rx Level Plot 

 

Figure 20 and 21 show Rx Level histogram plots of Etisalat 

and MTN networks, respectively. From the plots it was 

deduced that the Rx Level of MTN network is better than 

Etisalat because it has higher percentage of best Rx Level. 
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Figure 22 Etisalat 3G RSCP Drive 

 

Figure 22 shows the coverage plot of the received signal level 

obtainable on the networks at different mobile user locations 

for Etisalat 3G network RSCP. The analysis of this result 

revealed that approximately 15,200 measurement points were 

collected during the drive test. The received signal strength of 

a larger proportion of the measurement points of 5448 fall 

within the range of -85 to -75 dBm. Higher signal level value 

of -65 to 0 dBm were received at 2394 measurement points. 

The lowest received signal level range of below -95dBm was 

experienced at 191 measurement points within the coverage 

area. 

 

 
Figure 23 MTN 3G RSCP Drive 

 

Figure 23 shows the coverage plot of the received signal level 

obtainable on the networks at different mobile user locations 

for MTN 3G network RSCP. The analysis of this result 

revealed that approximately 15,100 measurement points were 

collected during the drive test. The received signal strength of 

a larger proportion of the measurement points of 5839 fall 

within the range of -85 to -75 dBm. Higher signal level values 

of 65 to 0 dBm were received at 1258 measurement points. 

The lowest received signal level range of below -95 dBm was 

experienced at 760 measurement points within the coverage 

area. 

 
                           Figure 24:Etisalat3GRSCPPlot 

 

 
Figure 25 MTN 3G RSCP Plot 

 

Figure 24 and 25 show received signal code power histogram 

plots of Etisalat and MTN networks respectively. It is 

observed, from the plots that RSCP for Etisalat network is 

better than MTN network because it has the high percentage 

of best RSCP and this has significant effect on the network 

performance in general. 

 

Discussion 
From the results analysed, the received signal code power and 

energy per chip per noise density for 3G Etisalat network is 

better than that 3G MTN network. Also, signal quality index 

received signal level and received signal quality for 2G 

ETISALAT network is better than that of 2G MTN network.  

In general, the ETISALAT network performance is the better 

in the area where the drive test was conducted which implied 

that subscribers on ETISALAT network experienced low 

congestion. 

 

V. Conclusions 

With technological advancement in this age, 2G and 3G 

planning has been a very interesting task due to availability of 

updated digital terrain data. 0Subscribers’ growth has posed a 

great demand for network rollout and expansion, software and 

hardware upgrade basically towards coverage and capacity 

expansion. In order to achieve the best performance, service 

providers have to monitor and optimize their network 

continuously. Therefore, good optimization models will go a 
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long way in helping the GSM operators to deliver good and 

qualitative service to the subscribers.  

 KPI monitoring schedule should be done in such a timely 

manner of routine checks on networks, network audit, 

performance test, cluster acceptance test, and analysis to 

ensure compliance with NCC regulations. 
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ABSTRACT—In natural means of incubation, the mother hen occasionally used her beak to turn her eggs twice to four 

times per day to avoid the embryo from sticking to the egg shell. In semi-artificial incubation, the eggs turning was done 

using hand to laterally keep the eggs horizontally four to six times per day. The natural way by the mother hen yield good 

result but is by far less than the number of chicks required worldwide. While the semi-artificial of eggs turning process using 

hands provided large number of chicks but transmitted diseases due to the direct contact to the eggs, is labor intensive and 

always leakage out the trapped head of incubation in the process of turning the eggs. This paper proposed an automatic 

eggs’ turning device using a timing integrated circuit configured in an astable multi vibration mode of high time 1.8 ks, low 

time 1.5 ks and a duty circle of 50%. In every high time pin 3 of the timing circuit goes high and activated the relay which 

in turn switched a bi-directional DC motor that tilted the eggs at an angle of 450 in the clock wise direction and deactivated 

the relay which will resulted to the tilting of the egg trays in the anti-clock wise direction. Incubation efficiency was compared 

with the conventional incubator using hand turning and that with the proposed device, it resulted to hatchability of about 

87% was achieved. The turning control was cost effective with the cost of only three thousand naira, in which the cost of 

production will drastically fall in mass production. 
KEYWORDS: bi-directional, egg, hatching, turning. 

I. INTRODUCTION  

Egg turning is usually done by the mother hen to enable 

the spray of even required temperature to the egg for 

development. The mother hen used its beak to turn the egg at 

some interval while laying on them [1]. The turning by the 

mother hen is efficient for embryo development and to avoid 

the sticking of the embryo to the egg’s shell. The challenge of 

the conventional (mother hen) method is due to the 

production of small number of chicks, which are not enough 

to the demand. This challenge lead to the actualization of the 

artificial incubator, which produces large number of chicks at 

a time. Researchers proved that egg turning is crucial for a 

successful hatching apart from temperature and humidity 

control. The problem of egg turning in an artificial incubator 

is always a challenging control problem and hence this paper 

proposed a method for egg turning. The proposed techniques 

will turn all the eggs within an angle of 450 bi directional, this 

is to enable maintain the embryo at the center of the egg to 

prevent it from sticking [2]. 

Section II of this paper describes the design of the 

circuitry for the turning mechanism and the timing unit were 

mathematical analysis will be conducted. Section III provide 

the design and analysis of the eggs’–turner delay circuit, 

Testing results are shown in section II. Section V concludes 

on the presented results.  

II. DESIGN AND ANALYSIS OF EGG TURNER 

MANIPULATOR 

The egg turner manipulator shown in Figure I is a 

designaimed at frequent changing the polarity of the supply 

terminals of the bi-directional DC motor, which in turn tilts 

the eggs trays to an angle of 45o [2]. The tilt angle will prevent 

the egg’s embryo against sticking to the warm shell during 

incubation. 

This was achieved by connecting the terminals namely ‘A’ 

and ‘B’ with the astable multivabrator relay’s RLA control 

terminals of Figure II. When RLA is energized the terminals 

A and B will be connected and the energized RLC and RLD 

simultaneously. Now, the normal open of the relays (RLC and 

RLD) will both be closed, results in feeding the terminals ‘a’ 

and ‘b’ of the bidirectional DC motor with negative and 

positive supply from the standby battery respectively. This 

results in tilting the eggs’ turner anticlockwise. 

When RLA is de-energized, terminals A and B will be open 

and will result to de-energize of RLC and RLD simultaneously. 

Now, the normal close of the relays (RLC and RLD) will both 

be closed, resulting in feeding the terminals ‘a’ and ‘b’ of the 

bidirectional DC motor with positive and negative supply 
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from the standby battery respectively. This results to the 

tilting the eggs’ tray in bi-directionmanner [3]. 

  

Figure I. Egg Turner Manipulator Circuit Diagram 

A summary of the components required and used is shown 

in Table I. 

Table I Egg Turner Manipulator Components 

 

 

 

 

 

 

 

Relay ‘RLC and RLD’ are SPDT with 2 A at 220 V switch, 

coil voltage 12 V; coil resistance 200 Ω to 300 Ω was used. 

III. DESIGN AND ANALYSIS OF EGGS’ – TURNER DELAY 

CIRCUIT 

The eggs’ turner delay circuit is designed and implemented 

using the circuit diagram of Figure II. 

 

 
Figure II. Delay Circuit Diagram 

Figure II was designed using an astable multivabrator by 

utilizing 555 IC.  Efficient delays of 30 mins and 25 mins 

were chosen for the design ofth (time high) and tl (time low) 

respectively. The said period was selected to enable us to 

achieve a duty circle 'D' where D is approximately 55%, 

which leads toa pair of trays tilting per hour and 26 pairs of 

per day. The th and tl can be computed by using equations 

(1) and (2) [4]: 

 

th = 0.693(RA + RB)CA(1) 
 

tl = 0.693(RBCA)(2) 
 

Hence th is 30 mins = 1800 sand tl is 25 mins =
1500 s and the capacitor CA is selected as 3300 µF, 50 V. 

Using equation (2), the value of the resistor RB is obtained as: 

RB = 787.09 kΩ 

But standard value resistors of 680 kΩand 

100 kΩresistors in series with ±10% tolarance are 

used.Using equation (1), the value of the resistor RA is 

calculated as: 

RA = 131.2 kΩ 

But a standard value of 130 kΩ with ±10% tolarance is 

used. 

The period of oscillation ′T′ can also be determined from 

equations (1) and (2), which yield the relationship in equation 

(3) [5]: 

 

T = th + tl = 0.693(RA + 2RB)CA(3) 

 

Hence, T = 55 mins = 3300 s 
The frequency of oscillation ′f′ of the timer was calculated 

using the relation in equation (4) [5]: 

 

f = 1 T⁄ =
1

0.693(RA + 2RB)CA
                  (4) 

 

Therefore, the frequency f = 260 µHz 
The duty cycle ′D′ as in equation (6) was derived from 

equations (1) and (3). 

 

D = (
th
T⁄ ) x 100%                                          (5)  

 

∵ D = (RA + RB RA + 2RB⁄ ) x 100%         (6) 
 

Using equation (6), gives the duty cycle of: 

D ≅ 55%. 

The output of the timer IC at pin-3 is connected to the base 

of transistor QA through resistor RC for further amplification.  

The transistor used is a general purpose NPN transistor with 

the following specifications: 

Turn-on voltageVBE = 0.7 V, Collector current IC =
450 mA,  Power dissipation PD = 500 mW. 
Current gain factor β = 250 . The part number of the 

transistor is BC548. 

The base current of the transistor QA is obtained as follows 

[6]: 

 

IB = IC β⁄ (7) 
 

Using equation (7) where IB is 1.8 mA: 

 

RC =
VCC − VBE

IB
                                                  (8) 

Using equation (8), the value of the resistor RC is 

calculatedas: 

RC =  6.2 8 kΩ 

But a standard value of 6.8 kΩ with ±10% tolarance is used. 

A summary of the components required and used is shown 

in Table II. 

COMPONENT CALCULATED 

VALUE 

STANDARD 

VALUE 

RLC, RLD ---------- 12 V RELAY 

DD ---------- 1N4001 

BI-
DIRECTION 

DC MOTOR 

 
---------- 

12 V BI-
DIRECTION 

MOTOR 

BATTERY ---------- 12 V 
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Table II Eggs’ - Turning Delay Components 

 

Relay ‘RLA’ is SPDT with 2A at 220V switch, coil voltage 

12V; coil resistance 200Ω to 300 Ω was used. 

RESULTS 

The egg turner was implemented using the presented 

analysis. Standard component values were used in the 

physical system. The egg turner was placed in an existing 

incubator (HEFINC840) of capacity 840 and it was found to 

provide egg tilting at an angle of 450 for each design delay. 

The same HEFINC840 and the same type and number of eggs 

were used but with manual (hand) egg turning. Hatchability 

was taking as the performance index of the two turning 

methods. Using the proposed turning method hatchability of 

732 eggs were recorded and a failure of 108 eggs. While with 

the manual egg turning method hatchability of 4336 was 

recorded, and a failure of 404 eggs. Table III shows the 

comparison between the proposed automatic egg tilting 

system with the manual egg turning method. 
 

Table III. Comparison of the Proposed and Manual Egg 

Turning Method 

Proposed 

method 

Hatch 

success % 

Proposed 

method 

Hatch 

failure % 

Manual 

method 

Hatch 

success % 

Manual 

method 

Hatch 

failure % 

87 13 52 48 

DESIGN OF THE EGG TURNING PARTS 

The egg turning parts is made up of metal of different 

shapes (i.e. rectangular pipe, straight bar, flat sheet, angle 

bar and cylindrical rod) were used in building the turning 

frames. Figure III to Figure IV shows the major turning 

parts. 

 
Figure III. Egg Turning Tray Pivot 

Figure III is made up of rectangular pipe, straight bar and 

bearing all welded together to form pivoting part for the egg’s 

turning tray. Three (3) holes were made on the rectangular 

pipe to ease fixing it on the wooding casing. Three (3) of its 

kind were made to support and permit free turning of the 

eggs’ turning tray. 

 
Figure IV. Egg Turning Shelve 

Figure IV shows the egg turning device which was 

constructed using straight bar, rectangular bar, angle bar and 

cylindrical rod. 

This mechanism was deliberately designed in such a way 

to freely tilt clockwise and counter clockwise. On completion 

of the design, the eggs’ turning trays was found tilting 

smoothly at an angle of 450 in both directions without 

damaging any of the eggs. Such angular displacement was 

achieved using the equation (9) [3]. 

 

c = [Cosθ(a + b)] − a                                     (9) 

Wherea is the thickness of the bar used,b is the wideness 

between the two tray bars,c is the required gap between trays 

andθ is the angle of tilting required (450). 

CONCLUSION 

The proposed egg turning system was designed with an 

efficiency of 35% ahead of the manual egg turning method 

which is also porous to uneven turning and it can also transmit 

diseases to the eggs. Exactly egg tilting of 450 was achieved 

using the proposed method as against the manual turning 

which a random turning is administered. It can now be 

concluded that the proposed method of automatic egg turning 

at an angle of 450 in both directions is encourage to the used 

by the hatchers than the hand turning method.   
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ABSTRACT—Fog computing is a recent model of computing,   in a distributed way that extends the cloud computing operation to the 

network edges. Fog computing enables storage execution and tasks processing, which relies on the cooperation of users and resource 

sharing among various devices. The fog being the new shift to cloud computing addresses some critical challenges associated with cloud 

model by providing notable advantages which are location sensitivity, latency minimization, geographical accessibility, wireless 

connectivity, mobility support and improved data streaming. Nevertheless, fog computing concept is never an option for replacing cloud 

computing model. In spite of the attractive solutions found in fog computing, it also inherited some security problems from the cloud. 

Most of the proposed techniques to solve security issues in fog computing could not completely addressed the security challenges due to 

the limitation of the various techniques. A fog computing security approach that is based on man- in- the middle attack using Dragonfly 

algorithm (DA) detection algorithm is conceptualized here. This paper is a framework for detection of MITM attacks that exist between 

the fog nodes and the cloud and vice versa using swarm intelligence optimization techniques called the DA algorithm which is be 

implemented on the platform of ifogsim simulator. 

KEYWORDS: Fog computing, DA, MITM attack, Cloud computing, Fog security 

 

I.  INTRODUCTION  

Cloud computing model is viewed as the main integration of 

internet system because it possessed computational and 

storage ability, which does not exist in other devices. The 

increase in internet computation leads the web expansion, and 

is growing with complexity because of the addition of new 

technologies and solutions. The need for data processing and 

storage demands is astronomically on the increase. To 

address this phenomenon, Web architecture must be 

developed to meet user’s data processing need [1]. Fog 

computing paradigm is a new concept developed to meet the 

latency requirement of the web architecture. The design 

greatly reduces latency and enhances network 

performance[2]. 

Fog computing emergence is still very new; this technology 

has already been embraced by the modern data center and the 

cloud. The technology is built upon the distributed computing 

paradigm especially the network’s content delivery which 

ultimately paves way to additional complex services delivery 

through the use of cloud model technologies. Nonetheless, the 

distinction of fog computing from cloud is therefore, it 

nearness to the end user since they offers computation, data 

storage and provision of application services to the client. Fog 

computing model is never a replacing option of cloud 

computing rather, it is viewed as complementary to many 

applications and services in order to eliminate the 

inadequacies of the cloud   [3]. 

 

 
 Figure 1: Fog and the cloud 

 

The major contributions of our conceptual framework paper 

include: 

i. We compare the fog and cloud computing 

environment and show case the structural design of fog 

architecture. 

ii. We present and analyze the scenario of MITM attack 

in fog environment. 

iii. We proposed swarm intelligence optimization 

techniques (Dragonfly algorithm) framework to detect 

MITMattack in fog computing environment. 

The major purpose of our proposed paper is to develop a 

conceptual framework that will use swarm-intelligence 

optimization techniques called DA to detect Man-in-the-

middle attack in fog computing environment using ifogsim 

simulator. The remaining section of this framework is 

structured as below: the Section II gives the overview of fog 

computing, section III summarized the reviewed similar 

research works, while section IV described the problem 

formulation and design model. Section V presents the 

Proposed DA Framework for MITM Attack,  section VI 

introduced the dragonfly algorithm (DA) optimization and 
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the associated equations, section VII describe the expected 

outcome of the model, section VIII recommends the future 

research direction and finally, section  IX contain the 

conclusion of the paper. 

 

II.      FOG COMPUTING OVERVIEW 

 

Fog computing idea was put forward by CISCO team of 

researchers in year 2012. The term was used to imply 

extension of cloud computing[4]. The main purpose is to 

deviate from the usual computing from cloud datacenters to 

heterogeneous users and edge devices. Fog computing 

enhances the operation of computation, data storage, and 

linking of datacenters with networking services between user 

devices and the cloud. Cloud computing has solutions of 

protecting network but these solutions in most cases might be 

unfit to fog environment. Fog computing is generally nearer 

to the end users and operated in a   distributed approach since 

the various devices are working together at the network edge 

[5]. 

However, implementing fog computing technology 

introduces more number of security challenges. Although 

there are presently several techniques for detecting and 

handling the data security and also privacy problems in cloud 

environment. But these challenges are inherited in fog 

computing and it remains a major problem[6]. Organizations 

and data processing center need to find a medium through 

which more centralize distributed architectural design 

transmit data and information to the end-users.   Fog 

computing idea was generated to distribute data in order to 

move it closer to the end-user, and to remove latency issues 

and give support to mobile computing as well as streaming of 

data [7]. 

 

III.RELATED WORKS 

Stand-alone authentication mechanism to authenticate user 

when connection is not available to the cloud server was 

introduced by [3]. This was achieved through hybrid-

encryption and attribute-based encryption. The former is a 

procedure to share data with a particular party in encryption 

while the latter is information like smart grid. Extending 

hybrid-encryption into one -to-many setting can address the 

connection issue if the two fog devices are in different areas. 

This authentication method enables users to be authenticated 

and have permission to establish connection between the 

fragile cloud and the fog devices. The team pointed out that 

this approach create another problem of calculating increase 

in smart users card especially if a new equipped devices that 

is to act as stand-alone is added. This problem according to 

the authors can be subdued through cryptographically 

primitive – Attribute-based encryption method. The authors 

described the attribute-based encryption as a viable tool, for 

providing data without necessarily having the fore-

knowledge of the receiver of the data. This provides flexible 

sharing of data in flexible way more than the usual end-to-end 

encryption. However, the proposed technique is not capable 

of authenticating and authorizing user in a setup that is being 

distributed. 

 In fog environment, There exist gateways that represent   fog 

devices that can be compromise by the activities of  man-in-

the middle attack[8] .The authors explained  that it is difficult 

to use encryption and decryption algorithm to secure 

communication between the fog devices and IoT devices 

because the formal and the later consumes large amount of 

battery on mobile devices. As a result, it becomes difficult to 

detect the rootkit and the various types of malicious code that 

is present in the fog nodes. The team combined a fog node 

and the cloud to visualized a fog computing paradigm that 

produce high quality of services to the users to make up for 

the lapses of cloud in internet of things environment. 

Conversely, the result of the experiment conducted could not 

address MITM attack.  

Insecure authentication protocols are viewed as the major 

security threat to fog computing platform and the end – user 

application devices [9]. The authors stressed that spoofing 

attack and data tampering are exposed to IoT devices that 

exist in smart grids which ultimately can prevent using 

infrastructure, intrusion detection techniques and Hellman 

key exchange. The investigation of Video call between 3g and 

Wireless LAN users in a fog network was conducted for Man-

in-the middle attack which result shows that the attack did not 

reveal obvious changes in the memory utilization and CPU 

consumption of fog node. Also, Authentication scheme 

through securing communication channels between the fog 

environments was suggested by the authors to be adopted as 

preventive measure. Similarly Advanced encryption standard 

(AES) was also recommended as a viable encryption 

techniques for fog platform. Conversely, the security 

solutions put forward by the team are individualistic and 

therefore, not dynamic enough to secure fog platform in terms 

of confidentiality, integrity and availability. 

 

 

IV. PROBLEM FORMULATION 

 

Man-in-the middle attack (MITM) is demonstrated in Figure 

2where the attacker inserted himself in-between the flow of 

traffic, the fog node and the cloud. The attacker can then 

inject false information and intercept the data transferred 

between them. More so, from the survey and the research 

analyses, Man-in-the-middle attack investigation remains a 

top priority for researchers due the stealthy nature of the 

attack  
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In the proposed model in Figure 3, the DA detects any 

malicious attacker, whose intention is to intercept all relevant 

information that is moving from fog node to the cloud or vices 

versa and inject false information in fog computing 

environment. 

 

V. PROPOSED DA FRAMEWORK FOR MITM ATTACK 

 

The proposed framework consists of 1st, 2nd and 3rd phases. 

The first phase contains problem formulation, planning and 

dataset description. The second Phase contains design and 

implementation which include Dragonfly Algorithm (DA) 

detection on ifogsim Simulator Platform, Model flowchart 

and Pseudocode. The third phase of the framework is the 

implementation, testing performance evaluation stage. This 

includes experimental setup, performance metric, and testing, 

and performance evaluation. Figure 3 shows the proposed DA 

detection framework for MITM attacks. 

 

 

 
 

 

 

 

I.  

 

 

VI.D 

 

 

 

VI. DRAGONFLY ALGORITHM (DA) OPTIMIZATION 

Dragonflyin comparison to other insects has exceptional good 

vision. It possesses two huge compound eyes, which has 

about 360 ° visions. Each of the compound eyes contains 

almost 30,000 lenses. A dragonfly uses almost 80% of the 

brain to process all the information within it view. The vision 

assists the insect to detect how the other insects move in order 

to avoid collisions when flying. Dragonfly possesses an 

active gaze control, with fixed eyes which enable them rotate 

their heads. This compels it to focus its target within five 

degree from the central view. 

Seyedali Mirjalili proposed (DA) in 2015. It was derived from 

static and dynamic swarming insert behaviors. These 

behaviors are synonymous to the two main phases of 

optimization that uses meta-heuristics. They are exploration 

and exploitation. Dragonflies create sub swarms and then 

usually fly over different areas in a static form, which is the 

major objective in the exploration phase. The algorithm, 

described and model dragonflies social behavior in 

interaction when navigating, foods exploration and 

dynamically avoid enemies when swarming.  There are two 

versions of the DA which are: binary DA (BDA) and multi-

objective DA (MODA).There are five existing principles of 

swarming in dragonfly which have been utilized for aiding 

the swarming behavior of insects: separation, alignment, 

cohesion, attraction to food source, and distraction from 

enemies [10-14].  

Separation indicates the static collision avoidance of the 

individuals from other individuals in the neighborhood. 

Alignment shows the velocity matching of individuals to 

another individual in neighborhood. Cohesion is the ability 

of individuals moving along the center of the mass of the 

neighborhood. All swarm exhibit struggle for Survival which 

is the major purpose of swarm existence; all the individuals 

should therefore, be attracted towards food sources and 

distracted outward enemies. 

The swarm’s behaviors approach is evaluating for each 

individual as follows. 

The separation is obtained as 

    (1) 
X is the position of the present individual, Xj indicate the 

position j-th neighboring individual While N is the number of 

neighboring individuals. 

Alignment is obtained as   

       (2) 

 Where Xj shows the velocity of j-th neighboring individual.  

Cohesion is obtained as  

      (3) 
 X is the position of the present individual; N is the number 

of neighborhoods while Xj indicate the position j-th 

neighboring individual. 

The Attraction of the insect moving along a food source is 

obtained as; 

    
 X is the position of the current individual, and X+ shows the 

position of the food source. 

Dist       fraction outwards an enemy is calculated as;   

  
 

X is the position of the present individual, while X- shows the 

position of the enemy. 
The step vector indicates the direction of the movement of the 

dragonflies and obtained as; 

the separation weight, Si shows the separation of the i-th 

individual, shows the alignment weight, A is the alignment of 

i-th individual, c shows the cohesion weight, Ci indicate 

cohesion of the i-th individual,  
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 f is known as  the food factor, Fi is the food source of the i-

th individual, e is the enemy factor, Ei is the position of 

enemy of the   i-th individual, a is the alignment weight, A is 

the alignment of i-th individual, c indicates the cohesion 

weight, Ci is the cohesion of the i-th individual, Fi is the food 

source of the i-th individual, e is the enemy factor, Ei is the 

position of enemy of the i-th individual, w is the inertia 

weight, and t is the iterationcounter.  

