


==========================================================================
Publisher: Sukkur IBA Journal of Emerging Technologies (SJET)

Office of Research, Innovation & Commercialization – ORIC
Sukkur IBA University - Airport Road Sukkur-65200, Sindh Pakistan

Tel: (09271) 5644233 -37 Fax: (092 71) 5804425 Email: sijet@iba-suk.edu.pk URL: sijet.iba-suk.edu.pk
==========================================================================

i

Sukkur IBA Journal of Emerging Technologies (SJET) is the bi-annual research journal
published by Sukkur IBA University, Pakistan. SJET is dedicated to serve as a key resource to
provide applied engineering research associated with the Electrical, Electronics and innovations
in Energy at the global scale. This Journal publishes manuscripts which are well written by
highlighting development in emerging technologies. This Journal covers all branches of
Engineering, Science & Emerging Technologies.

Copyright: All rights reserve. It is restricted to publish any part of the publications produced,
translated or stored in retrieval system or transmitted in any form or by any means, electronic,
mechanical, photocopying and/or otherwise the prior permission of publication authorities.

Disclaimer: The research material expressed in Sukkur IBA Journal of Emerging
Technologies (SJET) is sole contribution of the authors. The research contribution of the
authors does not reflect the management, advisory board, the editorial board, Sukkur IBA
University press and the organization to which the authors are affiliated. Manuscripts published
in SJET shall be processed through double-blind peer-reviewed by the two experts of field. The
identities of the experts/reviewers shall remain anonymous to the authors. The Journal shall be
published in June i.e. once a year. Neither the Sukkur IBA University nor the SJET shall be
responsible for errors or any consequences highlighted by the reader. The errors and deficiencies
in terms of research in manuscript can directly be reported to the authors.



==========================================================================
Publisher: Sukkur IBA Journal of Emerging Technologies (SJET)

Office of Research, Innovation & Commercialization – ORIC
Sukkur IBA University - Airport Road Sukkur-65200, Sindh Pakistan

Tel: (09271) 5644233 -37 Fax: (092 71) 5804425 Email: sijet@iba-suk.edu.pk URL: sijet.iba-suk.edu.pk
==========================================================================

ii

Mission Statement
The mission of Sukkur IBA Journal of Emerging Technologies (SJET) is to provide a
premier interdisciplinary platform to researchers, scientists and practitioners from the field of
engineering in particular, electrical, electronics, renewable and emerging engineering fields for
dissemination of their finding and to contribute in the knowledge domain.

Aims & Objectives
Sukkur IBA Journal of Emerging Technologies (SJET) will publish and encourage the
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emerging engineering technologies.
The objectives of SJET are:

1. To bring new engineering ideas, research and findings on a single platform.
2. To integrate interdisciplinary research for technological sustainable solution.
3. To provide scholarly platform to connect academia and industries for socio-economic

development.

Research Themes

The research focused on but not limited to following core thematic areas:
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 Solar Energy System
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Power Systems and Smart Grids:

 Power Quality Issues and solutions
 Micro grid systems and their
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 Energy Management and

Environmental Issues
 Hybrid Power System
 Distributed and Co-Generation

Systems

 Power Market and Power System
Economics

Electrical Machines and Adjustable
Speed Drives:

 AC and DC Machines and Drives
 Sensor-less Control
 PIEZO and Electrostatic Actuators
 Machine Design and Equipment

Training
 Maintaininace and Fault Diagnosis
 Bearing less Driving Technologies

Power Electronics and its Application:

 Hard-switching and Soft-switching
static converters

 Multi-level and Matrix Converters
 Emerging Topologies
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 Micro-electromechanical System
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 Power Integrated Circuits (PIC)
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Editorial

Dear Readers,

It is immense pleasure to present you the first issue of Sukkur IBA Journal of Emerging
Technologies (SJET). Sukkur IBA University firmly believes in research environment and has
provided a platform for the intellectuals and researchers to share knowledge and new findings on
emerging trends in various research areas to solve the difficult technical problems related to the
technological advancements in response to the demands of the times. The SJET provided
interdisciplinary platform to researchers’ community to collaborate, co-innovate and instigate
efforts to break the technological barriers. This journal provides the opportunity to gain and
present authentic and insightful scientific & technological information on the latest advances in
the field of emerging technologies.

The SJET provides invaluable source of information and enables the interested researchers to
access the original information they are seeking. The manuscripts submitted in SJET have been
followed by double-blind peer-review process, which addresses key issues in the field of
emerging engineering technologies. The SJET has endorsed highly standards which are
prerequisite for publishing high quality research work. This journal manifests into eco-system for
the academician and engineers work together in the pursuit of excellence & innovation, that is
why the editorial board of SJET is comprises of academic and industrial researchers from various
advanced countries. The journal has adopted Open access policy without charging any
publication fees that will certainly increase the readership by providing free access to a wider
audience.

On behalf of the SJET, I welcome the submissions for upcoming issue (Volume-1, issue-2, July-
December, 2018) and looking forward to receive your valuable feedback.

I hope this journal will make a difference in our perspective and choice of research.

