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The President’s Message 

From the beginning of its inception Jamhuriya University of science and technology (JUST), had the intention 

of engaging in research activities as one of the basic functions of a university, and 

thus the decision of publishing academic research journals including Somali 

Journal of Engineering & Sciences together with three other yearly publications in 

other academic & research areas. 

Although there have been challenges for this 3rd issue of this journal more than ever 

before, we are more certain and more confident than ever that it is on its way to be a 

success history sometime in the future and our dream of making it an internationally 

reputed and a well referred journal is eventually going to be realized. 

The rich comments and feedbacks on the past issues that we received have been 

encouraging and although they contained a lot of compliments and corrective remarks they were also full of 

constructive and sometimes tough criticism in terms of quality of the content or even technical issues. We 

promise to embrace both types of comments and take the wise and useful advices of our readers into 

consideration and use them as a valuable means to a better work in the future, Allah willing. 

We renew our call to Somali scholars, researchers, university lecturers and students to contribute to making the 

next issues more useful and helpful sources for our young learners and researchers. I would like to indicate that 

the importance of local research journals cannot be over emphasized since they are the best alternatives to the 

foreign literature that most of the time give doubtful information about our country and give distorted facts 

about our people and culture. 

The tentative moves for holding research conferences by Somali universities in the last two years are good 

indicators that our academic institutions are realizing and are ready to assume their responsibility to train their 

graduates not only as scholars and professionals but also as researchers who can be pioneers in investigating 

and finding solutions to our social and economic problems.  

Building a strong foundation for a research culture in our country requires the combined efforts of all 

stakeholders and a lot of time and resources. Jamhuriya University of science and technology (JUST) is 

determined to be in the front line of this national endeavor, and this journal ‘SOMALI JOURNAL OF 

ENGINEERING & SCIENCES ‘is a humble but honest contribution towards the achievement of that noble 

target. I wish it would motivate many others to do a similar work which would also trigger other similar and 

better ones until we are in a position to compete with our counterparts worldwide. 

Mohamud Ahmed Jimale 

President, JUST 
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The Dean’s Message

Dear authors, reviewers and readers of Somali Journal of Engineering & 

Sciences. 

It gives me great pleasure to welcome you to the third edition of our Journal for 

which I have acted as Editor in Chief. 

Research is important in the development and productivity growth of any nation. Unfortunately, in Africa as 

general and Somalia as specific there is a little or negligible investment in research.  

Somali Journal of Engineering & Sciences is an academic scientific research journal that provides 

publication of articles in all disciplines of science and Engineering. 

Our journal is a broad-scope publication aiming to publish fundamental, practical research, and graduation 

projects articles for final year students with high-quality research and expert knowledge on topics that 

guarantee the functionality and applications of science and engineering, it also wants to share recommended 

good practice in the engineering field through case studies, analysis and design. 

Scientific research is a major goal of Jamhuriya University of Science & Technology, since it is one of the most 

important elements of the axis of development in the scientific, industrial, and social sectors. The Faculty of 

Engineering is sparing no effort in seeking a mechanism to develop and promote scientific research in various 

fields of engineering by providing substantial funding and by creating an environment conducive to substantive 

scientific inquiry. The Faculty of Engineering pledges maximum utilization of all available resources to 

facilitate the research projects of faculty members and guest researchers at the university.  

We look forward to welcoming your submissions and also your valuable remarks and feedback. 

With best wishes, 
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Abstract- Energy today, is the need of 21st century. The 

renewable energy resources therefore are used in tremendous 

amount as they are easily available and cost free. But these energies 

in standalone forms have disadvantages such as unpredictability, 

availability in all time etc. which can be overcome by hybrid energy 

systems.  

They are basically consisting of combinations of number of 

renewable energy resources. They provide efficient response 

against voltage and frequency fluctuations, harmonic measures 

and power issues in standalone systems. Hybrid power system 

provide reduction in complexity, maintain lowest unit cost, energy 

fluctuations due to DPSP (deficiency of power s u p p l y  

p r o b a b i l i t y ), w i t h  t h e  h e l p  o f  p r o p e r  d e s i g n , 

advanced fast response, good optimization and control feasibility. 
This paper provides review of hybrid solar and wind power 
system. The technical feasibility of PV wind hybrid system in given 
range of load demand was evaluated and economical evaluation of 
standalone PV, standalone wind and PV wind hybrid system have 
been developed using the model. 

Keywords: Hybrid, Renewable, less complexity, Economical,

Efficient. 

I-INTRODUCTION

“Electrical power systems are facing many challenges in 

development and expansion. These are no longer limited in 

technical, economic, or financial in nature but are 

environmental and social. Climate change and sustainable 

development are major challenges of the 21st century, with 

extraordinary implications for energy and environmental 

security.” [1] 

“The utilization of traditional energy sources such as natural 

gas, coal and  oil  causes  the  increase  of  electrical  energy 

generation cost besides their pollutant effects to environment. A  

rapid g r o w t h  o f   the  energy  demand  is  affecting  the 

environment and leaving a long lasting harmful effect on the 

environment. Renewable energy resources like wind energy, 

solar PV and tidal energy have the potential to overcome these 

difficulties.” [2] 

“The main objective of this project is to develop and build 

hybrid solar wind turbine systems to increase the reliability of 

the hybrid energy system because it is based on more than one 

electricity generation source. Besides that, it is a free from the 

pollution and environmental friendly system, since it does not 

use any fossil fuel to drive gas turbine for generator. The solar 

energy also becomes one of the most promising alternatives for 

conventional energy sources and has been increasingly used to 

generate electric power from sunshine wind power is the use of 

air flow through wind turbines to mechanically power 

generators for electricity.” [3] 

Literature review on hybrid energy system is very extensive. 

However, a brief literature review is done to facilitate the work 

conducted in this study. Since the study includes the operation 

of system that consisting solar, wind and hybrid energy system, 

following topics are considered in developing in our study [4] 

A. SOLAR POWER

The process of converting sun energy into electricity

which can be done by using photovoltaic (PV). 

Solar power systems mainly consist of solar panel made up of 

PV cells (semiconductors) which emits electrons on absorption 

of heat and converts solar energy to electrical energy, batteries 

which store the power generated. The movement of electron 

produces the electric current. [5] 

B. WIND POWER 

Wind power is the use of air flow through wind turbines 

to mechanically power generators for electricity where speed 

and direction of wind is important factor. Wind power gives 

variable power which is very consistent from year to year but 

which has significant variation over shorter time scales. It is 

therefore used in conjunction with other electric power sources 

to give a reliable supply. Wind farms consists of individual 

turbines connected to electric power transmission network 

which produces plentiful, renewable, widely distributed, clean, 

and inexpensive [6] 

Based on  axes  the  wind  turbines are  categorized into  two 

kinds: the vertical axis wind turbine and the horizontal  axis 

wind turbine They range in size from very small machines that 

produce a few tens or hundreds of watts to very large turbines 

producing as much as 5 megawatts of power.[7] 

C. Hybrid Energy System
Hybrid energy system is made up of combination of two 

or more energy resources such as sources at a time like wind, 

solar,  biomass, etc.  Wind  and  solar  hybrid  combination is 

concerned to be best module because it is abundant and 

environmental friendly. Also the stand alone system of this 

combination has disadvantages that wind cannot flow  
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continuously and solar radiation is present approx. 8to10hours 

a day. Thus this combination is hybridized with energy storing 

batteries. Wind speeds are low in the summer when the sun 

shines brightest and longest. The wind is strong in the winter 

when less sunlight is available. Because the peak operating time 

for wind and solar system occur at different times of the day 

and year, hybrid system are more likely to produce power when 

you need it. 

They also offer power supply solutions for remote areas, not 

accessible by the  grid  supply. Today, around 30,000 wind 

turbines and more than 1, 00,000off-grid Solar PV systems are 

installed all over the world. Hybrid systems can address 

limitations in terms of – 

1. Fuel Flexibility 

2. Efficiency 
3. Reliability 

4. Emissions 

5. Economical 

It is efficient way of supplying electricity. 

Wind speed and sun shine is different in different parts of the 

world. 
The hybrid system of solar/wind is environmental friendly. 
It uses conventional energy resources. 
Need of the hour to use conventional energy resource rays to 
electrical energy 
The solar system basically consist of following parts 
Solar PV panel, Wind Turbine, Controller, Invertor, Battery, 
Load.[8] 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Block Diagram of system design. 
 

D. POWER ELECTRONIC CIRCUIT 

Power electronic circuits are used in converting electrical 

energy. To have a common source in the hybrid system that 

combined wind and PV model, power converter is needed to 

convert alternating current (AC) to direct current (DC) or 

vice- versa. The converting is perform by solid-state 

semiconductor   devices   that   operate   with   periodically 

switched on and off at a desired frequency (Mohan N. 2009). 

Therefore, power electronic converter also known as 

switching converter because the output is controlled by 

switches. 

The generally power switch used rectifier is the Silicon- 

Controlled Rectifier, where the delay angle is measured from 

the zero crossing in the positive half of the AC voltage wave. 

The output DC voltage can be controlled by varying the delay 

angle α, which in turn controls the conduction (on-time) of the 

switch. [9] 
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III. METHODS AND MATERIALS 

This methodology aims at  finding the configuration, 

among a set of systems components of wind-solar with hybrid 

system , which meets the desired system reliability 

requirements, with the lowest value of levelized cost of energy 

and assumed PV/wind hybrid system optimal configuration, 

which meet the desired system reliability requirements loss of 

power system probability with the lowest leveled cost of energy 

LCE, is obtained for a system comprising a photovoltaic 

module, one wind generator and storage batteries. 

 

 
 
Figure 2: The path needed to install our vision in this project. 

 

A.   Photovoltaic (P.V) Solar design 

As figure show below stand-alone solar PV systems 

work with batteries. The solar energy is stored in the battery 

and used to feed building loads after conversion from DC to 

AC power with a stand-alone inverter. 

 
Figure 3: Stand-alone connected PV array. 
 

B.  Wind Turbine Design 
 

Wind turbines produce kinetic energy through the 

rotations of turbines into electric power and electric generator 

inside the turbine converts the mechanical power into the 

electric power. 
a gear box to match the turbine speed to generator speed, a 
generator which converts mechanical energy into  electrical 
energy, a rectifier which converts ac voltage to dc, a 
controllable dc-dc converter to trace the maximum power point, 
a battery is charged and discharged through bi-directional 
converter. 

A wind turbine consist of a set of rotor blades rotating a round 

a hub, gearbox-generator set placed inside the nacelle. A wind

3
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turbine consists of the following four main parts: the base, 

tower, nacelle, and blades, 

 
Figure 4: Stand-alone connected wind turbine. 

 

C.  Hybrid system components modeling and sizing 

The most frequent combination of renewable energy 

sources for electric power supply is wind and solar 

photovoltaic. The components and subsystems of a standalone 

power supply system based on renewable sources are 

interconnected to optimize the whole system. The design of a 

hybrid system will depend on the requirements of the load 

(isolated or not isolated, rural or urban, DC or AC) and on the 

power supply system. 

Off-grid hybrid systems can also incorporate energy storage in 

batteries to increase duration of energy autonomy. If a 

permanent electric power supply is required, a backup diesel 

generator can be connected to the system to provide electric 

energy for peak loads which can't be covered by the hybrid 

system. 

It is so important to determine the appropriate size of hybrid 

system components. The system shall not be oversized 

(expensive without increasing performance) or undersized (not 

capable to operate load). 

The total power generated by this system may be given as the 

addition of the power generated by the solar PV panel and 

power generated by the wind turbine. 

 
Figure 4: Design of Hybrid Solar Wind Turbine 

Model. 

 
IV.  IMPLEMENTATION 

Now in this chapter we are considering the implementation 

and install the whole system components and connecting the all 

phases and implement them with each other using separate 

physical or hardware components and designing it with its 

response to supply and install solar powered and wind powered 
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implemented at  Hodan district the  Village of  SEBIAN, of 

Mogadishu city. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5: Design prototype of Hybrid project 

 

A.    Solar system installation 
 

Solar system capable of supplying up to 1080watts of 

electrical Power their voltage is 24 volts for charging batteries. 

The Solar electricity is produced when the Photons from the sun 

rays hit the electrons in the Solar PV panels, this will generate 

direct Current (DC). The DC electricity from the panels passes 

through DC distribution network to a grid-tie inverter, which 

converts the DC electricity into 230V AC for single phase 

operation by using state of the art technology. 
Grid-Tie connected solar power plant comprises of the 

main equipment and components listed below. 
1. Solar PV Modules 

2. Module mounting structure 

3. Cables & connectors 

4. Array Junction Box & Accessories. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6: Typical wiring diagram for grid-connected Solar PV 

system without battery. 
 

B.  Wind energy system installation 

Wind turbine driven generator capable of supplying up to 

1200watts of electrical power their voltage is 24 volts for

5
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13 

charging batteries, also operating via a grid-tie inverter at 

230V. 

A complete system include the generator, the rectifier, the 

field wiring, and normally a stop switch and a regulator, plus 

batteries or a grid-tie inverter, and of course a mounting. 

Description of major components of a wind power plant 

1. Wind turbine 

2- MPPT 

3. Mounting structure of tower 
4-Mechanical stop switch 

5. Cables & connectors 

6. Array Junction Box & Accessories. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Typical wiring diagram for off-grid Wind energy 

system with battery. 
 

C.  Implementation Wind-Solar hybrid system 

A project system comprises solar system with 1.08KW 

(4pcs solar panels of 270W each) and wind energy generating 

power 1.2KW and battery system (4pcs of battery each 150A). 
Description of major components of the hybrid power plant 

1- Battery 
Batteries store direct current electrical energy for later 

use.  This  energy  storage  comes  at  a  cost,  however,  since 
batteries reduce the efficiency and output of the PV system, 
typically by about 60 percent for sealed lead-acid batteries. 
Batteries also increase the complexity and cost of the system. 
• No of battery is four its gelled electrolyte. 

• 24-volt systems – 150 Amp-hours 
• System voltage is 24V volts batteries 

• Connection of battery is 12 volt batteries in series to make a 

24V volt system. 

 

Figure 8: Typical show connection battery system. 

2- Hybrid inverter 
This hybrid PV inverter can provide power to connected 

loads by utilizing PV power, wind power and battery power. 

When PV energy output is good, it will power connected loads 

from solar electric (photovoltaic or PV) power, feed wind to 

power to charge battery. 

When PV energy output is not sufficient for connected 

loads, this wind energy will help at the same time. 

Depending on different power situations, this hybrid inverter is 

designed to generate continuous power from PV solar modules 

(solar panels), wind power charging battery to the user. Hybrid 

inverter behave both MPPT and inverter has accept DC input 

voltage of PV modules and Wind, this inverter is also able 

nvert AC to DC voltage 230VAC with 50/60HZ and ampere 

A of single phase. 

 
 

Figure 9: A simple diagram of a typical this hybrid inverter. 
 

D.  Results and outcomes 

The outcome of our result to get free electricity for 

residential houses with no pollution to the environment we had 

achieved and yield great results of our project system of hybrid 

Wind-Solar electric power system for residential houses was 

installed and completely, it’s power plant generating 2.28KW 

home solar system with 1.08KW (4pcs solar panels of 270W 

each) also wind energy system produce 1.2KW and four battery 

each of 150A. 

Figure 10: Typical Wiring Diagram for solar- wind energy System With battery hybrid inverter
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V. CONCLUSION AND RECOMMENDATION 

This thesis has explored and implemented the 

project wind-solar hybrid energy system that 

additionally enables us installation system 

completely. 

The success rate of measures implemented indicates 

achievements we have reached during our findings 

also designing and implementing using some 

technics and connecting hardware components 

together. Although we had met many obstacles in 

many stages during this thesis after time we had 

reached the goal successfully. 

From the results obtained, it is concluded that 

Hybrid systems are the right solution to provide a 

realistic form of power generation which can fulfill 

the load demand continuously for rural isolated small 

network. 

Through this system, energy could be supplied to 

rural area where the sufficient energy cannot produce 

and the main grid is not available. 
1)  Recommendation to operation & maintenance  
for  solar system the surface of the module should be 
cleaned every 10 days; the existence of dust on the 
module reduces significantly its performance, clean 
only during early morning or late afternoon also do 
not use pressurized water or steam cleaning 
materials, check the condition and integrity of 
electrical connections and mechanical components 
each year. 

2) Consultant to operation & maintenance for wind 

turbine check the blades for superficial damage, 

replace the blades if damaged you should notice 

damage to the blade you must replace all  3, because 

of lose overall balance, resulting in decrease in 

efficiency also for suggest replace the blade ever five 

years for optimal performance, wipe any excess dirt 

build- up from the blade, on other hand check all 

electrical connection to make sure they are tight and 

from corrosion. 

3) Check the voltage of your battery bank with a 

multi-meter and clean terminals. 
4) Inverter is designed to work in a specific load 
conditions. Therefore, any additional load 
should not be included, in case of any continuous trip 
of MCB’s and malfunctioning of hybrid inverter, you 
should contact our service engineer also If any 
overload alarm arises, the excess load should be 
reduced immediately. 
5) It’s found difficult to us to get really data from 
Somalia 

towards Solar radiation data Monthly and yearly and 

it’s average of daily solar radiation for monthly and 

yearly also Wind Data Calculations for Somalia site 

monthly and yearly also average wind speed monthly 

and yearly, because of very important and essential 

for design and sizing of PV and wind energy systems. 

6) The control of the Wind/Solar Hybrid 

system still not exist can be achieved by 

other tools such as PLC and other 

software. 

7) This project is utilize street light 

system also supplied to rural area where 

the sufficient energy cannot produce and 

the main grid is not available. 
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Abstract:- Agriculture is a significant measure of an economy for 

Somalia, at present some farmers in Southern Somalia are using 

gas energy to take water from the river for their farming needs. 

From economic prospective it is a costly operation for Somali 

farmers.  There are other farmers, they are unable to pay the cost 

of the gas generators therefore, they only depend on the two rainy 

seasons in Somalia. This unbearable cost resulted consistent 

disappointments and continued annual food shortages. 

A PV powered irrigation system is a promising technology that 

could meet the irrigation needs of remote agricultural lands. This 

system mainly depends on the availability of sun shine. Therefore, 

in Somalia the sun shines throughout the year. This study 

concentrates the frame work of Solar Powered Irrigation System. 

This system is economically efficient and cost effective. However, the 

study mainly focuses on the farming land regions of Somalia. 

In order to help the Somali farmers, we designed and implemented 

solar powered irrigation system. The system has been analyzed in 

the Electrical Lab of Jamhuriya University of Science and 

Technology (JUST). The main requirement of this project is Solar 

Power System coupled with irrigation system. The amount of water 

produced and fed the farm land depends on the type of crops being 

irrigated.  

We made interviews with some of the farmers from Afgoye. They 

categorically told us that this system is needed. They also told us that 

this system will reduce the irrigation cost and it will be helpful for 

them to use during dry seasons.  

When DC solar pumps without battery storage are coupled with 

solar panels, it will be very low cost, simple and reliable for small 

irrigation.  Moreover, it will be more economical mainly due to the 

lower operation and maintenance costs and has less environmental 

impact. However, it will be difficult to use during the night time 

since there is no sun shine similarly there are no batteries to store 

power.  

In conclusion, Solar energy might be one of the easiest ways for 

farmers to produce energy. In Somalia, there is an average exposure 

to the sun rays stands at 5-7 KWh/ M2/Day with over 3,000 Hours 

of high and constant sunlight annually.  

Keywords: Agriculture, Water Pumping, Irrigation, Solar Energy, 

Renewable Energy 
 

 

I. Introduction 

A solar-powered pump is a pump running on electricity 

generated by photovoltaic (PV) panels or the radiated thermal 

energy available from collected sunlight as opposed to grid 

electricity or diesel run water pumps. 

The operation of solar powered pumps is more economical 

mainly due to the lower operation and maintenance costs and has 

less environmental impact than pumps powered by an internal 
combustion engine (ICE). Solar pumps are useful where grid 

electricity is unavailable and alternative sources (in particular 

wind) do not provide sufficient energy.[1] 

 

Solar energy might be one of the easiest ways for farmers to 

produce energy. Indeed, farmers usually have several large 

buildings whose roofs are directly under the sun, without being 

hindered by the shadows of the trees, turning them into an ideal 

place to settle a photovoltaic system. Therefore, the use of solar 

energy in agriculture is becoming increasingly popular and the 

energy produced from this renewable source can be used either 

on the farm or in the local power grid, providing the farmer with 

an additional income.[2].  