The position vector can be calculated as follows;  

In order to enhance   the randomness, stochastic behavior, and 

exploration of the artificial dragonflies, using a random walk 

(Le´vy flight) when there are no neighboring solutions the 

position of dragonflies is updated using the following 

equation:   

 

 
 

Figure 5. Pseudo-codes of DA detection algorithm 

 

VII.        INITIAL RESULTS AND EXPECTED 

OUTCOME 

To demonstrate the workability of our proposed framework, 

we test the threshold consumption of CPU in MITM attack 

based on the percentage of CPU utilization in scenarios 1 and 

2 illustrated in Figure 2. It shows that the CPU utilization of 

memory usage is less in a normal communication between the 

fog and the cloud environment [15-18]. This is as compared 

with the CPU usage when there is a MITM attack taking 

place. Figure 6 shows the results of an initial or preliminary 

experiment in the two scenarios depicted above. This implies 

that, the CPU usage can be used as a threshold value in 

detection of MITM attack in a Fog computing environment. 

 
Figure 6. Initial results of CPU utilization with time 

 

The DA detection model is expected to detect MITM attacks 

in fog computing environment. The introduction of DA 

algorithm in the proposed model would help significantly to 

detect MITM attack, as information moves from the cloud to 

fog environment and vice-versa without visible feature of the 

attack when collected from the fog. The experimental setup 

will be achieved through ifogsim simulator to determine the 

stealthy nature of Man-in-the middle attack. 

 

       VIII.   FUTURE RESEARCH WORK 

 

Future direction is to extend the DA algorithm to detect 

MITM attack at the edge of fog devices in fog computing 

environment. Traditional anomaly detection algorithms are 

not capable enough to expose MITM attack in fog to cloud 

scenario.  Therefore, application of swarm intelligence 

optimization techniques using ifogsim simulator is expected 

to properly classify and detect the MITM attacks in fog 

devices. 

 

IX.          CONCLUSION 

 

We have discussed the concept of fog computing paradigm 

and the security challenges. We observed that MITM attack 

remain security threat in fog computing environment as 

previous researcher’s result shows insignificant effect. It is 

therefore difficult to detect MITM attack without visible 

feature of the attack when collected from the fog. This 

framework proposed the introduction of Dragonfly algorithm 

detection in MITM which it implementation through ifogsim 

simulator would help significantly to detect MITM, as 

information moves from the cloud to the fog environment and 

vice-versa. The DA is expected to detect any malicious 

attacker, whose intention is to intercept all relevant 

information that is moving from fog node to the cloud or 

cloud to the fog node and inject false information in fog 

computing environment. We recommend the extension of the 

DA to detect MITM attack at the edge of fog devices in fog 

computing environment. 
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ABSTRACT—Water is a resource that need to be conserved. Large volume of water is wasted due to the manual way of water supplied 

to chick from the batten houses to the chicken grown up cages. This traditional water drinking practice of placing a container of water 

for chicks to drink does not only waste the water, but it also leads to high mortality when a chick mistakenly falls into the water full 

container. Similarly, when the chicks pour away the water in the container or drink all the water at night, they will remain stave till the 

owner noticed and refilled again. This paper proposed an automatic water drinking system using the three not-or (NOR) gates of CD4001 

as the heart of the design. Two probes were used as water sensors, which are fixed at different level in the water container to enable 

completed the logic circuit and triggered a 12 V relay. The relay acted as a switched that energizes and de-energizes a mini water pump, 

which on/off the water supplied respectively to the container through a complex logic strategy. The chicks water drinking system provided 

an efficiency of about 79% as compared to the traditional practice of manual refilling of the water container with the same number of 

chicks. 

KEYWORDS: chick, control, refilling, drinking water. 

INTRODUCTION  

Chicks usually drink water from any available source for 

survival, sometimes they do drink the water even when they 

do not need it to an extend that it become harm to the chicks 

[1-3]. Occasionally chick die as a result of falling into the 

water way pan. Research has been conducted ad is ongoing in 

this area of interest to enable provide an automatic way of 

water supply to the chicks. In this paper, an automatic chick 

drinking water was proposed, which used logic gates and 

solid-state components. 

Section II of this paper describes the design of the 

circuitry and the mathematical analysis of the proposed 

design based on the components used. Testing results are 

shown in section III with respect to the traditional practice of 

drinking water. Section IV concludes on the presented results.  

IV. DESIGN OF AN AUTOMATIC CHICK DRINKING 

SYSTEM 

Water is essential in life, but the amount of drinking water 

needs to be regulated to in such a way that the water will only 

be available to a safe level when needed by the chicks. Hence 

the control of water flow to the chicks drinking pan is 

necessary. The proposed drinking system was controlled as 

shown in Figure I, which only allows water flow when needed 

and cased when not.  

 

Figure I. Water Refilling Control Diagram 

This water refilling circuit is designed and constructed 

using quad 2 - input NOR gate CMOS IC1 (CD 4001) as the 

active component that generates the oscillation. The 

arrangement of the logic gates is a deliberate design to pump 

water to the metal container whenever water in the container 

fall below to a set safety level and to cut off water supply 

when the water reaches the desired safety level. 

A. Pumping Water to the drinking Container 

When the steel rods (probes) are not immersed into water 

the input pins 1 and 2 of IC1A NOR gate will be high and its 
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output pin 3 will be low. The output of pin 3 will serve as one 

of the input of IC1B pin 6 due to the deliberate design any 

signal at the second input (pin 5 of IC1B) will not have effect 

on the output pin 4, hence pin 4 which remain high. The low 

signal of pin 4 will serve as one of the input terminal of IC1C 

pin 8, while the second input pin 9 of the same IC1C will be 

high since the longest probe is not in the water and so the 

output pin 10 of the gate will be low. Pin 10 will be connected 

to the input terminals (pin 12 and 13) of IC1D, this holds the 

output of IC1D pin 11 high and hence saturate the transistor, 

which in turn energies the relay to switch - ON the water 

pump and fill the container to the required safer level. 

B. Stop Refilling Water to the drinking Container 

 When the two probes are both immersed in the water 

(container fills up to required level) the input terminals of 

IC1A will be tied low and the output terminal pin 3 will be 

high. Pin 3 is connected to pin 6 as one of the new input of 

IC1B will assume the feedback high signal from pin 10 of 

IC1C, hence the output of pin 4 will be low. Pin 4 is connected 

to one of the input of IC1C pin 8, since both probes are 

immersed in water pin 9 will be low and this results in making 

pin 10 high. Pin 10 is tied to both inputs of IC1D (pin 12 and 

13) hence, the output pin 11 will be low. The low signal from 

pin 11 is fed to the base of transistor QB, which cut off the 

transistor and results in de-energizing of the relay RLB. 

Therefore, the water pump stops pumping water to the 

drinking container [3] 

C. Design of the water Refilling Control Circuit 

From data sheet, the specifications of the transistor QB are 

β is 220 , VBE is 0.7 V and IB is 1.36 mA.Using equation (1) 

[4] the value of resistor RF is obtained as: 

 

RF =
 VCC − VBE

IB
                                                 (1) 

RF is 8.3 kΩ 

where VCC is 12 V. A standard value of 10kΩ±20% 

tolerance is used. 

RG is a current limiting resistor to the LED DB,which is 

designed using equation (2) as [5]:  

 

RG =
 VCC − Vd

Id
                                                   (2) 

 

From data sheet, it was found that voltage drop 

across DB is Vd = 2.2 V, it can also take current ′Id′ ranging 

from10 mA to 15 mA. In this design, a minimum Id of 

10 mA was selected for safety. 

Using equation (2) RG was calculated as: 
RG is 0.92 kΩ. 

A standard value of 10kΩ±20% tolerance was used. 

Quad 2 input NOR gate CMOS IC CD4001 can operate on 

the current Iin ranging from 0.5mA to 1mA. In this design a 

current of 0.8 mA was used since it falls within the accepted 

range. 

The two input limiting resistors are selected to be of equal 

value(RD is RE) RD and RE are calculated using equation (3) 

as [6]: 

 

RD =
 VCC
Iin
                                                          (3) 

 

RD = RE is 15 kΩ. 
A germanium diodeDC (IN4148) was used as the 

freewheeling diode to prevent a reverse emf, which may be 

generated in the relay’s coil. Relay ‘RLB’ is SPDT with 2A at 

220V switch, coil voltage 12 V, coil resistance of 200Ω to 

300 Ω was used for safety.  

Two steel rods (probes) of same length are used as sensors 

to switch ON/OFF the water pump to provide water in the 

drinking container when empty/full respectively. A summary 

of the components required and used is as shown in Table I. 

Table I. Water Refilling System Components 

COMPONENT CALCULATED 

VALUE (kΩ) 

STANDARD 

VALUE 

(kΩ) 

RD 15 15 

RE 15 15 

RF 8.3 10 

FG 0.92 1 

V. RESULTS 

The automatic drinking water system was compared with 

the traditional method of pouring water in a container for 120 

chicks. A reservoir of water was provided were the automatic 

chick drinking system gets its supply from. Same volume of 

reservoir was provided for the traditional practice of pouring 

the water for the chicks manually. The two methods were 

compared for a period of two weeks. Table II shows the 

comparison when a preset safer volume of 1000 cm3 was set. 

Table II. Results Comparison 

Days 
Proposed chick drinking 

system (cm3) 

Manual chick 

drinking system 

(cm3) 

1 984 1202 

2 999 1350 

3 1000 1104 

4 978 1026 

5 1000 1207 

6 1000 1224 

7 1000 1193 

8 996 1211 

9 997 1009 

10 998 1312 

11 998 1233 
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12 1000 1215 

13 970 1032 

14 960 1239 

Average 

Total 
991.428571 1182.64286 

 

From Table II a significant variation was recorded from 

the desire level in day 1, 4, 13 and 14 with a shortest set value 

of 984 cm3, 978 cm3, 970 cm3 and 960cm3. These fall in the 

chicks drinking water level may lead to uneven growth of the 

chicks though it may prevent them from falling in the 

drinking water and die [1]. The traditional method shows that 

excess of water was supply to the chick throughout the weeks, 

which may result drinking excess water by the chicks. Taking 

excess water will make the chick plumb and eventually die 

[1]. Similarly, supplying excess water to the drinking pan in 

the traditional method as shown in Figure II do lead to the 

chicks fall in to the container and die. As a result of the excess 

water supply, three chicks were death in two weeks and this 

number of mortalities may rise when the traditional method 

is adopted. 

 

VI. CONCLUSION 

From the above fact, the proposed design has an 

efficiency of about 79% because it only malfunction in four 

days out of the 14 weeks of testing. However, the traditional 

method is discouraged to be applicable to chick drinking 

water due to the excess supply of water throughout the 

fourteen days of testing. It can now be concluded that the 

proposed method of using logic gave in implementing the 

chick drinking water is encourage to the used by poultry 

farmers than the traditional method. 
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ABSTRACT—in this research, we proposed an algorithm for the identification of plant leaves based on image processing techniques and 

artificial neural networks. Image processing techniques help in improving the quality of the images, and hence increase the performance 

of the identification process and reduce the rate of error. The processed images are used to train an artificial neural network (ANN) for 

the different plant types. After the training process, the network will be ready to classify and identify the different types of leaves even if 

there were not presented before. In order to validate the algorithm an experiment is conducted on ten different plant species. The 

experimental result indicated that the proposed algorithm is able to classify the leaves at high speed with high accuracy.  

KEYWORDS—plant identification, image processing, ANN. 

INTRODUCTION  

Plant leaves identification is an important process with 

application in different fields, including medicinal plant 

collection and classification, and study of the environmental 

life. Manual identification of plant species using their leaves 

and stems is a very difficult task that requires a lot of 

experience in addition to huge books that shows the different 

types of plants and their leaves. However, the increasing 

capabilities of the new cameras and mobile phones gives 

opportunity for picturing plant leaves and using automatic 

ways to identify them. The majority of the existing algorithms 

are based on segmentation technique [1]. The main 

disadvantage of these approaches is that any error in the 

segmentation will lead to a wrong identification of the leaf. 

In this work, we proposed a novel plant identification 

algorithm that utilizes image processing techniques to 

enhance the quality of the image, and employ the learning 

capability of artificial neural networks for identification. 

These improved the performance of the identification process 

and reduce the rate of error, in addition to flexibility and 

reliability. An experiment is conducted in order to validate 

our algorithm.  

VII. DIGITAL IMAGE PROCESSING 

Digital image processing is described as processing of 

digital images by means of a digital computer [2]. Many 

methods of image processing are available and have been 

successfully utilized in many applications such as; Intelligent 

eye tumor detection system [3], face recognition, finger print 

recognition, automatic traffic control systems and video 

surveillance [4, 5]. For simplicity some of the important DIP 

processes that are related to our work will be presented here. 

This includes image representation, image filtering, and 

image segmentation.  

A. Digital Image Representation 

When an image is captured on a digital camera, it captures 

the analogue information of the image and transforms it to 

tinny blocs of digital values known as pixels. Digital images 

can be stored in different formats as it is well known. RAW 

images, JPEG, PNG, JIF, and BMP images are all types of 

images represented using different compression methods [6] 

B. Edge Detection in Digital Images 

Edge detection is the process in which significant object 

properties in digital images are being detected and captured. 

These properties include discontinues lines in the 

characteristics of the object. The main aim of edge detection 

is to identify and separate these variations in the property of 

objects within the image. It is very useful in detecting and 

identifying the region of interest (ROI) in an image. Famous 

edge detection techniques include:  

Sobel edge detection: Sobel operator applies a two 

dimensional space gradient calculation to highlight the high 

frequency regions in the spatial domain. It finds the gradient 

of each pixel in gray scale images. Sobel edge detection 

method employs two kernels of 3x3 matrixes. The two 

matrixes are shown as follow.  

   (1) 

   (2) 

The magnitude of the gradient of the image can be 

found by  

  (3)                          

Sobel edge detection is less affected by the image 

noise [7]. 

● Prewitt edge detection: Prewitt edge detection is 

similar to the Sobel method as it also uses similar 
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kernel to find the gradient in an image. The kernel in 

Prewitt method is isotropic as shown in the next 

equations defining the horizontal and vertical kernels 

[8]. 

   (4) 

   (5) 

● Canny edge detection: Canny edge detection is one 

of the most common edge detection algorithm 

employed to increase the signal to noise ratio and 

identify the different features of the image. 

Generally, Canny edge detection algorithm is 

composed of several steps; At the beginning, the 

image is smoothed to remove noise and blur, 

followed by filtering using Gaussian filter. Finally, 

the gradient of the image is obtained. The more the 

change in the image pixels the higher the gradient is. 

This fact is used to identify the sharp changes in the 

mage pixels. Canny edge detection uses threshold to 

eliminate the unwanted regions of the image and 

highlight the regions of interest (ROIs) [9]. 

● Robert’s edge detection: The Robert operator is 

used to approximate the gradient of image using 

discrete differentiation. Robert mask is a 2x2 kernel 

that convolve with the whole image using its 

horizontal and vertical versions [8].  

C. Wiener Filter 

Wiener filter is an adaptive filter type which uses the error 

minimization formulas to reject the noise from images. It 

is based on the mean squared error approximations. It is 

considered as a frequency filter that can be used with 

discrete Fourier transform of the image. The 

reconstruction of the image is carried out by applying the 

inverse version of discrete wavelet transform. Wiener 

filter performs greatly in many applications of image 

filtering and restoration [10]. 

ARTIFICIAL NEURAL NETWORK 

An Artificial Neural Network (ANN) is an information 

processing tool that is motivated by the biological nervous 

system such as the brain. Artificial Neural Networks (ANN) 

are widely used to approximate complex systems that are 

difficult to model using conventional modelling techniques 

such as mathematical modelling. The most common 

applications are function approximation (feature extraction), 

and pattern recognition and classification. There is no exact 

available formula to decide what architecture of ANN and 

which training algorithm will solve a given problem [11]. The 

best solution is obtained by trial and error. One can get an idea 

by looking at a problem and decide to start with simple 

networks; going on to complex ones till the solution is within 

the acceptable limits of error. There are different neural 

network architectures. The basic architectures include multi-

layered feed-forward networks (Figure 1) that are trained 

using back-propagation training algorithms. 

 

 

Figure 1: Multi-layered feed-forward neural network 

SYSTEM DESIGN 

D. Dataset Description and Pre-processing 

The dataset is composed of approximately 200 leaves 

images of 10 different plants. These images were all taken as 

jpg format. The sample images are shown in Figure 2. All the 

images were obtained in RGB format and converted to gray 

scale format to make it more suitable for processing. The next 

step will be to scale down these images so that it will be less 

size to be fed to neural networks.  

The data set file is saved in the matlab folder as 

plantleaves.mat. The file is loaded using the command 

loadplantleaves; in the code. This command uploads the file 

and includes all the variables setup in the current workspace. 

The data is divided into training, testing and validation. Once 

the network has been trained, it has to be tested on data that it 

has not seen before in order to determine the performance of 

the trained network. 

 

Figure 2: Sample of the used plant leaves 
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E. Algorithm Flowchart 

The flowchart of the overall algorithm is presented in 

Figure 2. The algorithm is made up of 3 fundamental 

components; data pre-processing, image processing (edge 

detection and filtering), building the neural network.  

 

Figure 3: Flowchart of the proposed work 

SIMULATION RESULT  

The simulation was carried out using Intel ® core ™ i5-

4200U CPU @ 2.29 GHz PC with 4GB RAM, windows 10, 

64-bit OS, and MATLAB 2016b software.  

Three different methods of edge detection were applied in 

this work to test the effect of each of them on the efficiency 

of our system. Figure 4 shows the results of the edge 

detection. Sobel method has given the best region of interest 

detection and hence used as the main edge detection method 

in this work. 

 

Figure 4: Edge detection results 

Figure 5 presents the results obtained from the application 

of the different image processing techniques. The first image 

(a) is the original image in RGB format, (b) is the gray scale 

converted image, while (c) is the filtered image using Wiener 

filter and (d) is the segmented version of the leaf showing the 

edges of the leaf.    

 

Figure 5: Image processing result 

The structure of the used artificial neural network is 

presented in Figure 6. The network consists of 1 input layer, 

three hidden layers, and 1 output layer. Hidden layers are all 

sigmoid transfer functions while the output layer is a linear 

transfer function.  

 

Figure 6: Structure of the ANN 

 

TABLE I.  TABLE I. ANN PARAMETERS  

Parameter Value 

Input neuron size 2500 

Output neuron size 10 

Hidden neuron 1 250 

Hidden neuron 2 280 

Hidden neuron 3 200 

Learning rate 0.01 

Momentum factor 0.1 

Epochs 2800 

MSE 0.000002 

 The performance of the developed network was assessed 

by testing the network with a different 50 samples of the plant 

leaves data (5 from each plant). The parameters of the 

successfully trained neural network are presented in Table I. 

The successfully trained neural network classified the testing 

data correctly; hence, 100% recognition is achieved.  

CONCLUSION 

An algorithm has been developed for the identification of 

plant leaves based on image processing techniques and 

artificial neural networks. The simulation is by writing a 

matlab code that uses matlab commands. The performance of 

the developed network was evaluated by testing the algorithm 

with different samples of the plant leaves image dataset. The 

successfully trained neural network classified the testing data 

correctly; indicating 100% recognition.   
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ABSTRACT— The emerging 5G mobile cellular network is envisaged to accommodate the increasing data traffic growth from the 

unprecedented proliferation of smart devices. The developments in the internet of things (IoT) have also led to the emergence of radio 

access technologies that can only be handled by a network with ultra-reliable low latency. The non- orthogonal multiple access (NOMA) 

technology is being proposed by 3GPP for 5G network because of its high spectrum efficiency. But interference management remains a 

major challenge in deploying NOMA techniques. This paper studies the working principles of NOMA techniques, reviews existing NOMA 

based interference mitigation schemes and proposes multi antenna zero-forcing beamforming vector, two user NOMA clustering 

algorithm and formulates an optimization problem for power allocation to mitigate inter-cluster and inter user interference in a NOMA 

based 5G mobile network. 

KEYWORDS— Non orthogonal multiple access; 5G network; interference mitigation; Zero-forcing beamforming; power allocation; 

successive interference cancellation 

 

I. INTRODUCTION  

The increasing demand for higher data rates and capacity of 

wireless communication systems led to evolution from the 

first generation (1G) to the present fourth generation (4G) and 

Long term Evolution (LTE) networks. Multiple access 

techniques have been the major technology distinguishing 

these different generations. The frequency division multiple 

access (FDMA) used in 1G, time division multiple access 

(TDMA) mostly for 2G, code division multiple access 

(CDMA) in 3G and orthogonal frequency division multiple 

access (OFDMA) for 4G are primarily orthogonal multiple 

access (OMA) schemes [7]. However, the fast growth of 

mobile internet propelled by unprecedented proliferation of 

smart devices has given rise to anticipated 1000-fold data 

traffic by 2020 for the fifth generation (5G) networks [6]. 

Moreover, due to developments in the internet of things (IoT), 

the 5G is envisioned to support massive connectivity of users 

and devices. According to the standard organizational 

partners; the 3rd generation partnership project (3GPP), 5G 

network should support three key families of applications; 

enhanced mobile broadband networks, massive machine type 

communication, and ultra-reliable low latency 

communications [1]. 

 

The OFDMA in 4G supports heterogeneous networks 

informs of femtocells and picocells but will be unable to meet 

new demands for massive machine type communication in 

5G due to the limitation in its orthogonal resource blocks [5]. 

Non orthogonal multiple access (NOMA) is being introduced 

as an effective approach to increasing spectrum efficiency 

and providing the massive connectivity required in 5G. Power 

domain NOMA superposes multiple user signals at the 

transmitter over same channel (same time-frequency 

resources) and uses multiuser detection algorithms known as 

successive interference cancellation (SIC) at the receiver to 

detect desired signal [13].  

Although NOMA offers higher spectrum efficiency and 

ensures massive connectivity of devices, it is prone to more 

signal interference because users share same spectrum at 

different power levels. Interference mitigation remains a 

major challenge in the implementation of multiple access 

technologies to realize 5G mobile networks. Recent research 

works on interference mitigation tends towards the 

actualization of NOMA for 5G networks. Power domain 

NOMA is believed to be a promising multiple access scheme 

for 5G. Specifically, a downlink version of NOMA known as 

multiuser superposition transmission (MUST) has been 

approved by 3GPP LTE Release 14 to identify techniques that 

will enable LTE support MUST. A downlink NOMA with 

two superposed user signals is shown in Figure 1. 

 

 
Figure 1: Downlink of a Non-orthogonal Multiple Access  

The capacity gain of NOMA over conventional OMA can be 

illustrated by a simple SNR analysis. With OMA, two users 

A and B have achievable data rates  as 
1

2
log2( 1 + ρ|hA |

2) 

and 
1

2
log2( 1 + ρ|hB |

2) respectively, where 
1

2
 indicates a split 

of the bandwidth resources between users A and B. ρ is the 

SNR, hA and hB are channel gains for users A and B 

respectively. Assume |hA |
2 < |hB |

2 ,  At high SNR ρ → ∞, 

the sum rate can be approximated as 
1

2
log2( ρ|hA |

2) + 
1

2
log2( ρ|hB |

2). While with NOMA, the achievable rates are 

log2( 1 +  
ρα
A |hA |

2

1+ αB ρ|hB |
2) and log2(1 +   ραB|hB |

2), 

respectively where αA  and αB are the power alloaction 
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coefficients. At SNR ρ → ∞, the sum rate is approximated as 

log2( ρ|hB |
2), which is much more than the sum of OMA. 

The reason for the performance gain of NOMA over OMA 

can be attributed to the 
1

2
 factor outside the logarithms of the 

sum rate for OMA which is due to the splitting of bandwidth 

resources between two users. 

 

The basic operational principle of NOMA techniques entails 

multiple users been clustered and simultaneously served over 

the same time –frequency resources by either having their 

messages superposed in the power domain or code domain 

[7]. The inherent mutual intra-cluster and inter-cluster 

interference can only be managed with properly designed 

resource allocation techniques in conjunction with successive 

interference cancellation (SIC) schemes [7]. 

In this paper, the working principle of NOMA is described in 

section II, a review of NOMA based 5G interference 

mitigation techniques is in section III. The proposed 

interference aware NOMA multi antenna beamforming, two 

user clustering algorithm and optimized power allocation 

scheme is captured in section IV. Conclusions with 

recommendation for future works is in section V. 

 

WORKING PRINCIPLE OF NOMA 

A. Downlink NOMA Principle  

The general principle of NOMA is to allow superposition of 

unique message signals at the BS of users in a NOMA cluster 

and decode desired message signal at the receiver by applying 

SIC. In downlink NOMA, BS transmits a superimposed 

signal  

x = ∑Ui=1 √pixi   (1) 

where xi is the unit message signal intended for user i, piis 

power allocated to user i and U  is total number of users in a 

NOMA cluster. The power allocated to a user depends on 

power of other users due to power constraint at BS,  

pt = ∑
U
i=1 pi  (2) 

  where pt is BS total power. The received ith user signal is 

given by 

yi = hix + wi   (3) 

where hi is the channel gain between BS and user i, and wi 
denotes Gaussian noise at the reciever for user i [16]. 