Sincerely,

Dr. Saeed Ahmed Khan
Chief Editor
SJET
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 Automatic Positioned Controller Parabolic solar Dish 

Prototype 

Asif A.Rahimoon1, Izhar A.Sohu1, M.Ishaque Junejo1, Ali Abbas ,S.Nawaz 

Shah1 ,Arslan Ahmed Sohu2 

Abstract: 

This paper discusses the development of dual axis parabolic dish tracker application for 

automatized position power system. This prototype tackles solar light in solar sterling design 

system or concentrated photovoltaic design by implementation of digitalize control circuit to 

enhance Concentrating solar power and Concentrating photovoltaic applications. A normally 

121.92cm dish is designed with H-bridge controller technique & Slew drive actuator mode to 

capture solar irradiances. The surface of dish is polished with 12 aluminum bars to concentrate 

the solar irradiance in one reflective axis. Economic justification for Pakistan’s industries would 

be possible if these automated based renewable prototypes are promoted in market in compare 

of single PV panel. This prototype controls the all weather conditions, utilizing real time flexible 

timing control strategy and photoelectric tracking scheme to provide cost effective product for 

industrial power generation applications. This locally adaptive material based prototype 

encouraged the result about 33% efficient with compared to photovoltaic panel. 

Keywords: Pakistan Energy future; Solar concentrator; Thermal energy utilization. 

1. Introduction  

The world-wide rate of countries are 

utilizing decentralized power system to 

maintain the energy demand with small power 

energy system. These mini energy systems 

can be fabricated with renewable sources such 

as solar cooker, solar geyser, solar hydrogen 

productive devices and parabolic solar dish 

collectors [1, 2]. Utilization of parabolic 

reflector is proven to be effective through 

observation of different researchers that 

worked on heat collector by designing 

parabolic solar dish [3, 4].  The solar heat 

collectors are more reliable in operation when 

the suitable tracking scheme is installed with 

it. The different heat collectors are used from 

                                                           
1 Faculty of Engineering, Science & Technology (FEST), Indus University Karachi, Pakistan 
2Department of Electrical Engineering,Sukkur IBA University,Sukkur,Pakisan 

Corresponding Email: asif.ahmed@indus.edu.pk  

ancient times in bucolic sites as in 212 BC, 

Archimedes used sun light to burn roman fleet 

and in 10th century Ibn Sahl worked on 

parabolic mirror.  The same trend is followed 

by new researchers on parabolic solar dish to 

capture heat and dispatch an economical and 

optimized prototype in market with different 

applications [5, 6, 7]. In proposed prototype 

the solar dish is fabricated with aluminum 

glass that is integrated with controller scheme 

of tracking with concerned measurement of 

Azimuth angle to gain efficient sun-light. As 

by researcher there are different scenarios of 

designing this prototype on small level 

application to commercial based with 

alteration of its tracking control techniques 

such as PLC, SCADA & Microcontroller to 

mailto:asif.ahmed@indus.edu.pk
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make parabolic heat collector efficient [8, 9, 

10].The integrated technology of this 

proposed system that is comprised of Arduino 

based dual axis tracker, 12v operating power 

window motors and sensor fault control 

strategy to maintain elevation and tilt angles 

smoothly enhance the future work of power 

industries.  

2. Proposed Dish Prototype 

For Pakistan, in rural or desert areas where 

sunlight appears invariably under seasonal 

mode, the desired system is proposed to 

capture the solar irradiance in regular and 

seasonal mode. With high reflective glass 

material the heat collection is merged under a 

single focal point of parabolic dish [11, 12].  

The maintenance of solar dish elevation angle 

and tilt angle is done through LDR actuators 

and power window motors. The whole 

tracking of proposed parabolic solar dish is 

based on Arduino based chip board that 

regulate the whole system in optimal and 

efficient mode. The power running actuators 

get their startup power service from an 

external battery to improve the remedies of 

sensor mechanism. The designed automated 

dual axis tracking prototype is capable to 

attained high temperature applications like as 

hot water & steam generation. As in previous 

research of dual axis the system rotates with 

their both operative modes which make the 

tracker slower in perception of heat 

measurement and sensor functioning so, to 

improve this state of sensor the optional mode 

is included in designed parabolic dish 

prototype that is tested at Indus University 

Karachi with Latitude 23.9207°N and 

Longitude 67.0882°E which gives you option 

to run your dish on single axis or both axis as 

suitable with your application area.  

 

  

 

 

 

 

 

 

 

 

Fig. 1. Designed Prototype. 

3. Hardware Development 

           The system is integrated with different 

parts to achieve the efficient output that is also 

calculated with some algorithms. The 

adoptive algorithm are included as parabola 

calculator2.0 for designing parameters of solar 

dish, solar angle meter for angle calculation of 

X-axis & Y-axis geometry, Arduino assembly 

for programming of controller chip, 

generalized equation are adopted with used of 

solar geometry tools that are as sun calculator 

& sun Earth tool for solar positioning and 

shadow effect rate.The arrangement of these 

integrated tools are shown in figure 3. 

 
Fig. 2. Block Diagram. 

3.1. Parabolic solar Dish design 
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TABLE I. Detailed sheet of dish.                                                      

 
            

TABLE II. Automatic Tracking parameters. 

 

3.2. Sensor Configuration 

       There are a lot of sensors used to run the 

trackers with opto-electronics technology. 

Here in this designed prototype we have 

installed LDR wall that will function with 12v 

output power. The designed wall is configured 

with H-Bridge drive module and power motor 

rotation. As by research mostly implemented 

motor are servo motor and DC gear motors, 

but due to misalignment and speed 

management challenges this prototype is 

designed with 12v DC gear with slew 

controller technique and 12v wiper motor. 