 

Added to a greater impact on the environment. Diesel-driven 

pumps are cheaper than solar-powered pumps but the operating 

costs are quite high and depend heavily on the diesel price. In 

solar-powered systems, it works the other way around, that is, 

although this system is relatively expensive, the source of energy 

is free, therefore, after the amortization period, there are no 

longer operating costs (only the maintenance costs must be 

considered). Therefore, solar pumps turn out to be a viable long-

term investment.[1]. 

 

In Somalia an average exposure to the sun's rays stands at 5-7 

kWh/ m2/day. With over 3,000 hours of high and constant 
sunlight annually, Somalia is ideally placed to utilize solar 
energy. from this report Somalia had taken a step forward 

towards the irrigation of solar system on agriculture in Afgoe 

district CGTN Africa is reporting that district is started this 

system of irrigation, the solar panels get the energy from the sun 

then the pump is pumped the water from the river.[3]. 

 

II. METHODS AND MATERIALS 

A good solar pumping system is the one properly designed and 

sized to fit the job requirements. Solar PV pumping requires 

more strictness as system components are really expensive and 

efforts need to be done to bring system set up cost to a 

minimum.[4]. 

 

The pump design leads to the design of PV array capable of 

converting available sun energy into hydraulic energy. The PV 
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panel has to produce more power than the exact amount of power 

needed by pump in order to overcome the losses occurred in the 

system. The energy produced by PV modules is stored in two 

different forms. In the first case, the PV system is directly 

connected to the direct current (DC) pump and the energy stored 

in tank in form of water. In the second case, the PVWPs took into 

consideration the battery as mean to store electrical energy of PV 

generator and be used later when water is needed.[5]. 

 

In order to size and design a system correctly, the dealer will want 

to know: how much water you need when you need the water 

whether your water source is a stream, pond, spring, or well water 

available in gallons per minute (gpm); well depth; how far the 

water needs to be pumped, and with what elevation gain water 

quality problems (e.g., silt or high mineral content) that may 

damage the pump how much volume is available in storage tanks  
and how the tanks are arranged. [1]. 
 

 

                                

 

 

 

Project flow diagram 

This chart explains the path needed to undertake in order to 

achieve the goal of the project 
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Figure 1 A guide to system selection and design. 
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The Main components PVWPs 

A PVWPs is a combination of different components connected 

together to fulfill the water requirement. The power from sun 

converted by PV module is transferred to the pump which in turn 

deliver water to where it is needed. The main components of the 

system are the Source, PV array, controller or inverter (s) and 

motor-pump unit. Depending on storage mode adopted, the 

system can either use tank to store water or battery to store energy 

in form of chemical energy. [6]. 

 

The water Source 

Water sources can be deep drilled wells, streams, springs, ponds, 

rivers, etc. The main variables, in addition to initial cost, that 

factor into system design are the recharge rate of the source and 

the volume of the source reservoir. Ideally, the source should 

recharge faster than pump can take water out of it. For example, 

if the pump will produce three gallons per minute, the source 

should be able to recharge at a rate that is equal to or greater than 

three gallons per minute. If the pump takes water away faster than 

the source can recharge, the reservoir can run dry, the pump will 

then be run dry, and that should be avoided to prevent damage to 

the pump.[6]. 

 

The PV arrays 

The solar energy conversion into electricity takes place in a 

semiconductor device that is called a solar cell. A solar cell is a 

unit that delivers only a certain amount of electrical power. In 

order to use solar electricity for practical devices, which require 

a particular voltage or current for their operation, a number of 

solar cells have to be connected together to form a solar panel, 

also called a PV module. PV modules are the heart of the system 

and are usually called the power generators. For large-scale 

generation of solar electricity, the solar panels are connected 

together into a PV array.[7]. 

 
Figure 

2 

single-

crystalline and poly-crystalline. 

 

 

Table 1 Comparison most typical commercial solar types 

Type of cell Efficiency 

range 

Comments 

       

Monocrystalline  

                

Silicon 

14 to 16% Highest price, affected by 

temperature 

       

Polycrystalline 

               

Silicon 

12 to 14% Medium price, affected by 

temperature 

       Amorphous 

               

Silicon 

8 to 9% Medium to low price, not 

affected by temperature 

 

Controller and/or Inverter 

A controller is very useful component of a PV water pumping 

system. It can perform multiple tasks such as limiting the power 

supply to the battery charger, adjusting voltage and current to 

improve pumping performance, allowing switches to disconnect 

automatically to perform different jobs such as disconnecting PV 

modules with pump, protecting the motor from running dry when 

water level in the well or tank is below the pumping intake and 

can shut off the pump when the tank is full.[4]. 

Motor-pump unit 

This is the heart and soul of the solar water pumping system. 

Pumps fall along a spectrum of high-flow/low-head to low-

flow/high-head. In other words, for a given power input, the 

pump produces a unique combination of flow and pressure. 

When selecting a pump, you are basically selecting that 

combination of performance characteristics. Solar pumps are 

rated according to the voltage of electricity that should be 

supplied.[8]. 

 

 A 12-volt pump is a small one, 24 volts is more the norm, while 

48 volts and upwards will require more power and might pump 

more water. Smaller wire sizes can be used in higher voltage 

systems without sacrificing power output from panels to pump. 

Some pumps require certain accessories to function optimally. 

These include filters, float valves, switches. Following types of 

motor pump sets could be used in the SPV water pumping 

systems Surface mounted DC motor pump-set, Submersible DC 

motor pump set Submersible AC motor pump se tor Floating DC 

motor pump set [4]. 

 

 

 

 

 

 

This can pump water from wells that are shallow in depth up to 

20 feet and can emit this water 900 feet from the pump. 
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Figure 3 Surface mounted DC motor pump-set 

These are used where the wells are deep and can be used in many 

cases such as irrigation. It can pump from 250 meters and can 

push 10,000 per hour. 

 

Figure 4 Submersible DC motor pump set 
 

The experimental water pumping system proposed in this 

research is a stand-alone type without backup batteries. As shown 

in Figure below the system is very simple and consists of a single 

PV module, a maximum power point tracker (MPPT), and a DC 

water pump. The size of the system is intended to be small; 

therefore, it could be built in the lab in the future. 

 
Figure 5 Block diagram of the proposed PV water pumping system 

 
 
 

III. Implementation and Results 

The experimental bench is installed in the Electrical Lab of 

Jamhuriya University of Science and Technology (JUST) 

Mogadishu Somalia. The main components of the experimental 

bench consist of three mono crystalline PV SP300-24 module 

with one of them has a peak power of 300W, and the other two 

have a peak power of 150w each. A Solar Controller, A 3MHR-

2.4-85-48/500 submersible DC pump, and a water tank as a 

source instead of well. The table below summarized the 

important parameters of the project and their values. 
 
This Table shows Parameter of the experimental 

Parameters  Values 

Voltage rated 48 V DC 

Maximum current 8.33A 

Rated Power 600W 

Maximum submersion 85m 

 

 

 

Actual prototype system as built in the Lab 

As mentioned above, the experimental setup developed and used 

in this study consists of three major parts, viz.: solar power 

supply, controller and DC submersible pump, it also needed 

connecting wire and a pipe, figure 6 shows Actual prototype 

system as built in the Lab. 

  

 
 
Direct coupled DC solar pumps without battery storage are still 

low cost, simple and reliable for small irrigation, sprinkler or 

drinking water supplies. PV generator is the main component of 

the solar water pump. Thus, selection of suitable PV technology 

is essential for the performance and reliability of solar pumps. 

PV pumping is economically viable for water needs of remote 

communities 

 
The area that we made the investigation in this study is Afgoe, 

we made an interview for some of the farmers near the river of 

Shabelle and some area that far from the river but most of the 

interviewed farmers, lived and worked in the Afgoe rural district. 

Farmers were interviewed on their farms. As a result of this, it 

was easier to observe their situation and take additional notes if 

needed. The River was the most encountered water source; 
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although, many of those farmers mentioned That they want a well 

instead, partly due to the bad water quality in the river and 

sometimes the river become dry. While some of the farmers are 

far from the river and their farms depend only rainy seasons. 

(rainy-fed). The interviews also consisted in understanding the 

social and environmental costs and benefits of the system. 

 

Figure 7 shows some of the interviewed farmers using Diesel 

water pumping using Shabelle river as a source. 

 

 
Figure 7 Diesel water pumping in Shabelle river at Afgoe 

 
Almost all of the farmers explained that their main Economic 

issue was the high fuel costs. 

 

 

 

Knowledge and Opinion about Solar Power; Solar panels were 

quite known by the interviewees, and most of them had heard 

about SWPS as well. 

Everyone was very interested, although most of them 

complaining the initial investment and lacked knowledge about 

the technique and therefore were a bit doubtful. 
The main factors inhibiting widespread implementation of PV 

pumping technology are high initial capital cost and lack of 

awareness among users. 

 
Typically, solar is superior to diesel for stock and domestic 

applications when all costs are considered. Table 3 breaks down 

the factors to be considered when comparing solar pumping and 

diesel pumping systems. 

 

Table 3 PV powered vs Diesel powered 
System 

Type 

Advantages Disadvantages 

PV Powered 

System 

Low maintenance 

Unattended operation 

Reliable long life 

No fuel and no fumes 

Easy to install 

Low recurrent costs 

System is modular and 

closely matched to need 

Relatively high 

initial cost 

Low output in 

cloudy weather 

Diesel (or 

Gas) 

Powered 

System 

Moderate capital costs 

Easy to install 

Can be portable 

Extensive experience 

Available 

Needs maintenance 

and replacement 

Site visits 

necessary 

Noise, fume, dirt 

problems Fuel 

often expensive 

and 

supply intermittent 

 

IV. Conclusion 

Photovoltaic systems are especially designed to supply water and 

irrigation in areas where there is no mains electricity supply. 

Their main advantages over hand pumps or internal combustion 

engine pumps are their practically zero maintenance, their long 

useful life, that they do not require fuel, that they do not 

contaminate, and finally that they are straightforward to install. 

 

 

 

 

 

 

 

 

 

 

Another important characteristic is that, as they use the sun as 

their energy source, the periods of maximum demand for water 

coincide with the periods of maximum solar radiation. Solar 

photovoltaic (SPV) sets represent an environment-friendly, low-

maintenance and cost-effective alternative to irrigation pump sets 

which run on grid electricity or diesel. 

 
The analysis of PV electrification programs, through the survey 

and through analysis of project documents and interviews with 

experts, shows there is a growing number of off-farm productive 

activities among rural people whose productivity depends on or 

may be enhanced by the input of electricity. Among these 

activities there are a number that can be efficiently powered by 

small solar systems. 

 

 

PV pumping systems are particularly well-suited for water- and 

energy-saving methods of irrigation such as drip irrigation 

because of their advantage in the low-energy range. This has 

particular advantages in areas with water scarcity but requires 

extra training in the use of improved irrigation techniques, 

12



 

Somali Journal of Engineering & Sciences                                                                                       Vol:3, No:1 (2018) 

 

 

 

Faculty of Engineering, Jamhuriya University of Science & Technology (JUST) 
 
 

especially in regions where little experience exists with such 

improved techniques. 

 

 

The main conclusions of this thesis are the following 

 

• An accurate assessment of the crop irrigation water 

requirement is essential for the optimal design of PVWP 

systems. Moreover, analyzing the effects of pumped 

water on the available water resources and crop 

productivity is essential for verifying the technical 

successfulness of the design. 

 

• As a result of the recent decrease in the PV module 

prices, PVWP systems have become more competitive 

than the traditional off-grid water pumping 

technologies. 

 

• The optimal locations for implementing PVWP systems 

are sensitive to several environmental and economic 

parameters. 

FAO (1986) summarizes the potential of irrigation water for 

agriculture: 

• increase of land area brought under cultivation; 

• improvement of crop yields over rain-fed agriculture 

by three or four times possible 

• increase in cropping intensity 

• reduction in drought risk, which produces improved 

economic security 

• introduction of more valuable crops. 
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Abstract- Solar panels are the vital element of this Solar 

battery charging makes use of exhausted energy. 

Compared to all other energy solar energy is abundant and 

free that can be used to charge batteries used for any 

module or electrical kits which are obvious for daily usage. 

The Smart Charge Controller will be used such, so that the 

solar battery does not get over charged thereby ensuring 

no reduction of durability of the battery. This kind of 

system requires sensors to sense whether the battery is 

fully charged or not. After fully charged, detection safety 

can be achieved by designing a logic system in the charger, 

which will automatically disconnect or cut power to the 

battery when it is fully charged. 

This thesis will explore and implement the project solar 

powered battery charging with reverse current protection 

that additionally enables us to charge battery efficiently 

and protect excessive voltage. 

 

Keywords: Solar, Charge controller, Battery, Reverse current, 

Charging 

I-INTRODUCTION 

Solar energy is one of the most important renewable energy 

sources that have been gaining increased attention in recent 

years. Solar energy is plentiful; it has the greatest availability 

compared to other energy sources. The amount of energy 

supplied to the earth in one day by the sun is sufficient to 

power the total energy needs of the earth for one year. Solar 

energy is clean and free of emissions, since it does not produce 

pollutants or by-products harmful to nature. The conversion of 

solar energy into electrical energy has many application fields. 

Recently, research and development of low cost flat-panel 

solar panels, thin-film devices, concentrator systems, and 

many innovative concepts have increased. In the near future, 

the costs of small solar-power modular units and solar-power 

plants will be economically feasible for large-scale production 

and use of solar energy. [1] 

The demand of renewable energy (alternative energy sources) 

is increasing day by day as our non-renewable sources have 

started depleting. The other reason for increased demand is 

that it has a cleaner, easy setup and has a very low cost of 

maintenance during its operation. Due to which, solar powered 

equipment and appliances are making its way into various 

sectors of our day to day life. [2] 

In developing countries, there are many places and areas 

where there is still no availability of electricity. Also if wires 

are running to the places there is still no guarantee of power 

supply for the whole day. The people living there either uses 

kerosene lamps or other such options for lighting purposes. 

These alternatives either use conventional resources or burn 

fossil fuels that contribute to greenhouse gas emissions 

making them the major contributors in global warming and 

pollution. Lighting in remote villages is still a big problem. 

With the price of fuels soaring high and depletion of current 

exhaustible natural resources, there is a great need of an 

inexhaustible energy resource. [7] 

First photovoltaic (PV) solar panels1 have been designed and 

used mainly in space technology, as the production costs of 

such panels were very high. As the time passes, the 

photovoltaic cells can be produced cheaper and cheaper and 

their efficiency is rising. This is also a reason why they are 

being used much more frequently and it is not rare to see them 

on the rooftops any more. The future offers even bigger 

possibilities, as new thin plastic solar cells are being developed 

with prospects of cheap large scale production using printing 

technology. [5] 

Photovoltaic solar systems can be divided into two basic 

categories – grid connected and off-grid (also stand alone or 

isolated) solar systems. The grid connected systems feed the 

electricity produced by solar panels to the grid using an 

inverter. When the electricity is needed during night or periods 

with little sunlight, the energy is taken back from grid. In 

isolated systems, the excess electricity is usually stored in 

batteries during the day and batteries are used to power the 

appliances in times when photovoltaic panels do not produce 

enough energy. [5] 

Solar Power Charge Controller can be used in various sectors. 

For instance, it can be used in solar home system, Hybrid 

systems, solar water pump system etc. In this, a solar panel 

convert’s sunlight energy into electrical energy through an 

electrochemical process also known as photovoltaic process. 

Energy is stored in the battery with the help of solar panel 
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through a diode and a fuse. Energy stored in the battery can be 

used when there is no sunlight as during discharge, chemical 

energy is converted into electrical energy which in turn 

illuminates electrical appliances or helps in pumping water 

from the ground. Hence, it is needed to protect battery form 

overcharge, deep discharging mode while dc loads are used or 

in under voltage as it is the main component in a solar power 

charge controller. [2] 

Photovoltaic solar systems can be divided into two basic 

categories – grid connected and off-grid (also called stand 

alone or isolated) solar systems. The grid connected systems 

feed the electricity produced by solar panels to the grid using 

an inverter. When the electricity is needed during night or 

periods with little sunlight, the energy is taken back from the 

grid. In isolated systems, the excess electricity is usually 

stored in batteries during the day and batteries are used to 

power the appliances in times when photovoltaic panels do not 

produce enough energy. [7] 

Solar regulators (also known as charge controllers) play an 

important role in isolated solar systems. Their goal is to ensure 

the batteries are working optimally, mainly to prevent 

overcharging (by disconnecting solar panels, when batteries 

are full) and to prevent too deep discharge (by disconnecting 

the load when necessary). Photovoltaic System consists of a 

PV / Solar Panel (module), charge controller, batteries and 

power inverter. The PV / Solar Panel (module) or array 

converts the sunlight energy into DC electrical energy. [7] 

 

Figure 1: Block Diagram of a typical non-grid tied 

Photovoltaic (PV) System. 

The direct transformation from the solar radiation energy into 

electrical energy is possible with the photovoltaic effect by 

using solar cells. The term photovoltaic is often abbreviated to 

PV. The radiation energy is transferred by means of the photo 

effect directly to the electrons in their crystals. With the 

photovoltaic effect an electrical voltage develops 

inconsequence of the absorption of the ionizing radiation. 

Solar cells must be differentiated from photocells whose 

conductivity changes with irradiation of sunlight. Photocells 

serve e.g. as exposure cells in cameras since their electrical 

conductivity can drastically vary with small intensity changes. 

[4] 

 

Figure 2: Operating principle of a solar cell (schematic) 

When a PV array is exposed to light, PV modules within the 

array normally operate at a voltage between zero and the 

module’s rated Open Circuit Voltage (Voc). When the 

modules are generating electrical power, the conventional 

flow of current through the module moves from the negative 

to the positive terminal. If an abnormal condition develops 

within the array and positive voltage bias significantly in 

excess of the rated Voc is applied to a PV module (or series of 

modules), and if sufficient current is present, current will flow 

though the module in a reverse direction (positive to negative). 

Under this scenario, instead of generating electrical power, a 

PV module behaves as a load and attempts to dissipate 

electrical power mainly in the form of heat. (First Solar, Inc., 

2017) 

Reverse current occurs when current travels from output to 

input (rather than from input to output), as Figure 2.4 shows. 

This application note outlines where reverse current comes 

from, why it can be harmful to a system, and how to modify a 

design to provide protection from reverse current in a system. 

[3] 

In stand-alone photovoltaic systems, the electrical energy 

produced by the PV array cannot always be used when it is 

produced. Because the demand for energy does not always 

coincide with its production, electrical storage batteries are 

commonly used in PV systems. The primary functions of a 

storage battery in a PV system are to: 

1. Energy Storage Capacity and Autonomy: to store electrical 

energy when it is produced by the PV array and to supply 

energy to electrical loads as needed or on demand. 

2. Voltage and Current Stabilization: to supply power to 

electrical loads at stable voltages and currents, by suppressing 

or 'smoothing out' transients that may occur in PV systems. 

 

3. Supply Surge Currents: to supply surge or high peak 

operating currents to electrical loads or appliances. (Dunlop, 

1997) 

II- METHODS AND MATERIALS 
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Solar Power Charge Controller can be used in various sectors. 

For instance, it can be used in solar home system, Hybrid 

systems, solar water pump system etc. In this, a solar panel 

converts sunlight energy into electrical energy through an 

electrochemical process also known as photovoltaic process. 

Energy is stored in the battery with the help of solar panel 

through a diode and a fuse. [2] 

A charge controller or alternatively a charge regulator is 

basically a voltage and/or current regulator, to keep batteries 

from overcharging. It regulates the voltage and current coming 

from the solar panels and going to the battery. Most “12 volt” 

panels produce about 16 to 20 volts, so if there is no regulation, 

the batteries will be damaged from overcharging. [10] 

 

Figure 3: Solar charge controller connecting solar panel to 

battery and DC loads 

Project components 

The list of the components will be used in this project are: 

➢  Solar panel 

➢  Rechargeable battery 

➢  PWM solar charge controller 

 

Figure 3. 3: Block diagram of the project 

components 

Solar panel 

A solar panel is a packaged connected assembly of 

photovoltaic cells. The solar panel can be used as a component 

of a larger photovoltaic system to generate and supply 

electricity in commercial and residential applications. [11] 

Solar panels use light energy photon from the sun to generate 

electricity through the photovoltaic effect. The majority of 

modules use wafer based cells or thin film cells based on non-

magnetic conductive transition metals, telluride or silicon. 