B. Uplink NOMA Principle 

In the downlink, NOMA utilizes a power allocation and 

control mechanism to enable higher transmission power to be 

allocated to users with poor channel condition and low power 

to channels with higher gain [4]. Thus in a given cluster the 

strong interfering signals comes from the high power message 

signal of the relatively weak channel users. Subsequently, the 

user with the highest channel gain cancels all interferences 

while the lowest channel gain users receive all the 

interferences. 

In the uplink NOMA, each user transmits xi signal with pi 
transmit power such that the received signal at BS can be 

defined by  

y = ∑Ui=1 √pihixi + wi                                     (4) 

where w denotes reciever noise. The power transmitted per 

user is limited by their maximum battery power. Power 

control mechanism can be developed to enhance the 

performance of NOMA by allocating power coefficient to 

users mitigate intra-cluster interference.   

C. Successive Interference Cancellation in NOMA 

Successive interference cancellation (SIC) is one of the 

principles of NOMA implemented at the receiver terminal. 

The basic idea of SIC is that user signals are successively 

decoded. A user’s signal is decoded and subtracted from the 

combined signals before the next user’s signal is decoded. 

During SIC, one user’s signal is decoded treating the other 

user’s signal as an interferer, which can also be decoded with 

the help of the first having been already removed [11]. Prior 

to SIC implementation, the users are ordered according to 

their signal strength so that the receiver can decode stronger 

signals first, subtract it from the combined signals and isolate 

the weaker one from the residue. In brief the processes 

involved in decoding superposed messages can be 

mathematically expressed as follows: [18]. At user 1, single-

user decoder g1 decodes the message S1(n) by treating S2(n) 
as noise. User 2, performs the following steps to successfully 

recover its message from the receive signal Y2(n): 
i. Decode user 1’s message S1(n) by using single-user 

decoder g1 

ii. Subtract √pβ1h2S1(n) from the received signal 

Y2(n) 

Y′2(n) = Y2(n) − √pβ1h2S1(n)           (5) 

  

a. Where h2 is the complex channel gain at 

user 2 

iii. Decode user’s 2 messages S2(n) by applying 

another single user decoder on Y′2(n) 

SIC based receivers are prone to error propagation which may 

degrade the performance of some users. Therefore in 

designing SIC, some non-linear detection algorithms with 

higher detection accuracy can be considered to suppress the 

error propagation [7]. A typical NOMA based 5G network is 

illustrated in Figure 2. 

 

 
 

Figure 2: A proposed NOMA based multi-tier 5G mobile 

network. 
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II. REVIEW OF NOMA BASED INTERFERENCE 

MITIGATION SCHEMES 

In [14] an uplink power control (PC) scheme for NOMA users 

was proposed, the scheme makes use of evolutionary game 

theory to dynamically adjust the transmitted power level of 

users which helps in mitigating user interference. The 

adaptive PC scheme was effective in increasing spectral and 

network efficiency but incurred higher complexity due to the 

SIC at the user end. In order to evaluate the outage 

performance of NOMA due to interference, [8] derived 

expressions for the ergodic sum rate and outage probability to 

demonstrate the effectiveness of NOMA with fixed power 

allocation. The fairness among multiple users in NOMA was 

considered by [17]. They developed low-complexity 

polynomial for adapting power allocation coefficients to 

control interfering users. The solution was only optimal with 

instantaneous and average CSI.  

 

In [3] joint subcarrier and power allocation assignment in 

downlink NOMA was addressed. The solution uses matching 

theory by assuming equal power split and applying user 

subchannel matching algorithm that converges to a stable 

matching followed by a water-filling phase for power 

allocation. In order to strike a balance between computational 

complexity and optimality, [10] employed monotonic 

optimization to develop the optimal joint subcarrier and 

power allocation policy. Simulation results reveals the 

suboptimal algorithm achieves a close to optimal 

performance and provided substantial throughput 

improvement when compared to conventional multicarrier 

orthogonal multiple access (OMA). [9] assuming a perfect 

knowledge of CSI at the BS proposed a low complexity sub-

optimal algorithm for energy efficient channel assignment 

and power proportional factors determination for subchannel 

multiplex users. 

 

Using the channel gain difference among users in NOMA 

cluster, [2] derived the optimal power allocation policy that 

maximizes sum throughput per NOMA cluster and in turn 

maximizes the overall system throughput. Numerical 

compared the performance of NOMA over orthogonal 

multiple access and indicates significant improvement. In [8] 

an opportunistical user pairing model by statistically 

allocating transmission powers among NOMA users was 

proposed. Simulation results shows the scheme significantly 

improved system throughput when compared with 

conventional OMA.  

 

In [19] multi-input multi-output (MIMO) technology with 

zero-forcing beamforming and minimum mean square error 

(MMSE) SIC scheme in NOMA to mitigate interference 

between clusters was applied. They proposed an interference 

predicted minimum mean square error (IPMMSE) SIC by 

modifying the MMSE weight factor using interference 

signals. The simulation results shows that the bit error rate 

(BER) is degraded putting into consideration the performance 

of practical SIC schemes. [21] investigated system level 

throughput performance of NOMA with minimum mean 

square error based linear filtering (MMSE-SIC) in the uplink 

NOMA. They employed a weighted proportional fair (PF)-

based multiuser scheduling scheme to achieve a good tradeoff 

between total user throughput and cell-edge user throughput. 

The simulation results reveals significant enhancement in 

system level throughput compared to the orthogonal access 

which widely used in 3.9 and 4G mobile communication 

systems. [12] applied genetic algorithm (GA) for cluster user 

pairing and iterative gradient ascent method (IGAM) as an 

optimal power allocation technique for each user group in 

NOMA downlink systems. Simulation results shows that GA 

based NOMA achieves the same performance with the 

conventional exhaustive search methods with slightly lower 

complexity. 

 

[19] developed a joint user association and power control 

optimization algorithm to determine the traffic load in energy 

corporation enabled Helnets. The algorithms achieved higher 

energy efficiency than existing OMA schemes but the 

computation complexity contributes to the overhead that may 

not be realizable for practical applications. [10] investigated 

zero-forcing beamforming and random beamforming making 

use of the imperfect CSI feedback with semi-orthogonal user 

selection algorithm to reduce the interference between 

NOMA users. Numerical results shows NOMA systems with 

limited CSI still gains larger rate over OMA schemes but only 

suitable with random beamforming which is not good in 

mitigating inter-beam interference.   [20] proposed a novel 

receiver design for NOMA systems. The advantage of the 

receiver is that it has less complexity when compared with 

ideal SIC, although the complexity is still high for practical 

applications. 

III. PROPOSED NOMA BASED INTERFERENCE 

MITIGATION SCHEMES 

The proposed interference aware and mitigating schemes 

comprise algorithms that will be developed for a multi 

antenna zero-forcing beamforming technique at the 

transmitter to mitigate inter-cluster interference. A two user 

per cluster selection algorithm to reduce inter-user 

interference. An optimized power allocation method for the 

selected users in a cluster.  

A. AMulti-Antenna Array Zeroforcing Beamforming 

(ZFBF) 

In order to mitigate inter-cluster interference with the ZFBF 

in a two users per cluster NOMA based system, the stronger 

channel gain (h) user will be used to generate the BF vector. 

Assuming a perfect CSI, and based on channel matrix of the 

stronger user in the cluster the BF-vector ( wk) must satisfies 

the conditions in equation 7.  
Hn,1

|Hn,1|
. wk = {0,   for n ≠ k1,   for n = k(7) 

 

Assume H = [h1,1
T
…h1,N

T]T    where  (. )T means transpose 

of a matrix.  

Then  

w =  H+ = H∗(HH∗)−1   (8) 
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Where (. )+ and (. )∗  are the pseudo-inverse and conjugate 

transpose of H 

 

B. User Clustering Algorithm 

In developing a user clustering algorithm, two users will be 

considered per cluster; a strong channel user k1 and weak 

channel user k2. Strong users in a cell will be distributed into 

different NOMA clusters. Key point of the proposed 

clustering algorithm is to pair highest channel gain user with 

lowest channel gain user in a cluster. Second highest channel 

gain user with second lowest channel gain user in the same 

cluster and so on. Based on these guidelines, users will be 

grouped into two sets: Group A and Group B, the users in 

group A denoted will have much higher channel gains 

compared to users in group B.  

C. Optimized Power Allocation Algorithm 

Based on the two user per cluster downlink NOMA, the 

channel gains of users  k1 and k2 can be assumed to be γ1 and 

γ2 respectively. while P1and P2 are the transmission powers 

of γ1 and γ2 respectively. The NOMA principle gives higher 

power allocation to the weaker channel users, therefore an 

algorithm for optimal power allocation problem can be 

formulated by allocating  
2

3
 of  total power Pt to the weak user.  

maxωB∑2i=1 log2 (1 +
Piγi

∑i−1j=1 Pjγi+ω
)(9)    

Subject to: C1:  ∑
2
i=1 Pj =

2

3
Pt 

Where      ω  is the resource block each of bandwidth B 

allocated to a cluster. 

 

IV. CONCLUSION 

Although NOMA techniques is being proposed as a candidate 

for 5G network, its advantage of having very high spectrum 

efficiency can only be harnessed with careful interference 

aware resource allocation design. In this paper we reviewed 

some of the NOMA interference aware designs and proposed 

a multi antenna zero-forcing beamforming array with a two 

user cluster algorithm and an optimized power allocation 

scheme. 

References 
[1] G. A. Akpakwu, B. J.  Silva, K. P. Hancke, and A. M. Abu-

Mahfouz, “A Survey on 5G Network for Internet of 

Things: Communication Technologies and Challenges” 

IEEE ACCESS, vol.1, No.4, pp. 3619-3647, 2018. 

[2] M. S. Ali, E. Hossain, M. J. Hossain, T. Tabassum, and D. 

I. Kim, “Non-orthogonal multiple access (NOMA) in 

cellular Uplink and Downlink: Challenges and Enabling 

Techniques” http://128.84.21.199/abs/1608.05783. 2016. 

[3] L. S. Bayat, and Y. Li, “Radio Resource Allocation for 

Downlink Non-orthogonal Multiple Access (NOMA) 

Networks Using Matching Theory,” IEEE Global 

Communication Conference, Vol 2. No.6, pp. 1205-1225, 

2015. 

[4] K. Benjebbour, K. Saito, A. Li, Y. Kishiyama, and T. 

Nakamura, “Non-orthogonal muiltiple access (NOMA): 

Concept Performance Evaluation and Experimental trials” 

IEEE International Conference on Wireless Networks and 

Mobile Communication, 2016. 

[5] Y. Cai, Z. Qin, F. Cui, G. Ye Li, and J. McCann 

“Modulation and Multiple Access for 5G Networks” IEEE 

Survey and Tutorials Vol. 20 No.1 pp. 629-645, 2018. 

[6] T. Dateki, H. Seki, and M. Minowa“ From LTE -Advance 

to 5G : Mobile Access system in progress” Journal of 

fujitsu Science and Technology, Vol. 52 No.2  pp. 92-108, 

2016. 

[7] L. Dai, B. Wang, Y. Yuan, S. Hen, I. Chih-Lin and W.  

Zhaocheng “Non-orthogonal Multiple Access for 5G: 

Solutions, Challenges, Opportunities, and future Reseach” 

IEEE Communication Magazine, Vol. 9 No.53 pp. 74-81, 

2015. 

[8] Z. Ding, P. Fan,  and H. V. Poor  “ Impact of User Pairing 

on 5G non orthogonal Multiple Access downli nk Trans 

mission” IEEE Transaction Vehicular Technology  Vol. 

65, No.8 pp. 1-12,  (2014). 

[9] F. Fang Z. Haijun, and C. M.  Victor, “Energy Efficient 

Resource Allocation fpr Downlink Non-Orthogonal 

Multiple Access Network” IEEE Transactions on 

communications, Vol. 64, No. 9, 2016. 

[10] S. Liu, and C. Zhang, “Non orthogonal Multiple Access in 

A Downlink Multiuser Beamforming system with Limited 

CSI Feedback” EURASIP Journal on communications 

and Networking, pp. 236, 2016. 

[11] N. I. Mirikidis, and D. D. Vergados, “ A Survey on 

Successive interference Cancellation Performabce frp 

Single-antenna and Multiple-antenna OFDMA systems” 

IEEE Communication surveys Tutorials Vol.15 No.1 pp. 

312-335, 2013. 

[12] F. G. Omer, K. Fatih, H. Ibrahim, and K. K. Gunes, 

“Resource Allocation for Downlin k NOMA System: 

Genetic Algorithm Approach” IEEE International 

Conference on Telecommunication and Signal 

Processing, ISBN: 978-1-5090-3982-1, 2017. 

[13] S. M. Riazul Islam, N. Avazov, O. A. Dobre, and K. 

Kwak, “Power Domain Orthogonal Multiple Access 

(NOMA) in 5G Systems:Potentials and Challenges” IEEE 

communication Surveys and Tutorials, (2016) (2016) Vol. 

19, No.2 pp.721-742, 2016. 

[14] S. Riaz, and U. Park, “ Power Control for Interference 

mitigation by evolutionary game theory in Uplink NOMA 

for 5G Networks” Journal of Chineese Institute of 

Engineers, Vol. 41, No.1 pp. 18-25, 2018. 

[15] X. Su, , H. Yu, W. Kim, C. Choi,  and D. Choi, “ 

Interference Cancellation for Non –orthogonal Multiple 

access used in Future Wireless mobile Networks” Journal 

on wireless Communications and Networking, Issue 232 

pp. 1-12, 2016. 

[16] H. Tabassum, M. Shipon, E. Hossain, M. J. Hossain, D. I. 

Kim, “Non orthogonal Multiple Access (NOMA) in 

Uplink and Downlink: Challenges and Enabling 

Techniques” IEEE Transacions in Communications, Vol. 

65, No.8 pp. 3555-3570, 2016. 

[17]  S. Timotheou and I. Krikidis “Fairness for Non-

orthogonal Multiple Access in 5G Systems” IEEE Signal 

Processing Letters, Vol. 22 No.10 pp.1647-1651, 2015. 

[18] S. Vanka, S. Srinivasa, Z. Gong, P. Vizi,  K. Stamatiou, 

and M. Haenggi, “Superposition Coding Strategies: 

Design and Experimental Evaluation” IEEE Transaction 

on Wireless Communications, Vol.11, No.7,  pp. 2628-

2639 2012. 

[19] B. Xu, Y. Chen, C. J. Riquena, and T. Zhang “Resource 

Allocation IN Energy Corporation Enabled Two- Tier 



 
Proceedings of the 1st National Communication Engineering Conference 2018 

 

 

 

47 

 

NCEC 2018:   Department of Communications Engineering, 
Ahmadu Bello University, Zaria, Nigeria, 17th – 19th October 2018 

NOMA Helnets Towards Green 5G” IEEE Journal on 

Selected Areas in Communications, Vol. 35, No.12,  pp. 

2758-2770,  2017. 

[20] C. Yan, A. Harada, A. Benjebbour, L. Yang, A. Li, and H. 

Jiang, “Receiver Design for Downlink Non orthogonal 

Multiple Access (NOMA)” IEEE 81st Vechicular 

Technology Conference (VTC Spring),  ISBN: 978-1-

4799-8088-8, 2015.  

[21] E. Yuki, K. Yoshihita, and H. Kenichi “An Uplink Non 

orthogonal Access with MMSE-SIC in the Presence of 

Inter-cell interference” IEEE International Symposium on 

Wireless Communication Systems (ISWCS), ISSN: 2154-

0225, 2012. 

  



  
Proceedings of the 1st National Communication Engineering Conference 2018 

 

 
 

 

48 

 
NCEC 2018:   Department of Communications Engineering, 
Ahmadu Bello University, Zaria, Nigeria, 17th – 19th October 2018 

The Influence of Information and Communication Technology on 

Entrepreneur Skills Acquisition Among Business Education Students 

in Tertiary Institution in Zaria Metropolis 
 

Mahmood Abdullahi 
Department of Vocational and Technical Education  

(ABU Zaria, Nigeria)  

Email: saikomansur@gmail.com 

A. A. Sadiq 
Department of Communications Engineering  

(ABU Zaria, Nigeria) 

Email: aasadiq@abu.edu.ng 
 

ABSTRACT— This research work carried out on the Influence of Information and Communication Technology on 

Entrepreneur Skills Acquisition among Business Education Students in Tertiary institution in Zaria. The researcher raised 

4 objectives and 4 research Question, Among the objectives are; ascertain the nature of ICT tools used by lecturers and 

students in teaching and learning in Business Education Programme; Determine the uses of ICT tools in the development 

of business education students’ entrepreneurial skills. The population of the study was 486 and 100 respondents were used 

as the sample size. The researcher employed survey method. Questionnaire was used as instrument for data collection. The 

researcher recommended that undergraduate students should be provided with necessary skill acquisition tools that will 

make them self-employed on graduation. These tools should be computer oriented as manual methods of doing things in the 

business world of today are fast being forgotten in our modern world of today; ICT tools like computers, projectors and 

internet facilities should be provided and made available to the department as the ones available at the moment are grossly 

inadequate and students have little or no access to them for their practical, thereby necessitating a theoretical or traditional 

system of teaching. 

KEYWORDS: Entrepreneur, ICT, Tools, Acquisition and Vocation.    

I. INTRODUCTION 

The advent of Information and Communication 

Technology (ICT) has greatly impacted the development and 

growth of modern society. This impact could be felt in the 

field of science and technology, economy, marketing, 

medicine, and politics. Other fields that the impact of ICT has 

been felt are human interaction and communication, 

agriculture, engineering, aviation and education. Presently, 

there have been new dimensions to the use of ICT to create 

job and empower human to become self-reliant to the extent 

that they become not only job learners but job creators.  

Information and Communication Technology (ICTs) have 

become within a very short time, one of the basic building 

blocks of entrepreneurial and skills development in modern 

society. Many countries having understood the Impact of ICT 

which includes speed of business, dynamism in innovations, 

the creation of business and market opportunities with the 

wide range of links and market.  

Information Communication Technology (ICT) 

tools have been developed to train and equip individuals with 

skills that are needed in their various field of human endeavor, 

(Oni 2007).  The use of information and communication 

technology (ICT) is becoming an integral part of education in 

many parts of the globe. The dynamism in the use ICT 

application to education has enhances the delivery and access 

to knowledge, and improves the curriculum. It produces 

richer learning outcomes compared to education without ICT. 

It encourages critical thinking and offers unlimited means of 

achieving educational goals. 

Education is the totality of life experience that man 

acquires and which enables him to cope with and derive 

satisfaction from living in the word. This is because it enables 

him to achieve social competence and optimum individual 

development (UNESCO, 2002). Business Education which is 

a subset of the general education can be seen as the 

development of person’s head, heart and hands for his self 

fulfillment and optimum services to humanity and also 

empowers him economically. It is pertinent to note that 

education can be a means to an end. It can simply be a tool 

for securing employment and emancipation of people through 

the provision and acquiring of necessary knowledge and skills 

to make lives more flourishing. 

Recent advancements in scientific discoveries have 

made the world a global village, changing tremendously the 

business world around us as a result of new technologies. The 

rapid technological changes are profoundly altering the 

business dynamics, redefining the shape of private firms, 

forcing not only companies that employ business education 

graduates to review and restructure how they communicate 

with their customers but also signal to the institutions that 

produce these students to review and restructure how to 

prepare the students by exposing them to technological tools 

that will equip them for entrepreneurial challenges. It is 

therefore important for business educators to educate, train 

and empower the students with knowledge and skills they 

need in their entrepreneurial endeavors after graduation. 

Toomey (2001) stated that integrating ICT in schools is 

intended to improve students’ learning, to offer flexible 

learning opportunities and improve the efficiency of their 

business practices. According to Okoro (2009) “ICT has 

become a critical tool for vocational training. The sooner 

students know how to use products of ICT, the easier they can 

find their way in the ever-dynamic society like Nigeria.”  

Business education as a discipline has many options 

such as accounting, secretarial technology, and commerce as 

well as marketing/distributive education. Okolochaet. al., 

(2012) stated that Business Education trains her students in 

business skills and knowledge necessary for office career, 
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occupations and in management of personal business 

ventures using the services and ethics of business to modify 

attitudes and behaviours so as to achieve the objectives 

envisaged as office workers, entrepreneurs, producers of 

goods and services.  

Ekpenyong and Ojo (2008) identified the goals of 

business education to include adopting the various business 

concepts, acquiring skills and competencies required for the 

performance of basic jobs such as handling minor 

administrative decisions, financial records and transactions, 

including playing productive roles in a free enterprise 

economy. Emphasizing on the objective of business 

education, Njoku (2006) opined that one of the goals of 

business education is to empower graduates with desired 

skills, knowledge and value to perform specific functions so 

as to become self-reliant. Hence, Business education as a field 

of study entrusted with the entrepreneurial skill development 

of undergraduates has been saddled with the responsibility to 

undertake this vanguard. Having recognized the demanding 

task of training, education and skill development in the 

modern time, synonymous to the need of the country as well 

as the graduates for employment and empowerment, ICT 

becomes the tools to embrace, adopt and use as the new tool 

to achieve this goal. 

For many developing countries, entrepreneurship 

has been a powerful engine of economic growth and wealth 

creation, and is crucial for improving the quality, number and 

variety of employment opportunities for the poor. It has 

several multiplier effects on the economy, encourages 

innovation, and fosters investment in people, which is a better 

source of competitive advantage than other natural resources, 

which can be depleted, Oteh, (2009). Entrepreneurs create 

new enterprises, new commercial activities, and new 

economic sectors. They generate jobs for others; they produce 

goods and services for society; they introduce new 

technologies and improve or lower cost outputs; and they earn 

foreign exchange through export expansion or the 

substitution of imports.  

In the words of Ngumbi (2004) educational 

institutions should provide more relevant forms of education 

designed to promote self-reliance and responsible 

entrepreneurial capacity for self-employment and community 

development to reduce unemployment and to revitalize 

national development. Entrepreneurial skills is in this light is 

aimed at providing vocational trainees with the skills 

necessary to make them self-employed in future. 

The key to the success of establishing a culture of 

entrepreneurship in Nigeria is education. Apart from the 

educational impact of the home, the school can be regarded 

as the place where the most (holistic) profound impact can be 

brought about in the development of the youth. Economic 

growth in industrialized as well as developing countries 

remains a central issue and, as such, particular interest is 

focused on the role of entrepreneurship to achieve and 

maintain open and modern economies. In this regard, the 

importance of business education in our modern society as 

well as the growing demand for employment among our 

university graduates cannot be overemphasized. More so, 

entrepreneurial skill education should be the core area where 

business education which has been regarded as that aspect of 

education which provides the recipients with the basic 

knowledge and practical skills needed for entry into the world 

of work as employees or as self-employed must be inculcated 

into the life of its recipients (students). The essence of this, is 

to imbibe a more veritable and practicable system of 

economic empowerment on our youths and reduce 

dependence on the proverbial “white collar” job which is 

largely dependent on paper qualification than practical skills 

and knowledge, a dilemma which stares at us all and a source 

of concern to our educational system in particular and the 

government in general. 

II. STATEMENT OF THE PROBLEM  

Business Education graduates are among the 

proportion of students from numerous tertiary institutions in 

the country, who’s after graduation engaged into the labour 

market. This accounts for approximately a high proportion of 

the new entrants into the Nigerian labour market every year. 

Due to the shrinking labour market, and slow growth of the 

industrial sector, this workforce cannot be entirely absorbed 

in the formal wage employment. The result of this scenario 

has been high unemployment among Business Education 

graduates with some opting to join self-employment which 

they are ill prepared.  

It has been argued that entrepreneurial skills can be 

both learned and experientially acquired or they can be 

influenced considerably through strategic measures such as 

business education (European Commission, 2004), but this 

has not been the case as entrepreneurial skill which is 

considered a vital ingredient to training of a business student 

has been poorly embedded into the training system with some 

times no meaningful impact. This could be seen as an integral 

aspect which vocational education (Business Education) in 

our tertiary institution could explore to empower students 

primarily to learn business trade and skills that will be 

economically beneficial and self-sustaining to them after 

graduation.  