Slew controller technique is installed to tilt the 

dish with optimum speed rate according with 

input rated pulse of PWM generator. Each 

motor gets its input from H-Bridge dual axis 

module which had internal 5v AVR and 2 

Pulse generators. 

3.3. Arduino Controller 

       Arduino is an open source digital it that 

assemble the software and hardware designed 

projects with less complexity. The Omega 

controller Arduino is computationally 

installed with this prototype which is easy to 

program with in running project as compared 

of other technologies. As this prototype needs 

simple management to provide an optimum 

output result so the easy configurable 

controller is used to track and run the 

parabolic solar tracker.  

3.4. Equations  

a) Hour angle 

𝑯. 𝑨      =  
𝒏𝒐. 𝒐𝒇 𝒎𝒊𝒏𝒖𝒕𝒆𝒔 𝒑𝒂𝒔𝒕 𝒎𝒊𝒅𝒏𝒊𝒈𝒉𝒕

𝟒°
𝒎𝒊𝒏

 

 

b) change in hour 

angle:=
 𝒔𝒊𝒏∞−𝒔𝒊𝒏𝜹.𝒔𝒊𝒏∅

𝒄𝒐𝒔𝜹.𝒄𝒐𝒔∅
 

c) Declination angle 

D.A=

𝒔𝒊𝒏−𝟏∗ [𝒔𝒊𝒏(𝑬𝒂𝒓𝒕𝒉 𝑻𝒊𝒍𝒕 𝒂𝒏𝒈𝒍𝒆) ∗

𝒔𝒊𝒏(𝒆𝒂𝒓𝒕𝒉 𝒆𝒍𝒊𝒑𝒕𝒊𝒄𝒂𝒍 𝒑𝒐𝒔𝒊𝒕𝒊𝒐𝒏)] 

d) Altitude Angle = 𝒔𝒊𝒏 ∝= 𝒔𝒊𝒏𝜹 ∗
𝒔𝒊𝒏∅ + 𝒄𝒐𝒔𝜹 ∗ 𝒄𝒐𝒔𝒘 ∗ 𝒄𝒐𝒔∅ 

e)  

𝑨𝒛𝒊𝒎𝒖𝒕𝒉 𝒂𝒏𝒈𝒍𝒆.       𝒔𝒊𝒏𝜶

=
𝒔𝒊𝒏𝒘. 𝒄𝒐𝒔𝜹

𝒄𝒐𝒔𝜶
 

f) Shadow Length= |OP|=h/tanα 

 

4. Parabolic Dish Working 

 As concerned with dual axis solar heat 

collector from previous research work, 

different challenges were occur that are in 

sense of Cosine effect, Dish alignment, sensor 

actuation and MPPT technique(choice of 

controller). So, an automatic motorized 

control prototype is presented with 121.92cm 

diameter dish to enhance the solar irradiance 

application. The working is performed at 

Karachi, Sindh Pakistan with coordinate 

location of Latitude 23.9207°N and Longitude 

67.0882°E .The whole implementation of 

solar designed dish with its all configured 
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controller is accomplished on 4*4ft 

rectangular frame. The system perform its 

working when it get the input pulse from 

preset topology of controller to derive the 

motor in suitable direction either to tilt the 

dish or curve the dish with the help of DC-gear 

and power wiper motors. The output  

is performed with placement of 20w Solar 

panel on parabolic dish.  

 

 

 

TABLE III. Result Analysis. 

 

 

 

  

Change 

in hour 

angle 

Angles measured Time 

hour 

Static solar PV Prototype Result Shadow 

length(ft) Altitude Azimuth Voc Isc power Voc Isc power 

𝟏𝟐. 𝟒𝟗𝟎 23.550 130.190 9am 19.7 0.15 2.95 20.3 0.29 5.88 7.51 

𝟐𝟓. 𝟎𝟗𝟎 32.90 141.910 10am 20.5 0.36 7.63 20.3 0.33 5.69 5.05 

𝟑𝟒. 𝟐𝟗𝟎 39.80 157.020 11am 20.1 0.16 3.22 19.2 0.36 6.91 3.93 

𝟑𝟖. 𝟔𝟕𝟎 43.150 175.180 12pm 20.1 0.34 8.33 19 0.69 13.11 3.51 

𝟑𝟕. 𝟏𝟓𝟎 42.040 194.120 1pm 20.4 0.42 8.57 19 0.94 17.86 3.64 

𝟑𝟎. 𝟏𝟗𝟎 36.800 210.90 2pm 20.2 0.43 8.68 20 0.67 13.4 4.39 

𝟏𝟗. 𝟏𝟎 28.50 224.20 3pm 20 0.36 7.2 20.5 0.51 10.45 6.03 

D
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    Fig. 3. Sun Position Graph.                                          Fig. 4.  Prototype Parts. 

5. Conclusion  

The tariff of electric price is become 

inverse proportion to oil and fossil fuel tariff 

that creates that hazard effect of load shading. 

So to provide a sustainable tool with 

development of power optimized techniques, 

we have to promote renewable energy 

applications with help of technical expertise. 