Electrical connections are made in series to achieve a desired 

output voltage and or in parallel to provide a desired current 

capability. The conducting wires that take the current off the 

panels may contain silver, copper or other nonmagnetic 

conductive transition metals. The cells must be connected 

electrically to one another and to the rest of the system. Each 

panel is rated by its DC output power under standard test 

conditions, and typically ranges from 100 to 320 watts. [11] 

Depending on construction, photovoltaic panels can produce 

electricity from a range of light frequencies, but usually cannot 

cover the entire solar range (specifically, ultraviolet and low 

or diffused light). Hence, much of the incident sun light energy 

is wasted by solar panels, and the can give far higher 

efficiencies if illuminated with monochromatic light. [11] 

In this project we are using a 100-watt maximum of 17.5V and 

maximum power current 5.71A. The short-circuit Isc current 

of the panel is 6.4Aand open circuit Voc is 21.5V having a 

tolerance of ±5%. 

 

Figure 4: A 100-watt Solar Panel 

Solar charge controller 

A charge controller or alternatively a charge regulator is 

basically a voltage and/or current regulator, to keep batteries 

from overcharging. It regulates the voltage and current coming 

from the solar panels and going to the battery. Most “12 volt” 

panels produce about 16 to 20 volts, so if there is no regulation, 

the batteries will be damaged from overcharging. [7] 

The obvious question then comes up – “why aren’t panels just 

made to put out 12 volts?” The reason is that if you do that, 

the panels will provide power only when cool, under perfect 

16



 

Somali Journal of Engineering & Sciences                                                                                       Vol:3, No:1 (2018) 

 

 

 

Faculty of Engineering, Jamhuriya University of Science & Technology (JUST) 
 
 

conditions and full sun. This is not something you can count 

on in most places. The panels need to provide some extra 

voltage so that when the sunlight is low in the sky, or you have 

heavy haze, cloud cover, or high temperatures, you still get 

some output from the panel, so the panel has to put out at least 

12.7 volts under worst case conditions. [7] 

The primary function of a charge controller is to maintain the 

battery at highest possible state of charge. The charge 

controller protects the battery from overcharge and 

disconnects the load to prevent deep discharge. Ideally, charge 

controller directly controls the state of the battery. The 

controller checks the state of charge on the battery between 

pulses and adjusts itself each time. This technique allows the 

current to be effectively “tapered” and the result is equivalent 

to “constant voltage” charging. Without the charge control, the 

current from the PV module will flow into a battery 

proportional to the irradiance, whether the battery needs to be 

charging or not. If the battery is fully charged, unregulated 

charging will cause the battery voltage to reach exceedingly 

high levels, causing severe gassing, electrolyte loss, internal 

heating and accelerated grid corrosion. Therefore, charge 

controller maintains the health and extends the lifetime of the 

battery. [7] 

Types of Solar Charge Controllers. 

The two types of charge controllers most commonly used in 

today’s solar power systems are pulse width modulation 

(PWM) and maximum power point tracking (MPPT). Both 

adjust charging rates depending on the battery’s maximum 

capacity as well as monitor the battery temperature to prevent 

overheating. [7] 

 

Figure 5: Solar panel charging a battery through PWM charge 

controller 

III-IMPLEMENTATION AND TESTING 

ENVIRONMENT 

We are considering the implementation and testing the whole 

system components and connecting the all parts and 

implement them with each other using separate physical or 

hardware components. [7] 

Charging and discharging of the battery 

During charging, the positive active material is oxidized, 

producing electrons, and the negative material is reduced, 

consuming electrons. These electrons constitute the current 

flow in the external circuit. 

The electrolyte may serve as a simple buffer for internal ion 

flow between the electrodes, as in lithium ion and nickel-

cadmium cells, or it may be an active participant in the 

electrochemical reaction, as in lead–acid cells. 

The energy used to charge rechargeable batteries usually 

comes from a battery charger using AC mains electricity, 

although some are equipped to use a vehicle's 12-volt DC 

power outlet. Regardless, to store energy in a secondary cell, 

it has to be connected to a DC voltage source. The negative 

terminal of the cell has to be connected to the negative terminal 

of the voltage source and the positive terminal of the voltage 

source with the positive terminal of the battery. Further, the 

voltage output of the source must be higher than that of the 

battery, but not much higher: the greater the difference 

between the power source and the battery's voltage capacity, 

the faster the charging process, but also the greater the risk of 

overcharging and damaging the battery. 

Chargers take from a few minutes to several hours to charge a 

battery. Slow "dumb" chargers without voltage- or 

temperature-sensing capabilities will charge at a low rate, 

typically taking 14 hours or more to reach a full charge. Rapid 

chargers can typically charge cells in two to five hours, 

depending on the model, with the fastest taking as little as 

fifteen minutes. Fast chargers must have multiple ways of 

detecting when a cell reaches full charge (change in terminal 

voltage, temperature, etc.) to stop charging before harmful 

overcharging or overheating occurs. The fastest chargers often 

incorporate cooling fans to keep the cells from overheating. 

 

Figure 6: stages of battery charging 
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Charge Controller Set Points 

Controller set points are the battery voltage levels at which a 

charge controller performs control or switching functions. 

Four basic control set points are defined for most charge 

controllers that have battery overcharge and over discharge 

protection features. The voltage regulation (VR) and the array 

reconnect voltage (ARV) refer to the voltage set points at 

which the array is connected and disconnected from the 

battery. The low voltage load disconnect (LVD) and load 

reconnect voltage (LRV) refer to the voltage set points at 

which the load is disconnected from the battery to prevent over 

discharge. Figure 12-1 shows the basic controller set points on 

a simplified diagram plotting battery voltage versus time for a 

charge and discharge cycle 

 

Figure 7: Charge controller set points 

Charging states 

Bulk – is typically the first stage of charging. Bulk begins 

when the sun comes out or the generator turns on. This stage 

occurs when the batteries are at a lower state-of-charge, 

generally anything less than 80% full. The Bulk stage basically 

allows the solar panel or generator to put as much amperage 

into the batteries as possible. As the batteries collect 

electricity, the voltage will slowly rise over time. The battery 

used in this project was charging from 10.5V to 12.65V as 

bulk stage. 

 

Figure 8: Imax of 3.5A current flow from the panel charging the 

battery 

Absorb – once the battery reach the programmed “Absorb 

Voltage”, usually somewhere 13 Volts. Typically, when a 

battery reaches this stage they are around 80-90% full 

depending on the charge rate. During this stage, the batteries 

are kept at the programmed voltage, and the amperage going 

into the batteries reduces as the batteries become fuller. The 

Absorb stage ends after the programed time is reached or the 

number of amps going into the battery falls below a preset 

number. 

 

Figure 9: Battery charging at bulk stage 

Float – upon the completion of the Absorb stage, the charge 

controller will drop the voltage to a preset value and begin 

the Float stage. The batteries achieve float stage when they 

are at 100% charge. Remember it is very important to 

program your controller or charger correctly. 

 

Figure 10: 12V battery in full charge state 

IV-CONCLUSION & DISCUSSION 

Solar energy is one of the most important renewable energy 

sources that have been gaining increased attention in recent 

years. Solar energy is plentiful; it has the greatest availability 

compared to other energy sources. The amount of energy 

supplied to the earth in one day by the sun is sufficient to 

power the total energy needs of the earth for one year. Solar 

energy is clean and free of emissions, since it does not produce 

pollutants or by-products harmful to nature. The conversion of 

solar energy into electrical energy has many application fields. 
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Abstract-In recent years, the power quality of the ac system has 

become great concern due to the rapidly increased numbers of 

electronic equipment, power electronics and high voltage power 

system. Additionally, there is a raising cost of electricity 

throughout the world. Most of the commercial and industrial 

installation in the country has large electrical loads which are 

severally inductive in nature causing lagging power factor which 

gives heavy penalties to consumer by electricity board. This 

situation is taken care by Power Factor Correction (PFC). PFC is 

the capacity of absorbing the reactive power produced by a load. 

In case of fixed loads, this can be done manually by switching of 

capacitors. Power Factor Correction (PFC) Techniques can be 

applied to the industries and also households to make them 

stable. As the system becomes stable and efficient it will reduce 

the wastage of power. Similarly, it will decrease the cost of 

energy (power) paid by the customer. PFC also increases the 

apparatus increases.  

 

Keywords: Power Factor, Electrical Losses, Power Suppliers, 

Embedded Technology 

 

I. INTRODUCTION 

Power factor is the ratio between the useful (true) power (kW) to 

the total (apparent) power (kVA) consumed by an item of AC 

electrical equipment or a complete electrical installation. It is a 

measure of how efficiently electrical power is converted into 

useful work output. The ideal power factor is unity, or one. 

Anything less than one means that extra power is required to 

achieve the actual task at hand. [1] 

To understand power factor, we first have to know that power has 

three components: working, reactive and apparent power. 

Working power is the current and voltage actually consumed. It 

performs the actual work, such as creating heat, light and motion. 

Working power is expressed in kilowatts (kW), which register as 

kilowatt-hour on electric meter. Reactive is not useful work, but 

it is needed to sustain the electromagnetic field associated with 

many commercial/ industrial loads. It is measured in kilovolt 

amperes- reactive, or (kVAR). The total required capacity, 

including working and reactive power, is known as apparent 

power. It is expressed in kilovolt-amperes or KVA. [2] 

 

Power factor correction techniques can be applied to the 

industries and also households to make them stable and due to 

that the system becomes stable and efficiency of the system as 

well as the apparatus increases. [3] 

 

In this project called power factor improvement is a simple 

system designed using Arduino Uno that operates using 

capacitors and relays that reduces electrical power losses, it is 

useful to electrical power suppliers by decreasing reactive power 

comes from the consumers and customers by decreasing 

electrical bills.  

 

II. BLOCK DIAGRAM 

This part will explain the path needed to undertake in order to 

achieve the goal of the project. 

 

III. PROJECT OPERATION 

In this project power factor improvement is used to interconnect 

with the Modules used in the project implementation. The main 

parts are: 

Fig 1. system design. 
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Fig 2. Circuit Diagram 

 1. ARDUINO UNO 

Arduino is a small microcontroller board with a USB plug to 

connect to your computer and a number of connection sockets 

that can be wired up to external electronics, such as motors, 

relays, light sensors, laser diodes, loudspeakers, microphones, 

etc. They can either be powered through the USB connection 

from the computer or from a 9V battery. They can be controlled 

from the computer or programmed by the computer and then 

disconnected and allowed to work independently. There are, in 

fact, several different designs of Arduino board. These are 

intended for different types of applications. They can all be 

programmed from the same Arduino development software, and 

in general, programs that work on one board will work on all.[4] 

 

Fig 3. Arduino board description diagram 

2. PROTEUS PROFESSIONAL 8 

Proteus software is developed by Labcenter Electronics. Proteus 

is software used for electronic circuits, microprocessor based 

circuits simulation and for designing printed circuit board (PCB). 

The main feature of Proteus design software is its multiple 

system components. Proteus is a package which has ISIS 

Schematic Capture which is a tool used for circuit design and 

simulations, Printed Circuit Board (PCB) design known as ARES 

PCB Layout, VSM (Virtual System Modeling) which is 

embedded software with popular microcontrollers and hardware 

design. Hardware implementation of electronic circuits is not an 

easy task. To implement any hardware in real time, it is necessary 

to study the ratings of the circuit components. The rating of 

circuit components are depends on the application. The designed 

circuits are simulated for analyzing the performance and 

behavior of circuits prior to hardware implementation. 

Simulating the circuit with the same hardware components could 

give more accurate results than performing the simulation using 

generalized circuit components.[5] 

 

IV. IMPLEMENTATION AND TESTING SYSTEM 

RESPONSE 

 

Software simulation 

 

In software we are going to handle phase difference measurement 

between voltage and current in power line, calculation of power 

factor and required capacitance to bring power factor back to 

unity and adding that capacitance to line. Also we do displaying 

of process flow on LCD for user feedback. 

When the load is purely resistive the system detects so and also 

the corresponding PF of 0.99 is displayed on LCD. 

 

 

 Fig 4. Resistive load 

When the load is made inductive by adding an inductance is 

series with resistance, the net load is inductive and the 

corresponding lag created between voltage and current. The 

system detects this condition and corresponding PF is displayed 
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on LCD. The system reliably detects leading and lagging PF 

conduction and switches capacitor from bank to correct it. 

 

 

Fig 5. inductive load before correction 

Capacitive Power Factor correction is applied automatically to 

circuits which include induction motors as a means of reducing 

the inductive component of the current and thereby reduce the 

losses in the supply. After connecting the capacitors to circuit the 

power factor closes to 1. 

 

 

Fig 6. inductive load after correction 

V. RESULTS AND OUTCOMES 

The initial attempt of constructing the project was performed to 

make sure accuracy of each software components. The software 

was verified and compiled with little errors. The software was 

successfully uploaded to the Arduino microcontroller. 

Simulations and Calibrations were performed to ensure accuracy. 

The outcome of our first attempts of software resulted some 

problems to the relays, capacitors and even so in making or 

creating the code that took more time to succeed compiling and 

also uploading it to the microcontroller. 

 

The final attempt was made after some changes made. The code 

was edited later and replaced, after it have failed more times, and 

so in simulation of the software. 

 

There are additional features added also and some elements was 

replaced with a new one, recalibrated and tested for functionality. 

 

We are still in the testing phase of the project. Although the code 

seems to be functioning successfully. 

 

Unfortunately, the hardware part of this project can’t operate 

perfectly, for two reasons: Missing some equipment and circuit 

errors that we can’t succeed to solve. 

 

Overall, this has been a learning experience. With the different 

methods and attempts. All the work and alterations to the system 

have been made successfully. The first attempt showed minor 

errors but the second attempt should be successful and yield great 

results. The goal is to measure and improve the power factor. 

 

VI. RESEARCH ACHIEVEMENT 

Our study of this project of power factor improvement we reach 

the following Two ways to improve the power factor and 

minimize the reactive power drawn from the power source are: 

 

➢ Reducing the lagging reactive current demand of the 

loads 

➢ Compensating the lagging reactive current by 

supplying leading reactive current to the power system 

 

The second method is the topic of interest in this project. Lagging 

reactive current represent the inductance of the power system and 

power system components. As observed earlier, lagging reactive 

current demand may not be totally eliminated but may be reduced 

by using power system devices or components designed to 

operate with low reactive current requirements. Practically no 

devices in a typical power system require leading reactive current 

to function; therefore, in order to produce leading currents certain 

devices must be inserted in a power system. These devices are 

referred to as power factor correction equipment. 

 

Advantages of improving the power factor include: 

➢ Provided consumers a cheap electricity. 

➢ Reduced heating in equipment. 

➢ Increased equipment life. 

➢ Reduction in energy losses and operating costs. 

➢ Reduction of voltage drop in the electrical system 

 

VII. CONCLUSION 

 

Good power factor is not necessarily critical for most equipment 

to function in a normal manner. Having low power factor does 

not cause a piece of machinery to shut down, but high power 

factor is important for the overall health of the power system. 

Operating in a high power factor environment ensures that the 

power system is functioning efficiently. It also makes economic 

sense. Electrical power generation, transmission, and distribution 

equipment have maximum rated currents that the machines can 

safely handle. If these levels are exceeded, the equipment 
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operates inefficiently and suffers a loss of life expectancy. This 

is why it is important not to exceed the rated currents for power 

system equipment. It is also equally important that the available 

energy production capacity be put to optimum use. Such an 

approach helps to provide an uninterrupted supply of electrical 

energy to industries, hospitals, commercial institutions, and our 

homes. As the demand for electrical energy continues to grow 

and the resources for producing the energy become less and less 

available, the idea of not using more than what we need takes on 

more relevance. 

 

VIII. RECOMMENDATION 

We are recommending all electrical companies in the country 

and their customers to Improve their power factor, because it has 

benefits for both sides, it increases useful work’s company and 

reduces the cost. In the other hand it decreases electric bill of the 

customers.  

We are suggesting all electrical engineers behind us to continue 

this project for power factor improvement specially hardware 

part. so as to exceed power quality in the country. 
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Abstract- 
This study is about structural the analysis, design and 

Estimation cost of College of engineering of Jamhuriya 

University of science and technology (JUST) in Tareedisho 

(Km 13) campus. The project describes structural analysis, 

design and drawings with various components as structural 

drawings and approximate cost of the whole building. This 

building of college consists of three-stories: ground floor, 

first floor and second floor. The objective of this thesis is to 

carry out analysis, design and estimation of the college.  

 The analysis and design process of structural planning and 

design requires not only imagination and conceptual 

thinking but also sound knowledge of science of structural 

engineering. Besides, the knowledge of practical aspects, 

such as recent design codes, bye laws, backed up by ample 

experience and engineering judgment. The purpose of 

standards is to ensure and enhance the safety, keeping 

careful balance between economy and safety.  

Design structures of reinforced concrete is a problem 

distinct from but closely related to analysis. This structure 

will be designed in ultimate limit state and also checked for 

serviceability limit state. The design code of this project will 

be British standard code. It is concerned with the detailed 

design of reinforced concrete elements to British Standard 

8110.  The researchers obtain a result that the best design 

and analysis of the college.  

Keywords: Structural analysis, Design, Estimation, 

Reinforced Concrete, Safety 

I. INTRODUCTION 

A structure is an assemblage of components 

which are connected in such a way that the structure can 

withstand the action of loads that are applied to it. These 

loads maybe due to gravity, wind, ground shaking, 

impact, temperature, or other environmental sources 

structures are everywhere in the built environment. .[1] 

Structural analysis is the prediction of the performance 

of a given structure under prescribed loads and/or other 

external effects, such as support movements and 

temperature changes. The performance characteristics 

commonly of interest in the design of structures are 

stresses or stress resultants, such as axial forces, shear 

forces, and bending moments; deflections; and support 

reactions. Thus, the analysis of a structure usually 

involves determination of these quantities as caused by a 

given loading condition. .[2] 

Estimating is the technique of calculating or 

computing the various quantities and the expected 

Expenditure to be incurred on a particular work or 

project. In case the funds available are less than the 

estimated cost the work is done in part or by reducing it 

or specifications are altered, the following requirement 

are necessary for preparing an estimate: Drawings like 

plan, elevation and sections of important points. Detailed 

specifications about workmanship& properties of 

materials etc.Standard schedule of rates of the current 

year. Building construction estimating is the 

determination of probable construction costs of any 

given project. Many items influence and contribute to the 

cost of a project; each item must be analyzed, quantified, 

and priced. Because the estimate is prepared before the 

actual construction, much study and thought must be put 

into the construction documents. The estimator who can 

visualize the project and accurately determine its cost 

will become one of the most important persons in any 

construction company.  Since 1950’s, efforts have been 

made in order to understand the cause effect relation 

between the design parameters and the building cost, and 

to develop models in order to estimate the building cost. 

According to their historical developments the cost 

models can be classified in three different groups. The 

first-generation models originated from functional 

elements of building oriented cost planning approach in 

England at the end of 1950’s extensively used until the 

end of 1960’s. The second generation models derived 

from the regression analysis and have been used since 
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mid 1970’s. The third-generation models started to 

develop in the beginning of 1980’s and generally based 

on Monte Carlo simulation technique. .[3] 

II.METHOD OF DESIGN STRUCTURAL 

ELEMENTS 

In this we will discuss the methodology and 

procedures applied in achieving this project,  

We will discuss The design of reinforced concrete 

elements to BS 8110 and based on the limit state method 

Reinforced Concrete Slab Design Procedure: 

 

Step to determine wide concrete slab reinforcement 

reinforced refer BS 8110 were as follows:     

1.  Calculate K = 
m

fcubd2
 

A) If K < K', compression reinforcement does not require  

 (K' = 0.156 to redistribution < 10%)  

✓ Calculate z = d {0.5 + (√0.25 - K'/0.9)}  z < 

0.95d  

✓ Calculate As = MI0.95fyz 

B) If K> K', compression reinforcement needed  

✓ Calculate z = d {0.5 + (√0.25 - K'/0.9)} 

✓ Calculate depth neutral axis, x = (d-z) /0.45 

Check carried out to design reinforced concrete slab are 

percentage check reinforcement, shear check, deflection 

and cracking. 

 

2. Check shear: 

Shear force to be checked can be the maximum 

shear. 