However, we are witnessing an era where the basic 

infrastructures (ICT tools) needed to inculcate knowledge 

into the students are not readily available or at most times not 

provided to educational institutions of learning for onward 

impartation. This has made the students lagged behind when 

they go out to face the reality of the changing world, we live 

in. More so, the continual lag of the country is evident also in 

the system of education that places less emphasis on 

vocational learning and training of undergraduate with ICT 

skills. It is based on this premise that the researcher is 

researching on the Practical Application of ICT tools in the 

development of entrepreneurial skills of students through 

Business Education. 

III. OBJECTIVES OF THE STUDY 

The general objective of this study is to determine the 

influence of information technology on entrepreneur skills 

acquisition of business education students in tertiary 

institution while the specific objectives are to: 

 ascertain the nature of ICT tools used by lecturers and 

students in teaching and learning in Business 

Education Programme. 
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 determine the uses of ICT tools in the development of 

business education students’ entrepreneurial skills. 

 determine the types of skills acquired by students in 

business education programme. 

 ascertain the benefits on the use of ICT in the teaching 

and learning of Business Education Programme. 

 

RESEARCH QUESTIONS 

The study will be guided by the following research questions. 

 What are the types ICT tools used in teaching and 

learning of business                               Education in 

Federal College of Education Zaria? 

 To what extent has the teaching of ICT help in the 

development of Business Education studentsin 

Federal College of Education Zaria? 

 What are the benefits of ICT in the teaching and 

learning of business education in Federal College of 

Education Zaria? 

 What are the types of ICT tools bystudents in Business 

Education programmein Federal College of Education 

Zaria? 

 

IV. LITERATURE REVIEW  

Looking at the work of Musa (2008) title “Impact of 

ICT on Business Education programme: A case Study of 

Federal College of Education, Zaria” The objective of the 

study was to determine the systematic impact of ICT on 

business education programme and also examine the role 

played by business educators in integrating ICT into business 

education curriculum. 

Data for this study was gathered through the 

distribution of questionnaires to both students and lecturers. 

Out of the total number of students and lecturers used in the 

study, which is 236, a sample population of 65 was used and 

the statistical tool used to interpret the data is the like scale. 

The study found that there is a non-challenge attitude towards 

to integration of ICT to Business Education, thereby making 

the students graduate without adequate knowledge of ICT. 

The study subsequently recommended that business 

educators should do everything possible to see that a 

comprehensive ICT and business education packages were 

incorporated into the curriculum contents of business 

education programme at the degree level.  

The study was carried out on the Impact of ICT to 

Business Education thereby negating the specific roles ICT 

tools plays in the life of the Business Education students after 

school. The researcher used 65 as the sample size from a 

population of 236 which is short of the required percentage 

given by the scholar quoted in the work.  Despite this, the 

research work is related to the current study because it looks 

at the significance of ICT to reaching and learning Business 

Education in Colleges of Education. 

Leo (2010) in her study titled “The relevance of 

information technology on Business Education Programme in 

Federal College of Education, Zaria sought to know how 

information technology can be used to facilitate the 

acquisition and development of skills, competence, attitudes 

and attributes in business education which are necessary for 

efficiency in the economic system. The objective of the study 

includes; 

 To determine the relevance of information technology 

devices in the Business Education Department of 

Federal College of Education, Zaria 

 Assess the availability of information technology 

devices in the Business Education Department of 

Federal College of Education, Zaria 

 Determine the academic qualification of lecturers in 

relation to information technology and business 

education 

 Assess business students’ interest in the use of 

information technology in the teaching and learning 

process in the business education programme in 

Federal College of Education, Zaria 

The population of the study consists of a total of 12 lecturers 

and 57 students from Pre-NCE to NCE three(3) levels. 

Questionnaire was used in gathering data and the frequency 

distribution and percentages was used in analyzing the data. 

The study found that business student in FCE, Zaria perceive 

information technology as a new trend necessary for 

maximum performance and learning in their various career 

fields in the future and subsequently recommended that the 

curriculum should be readjusted to include the practical 

aspect of information technology at all levels of education so 

that students of business education can have the basic 

knowledge of information technology. The researcher finds 

this work valuable as a reference material for the completion 

of this work. 

 

V. RESEARCH DESIGN 

For the purpose of this study, the survey method will 

be employed for the conduct of this work. Surveys are used 

by behavioral scientist to describe people’s opinion and 

attitudes (Adekoye, 2011). The survey method which is one 

of the categories of descriptive methods of research has been 

described also by Wimmer, R, D., and Dominick, J. R., 

(2011) as having the advantage of being an effective means 

of collecting data from a large number of sources and it is 

relatively inexpensive and takes short time. It is for this 

obvious reason that the researcher decided to employ a 

descriptive survey method as an appropriate means for the 

study to getting a great deal of specific information. 

 

VI. POPULATION OF THE STUDY 

Khan (2007) sees population “as the aggregate 

number from which a sample is taken; this population may be 

small or large. The population of this study is 486 NCE 

students of the Department of Business Education, Federal 

College of Education (FCE), Zaria. 

The study covers the entire NCE Business Education 

students. The breakdown of the population is in Table 3.1 

comprising NCE I, II, and III irrespective of gender. 

 

 

Table 3.1: Population for the Study 
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S/N LEVEL NUMBER OF STUDENTS 

1 

2 

3 

NCE I 

NCE II 

NCE III 

164 

187 

135 

Total  486 

Source: HOD Office, Business Education Department FCE, 

Zaria 

 

VII. SAMPLING AND SAMPLING TECHNIQUE 

The sample size of this study was based on the 

principle of Borg and Gail (1979) who said samples are 

representatives of the whole population in which 

generalization could be made using this principle, the 

researcher made use of 120 respondents conveniently drawn 

from the population of the study.  The sample size was 

derived using the recommendations of Morgan and Krajcie 

(1970). 

Sample size 

Table 3.2 Population Distribution 

Respondents Population Sample 

Size 

Percentage (%) 

Lecturers 

100 L 

200 L 

300 L 

400 L 

5 

23 

76 

82 

74 

3 

12 

30 

35 

40 

1.68 

10.08 

25.21 

29.41 

33.61 

 260 120 100 

 

VIII. INSTRUMENT OF DATA COLLECTION  

The instrument for data collection in this study was 

mainly the questionnaire. The Questionnaire was constructed 

using the four-point LIKERT format (Strongly agreed-SA, 

Agreed-A, Disagreed-D and Strongly disagreed-SD) to elicit 

respondents’ degree of response necessary for meaningful 

interpretations. This focused specifications to get responses 

from given options to enable the study provide measurable 

answers to research questions.  The researcher used 

questionnaire because questionnaire is seen as a very 

important instrument in research and can stand the test of time 

(Alamu, 2008).  

The questionnaire was drawn in order to elicit 

response from respondents to answer the research questions 

earlier postulated in chapter one. The questionnaire 

comprised twenty-eight (28) question items generated from 

the four (4) research questions.  

 

QUESTIONNAIRE RATING 

 The technique used in the rating of the questionnaire 

is the four (4) point scale of numerical values. In order to 

obtain the needed response, the researcher provided each 

questionnaire items with four (4) options from which the 

respondents choose. Each total response in any scale is 

multiplied by the numerical value before final calculation by 

percentage (%). This was an understanding of Tuckman 

(1979) who introduced the equal appearing interval scale. It 

was a four pointed scale in which the interval between each 

point on the scale was assumed to be equal. It was used to 

register the extent of agreement of disagreement with a 

particular statement of an attitude, belief or judgment. The 

items were constructed both in positive and negative 

directions. The scoring key for the positive and negative items 

will be as shown table 3.4 

 

METHOD OF DATA COLLECTION 

The researcher collected data with a view to answer 

the research questions. Data was personally distributed and 

collected by the researcher and with the assistance of some 

designated people in the Business Education Section, 

Department of Vocational and Technical Education, Faculty 

of Education Ahmadu Bello University, Zaria. 

 

Method of Data Presentation  

For the purpose of this study, the data collected will 

be grouped and analysed according to research questions and 

the percentage of the frequency of their agreement and 

disagreement represented in a tabular form for easy 

computation and understanding for the purpose of data 

analysis. Strongly agreed and Agreed formed the positive 

responses for the acceptance of the statement made, while 

disagreed and strongly disagreed formed the negative 

response for rejection accordingly. The result will be 

interpreted and the findings made at the concluding chapter 

will be used to make recommendations accordingly. 

This formula will be used to calculate the agreed and 

disagreed percentages: 

𝐴𝑔𝑟𝑒𝑒 =  
𝑇𝑜𝑡𝑎𝑙𝑎𝑔𝑟𝑒𝑒

𝑇𝑜𝑡𝑎𝑙𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒
𝑥
100

1
= %𝐴𝑔𝑟𝑒𝑒 

𝐷𝑖𝑠𝑎𝑔𝑟𝑒𝑒 =  
𝑇𝑜𝑡𝑎𝑙𝑑𝑖𝑠𝑎𝑔𝑟𝑒𝑒

𝑇𝑜𝑡𝑎𝑙𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒
𝑥
100

1
= %𝐷𝑖𝑠𝑎𝑔𝑟𝑒𝑒 

 

ANALYSIS OF DATA 

Each of the items in the questionnaire was grouped 

in accordance with their relationship and analyzed using 

frequency distribution. The data were analyzed in four 

sections based on four research questions. Each section 

consists of respondent’s response to each research question 

and presented in a tabular form and discussed as shown in the 

following tables below: 

 TYPES OF TOOLS USED IN TEACHING AND 

LEARNING BUSINESS EDUCATION IN FCE ZARIA 

 

Table 4.2.1: All lecturers used ICT tools in teaching 

and learning in the department  

Responses  Frequency  Percentage  

Agreed  40 40% 

Strongly agreed  10 10% 

Disagreed  30 30% 

Strongly disagreed  20 20% 

Total  100 100% 
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 The above table indicates that 40 respondents 

representing 40% agreed with the above statement, 30 

respondents representing 30% disagreed, 20 respondents 

representing 20% strongly disagreed, while only 10 

respondents representing 10% strongly agreed. This implies 

that majority of the respondents believe that all lecturers used 

ICT tools in teaching and learning in the Department. 

 

Table 4.2.2:  Lecturers make the use and application of 

ICT to improve your performance in teaching and 

learning  

 

Responses  Frequency  Percentage% 

Agreed  30 30 

Strongly agreed  40 40 

Disagreed  17 17 

Strongly disagreed  13 13 

Total  100 100 

 

 The above table shows that 30% of the respondent 

agrees with the statement that; lecturers make the use and 

application of ICT to improve their performance, 40 strongly 

agreed, 17% disagreed while only 13 n% strongly disagreed. 

 This implies that Lecturers make the use and 

application of ICT to improve their performance in teaching 

and learning  

 

Table 4.2.3  All computers in computerlaboratory 

are connected withprinters 

Responses  Frequency  Percentage % 

Agreed  10 10 

Strongly agreed  15 15 

Disagreed  30 30 

Strongly disagreed  45 45 

Total  100 100 

 

 The table above shows that 10 respondents 

representing 10% agreed with the above statement, 15 

respondents representing 15% strongly agreed, 30 

respondents representing 30% disagreed, 45 respondents 

representing 45% strongly disagreed.This implies that most 

computers in computer laboratory are not connected with 

printers.  

 

Table 4.2.4  Your Department is connected 

withinternet facilities 

Responses  Frequency  Percentage % 

   

Agreed  20 20 

Strongly agreed  5 5 

Disagreed  5 5 

Strongly disagreed  70 70 

Total  100 100 

 

The above table reveals that 20 (20%) agreed with 

the above statement, 5(5%), 5(5%) disagreed and strongly 

agreed, 70(70%). 

This shows that the department is not connected with 

internet facilities.  

 

Table 4.2.5 Typewriters are used in Teaching and 

Learning in your Department 

Responses  Frequency  Percentage % 

Agreed  30  30 

Strongly agreed  70 70 

Disagreed  - - 

Strongly disagreed  - - 

Total  100 100 

 

 The table above shows that 30 respondents 

representing 30% agreed with the above statement, 70 

respondents representing 70% strongly agreed. 

TO WHAT EXTENT HAS ICT HELP IN DEVELOPMENT 

OF STUDENTS IN FCE ZARIA? 

 

Knowledge of ICT helps students to perform better 

 

Responses  Frequency  Percentage % 

Agreed  30  30 

Strongly agreed  70 70 

Disagreed  - - 

Strongly 

disagreed  

- - 

Total  100 100 

 The table above clearly shows that 30 respondents 

representing 30% agreed with the above statement, while 70 

respondents representing 70% strongly agreed with the above 

statement. 

 This reveals that Knowledge of ICT helps students 

to perform better.  

 

Table 4.3.2 Availability of ICT Facilities in your 

Department Motivate Student to Learn Faster 

Responses Frequency Percentage% 

Agreed 40 40 

Strongly agreed 30 30 

Disagreed 20 20 

Strongly disagreed 10 10 

Total 100 100 

 

 The table above shows that 40$ of the respondents 

believe that availability of ICT facilities in their department 

motivate students to learn faster, 30% of the respondents 

strongly agreed, 20% disagreed while only 10% strongly 

disagreed with the above statement. 

 This indicates that Availability of ICT Facilities in 

their Department Motivate Student to Learn Faster. 
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ICT saves time in teaching and learning word processing 

in Department  

Responses  Frequency  Percentage % 

Agreed  100 100 

Strongly agreed  - - 

Disagreed  - - 

Strongly disagreed  - - 

Total  100 100 

 All the respondents agreed that ICT saves time in 

teaching and learning word processing in their department 

 

Provision of ICT in your department increases the 

student’ performance in learning word processing. 

 Responses  Frequency  Percentage % 

Agreed  50 50% 

Strongly agreed  30 30% 

Disagreed  15 15% 

Strongly disagreed  5 5% 

Total  100 100% 

 The table above indicate that 50 respondents 

representing 50% agreed with the above statement, 30 

respondents representing 30% strongly agreed, 15 

respondents representing 15% disagreed, 5 respondents 

representing 5% strongly disagreed. 

 This implies that provision of ICT in their 

department increases the student’ performance in learning 

word processing.  

WHAT ARE THE SKILLS ACQUIRED BY STUDENTS IN 

BUSINESS EDUCATION PROGRAM IN FCE ZARIA? 

Table 4.4.1:  Most of the accounting students in your 

department have skills of self-reliance after graduation 

 

Responses  Frequency  Percentage % 

Agreed  40 40 

Strongly agreed  60 60 

Disagreed  - - 

Strongly disagreed  - - 

Total  100 100 
 

 Table 4.4.1 above indicates that 40 respondents 

representing 40% agreed with the above statement, 60 

respondents representing 60% strongly agreed, while none of 

the respondents chooses disagreed or strongly disagreed as 

their opinion in regards to the question above. 

 This reveals that majority of the respondents 

strongly agreed that most accounting students in their 

department have skills of self reliance after graduation.   

 

Table 4.4.2: Most of the marketing students have 

knowledge and skill of self reliance after graduation. 

Responses  Frequency  Percentage % 

Agreed  100 100 

Strongly agreed  - - 

Disagreed  - - 

Strongly disagreed  - - 

Total  100 100 

 

 The table above implies that, all the 100 respondents 

representing 100% that responds to this questionnaire agreed 

that most of the marketing students have knowledge and skill 

of self reliance after graduation.  

 

Table 4.4.3: The entrepreneur skills motivate students in 

teaching and learning in your department. 

Responses  Frequency  Percentage % 

Agreed  40 40 

Strongly agreed  20 20 

Disagreed  35 35 

Strongly disagreed  5 5 

Total  100 100 

 

 The above table shows that 40 respondents 

representing 40% agreed with the above statement, 20 

respondents representing 20% strongly agreed, 35 

respondents representing 35% disagreed, 5 respondents 

representing 5% strongly disagreed. 

 This reveals that majority of the respondents agrees 

with the fact that the entrepreneur skills motivate students in 

teaching and learning in the department.   

 

Table 4.4.4: Administration skills give motivation in 

teaching and learning in the department. 

Responses  Frequency  Percentage % 

Agreed  20 20 

Strongly agreed  30 30 

Disagreed  40 40 

Strongly disagreed  10 10 

Total  100 100 

 Table 4.4.4 above shows that 20 respondents 

representing 20% agreed with the above statement, 30 

respondents representing 30% strongly agreed, 40 

respondents representing 40$ disagreed, while only 10 

respondents representing 10% strongly disagreed.  

 This implies that majority of the respondents 

disagreed with the statement that Administration skills give 

motivation in teaching and learning in the department  
 

BENEFITS OF I.C.T IN TEACHING AND LEARNING 

BUSINESS EDUCATION PROGRAM IN FCE ZARIA. 

Table 4.5.1  The knowledge of ICT gives students 

motivation pertaining their education in teaching and 

learning. 

Responses  Frequency  Percentage % 

Agreed  30 30 

Strongly agreed  20 20 

Disagreed  25 25 

Strongly disagreed  25 25 

Total  100 100 
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 The table above shows that 30(30%) agreed with the 

above statement, 20(20%) strongly agreed, 25(25%) 

disagreed, 25(25%) strongly disagreed. This implies that 

majority of the respondent believes that knowledge of ICT 

gives students motivation pertaining their education in 

teaching and learning. 

 

Table 4.5.2: Knowledge of ICT makes students to 

understand what is taught them faster 

Responses  Frequency  Percentage % 

Agreed  40 40 

Strongly agreed  30 30 

Disagreed  25 25 

Strongly disagreed  5 5 

Total  100 100 

 The table above shows that 40 representing 40% 

agreed with the above statement, 30 respondents representing 

30% strongly agreed, 25 respondents representing 25% 

disagreed, while only 5 respondents representing 5% strongly 

disagreed. This implies that knowledge of ICT makes 

students to understand what is taught them faster.  

 

Table 5.5.3  ICT knowledge creates maximum 

relationship between teachers and the students in the 

department  

Responses  Frequency  Percentage % 

Agreed  40 40 

Strongly agreed  20 20 

Disagreed  17 17 

Strongly disagreed  23 23 

Total  100 100 

 

 Table 5.5.3 above shows that 40 respondents 

representing 40% agreed, 20 respondents representing 20% 

strongly agreed, 17 respondents representing 17% disagreed, 

23 respondents representing 23% strongly disagreed with the 

above statement. 

 This implies that ICT knowledge creates maximum 

relationship between teachers and the students in the 

department.  

Table 5.5.4 Knowledge of ICT makes staff and students to 

have more competence while performing their activities 

inyour department  

Responses  Frequency  Percentage  

Agreed  50 50% 

Strongly agreed  30 30% 

Disagreed  15 15% 

Strongly disagreed  5 5% 

Total  100 100% 

 The above table shows that 50 respondents 

representing 50% agreed with the above statement, 30 

respondents representing 30% strongly agreed, 15 respondent 

15% disagreed while only 5 respondents representing 5% 

strongly disagreed. 

 This implies that Knowledge of ICT makes staff and 

students to have more competence while performing their 

activities in your department. 

 

SUMMARY 

 The study had four objectives and four research 

questions were raised to guide the study. The researcher 

adopted the descriptive survey research as the methodology 

for the study. The population of the study was 250 (for 

instance) and the sample was 100 (for instance) students 

taken from NCE 1,2, and NCE 3. Random selection as 

employed to determine the sample size of the study. A 

structural questionnaire was used as the instrument for data 

collection. The researcher personally administered the 

instrument, this process took one week.  Data collection from 

respondents were analyzed using descriptive statistic and 

percentage. 

 The finding of this research reveals that Though ICT 

technologies are provided and being used in the Department 

for both teaching and learning by lecturers and students, it is 

grossly inadequate, thereby necessitating the inaccessibility 

by the students who are supposed to be beneficiaries.  

 Business Education lecturers do not make use of ICT 

tools in teaching and learning, which have impacted 

negatively in developing the entrepreneurial skill of Business 

Education students. 

 ICT tools are very much helpful and beneficial in 

improving teaching and learning of entrepreneurial skill 

among students of Business Education and will go a long to 

offer better job options to students after school 

 Furthermore, the challenges being faced in the 

adoption of ICT tools by business lecturers and students are 

amongst others to include; poor state of power, high cost of 

ICT tools, lack of qualified teachers, and also the inability of 

the Department to provide these tools. 

CONCLUSION 

 In regard to the data analyzed and the major findings 

of this research work. The research wishes to draw the 

following conclusion. 

 ICT tools like computers, projectors and internet 

facilities in the department are insufficient and hinder the 

students from being effectively equipped for the world of 

work after graduation. 

 Business Education lecturers do not provide 

practical teaching and mastering of ICT technologies to 

students in the classroom. 

 Practical application of ICT tools will go a long way 

in providing and equipping individual students and potential 

business educators with basic skills, competencies, 

experiences and attitudes necessary for the world of work and 

saleable skills for job creation.  

 The prospects of ICT tools to the Business 

Education student surpass the challenges if only the right 

attitude will be cultivated by Business Educators.  

 Business Education students must be economically 

empowered through entrepreneurial skills and practical 

knowledge that will help them take advantage of the business 

opportunities which are bound out there after graduation. 
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RECOMMENDATION 

 It is recommended that undergraduates be provided 

with necessary skill acquisition tools that will make them 

self-employed on graduation. These tools should be computer 

oriented as manual methods of doing things in the business 

world of today are fast being forgotten in our modern world 

of today. 

 Government must pay more attention to vocational 

education and constitute a monitoring committee that will 

checkmate the activities of vocational schools and institutions 

running the programme. This is because skills acquisition 

which is the backbone of vocational education is in recent 

times being relegated to the background while emphases are 

being paid to traditional or theoretical system of imparting 

knowledge. 

 In view of the challenges encountered in the 

adoption of ICT tools to teaching and learning, it is 

recommended that qualified lecturers be employed, and the 

necessary tools needed for onward impartation to students 

should be made available to them to curtail these challenges. 

 ICT tools like computers, projectors and internet 

facilities should be provided and made available to the 

department as the ones available now are grossly inadequate 

and students have little or no access to them for their practical, 

thereby necessitating a theoretical or traditional system of 

teaching. 

 

REFERENCES  
Ajayi, I. A., Ekundayo, and Haastrup T. (2009), “The application of 

information and communication technology in Nigerian 

secondary schools.” International NGO Journal 4 (5), 281-286 

Ajibade, E. (2000), Information Technology and its Application for 

Curriculum Innovation. A Paper Presented at the 1st Annual 

Conference of Centre for Educational Technology (CET) 

Akanwa, B., and C.N. Agu, (2005), Entrepreneurship: Theory and 

Practice in Nigeria. Owerri 1st Edn., Resources Development 

Centre 

Akpomi, M.E. (2009), “Achieving Millennium Development Goals 

(MDGS) through Teaching Entrepreneurship Education in 

Nigeria Higher education Institution (HEIs).”European Journal 

of Social Sciences, 8(1): 152 – 159 

Alamu J, F. (2008): Simplified Research Methodology: Principle 

and Practice. Zaria: Great glory. 

Aliyu, M.M. (2006), “Integrating Information Technology into 

Business Education.” Business Education Journal, 4(3) 

Anderson (1984) in Aliyu (2006) Entrepreneurship and 

Entrepreneurial Education (EE): Strategy for Sustainable 

Development.” Asian Journal of Business Management 3(3): 

196-202. 

Anyanwuocha, R. A. I. (2001), Fundamentals of Economics. 

Onitsha. Africana-FEP Publishers Ltd. 

Azuka, E.B., Nwosu, B.O., Kanu, I.N., and Agomuo E.E. (2006), 

Foundation of Business Education.Oko,: Data-World Computer 

Academy. 

Bandele SO (2006), “Development of modern ICT and internet 

system. In Agagu AA (ed). Information and communication 

technology and computer Applications.” Abuja: Panof Press pp. 

1 – 3. 

Baran, S. J. and Davis, D. K. (2009), Mass Communication Theory: 

Foundation, Ferment and Future. 5th Edition.  Boston, MA: 

Wadsworth Ceneage Learning. 

Castells, M. (2001), “Lessons from the History of Internet”, in “The 

Internet Galaxy”, Ch. 1, pp 9–35. Oxford University Press.  

Chukwurah C. C. (2011), “Strategies for global reforms in business 

teacher education towards self-reliance in Nigeria.” 

International Journal of Vocational and Technical Education 

3(4): 45-48, July. 

Ewhrudjakpor, C. (2008), “Poverty and its alleviation: The Nigerian 

experience.” Journal of International social work, 51(4) 519-

531 

Farstad (2002) Fundamental of Statistics and Research 

Methodology. Yaba, Lagos: Tummoh Service. 

Garba, (2010) Spinning off an entrepreneurship culture among 

Nigerian university student; prospect and challenges. African 

journal of Business Management 

Habila (2006) Automated Lighting: The Art and Science of Moving 

Light in Theatre, Live Performance, New Media, and 

Entertainment. New York: Focal Press. 