In this research an innovative low cost 

parabolic dish is analyzed optically to 

compensate the MPPT tracking issues. The 

thermally analyzed result is obtained with 

hour angle formulae tools and flux meter that 

is about 210𝑤/𝑚2 on parabolic dish at 

21.8℃ temperature. This research concluded 

that the design and function of the prototype is 

proven to be efficient. Parabolic dish with 

single axis sun tracking mechanism upturns 

the magnitude of current, voltage and power 

of mounted solar panel is about 23.6% in 

compare of the static solar penal and Parabolic 

dish with dual axis sun tracking mechanism 

upturns the magnitude is about 33% in 

compare of the static solar penal. 
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 Analyzing the impact of Temperature on  Proton Exchange  

Membrane Fuel Cell performance Using Matlab  

Aftab Ahmed Khuhro1 ,Intizar Ali2 ,Safiullah2 
Abstract: 

The Proton Exchange Membrane Fuel cell (PEMFC) is a device that converts the 

chemical energy of hydrogen into electrical energy. It receives hydrogen at anode and oxygen 

at the cathode side, due to chemical reaction at electrodes electronic current, along with that 

water and heat is also produced. Heat produced causes problem for current produced, cell 

performance and may lead to a phase change of water produced. Heat produced may also cause 

melting of the sensitive membrane and increase losses in a fuel cell. Water produced causes 

flooding at Electrodes and membrane which requires a specific amount of water only. This study 

used Mat lab to analyze the impact of temperature on different parameters which have a 

significant effect on heat and mass flow. The results showed that the performance of Proton 

Exchange Membrane fuel cell reduces with increase in temperature significantly during 

operation of the cell. The performance of fuel cell can be enhanced if the temperature of the fuel 

cell is controlled and kept within limits. Proton Exchange Membrane fuel cell is suitable for 

transport, automobile, and other applications. 

Keywords: Heat; Mass; Fuel Cell; Transport; Management; Issues; Mass flow; Temperature; 

Matlab. 

1. Introduction  

In the beginning of this century, the world 
has realized the shortage of fossil fuels which 
include mainly coal, gas, and oil. Most of 
worlds energy demand is dependent on these 
natural resources. It is predicted that these 
resources will be very close to depletion in 
2060. Nuclear, Solar, Wind and other 
resources are considered as best option to 
replace the fossil fuels needed in future. 
However, still there will be a need for fuel to 
run high speed and heavy-duty vehicles of 
future and fuel cells are a suitable option for 
such a need [1]. 

                                                           
1 Energy system Engineering, Sukkur IBA University, Sukkur, Pakistan 
2 Department of Mechanical Engineering Technology, The Benazir Bhutto Shaheed University of Technology and 

Skill Development, Khairpur, Pakistan 

Corresponding Email: aftab.mere17@iba-suk.edu.pk 

William Grove is considered to be first to 
invent fuel cell in 1839. In 1960 NASA first 
commercialized the fuel cell by using them in 
their space missions [2]. After that, this 
technology was less discussed among 
researchers due to its shortcomings such as 
high cost and low efficiency. Nonetheless, 
improving fuel cell performance by improving 
its design, material and optimizing 
performance has found new interest among 
researchers. 

Proton Exchange Membrane Fuel cells are 
the power source of future. Many researchers 
are working on this technology to improve its 
performance and make it compatible with 

mailto:aftab.mere17@iba-suk.edu.pk
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other fossil fuel technologies. PEMFCs use 
pure hydrogen as fuel which can be produced 
using solar or wind power. Hence this 
technology becomes clean, sustainable and 
emission-free technology [1]. 

PEMFCs consist of a membrane, 
electrodes, gas diffusion layer, bipolar plates, 
and current collectors [2]. Hydrogen at anode 
breaks into proton and electron. The 
membrane allows proton only to pass through 
and electrons flow through the external path to 
do some work. When hydrogen breaks at 
anode due to catalyst action, it is exothermic 
reaction hence heat is released [3]. Water is 
produced at cathode when proton from 
membrane and oxygen through flow channels 
combine at cathode [4]. The reaction that 
occurs on both sides of the membrane is given 
below. 

Anode 𝐻2  (g)→ 2𝐻+(𝑎𝑞) + 2𝑒−                    (1) 

 

Cathode 1

2
 𝑂2 (𝑔) + 2𝐻+(𝑎𝑞) + 2𝑒−

→ 2𝐻2𝑂 (𝑙) 

   

 

(2) 

 

Overall 
𝐻2 (𝑔) +

1

2
 𝑂2 (𝑔) → 𝐻2𝑂 (𝑙) 

+ℎ𝑒𝑎𝑡 + 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 

                                    

(3) 

                                                             (3) 

Heat and water produced are required in 
specific amount only [5]. If there is excessive 
heat, it will melt sensitive membrane and 
affect the efficiency drastically. And if water 
produced is in the excessive amount, it will 
cause flooding at electrodes, reducing the 
active area for reaction and reduce cell 
performance [6]. Hence this study aims to 
analyze different fuel cell parameters which 
can affect heat and mass transfer phenomenon 
directly or indirectly. The connection of 
several fuel cell units in series and parallel will 
add up voltages and current which might be 
utilized in electric vehicles. This shows the 
importance of fuel cell electricity generation 
for the automobile industry. 

In order to optimize the performance of 

fuel cell, optimizing heat and mass problem is 

necessary. Most of fuel cell performance 

parameters depend on heat and mass transfer 

phenomenon [9]. 

 

Fig. 1. PEM Fuel Cell diagram [3]. 

 

Fig. 2. Flow channels and flow directions [5]. 