Shear stress V =   
𝑣

𝑏𝑑
 

VC = 
0.79(

100As

𝑏𝑑
)

1
3(

400

𝑑
)

1
4(

fcu

25
)

1
3

1.25
 

V < VC    No shear reinforcement is required. 

3. Check deflection: 

Span / effective depth, using table 3.9 in BS8110: 

part 1 

4. Checking cracking: 

The principal reinforcement, max. Spacing ≤ 3h 

≤ 400mm, and the secondary reinforcement, 

max. Spacing ≤ 3.5h ≤ 450mm 

 
Beam design procedure 

• Dead Load calculations (D.L) 

• Live load  calculations (L.L) 

• Ultimate Load Combination as per BS8110 

• ULC = 1.4D.L + 1.6L.L 

Calculate the moment coefficient k from the following : 

K = 
m

fcubd2
If K ≤ Ǩ,The beam should be designed as a 

singly reinforced beam. 

If K>ǨThe beam should be designed as doubly 

reinforced section 

NOTE: Ǩ = 0.156 where redistribution does not exceed 

10 % 

If the K ≤ Ǩ (single reinforced) : 

Calculate Z =




















−+

9.0
25.05.0

K
d

 

Calculate the area of steel As = M/0.87fyZ 

if  K> Ǩ (as doubly reinforced section) 

Calculate Z= 




















−+

9.0

'
25.05.0

K
d

Calculate x = 
d−z

0.45
 

 Calculate As’ = (K – K’) 
fcubd2

 0.95fy(d – d’) 
 

Calculate As = 
K’fcubd2

0.87fyz 
 + Aś 

Choosing the reinforcement (As ,required) 

Select the number & diameter of bars to provide an area 

not less than, and as close as practicable to, the calculated 

values of As and As ’ .[4] 

 

 

Reinforced Concrete Column Design Procedure: 

3.10.1. Design of slender column 

The design procedure for designing slender column is as 

follows: 

Step 1: calculate the effective length le 

Step 2: calculate the total moment about a minor axis for 

N and Mi 

 The Mi is taking as the greatest among the following (i) 

to (iv) 

I. Mt =  Mi +Madd 

II. Mt = M2 

III. Mt = M1 + 
1

2
Madd 

IV. Mt =Nemin 

Step 3: calculate the total bending moment on a major 

axis for N and Mt if the ratio of the length of the longer 

side to that length of the shorter side is less than 3, and if 
 le

h
≤ 20 

Step 5:  calculate the reduction factor using the equation 

given below: 
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K = 
NUZ  −N

NUZ −Nball
 ≤ 1 or K can be read from BS8110 part 3 

column design charts Where NUZ = 045fcuAC+0.87Fy Asc 

and Nball = 0.25fcu bd for symmetrical reinforced 

columns 

3.10.2. Short columns: 

Step 1: use charts in BS8100 code to find 
d

h
 

Step 2: calculate 
N

bh
 

Step 3: calculate 
𝑚

𝑏ℎ2 

Step 4:  calculate the area of steel required by using this 

equation 
100As

bh
 and then prove the area of reinforcement 

and also provide ties   

Step 5: provide maximum spacing . [5] 

 

III ANALYSIS & DESIGN 

A. Structural Summary Sheet 

 

Main beams  300 x 500 mm  

Slab 200 mm  

Column Internal: 300 x 600 mm 

External: 300 x 500 mm 

Corners : 300 x  400 mm 

Corridor : dia 300 mm 

Foundation Internal: 2000 x 2600 mm 

External: 1800 x 2400 mm 

Corners : 1600 x 1800 mm 

Corridor :  1400 x 1500 mm 

Foundation  Depth of footing 2m ground 

level 

Cover  Slab: 25 mm 

Beam: 30 mm 

Column: 40 mm 

Staircase :25mm 

Foundation: 75 mm 

 
 

. Design Information Sheet 

Engineering: group 

team   

Client: JAMHURIYA 

UNIVERSITY 

Design code BS8110 the structural use 

of concrete 

Intended use of 

structure 

College of engineering  

Fire resistance 

requirement  

2 hour for all elements 

subsoil condition  Allowable of Bearing 

capacity of soil = 250 

kN/m2 

Material data Grade FCU= 25 N/mm2 

FY = 460 N/mm2  

Unit-weight of 

concrete  

= 25 kN/m3 

General loading 

condition 

Floor – imposed= 5 

kN/m2 

Stairs – imposed  = 4 

kN/m2 

Floor finishing   = 1 

kN/m2 

Foundation type  RC footing to column  
 
B. Geometric Design  

The proposed car park is on three floors above ground, 

have 300 parking spaces, occupies 3200m2, have two 

external ramps (one for entry and one for exit), one 

entrances and one exits, and stairs at appropriate places 

and emergency exits. 

 

 
 

 

Fig. 1.General Arrangement drawing. 
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Structural details 

A .beam details 

 

Figure2 beam Detail 

B. Column details 

 

                Figure3. Column Detail 

 

 

C. Staircase Detail 

 

 

FIGURE4. STAIR CASE DETAIL 

 

D.  Footing Detail 

 

 

 

 

 

     5.2 Conclusion of the work 

The consequence, the project is focus attention on 

structural analysis, structural design and estimation. 

The entire project is made the actual analyze of 

structural elements of the college, design structural 

components and also was estimate cost of all project 

     5.3 Recommendations 
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      As we know it’s order  to make and work these 

projects effectively and efficient with in short 

period,and it couldn’t enough that time because of 

the this project it was big project so it is necessary to 

have  enough time.It also there are some barrier that 

makes the project unconfortible and discontinuous so 

we suggest and  recommend to have a courses and 

training that relates this depart to to increase  the 

abilities of the students who will do or going to be 

graduate structural analysis , structural design and 

etimation. Those courses are softwares such as Sap, 

Safe, Etab , Prokon, Stapro and autocad.  
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Abstract- Investigation of the ground conditions is used 

for the economical design of the sub structural elements. 

It is also necessary to obtain sufficient information on 

type, characteristics and distributions of soil and rock 

underlying a site for proposed structures. 

The overall aim of this study is to come up with reliable 

results for some of the engineering properties of soils 

found in Benadir region in order to understand clearly 

the nature of the soil so that suitable foundation can be 

recommended for better design and construction of civil 

engineering structures in the town. To achieve these 

objective disturbed and undisturbed samples from 

different parts of the town were collected and laboratory 

tests were done on the collected samples. The 

undisturbed samples were taken from the test pits by 

mechanically driving a Shelby tube. For all tests the 

apparatus and the procedures used for analysis were done 

according to American Society for Testing Materials 

(ASTM) standard. The grain size analysis result is shown 

in figures 4.2 and 4.3 and the summary of grain size 

analysis result is shown on Table 4.3. The results 

obtained from the grain size analyses indicate that the 

dominant proportion of soil particle in the research area 

is silt, which has sand content ranging from 90 – 99.8%, 

silt fraction 0.2-4.14% and gravel friction 0.55-5.77%. 

The natural moisture content of soil in the study area 

ranges from 3.31% - 12.85%.    The results obtained from 

the in-situ density of the samples of the benadir region 

are between 1.7 gr/cm3 up to 1.98 gr/cm3, density is the 

ratio of total mass of the soil in natural state to the total 

volume of the soil sample. The results of the dry 

densities obtained from the region between 1.6 gr/cm3 up 

to 1.64 gr/cm3.                              The depth of this 

exploration mostly is 1.5 meter but the profile of the 

exploration have same layers, we don’t see in our 

exploration any different layer all test pits that we 

investigate have same layer or same profile.  

Keywords: investigation, engineering, soil properties. 

II. INTRODUCTION 

In the field of civil engineering, nearly all projects are 

built on to, or into, the ground. Whether the project is a 

structure, a roadway, a tunnel, or a bridge, the nature of 

the soil at that location is of great importance to the civil 

engineer. [1]. 

It is important and essential to note that no civil 

engineering work can be done without soil being an 

integral part. Nearly all projects are built onto or into the 

ground. Virtually every structure is supported by soil or 

rock. The structure may be a dam, a highway, a tunnel or 

a bridge. Thus, the nature of the soil as at that location is 

of great importance to the civil engineer. [2]. 

Soil is defined as natural materials consisting of 

individual mineral grains not joined by strong and 

permanent cohesive forces. while Rock consists of an 

aggregate of natural minerals joined by strong and 

permanent cohesive bonds. Natural soils are products of 

the weathering of rock. Soil mechanics is the study of the 

engineering properties of soil. A natural soil consists of 

three separate components: solids, liquids, and gases. 

The solids are normally natural mineral grains, although 

they can be human-made materials such as furnace slag 

or mine tailings. The liquid is usually water, and the gas 

is usually air. [3]. 

Site investigation is to collect systematically and record 

all the necessary data which will be needed or will help 

in the design and construction processes of the proposed 

work. The collected data should be presented in the form 

of fully annotated and dimensioned plans and sections. 

Anything on adjacent sites which may affect the 

proposed works or conversely anything appertaining to 

the proposed works which may affect an adjacent site 

should also be recorded. And the primarily purpose is to 

obtain subsoil samples for identification, classification 

and ascertaining the subsoil's characteristics and 

properties. Trial pits and augured holes may also be used 

to establish the presence of any geological faults and the 

upper or lower limits of the water Soil Samples are 

samples these can be obtained as disturbed or as 

undisturbed samples. Disturbed Soil Samples ~ these are 

soil samples obtained from boreholes and trial pits. The 

method of extraction disturbs the natural structure of the 

subsoil but such samples are suitable for visual grading, 

establishing the moisture content and some laboratory 
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tests. Disturbed soil samples should be stored in labeled 

air tight jars.  

Undisturbed Soil Samples ~ these are soil 

samples obtained using coring tools which preserve the 

natural structure and properties of the subsoil. The 

extracted undisturbed soil samples are labeled and laid 

in wooden boxes for dispatch to a laboratory for testing. 

This method of obtaining soil samples is suitable for rock 

and clay sub soils but difficulties can be experienced in 

trying to obtain undisturbed soil samples in other types 

of subsoil. The test results of soil samples are usually 

shown on a drawing which gives the location of each 

sample and the test results in the form of a hatched 

legend or section. [4]. 

Problem statement 

Soil is one of the most important engineering 

materials. Determination of soil conditions is the most 

important first phase of work for every type of civil 

engineering facility. Every civil engineering structure, 

i.e., building, bridge, highway, tunnel, dam and tower 

etc. must be founded in or on the surface of the earth. For 

stable structure proper foundation soil is necessary. For 

proper evaluation of the suitability of that soil as 

foundation and as construction materials, information 

about its properties is frequently necessary. To know the 

detailed geotechnical properties, physical and 

engineering properties are very much essential. 

After the collapse of the central government of Somalia, 

the people  faced in  a civil war that has destroyed the 

infrastructure, and lost the documents that were created 

in the engineering soil properties of the region, after that 

time have not seen scholars that made studies to discover 

new facts about the engineering soil properties of benadir 

region. 

To solve the needs about engineering soil properties of 

the region, after the study the researchers will discover 

facts and information about engineering soil properties 

of the region. This research is therefore directly 

investigating engineering and the index property of the 

soil, consolidation, identifying the characteristics of the 

soil, and determines the shear strength characteristics of 

the soil. 

Purpose of the study: 

The overall aim of this thesis is to investigate the 

engineering properties of soils found in Benadir region 

in order to understand clearly the nature of the soil so 

that suitable foundation can be recommended for better 

design and construction of civil engineering structures in 

the town.  

The specific objectives of this thesis are:-  

➢ To investigate some of the engineering and 

index properties of the Benadir soil including: 

natural moisture content, specific gravity, bulk 

density, grain size analysis.  

➢ To classify the soil   

 

II.METHODOLOGY OF THE STUDY 

All procedures of laboratory tests of engineering soil 

properties of Benadir region according to American 

Society for Testing and Materials (ASTM). The main 

goal of this chapter is to determine procedure and the 

way that the researcher produce efficient results about 

engineering soil properties of Benadir region. 

 

III. RESULTS: 

3.10.1. Design of slender column 

The design procedure for designing slender column is as 

follows: 

Benadir region consists of seventeen districts, we have 

made observation about the colors of the soil in it 

through eye, and I have taken some pictures the different 

colors of the soil. 

There are three different colors of soil in Benadir region 

and they are the followings: 

 
Figure4. 1The white sand at the cost 
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Figure4. 2 The Reddish soil in the city 

 
Figure4. 3 the grayish sandy soil in the city 

       
Figure4. 4 the white sand at transition (caro kaawo) 

Above we have mentioned four figures but there are 

three kinds of soil in the region. The three kinds of soil 

are: 

• The white sand at the cost (Fig 4.2) 

• The Reddish soil in the city (Fig 4.3) 

• The white soil at transition (caro kaawo) (Fig 

4.4) 

 
Figure4. 5 Satellite image of the region    

The satellite image indicates as the parties of the soil in 

the region, the most soil in the region is the reddish sand 

in the (Fig 4.2). Although there are grayish, white and 

some pale orange soil. 

The grayish appear the satellite image is not a nature but 

it is alteration happened on the reddish sand soil. 

Locations of sampling: 

 
 

4.1.2.1 Natural moisture content  

Natural moisture content is defined as the moisture 

content of undisturbed soil in-situ. The consistency of a 

fine-grained soil largely depends on its water content. 

The water content is also used in expressing the phase 

relationships of air, water, and solids in a given volume 

of soil. [5]. 

Natural moisture content of the soil is determined in the 

laboratory by using undisturbed sample. In the 

laboratory this test is done by referring ASTM D 2216-

98 standard. A test specimen is first weighed in its 

natural or wet state is then dried in oven at a temperature 
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of 105°C to a constant mass for 24 hrs. The loss of mass 

due to drying is considered to be water. The water 

content is calculated using the mass of water and the 

mass of the dry specimen. The natural moisture content 

of each sample is summarized in Table 4.2. 

Table4. 1 Water content samples of the region 

Test pits Depth Average w. 

content% 

TP-1 1.5 6.88 

TP-2 1.5 3.307 

TP-3 1.5 5.885 

TP-4 1.5 3.834 

TP-5 1.5 6.251 

TP-6 1.5 9.506 

TP-7 1.5 8.135 

TP-8 50 10.383 

TP-9 60 12.858 

TP-10 1.5 10.36 

TP-11 1.5 5.305 

 

4.1.2.2 Bulk unit weight  

The bulk density is the ratio of total mass of the soil in 

natural state to the total volume of the soil sample. the 

in-place density is used to determine density of 

compacted soils used in the construction of structural 

fills, highway embankments, or earth dams. 

The bulk unit weight and density of soil samples taken 

from benadir region are summarized in table 4.3. 

Table4. 2 the density of the soil 

 

4.2.2 Particle size analysis  

For a basic understanding of the nature of soil, the 

distribution of the grain size present in a given soil mass 

must be known. the distribution of different grain sizes 

affects the engineering properties of soil. grain size 

analysis provides the grain size distribution required in 

classifying the soil. grain size analysis test is used to 

determine the percentage of different grain sizes 

contained within a soil. [5]. 

Table4. 3 sieve analysis of the soil  

Test 

pits 

Depth 

(m) 

percent amount of 

particle size 

Gravel sand silt 

TP-1 1.5 0 96.22 3.78 

TP-2 1.5 0 96.55 3.45 

TP-3 1.5 0 99.8 0.2 

TP-4 1.5 0 97.21 2.79 

TP-5 1.5 0 97.02 2.98 

TP-6 1.5 0.55 95.3 4.14 

TP-7 1.5 0 99.53 0.47 

TP-8 50 1.88 96.61 1.51 

TP-9 60 5.77 90.85 3.38 

TP-10 1.5 0 99.31 0.69 

TP-11 1.5 0 97.06 2.94 
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Figure4.18 grain size distribution curve for all samples 

E. 4.3. Compaction test 

Mechanical compaction is one of the most common and 

cost effective means of stabilizing soils. During 

compaction air is expelled from the void spaces. Thus 

compaction results in an increase in the density of the 

soil. [5]. 

 

 

 

 

 

 

Table4. 4 Summary of optimum moisture content and 

maximum dry density 

Test 

pits 

Depth 

(m) 

MDD(g/cm3) OMC 

(%)  

TP-8 50 1.62 31.2 

TP-8 50 1.6 27.34 

TP-9 60 1.64 33.61 

TP-9 60 1.62 30.6 

 

 

Figure4.19 Compaction test curve 

 

Figure4.20 Compaction test curve  

 

Figure4.21Compaction test curve 
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Figure4.22 compaction test curve 

CLASSIFICATION OF THE SOILS 

4.4.1. general 

a soil classification system is an arrangement of different 

soils into groups having similar properties. the purpose 

of soil classification is to make possible the estimation 

of soil properties by association with soils of the same 

class whose properties are known and to provide the 

engineer with accurate method of soils description. [6]. 

Table4. 5 classification of soil according USCS 

 

IV. CONCLUTION 

The grain size analysis result is shown in figures 4.2 

and 4.3 and the summary of grain size analysis result is 

shown on Table 4.3. The results obtained from the grain 

size analyses indicate that the dominant proportion of 

soil particle in the research area is silt, which has sand 

content ranging from 90 – 99.8%, silt fraction 0.2-

4.14% and gravel friction 0.55-5.77%. But the soil of 

the region is classified according to the color three 

groups the reddish sand which is the major soil that 

exist on the region, the white sand that expands at the 

sea, the third soil is a transitional soil its white in color 

but it’s not pure white, the common name of this soil is 

known as is (caro kaawo). 

The natural moisture content of soil in the study area 

ranges from 3.31% - 12.85%. 

 As the investigation of the region results that the soil is 

mostly sand, this sand has three colors which are white, 

reddish brown and the white soil at transition as shown 

in figure 1.0 up to 1.3. The scientific Unified Soil 

Classification System used in engineering and geology 

corresponds to US Standard Sieves, and defines sand as 

particles with a diameter of between 0.074 and 4.75 

millimeters, By another definition, in terms of particle 

size as used by geologists, sand particles range in 

diameter from 0.0625 mm (or 1⁄16 mm) to 2 mm. An 

individual particle in this range size is termed a sand 

grain. The results obtained from the grain size analyses 

indicate that the percentage of sand portion in benadir 

region is ranging from 90 – 99.8%, Sand grains are 

either mineral particles, rock fragments or biogenic in 

origin. Finer granular material than sand is referred to 

as silt. The results obtained from the grain size analyses 

indicate that the percentage of silt portion in benadir 

region is ranging from 0.2-4.14%, Coarser material is 

gravel, the results obtained from the grain size analyses 

indicate that the percentage of gravel portion in benadir 

region is ranging from 0.55-5.77%. 

Majority of sand is dominantly composed of silicate 

minerals or silicate rock fragments. By far the most 

common mineral in sand is quartz. Hence, the term 

“sand” without qualification is imagined to be 

composed of quartz mostly. However, sand is a natural 

mixture which means that it is never pure. By no means 

can one say that quartz and sand are the same thing. 

Consolidated sand is a rock type known as sandstone. 

The results obtained from the in-situ density of the 

samples of the benadir region are between 1.7 gr/cm3 

up to 1.98 gr/cm3, density is the ratio of total mass of 

the soil in natural state to the total volume of the soil 

sample. The results of the dry densities obtained from 

the region between 1.6 gr/cm3 up to 1.64 gr/cm3. 

The specific gravity of the minerals affects the specific 

gravity of soils derived from them. Most of the values 

fall within a range of 2.6 to 2.9. The specific gravity of 

solids of light-colored sand, which is mostly made of 

quartz, may be estimated to be about 2.65. 

Classifications of soils in the study area based on 

Unified Soil Classification System is shown in Table 
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4.4, soil classification system is an arrangement of 

different soils into groups having similar properties. 

The purpose of soil classification is to make possible 

the estimation of soil properties by association with 

soils of the same class whose properties are known and 

to provide the engineer with accurate method of soils 

description, This system describes a system for 

classifying minerals and organo-mineral soils for 

engineering purposes based on laboratory determination 

of particle-size characteristics, but the result obtained 

from the particle-size distribution tells us the soil of the 

region is poorly graded. 

The depth of this exploration mostly is 1.5 meter but 

the profile of the exploration have same layers, we  

don’t see in our exploration any different layer all test 

pits that we investigate have same layer or same profile. 

Optimum moisture content and the maximum dry 

density of the study area are summarized in Table 4.8. 

From the test results the maximum dry density (MDD) 

of Benadir region ranges from1.6 to 1.64 g/cm3 and the 

optimum moisture content ranges 30.6 to 33.4 percent. 