Ibrahim and Soufani, 2002), The Perfect E-Storm. The Observatory on 

borderless higher education. 

Http://www.obhe.ac.uk/products/reports/publicaccesspdf/Bonk.pdf.  

Ikelegbe (2009) the Nigerian National Policy for Information 

Technology (IT) Johns, 1999). 

Kachian S. et al, (2000), “Re-thinking Higher Education 

Management for Poverty Reduction among the Youth in 

Africa.” Paper Presented at the Third Regional Conference 

Higher Education for Youth Empowerment, Opportunities, 

Capabilities and Second Chance. Organized by Higher 

Education Research and Policy Network (NERPNET) at IITA, 

Ibadan, Oyo State. August 18-21. 

Kamsah, Mokhtar and Yaakob, (2000) Principles of Financial 

Accounting. Financial Accounting Series (12 ed.). Cengage 

Learning. 

Keister, (2005) Strategies for Effective Teaching of 

Entrepreneurship Education in Tertiary Institutions in Imo State 

and Anambra State. Business Education Journal, 8(1), 119-128 

Leo (2010), Business Education in a Developing Economy: The 

Nigerian Case. Jos Binon Production:  

Lowenthal, (2009). Entrepreneurship in Innovation, and Industrial 

Organization in Nigeria. Available at Chosen Navotama. 

Milken (2003), Exchange on Education Technology, British Journal 

of Management. 28 (1): 3–13. doi:10.1111/1467-8551.12207. 

ISSN 1467-8551. 

Mkpozi (1996) Information Fluency, Critical Examining IT 

Education. New Library world. 

Musa (2008) Impact of ICT on Business Education programme: 

Mwangi, (2011) The promise of entrepreneurship as a field of 

research". Academy of Management Review. 25: 217–226. 

Nwite (2007) Information and Communication Technologies: Social 

Sciences Research and Training: A Report by the ESRC 

Programme on Information and Communication Technologies, 

ISBN 0-86226-179-1, 1986. 

Ofodu (2007) "Impact and Management Research: Exploring 

Relationships between Temporality, Dialogue, Reflexivity and 

Praxis". British Journal of Management. 28 (1): 3–13. 

doi:10.1111/1467-8551.12207. ISSN 1467-8551. 

Ogundele (2004) )Alleviating Poverty through the use of 

Entrepreneurship Skill Acquisition in Kogi State, Nigeria. 

International Open Journal of Economics 1: 14-23 

Ogunsola (2005) Entrepreneurship Training and Education as 

Strategic Tools for Poverty Alleviation in Nigeria. Adekunle 

Printing Press, Agbomosho 

Okolocha, et al., (2012) Entrepreneurship in Innovation, and 

Industrial SOrganization in Nigeria. Available at Chosen 

Navotama 



  
Proceedings of the 1st National Communication Engineering Conference 2018 

 

 
 

 

56 

 
NCEC 2018:   Department of Communications Engineering, 
Ahmadu Bello University, Zaria, Nigeria, 17th – 19th October 2018 

Oladunjoye L (2007) Foundation of Vocational Education: Social 

and Philosophical Concepts, Englewood Cliffs, New Jersey: 

Prentice-Hall, Inc 

Olayemi .H (2004) Higher education for self-reliance: An 

imperative for the Nigerian Economy. NEAP publication pg. 1-

8 

Omole.Q (2011) Promoting entrepreneurship culture through 

vocational education In Nigerian universities. Journal of the 

institute of education, vol. 4 (1) pp117.  

Osuwa A (2002) Creating More Opportunities for Young People 

Using Information and Communication Technology. The world 

summit on Information Societies, Geneva. 

Pahad cited in Ibinola (2011) Friends and Profits Don't Mix: The 

Performance Implications of Repeated Partnerships". Academy 

of Management Journal. 59 (2): 460 

Rosales H. (2006) Entrepreneurship education: Strategy for national 

development. Delta Business Education Journal 1: 113-183. 

Shane H. (2003) Foundation of Vocational Education: Social and 

Philosophical Concepts, Englewood Cliffs, New Jersey: 

Prentice-Hall, Inc 

Skinner, (1938), Teacher Controls the Instructional Process. 

University Press. Ibadan   

Straubhaar and La Rose, (2004). Strategies for Sustainable 

Development of Entrepreneurship in Anambra State. Business 

Education Journal, 7(1): 95-111 

The Oxford Advanced Learners Dictionary (2010) Edition. 

Tinio, (2003) Factors influencing digital technology use in early 

childhood education. Computers & Education, 77, pp.82-90. 

Toomey (2001) Information and Communication Technologies: 

Social Sciences Research and Training: A Report by the ESRC 

Programme on Information and Communication Technologies, 

ISBN 0-86226-179-1, 1986 

Turow, (2009) “ICT Innovation and Entrepreneurship Strategy” 

International of Research in Entrepreneurship, 16(4) 446-463 

Ubulum (2000) “ICT Innovation and Entrepreneurship Strategy” 

Technology Innovation and Entrepreneurship Centre. 

Ubulum et al., (2011) “Youth Empowerment through ICT 

Entrepreneurial Involvement” Journal of Social Enterprise 

Initiative,2 (3): 61-83 

Udonkang (2002) he Dynamics of Entrepreneurship in ICT, Case of 

Mobile Phones Services in Sub-Sahara Africa:” Journal of 

Entrepreneurship, 6 (1): 126-140. 

Yusuf, (2000).The Role of Entrepreneurship Education in Poverty 

Alleviation. Delta Business Education Journal 2(1) 66-71. 

 

 

  



 
Proceedings of the 1st National Communication Engineering Conference 2018 

 

 

 

57 

 

NCEC 2018:   Department of Communications Engineering, 
Ahmadu Bello University, Zaria, Nigeria, 17th – 19th October 2018 

Design of a Cell-Phone Based Monitoring and Controlling System for 

Poultry Incubator 

M. J. Musa 

Communications Engineering Department,  

Ahmadu Bello University,  

Zaria. Nigeria 

mjmusa@abu.edu.ng 
 

M. J. Saidu 

Department of Agricultural and Bio-Environmental Engineering 

Technology. College of Agriculture Jalingo,  

Taraba 

Msjauro2020@gmail.com 
 

 

 

 

S. G. Zubairu 

Institute of Computing & ICT, Ahmadu Bello University,  

Zaria. Nigeria 

sgzubairu@abu.edu.ng 
 

I. Umar 

Division of Agricultural colleges Ahmadu Bello University, 

Zaria.Nigeria 
 

A. Mohammed  

Department of Physics, Kaduna State University, 

 Kaduna-Nigeria 

mjmusa@abu.edu.ng 

   

ABSTRACT—

The invention of fully automated artificial incubators brings about the production of large number of birds that are enough for day to day 

demands. But operating such automated incubators are labor intensive even though they are automated in nature, an operator must 

always be close to the machine for any malfunction. This research presents another approach to the design of a cell-phone monitoring 

and controlling of the poultry incubator from the comfort of your home. The control was executed Through Short Message Services (SMS) 

to the incubator, which in turn executes the exact command and provides a customized feedback message to the master’s cell phone. The 

control was tested from ten different countries (Egypt, Ethiopia, Indonesia, Kenya, Malaysia, Nigeria, Saudi, Turkish, U.K, and U.S.A) 

with the based station at Ahmadu Bello University (ABU) Nigeria. The tested commands were stored in the EPROM of the micro used. 

GSM modem was used to initiate communication between the remote and the based station. Such communication was achieved through 

an algorithm, which utilized attention (AT) commands. The GSM modem was interfaced with the incubator and tested for 19 days of 

continuous operation in the laboratory. With the proposed control system installed in conventional incubator, the incubator was found to 

be responded to commands in addition to maintaining the necessary ambient temperature of 370C and humidity of 65.1%, which are ideal 

parameters for incubation. A communication success of 91.3% was recorded through SMS messages using 9mobile SIM due to its service 

reception at the base station. This result shows that the cell phone-based monitor and control unit has a failure of only 8.7%. The control 

system was made using locally available components and materials, which gives a low cost of only 16,000 naira for a control unit. 

KEYWORDS—cell phone, control, monitoring system. 

INTRODUCTION 

Eggs incubation are done by the mother bird by sitting on 

the eggs and use its body to produce the required temperature 

and humidity for embryo development. To achieve large 

number of birds production that will met with the market 

requirement, artificial incubators are come into play for the 

view to solve the market demand. Manual incubators, semi-

automatic incubators and automatic incubators were both 

invented to ease the market demand and reduce labor but with 

all in place the presence of human is mandatory to always 

check the functionality of the incubator [1, 2]. Hence the need 

to provide an efficient incubator control that can be control 

and monitor from all over the world. The control will have 

the means of commanding the incubator and to query for the 

incubator’s status when necessary.  

Section II of this paper describes the design of the 

circuitry for the cell phone interface. Section III provide the 

design of the relay board, section IV provide the design of the 

computer interface. Section V concludes on the presented 

results.  

DESIGN OF CELL PHONE INTERFACE FOR 

INCUBATOR 

Figure I show the GSM modem (SIMCOM 304Z) circuit 

diagram. Six pins namely VCC, GND, power key, 

transmitting, receiving and network indicating pin were used 

from the available SIMCOM 304Z pins. Receiving (RX) and 

transmitting (TX) pins of the modem are interfaced with the 

transmitting (TX) pin 15 and receiving (RX) pin 14 of the 

ATmega16. 

The network pin of the SIMCOM 304Z is connected to 

LED via resistor and transistor configuration to indicate 

presence of network for the SIM used [3]. R7 is a current 

limiting resistor to Q1. Due to common fluctuation; of power 

supply that may power off the SIMCOM 304Z modem the 

value of R6 and C9 were suggested to be 100 kΩ and 470 µF 

[3]. 

 

 
Figure V. Circuit Diagram of Cell Phone Control Interface 

The resistor R8 is a small emitter resistor for improving 

the noise immunity and its value can be arbitrarily selected 

from the range 100 Ω to 330 Ω as specified in the data sheet 
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of transistor Q1 [4]. The smallest value in the range 100 Ω is 

used in this circuit. 

The value of R7 is obtained using equation (1) [4]: 

 

R7 =
 VCC − VBE

IB
                                              (1) 

 

The base current to the transistor Q1 is the output current 

from the SIMCON 304Z (at network indicator pin) which can 

produce up to 800µA and VBE = 0.7 V, VCC = 4.2 V. 

Using the equation (1), the resistor R7 is obtained as R7 = 4375 

Ω. But a standard resistor value of 4.7 kΩ ± 10% is used 

which satisfies the requirement.  

A summary of the components required and used is shown in 

Table I 

Table I. Components of the Cell Phone Interface 

COMPONENT CALCULATED 

VALUE (kΩ) 

STANDARD 

VALUE 

R6 ------------ 100 kΩ 

R7 4.3  4.7 kΩ 

R8 ------------ 100 Ω 

C9 ------------ 470 µF, 25 V 

Q1 ------------ BC 557 

 

F. Design of Atmega16 External Interfaces with Incubator 

Figure II shows the schematic diagram of the ATmega16 

external interface to the incubator controls. LM35 is used as 

the precious integrated - circuit temperature sensor, whose 

output voltage is linearly proportional to the Celsius 

(Centigrade) temperature. The LM35 thus has an advantage 

over linear temperature sensors calibrated in Kelvin, because 

the subtraction of large constant voltage from its output to 

obtain convenient Centigrade scaling is not required. 

 

Figure VI. ATmega16 External Interfaces with Incubator 

Since the LM35 is connected from the ATmega16 to the 

incubator chamber via a long conductor (wire), then a series 

or R-C damper of values 75 Ω (implemented as two parallel 

150 Ω resistors) and 1 µF is connected from output pin 3 of 

the LM35 to ground pin 2. This temperature sensor is TTL 

compatible and is configured at Pin 40 of the ATmega16 (port 

A) ADC0. An opto-coupler is used to notify the ATmega16 

the presence of mains supply from the utility company 

(PHCN). It isolates the AC from the ATmega16 pin 37 (PA3) 

port A. In the presence of the mains supply the photo 

transistor of the opto-coupler is activated and the ATmega16 

sense it. Due to fluctuations of the mains supply that may 

occur, R-C combination (4.7 kΩ and 100 µF) in parallel from 

the output of the opto-coupler to ground is connected to act 

as a bleeder. Pin 27 (PC7) of port C goes to the power inverter 

to let it ON in absence of power supply and OFF in the 

presence of power supply. Pin 22 to 26 of ATmega16 goes to 

the PSU and relay board of Figure III through a driver 

UNL2003 which drives five (5) relays to control the incubator 

parameters.  

R2 and C6 are 4.7 kΩ and 10 µF respectively, to hold pin 

9 (Reset pin) always high in order to prevent unnecessary 

resetting of the microcontroller (ATmega16). Pin 13 

(XTAL1) is the input to the inverting oscillator amplifier and 

input to the internal clock operating circuit while pin 12 

(XTAL2) is the output from the inverting - oscillator 

amplifier. The crystal oscillator used is of value 11.59200 

MHz. {X1: speed of microcontroller ≤  X1} and 

C4 is C5 is 30 ± 10 pF. 

A summary of the components required and used is shown in 

Table II 

 
 

Table II. Components of ATmega16 External Interfaces 
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DESIGN AND ANALYSIS OF RELAY BOARD WITH 

INCUBATOR 

This This unit is made up of five (5) relays namely RL1 to 

RL5 which is used to control inductive loads, in this case they 

are used to control heater elements, incubator switch, egg tray 

turner, supply from inverter and that of PHCN as shown in 

Figure III. The relays are driven directly through the UNL 

2003 which is a high-voltage, high-current Darlington arrays 

comprising of eight PNP Darlington pairs. Five (5) 

Darlington pairs are used.Diodes D2 to D6 are the 

freewheeling diodes used to prevent a reverse emf that may 

occur in the relays coil. RL1 and RL2 work simultaneously, 

i.e. they remain deactivated in the absence of PHCN and 

allow the inverter to feed the load (incubator) through the 

normally close terminals of the relays. 

In the presence of power from PHCN RL1 and RL2 will 

energize and the normally - open closes, these results in 

eliminating the inverter supply to the incubator and 

permitting the PHCN to feed the incubator. Moreover, this 

can also be seen on the LCD display either:  

PS = ne (power supply is NEPA) when it’s on PHCN   

Or  

PS = in (power supply is inverter) when it’s on inverter. 

PS = ne (power supply is NEPA) when it’s on PHCN  

Or  

PS = in (power supply is inverter) when it’s on inverter.   

Similarly, it can also be monitored on the master cell 

phone whenever the incubator status is demanded from any 

cell phone. A command ‘INCSTS’ should be text to the 

incubator on MSISDN (Mobile Subscriber Integrated 

Services Digital Number): 07035027339 and an immediate 

feedback will be received on the master’s MSISDN: 

08065183151 on almost all the incubator status, such as: 

 

STATUS 

PWR: ne (i.e. if the incubator is powered from the mains 

supply), 

Or 

PWR: in (i.e. if the incubator is powered by the inverter). 

 RL3 is connected to the egg turner tray and is by default 

deactivated which turns the egg trays in a clockwise direction 

(CW). The trays remain in that position until a command is 

received from a cell phone to turn the egg trays in a counter 

clockwise direction. Moreover, this can also be seen on the 

LCD display, either: 

TR = CW (tray is clockwise) when the egg trays are turned 

clockwise or  

TR = ACW (tray is anticlockwise) when the egg trays are 

turned anticlockwise. 

Similarly, a command can be sent through SMS to turn the 

egg trays from any cell phone and receive a feedback on the 

master cell phone.  

A command ‘TETCKW’ should be sent to the incubator 

to turn the incubator CW  

Or  

‘TETACW’ to turn the incubator tray anticlockwise 

(ACW) direction and an immediate feedback will be received 

on the master cell phone as explained, such as: 

STATUS 

Turning the Tray in the anti-clockwise direction was 

successful  

Or 

Turning the Tray in the clockwise direction was 

successful. 

The feedback depends on the command sent. 

 
Figure VII. Relay Board Interface with Incubator

COMPONENT CALCULATED 

VALUE 

STANDARD 

VALUE 

X1 ---------- 11.59200 MHz 

C4-C5 ---------- 30 PF 

C6 ---------- 10 µF, 25 V 

C7 ---------- 100 µF, 25 V 

C8 ---------- 1 µF, 25 V 

R2 ---------- 4.7 kΩ 

R3 ---------- 75 Ω 

R4 ---------- 4.7 kΩ 

R5 ---------- 200 Ω 
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RL4 is connected to the incubator mains power switch 

which is OFF by default and remains in that OFF position 

until it receives a command from a cell phone to switch it ON. 

This can also be seen on the LCD display which displays: 

“IC = of” (incubator is OFF)  

Or  

“IC = on” (incubator is ON).  

This depends on the deactivation or activation of the RL4 

respectively. 

Similarly, it can be monitored on the master cell phone 

whenever the incubator status is demanded via an SMS 

command to the incubator:  

“OFMYIN” (i.e. OFF my incubator)  

Or  

“ONMYIN” (i.e. switch ON my incubator) 

An immediate feedback will be received on the master cell 

phone, i.e.: 

“Switching the incubator OFF was successful” (i.e. when 

the incubator is switched OFF) 

Or 

“Switching the incubator ON was successful” (i.e. when 

the incubator is switched ON). 

It can also be monitored when requesting for the overall 

incubator status by sending “INCSTS” via SMS to the 

incubator and receiving: 

STATUS 

INC: of (incubator is OFF), 

INC: on (incubator is ON). 

The feedback depends on the command sent to the 

incubator. 

RL5 is connected to the heater elements switch and it can 

only be activated when the temperature of the elements used 

is less than or equal to 380C. The relay RL5 will be deactivated 

when the temperature is above 380C. In this design a 

temperature of 380C which is the most suitable incubating 

temperature required for chicken egg was achieved [3]. 

Moreover, this can also be seen on the LCD display, either: 

HT = on (heater is ON)  

Or  

HT = of (heater is OFF).  

This depends on the deactivation or activation of the RL5 

respectively. 

Similarly, it can also be monitored on the master cell 

phone whenever the incubator status is demanded. A 

command ‘INCSTS’ should be sent to the incubator and an 

immediate feedback will be received on the master cell phone 

as explained, such as: 

STATUS 

HTR: on (i.e. heater is ON), 

Or 

HTR: of (i.e. heater is OFF). 

The feedback depends on the RL5 energizing or de-

energizing state. 

DESIGN AND ANALYSIS OF COMPUTER (PC) 

INTERFACE CIRCUIT 

The complete circuit diagram is as shown in Figure IV. 

The logged data can also be accessed by a PC through a PC 

interfaced to the main microcontroller. Because of voltage 

level differences of the devices, a MAX232 was used to 

provide voltage matching for the different types of logic used 

in the microcontroller and those in the PC. The MAX232 

(RS232 to TTL converter) is a 16-pin dip integrated circuit 

(IC) that converts signals from an RS-232 serial port to 

signals suitable for use in TTL compatible digital logic 

circuits. This makes it useful for implementing RS-232 in 

devices that otherwise do not need any voltages outside the 0 

V to +5 V range, as power supply design does not need to be 

made more complicated just for driving the RS-232. 

The PC interface is accomplished through a serial RS 232 

connector as recommended in the datasheet of MAX232 

application note. 

The device is powered from the 5 V stabilized DC to pin 

16 and with pin 15 to ground. It is recommended in the data 

sheet that C10 = C11= C12= C13 (1 µF ≤ C10 ≤ 10 µF). 

Terminal 9 is the receiving terminal while data 

transmission is accomplished through the transmitting pin 10 

of the MAX232 device. The computer is expected to transmit 

instruction for request of data from the main microcontroller 

[5]. 

The microcontroller then copies the data from the 

EEPROM registers and transfers it to the PC for display [5]. 

The receiver of the MAX232 is connected to the transmitter 

of the microcontroller while the transmitting terminal of the 

MAX232 is connected to the receiving pin of the 

microcontroller. 

The values of C14 and R9 are within the range of  10 µF ≥
C14 ≥ 1 µF and 8.2 KΩ ≥ R9 ≥ 4.7 kΩ respectively [5]. 

Hence C14 was selected as 10 µF and 4.7 kΩ was adopted 

asR9. 

 
Figure VIII. PC Interface with the Incubator
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A summary of the components required and used is shown 

in Table III 
 

Table III. Component of the Computer (PC) Interface 

RESULTS 

The cell phone control-based incubator was 

implemented and tested through SMS from ten different 

countries (Egypt, Ethiopia, Indonesia, Kenya, Malaysia, 

Nigeria, Saudi, Turkish, U.K, and U.S.A). 91.3% success 

was recorded when different commands and queries were 

sent from different countries and 8.7% of failure was 

observed. The computer interface was also tested, and no 

failure was recorded. 

CONCLUSION 

The proposed cell phone incubator control was 

implemented and tested from ten different countries. The 

finding shows that the proposed system is of about 91% 

efficiency. With this achievement it can be concluded that 

the proposed method of cell phone control for incubator is 

encourage to the used by incubator builders to provide 

flexibility in the control and monitoring and to minimize 

labor.   
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COMPONENT CALCULATED 

VALUE 

STANDARD 

VALUE 

X1 ------------ 11.0592 MHz 

C10–C14 ------------ 1 µF 

C15-C16 ------------ 10 pF 

R9 ------------ 4.7 kΩ 
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ABSTRACT— this study presents the practical analysis on the electromagnetic exposure emitted by telecommunications mast on the 

human body in some selected areas in Kaduna metropolis, Kaduna State. In this study electromagnetic radiation from base station 

antennas installed for various wireless communication purposes was investigated based on the electric field strength E, magnetic field 

strength H and power density S, at some distances from telecommunication masts owned by the four network providers, namely Airtel, 

Etisalat, Glo and MTN Nigeria. Five base stations/ masts from each service provider were selected making a sum total of twenty base 

stations that were surveyed. The EMF Strength meter was used for the measurement then compared the Electromagnetic field (EMF) 

emission with the International Commission on Non ionizing Radiation Protection (ICNIRP), Federal Communication Commission 

(FCC) and Institute of electrical and electronic engineers (IEEE) limits to know if the service provider did adopt the precautionary majors. 

The all measured power density of the Service provider falls low from 60m to 100m as such it is safe to adequately install a 

telecommunication masts from 100m away from a residential or public buildings and the percentage ratio of the maximum power density 

is 1.3034% and 1.0687% observed high at Airtel Mast whereas the least is 0.0308% and 0.0252% obtained at Etisalat mast and said did 

not exceed the limit.  

KEYWORDS— Electromagnetic Radiation, Base Station Antenna, Electric field, Magnetic field, Power density 

 

INTRODUCTION 

Since the introduction of wireless telecommunication in the 

1990s, there has been unending argument, whether telephone 

networks emit electromagnetic radiation, EMR, which 

pollutes cities and rural areas. With multiple sources of 

mobile communication technology, people fear that it could 

result in exposure of people and wide-life to microwaves that 

can have intense adverse health effects. Expectedly, the effect 

of telecommunications equipment, such as masts, have been 

a subject of interest and concern to people worldwide, given 

the speed of mobile phone penetration in both developed and 

developing nations. However, the Nigerian Communications 

Commission (NCC) had, on various occasions, dismissed the 

fear that radiation from telecom masts could have negative 

health implications, insisting that no known study has proved 

so. Meanwhile the National Environmental Standard, 

Regulatory and Enforcement Agency, NESREA, appears to 

be stoking fire on the debate. Director General of the agency, 

Dr Lawrence Anukam, in a television interview recently, 

called for caution in sitting telecom masts around living areas, 

admitting that there have been conflicting reports about the 

level of radiation coming from telecom masts. (Vanguardngr, 

2017). 

Radiation has also been linked in a host of researches to brain 

tumours, depression, miscarriage, Alzheimer’s disease, and 

other deadly illnesses. Children are said to be at the greatest 

risk because of their special vulnerability during periods of 

development before and after birth. Over 100 physicians and 

scientists at Harvard and Boston University Schools of Public 

Health have called cell towers a radiation hazard while 33 

delegate physicians from seven countries have declared cell 

phone towers a ‘public health emergency’.(Gerald et at., 

2011).  

A base station and its transmitting power are designed in such 

a way that mobile phones should be able to transmit and 

receive enough signal for proper communication up to a few 

kilometers. Majority of these towers are mounted near the 

residential and office buildings to provide good mobile phone 

coverage to the users. These cell towers transmit radiation 

every second, so people living within tens of meters from the 

tower will receive 10,000 to 10,000,000 times stronger signal 

than required for mobile communication. Buildings located at 

certain distances from cell towers are found to absorb high 

power densities which are dangerous to humans. The Base 

Stations, The mobile and wireless communication networks 

transmit radiations through antennas mounted on the base 

station. (ICNIRP, 2009). 