 

Fig. 3. Exploded view of PEM Fuel cell [16]. 
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2. Methodology 

This study is based on Numerical analysis 
of heat and mass transfer issues due to 
variation of different parameters during 
operation of the fuel cell. This paper focuses 
on the impact of temperature variation during 
cell working and observes the impact on the 
performance of cell by choosing a different 
range of operating parameters and analyzed 
them using the available commercial software. 
Rather choosing many parameters and 
observing their effect cell this study is focused 
on the temperature of the cell which is 
considered as a most important factor of fuel 
cell performance. Thus, understanding the 
fuel cell temperature and its behavior becomes 
very important. 

2.1. Mass transport and Water 
Management 

In order to produce the continuous power, 
we need a continuous supply of fuel at the 
anode side of the cell. Added with that 
excessive surplus water produced as the 
output of reaction should be removed 
continuously. Voltage and current reduction 
may be caused due to three kind of losses of 
fuel cell activation, concentration and ohmic 
losses [10]. 

Mass transport is a flow of species within 
the cell and by optimizing flow and analyzing 
their effect on cell performance we can predict 
cell behavior. Water produced may cause the 
membrane to rupture or occupy active places 
where reaction needs to take place [11]. 

∑(𝑚𝑖) 𝑖𝑛 = ∑(𝑚𝑖) 𝑜𝑢𝑡 (4) 

 

Mass balance of cell system should be 
mass that goes into system equals that leaves 
the system. 

𝑤𝑒𝑙 = 𝑛𝑐𝑒𝑙𝑙𝑉𝑐𝑒𝑙𝑙  𝐼                                  (5)             

 

However, cell power can be expressed as 
given in equation above where n_cell 
represents the number of cells, V_cell 
represents cell voltage and I is current of cell. 

The higher flow rates cause the better 
distribution of reactants. If the flow rate is too 
high that may rupture sensitive membrane. 
There are basically two types of flow within 
the cell. One is by convection that occurs in 
flow channels and the other is diffusive which 
is due to pores of diffusion layer and 
electrodes [12]. 

Hence the study of mass transport and 
water management become important to 
properly design fuel cell. Different parameters 
and constants are used to study the behavior of 
cell performance when temperature changes 
with time of operation. 

TABLE I. The parameters and constants 
used in this study to analyze the effect of 

temperature on fuel cell performance. 

Parameters symbol Constant value 

Thermal 
conductivity (k) 

Depends on 
material 

Heat transfer rate 
(q) 

------- 

Ideal gas constant 
(R) 

8.314 

Faraday's constant 
(F) 

96487 

Transfer coefficient 
(⍺) 

0.5 

Enthalpy  Depends on 
temperature 

Thermal Resistance 
(R) 

------ 

 

2.2.  Heat Management 

The temperature in PEMFCs is always 
unsteady even if flow rate at both electrodes is 
kept constant. Temperature variations within 
the cell due to water phase change, heat 
produced by the chemical reaction, water 
flooding within the cell and air convection 
[13]. 
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Determining heat distribution within the 
cell is key to determine temperature variations 
and predict them properly. Operating 
temperature is an important parameter that can 
affect the efficiency of the cell. Temperature 
control, distribution and dynamic response are 
very important to understand for better 
performance of the cell. It is necessary for 
proper operation of fuel cell stack that 
optimum values should be known for 
parameters such as temperature. Some 
researcher has shown that temperature has the 
greatest effect on cell performance [14]. 

Operation of fuel cell stack is an uncertain 
process and the temperature is a parameter that 
has the highest uncertainty during operation. 
Water transport is directly affected by 
operating temperature of the cell. It also 
affects flow species, removal of water, and 
flooding at electrodes [15]. 

Heat distribution can be determined using 
energy balance on the system. The energy 
balance depends on several factors such as 
power produced, reactions and heat loss on 
walls of the cell [16]. 

The enthalpy of a system that enters the 

system is equal to the enthalpy of products 

plus heat generated. The rate of heat transfer 

with cross-section area A is given below. 

𝑞𝑥 = −𝑘𝐴
𝑑𝑇

𝑑𝑥
                                                         (6) 

Where k is thermal conductivity and 
𝑑𝑇

𝑑𝑥
 is a 

temperature gradient. L represents the length 
and T1 and T2 are initial and final 
temperatures. 

𝑞𝑥 = 𝑘
𝑇1 − 𝑇2

𝐿
                                                    (7) 

Thermal resistance associated with 

conduction in the plane wall is given as 

𝑅𝑐𝑜𝑛𝑑 =
𝑇1 − 𝑇2

𝑞𝑥

=
1

𝑘𝐴
                                (8) 

Heat transfer through conduction between 

two adjacent materials in contact is given as  

 

𝑞 = ℎ𝑡𝑐𝐴∆𝑇                                                           (9) 

Where ℎ𝑡𝑐   is convective heat transfer co-

efficient. Thermal resistance associated with 

heat transfer by convection is given as 

𝑅𝑐𝑜𝑛𝑣 =
𝑇1 − 𝑇2

𝑞𝑥
=

1

ℎ𝐴
 

Where h is enthalpy. Since conduction and 

convection are in series they can be written 

mathematically as  

 

𝑅𝑡𝑜𝑡𝑎𝑙 =
1

ℎ1𝐴
+  

𝐿

𝑘𝐴
+

1

ℎ2𝐴
 

 

𝑞 = 𝑈𝐴∆𝑇 

 

The considering fuel cell walls as 

composite and in series total heat transfer can 

be written as equation above where U is 

overall heat transfer coefficient. 