The soil of benadir region is mostly sand, the 

geotechnical properties of sand is included that sand 

soil has high permeability, and excellence drainage. 

 

Recommendations 

1. In this research samples of soil were collected only 

from eleven test pits, by increasing the number of 

sampling area and depth of sampling further detailed 

investigation has to be carried out on disturbed and 

undisturbed soil samples.  

2. The biggest problem faced us is the security of the 

region that leads us to decrease the depth of the 

investigation.  

3. We want to make all engineering soil properties but 

our limit was the laboratory. The properties we don’t 

do are due to laboratory.  
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Abstract-A Shopping mall is an enclosed collection 

of a variety of independent retail units, services and 

parking spaces, which is built and maintained by a 

separate management. Shopping mall also consists of 

facilities such as food courts, cinemas and cash 

points among others. 

 All these activities are integrated under one roof, 

with interconnecting walkways to enable people to 

easily move from one unit to another.  

The shopping malls of today are greatly influenced 

by technology. The use of new building materials 

gives shopping malls new forms and overall looks, 

and are great opportunities to enjoy a shopping day, 

with the best product offering with a great quality 

without walking too much distance. 

Shopping malls are now becoming tourist spots due 

to the new facilities introduced, these facilities such 

as cinemas, restaurants, car parks, retail units, 

playground, skating among others, tend to integrate 

shopping and entertainment.  

 the aim of structural analysis and design is to design 

a structure that has the proper strength, rigidity, 

and safety. The basic objective in structural analysis 

and design is to produce a structure capable of 

resisting all applied loads without failure during its 

intended life. 

Keyword – Structural Design, analysis and estimation of 

shopping mall. 

I. INTRODUCTION 

A shopping mall is a collection of independent retail 

stores, services, and a parking area conceived, 

constructed, and management firm as a unit. [1]. 

[2] defines a shopping center as “A shopping center 

enclosed with a large structure; often two or three stories 

high, often designed around a central atrium; may have 

numerous stores, as well as entertainment facilities such 

as movies theatre, fast-food outlets, restaurants and 

public areas. The importance of a shopping mall is 

mainly for people to get out of the house for a while and 

do something entertaining. Shopping mall can provide 

the best shopping experiences such as social gatherings, 

entertainments, performances, product launches, 

promotions and festivals. The events list at shopping 

malls goes on and on for any, particular, person to be 

entertained for a number of hours.  

The shopping malls are a great opportunity to enjoy a 

shopping day, with the best product offering with a great 

quality without walking too much. Mall is large area that 

consist of more stores which provides each service which 

needed by people, instead of, walking too much distance 

in a market, it easy to buy everything in shopping mall 

by walking less distance.  

Structural analysis is the process of finding forces 

(stress, moment, torsion etc.) and response (deflection, 

slope etc.) developed in a structure or member due to 

imposed loading or self-load. Structural design is the 

process of finding optimum size of a structure or member 

which can resist the forces and responses developed due 

to imposed load or self-weight. In a sense, design is the 

inverse process of analysis Structural analysis is a tool to 

analyze any configuration of structure, while structural 

design is the method design different that particular 

member for the calculated internal forces. 

On the other hand, structural design means that after 

calculating the internal forces, whether assume a section 

before or not, will select all the particular members to 

resist the internal forces that are acting. Invalid source 

specified..  

Structural analysis is a comprehensive assessment to 

ensure that the deformations in a structure will be 

adequately lower than the permissible limits, and failure 

of structural will not occur. The aim of structural analysis 

is to design a structure that has the proper strength, 

rigidity, and safety.   [3] 
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Structural design is the methodical investigation of the 

stability, strength and rigidity of structures. The basic 

objective in structural analysis and design is to produce 

a structure capable of resisting all applied loads without 

failure during its intended life. [4] 

 

Estimation determines the probable construction cost of 

a project. Estimating can be done at various stages of 

project duration depending on the purpose of estimation. 

First estimation is done before construction starts for the 

purpose of making budget of the project or bidding the 

project as a contractor. There are various types of 

estimation can be done depending on project manual and 

drawing provided and the purpose of using estimated 

data. [5]. 

Estimation of cost of construction projects is a very 

complex process containing many variable factors. 
This skill is not easily acquired. Proper study, training 

and experience are needed to become proficient in 

construction project cost estimating [6]. 

Quantity takeoff QTO are a detailed measurement of 

materials and labor needed to complete a construction 

project and also is the process of measuring or scaling 

dimensions from drawings and recording all dimensions 

in an easily understood format  [7]. 

The bill of quantities (sometimes referred to as 'BoQ' or 

'BQ') is a document prepared by the cost 

consultant (often a quantity surveyor) that provides 

project specific measured quantities of the items of work 

identified by the drawings and specifications in 

the tender documentation. 

The quantities may be measured in number, length, area, 

volume, weight or time. Preparing a bill of 

quantities requires that the design is complete and 

a specification has been prepared. 

The bill of quantities is issued to tenderers for them to 

prepare a price for carrying out the works [8]. 

II. METHODS AND MATERIALS  

Reinforced concrete is a strong durable building 

material that can be formed into many varied shapes and 

sizes ranging from a simple rectangular column, to a 

slender curved dome or shell. Its utility and versatility 

are achieved by combining the best features of concrete 

and steel.  So this study of analyzing and designing 

shopping mall is all about reinforced concrete building, 

the aim of this study is to calculate accurate requirement 

of reinforced concrete building.  

In this, we will discuss the methodology and procedures 

to analysis and design all the structural elements such as 

slab, beam column and also foundation, lastly we will 

display structural summary sheet and design formulation 

sheet.  

 

Reinforced Concrete Slab Design Procedure: 

 

1. Type of slab according to ratio of long and short 

span (
ly

lx
): 

If  
ly

lx
  > 2, the slab is one way solid slab.  

If 
ly

lx
  < 2, the slab is two way solid slab. 

2. Determine and assume thickness of solid slab 

3. To determine the arrangement and design of load 

analysis: 

Design load by using equation 1.4Gk + 1.6Qk 

Where Gk is dead load and Qk is live load 

4. To determine the bending moment and shear force 

5. Compute requirement steel area: 

K = 

cufbd

M
2

 < k’= 0.156 

Z =




















−+

9.0

'
25.05.0

K
d , but not > 

0.95×d 

As = 
 M

0.87fyZ
 

6. Minimum steel percentage: 

Main Reinforcing bars: 0.24% for = 250 f y MPa 

and 0.13% for = 460 f y MPa. 

Distribution bars in one-way slab ≥ 20% of the 

main reinforcements 

7. Check shear: 

Shear force to be checked can be the maximum 

shear. 

Shear stress V =   
v

bd
          

VC = 
0.79(

100As

bd
)

1
3 (

400

d
)

1
4(

fcu

25
)

1
3

1.25
       

V < VC    No shear reinforcement is required. 

8. Check deflection: 

Span / effective depth, using table 3.9 in BS8110: 

part 1 

9. Checking cracking: 

The principal reinforcement, max. Spacing ≤ 3h 

≤ 400mm, and the secondary reinforcement, 

max. Spacing ≤ 3.5h ≤ 450mm 
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Beam design procedure 

 
1. Dead load calculations  

2. Live load calculations 

3. Determine the load at ULS from the following 

load combination  

4. Load = 1.4DEAD + 1.6 LIVE  

5. Sketch of beam being designed  

6. Determine the maximum moment at mid span  

7. Calculate the moment coefficient k from  
m

fcu bd2
 

If K<0.156, no compression steel is required, beam 

should be designed as a singly reinforced beam  

8. Calculate the lever arm Z from Z= 





















−+

9.0

'
25.05.0

K
d , or = 0.95d 

9. Calculate the area of reinforcement from As = 

M/0.87fyZ 

10. Calculate the minimum area of steel required by 

the section from  

                  Asmin = 0.13%BH 

8. Provide  As required and select suitable 

reinforcement bars  

9. Check for shear   

10. Check for deflection  

 

 

Reinforced Concrete Column Design Procedure: 

 

      Short columns: 

Step 1: use charts in BS8100 code to find 
d

h
 

Step 2: calculate 
N

bh
 

Step 3: calculate 
m

bh2  

Step 4:  calculate the area of steel required by using 

this equation 
100As

bh
 and then prove the area of 

reinforcement and also provide ties   

Step 5: provide maximum spacing 

 

 

 

 

 

 

 

 

III ANALYSIS & DESIGN 

F. Structural Summary Sheet 

 

 

 

Main beams  300 x 600 mm  

Slab 200 mm  

Column Internal: 400 x 400 mm 

External: 400 x 400 mm 

Foundation  Depth of footing 2m ground 

level 

Cover  Slab: 25 mm 

Beam: 30 mm 

Column: 40 mm 

Foundation: 60 mm 
 

 

 
 

 

B. Geometric Design  

 

                     Fig. 1. General Arrangement drawing 

 

IV. CONCUSION  

The shopping mall was designed to BS8110 (1997) and 

the detailed drawings were provided. The proposed 

design has 130 retail units above. 

V. RECOMMENDATION  
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Such type of shopping mall will act as point of reference 

for future work of other shopping malls.  
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Abstract-Many Somali’s rural communities are 

suffering from lack of safe drinking water. One of the 

reasons is that approximately one third to one half of 

all drinking water supply systems fail shortly after 

the construction. The main purpose of this thesis 

project was to analyze rural water supply and 

sustainable management of project managed by 

water user committee implemented in Lama-garas, 

Ow-cusman, and Ciisaga in lower shabelle of 

Somalia. 

The major sources of drinking water for the vast 

majority of the rural population in Somalia are 

surface run offs represented by unprotected springs, 

ponds, rivers, and hand dug wells whose health risk 

is significant as they are exposed to contamination 

caused by human beings, livestock, wildlife and 

uncontrolled flooding. The case study research 

method was employed to conduct the study. It 

involves household survey questionnaire, and key 

informant interviews as quantitative and qualitative 

data collection instruments. 

As for the major findings of the study, the average 

house hold water consumption rate is short of 

meeting the study average of 80 liters per /day. The 

quality of drinking water has been affected by human 

feces, livestock, Algae development Bird and wild life 

contamination, uncontrolled flooding and untreated 

waste water from domestic and agro-industrial 

activities. Cost sharing has been widely practiced and 

what matters is water supply system functionality 

and seasonal fluctuation. It was discovered that the 

study community members are duly participate in 

order to sustain the water supply services and befits 

over time. 

Based on the study findings, it can be concluded that 

the community members in the study communities 

take the lead in initiating the project idea of the water 

supply scheme. Meanwhile, their participation in 

decision making related to choose of technology is 

very limited. Communities need to be given due 

consideration and wider platform that give them 

greater opportunity to manage and decide on issues 

affecting their livelihood. The practice of cost sharing 

is well maintained by user communities and can be 

shared as a best practice for other communities. 

These are major areas that need to be given due 

emphasis in line with sustaining the study 

communities water supply services and befits over 

time. 

I. INTRODUCTION 

Water is one of the primary driving forces for sustainable 

development of any country. 

Somalia situated in the Horn of Africa and has a total 

area of 637 600 km2. It shares the border with Kenya, 

Ethiopia and Djibouti. 

Generally, Somalia has an arid and semi-arid climate. 

About 60% of the country is under savannah woodlands, 

used mainly as rangelands. Only about 13% of the land 

can be cultivated, most of which is in the south. 

The northern part of the country is mountainous, while 

the south and eastern sections are characterized by 

narrow coastal plain and interior plateau. 

Being located in an extremely water-scarce area, the 

environmental, social and economic development of 

Somalia is to a large extent dependent on improved water 

security through effective management of water 

resources. [2] 

 

Water resources in Somalia are limited both in quantity 

and quality, with frequent droughts and floods further 

worsening the water security situation in the country. A 

lot still needs to be done in the rural populations to be 

able to meet the Millennium Development to reduce by 

half the proportion of people without sustainable access 

to safe drinking water. 

In (2003) UNDP estimated that about 69% of the nine 

million Somalis live in rural areas. The pastoral nature of 

the rural dwellers requires them to constantly search for 

water and grassland. With an average growth rate of 3%, 

there is increasing pressure on available resources both 

for domestic and pastoral uses. SWALIM undertook this 
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assessment to identify existing water sources, their 

current status and their ability to meet increasing water 

demand in rural Somalia. [3] 

A large proportion of Somali population does not have 

access to improved services and those with access are 

concerned with the quality of services such as water 

quality, adequacy, reliability, response to consumer 

complaints. Access to drinking water in Somalia has 

increase in the past years. [4] 

Rural water supply management in Somalia has not been 

able to provide and sustain adequate drinking water 

services to all people. 

There are number of factors which impact upon the 

effectiveness of the water supply system. These factors 

are socio-economic situation, financial, technical, 

institution, user participation, water quality. These 

factors have been key components of sustainability of 

water supply management system. The influence of these 

factors is important for understanding the performances 

and behaviors of the water supply management system 

in rural area.4] 

 

Universal access to safe and sustainable water supply is 

still a challenge which has not been solved despite many 

decades of infrastructure projects implemented by 

developing countries governments and donor 

organizations. [4] 

In 2015 an estimated 663 million people still lacked 

improved drinking water sources, many of them living in 

rural areas (WHO/UNICEF 2015). However, mere 

construction of improved systems is not enough if they 

are not maintained as, unfortunate-ly, there are still many 

examples of water supply projects which have failed to 

provide services sometimes even only shortly after 

completion of the construction due to various reasons. 

Sustainability of water supply and sanitation 

interventions has been a hot topic in the development 

discourse since many decades already. The first world-

wide attempt to provide water supply and sanitation for 

all the people in developing countries took place during 

International Water Supply and Sanitation Decade 1980-

1990. The ambitious goal of the decade was not met but 

the lessons learned increased the interest towards 

community management in rural water supply, which 

has been an approach widely applied ever since. [5] 

 

 

 

 

 

II. METHODS AND MATERIALS 

The fieldwork for the study covered three study area of 

Wanlaweyn district (Ow-Cusman, Lama-Garas, and 

Ciisaga,) of lower shabelle. 

The study has involved quantitative and qualitative 

methods of data collection and analysis. In order to 

ensure the validity of the quantitative data collected from 

the field, method of triangulation that involves 

questionnaire, key informants interview, project report 

and document review has been administered 

consistently. 

DATA COLLECTION METHODS: 

 

The functionality of rural water supplies was assessed by 

questionnaires and field observations. The questionnaire 

was used to evaluate the degree and type of participation, 

and to evaluate the institutional support during design, 

construction and maintenance phases. The questionnaire 

included questions about community contribution 

(capital, labor and material), female participation, 

technical factors (design of construction), financial 

factors, environmental factors (the sustainability of the 

water source), health factors. Information was verified 

using cross check questions. In addition to the 

questionnaire focus groups discussion were arranged to 

obtain relevant information about the water supply 

systems. Questionnaires were also completed with study 

area experts concerning water supply assessment and 

their technical support and with community water 

committees about women participation and water service 

management. To understand the realities of the water 

supply system field visits were conducted. Informal 

discussion with elders and users were conducted to get 

direct information about that water point. The field 

observation helped the researcher to identify the standard 

of the construction, the condition of the contributing 

watershed, the type of the water point and to determine 

the degree of protection. Waiting time to fetch water and 

the distance between the water point and the household 

house was not as well 
 

 

OBSERVATIONS: 

Observation as well as interviews are the primary 

sources of data in qualitative research and are often 

intertwined with each other. Observations take place in 

the natural setting where the stud-ied phenomenon 

occurs and thus represent first hand encounter with the 

event or phenomenon studied. Observations can be used 

for various purposes, such as triangulate emerging 

findings from interviews and document analysis to 

validate the findings, to get better understanding on the 

context or to record behaviour, to name a few. In 
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situations where people do no not want to discuss all 

topics, through observations it can be possible to get 

additional information about the situation. (Merriam 

2014:) During the village visits observations were used 

as data vali-dation during the transect walks in the 

communities, where the surroundings and the environ-

ment were observed. During the interviews 

interviewee’s reactions and presence was also ob-

served. Observations were recorded in the field notes 

and supported by photographs which as-sisted in 

documenting the information observed. 

WATER QUALITY SAMPLING 

For Ow-Cusman and Lama-Garas water supply system, 

water samples were collected from three sampling 

points namely from at the source, in the distribution 

system and at the consumer point. In case of Ciisaga, 

water samples were collected from two samples at the 

source, at the distribution and at the consumer point. 

Samples were also collected on the sterilized bottles 

provided by the laboratory. One sample was taken from 

each point except Ciisaga water pond were taken from 

two samples. The samples were taken in the morning 

hours for analysis. Samples were analyzed for bacterial 

contamination (total coliform and E. coli) and 

physiochemical parameter (temperature, PH, turbidity, 

electrical conductivity, total hardness, fluoride, 

ammonia, nitrate, iron and manganese) in the mumtaz 

engineering & general services company laboratory in 

Mogadisho. 

METHOD OF DATA ANALYSIS: 

Descriptive statistics based on percentages was used 

to analyze findings. Qualitative data collected from 

households, technical staff members and water 

committees using structured questionnaire, 

interviews and discussions was organized and 

entered in to Statistical Package for Social Sciences 

(SPSS) version 20 or obtaining descriptive statistics. 

In the village each respondent was coded with 

numbers so that the situation in each village for the 

different questions in the questionnaire could be 

analyzed. Questions in the questionnaires were 

identified by a variable name and within variables 

there were values and value labels for identification 

of responses from the respondents. After coding the 

information from the questionnaires, template for 

entering data in the computer program was created. 

The coded data was then entered in the SPSS version 

16 computer programs where frequencies, multiple 

responses, mean, standard deviations and cross 

tabulations was computed during the analysis. 

Descriptive statistics (frequencies, percentages and 

means) were produced for the quantitative data 

depending on the nature of data collected about the 

water points and beneficiary households. Accordingly, 

report produced on the results of the study. The 

qualitative data collected through the key informant 

interviews, focus group discussions, and observations 

made were used to triangulate the findings of the 

quantitative survey of water points and beneficiary 

households. Some of the study findings are presented 

using pictures, diagrams, tables, and charts. 

 

III.RESULTS AND DATA ANALYSIS 

This chapter concerns data presentation, interpretation 

and analyses. 
 

Background information: 
 

The majorities of the respondents 23 (57.5%) were male 

while the minorities of the respondents 17 (42.5%) were 

female. 

 

The respondents constituting 30% of the total 

respondents are in the age category of 15-30, 30% of the 

respondents fall in the age category of 31-45, 

respondents in the range of 46-60 constitute 35%. 

The respondents 14 (35%) were ow-osman, 14 (35%) 

were lama-garas, 12 (30%) were Ciisaga. 

Access to safe drinking water and water use practices at 

house hold level: 

The respondents constituting 52.2% of the total 

respondents use water From Pumping well, 42.5% of the 

respondents use water From Rainwater collection/ Pond, 

the minorities of the respondents 2 (5%) use water From 

water supply point. 

 

Most of the respondents constituting 31(77.5%) have 

confirmed that the amount of water they get from 

improved water source is not enough for Drinking, 

cooking and sanitation purposes. 9 representing (22.5%) 

have responded that the amount of water they get from 

improved water source is enough for Drinking, cooking 

and sanitation purposes. 
 

concerning the water safety of the study community, 

(42.5%) (44) Of cases have indicated that the water 

from their water supply is not safe at all. 37.5% (15) of 

cases have responded that they consider somewhat 

unsafe of water collected from the water supply in their 

community. The minorities, 20% (8) cases have 
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disclosed that they consider water collected from water 

supply is partially safe. 

35(87.5%) of the sample population have stated that 

drinking water cause illness. Others 

constituting5(12.5%) of the respondents have stated 

that drinking water don’t cause illness. 

The respondents 39(97.5%) of the total respondents 

have confirmed that water does not smell and other 

1(2.5%) confined that water does Foul smell. 

COLLECTING WATER: 

the majorities of the respondents 20 (50%) collect 

waterUsing domestic animals, the respondents 16 (40%) 

collect water using their head/back, while the minorities 

respondents 4 (10%) usemotorcycle. 

 

Fig1: Resident Collecting Water Using Domestic Animal In 

Water Ow-Cusman water Supply Point 

The respondents constituting 13(32.5%) of the total 

respondents have stated that adult women are 

responsible for fetching water for household use. 