COMPONENTS OF ELECTROMAGNETIC FIELD 

Radio frequency gives rise to electric field and magnetic 

fields which can directly couple into people inducing fields 

and currents in their bodies. Electric fields are associated only 

with the presence of electric charges and exert forces on the 

electric charge, whereas magnetic fields are associated with 

the physical movement of charges and exert physical forces 

on the electric charges only when the charges are in motion 

(ICNIRP, 1996). Electric field strength, E, is defined as the 

force, F, per unit charge q, on infinitesimally small charge at 

any given point in space and its unit is volt per meter (V/m). 

It is given as  

E=F/Q                                                                         (1)  

The force on a charge q, places in electric field, is then  

F=qE                                                                                       (2) 

Magnetic Field Strength, H is equal to magnetic flux density, 

B divided by the permeability of the medium, given as  
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H=B/µ           (3)  

Its Unit is ampere per meter (A/m). Magnetic flux density is 

a vector force field defined as the force (Fm) per unit charge 

on as infinitesimal moving charge qv, at a given point in space. 

Its unit is Tesla (T) and it is given as:  

B = Fm/qv                                                                                                  (4)  

The force Fm exerted on q by B is always perpendicular to 

both the velocity of the particle and the direction of B. The 

force is given as  

F=q(v×B)          (5) 

(NCRP, 1993).  

A magnetic field can be expressed as a magnetic flux density 

B, or as Magnetic field strength, H. The both are related by  

B=µH      (6) 

Why µ is the constant of proportionality called the magnetic 

materials permeability, given as 4×10-7H/m in air, vacuum 

and non magnetic materials (ICNIRP, 1996). 

Another component of Electromagnetic field that is used to 

quantify Radiofrequency for health hazard assessment is the 

power density. Power density S, is the power per unit area to 

the direction of propagation. Power density is obtained from 

Poynting’s theorem which relates the rate of absorption in an 

object to the incident fields. The theorem is a statement of 

conservation of energy, if A is any enclosed surface and V is 

the volume inside A, then  

Where: wc is the energy per unit volume possessed by charged 

particles at a given point in the volume 𝜀𝐸. 𝐸. 𝜀𝐸. 𝐸,  is the 

energy per unit volume stored in the electric field at a given 

point in the volume, 𝜇𝐻.𝐻  𝜇𝐻. 𝐻 is the energy per unit 

volume stored in the magnetic field at a given point in the 

volume, da is a differential surface elements of A. 

Since a closed surface is any surface that completely encloses 

a volume, the volume integral corresponds to summing the 

terms in the integrand over all points inside the volume. Then, 

the integral over the volume corresponds to the total energy 

possessed by all charged particles within the volume plus the 

energy stored in the electric and magnetic fields. The integral 

on the left is the time rate of change of the total energy within 

the volume and is equal to the total power. The term on the 

right of the equation is an integral over the closed surface 

enclosing the volume. The equation (7) becomes  

S= E×H    (8)  

Where S is called the Poynting vector with W/m2 and is 

interpreted as power density. The direction of the cross 

product of E and H is perpendicular to both E and H and the 

vector dot product of E × H with da selects the component of 

E × H that is parallel da. So S.da is the power dp passing out 

through the differential surface element da and the surface 

integral is the sum of the power passing through each surface 

element over the entire surface A, which is equal to the total 

power passing out through A. 

Extensive studies have nevertheless been done to critically 

investigate the effect of EM Radiation from mobile and 

wireless telecommunication masts in various cities all over 

the world (e.g. Manteuffel et. al., 2002; Hirata et. al., 2003; 

Adilza et. al., 2011; Michael et al, 2013). In Nigeria, there 

have been reports on the cities of ikeja Area of Lagos 

Akinyemi et al, 2014, P. Enyinna and G. Avwir, 2010, In Aba, 

Asiegbu, A. and O. Ogunlaja, 2010, among probably many 

others.   

MATERIALS AND METHODS FOR THE 

MEASUREMENT 

This includes calibration of the equipment, data collection 

from the surveyed masts of the UMTS service providers. The 

data collected was used to calculate the power density beamed 

out from the masts at different distances. 

The Equipment and Calibration: The instrument for the study 

was the RF EMF Strength meter, model 480836. The RF 

EMF strength meter is a broadband isotropic instrument. It is 

designed to measure electric, magnetic field strength and 

power density of EMF of frequency of 50 MHz to 3.5GHz 

with specified frequency of 900MHz, 1800MHz and 2.7GHz. 

(Aliyu and Ali 2012). The unit of measurement and the 

measurement types are expressed in units of electrical and 

magnetic field strength and power density given as mV/m, 

V/m, µA/m, mA/m, µW/m2, W/m2, µW/cm2, mW/cm2. The 

instrument displays instantaneous measured values, 

maximum values, average values and maximum average 

values. The display resolution is 0.1mV/m, 0.1µA/m, 

0.1µW/m2, and 0.001µW/cm2. The setting is typically 

1second.  The absolute error at 1V/m and 50MHz is ±1.0dB. 

The instrument was calibrated with a factor of 1.00 based on 

the manufacturer’s instruction. 

MEASUREMENTS OF ELECTRIC FIELD, 

MAGNETIC FIELD, AND POWER DENSITY 

Measurements were taken at 0, 20, 40, 60, 80, and 100 away 

from the masts, starting from 100m to 0m. The base of the 

fence served as the origin of the measurement, since the study 

focuses on the safety of the general public who lie or spend a 

lot of time around the mast, we felt that it may not be 

necessary to struggle to gain access into masts bases.  
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Measurements were taken at this six position starting from 

100m to 0m. At each of these points, the values of the electric 

field strength, magnetic field strength and power density were 

measured while the equipment was in maximum mode. The 

instrument used for the study at the point of measurement was 

held at 1.5m height above ground level which is the standard 

height of an average man. 

 ANALYSIS OF THE RESULTS 

 

Fig. 1: A Plot of Power density (W/m2) against Distance (m) 

for the measured Aitel Service provider, the graph depicted 

that the maximum value of S measured is 0.06517W/m2 at 

60m and the minimum value of S measured is 0.00133W/m2 

at 20m  

 

 
Fig. 2: A Plot of Power density (W/m2) against Distance (m) 

for the measured Etisalat Service provider, the graph depicted 

that the maximum value of S measured is 0.03677W/m2 at 

20m and the minimum value of S measured is 0.00008W/m2 

at 100m  

 

 
Fig. 3: A Plot of Power density (W/m2) against Distance (m) 

for the measured Glo Service provider, the graph depicted 

that the maximum value of S measured is 0.03321W/m2 at 

40m and the minimum value of S measured is 0.0.00163W/m2 

at 100m.  
 

Fig. 4: A Plot of Power density (W/m2) against Distance (m) 

for the measured MTN Service provider, the graph depicted 

that the maximum value of S measured is 0.02723W/m2 at 

40m and the minimum value of S measured is 0.00033W/m2 

at 0m. 

 

The pattern of the measured values of Power density S is as 

expected. The mode or pattern of increase, decrease, increase 

and decrease of the values of Power density S are due to 

interference of the radiofrequencies resulting in wave crests 

and troughs. The graph depicted that from 0m to 40m the 

power density is high, but still falls within the limit, the all 

measured power density of the service provider falls low from 

60m to 100m, except for Airtel service provider which falls 

low from 80m to 100m as such it is safe to adequately install 

a telecommunication masts from 100m away from a 

residential or public buildings.  
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To compare the measured power density of each service 

provider to the ICNIRP, FCC and IEEE power density limits 

where calculated. From the results the highest percentage 

ratio was 2.96% and 3.62% observed at Airtel Mast whereas 

the least was 1.00% and 1.21 observed at MTN masts while 

1.76% and 2.15% observed at Etisalat masts and 1.40% and 

1.70% observed at Glo masts falls in between the highest and 

the least percentage ratio, This confirms that all audited sites 

comply with the standards of the ICNIRP, IEEE and FCC in 

terms of the amount of EMFs that the base station is radiating. 

 

CONCLUSION 
In conclusion, this study was based on Measurement and 

Analysis on the Health Effect of Electromagnetic Radiation 

from Telecommunication Masts in Some Selected Areas in 

Kaduna Metropolis, Nigeria. it is adequately advisable that 

telecommunication masts are installed at 100m away from 

residential or public building and that the radiofrequency 

emission from the measured mast are low and falls within the 

exposure limits set by the International Commission on Non-

Ionizing Radiation Protection, Federal Communication 

Commission and Institute of Electrical Electronics Engineers 

and a good agreement was obtained therefore, people around 

these vicinity are safe to live, work, or transact. 
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ABSTRACT— Body fat composition is a function of the BMI. The BMI is used for screening the health of the general population due to 

the strong correlation between being overweight or obese and having health problems, chronic disease and premature death. People who 

are overweight or obese have an increased risk of hypertension, coronary heart disease, and stroke, type 2 diabetes, osteoarthritis, 

respiratory problems and so on. An increase in BMI happens so subtle that one may not take notice of it quickly. And since one is not 

ready to go through the stress of measuring his/her height and weight every day, we have decided to develop a device that will automatically 

calculate the BMI of a person in lessthan seconds. To achieve this, we used the ultrasonic sensor and the weight cell. This projectis 

achieved by using Ultrasonic sensor, 200kg weight cell, ATMega328p Microcontroller and 2004 LCD display. At the completion of the 

project, the test was carried out. The test result demonstrates suitability for an Automatic Basic Mass Index Measurement Booth. 

 

INTRODUCTION 

The higher risk of death resulting from excess adiposity may be 

attenuated by physical activity (PA). However, the theoretical 

number of deaths reduced by eliminating physical inactivity 

compared with overall and abdominal obesity remains unclear. 

(Ekelund et al., 2018). 

The Body Mass Index (BMI) is a simple tool that estimates body 

fatness using a mathematical formula. The only instruments 

necessary to measure your BMI are a scale, a tape measure to 

determine your height and a calculator. 

 

Why the BMI Measurement is Important 

Once you know your BMI number, you'll want to know what it 

means. BMI is divided into weight status categories. Your health risk 

depends on the category you fall into. 

A BMI of 18.5 or less is considered underweight, while a value 

between 18.5 and 24.9 is considered a normal weight. A BMI 

between 25 and 29.9 is overweight and 30 or greater is considered 

obese. For good health, you want to fall into the normal weight 

category. A higher BMI increases your risk of developing a chronic 

illness such as heart disease, diabetes or cancer. And having a BMI 

that's too low may pose a different set of health risks (Manios, 

2012). 

Determining a person's health based on weight and height squared 

was first developed in the early 19th century, according to a 2006 

article about BMI published in the Archives of Disease in Children. 

But it wasn't until the 1980s that it was used more regularly by 

healthcare professionals as a means to assess health, and this was 

only because researchers were finding a correlation between the 

number calculated and health risk, according to a 2014 article 

published in Today's Dietitian. 

Your BMI is determined by plugging your weight and height into a 

mathematical formula: 

For example,  

1.1 A 5-foot, 10-inch person weighing 210 pounds has a BMI of 

30.1. This is because 

A good scale, an accurate height measurement and a calculator are 

all that's necessary to estimate your BMI, making it easy to measure. 

BMI Compared to Other Fat-Measuring Techniques 

A number of other techniques are used to measure body fat, 

including underwater weighing, dual-energy X-ray absorptiometry, 

skinfold measurements and bioelectric impedance. But most of these 

require a special machine and/or a trained professional for accurate 

testing. While BMI is not a perfect tool, it's been compared to these 

other forms of measuring body fat and stands up fairly well on its 

own (Sara Police, 2017). 

Dual-energy X-ray absorptiometry, or DXA, is considered one of the 

most accurate ways to measure body fatness and health risk. But 

because of the expense and complexity, the test is used primarily by 

those in research facilities. 

BMI is a simple, easy-to-calculate tool that can be used anywhere 

and may be just as good as the more complicated body fat 

measurements. In fact, BMI measurements compare favorably to 

DXA measurements, according to a 2005 cohort study published in 

the International Journal of Obesity. This study compared the use of 

DXA against BMI, skinfold measurements of body fatness and risk 

of heart disease in a group of adolescents. The researchers found that 

both BMI and skinfold measurement correlated well with DXA for 

assessing health (International Atomic Energy Agency., 2010). 

 

METHODOLOGY 

 

The methodology implemented in the accomplishment of this 

research work includes the following;  

1. Identification of components and tools to be used for the 

research work. 

2. Documentation andobtaining of the required components. 

3. Implementation of the components on a bread board for 

testing. 

4. Programming of the microcontroller. 

5. Powering of the setup circuit to see if it meets desire 

results. 

6. Transferring of the circuit to a Vero board. 

7. Implementation of the design. 

 

REVIEW OF FUNDAMENTAL CONCEPTS 

Load Cell 

Load cells are transducers used to convert weight (Mass x 

Acceleration) into an electrical signal. 

This signal can come in a number of different formats, such as a 

voltage change, current change or frequency change, while the 

majority of devices are based on the fundamental principle of change 
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of resistance in response to an applied load. Typically, a load cell 

consists of four strain gauges in a Wheatstone bridge configuration, 

while one strain gauge (Quarter Bridge) or two strain gauges (half 

bridge) are also available. A number of different options are 

available, including hydraulic load cells, pneumatic load cells and 

strain gauge load cells. 

 
Figure 1: Diagram of a Wheatstone bridge circuit (Dunnicliff, 

1988) 

Strain gauge-based load cells 

Strain-gauge load cells have become increasingly popular within the 

industry; in part because of the highly-precise and linear 

measurements they are capable of giving. Moreover, temperature 

changes do not have a big impact on their operations, while they are 

smaller in size when compared with other load cell options. Because 

of the lack of operating parts in the device, it has a relatively long 

operating life and it is very easy to produce (Dunnicliff, 1988). 

For example: The KR high power load cell is specified for industrial 

applications such as tanks, silos and weighing bridge. It is 

operational for force and traction loads up to 30tonnes and comes 

with the protection class IP65. Boasting accuracy of 0.2%, it has an 

operating temperature of between -15oC and 75oC. Featuring a DMS 

strain-bridge (shear-beam device) for industrial applications, the 

SB8 Martens load cell with ATEX option is available as standard or 

with alterations made. Its maximum overload is 200% and a 

breaking load of 300%. 

Ultrasonic Sensor 

Ultrasonic sensors are used around the world, indoors and outdoors 

in the harshest conditions, for a variety of applications. 

Our ultrasonic sensors, made with piezoelectric crystals, use high-

frequency sound waves to resonate the desired frequency and 

convert electric energy into acoustic energy, and vice versa. Sound 

waves are transmitted to and reflected from the target back to the 

transducer. Targets can have any reflective form, even round. 

Certain variables, such as the target surface angle, changes in 

temperature and humidity, and reflective surface roughness, can 

affect the operation of the sensors (Migatron Corp., n.d.). 

There are two types of ultrasonic sensors 

a. Proximity Detection: An object passing within the preset 

range will be detected and generate an output signal. The 

detect point is independent of target size, material or 

reflectivity. 

b. Ranging Measurement: Precise distance(s) of an object 

moving to and from the sensor are measured via time 

intervals between transmitted and reflected bursts of 

ultrasonic sound. Distance change is continuously 

calculated and outputted. 

Microcontroller 

A microcontroller is a computer present in a single integrated circuit 

which is dedicated to perform one task and execute one specific 

application. 

It contains memory, programmable input/output peripherals as well 

a processor. Microcontrollers are mostly designed for embedded 

applications and are heavily used in automatically controlled 

electronic devices such as cell phones, cameras, microwave ovens, 

washing machines, etc.(Lipovski, 2004). 

MATERIALS AND METHODS 

HX711 Based on Avia Semiconductor’s patented technology, 

HX711 is a precision 24-bit analog-to-digital converter (ADC) 

designed for weigh scales and industrial control applications to 

interface directly with a bridge sensor. The input multiplexer selects 

either Channel A or B differential input to the low-noise 

programmable gain amplifier (PGA). Channel A can be 

programmed with a gain of 128 or 64, corresponding to a full-scale 

differential input voltage of ±20mV or ±40mV respectively, when a 

5V supply is connected to AVDD analog power supply pin. Channel 

B has a fixed gain of 32. On chip power supply regulator eliminates 

the need for an external supply regulator to provide analog power 

for the ADC and the sensor. Clock input is flexible. It can be from 

an external clock source, a crystal, or the on-chip oscillator that does 

not require any external component. On-chip power on -reset 

circuitry simplifies digital interface initialization. There is no 

programming needed for the internal registers. All controls to the 

HX711 are through the pins.  

 
Figure 2: Application of the Hx711(Avia Semiconductor, 2016) 

50kg load cell 

This single disc load cell (sometimes called a strain gauge) can 

translate up to 50kg of pressure (force) into an electrical signal. Each 

load cell is able to measure the electrical resistance that changes in 

response to, and proportional of, the strain (e.g. pressure or force) 

applied to the disc. With this gauge you will be able to tell just how 

heavy an object is, if an object’s weight changes over time, or if you 

simply need to sense the presence of an object by measuring strain 

or load applied to a surface. 

 

Figure 3: 50 kg load cell (SparkFun, 2018). 
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Disc load cells are a bit easier to mount than bar-style load cells, 
making them more straightforward to implement into a design. 

Each load cell is made from a steel-alloy and is capable of reading a 

capacity of 50kg. These load cells have four strain gauges that are 

hooked up in a Wheatstone bridge formation. The color code on the 

wiring is as follows: red = E+, green = O+, black = E-, and white = 
O-. Additionally, these load cells offer an IP66 protection rating. 

Ultrasonic sensor HC-SR04 Ultrasonic sensor is a 4 pin module, 

whose pin names are Vcc, Trigger, Echo and Ground respectively. 

This sensor is a very popular sensor used in many applications where 

measuring distance or sensing objects are required. The module has 

two eyes like embeded in the front which forms the Ultrasonic 

transmitter and Receiver. The sensor works with the simple high 
school formula that 

The Ultrasonic transmitter transmits an ultrasonic wave, this wave 

travels in air and when it gets objected by any material it gets 

reflected back toward the sensor this reflected wave is observed by 

the Ultrasonic receiver module as shown in the Fig. 3.3 below

 
 

Figure 4: HC-SR04 Ultrasonic sensor (Borschbach, 2017) 

Now, to calculate the distance using the above formulae, we should 

know the Speed and time. Since we are using the Ultrasonic wave 

we know the universal speed of US wave at room conditions which 

is 330m/s. The circuitry inbuilt on the module will calculate the time 

taken for the US wave to come back and turns on the echo pin high 

for that same particular amount of time, this way we can also know 

the time taken. Now simply calculate the distance using a 

microcontroller or microprocessor 

       ATMEGA328P 

The high-performance Microchip 8-bit AVR RISC-based 

microcontroller combines 32KB ISP flash memory with read-while-

write capabilities, 1KB EEPROM, 2KB SRAM, 23 general purpose 

I/O lines, 32 general purpose working registers, three flexible 

timer/counters with compare modes, internal and external 

interrupts,serial programmable USART, a byte-oriented 2-wire 

serial interface, SPI serial port, 6-channel 10-bit A/D converter (8-

channels in TQFP and QFN/MLF packages), programmable 

watchdog timer with internal oscillator, and five software selectable 
power saving modes. The device operates between 1.8-5.5 volts. 

For this design work, the Atmega328 was chosen because of its 

simplicity and the available pins needed for the connection of the 

design components as show below: 

 

 

Figure 5: ATmega328P pin mapping (Jordan, 2016) 

 

Hardware 

The schematic diagram was drawn and the circuit was setup on 

breadboard and tested. As the testing gave a positive result, the 

circuit was transferred finally to a veroboard. 

 

Figure 6: The Picture of the BMI Device 

Software 

The coding of the Atmega328 microcontroller was done using 

arduino IDE which is C++. Then the code was then transfer to the 

MCU controller with the help off Arduino Uno board show in plate 

I below 
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Figure 7: Arduino IDE and Uno Programmer in use. 

 
 

Figure 8: Flow Chart of Automatic Body Mass Index Measurement Device 

 

I. RESULTS ANALYSIS AND DISCUSSION 

During Setup, the height between the surface of the weight scale and 

ultrasonic sensor, SH is measured and stored as show in Plate III. 

When a subject climbs on it, the distance between the subjects head 

and the sensor is taken as SHH. The height of the subject; MH, is 

measured by subtracting SHH from SH i.e. 

……………………… (4.1) 

The weight (Kg) of the subject is simultaneously taken as the height 

is taken. Then the BMI is calculatedas shown in plate V and VI using 

equation (ii) below 

 

 

 
Figure 9: Setup or idle State 

 

 
Figure 10: The Figure Show The Device In Idle Mode 

 

 
Figure 11: Demonstrates the device in Service 
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Figure 12: Device display the BMI, Height and Weight of the subject been measured. 

COST OF MATERIAL 

The table below shows the cost of material used for this design. 

Table 1: Shows the list and cost of material used for the embedded system 

Item Cost Quantity total 

Atmega328 1200 1 1200 

LCD 2004 

Display 

2000 1 2000 

50kg load cell 500 4 2000 

Crystal 

Oscillator 

50 1 50 

0.22 uF 

capacitor 

10 2 20 

Button 20 2 40 

10k resistor  10 2 20 

LED 10 1 10 

Casing 1500 1 1500 

Total cost   6,840 

CONCLUSION 

This project has developed a system which automatically measures 

the body mass index of a person at a price relative cheaper than 

taking a Magnetic Resonance Imaging (MRI) scan. The objective 

function is achieved by using the microcontroller technology. The 

system is constructed using a load cell sensor to measure weight, 

ultrasonic to measure height, a microcontroller to process data 

received and LCD display to display the result in Kg/m2.  

The result achieved is faster and cheaper when compared to an MRI 

scan. The efficiency of the proposed system will improve the 

efficiency of the BMI system by reducing the time it takes to get a 

result at a very low cost. 
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ABSTRACT—Fifth generation (5G) network is a promising technology to support massive connectivity, improves quality of experience 

as well as supports sophisticated applications. Feasibility studies for deployment of 5G on higher frequency bands up to 86GHz have been 

recommended during world radio communication conference held in 2015 (WRC-15). Since such frequency band, especially 70GHz, have 

already been allocated to fixed service (FS) by spectrum regulatory bodies, 5G need to coexist with the incumbent system. This paper 

investigated feasibility of existence of a terrestrial 5G BS with FS terminal at 70GHz band considering interference from the FS terminal 

into the terrestrial 5G BS. The study considered a single FS terminal at different positions with respect to the 5G BS and evaluated signal 

to interference plus noise ratio at each sector of the 3-sector cell terrestrial 5G BS, considering immobile users at the edge of the 5G cell. 

The results suggested that terrestrial 5G BS can coexist with the FS terminal provided the deployment parameters of the former are 

carefully chosen. 

KEYWORDS—5G, FS, coexistence, mmWave band. 

 

INTRODUCTION 

5G network is expected to provide minimum end-to-end latency; 

improvement in quality of experience; efficiency in utilization of 

resources; reduction in capital and operational expenditure (CAPEX 

and OPEX) through flattening the network architecture; and 

supporting versatile applications via software define networks [1]. 

These could only be achieved by deployment of 5G on a band with 

huge bandwidth. With the advancement in multiple-input-multiple -

output (MIMO) technology, the factors that used to hinder 

deployment of mobile networks on high frequency can be mitigated 

[2]. As a result, spectrum operators recommended deployment of 5G 

network on high frequency bands.   

The world radio communication conference of 2015 (WRC-15) 

have recommended frequency up to 86GHz for feasibility studies 

towards deployment of 5G network [3]. 70GHz band is a suitable for 

this purpose. However, International Telecommunication Union 

(ITU) Radio Regulation and Nigerian Communications Commission 

(NCC) have already allocated 71 to 74GHz band to fixed service 

(FS), fixed satellite services (FSS) and mobile services [4]. But, 

based on National Frequency Allocation Table (NFTA) [1], 71 to 

74GHz band had already been allocate to FS. So, 5G need to 

coordinate with the incumbent FS. Figure 1 depicts the ITU 

allocation and the corresponding Nigeria allocation based on NFTA.  

Based on Figure 1, 5G network needs to coexist with FS. 