The fuel cell system runs efficiently when 

there is precise control of temperature. At 

higher temperature, the kinetics will be faster 

and reduce activation losses. But higher 

temperature may damage the membrane so it 

is required at an optimum level. Higher 

temperature will also cause water to vaporize 

and change its phase from liquid to gas. Small 

fuel cell stack does not require cooling but 

larger stack requires cooling for homogenous 

temperature distribution and control [17].  

Heat distribution can be controlled by 

properly designing flow channels and bipolar 

plates. Introducing cooling channels with 

bipolar plates additional heat can be removed. 

3. Results and discussion 

The objective of this study is to analyze 

and observe the impact of temperature on fuel 

cell Losses, Performance, Entropy, Current 

produced, Consumption of fuel and 

Reversible cell potential. 

Temperature is an important parameter 

that has an effect on heat and mass parameters. 

Temperature has a low impact on the entropy 

of mass species during operation of the cell. 
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The entropy of H2, O2, and water does not 

show significant change while temperature 

increases during operation.  

Water management at Membrane in cell 

stack is very important because Ionic current 

flows through the hydrated membrane. Heat is 

generated at anode which causes dehydration 

of membrane. On the other hand, water 

generated at cathode may cause flooding if 

generation rate is higher than transport rate. 

Both the hydration and flooding at cathode 

depends on heat generated by fuel cell reaction 

and both dehydration of electrolytic 

membrane and flooding of cathode must be 

avoided to get optimum performance of cell 

stack. 

 

Fig. 4. The impact of temperature on the entropy 

of mass species. 

 

Fig. 5. The impact of temperature on activation 

losses. 

 

However, the temperature has a significant 

impact on activation losses of the cell. If 

temperature increases the activation losses 

increases with that exponentially. Hence 

temperature control during operation of the 

cell becomes very important to limit activation 

losses. Heat and mass species play an 

important role in cell performance and are 

related to temperature directly or indirectly. 

Temperature also plays an important role 

in current produced by the cell, hydrogen 

consumed at the anode and total electricity 

produced by the cell. This study shows that if 

temperature increases with that current 

produced by cell decrease significantly. The 

significant loss in total electricity produced is 

also observed. Due to increase in temperature 

number of moles consumed at the anode side 

of PEMFCs also reduces. The less current 

produced and moles at anode show that 

performance of cell reduces with increase in 

temperature. The results show that reversible 

cell potential also reduces with increase in 

temperature. Hence temperature has a 

negative impact on reversible potential which 

will add further loss in fuel cell performance 

and efficiency to operate at high temperature. 

Temperature has a positive impact on cell 

current density. 

If temperature increases cell electrode 

kinetics increases along with electrode 

kinetics limiting current density increases. 

The key findings of this study would be 

following. 

1. Temperature has less impact on 

Entropy but it accelerates the kinetic 

reaction at first along with an 

increase in activation losses. 

2. Reversible cell potential values 

reduced with increasing temperature. 
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TABLE II. Effect of temperature on cell 

current, electricity produced and H2 

consumed at the anode. 

Temperat

ure (K) 

Current 

produc

ed (A) 

Electrici

ty 

produce

d  

No of 

moles 

consum

ed (H2) 

298.15 1.9733 1.70×10
5 

0.8835 

303.15 1.9467 1.67×10
5 

0.8689 

308.15 1.9092 1.64 

×105 

0.8548 

313.15 1.8788 1.62×10
5 

0.8412 

318.15 1.8492 1.59×10
5 

0.8280 

323.15 1.8206 1.57×10
5 

0.8151 

328.15 1.7929 1.54×10
5 

0.8027 

333.15 1.7660 1.52×10
5 

0.7907 

338.15 1.7399 1.50×10
5 

0.7790 

343.15 1.7145 1.48×10
5 

0.7676 

348.15 1.6899 1.46×10
5 

0.7566 

353.15 1.6660 1.43×10
5 

0.7459 

 

3. The less fuel was consumed due to 

increase in temperature which is not 

good for the overall performance of 

the cell. 

 

 

 

 

 

 

 

TABLE III. Effect of temperature on 

reversible cell potential. 

Temperature (K) Reversible cell 

potential 

298 1.2289 

303 1.2247 

308 1.2205 

313 1.2163 

318 1.2120 

323 1.2036 

328 1.1993 

333 1.1909 

343 1.1902 

353 1.1824 

363 1.1740 

373 1.1655 

 

 

Fig. 6. The impact of Temperature on limiting 
current density. 

 

4. Conclusion 

This paper shows that temperature has a 

significant impact on current produced within 

fuel cell stack compared to Entropy of mass 

species. As the temperature rises due to heat 

released during reaction taking place at 

Electrodes, current and electricity produced 



Aftab Ahmed Khuhro (et al.), Analyzing the impact of Temperature on  Proton Exchange  Membrane Fuel Cell 

performance Using Matlab                                                                                                                                 (pp. 7 - 14) 

 

Sukkur IBA Journal of Emerging Technologies - SJET | Volume 1 No. 1 January – June 2018 © Sukkur IBA University 

13 

are reduced. There was a continuous drop in 

hydrogen consumption at Electrodes due to 

rise in temperature. The lesser consumption of 

hydrogen fuel at anode leads to the minimum 

amount of current and electricity production. 

Temperature also affects the activation 

losses of the cell, the increase in temperature 

active places at anode and cathode of cell 

show more resistance for reaction. The 

operation time to calculate cell current and 

other parameters was chosen 24 hours. During 

this period number of moles calculated and 

converted in liters at 25oC are 19.79 liters. 