8(20.3%) of respondents have indicated Boys above 15 

yearsare responsible persons for fetching water for the 

family,7 (17.5%) of the total respondents  indicated that 

Adult men are responsible,7(17.5) of respondents stated 

thatGirls above 15 years are responsible to fetch water 

for the household,While 3(7.5%) of the respondents have 

stated that Female child under15yr are responsible for 

fetching water for household use,while the minorities 

respondents 2 (5%) have stated that Male child under15 

years responsible for fetching water for household use. 

The respondents 23(57.5%) of the total sample replied 

that they commit two times a day to fetch water from the 

source. Those who have stated the commitment of once 

a day constitute 6(15%) of the total respondents. Others 

constituting 9(22.5%) have stated that they devote 3 

times a day to fetch water from the source. The 

remaining 2(5%) have disclosed that they travel more 

than 3 times a day to fetch water from the source. 

26(65%) of the respondent have confirmed that queuing 

time takes 15 minutes or less of household productive 

activities. 14(35%) of the respondent have confirmed 

that queuing time takes 16-30 minutes. 

The residents 27(67.5%) of the total respondents have 

indicated Community residents have initiated the idea of 

building the water supply project. Respondents which 

constitute 13(32%) of the total sample used to have 

indicated Community leaders have initiated the idea of 

building the water supply project. 

Tariff management of the Water Supply Scheme 

the represents 27(67.5%) evaluate the existing water fees 

is Expensive for  them, 11(27.5) valuate the existing 

water fees is Fair for them,and Minorities representing2 

(5%) evaluate the existing water fees is Cheap for them. 

The residents22(55%) the total respondents indicated 

financial support, maintenance, technical pay additional 

fee, and other 18(45%) not pay additional fee of the 

sample population. 

the respondents 28(70%) indicated thatcommunity 

participates in decision-making in all aspects related to 

water project development, planning and 

implementation, the remaining 12(30%) indicated that 

community do not participate in decision-making in all 

aspects related to water project development, planning 

and implementation. 

the respondents36(90%) of the total respondents have 

indicated no participation women in the water 

management committee. 4(10%) of the total respondents 

have indicated women participation in the water 

management committee of the sample population. 
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Fig2: Water Samples from Study Area. 

 

IV.CONCUSION 

Among three water supply system, as we have seen, 

Ciisaga residents do not have any water supply system 

(hand dug well and pumping well), it has only water-

pond that people use 80 % -85 % for their life 

consumption. The analyzes made of the water of Ciisaga 

water-pond samples show that the water is not good for 

human beings to use in terms of drinking, cooking and 

washing. 

Fig3: Young Girls Collecting Water from Halima 

Eenow Pond In Ciisaga  

❖ Lama-Garas residents have two wells and 

water-pond, one well is pumping well water supply 

system and it is functional right now. Another one is 

hand dug well and it does not working at this time. 

The functional well water can potable for people and 

livestock, it does not have more risk to use,but it will 

harm later the health for human.Lama-Garas also has 

water-pond that contains water in wet season and dry 

season it’s empty. when water-pond contains water 

people use for drinking cooking and livestock. 

Ow-Cusman residents have two water supply system and 

small ponds. The first one is solar system pumping well 

and functionally now, the second one is pumping well 

water supply system and also functionally now. It was 

took sample One of them, that is pumping well, the test 

proved water can be usage for the people of Ow-Cusman, 

only late challenge of the health for the people. 

The Ow-Cusman residents do not have sufficient 

quantity of the water that come from two water supply 

system and also people travel more distance to fetch 

water and come back, the sources are far away from their 

homes, in some respondents responded this reply, that is 

another problem suffering from Ow-Cusman people. 

Recommendation for Future Work 

The People should not use water pond without boiling, 

chlorine or ingredients. 

The people should protect pond hygiene and safeguard 

the stools from livestock and etc. 

The researchers advise the owners of the wells to 

respond to complaints from local residents. 

The well of lama-garas is sour it should be pumped 24 

up 48 hours to become at a taste water, if that is not 

possible then it will be drilling. 

The Ciisaga community needs water well, because it has 

only pond water. 

The community needs support from the government and 

non-government to repair wells and ponds. 

Most people rely on rainwater so it is important to make 

large reservoirs. 

Ow-Cusman community need to increase water points to 

fulfill their needs. 

All the residents need to be provided with adequate water 

and sustainable management. 
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Abstract—Thousands of people around the world die 

in road accidents each year. Additionally, millions got 

injured or disabled. More than half of all road traffic 

deaths occur among adults. Finally, road traffic 

accidents rank as the 9th leading causes of death. 

Unless actions are taken, road traffic injuries are 

predicted to become the 5th leading cause of death by 

2030. To reduce the deaths caused by accidents or to 

be aware of that Accident Detection and Alerting 

System using Arduino is developed to prevent and 

reduce uncertain deaths after accidents. This system 

comprises of Arduino UNO, GSM module, GPS 

module and Vibration Sensor Module. The vibration 

sensor module used in this project detects the change 

in linear velocity, displacement or acceleration, GPS 

module specifies the exact location (longitude and 

latitude) of the accident and GSM module sends 

information to the mobile number assigned in the 

software code. This system will send messages to 

emergency centers. The messages will include 

longitude, latitude values of the specific car that has 

the accident (location of accident). Finally, with 

different methods and approaches this system has 

been implemented and it is functioning successfully. 

 

Keywords: Accident Detection, Arduino UNO, GSM 

module, GPS module, Vibration Sensor Module 

 

I-INTRODUCTION 

he high demand of automobiles has also 

increased the traffic hazards and the 

road accidents. Life of the people is 

under high risk. This is because of the lack of 

best emergency facilities available in our 

country. An automatic intelligent accident 

detection system is introduced in this project. 

This design is a system which can detect 

accidents in significantly less time and sends 

the basic information to first aid center within 

a few seconds covering geographical 

coordinates, the time and angle in which a 

vehicle accident had occurred. This alert 

message is sent to the rescue team in a short 

time, which will help in saving the valuable 

lives. A Switch is also provided in order to 

terminate the sending of a message in rare case 

where there is no casualty, this can save the 

precious time of the medical rescue team. 

When the accident occurs the alert message is 

sent automatically to the rescue team and to the 

police station. The message is sent through the 

GSM module and the location of the accident 

is detected with the help of the GPS module. 

The accident can be detected precisely with the 

help of both Arduino and vibration sensor. The 

Angle of the rolls over of the car can also be 

known by the message through the Arduino. 

This application provides the optimum solution 

to poor emergency facilities provided to the 

roads accidents in the most feasible way [1]. 

 

II- LITERATURE REVIEW  

A- HISTORY  

Accident happened every place on earth 

especially when we talking Mogadishu 

Somalia accidents caused by Cars were 

countless, because of the champ congestion of 

the street and speed of the vehicles, these are 

the main factors that causes the accident in 

Mogadishu, the mostly accident happened at 

the places of congestion like junction because 

the junctions have not traffic light, also the 

T 
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accident is not happened in Mogadishu only 

they are accrue every place in Somalia, but this 

project is not preventing the happens of 

accident but it improves the awareness of 

accident being happened at the  emergency 

service to get immediate response  that is what 

we going to do it. 

After analyzing the requirements of the task to 

be performed, the next step is to analyze the 

problem and understanding its context. The 

first activity in the phase is studying the 

existing system and other is to understand the 

requirements and domain of the new system. 

Both the activities are equally important, but 

the first activity serves as a basis of giving the 

functional specifications and then successful 

design of the proposed system Understanding 

the properties and requirements of a new 

system is more difficult and requires creative 

thinking and understanding of existing running 

system is also difficult, improper 

understanding of present system can lead 

diversion from solution. The proposed system 

design involved the following research paper 

analysis [2]. 

Now-a-days, mobile phone is used almost by 

all people. With internet usage are also at all. 

So these mobile phone also provide 

communication platform as they are equipped 

with 2G & 3G network. There are lots of cause 

of accident of car and they are drunkenness of 

driver, drowsiness of driver, unconsciousness 

of driver and many time what happen driver is 

not responsible for accident but their 

neighboring car behavior also have made role 

to enforce accident There are also some system 

have been implemented to avoid the accident 

but that do not give proper solution to 

implemented in car to avoid various accidents 

that they are normally being happen. For 

example, when driver at speed suppose 80km/h 

suddenly stop ignition system may leads to 

changes of dangerous accident.There are 

several efforts, application: approaches are 

projected to produce security and safety just in 

case accident. A completely unique approach 

to extend the protection of road travel 

victimization the ideas of wireless detector 

network and therefore the Bluetooth protocol 

has been protected. It mentioned however, 

vehicles will type mobile ad-hoc network and 

exchange information perceived by the 

onboard sensor [3]..  

The Rapid growth of technology and 

infrastructure has made our lives easier. The 

advent of technology has also increased the 

traffic hazards and the road accidents take place 

frequently which causes huge loss of life and 

property because of the poor emergency 

facilities. This paper will provide an optimum 

solution to this draw back. This paper presents 

vehicle Accident detection and alert system 

with SMS to the user defined mobile numbers. 

The GPS tracking and GSM alert based 

algorithm is designed and implemented with 

Arduino Embedded system domain. [4].  

III- METHODS AND MATERIALS 

Intelligent Accident Detection System is used 

to detect the accident occurs at vehicles with 

equipped with this system, the main goal of our 

project is simplify the operation of finding the 

where the accident happened means is dual 

useful technology by providing rescue team the 

necessary information about the accident on the 

other hand is useful for the victim, the victim is 

not worrying can the rescue team know about 

his/her accident is easy to install or mount of 

vehicle. 

Therefore, in this section we will describe the 

basic components and techniques used in this 

project we can use various types of component 

these components works to perform and satisfy 

the main objectives to detect the location of the 

accident and we should know to design our 

system, accordingly to that, we will analyze 

different possible components in order to 

choose the optimal ones for the system, and 

finally we will design and implement the board 

with the chosen components. 
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Figure  1 The Route Map of our Goals in this 

project 

A- SYSTEM DESIGN AND DESCRIPTION 

 

Figure 2: the system design block Diagram 

To work accuracy in this system every vehicle 

must install this component as shown in figure 

3.2. This unit consists of a vibration sensor 

SW-420, Arduino Uno, Global positioning 

system (GPS), Global System for Mobile 

Communication (GSM) and Liquid Crystal 

Display (LCD) as shown in the above diagram 

will be installed on the vehicle senses the 

accident and sends the location of the accident 

to responsible authorities. The vibration sensor 

is sensing or detecting the accident large scale 

vibration in the vehicle, the sensed data go to 

Arduino and processed it then he take the 

decision by the asking the driver if he need 

support or not if the diver didn’t respond for 

specific time the Arduino decides to send data 

to authorities if the driver didn’t need support 

he/she will press the reset button to cancel the 

operation. The role GPS is to determine the 

location of the accident and gives the location 

to the GSM the module. The GSM module 

sends this data to the responsible authorities 

whose GSM number is already there in the 

module as an emergency number. The LCD 

displays the data collected from GPS, Sensor 

processed by Arduino, the LCD also displays a 

question that Arduino asking the driver if he 

save or not. 

B- PROJECT OPERATION 

 

 

Figure 2: Circuit Diagram of system design 

The vibration sensor SW-420 is the eye of the 

project and not only detects the accident 

beyond the threshold also detect the vibration. 

The Arduino’s firs input is vibration sensor 

when he get this input then requests the GPS to 

retrieve the location and the companied date 

will display using LCD and sent it using GSM 

in this circuit the vibration sensor’s O/P we will 

connect to one of the digital pin, the GPS’s RX 
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and TX connect one of the digital pins or 

default you can choose RX, TX pin on Arduino 

C- PROGRAMMING THE ARDUINO 

The Arduino is an open-source electronics 

prototyping platform composed of two major 

parts: the Arduino board (hardware) and the 

Arduino IDE (software).The Arduino IDE is 

used to write the program that will interact with 

your Arduino and the devices connected to it. 

When you enter IDE software first you have to 

define the LCD, GSM, and GPS pins LCD. In 

this case GPS TX connect to pin 0 and GSM 

Rx connect to pin 1. The LCD pins connect to 

Arduino using these pins (12, 11, 5, 4, 3, and 

2). Also pin 8 Arduino connects to the O/P of 

vibration sensor sw-420 and pin 6 and 7 

connects two LEDs one blinks every second 

when system is normal and one blinks when 

accident happens   

IV-IMPLEMENTATION  

In this chapter we are going to test and 

implement our project in either hardware or 

software, the software simulation must be the 

same with the real hardware inshalah. As we 

discussed earlier the proteuse 8 professional 

will be our simulator to our project. 

 

Figure 4 testing figure 

A.   Software Simulation 

Using proteuse as an electronic simulation 

software we can easily design and simulate the 

project to detect if there is accident or not since 

we can’t do real accident in simulation we 

using logic states connect directly to sensor to 

change the value of the sensor in 1 or 0 to 

stimulate the accident. Before anything the 

system will start and initialize when the system 

is ready will print as shown in figure bellow   

 

Figure 5 starting and initializing 

After initializing and there is no accident the 

system is normal will print out as figure below 

 

Figure 6 System is normal 

If the sensor detects an accident it reports to the 

Arduino and prints out the following  

 

Figure 7 After accident 

That message will appear on screen 

simultaneously and the driver should press the 

reset button on Arduino  
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Figure 8 Reset button on Arduino 

If you didn’t press that button the Arduino 

takes an action that you need a help and 

automatically get the GPS coordinate and then 

send over the GSM as show below    

 

Figure 9 if u didn't press the button 

A.   Hardware Equipment 

The design of the project was built based on 

least materials available that would best 

provide stability, speed, and accessibility 

during operation, the design uses several key 

hardware components mainly GSM,GPS 

Arduino Uno, lcd 16x2 screen and many other 

elements that basically needed in our project 

also prescribed and discussed in chapter 3. 

The Arduino microcontroller is a piece of 

equipment designed to use in multidisciplinary 

projects. The hardware is an open source 

interfaced with a standard programming 

compiler. The microcontroller houses 

everything that is needed. It has 14 digital 

input/output pins (of which 6 can be used as 

PWM outputs), 6 analog inputs, a 16 MHz 

quartz crystal, a USB connection, a power jack, 

an ICSP header and a reset button. It contains 

everything needed to support the 

microcontroller; simply connect it to a 

computer with a USB cable or power it with an 

AC-to-DC adapter or battery to get started. The 

programming for the Arduino is a language 

similar to C++, a low level language. 

In the project implementation we used 

protoboard or as in common breadboard to 

connect the components and other external 

elements we want as an additional feature. 

Figure below shows how we constructed and 

built the intelligent accident detection board 

project 

 

Figure 10 Construction of the project 

When we program and upload it to the 

microcontroller, we can operate it using 

external power source or the USB cable itself 

from the laptop for testing. After initializing the 

system default is normal as shown in figure 

below 
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Figure 11 System is normal 

When the vibration sensor detected a collision 

the red LED will blink and the screen displays 

the follow 

 

Figure 12 Accident detected 

And the display the will display the driver if he 

save or not and then if he didn’t respond after 3 

seconds the SMS will be sent inshalah  

 

Figure 13 after accident detected 

 

V-CONCLUSION 

This thesis has explored and implemented the 

project called accident detection system with 

notification system that additionally enables us 

to find the place of accident detected.  The 

success rate of measures implemented 

indicates achievements we have reached during 

our findings also designing, coding and 

implementing using software simulation and 

connecting hardware components. Although 

we had met many obstacles in many stages, we 

had successfully 
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Abstract- Home automation means automatic control of 

home appliances which saves money and time, and also 

reduces labor work. It is beneficial for elderly and 

handicapped people, because they can use and control 

home appliances such as lights, fan and TV without help by 

using their mobiles phones. This research puts forth the 

equipment which enables users to control their home 

appliances using their cellular phones. It shows the 

construction and working of the device to wirelessly control 

the home appliances based on GSM networking and 

Arduino microcontroller. 

In this research, Arduino is used for controlling the whole 

process. Here we have used GSM wireless communication 

for controlling home appliances. We send some commands 

like ‘light ON”, or “light off” and so on for controlling AC 

home appliances. After receiving given commands by 

Arduino through GSM, Arduino sends a signal to relays, to 

switch ON or OFF the home appliances. 

Consider this example you are in your home and you 

remember that you left the office and all equipment are 

ON, actually it should be OFF. The usual condition is to 

return and switch OFF the office appliances. But with the 

help of this project you will be able to switch off the office 

appliances in the comfort of your home. This shows that 

one can control any appliance at any point, anywhere and 

at any time without worrying about the geographical 

locations. 

 

Keywords:  home automation, Arduino Uno, GSM 

module 

I-Introduction 

Introduction Home/office automation is the control of 

any or all electrical devices in our home or office, 

whether we are there or away. Home/office automation 

is one of the most exciting developments in technology 

for the home that has come along in decades.  

 

There are hundreds of products available today that 

allow us control over the devices automatically, either by 

remote control; or even by voice command. Home 

automation (also called domestics) is the residential 

extension of "building automation". It is automation of 

the home, housework or household activity. Home 

automation may include centralized control of lighting, 

HVAC (heating, ventilation and air conditioning),  

 

 

 

appliances, and other systems, to provide improved 

convenience, comfort, energy efficiency and security [1] 

The home appliance were invented in the early twentieth 

century they began after electricity was invented. 1901 

the first engine powered vacuum cleaner was invented 

after 20 years the refrigerator would be invented as well 

as cloth dryers, irons and washing machines. In 1966 the 

first smart device was invented it was called ECHO IVE, 

this clever device Compute shopping list control the 

home temperature and is turns off and on home 

appliance. The kitchen computer develops a later year it 

could store recipes but the two devices never old 

commercially. In 1998 and early 2000s smart home or 

home automations began increase and become popular, 

smart home appear in the market with suitable price [2] 

II-Problem statement. 

Universities, hospitals, hotels and other main companies 

in  Mogadishu are facing problem with electricity 

because electricity is very expensive in Mogadishu in 

addition  to that there  are facing electricity wastage for 

example 30 classes and only two of them are taking 

lesson, 28 of them are empty and their electricity are on 

and that is electricity wastage. Elderly and handicapped 

people don’t have ability to turn off and on home 

appliance (tv, fun, light etc.) without help   and that is a 

problem. Consider this example you are in your home 

and you remember that you left the office and all 

equipment are ON, actually it should be OFF. The usual 

condition is to return and switch OFF the office 

appliances. But with the help of this project you are able 

to switch off the office appliances everywhere. 
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III-METHODS AND MATERIALS 

Component description to design GSM based home 

automation system we need the following equipment: 

• Arduino Uno 

• GSM module 

• Relay 

• Appliance (light, fun, TV). 

 

 

Arduino It is an open-source project, software/hardware 

is extremely accessible and very flexible to be 

customized and extended It is flexible, offers a variety of 

digital and analog inputs, SPI and serial interface and 

digital and PWM outputs It is easy to use, connects to 

computer via USB and communicates using standard 

serial protocol, runs in standalone mode and as interface 

connected to PC/Macintosh computers [3] 

In other word The Arduino Uno is a microcontroller 

board based on the ATmega328 (datasheet). It has 14 

digital input/output pins (of which 6 can be used as PWM 

outputs), 6 analog inputs, a 16 MHz ceramic resonator, a 

USB connection, a power jack, an ICSP header, and a 

reset button. It contains everything needed to support the 

microcontroller; simply connect  

It to a computer with a USB cable or power it with an 

AC-to-DC adapter or battery to get started. The Uno 

differs from all preceding boards in that it does not use 

the FTDI USB-to-serial driver chip [4] 

 

Figure 1: Arduino Uno 

A GSM module or a GPRS module is a chip or circuit 

that will be used to establish communication between a 

mobile device or a computing machine and a 

GSM or GPRS system. The modem (modulator-

demodulator) is a critical part here. These modules 

consists of a GSM module or GPRS modem powered by 

a circuit and communication interfaces (like RS-232, 

USB 2.0, and others) for computer. A GSM modem can 

be a dedicated modem device with a serial, USB 

or Bluetooth connection, or it can be a mobile phone that 

provides GSM modem capabilities [5] 

Relay 5 volt we can control high voltage electronic 

devices using relays. A Relay is actually a switch which 

is electrically operated by an electromagnet. The 

electromagnet is activated with a low voltage, for 

example 5 volts from a microcontroller and it pulls a 

contact to make or break a high voltage circuit [6] 

Similarly a Relay is a device that helps microcontrollers 

(or microcontroller based boards) like Arduino to switch 

on or off different household appliances like motors, 

lights, water heaters, television and fans etc. [7] 

 Relay has three high voltage terminals (NC, C, and NO) 

which connect to the device you want to control. The 

other side has three low voltage pins (Ground, Vcc, and 

Signal) which connect to the Arduino. 