 

Figure 1: ITU and ECC allocation on 71-76GHz band 

Recent studies on coexistence feasibility of different networks 

are include data base approach had been used in EU FP7 European 

research work cognitive radio (CoRaSat) to investigate feasibility of 

coexistence of FSS systems with incumbent fixed service (FS) 

systems on Ka-band [5]. The work found under-utilized spectrum 

allocated to FS systems within the Europe for additional deployment 

of FSS systems carriers. Moreover, the concept of cognitive radio 

(CR) has been used in coexistence studies of Ka-band satellite 

systems with terrestrial systems [6]. The cognitive user, FSS, is 

provided with intelligence based on its location, gain pattern and 

path loss awareness models. The information enables estimation of 

the interference it is generating to the incumbent FS system. Based 

on such information, the cognitive user is able to reduce the 

interference to an acceptable level that can be tolerated by the FS 

system. The research also found a limit to the number of uniformly 

distributed FSS terminals in an area that guaranteed an 
𝐼

𝑁
 threshold 

of -10dB at the FS terminal. 

Different from the existing relevant literatures, this paper 

investigates coexistence feasibility of terrestrial 5G BS with the 

incumbent FS system on 70GHz band, considering only co-channel 

interference form an FS terminal into a terrestrial 5G BS. The 

research uses a threshold signal to interference plus noise ratio 

(SINR) as a protection parameter for the 5G system. The threshold 

SINR of -8.266db had been found, prior to this study, at 5G 

innovation center of University of Surrey, United Kingdom via a 

link level simulation for different modulation and code rate schemes 

allowing a maximum block error rate (BLER) of 10% as 

recommended by 3GPP [7]. Large ranges of SINR values were 

simulated and those that achieved 10% BLER for different Table  

SEQ Table \* ARABIC 1: SINR requirement for different code rates 

and modulation schemes performed at the 5G Innovation Centre of 

the University of Surrey. Deployment distances of the terrestrial 5G 

BS were investigated such that the SINR on all sectors of a 3-sector 

cell 5G BS do not degrade below the required thresholds. At the end, 

it will be shown that 5G can coexist with the incumbent FS provided 

the deployment parameters of the former are carefully chosen. 

  SYSTEM MODELLING 

This study considered 71 GHz, frequency of point-to-point link 

in Nigeria. The scenario as depicted in Figure 2 consists of a 

terrestrial 5G BS with immobile users at the edge of their 

corresponding cells. Each user is assumed to be schedule by a single 

sector. The link between the sectors and their users are depicted with 

black lines. The incumbent interference from the FS terminal is 

depicted with red lines. 

The signals on each of the sectors, on the assumption that there is 

power control such that users transmit equal power [8] is given by:  

𝑆𝑗 = 𝑃𝑈𝐸 + 𝐺𝑈𝐸 − 𝑃𝐿𝐵𝑈 + 𝐺𝐵𝑈𝑗(𝜃2, 𝜑2)  (1) 

Table  SEQ Table \* ARABIC 1: SINR requirement for different 

code rates and modulation schemes performed at the 5G 

Innovation Centre of the University of Surrey. 
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𝑆𝑗, 𝑖𝑠 the useful signal on sector j from user j, 𝑃𝑈𝐸 is the transmit 

power of UE j and 𝐺𝑈𝐸is the gain of UE j antenna. Also, 𝑃𝐿𝐵𝑈 is the 

Path loss between the sector j and user j and 𝐺𝐵𝑈𝑗(𝜃2,𝜑2) is the gain 

of sector j towards UE j.  

The interference on each of the sectors based on [8] is given by: 

𝐼𝑗 = 𝑃𝐹𝑆 + 𝐺𝜙𝑓   − 𝑃𝐿𝐵𝐹 + 𝐺𝐵𝐸𝑗(𝜃2, 𝜑2)  (2) 

 𝑃𝐹𝑆 is the a transmit power of the FS terminal with a gain of 𝐺𝜙𝑓 

towards the terrestrial 5G BS.  Also, 𝐺𝐵𝐸𝑗(𝜃2,𝜑2) is the gain of sector 

j of the terrestrial 5G BS towards the FS terminal and 𝑃𝐿𝐵𝐹 is the 

path loss between the terrestrial 5G BS and the FS terminal. 

So, the signal to interference ratio (SIR) on each of the sectors is 

given by: 

The thermal noise of a sector with noise Figure of  𝑁𝐹 , at an average 

temperature of T, based on [9] is given by: 

𝑁 = 𝑁𝐹 + 10𝐾𝑇   (3) 

𝑤ℎ𝑒𝑟𝑒 𝐾 𝑖𝑠 𝑡ℎ𝑒 𝐵𝑜𝑙𝑡𝑚𝑎𝑛𝑛 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡. 
 

The SINR at each of the sector is then obtained by combining the 

presented equations as: 

𝑆𝐼𝑁𝑅𝑗 = 10 [(10
(𝑆𝑁𝑅𝑗/10))

−1
+ (10(𝑆𝐼𝑅𝑗/10))

−1
]
−1

  (4) 

Where SIR and SNR are the signal to interference and signal to 

noise ratio in decibels respectively. 

 
Figure 2: 3-sector cell base station with schedule user terminals 

around an FS terminal 

The FS antenna gain for a point-to-point link, a function 

of off-axis angle (𝜙
𝑠
), depends on the heights of the FS and 5G 

terminals, relative azimuth angle between them. The off-axis 

according [6] is; 

𝜙
𝑓
= (𝑐𝑜𝑠 𝑐𝑜𝑠(𝐸𝑠) 𝑐𝑜𝑠 𝑐𝑜𝑠(ɛ) 𝑐𝑜𝑠 𝑐𝑜𝑠(𝛼) +𝑠𝑖𝑛 𝑠𝑖𝑛(ɛ)

𝑠𝑖𝑛 𝑠𝑖𝑛(𝐸𝑠))(5) 

Where ɛ is the elevation angle, in degrees, of the radio wave at the 

FSS terminal given by: 

ɛ = (
(𝑧𝑏−𝑧𝑎)∗10

−3

𝑑
−

𝑑

2𝑟
) ∗

180𝑜

ᴨ
 (6) 

𝑟 = 8500𝐾𝑚 is the effective earth radius. 𝑧𝑎, 𝑧𝑏 and 𝑑 are the height 

of the FS terminal, height of the 5G terrestrial BS and the distance 

between them respectively.  The gain of an FS terminal of diameter, 

D, according to [6] is given by: 

𝐺𝜙𝑓 = {𝐺𝑚𝑎𝑥 − 25 ∗ 10
−3(

𝐷

𝜆
𝜙𝑠)

2

       00 < 𝜙𝑠 ≤

𝑥𝑡1𝐺1,                                                        𝑥𝑡1 < 𝜙𝑠 ≤ 𝑥𝑡252 − 10 (
𝐷

𝜆
) −

25(|𝜙𝑠|) ,   𝑥𝑡2 < 𝜙𝑠 ≤ 48
𝑜10 − 10(

𝐷

𝜆
) ,

                                      48𝑜 < 𝜙𝑠 ≤ 180
𝑜(7) 

A model recently released by 3GPP s used for the 

estimation of path loss between both the users and the FS terminal 

to the terrestrial BS. Figure depicts a configuration with user of 

height ℎ𝑈𝐸 and 5G BS o height, ℎ𝐵𝑆, for path loss estimation.  

 
Figure 3: User terminal to 5G terrestrial BS configuration 

According to [10], the relationship between 𝑑3𝐷 and 𝑑2𝐷 is: 

𝑑3𝐷 = √(𝑑2𝐷)
2 + (ℎ𝐵𝑆 − ℎ𝑈𝐸)

2  (8) 

The non-line of sight pathlos between the UE and the 5G BS 

according to 3GPP recommendation [10] is given by: 

𝑃𝐿𝐵𝑈 = 𝑚𝑎𝑥  ((𝑃𝐿𝑈𝑀𝐼−𝐿𝑂𝑆, 𝑃𝐿
′
𝑈𝑀𝐼−𝑁𝐿𝑂𝑆))      (9) 

Where, 

𝑃𝐿𝑈𝑀𝐼−𝐿𝑂𝑆 = {𝑃𝐿1,               10 ≤ 𝑑2𝐷 ≤
𝑑′𝐵𝑃     𝑃𝐿2,                 𝑑′𝐵𝑃 ≤ 𝑑2𝐷 ≤ 5𝑘𝑚 (10) 

With            

𝑃𝐿1 = 32.4 + 20𝑑3𝐷 + 20𝑓  (11) 

And 

𝑃𝐿2 = 32.4 + 40𝑑3𝐷 + 20𝑓 − 9.5[(𝑑′𝐵𝑃)
2

+ (ℎ𝐵𝑆 − ℎ𝑈𝐸)
2]                                              (12) 

Also,  

𝑃𝐿′(𝑈𝑀𝐼−𝑁𝐿𝑂𝑆) = 35.5𝑑3𝐷 + 22.4 + 21.3𝑓
− 0.3(ℎ𝑈𝐸 − 1.5)                                            (13) 

 

With, 

𝑑′𝐵𝑃 = 4 ∗ ℎ′𝐵𝑆 ∗ ℎ′𝑈𝐸 ∗ (
𝑓∗109

𝑐
)   (14) 

Where, 
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ℎ′𝑈𝐸 = ℎ𝑈𝐸 − 1     (15) 

ℎ′𝐵𝑆 = ℎ𝐵𝑆 − 1    (16) 

 

C is the speed of light (in m/s) and f is frequency of operation (in 

GHz). 

 

The path loss between the terrestrial 5G BS and an FS 

terminal is obtained by replacing ℎ𝑈𝐸 with ℎ𝐹𝑆 in equations (12), 

(13), (14) and (15) above. 

 

The antenna pattern of the 5G terrestrial BS also follows a 

3GPP model in [11]. Each sector consists of a uniformly rectangular 

array. But for this analysis, only a single antenna element was 

considered per sector. The gain of the 5G antenna element depends 

on two off-axes angles: vertical off-axis angle, 𝜃2, and horizontal 

off-axis angle, 𝜑2. The gain of a 5G antenna element is given by: 

 

𝐺𝐵𝐸(𝜃2, 𝜑2) = 𝐺𝐵𝐸,𝑚𝑎𝑥 + 𝑅𝑃𝐵𝐸(𝜃2, 𝜑2)  (17) 

= 8 + 𝑅𝑃𝐵𝐸(𝜃2, 𝜑2)  (18) 

 

where, 𝐺𝐵𝐸,𝑚𝑎𝑥, the maximum gain of the antenna element having a 

value of 8dB. 𝑅𝑃𝐵𝐸(𝜃2, 𝜑2) is the antenna element radiation pattern 

as a fuction of the two off-axes angles, 𝜃2 𝑎𝑛𝑑 𝜑2 and: 

 

𝑅𝑃𝐵𝐸(𝜃2, 𝜑2) = −{−(𝑅𝑃𝐵𝐸,𝑉(𝜃2) + 𝑅𝑃𝐵𝐸,𝐻(𝜑2)) , 30}(19) 

With, 

𝑅𝑃𝐵𝐸,𝑉(𝜃2) = − {12(
𝜃2−90

65
)
2
, 30}                      (20) 

And  

𝑅𝑃𝐵𝐸,𝐻(𝜑2) = − {12 (
𝜑2

65
)
2
, 30}(21) 

 

The off-axes angles were calculated by assuming the 

origin of the global coordinate system was shifted to the position of 

the 5G terrestrial BS.  

With the 5G terrestrial BS assumed to be pointing in a direction with 

angle 𝛼𝑜 away from the positive x-axis and down tilted by an angle 

of 𝛽𝑜 with slant angle of 𝛾𝑜,the spherical coordinate of the FS 

terminal within the local coordinate system of the 5G terrestrial BS 

is(𝜌2, 𝜃2, 𝜑2). The transformation method of [11] was used to obtain 

the expessions for 𝜃2 and 𝜑
2
 as:  

𝜃2 = (𝑐𝑜𝑠 𝑐𝑜𝑠(𝛽) 𝑐𝑜𝑠 𝑐𝑜𝑠(𝛾) 𝑐𝑜𝑠 𝑐𝑜𝑠(𝜃1)

+ [𝑠𝑖𝑛 𝑠𝑖𝑛(𝛽) 𝑐𝑜𝑠 𝑐𝑜𝑠(𝛾) 𝑐𝑜𝑠 𝑐𝑜𝑠(𝜑
1
− 𝛼)

−𝑠𝑖𝑛 𝑠𝑖𝑛(𝛾) 𝑠𝑖𝑛 𝑠𝑖𝑛(𝜑
1
− 𝛼)]

𝑠𝑖𝑛 𝑠𝑖𝑛(𝜃1))           (22) 

(23) 

Assuming the terrestrial 5G BS is pointing along the positive x-axis 

(=0) for sector 1, =120 for sector 2 and  =20 for sector 3. In practical 

deployment, sectors are usually tilted by certain angle so as to reduce 

interference to neighboring cells. However, since we intend to 

evaluate maximum interference, all the sectors are assumed to be 

unstilted such that down tilt angle 𝛽 = 0°, and slantangle 𝛾 = 0°. 

Table 1: Parameters used in the study 

Parametr         5G        FS 

Carier frequency 

Bandwidth 

Pathloss model 

   73.5GHz 

    1GHz 

    UMi 

 BS UE FS 

Maximum gain 

 

Tranmit power 

Antenna height 

temperature 

Noise Figure 

Number of 

element 

8dBi per 

element 

 

10m 

300K 

7dB 

1 

0 dBi 

 

13dBm/MHz 

1.5m 

 

50dBi 

 

19dBm/MHz 

25m 

 

In the scenario considered, 5G terrestrial BS was assumed to be at 

coordinate (0, 0) around a single FS terminal. Since high frequency 

signal transmission suffers from huge propagation losses, a cell size 

of 200m was assumed for the 5G terrestrial BS. The users are 

assumed to be immobile and placed at the edges of their respective 

cells. Other parameters used in the study are in Table 1. The FS 

terminal is then placed at different distances and relative azimuth 

angle to the 5G BS. The FS is deployed on r-θ coordinate with 

r=0:50:5000 and θ=0: π/50:2π. The Available SINR on each of the 

5G sectors is evaluated, using MATLAB 2016a, as a function of 

distance and relative azimuth angles to the 5G BS. 

.PERFORMANCE EVALUATION 

The deployment of 5G micro BS parameters coexisting with 

FS terminal were investigated. Assuming the relative 

azimuth angle from the FS terminal to the 5G BS is 0𝑜along 

the direction of the first sector (𝛼 = 0𝑜). The 3D plot of the 

SINR availble on sectors 1,2 and 3 are as depicted in Figures 4,5 

and 5 Respectively. 
The minimum deployment distances for sector 1 are the points 

where the -8.266dB plane (grey in colour) cut the SINR 3D plot. 

Based this, when the relative azimuth angle are within a range 

of0𝑜 𝑡𝑜 3.60 𝑎𝑛𝑑 0𝑜 𝑡𝑜 −3.6𝑜, the sector has to be at a minimum of 

1250m away from the FS terminal. Moreover, if the relative azimuth 

angle to the FS terminal is between 10𝑜 𝑡𝑜 35𝑜 𝑎𝑛𝑑 − 10𝑜 𝑡𝑜 −
35𝑜,the sector need to be atleast at a distance of 700m away from 

the FS terminal. In addition, within realtiv azimuth angle of 

50𝑜 𝑡𝑜 280𝑜, only a minimu of 100m is required for the deployment 

of this sector such that the minimum SINR threshold of -8.266dB is 

always guaranteed. 

Based on SINR available on sector 2, when the FS terminal is at 

relativce azimuth angle of 0 t0 70, a minimum deployment distance 

of about 100m ie needed. The lagest deployment distnace of about 

20m needed by the 5G BS occures when the relative azimuth angle 

is between 100 to 126. 

For sector 3, 200m is also required by the 5G Bs irrespective of 

the relative azimuth angle to the FS terminal.  

As a result, sector is the most critical and determines the overall 

deployment distance of the terrestrial BS. Hence, 5G terrestrial BS 

requires a minimum distance of about 1.25km away for an FS 

backhaul terminal. 

Since sector 1 determines the deployment distance of the 5G 

terrestrial BS, a 2D plot of  minimum deployment distance of the 5G 

BS for different transmit powers of the FSS terminal at elevation 

angle commonly used in Nigeriaria so that a minimum SINR of -

8.2dB is always guranteed on sector 1 is depicted in Figure 7.  The 
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minimum 5G terrestrial BS deployment distances required based on 

FSS transmit powers (Po) and elevation angles are as reported in 

Table 1. 

 

 

 

 
Figure 4: SINR on sector 1 

 

 
Figure 5: SINR on sector 2 

 

 
Figure 6: SINR on sector 3 

CONCLUSION AND FUTURE WORK 

Coexistence of a terrestrial 5G BS with an Fs terminal for a 

backhaul link at 73.5GHz. the study is highly impotant 

towards world radiocommunication conference to be held in 

2019 (WRC-19), where final decision will be made regarding 

allocation to 5G system allocation. The research considered 

only interference from he Fs terminak into the 5G terretrial 

BS. The research also used singnal to intefernce plus noise 

ration as the protection parameter of the 5G system. A 

threshold of -8.266dB, obtained via link level simulation 

(performed prior to this research) performed at the 5g 

innovation centre of the universty of surrey. Using recently 

released 5G antenna gain and pathloss models, a FS terminal 

at different positions to the terrestrial 5G BS and evalauted 

the SINR at each sector of the 3sector 5G BS. It has been 

found that a minimum distance of about 1.25km away from 

the FS terminal is reqired by the terrestrial 5G BS. 

However, the study is not exhaustive as the users were 

considered immobile, contrary to real live scenation where 

users mostly move. As a result further study considering this 

is needed. 
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ABSTRACT— The coordination of overcurrent relays in a power system is to ensure that only the faulted section of the system is isolated 

when an abnormal operating state occurs. Large numbers of relay tripping and mis-coordination are due to improper or inadequate 

settings rather than to genuine faults. A Modified Particle Swarm Optimization (MPSO) techniques which is based on an adaptive 

simulated annealing inertia weight was used to solve the problem of overcurrent relay coordination. The objective function is the 

minimization of the operation time of the protective relays in the IEEE 15 and 30 bus networks. The Time of Operation (Top) and 

Coordination Time Interval (CTI) were used as the performance metrics of the research. The obtained operating time of the IEEE 15 bus 

is 23.22 seconds. The simulation time of the 15 bus network is 11.22 seconds. Relay no.  11 and 21 with CTI values of 0.0863 seconds and 

0.0940 seconds violated the CTI constraints. The result obtained for the IEEE 15 bus was validated and an improvement of 11.3288% was 

observed in terms of reduction in the operating time of the relays in the system. The obtained Top and CTI settings of the relays in the 

system show the effectiveness of the proposed MPSO technique. 

KEYWORDS - Relays, Optimal Coordination, Plug Setting, Time Multiplier Setting, Coordination Time Interval. 

  INTRODUCTION 

This The primary objective of all power systems is to 

maintain a very high level of continuity of service, and when 

intolerable conditions occur, to minimize the extent and time 

of the outage. However, because it is impossible, as well as 

impractical, to avoid the consequences of natural events, 

physical accidents or equipment failure owing to human 

error, many of these will result in faults [1, 2]. 

Since 1960s, a great effort has been devoted for solving 

this problem by computational tools [3]. The methods, which 

are used for performing this task can be classified into three 

classes: trial and error method, topological analysis method, 

and Heuristic optimization method [3, 4]. Furthermore, due 

to the complexity of the power system network, trial and error 

approach and topological analysis are time consuming and 

not optimal [5]. 

 Several optimization techniques and artificial intelligence 

methods have been deployed in solving relay coordination 

problem, methods such as Harmony Search Algorithm 

(IHSA) to solve relay coordination problem with three 

different cases on IEEE 14-bus and IEEE 30-bus systems [6], 

Cuckoo Search Algorithm [7]. Variants of PSO and its 

hybrids have also been deployed in optimal relay 

coordination [8-12]. 

       The optimal coordination of over current relays poses 

serious problems in the modern complex power system 

networks, which are interconnected, because of that, they are 

protected by directional over current relays, which are 

standalone devices and strategically placed throughout the 

system [4, 5]. 

       According to statistical evidence, a large number of relay 

tripping and mis-coordination are due to improper or 

inadequate settings rather than to genuine faults [5]. 

Overcurrent relay coordination has been worked upon by 

many researchers and the challenge was mainly on how to 

design an optimal relay coordination system. The relay 

coordination is not an exact science, but in fact an Art that 

involves some degree of uncertainty due to its complexity and 

nonlinearity [5, 6], hence it is difficult to claim that a global 

optimal result has been yielded 

 Thus, this work seeks to improve the solution of the 

coordination problem by using a modified particle swarm 

optimization technique for reaching the global optimum value 

with less computational time. Simulated Annealing Inertia 

Weight is used to modify the conventional PSO to develop an 

efficient model for solving the relay coordination problem 

was based on the outcome of experiments where several 

inertia weight strategies were subjected to optimization test 

functions. The Simulated Annealing Inertia Weight strategy 

gave an outstanding performance when the average error, 

average number of iteration and minimum error were used as 

the criteria for comparison. 

COORDINATION PROBLEM FORMULATION 

The coordination problem and constraints for optimum 

relay coordination are formulated in this section. 

 

A. Objective Function (OF) Formulation 
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First, The objective function of the optimization problem 

is therefore, the minimization of the operation time of the 

associated relays. After considering all these criteria, the 

objective function (OF) can be formulated mathematically as 

given in equation 1. 

                     (1) 

Where n is the number of relays in the network, is a 

coefficient usually set to 1, it indicates the probability of the 

occurrence of a fault and   is the operating time of relay. 

All relays are assumed to be identical and have IDMT 

characteristic, the operating time is given by equation 2 [1, 3, 

5, 7, 9, 11-13]. 

                      (2) 

Where TMS is the Time Multiplier Setting, PS is the Plug 

Setting,  is the fault current, CT is the current transformer 

ratio and  . 

There are several characteristics of overcurrent relays as 

shown in Table I. The standard Inverse overcurrent relay is 

the relay of choice for this paper. 

Table I: Characteristics of DOCRs [6] 

Type of 

Characteristic 
K Α L 

Short Time Inverse 0.05 0.04 0 

Standard Inverse 0.14 0.02 0 

Very Inverse 13.5 1 0 

Extremely Inverse 80 2 0 

Long Time Inverse 120 1 0 

Moderately Inverse 0.0515 0.02 0.114 

Very Inverse 19.61 2 0.491 

Extremely Inverse 28.2 2 0.1217 

 

      In equation (3), , and L are the characteristic 

constants of the relays while If is the fault current through the 

relay operating coil. For standard inverse definite minimum 

time (IDMT) relays  = 0.14, = 0.02 and L = 0 [4, 7, 8, 10, 

11-13].  

 

 (3) 

B. Constraints Formulation 

For the objectives of optimum relay coordination to be 

achieved, the coordination and boundary constraints must be 

satisfied. The lower and upper bounds of TMS and PS of each 

DOCR are given by equations 4 

                     (4) 

Based on the Standard Inverse relay characteristic used in 

this work, the TMS and PS are the decision variables of the 

optimization problem, their limits are outlined in equations 

(5), (6) and (7). The values of the limit are adopted from [9] 

for the purpose of validation. 

        (5) 

                      (6) 

         (7) 

I. C.  Coordination Time Interval (CTI) 

 Coordination time interval (CTI) is the criteria to be 

considered for coordination. It’s a predefined time delay and 

it depends on the type of relays. For electromagnetic relays, 

CTI has a minimum value of 0.2 s, while for a microprocessor 

based relay, it is of the order of 0.1 to 0.2 s [9, 15]. The sample 

network of two directional overcurrent relays is shown in 

Figure 1, where Rb and Rp are in order of backup and primary 

relays for close in fault to Rp at location F [6, 8, 13, 15]. 

 

Figure 1: Illustrative diagram for P/B relay pair [6, 13] 

In this case, Rp should trip as quickly as possible, whereas 

Rb should operate after time period required for preserving 

selectivity between P/B protections known as CTIexpressed 

by 8. 

                                Tb – Tp ≥ CTI   (8) 

Where Tb and Tp are operating time of backup relay (Rb) 

and primary relay (Rp) respectively. The CTI depends on the 

types of relays, circuit breaker operating time, relay error and 

safety margin [9, 14]. 

II. SIMULATED ANNEALING INERTIA WEIGHT 

PARTICLE SWARM OPTIMIZATION 

This research work employed an adaptive behavior based 

simulated annealing inertial weight for selecting the 

appropriate inertia weight for the PSO as the algorithm swarm 

towards the optimum solution. This is given in equation (9) 

 (9) 
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Where wkis the inertial weight at current generation, 

is a randomly generated number within an interval of 0 

and 1, wmax is a randomly generated number within an interval 

of 0 and 1, k is the current iteration number. 