The number of liters consumed at 80oC 

ware 16.70. It can be concluded that with 

higher temperature cell tends to consume less 

fuel as compared to low temperature, which 

will eventually result in low performance and 

reliability of PEMFCs. 
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Solar Concentrator’s Effect on Solar Panel Efficiency  
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Menghwar2, Zulqarnain Arain 1,2, Danish Khan2 

Abstract: 

Given the current energy emergencies, the existing emphasis is increasing on the 

renewables as researchers predict near the end to fossils. In the light of the current renewable 

energy resources, the solar energy is seen to be one of the most reliable ones for the third world 

countries. Moreover, the efficiency of current commercial photovoltaics hardly touches 30 %. 

This paper studies the mechanism of empowering solar concentrators to collect higher solar 

irradiation to concentrate on the solar panel and study the variations in the amount of power 

received and the temperature constraints. The study utilises the use of solar concentrators in 

regions under and over the mentioned standard temperature ranges by the manufacturer on the 

specification sheet, and thoroughly studies the variations observed in output parameters. 

Keywords: Solar Concentrator; Efficiency; Temperature; Renewable energy. 

1. Introduction 

The energy that is received directly from 

the sun is approximately near to 1413 W/ m2. 

However, the actual utilisation which is 

indicated on the ground scale is near to 1050 

W/m2 as reported by the United States Branch 

of Agriculture, Portland USA. In general, the 

Earth’s top layer is nearly 30% more 

extreme than the one which is received on the 

ground. Most studies report that the real solar 

energy that is being utilised for the normal 

operation of the solar panel is nearly 70% of 

the total energy that is received directly from 

the sun on planet Earth. In other words, 

current photovoltaics utilises 70% of the 

energy received on the earth to satisfy our 

current energy demands [1-2]. 
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The manufacturers of the Solar Panel are 

always required to display a specification list 

on the back of the Solar Panel. The 

specification list consists of the various 

parameters that the Solar Panel is going to 

respond. Most of the commercial Solar Panel 

manufacturers are reporting that their Panels 

would respond to the standard when exposed 

to irradiations of 1000W/m2 and 25*C. In the 

case where the standard ranges are violated 

contribute to the irregular response from the 

Solar Panel, thus arising stability issues for the 

photovoltaic systems. More specifically, the 

Solar Panel is allowed to operate in areas 

which exceed the standard ranges of any 

parameter, which ultimately lead to increasing 

issues for the systems stability [3]. 

mailto:manoj.panjwani@iba-suk.edu.pk
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If considering areas in most South Asian 

countries, the concern mostly raised by the 

manufacturer highlights the insights where 

there is an issue of increasing temperatures 

and most of the cities located in lower South 

Asian regions touches 50*C+. Given the 

current situation, the temperature ranges 

offered by the regions allowed most of the 

Solar Panels to deviate from the standard 

performance[3-4]. 

It is very important to know the 

temperature of the solar panel before we could 

design the system to respond to certain energy 

demand from the community. It is also 

important to highlight that the behaviour of 

the Solar Panel concerning environmental 

parameters is irregular. Thus it allows the 

higher risk of instability issues for the systems 

which are off-grid and on-grid [5]. 

Considering the Polycrystalline Solar Panel, it 

indicates that when the temperature is 

decreased by one degree Celsius above 25*C, 

the output power will also simultaneously 

affect. Moreover, it indicates a standard range 

where it maintains its temperature coefficient. 

However, it also indicates that the temperature 

coefficient values also appear differently 

when the temperature ranges enter into ranges 

higher than the critical range for the Solar 

Panel [6]. 

With an increasing demand of utilising the 

Solar concentrators in fulfilling the daily 

energy demands, the solar concentrators are 

also being utilised to allow a higher amount of 

Solar irradiations to concentrate on a 

particular area and could lead to the higher 

amount of power output from the existing 

Photovoltaic Plant. It’s a matter of the fact that 

it’s the solar irradiations that ultimately are 

converted into power output in photovoltaic’s 

and not the heat. With empowering Solar 

concentrators on concentrating the number of 

irradiations can help the system to operate in a 

certain range, and once the standard 

temperature is crossed, it appears to display 

negative impact on the overall output of the 

Photovoltaic system. Moreover, utilising the 

Solar Panel in ranges above the standard 

ultimately lead to an unreliable response of the 

Panel on a longer run [7-8]. 

Pearson correlation coefficient is mostly 

utilised to understand the linear 

behaviour/connection between any two 

variables. It can also be used to carefully 

understand the behaviour of the system if 

there is any change in a specific variable(s) 

[9]. 

During experimental analysis, solar 

trackers were utilised to assure that the 

concentrator could respond to the peak hours 

to assure maximum power conversion for the 

system. The system comprised a controlled 

laboratory environment where it was directed 

to bring expansion of the temperature with 

increasing amount of irradiation from a light 

source. In corresponding, the behaviour of the 

solar panel was carefully studied and reported.  

2. Experimental Analysis 

Experimental setup included a controlled 

test bench which included a 50W BP Solar 

Panel (Polycrystalline) with specification 

Vamp(17.3V),Imp(2.9A),temperature 

coefficient of Isc(0.065 ± 0.015)%/ °C, 

Temperature coefficient of Voc(-80 ±10) 

mv/°C and Temperature coefficient of 

power(-0.5 ± 0.05)%/°C. It also includes 

Hygrometer, Thermometer, six tungsten 

filament bulbs acting as load 

(50,100,500,1000W), and 12 Millimeters for 

point to point calculations. The readings were 

carefully monitored with every increase in 

humidity and temperature ranges. Later the 

Solar Concentrator was employed to see the 

variations on the parameters affected. Results 

were carefully monitored, and 

Karachi,Pakistan (Latitude: 24.8934’, 

Longitude: 67.0281’) was taken as a reference 

for experiments. 