 

Figure 2: 5v Relay 

 

Block diagram 
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Figure 3: Block diagram 

Working  

Initially an authenticated signal SMS form is sent from 

the user’s cellular phone via Global System for Mobile 

Communication (GSM) network to the phone which is 

fixed to the equipment. This signal or code consists of 

the information about the function or action to be taken 

place i.e. what appliance should be turned off or turned 

on. The receiver phone receives the SMS message that is 

send from the user’s phone and then sends it to the GSM 

modem which in turn sends the output digital signal to 

the microcontroller. Then the microcontroller, based on 

the received signal, controls the different relays, and the 

relay triggers the required appliance. 

 

 

Figure 4: working procedure  

IV-Results 

The results obtained during the construction states after 

necessary troubleshooting were satisfactory. The system 

was able to respond to its operation on the following 

electrical and electronic system such as electric fan, and 

electric bulb etc. 

We successfully designed a system that enables 

controlling home appliance via mobile phone, when we 

send an SMS to the Arduino with the text “ON”   the 

lamp will turn on 

 

A. Simulation result 

In the simulation part we connected all components 

using the proteus software. Simulation software is used 

widely to design equipment so that the final product will 

be as close to design specs as possible without expensive 

in process modification. 

 

In the simulation part we can turn ON and OFF the home 

appliance using Proteus software as you can see the 

pictures below. 

If you send turn ON the system will turn ON and if you 

send turn off the system will turn off. 

 

 

Figure 5: simulation lamp ON 

 

 

Figure 6: simulation lamp OFF 
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B. Hardware Result 

We send some commands in the mobile like ‘light ON”, 

or “light off” and so on for controlling AC home 

appliances.  

We send an SMS from mobile to the Arduino with the 

text “ON” the lamp will turn “ON” 

 

          

 

 

 

 

 

 

 

 

 

 

 

Figure 7: message from mobile 

 

 

Figure 8: lamp on 

We send an SMS from mobile to the Arduino with the 

text “OFF” the lamp will turn “OFF” 

 

•  

Figure 9: message to turn of the lamp 

 

•  

Figure10: lamp off 

V-Conclusion   

In this project we introduced a low cost, flexible, 

wireless solution to the home automation. The approach 

discussed in the system is simple and has achieved the 

target to control home appliances remotely using the 
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SMS based system satisfying user needs and 

requirements. Hence we can conclude that the required 

goals and objectives of the system have been achieve. 
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Abstract-- The short backfire antenna is known 

since 1960s, it consists of two parallel reflectors with 

different dimensions (a big and small) spaced at a 

distance, and a driven element usually placed about 

the midway between the reflectors. The microstrip 

backfire antenna configuration combines the 

microstrip type antenna element and backfire 

cavity this combination depending on the various 

antenna parameters can provide more than three 

times gain over a single microstrip element.  

However, it has problem for propagating of surface 

wave that will reduce the efficiency of antenna. In 

other words, microstrip short backfire antenna has 

a broad E-plane radiation pattern main lobe leading 

to a loss of gain.  

The aim of this study is to design a short backfire 

antenna which has symmetric E&H planes pattern. 

Adding six parasitic wires inside the cavity of a 

short backfire was found to narrow the E-plane 

radiation pattern main lobe, making it more like the 

H-plane radiation pattern and increasing the peak 

gain making it to around 15dB.  

A single proof of concept antenna was built at 2.4 

GHz with a microstrip patch fed with coaxial probe 

and have shown equalized principle planes. 

Keywords: Parasitic Elements, Short Backfire 

Antenna, Radiation Pattern , Microstrip short backfire 

antenna (MSBFA). 

 

I- Introduction 

The first idea of microstrip antenna came in the 

beginning of 1950’s, it’s design and concept introduced 

by Deschamps. It was first published by Greig and 

Engelmann in 1952. The microstrip patch antenna 

consists of radiating patch, dielectric substrate and 

ground plane [1]. 

Figure 1: MSA Configuration [2]. 

Microstrip is probably the most successful and 

revolutionary antenna technology ever. It has many 

advantages such as light weight, low profile, easy and 

low-cost fabrication, easy integration of components 

(including active devices), easy association of arrays, 

and versality in terms of electromagnetic characteristics 

(input impedance, radiation pattern and polarization) 

[3]. 

It can be used in a very broad range of frequencies 

roughly from 1GHz to 100GHz [1]. Microstrip antenna 

have been used in many applications such as; mobile 

communications (both base station and handsets), 

wireless local area networks (WLANs) ultra-wideband 

(UWB) systems, radio frequency identification (RFID), 
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biomedicine, automotive industry, satellite 

communications and radar [3]. 

The short backfire antenna is known since 1960s, it 

consists of two parallel reflectors with different 

dimensions (a big and small) spaced a distance about 

λ/2 apart [4], and a driven element usually λ/2 dipole 

placed about the midway between the reflectors. Short 

backfire antenna is very popular today because of it is 

compact construction and high performance and it is 

widely used in mobile communications, tracking 

telemetry, Wireless Local-Area Network (WLAN) 

systems and many more [5]. 

The microstrip backfire antenna configuration 

combines the microstrip type antenna element and 

backfire cavity this combination depending on the 

various antenna parameters can provide more than 

three times gain over a single microstrip element. It 

consists of placing a microstrip array element between 

total reflector and partial reflector and it is 

characterized by multiple reflections of 

electromagnetic waves between the two reflectors and 

by the energy being radiated normal to and through the 

partial reflector [6]. 

Figure 2: View of short backfire antenna 

Microstrip short backfire antennas received 

considerable attention due to their advantageous 

properties, as a small size and multiband antenna is 

preferable in mobile communications, microstrip short 

backfire antennas can match these properties. However, 

it has problem for propagating of surface wave that will 

reduce the efficiency of antenna, this is due to 

increment radiation of side and back lobes, thus the 

main lobe will decrease and that will lead the gain of 

the antenna to be reduced. In other words, microstrip 

short backfire antenna has a broad E-plane radiation 

pattern main lobe leading to a loss of gain.  In order to 

eliminate the surface wave and increase the gain, 

parasitic elements are introduced to the microstrip short 

back fire antenna.a) Feeding techniques 

Various types of feeding techniques are available to 

feed microstrip antenna. Each of them has its own 

merits and demerits. A number of factors are used to 

choose which type of feeding is suitable for the 

designed antenna. Those types are generally classified 

into two main categories, namely, contacting and non-

contacting. In the contacting method the feed line is 

directly connected to the radiating patch using a 

connecting element such as a microstrip line. The main 

drawback of contacting feeds is that it shows inherent 

asymmetry. In the non-contacting method, 

electromagnetic field coupling is done to transfer power 

between the microstrip line and the radiating patch [7]. 

These are the most feeding techniques used in MPAs: - 

1. Contacting methods of feed 

➢ Coaxial probe feed 

➢ Microstrip transmission line feed 

• Edge feed 

• Inset feed 

2. Non-contacting (Electromagnetically) methods 

of feed 

➢ Aperture coupled feed 

➢ Proximity coupled feed 

But in this paper, we are using the most widely used 

feeding technique which is coaxial feed. 

Coaxial Feed 

One of the widely used feeding technique for microstrip 

antenna, it is a contacting scheme for feeding patch 

antennas. In this type of feeding core of coaxial cable 

is directly connected to the patch using the soldering 

and the outer cable is connected to the ground., while 

the outer conductor is connected to the ground. The 

probe position provides the impedance control in a 

similar manner to inserting the feed for an edge-fed 

patch.  Because of the direct contact between the feed 

transmission line and the patch antenna, probe feeding 
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is referred to as a direct contact excitation mechanism 

[8]. 

Figure 3: Coaxial-Fed patch in side and top views [9]. 

The benefits of this type of feeding technique is that the 

connector can be put at any location within the patch in 

order to match with its input impedance. Also, it has 

another advantage which is that this feed method is easy 

to fabricate and has low spurious radiation. However, it 

has some disadvantage, it provides narrow bandwidth 

and is difficult to model since a hole has to be drilled in 

the substrate and the connector protrudes outside the 

ground plane. Also, when dealing with thick substrates, 

the increased probe length makes the input impedance 

more inductive, leading to matching problems. It is seen 

as above that for a thick dielectric substrate, which 

provides broad bandwidth, the microstrip line feed and 

the coaxial feed suffer from numerous disadvantages. 

Therefore, non-contacting techniques have been 

developed [9].  

 

Method of Analysis 

A number of methods are available for analyzing the 

microstrip antenna. Two mostly used models are named 

below. Transmission line model is easiest one and 

provides a simple physical implementation of the 

antenna but is less accurate, While the Cavity model is 

difficult but more accurate.  

Transmission Line Model 

We have mentioned that transmission line model is the 

easiest, but it yields less accurate. It represents the 

whole patch into two slots separated by a low-

impedance transmission line length. The transmission 

line model considers the effects of the following 

parameters: - 

 

 

a) Fringing Effects 

Figure 4: Effective dielectric constant 

The εreff for W/h > 1 can be given us 

εreff= 
εr+1

2
+

εr-1

2
(1 + 12

h

w
)

-1
2⁄

 [10] 

b) Effect of fringing fields on length 

leff = L + ∆L 

Where   ∆L = 0.412h 
(εreff+0.3)(

w

h
+0.3)

(εreff-0.258)(
w

h
+0.8)

 

For dominant TM010 mode 

L =
c

fr
=

c0

2fr√εr
  [10] 

c) Patch width 

W =
c0

2fr
(

εr+1

2
)

-1
2⁄
 [10] 

d) Resonance frequency 

fr =
c0

2L√εr 
  [10] 
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II- METHODS AND MATERIALS 

This portion consists of the procedures that we are 

going to follow in order to design the proposed antenna. 

The methodology of this project starts firstly by 

understanding the main ideology of microstrip short 

backfire antennas. 

At the early phase of this project single element 

microstrip short backfire antenna will be designed, this 

antenna consists of rectangular microstrip patch with 

microstrip feed line, next stage two reflectors will be 

introduced main and sub reflector that causes the 

radiated Electromagnetic wave from the patch to meet 

multiple reflections between the reflectors before it is 

radiated to the air. Finally, some parasitic elements will 

be introduced by placing an appropriate position on the 

main reflector to increase the performance of the 

antenna. The physical dimensions of the patch such as 

its width, length and the effective dielectric constant 

were calculated manually. The formulas involved were 

found from journals and RF reference books. 

 

 

Microstrip Patch Antenna Design 

In this part, antenna parameters such as dimensions of 

the patch antenna, main reflector, sub reflector and 

parasitic wires are discussed. 

The three important parameters for microstrip antenna 

design are the resonant frequency (fo), the dielectric 

constant (εr) of the substrate and its height (h). 

Selecting the frequency of operation depend on the 

application requirement, while the dielectric constant 

of the substrate depend on the substrate material. The 

substrate material provides mechanical support for the 

radiating patch elements 

 

Figure 5: Dimension of the Rectangular Patch Antenna 

Resonant frequency, fo = 2.4 GHz  

Dielectric constant of the substrate, εr = 4.3  

Height of the dielectric substrate, h = 1.6 mm 

Using formulas that we have shown above the 

parameters are as follows: - 

W = 0.038366m =    38.37mm 

ℇreff = 3.997 

∆L = 0.74mm 

L = 29.72mm 

Calculating the ground plane dimensions  

Wg =  
c

2f
=  

3×108

2×2.4GHz
= 62.5mm   

                      Where              Lg = Wg 

Dimensions of Reflectors 

It is a part of the design that helps the patch antenna to 

give significant results. The main reflector’s diameter 

is related to reflected energy, a typical value of this 

diameter is about 2λ. This reflector has also a wall that 
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also needs to be considered usual height of this wall is 

0.5λ. 

 Also, the height of the reflector will be varied in many 

ways in order to measure and evaluate the performance 

that each value has. 

The dimension of the sub reflector, essentially acts on 

the amplitude and phase field distribution in the 

antenna's aperture. Very small values of the sub 

reflector's diameter, transform the short backfire 

antenna into an ordinary antenna, consisting of feed-

radiator and reflector, and decrease the gain.  

On the other hand, high values of the diameter close to 

the sub reflector's diameter also decrease the antenna's 

gain, because of the reduction of the aperture area. The 

optimum value of the sub reflector's diameter usually 

ranges from 0.3λ to 0.7λ.  

Figure 6: Structure of the proposed antenna 

 

Table 1: Calculated physical dimension of the proposed 

antenna 
Operating frequency in GHz  2.4  

Relative dielectric constant εr  4.3  

Thickness of substrate in mm  1.6  

Thickness of Patch copper in mm  0.035  

Effective dielectric constant  3.997  

Extended length ΔL in mm  0.74  

Length of the patch in mm  29.72  

Width of the patch in mm  38.37  

Width of feed line in mm  3.1  

Sub reflector in mm  45  

Main reflector in mm  250  

Parasitic Wires length in mm  22.5  

Parasitic Wires diameter in mm  4  

 

Characteristics of parasitic elements 

To achieve a symmetry E plane and H plane by 

narrowing down the beam width of the E plane results 

a high gain, hence for the proposed microstrip short 

backfire antenna six parasitic wires are connected to the 

floor of the cavity of SBA around the microstrip patch. 

 

Table 2: Proposed Parasitic wires characteristics 
Wire  Characteristic  

Type  Steel  

Conductivity  6.99×106 S/m  

Length (mm)  22.5  

Radius (mm)  2  

Shape  Cylindrical  

 

III-Results and Analysis 

Initial design of MSBFA 

The main objective of this project was to design a short 

backfire antenna that has symmetrical E and H planes 

to achieve a narrow directive gain. To achieve that 

objective different techniques had been used including 

reduction of the distance between reflectors, increasing 

and decreasing the height of the cavity wall and 

introducing parasitic wires. 

Figure 7: SBFA design without parasitic elements 

Results on the below figures show that the design of 

short backfire antenna without additional parasitic 
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elements has a return loss which is about -21dB and a 

gain of about 13dB at the resonant frequency of 2.4 

GHz. 

Figure 8: Return loss of the design without parasitic 

elements 

Figure 9: 3D gain of the design without parasitic 

elements 

Unfortunately, we did not achieve what we wanted, the 

radiation patterns of the antenna are not symmetry as 

clearly as figure 10 shows. So, a parametric study has 

to be done to overcome this problem as we wanted to 

have a narrow beamwidth and directive patterns. 

Figure 10: E and H plane patterns of the design 

without parasitic elements 

Wall height variation 

The original wall height was 0.55λ0 which is equal to 

68.75 mm, the height will be varied and reduced while 

the sub reflector will remain it is original distance 

which is 0.6λ0. 

Figure 11: Return losses of the wall heights 

Figure 12: Radiation patterns of different wall heights 

Figure 13: 3D gain of last wall height reduction 

In the above figures they show that the reduction of 

wall height has a negative effect to the antenna which 

is reducing the antenna gain compared to the original 

design. 

Decreasing the distance gradually by 5 mm 

Reducing the distance by 5 mm gives new distance of 

70 mm, but all other distances are done like that by 

reducing 5mm after each other. After that we will 

analyze the results of the antenna. 
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Figure 14: Return loss of different sub reflector 

distances 

The distance between the sub reflector and the patch on 

the main reflector is decreased by the scale of 5 mm in 

four times each. It has a negative effect on the antenna 

that is increasing the return loss dramatically as the 

distance of the sub reflector gets closer to the patch on 

the main reflector. 

In this case the distance can be considered as a 

transmission line between generator or source and the 

load, as the transmission line gets shorter the 

characteristic impedance of the load dominates the 

performance of the antenna which increases the return 

loss. Also, at 60 mm distance there are some ripples 

appeared on the return loss and show the return of the 

standing waves. 

Figure 15: radiation patterns for different sub reflector 

distances 

The variation of the distance between the sub reflector 

and the radiating patch gave a significant hint on how 

it would affect the desired radiation pattern of E plane 

and H plane to be symmetrical. But it has a drawback 

which is as the distance between the patch and the 

reflector gets closer the gain of the antenna drops this 

reason is caused by some mis match error between the 

sub reflector and the patch.  

Introducing parasitic wires inside the cavity 

Parametric studies in the previous sections contained 

cavity wall height reduction and the reduction of the 

sub reflector distance from the radiating patch did not 

provide the desired radiation pattern which was the E-

plane and H-plane being symmetry. Another 

parametric study was then undertaken in CST 

Microwave Studio to investigate parasitic wires 

connected to the cavity floor as a means of controlling 

the angular beamwidth of the short backfire antenna. 

 
Figure 16: Design of short backfire antenna with six 

wires. 

The goal of this project has been achieved with six 

parasitic wires placed on the cavity floor around 

radiating patch as shown in Figures below. This has 

provided an equal E-pane and H-plane. 

Figure 17: 3D gain of antenna with six parasitic wires 
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Figure 18: Radiation patterns of the antenna with 

parasitic elements with Six Wires. 

IV- Conclusion  

Conventionally short backfire antenna is characterized 

by high gain and effective aperture efficiency. 

However, the design of this antenna has an E-plane 

with wider angular width than the H-plane angular 

width and hence results the beamwidth of both planes 

to be asymmetry. 

Symmetric E&H planes have been achieved with 

copper with total six parasitic wires installed around the 

radiating patch, this narrow E-plane improved the 

boresight gain of the antenna.  
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Abstract— Today’s world has become so advanced such 

that technology has effect in every aspect of our life. Since 

the start of 1990s the technological advancement of the 

world has grown very rapidly. Every year new innovations 

and new technologies are presented in world technology 

forums. Internet, networking and wireless networking are 

making the world seem like one village or one room.  

Most of the communication electronic devices that we use 

these days have different networking capabilities. Some 

devices have the ability to communicate with various types 

of networks at the same time, e.g. GSM, WLAN, 3G, 4G 

and WiMAX. Other devices are can only communicate with 

single type of network. In the first scenario it is very 

important that the networks of heterogeneous nature, 

roaming users should experience frequent handovers 

across network boundaries. Those handover processes are 

required to happen seeming less. It is import that the end 

user does not feel hour this hand over happened.  

Therefore to optimizing the selection and handover 

processes it is an important issue. Additionally, the method 

of best network selection is very critical research area. The 

methods of handover and network selection should be 

seemingless. It should also be efficient in terms of resource 

usage over dissimilar networks. Therefore, this study 

focuses on performance evaluation of vertical handover 

decision (VHD) scheme for optimizing the efficiency of 

vertical handover processes in heterogeneous wireless 

networks. 

Keywords- Handoff, Electronic Devices, 

Heterogeneous Nature, Intelligent Algorithms 

 

I. INTRODUCTION 

Wireless networking is becoming an 

increasingly important and popular way to 

provide global information access to users 

on the move. Current technologies vary widely in their 

bandwidths, latencies, frequencies, and media access 

methods. Most existing wireless network technologies 

can be divided into two categories: those that provide a 

low bandwidth service over a wide geographic area and 

those that provide a high bandwidth service over a 

narrow geographic area. Unfortunately, there is no single 

network technology simultaneously provides a low-

latency, high-bandwidth, wide-area connection to a large 

number of users simultaneous. [1] 

Handoff (HO) is the mechanism by which an ongoing 

connection between a mobile terminal or host (MH) and 

a correspondent terminal or host (CH) is transferred from 

one point of access to the fixed network to another. In 

heterogeneous wireless networks, handoff can be 

separated into two parts: horizontal handoff (HHO) and 

vertical handoff (VHO). A horizontal handoff is made 

between different access points within the same link 

layer technology. In contrast, a vertical handoff is a 

handoff between access networks with different link 

layer technologies. During the VHO procedure, handoff 

decision is the most important step that affects the 

normal working of communication. An incorrect handoff 

decision may degrade the QoS of traffic and even break 

off current communication. In wireless networks, signal 

quality and related metrics play an important role when 

deciding which interface to use. [2] 

In Heterogeneous Networks there are two approaches of 

network selection scheme, one is network driven 

selections and the other is user driven selections. In the 

network driven approach, the networks make decisions 

for selection while in the user driven approach the 

selection decision is made by means of user side. When 

there are many networks operating in a particular 

coverage area it will be difficult for users to select the 

suitable network to connect and how to authenticate 

with. So, there is need to have mechanisms for users to 

dedicate the suitable network to connect to (Goldsmith, 

2005). This project proposes an algorithm for network 

discovery and selection in a heterogeneous network. The 

proposed algorithm has been implemented in MATLAB 

and its performance has been evaluated by simulations. 