In this work, the value of lambda shall be determined 

using equation (10) 

 (10) 

Where ITRmax is the maximum value of iteration which is 

defined by the user, ITR is the current value of iteration, n is 

the total number of particle defined by the user. 

The lambda in equation (10) serves as the dynamic 

parameter for the inertia weight which is selected adaptively 

during the optimization process.  Figure 2 shows the 

flowchart modified PSO. The shaded portion in the flowchart 

indicates the application of the simulated annealing inertia 

weight. 

 

Figure 2: PSO flowchart showing the Simulated 

Annealing Inertia Weight 

III. IEEE 15-BUS SYSTEM 

The IEEE 15 bus radial test system is used in this work to 

validate the performance of the proposed solution. The data 

and parameters used are based on the work of [9]. The test 

system is shown in Figure 3. The system is widely used as a 

case for conducting various studies such as relay 

coordination, interconnected grid problems etc. 

 

 

 

 

 

 

 

 

 

Figure 3: IEEE 15-Bus Radial network 

All the relays in the network are considered Directional 

Overcurrent Relays (DOCR) with standard Inverse Definite 

Minimum Time (IDMT) characteristics and have their 

tripping direction away from the bus. The fault currents 

values given in Table II are based on International 

Electrotechnical Commission standard for the IEEE 15 bus 3-

ɸ bolted faults simulated at the near end. 

Table II: Fault Current Values of the Relays for IEEE 15-

Bus Radial System 

 

Relay 

No. 

Fault 

Currents 

(A) 

Relay 

No. 

Fault 

Currents 

(A) 

1 22778 15 7710 

2 11532 16 5790 

3 11509 17 7700 

4 7710 18 5790 

5 7700 19 7700 

6 5790 20 5790 

7 5785 21 5785 

8 4636 22 4636 

9 11509 23 4632 

10 7710 24 3866 

11 7700 25 5785 

12 5790 26 4636 

13 11509 27 5785 

14 7710 28 4636 

 

IV. SIMULATION 

V. A.   MATLAB Simulation Software 

The professional software package MATLAB software 

is used to develop the optimal relay coordination model. For 

the purpose of this research MATLAB version R2017a was 

used. When the program is run, the Matlab Graphical User 

Interface prompts the user to select which of models will be 

evaluated, either 1 or 2 (1 = the developed algorithm; 2 = the 

standard PSO). MATLAB’s flexibility and user-friendly 

environment made it a choice for this research. 

B. Computer System 

All the simulations carried out in this research were done 

on an Acer laptop computer system. The specification of the 

computer is given in Table III. 

 

Table III: Computer Specification  

Items Specification 

Operating System Windows 8 Professional 

RAM 4.00GB 

System Type 64-bit Operating System 

Processor Core i5-243M @ 2.40GHz 

Rating 4.0 

Video Graphics 32MB 
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C. PSO Parameters 

A set of initialization parameters has to be declared for 

the PSO algorithm to work effectively. The values in Table 4 

were selected based on [9] for ease of validation. 

Subsequently, the Npop and number of iterations will be varied 

in order to see their effect on the optimality of the decision 

variables. 

 
Table 4: PSO Parameters Settings 

Initialization Parameters Values  

Learning coefficient C1&C2 2.0 

Maximum inertia weight (wmax) 0.9 

Minimum inertia weight (wmin) 0.4 

Damping Ratio 0.99 

Number of population (Npop) 60 

Number of iterations 100 

 

VI. VI. RESULTS AND DISCUSSION 

In this section, the performance of the optimal relay 

coordination using the MPSO is evaluated. The operating 

time of the IEEE 15 bus test system is presented.  

 

A. Convergence on the IEEE 15-Bus System 

After the developed MPSO is run for 100 iteration using 

the IEEE 15 data, the plot in Figure 4 is obtained. The figure 

shows the fitness evolution in the developed model. 

 
Figure 4: Fitness function evolution of the IEEE 15 Bus 

using MPSO 

 

It is observed from Figure 4 that the optimal operating 

time of the relays in the system converged at 23.2221secs 

after 10 iterations, the optimal time remained constant 

through the 100th iteration.  

B. Simulation Result on IEEE 15-Bus System 

The optimal values of the Time Multiplier Settings (TMS) 

and Plug Settings of the IEEE 15 bus test system is shown in 

Table 5, the table also shows the optimal operating times of 

the relays in the network. The results in Table 5 are obtained 

using the set of 28 fault currents values given in chapter three. 

A fixed CT Ratio of 500:1 in used for the simulation. 

The results of the optimized TMS, PS and Top of the entire 

primary relays obtained by the MPSO is shown in Table 5. 

The objective function value obtained is 

 and is the summation of the 

individual operating time of the relays in the system. This 

value represents optimal operating time of the relays in the 

network and is obtained after the algorithm determines the set 

of optimal values of TMS and PS which it used to compute 

the time of operation of the relay.   

Table 5: Optimized PS, TMS and Top for the IEEE 15-bus 

Rela

y No. 
PS TMS Top 

1 0.6612 0.6612 1.3223 

2 0.4307 0.4307 0.8189 

3 0.3987 0.3987 0.8181 

4 0.3126 0.3126 0.5220 

5 0.5566 0.5566 1.4473 

6 0.1948 0.1948 0.4960 

7 0.2042 0.2042 0.5036 

8 0.4567 0.4567 1.0909 

9 0.3409 0.3409 0.7582 

10 0.2350 0.2350 0.5055 

11 0.2263 0.2263 0.4546 

12 0.2103 0.2103 0.5405 

13 0.7773 0.7773 1.4967 

14 0.4189 0.4189 0.9242 

15 0.4749 0.4749 0.9402 

16 0.462 0.462 0.7627 

17 0.4087 0.4087 0.9459 

18 0.2597 0.2597 0.6271 

19 0.2512 0.2512 0.5581 

20 0.1709 0.1709 0.3883 

21 0.5222 0.5222 1.2783 

22 0.2441 0.2441 0.5792 

23 0.5544 0.5544 1.4856 

24 0.2053 0.2053 0.4712 

25 0.4069 0.4069 0.9957 

26 0.2420 0.2420 0.6885 

27 0.3541 0.3541 0.8744 

28 0.3694 0.3694 0.9281 

 

 

VALIDATION 

To validate the result of the research, the result obtained 

using the proposed model is compared with that obtained 

in [9] which is the base research work used. 
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Table 7: Comparison of Results for the IEEE 15-Bus  

A. Comparison of the TMS, PS and Top 

The summation of the optimized time of operation of the 

individual relays in the IEEE 15 bus system which is equal 

to the objective function value is compared as shown in 

Table 7.  

 

The objective function value of the developed MPSO is 

23.2221s, while that obtained by [9] is 26.189s as shown in 

Table 7.  This shows that the total operating time of the relays 

in the IEEE 15 bus has reduced significantly by 2.967s which 

translate to a reduction of 11.3288%. 

 

B. Conergence Response Comparison 

The developed MPSO and that of the work of [9] are run 

using the same set of parameters, i.e. iterations, number of 

particles and same boundary conditions, both are then plotted 

on the same figure. Figure 6 shows the fitness evolution of 

both developed algorithms. 

Figure 6: Fitness function evolution comparison of MPSO 

and [10] 

Relay 

No. 

 
Propos

ed 
  [9]  

PS TMS Top PS TMS Top 

1 0.8136 0.3126 0.5220 0.5499 0.7439 1.1277 

2 0.6609 0.4307 
0.8189 

1.2551 0.3222 0.7523 

3 0.7812 0.6612 1.3223 1.5153 0.3416 0.8552 

4 0.5686 0.3987 0.8181 2.4141 0.5525 2.0470 

5 0.7974 0.2053 0.4712 0.6086 0.3634 0.7622 

6 0.7596 0.1948 0.4960 1.0805 0.4309 1.2418 

7 0.7318 0.2042 0.5036 1.2611 0.1119 0.3456 

8 0.5375 0.4567 1.0909 1.8220 0.2726 1.1538 

9 0.7927 0.2263 0.4546 1.1148 0.4539 1.0181 

10 0.6592 0.2350 0.5055 1.3933 0.1536 0.4366 

11 0.7277 0.3409 0.7582 0.5009 0.3213 0.6344 

12 0.8165 0.2103 0.5405 2.4727 0.2642 1.1793 

13 0.6887 0.7773 1.4967 1.9075 0.3209 0.8796 

14 0.7113 0.4189 0.9242 2.1497 0.7389 2.5740 

15 0.5057 0.4749 0.9402 0.7922 0.4263 0.9762 

16 0.5319 0.3462 0.7627 0.6784 0.5439 1.3043 

17 0.8170 0.4087 0.9459 0.6199 0.2179 0.4598 

18 0.6917 0.2597 0.6271 1.1896 0.1204 0.3619 

19 0.7255 0.2512 0.5581 0.6667 0.3199 0.6912 

20 0.5826 0.1709 0.3883 1.1323 0.5657 1.6638 

21 0.7172 0.5222 1.2783 0.6075 0.2638 0.6083 

22 0.5276 0.2441 0.5792 1.8741 0.1431 0.6167 

23 0.7260 0.5544 1.4856 0.7978 0.1249 0.3481 

24 0.5617 0.5566 1.4473 1.3848 0.5530 2.2124 

25 0.7166 0.4069 0.9957 0.6553 0.2225 0.5271 

26 0.8396 0.2420 0.6885 1.6316 0.2904 1.1498 

27 0.7342 0.3541 0.8744 0.7789 0.1347 0.3401 

28 0.6161 0.3694 0.9281 2.4925 0.1028 0.5404 

                        ∑Top=23.222s ∑Top=23.222s 



  
Proceedings of the 1st National Communication Engineering Conference 2018 

 

 
 

 

82 

 
NCEC 2018:   Department of Communications Engineering, 
Ahmadu Bello University, Zaria, Nigeria, 17th – 19th October 2018 

 

It is observed from Figure 6 that the fitness function of the 

MPSO converges at 23.222s, while that of [9] converges at 

26.189s. MPSO converges after 10 iterations while [9] 

converges before the 10th iteration. This shows that the 

minimal operating time of the relays in the IEEE 15 bus 

network is achieved using the MPSO.  

CONCLUSION 

 The research developed an Optimal Overcurrent    

Protection Relay Coordination for distribution system using a 

Modified Particle Swarm Optimization Technique. The 

modification is based on a Simulated Annealing Inertia 

Weigh. The objective function is the minimization of the 

operation time of the protective relays. The optimality and 

Coordination Time Interval (CTI) were used as the 

performance metrics of the research. The result obtained an 

optimum solution with a good convergence when 

implemented on IEEE 15-bus network. When the result of the 

research was validated   with that of [9], an      improvement 

of 11.3288% is observed in terms of optimality and the CTI 

violations was reduced to two when compared to five 

recorded in [9]. The effectual result obtained for the relay 

coordination problem shows that the method is a viable one. 
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ABSTRACT-Fire outbreak is a common accident in homes and businesses and industrial areas. In our community fire alarms are mostly 

not used in our houses and shops to give early warning of fire outbreak for possible control. Therefore, in this design we intent to design 

and develop a fire alarm device made from easy to find components such as 555 timer and thermistor to sound an alarm based on British 

siren triggered by heat operated switch, for early warnings. The significant of the design is to develop a device that will be able to sense 

fire outbreak and alarm the fire fighters using alarm. Also, the aim of the design is to develop a circuit that will be able to alarm the 

environs in the case of fire outbreak. Finally, the significant of the design work is to reduce the level of fire accident. 

KEYWORDS—Diodes, fire, alarm, thermistor. 

INTRODUCTION 

A transducer is a device that converts energy from one 

form to another. Usually a transducer converts a signal in one 

form of energy to a signal in another. Transducers are often 

employed at the boundaries of automation, measurement, and 

control systems, where electrical signals are converted to and 

from other physical quantities (energy, force, torque, light, 

motion, position, etc.). The process of converting one form of 

energy to another is known as transduction. A thermistor is 

the transducer used for this design. A thermistor used here is 

as a transducer is also a resistor, the value of which changes 

with its temperature rise. It is known as a negative-

temperature-coefficient (N.T.C) thermistor. The appearance 

of these thermistors is shown below; 

METHODOLOGY 

The research work has started on the desired components. 

The methodology adopted are described in the following 

steps: 

1)Assembling of electronic components. 

a) Analysing the circuit 

b) Get the required component, 

c) Assembly of components is done on design board 

(breadboard). 

d) Assembly of components is done on design board 

(breadboard). 

2) Testing the circuit 

a) A multi meter is used to check for continuity and 

open circuit of the constructed circuit. 

b) The design is powered by a 12Vdc supply to check 

the desired and intended result. 

c) At the entrance, a proximity sensor is mounted on 

the case of construction. 

d) A proximity sensor is mounted at each room or 

location within a building. 

e) At each slot, a proximity sensor is installed to sense 

the presence of fire outbreak. 

 

II. Components use 

B.      TH1VA1098(Thermistor) 

1) A thermistor is a type of resistor whose resistance is 

dependent on temperature, more so than in standard resistors. 

The word is a portmanteau of thermal and resistor. 

Thermistors are widely used as inrush current limiters, 

temperature sensors (negative temperature coefficient or 

NTC type typically), self-resetting overcurrent protectors, 

and self-regulating heating elements (positive temperature 

coefficient or PTC type typically). 

C.  BC108, 2N3702 (Transistor) 

2) The three transistors use are made from very pure 

silicon or germanium, but certain other semiconductor 

materials can also be used. A transistor may have only one 

kind of charge carrier, in a field effect transistor, or may have 

two kinds of charge carriers in bipolar junction transistor. 

3) IN4001(Diode) A diode is a two-terminal electronic 

component that conducts current primarily in one direction 

(asymmetric conductance); it has low (ideally zero) resistance 

in one direction, and high (ideally infinite) resistance in the 

other. A vacuum tube diode utilizes thermionic emission of 

electrons and unidirectional conduction between the cathode 

and plate. A semiconductor diode, the most common type 

today, is a crystalline piece of semiconductor material with a 

p–n junction connected to two electrical terminals. 

Semiconductor diodes were the first semiconductor electronic 

devices. 

 

The Circuit Diagram 

The design circuit diagram was designed with the aid of 

the software called multism. The diagram below shows the 

circuit diagram of the heat operated switch trigger by British 

siren. 
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Fig. 1. Circuit Diagram of the heat operated switch  

B. NE555TIMER(IC555TIMER) 

The Complete circuit diagram of the alarm system is 

shown in Fig 2.1. The 555 timer in the trigger unit 

gets activated whenever pin 2 senses a smaller 

potential that is less than1/3 the supply voltage. When 

activated it sounds for duration of time determined by 

R3 and C1, this also determines how long the alarm 

will sound before going off.  

 

Fig.2. The British siren circuit 

 

 

Fig.3. S-Dec layout of a heat operated switch 

 

CONCLUSIONS 

Hence electronic circuits can be designed for the fire 

based alarms and they provide very high efficiency and can 

be used for the security reasons. Early fire detection is best 

achieved by the installation and maintenance of fire 

detection equipment in all rooms and areas of the house or 

building.  

Overall the design was successful. The   performance of 

the design met the original technical problem, which was to 

build a circuit that would sound an alarm when the heat in the 

atmosphere reach a hazardous temperature.  Also the design 

was well under the overall design cost designed, making the 

design a good product since the application was successfully 

demonstrated and the circuit price was reasona 
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ABSTRACT—This paper presents the development of a wireless interactive communication system using android and Windows PC 

platform. The goal is to ensure the deployment of a wireless interactive communication system chat app via Bluetooth and Wi-Fi in an 

ad-hoc environment, to enables multiple users to chat without internet/data bundles. This app will function as Whatsapp, WeChat, 

Hangouts etc without the use of data/internet at a range of up to 100M. This Chatting Application is based on a research titled “Bluetooth 

Chat Application: Bluz by Aishwarya, et al., (2015) which is limited to Bluetooth range of 10M. The proposed improvement is on the 

Bluetooth Chat Application in terms of long-range communication, using both Bluetooth and Wi-Fi connection without the need of any 

internet service from a provider. The Bluetooth chat app was first developed for Android devices and it worked perfectly through Bluetooth 

without the use of data. The Bluetooth chat app was then replicated for Windows PC. Then the app was improved by incorporating Wi-Fi 

as alternate path which has a range of up to 100M. The performance of this application was evaluated in terms of range coverage. Result 

shows that integrating Wi-Fi as alternate route in the app improved the distance between users by 90%. 

INTRODUCTION  

The Android platform support for the Bluetooth network 

stack. It allows a device to wirelessly exchange data with 

other Bluetooth devices. The new vitality to the mobile space 

has injected because of the release of Android smart platform 

(Aishwarya, 2015). 

 

Android is an operating system based on Linux kernel. It 

is designed for the touch screen mobile devices. The user 

interface of Android is based on direct manipulation. The 

Android system provides many Bluetooth APIs for 

developers to call (Farkade et al., 2015) 

 

Bluetooth technology allows users to exchange voice and 

data transmission between two or more devices. It is basically 

a wireless communication technology. Bluetooth technology 

is reflected in the low price, easy to control and non-visual 

distance limitations. Bluetooth is integrated into the android 

platform as an android mobile network communication 

module. BlueZ is used to connect the Android phones into a 

local area network. It helps to communicate with each other 

(Aishwarya et al., 2015).  

 

Bluetooth does not need a license around the globe for the 

working frequency band. In the connection initialization 

phase, firstly, it starts the application and searches the 

Bluetooth devices. Second, it sends the signals to the server 

class. After this it can run, pause and stop the application. 

Third, it shows alert using set Alert function on every 

changing. Server goes active and sends the signals to other 

devices (Aishwarya, 2015). Client class works to respond the 

other Bluetooth device server. This allows a two-way chat 

over Bluetooth. No GSM or Wi-Fi connection required. In 

addition to the person-to-person chat, chat rooms can be used 

to gather more than two persons at a time (Ishupreet et al., 

2018) 

 

 

 

Analysis of the Existing System  

During a personal interview from student who are the most 

user of chatting applications, it was deduced that the current 

applications runs at highly cost for the user and the high-

power consumption is another setback. Users would have to 

register and get connected online before the user can 

communicate with one another. 

A. Weakness of the existing Chatting Applications 

The notable weaknesses of the existing system are: 

i. High power consumption  

ii. Costly 

iii. Must be connected to the internet Unable to chat 

with community  

iv. Short range connectivity  

B. Analysis of the proposed System. 

This wireless interactive communication application is 

developed in two ways; one for mobile device and the other 

for PC, in both case you can connect and send messages from 

one android or PC device using Bluetooth or wireless to other 

compatible devices around you. No GSM data connection is 

required, all you need is a Bluetooth or Wi-Fi compatible 

android device or PC in range of each other and you can text, 

send Audio, Video, Image and send all kind of Document the 

through the App. 

 

METHODOLOGY 

The research work has both hardware and software 

components. The methodology adopted are described in the 

following steps: 

The interface design is a milestone in this application 

development. Starting by the developing simple buttons, text 

boxes and warning messages. Next, preparing the protocols 

needed for the application to use Bluetooth/Wi-Fi and 

Client/Server codes. 
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The work has been divided into two phases. First phase 

involves designing a Windows application and in next phase 

designing an Android application. Messenger Application in 

Microsoft Windows Environment: Using the Visual 

studio.net. The Bluetooth package of a client and a server 

program were written in Java programming Language.  

 

     The server and client program was design in order to 

exchange messages, in this case perform chatting with each 

other. The server is also capable of interacting with several 

clients at the same time, using the concept of piconet. A 

piconet is an ad hoc network that links a wireless user group 

of devices using Bluetooth technology protocols. A piconet 

consists of two or more devices occupying the same physical 

channel (synchronized to a common clock and hopping 

sequence). It allows one master device to interconnect with 

several active slave devices. 

 

System Design 

System design is the process of defining the architecture, 

modules, interfaces, and data for a system to satisfy 

specified requirements.  

Mobile APP design steps (Android environment setup) 

Whether you are building an Android application in unity 

or programming it from scratch, you must set up the Android 

Software Development Kit (SDK) before you can build and 

run any code on your Android device.  

 

Step 1: Install the Java Development Kit 

     The Java Development Kit (JDK) was downloaded and 

installed.  

Step 2: Download the Android SDK 

     The Android SDK was installed using command line tools 

and through Android Studio.  

Step 3: Install the Android SDK using the command line 

tools 

     The Android SDK was installed or unpacks. After 

installing, open the Android SDK Manager and add: at least 

one Android SDK Platform. 

Step 4:  Install the SDK using Android Studio 

     Install Android studio from the Android developer portal. 

The Android developer portal provides detailed installation 

instructions.  

Step 5:  Enable USB debugging on your device 

To enable USB debugging, you must enable Developer 

options on your device.  

Step 6:  Configure the Android SDK path in Unity 

     The first time you create a Project for Android (or if Unity 

later fails to locate the SDK), Unity asks you to locate the 

folder in which you installed the Android SDK.  

Step 7:  Download and set up the Android NDK 

     If you are using the IL2CPP 

 

Scripting backend 

For Android, you need the Android Native Development 

Kit (NDK). It contains the toolchains (such as compiler and 

linker) needed to build the necessary libraries, and finally 

produce the output package (APK). If you are not targeting 

the IL2CPP back end, you can skip this step. 

 

Window APP design Steps 

Whenever an application is need to be developed, it 

includes many steps to identify the features provide by the 

app. This was planned according to SRS (Software 

requirement Specification) 

 

Step 1:Install visual studio.net on your PC 
    Microsoft Visual Studio is an integrated development 

environment (IDE) from Microsoft 

Step 2:   Launch the application. 
     Locate and open the folder on your system from the 

control panel or systems settings. 

Step 3:   Draw your Labels and control  

     This step is to create a graphical control element which 

displays text on a form. It is usually a dynamic control; having 

an interactivity.  

Step 4:  Code each label and control  

     This is a step where a code was written that will drive each 

label and control. 

 

Step 5:   Text Run and Deploy 
     This is the step describes how to deploy and run the 

application as shown in figure 3.5.  

 
Figure 1.Run and Deploy screen shot 

 

System Requirement 

System requirement are the resources used for building a 

system. It varies from application to application due to system 

configuration. The most important requirement from this 

wireless link is that there should be a universal frame work 

that offers means to access information across a divers set of 

devices (mobile). This consists of the hardware, software as 

detailed below. 

II. Software Requirement 

A software requirement is a description of a software 

system to be developed. The following software was use in 

this project: 

 i. Operating system: window 7 or higher 

ii. Coding Language: Java1.6and Xml 

iii. Tool kit: Android 3.0  

iv. IDE: Eclipse 

v. Visual studio.net 
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Hardware Requirement 

This is the hardware required for developing this chat app.  

The following Android phone hardware was use in this 

project. 

i. 1GB Ram 

ii. 2GM Rom 

iii. Bluetooth  

iv. Wireless Device 

The following Laptop Computer hardware was use in this 

project. 

i. System: Pentium IV 2.4GHZ or higher 

ii. Hard disk: 80GB or higher 

iii. Ram: 1G or higher 

iv. Bluetooth Device 

v. Wireless Device  

Program Lunch 

The following steps are taking in lunching the chat app: 

Step1: Double click the program icon 

Step2: confirm to turn on Bluetooth/Wi-Fi  

Step3: click yes to turn on Bluetooth/Wi-Fi 

Step4: click menu 

Step5: select “make device discoverable” 

Step6: select “connect to a device” to get connected 

Step7: on available device list, select a device to chat with 

Step8: click back to terminate the application 

Step9: exist 

 

Server Flowchart 

     This provides a visual representation of basic flowchart of 

the server in showing the sequence of process steps. 

 
Figure 2Server Flowchart 

 

 

Client Flowchart 

     This provides a visual representation of basic flowchart of 

the client in showing the sequence of process steps. 

 

 
Figure 3 Client Flowchart 

 

RESULT AND DISCUSSIONS 

Program Development 

The purpose of the application is to provide a long range (up 

to 100M) wireless link capable of transmitting messages 

among personal mobile devices (supported by android) and 

Windows PC. This program (wireless interactive 

communication application using Android and windows PC 

platform) also intends to eliminate the high-power 

consumption on internet chatting. The proposed improve 

system was developed using windows 8, java1.6, Android 

23.0 toolkit and Eclipse IDE for interface design and 

integration of the modules. 

System Performance 

     This is the process of checking the performance of the 

system alongside with the desired requirement. This has to do 

with testing the designed system and see if it evaluates. The 

improved application has been tested using different data to 

validate its functionalities, accuracy, speed and reliability. 

 

      The result of the application after the lunching it on 

Laptop PC and on Android phone is shown in screenshot 

below: 

 

 

Figure 4 screen shot of the android mobile app 

 