[3]  

II. TYPES OF HANDOVER 

Handcuffs are extremely important to maximize 

spectrum utilization because of the cellular architecture 

employed. Handoff is the process of change of base 

station while maintaining continuity of service during 

roaming of a mobile terminal. 

 

A. horizontal handoff 
 

Handoff between two base stations (BSs) of the same 

system is called Horizontal handoff. Horizontal handoff 

involves a terminal device to change cells within the 

same type of network (e.g., within a CDMA network) to 

maintain service continuity. It can be further classified 

into Link-layer handoff and Intra-system handoff. 

Horizontal handoff between two BS, under same foreign 

w 
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agent (FA) is known as Link-layer handoff. In Intra-

system handoff, the horizontal handoff occurs between 

two BSs that belong to two different FAs and both FAs 

belongs to the same system and hence to same gateway 

foreign agent (GFA). [4] 

 

B. Vertical handoff 
 

Vertical handoff refers to a network node changing the 

type of connectivity it uses to access a supporting 

infrastructure, usually to support node mobility. For 

example, a suitably equipped laptop might be able to use 

both a high speed wireless LAN and a cellular 

technology for Internet access. Wireless LAN 

connections generally provide higher speeds, while 

cellular technologies generally provide more ubiquitous 

coverage. Thus the laptop user might want to use a 

wireless LAN connection whenever one is available, and 

to 'fall over' to a cellular connection when the wireless 

LAN is unavailable. Vertical handovers refer to the 

automatic fall over from one technology to another in 

order to maintain communication. [4] 

 

Classification based on the behavior of a mobile terminal 

for allowing itself for a new connection. They are hard 

handoff and smooth handoff 

 
               Figure 1: horizontal/vertical hand off 

 

 

C. Hard handoff 
 

Hard handoff means ―break before make that is the 

connection to the source is broken before or 'as' the 

connection to the target is made. In a hard handoff, the 

link to the prior BS is terminated before or as the user is 

transferred to the new cell’s BS. That is why hard 

handoff is also known as ―break before make. In this 

case, the MS is linked to no more than one BS at any 

given time. Hard handovers are intended to be 

instantaneous in order to minimize the disruption to the 

call. 

A hard handover is perceived by network engineers as an 

event during the call. It requires the least processing by 

the network providing service. When the mobile is 

between base stations, then the mobile can switch with 

any of the base stations, so the base stations bounce the 

link with the mobile back and forth. This is called ping-

ponging. Hard handoff is primarily used in OFDMA 

(orthogonal frequency division multiple access) and 

TDMA (time division multiple access) (i.e. GSM), 

where different frequency ranges are used in adjacent 

channels in order to minimize channel interference. [5] 

 

D. Soft handoff 
 

Soft handoff is a "Make before break" handoff. That is, 

the mobile station (MS) is up on a call and moves from 

one base station (BS) to another, but the MS starts 

communicating with a new BS before terminating 

communications with the old BS. Soft handoffs can only 

be used between BSs on the same frequency. The 

technique improves reception as MSs Move between 

cells (on cell boundaries). During soft handoff the MS 

actually communicates with more than one BS at a time, 

so that when it's time to move from the weaker BS to the 

stronger one, the MS is already in communication with 

the stronger one. During a soft handoff, the mobile 

station receives independent closed loop power control 

bits from the two BSs and perform "Or of Downs" logic 

to determine how to adjust its power. That means the 

mobile station will increase its power level if and only if 

both power control bits from the two BSs are 0 

(indicating up). If the power control bit from any base 

station equals to '1' (indicating down), the mobile station 

shall decrease its power. Soft handover or soft handoff 

refers to a feature used by the CDMA and W-CDMA 

standards, where a cell phone is simultaneously 

connected to two or more cells (or cell sectors) during a 

call. If the sectors are from the same physical cell site, it 

is referred to as softer handoff. In power controlled 

CDMA systems soft handoff is preferred over hard 

handoff strategies. This is more pronounced when the IS-

95 standard is considered wherein the transmitter [the 

base station] power is adjusted dynamically during the 

operation. Here the power control and soft handoff are 

used as means of interference-reduction, which is the 

primary concern of such an advanced communication 

system. The previous and the new wideband channels 

occupy the same frequency band in order to make an 

efficient use of bandwidth, which makes the use of soft 

handoff very important. The primary aim is to maintain 

a continuous link with the strongest signal base station 

otherwise a positive power control feedback would result 

in system problems. Soft handoff ensures a continuous 

link to the base station from which the strongest signal is 

issued. A softer handoff occurs when the MS is 

communicating with two sectors of a cell. [5] 
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III. CRITERIA OF VERTICAL HANDOFF 

ALGORITHM 

Several parameters as shown in Figure 1 have been 

proposed in the research literature for use in the VHD 

algorithms. I briefly explain each of them below. 

 

 

A. Received signal strength 
 

The performance of a wireless network connection 

depends in part on signal strength. Between a mobile 

node (MN) and access point (AP), the wireless signal 

strength in each direction determines the total amount of 

network bandwidth available along that connection. RSS 

depicts the power present in a received signal. A signal 

must be strong enough between base station and mobile 

unit to maintain signal quality at receiver. The RSS 

should not be below a certain threshold in a network 

during handoff. VHO includes three sequential steps as 

discussed earlier in this paper, namely handoff initiation, 

handoff decision and handoff execution. Handoff 

initiation is concerned with measurement of RSS. [6] 

 

B. Available bandwidth 
 

Bandwidth is a measure of the width of a range of 

frequencies. It is the difference between the upper and 

lower frequencies in a contiguous set of frequencies. In 

order to provide seamless handoff for Quality of service 

(Qos) in wireless environment, there is a need to manage 

bandwidth requirement of mobile node during 

movement. Bandwidth is generally known as the link 

capacity in a network. Higher offered bandwidth ensures 

lower call dropping and call blocking probabilities; 

hence higher throughput. Bandwidth handling should be 

an integral part of any of the handoff technique. [7] 

 

C. Handover latency 
 

Handover of calls between two BS is encountered 

frequently and the delay can occur during the process of 

handoffs. This delay is known as handoff latency. A 

good handoff decision model should consider Handoff 

latency factor and the handoff latency should be 

minimized. Many proposed handoff decision models 

have tried to minimize the handoff latency by 

incorporating this factor in their handoff decision 

models. Handoff Latencies affect the service quality of 

many applications of mobile users. It is essential to 

consider handoff latency while designing any handoff 

technique. [7][6] 
 

D. Network connection time 
 

Refers to the duration that a mobile terminal remains 

connected to a point of attachment. Determining the 

network connection time is very important for choosing 

the right moment to trigger a handover so that the service 

quality could be maintained at a satisfactory level. For 

example, a handover done too early from a WLAN to a 

cellular network would waste network resources or being 

too late would result in a handover failure. Determining 

the network connection time is also important for 

reducing the number of superfluous handovers, as 

handing over to a target network with potentially short 

connection time should be discouraged. The network 

connection time is related to a mobile terminal’s location 

and velocity. Both the distance from the mobile terminal 

to its point of attachment and the velocity of the mobile 

terminal affect the RSS at the mobile terminal. The 

variation of the RSS then determines the time in which 

the mobile terminal stays connected to a particular 

network. Network connection time is especially 

important for VHD algorithms because heterogeneous 

networks usually have different sizes of network 

coverage. [8] 

 

E. Power consumption 
 

In 4G networks, we need to find ways to improve energy 

efficiency. Power is not only consumed by user terminal 

but also attributed to base station equipment’s. Power is 

also consumed during mobile switching or handoffs. 

During handoff, frequent interface activation can cause 

considerable battery drainage. The issue of power saving 

also arises in network discovery because unnecessary 

interface activation can increase power consumption. It 

is also important to incorporate power consumption 

factor during handoff decision. [7] 

 

F. Network cost 
 

A multi criteria algorithm for handoff should also 

consider the network cost factor. The cost is to be 

minimized during VHO in wireless networks. The new 

call arrival rates and handoff call arrival rates can be 

analyzed using cost function. Next Generation 

heterogeneous networks can combine their respective 

advantages on coverage and data rates, offering a   high 

Quality of Service (QoS) to mobile users. In such 

environment, multi interface terminals should 

seamlessly switch from one network to another in order 

to obtain improved performance or at least to maintain a 

continuous wireless connection. Therefore, network 

selection cost is important in handoff decisions. [8] 

 

G. User preferences 
 

When handover happens, the users have more options for 

heterogeneous networks according to their preferences 

and network performance parameters. The user 

preferences could be preferred networks, user 

application requirements (real time, non-real time), 

service types (Voice, data, video), Quality of service (It 

is a set of technologies for managing network traffic in a 

cost effective manner to enhance user experiences for 
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wireless environments) etc. User Preferences can also be 

considered for VHO in 4G wireless networks. [8] 

 

 

 

 

H. Network throughput 
 

Network throughput refers to the average data rate of 

successful data or message delivery over a specific 

communications link. Network throughput is measured 

in bits per second (bps). Maximum network throughput 

equals the TCP window size divided by the round-trip 

time of communications data packets. As network 

throughput is considered in dynamic metrics for making 

decision of VHO, it is one the important requirement to 

be considered for the VHO. [6] 

 

I. Network security 
 

With the increasing demand of wireless networks, 

seamless and secure handoff has become an important 

factor in wireless networks. The network security 

consists of the provisions and policies adopted by the 

network to prevent and monitor unauthorized access, 

misuse, modification, and network-accessible resources. 

In a wireless environment, data is broadcast through the 

air and people do not have physical controls over the 

boundaries of transmissions. The security features 

provided in some wireless products may be weaker; to 

attain the highest levels of integrity, authentication, and 

confidentiality, network security features should be 

embedded in the handoff policies. [7] 

 

 

Figure 2: criteria of VHO. 

 

   

IV. CLASSIFICATION OF VERTICAL 

HANDOVER ALGORITHMS 

There are various ways to classify VHD algorithms. In 

this article, we have chosen to divide VHD algorithms 

into four groups based on the handover decision criteria 

used and the methods used to process these. 

 

A. RSS based vertical handover algorithm 
 

RSS is used as the main handover decision criterion in 

this group. Various strategies have been developed to 

compare the RSS of the current point of attachment with 

that of the candidate point of attachment. In RSS based 

horizontal handover decision strategies are classified 

into the following six sub categories: relative RSS, 

relative RSS with threshold, relative RSS with 

hysteresis, and relative RSS with hysteresis and 

threshold, and prediction techniques. For VHD, relative 

RSS is not applicable, since the RSS from different types 

of networks cannot be compared directly due to the 

disparity of the technologies involved. For example, 

separate thresholds for each network. Furthermore, other 

network parameters such as bandwidth are usually 

combined with RSS in the VHD process. [9] 

 

B. Bandwidth based vertical handover algorithm 
 

Available bandwidth for a mobile terminal is the main 

criterion in this group. In some algorithms, both 

bandwidth and RSS information are used in the decision 

process. Depending on whether RSS or bandwidth is the 

main criterion considered in the algorithm, in this 

survey, the method is classified either as RSS based or 

bandwidth based. [10][11] 

 

C. Cost function based vertical handover 

algorithm 
 

This class of algorithms combine metrics such as 

monetary cost, security, bandwidth and power 

consumption in a cost function, and the handover 

decision is made by comparing the result of this function 

for the candidate network. Different weights are assigned 

to different input metrics depending on the network 

conditions and user preferences. [9] 

 

D. Combination vertical handover algorithm 
 

These VHD algorithms attempt to use a richer set of 

inputs than the others for making handover decisions. 

When a large number of inputs are used, it is usually very 

difficult or impossible to develop analytical formulations 

of handover decision processes. Due to this reason, 

researchers apply machine learning techniques to 

formulate the processes. Our literature survey reveals 

that fuzzy logic and artificial neural networks based 

techniques are popular choices. Fuzzy logic systems 

allow human experts’ qualitative thinking to be encoded 

as algorithms to improve the overall efficiency. 

Examples of applying this approach into VHD can be 

found in. If there is a comprehensive set of input-desired 

output patterns available, artificial neural networks can 
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be trained to create handover decision algorithms. It is 

also possible to create adaptive versions of these 

algorithms which, through continuous and real time 

learning processes, the systems can monitor their 

performance and modify their own structure to create 

highly effective handover decision algorithms. [10] 

 

PROPOSED VERTICAL HANDOVER ALGORITHM 

A. vertical handover algorithm for user connected 

3G 
 

Figure 3 shows vertical handover execution process for 

3G to 4G network. The algorithm decision depends upon 

number of system parameters such as RSS of the entire 

access network, the mobility status of the user. If it is 

mobile and there is sufficient bandwidth and the RSS of 

3G is greater than RSS threshold, the user will remain 

connect to in 3G network. However, when the received 

signal strength of 3G is less than RSS threshold, there is 

no sufficient bandwidth and the time threshold 

calculation is greater than handover delay, then the 

Mobile station directly make a decision of handover to 

4G. 

 

Figure 3: flow chart (VHO) for user connected 3G 

B. Vertical handover algorithm for user connected 4G 
 

Figure 4 shows the flowchart of vertical handover 

execution process of one user connected to a 4G 

network. In order to determine to stay in 4G or handover 

to 3G Number of system parameter should be checked to 

make this decision. Firstly, RSS of the entire access 

network are determined. Secondly, the time threshold 

calculation is checked if it’s less than the handover delay 

and there is sufficient bandwidth and the RSS of 4G is 

greater than RSS threshold it will stay in 4G. However, , 

when the receive signal strength of 4G is less than RSS 

threshold , and there is not sufficient bandwidth and the 

time threshold calculation is greater than handover delay, 

therefore the user should be vertically handover to 3G 

based on selection parameter (RSS, available bandwidth) 

and if there are sufficient time to make handover process. 
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Figure 4: flowchart (VHO) for user connected 4G 

 

V. PERFORMANCE EVALUATION METRICS 
 

VHD algorithms can be quantitatively compared under 

various usage scenarios by measuring the mean and 

maximum handover delays, the number of handovers, 

the number of failed handovers due to incorrect 

decisions, and the overall throughput of a session 

maintained over a typical mobility pattern. These metrics 

are further explained below: 

 

A. Probability of handover failure 
 

A handover failure occurs when the handover is initiated 

but the target network does not have sufficient resources 

to complete it, or when the mobile terminal moves out of 

the coverage of the target network before the process is 

finalized. In the former case, the handover failure 

probability is related to the channel availability of the 

target network, while in the latter case it is related to the 

mobility of the user. [9] 

 

B. Number of handover failure 
 

Handoff algorithm must minimize the quantity of 

handovers, as frequent handovers would result in 

wastage of system assets. A handover is useless, if a 

switching to the old base station is required within a 

certain time span, and such handovers ought to be 

minimized. [11] 

 

C. Probability of unnecessary handover 
 

The unnecessary handover occurs if the traveling time 

inside the UMTS is shorter than the sum of the handover 

time in to (τᵢ) and out of (τ₀) the UMTS network. [11] 

 

D. Handover delay 
 

It refers to the duration between the initiation and 

completion of the handover process. Handover delay is 

related to the complexity of the VHD process, and 

reduction of the handover delay is especially important 

for delay sensitive voice or multimedia sessions. [9] 

VI. RESULTS 

This work analyzes the performance of vertical handover 

by simulation code written in MATLAB-M-file. This 

simulation examines the vertical handover between 3G, 

WIMAX considering the performance metrics such as 

unnecessary handover, handover failure and connection 

breakdown. The simulation parameters are stated in table 

1 and 2. 

 

 

 

Network parameter UMTS (3G) LTE (4G) 

Network radius 350 m 400 m 

RSS  -90 to -60 dbm -90 to -80 dbm 

Data rate 2 Mbps 1 Gbps 

Bandwidth 2 GHZ 3 GHZ 

 

Table 4.1: Different network characteristics 

Parameters Symbol Value 

Urban radius Ru 150m 

Rural radius Rr 500m 

Distance b/w Ap 

and reference 

point 

Dref 50m 
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Handover delay 

UMTS 

𝜏i 1s,0.455s 

Handover delay 

LTE 
𝜏o 1s,0.455s 

Tolerable 

handover failure 

probability 

Pf 0.02 

Tolerable 

unnecessary 

handover 

Pu 0.02 

Frequency UMTS Fu 2.1Ghz 

Bandwidth UMTS Bu 2Mbps 

Frequency LTE FL 1.4Mhz 

Bandwidth LTE BL 100Mbps 

Velocity V 1km/hr. to 

100km/hr. 

 
Table 4.2: network parameters 

A. probability of handover failure 

Figure (5) shows the probability of handover failure with 

the velocity of the mobile terminal, for the proposed 

handover decision method. The result shown the 

probability of handover failure is increase when the 

velocity of the mobile increase in our decision method. 

But when used the travelling time prediction with 

mobility, that makes the probability of handover failure 

reduced. In figure (5) when the handover delay is (τi =1) 

and the velocity of mobile user is equal (100Km/h), the 

probability of handover failure is 0.043. 

 

 
 

 

                   Figure 5: handover failure delay (1s). 

 

 

In figure (6), when the handover delay is (τo = 0.455s) 

and the velocity of mobile user is equal (100Km/h), the 

probability of handover failure is reduced by 0.0228 

from delay (1s).And when the velocity of the mobile user 

is equal to (60Km/h) the probability of handover failure 

is reduced by 0.012 from delay (1s). 

 

 
                                                           Figure 6: handover failure delay 

(0.455s) 
 

B. Probability of unnecessary handover 
 

Figure (7) shows the unnecessary handover with the 

velocity of the mobile terminal, for the proposed 

handover decision method. The results show that the 

probability of unnecessary handover. When the 

handover delay is (1s or 0.455s) and the velocity of the 

mobile user is equal (100km/h) the probability of 

unnecessary handover is ZERO, and when the velocity 

of the mobile user is (60km/h) the probability of 

unnecessary handover is also remind ZERO. 

 

 

 

Figure 7: unnecessary handover delay (1s, 0.455s) 

 

 

C. Number of handover 
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Supposed 1000 random user was generated, MT 

trajectories across the cell coverage area for speeds from 

1 km/h to 100 km/h in 2 km/h increments. Figure (8) 

shown the number of handover failure compare with the 

velocity of the mobile terminal. When the handover 

delay is (1s) and the velocity of mobile user is (100km/s) 

the number of handover failure is 140 and when the 

velocity of the mobile user is (60km/s) the number of 

handover failure is 85 and when the velocity of the 

mobile user is (10km/s) the number of handover failure 

is 15. 

 

 
                 Figure 8: number of handover delay (1s). 

 

And in Figure (9) when the handover delay is (455ms) 

and velocity of the mobile user is equal (100km/s) the 

number of handover failure is 64.And when the velocity 

of the mobile user is (60km/s) the number of handover 

failure is 39.From the result shown when the handover 

delay decreased and velocity of the mobile user is 

increased the number of handover failure is increased 

and vice versa. 

 

 

 

Figure 9: number of handover delay (0.455s)  

 

 

D. Spectral efficiency 
 

Figure (10) show the spectral efficiency of the 4G 

compare with the distance radius of each network. The 

result shown the spectral efficiency of the 4Gisgreater 

than spectral efficiency of UMTS, because the data rate 

of 4Gis greater than data rate of UMTS. 

 

Figure 10: spectral efficiency LTE 

 

Unlike the first the result shown the spectral efficiency 

of the UMTS is greater than spectral efficiency of 4G, 

because the data rate of UMTS is less than the data rate 

of 4G. Figure (11) show the spectral efficiency of the 

UMTS compare with the distance radius of each 

network. 

 

 
Figure 11: spectral efficiency UMTS 

 

VII. RECOMMENDATION’S 
 

The vertical handover is a very important capability in 

the future wireless communication era, where an 
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integrated network grouping multiple technologies will 

try to offer global broadband access to mobile users. 

Future work might improve in the algorithm used here 

by adding additional parameters for network selection in 

HetNet to obtain great results. Also consider the type of 

services in selection, if the service is real time or non-

real time. Finally using effective criteria to handle ping 

pong effect and minimize superfluous handovers. 

 

It is recommended for future works to: 

• Find new approach to enhance the handover failure and 

unnecessary handover by using other parameter such as 

➢ Cost function 

➢ Dynamic RSS threshold 

➢ Fading effect 

➢ And prorogation model. 

• Also recommended to consider the packet loss during 

vertical handover execution. 
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