2.1. Humidity’s effect on Solar Panel 

The values of voltage, current, and power 

continue to depreciate as there is an increase 

in the amount of humidity as can be referred 

from Figure 1-3. Linear depreciation range 

could be seen from humidity range 25-30% as 

can be referred from Table 2. With an increase 
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in the temperature in the room, the range of 

humidity was found decreasing. There was a 

decreasing trend which was followed by the 

voltages and currents when a variation was 

brought in the temperature. Concerning Figure 

4, few parameters were getting disturbed 

when it comes to utilising the Solar Panels. A 

significant decrease in the voltage and 

humidity were noticed as there was a linear 

increase in the temperature ranges. Figure 4 

reflects the effect of temperature increase on 

the produced current. The current follows an 

unusual behaviour when there is a variation on 

the temperature. 

With an increasing level of humidity 

ranges, there is a decrement noticed on the 

number of voltages produced which also 

appears to cause various issues on the 

system’s stability and overall performance as 

can be referred from Equation 1 [10]. 

The similar trend could be referred to the 

amount of current produced with the variation 

brought in the amount of humidity. Thus the 

similar trend would also lead to increased 

stability issues for the system. The interesting 

fact noticed in the experiment shows that there 

is no constant trend followed by the current 

when there is variation brought on the system. 

With the current trend followed on the 

amount of power produced by the solar panel 

concerning variations brought from the 

variations in the humidity, various instability 

issues are ultimately leading to the 

unreliability of the photovoltaic systems as 

can be referred from Table 1. 

 

2.2. Usage of Solar Concentrator 

Solar concentrators are employed for 

various reasons including one for heating 

water and thermal energy production. 

Moreover, they are currently employed to 

study their contribution to the increasing 

energy productions for the Solar Panel. Solar 

Concentrators could help in collecting higher 

intensities for the efficient energy conversion. 

The concentrators that were utilized in the 

experiment setup had a dimension of 850 x 

565 x 50mm which was utilized to cover the 

area of a 50W solar panel. The side angle was 

kept 30 degrees for a reasonable tilt to 

encourage maximum power conversion. 

It can be easily noticed that with the 

increasing pattern of solar intensity over Solar 

Panel, there is a consequent increase in the 

amount of surface temperature on the Solar 

Panel. With increasing temperature, various 

issues can be associated with the temperature 

coefficient mentioned in the manufacturer’s 

specification list. Ultimately, it starts 

deviating from the standard range, and hence 

there are stability issues that arise. Moreover, 

the increasing temperature though somehow 

contribute positively as the amount of 

humidity that appears on the surface of solar 

panel starts decreasing making Solar Panel 

easy to convert the irradiations into electrical 

energy as can be referred from Table 2. 

Concerning the decreasing humidity 

because of the increasing temperature on the 

panel, despite the fact that humidity 

negatively affects the performance of Solar 

Panel, there is a decrease noticed in the current 

produced by the system. In result of a decrease 

in the amount of current from the system, 

various issues lead to unstable behaviour of 

the system as can be referred from Table 3. 

Due to continuous increment in the 

temperature ranges due to increase in the solar 

intensity, there is an irregular pattern followed 

by the power output. There are various reasons 

due to which it follows irregular behaviour, 

and most of them reflect the internal material 

characteristics of the material used in the 

manufacturing of the Solar Panel. The 

respective reading of irregular behaviour 

could be referred from Table 4 and 5 and can 

be related from Equation 2 and 3 [10]. 

From Table 6, the Pearson correlation 

value as stated in Equation 4 is used for a 

default value under the range of parameters 

listed by the manufacturer. It can be seen that 

in the range of (6.85*C – 36.85*C), 

correlation of the photovoltaic power and 

solar radiation is greater than 0.85 which 

indirectly states that the solar radiation is the 

main factor that affects the output power from 
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the Solar Panel. Moreover, the temperature 

has a positive effect which means that the 

temperature increase in the region under the 

region specified can positively affect the 

power output of the panel. The results can also 

be verified referring the value of the power 

and the temperature in table 4. However, the 

humidity range can be seen portraying a 

negative value which states that the humidity 

negative impacts the overall power output 

from the Solar Panel. Moreover, the value of 

the wind also has a little positive impact in a 

sense that the wind would provide the 

ventilation effect to the solar panel which 

varies from region to region. 

From Table 7, The Pearson correlation 

value is used for a default value over the range 

of parameters listed by the manufacturer. It 

can be seen that in the range of (36.85*C-

58.70*C), correlation of the photovoltaic 

power and solar radiation is greater than 0.85 

which also validates the importance of the 

solar radiation in the overall power output of 

the Panel. However, the interesting aspect of 

it lies in the temperature where the coefficient 

shows a negative value. The negative value 

shows that the temperature in a range higher 

than those indicated by the manufacturer has a 

negative impact on the power produced by the 

Solar Panel. The aspect could be seen 

validating the results obtained in Table 5. The 

same aspect can be seen from the humidity’s 

part also that it also portrays a negative impact 

on the power produced by Solar Panel. 

However, wind factor could be seen positive 

so that the Solar Panel is exposed to need of 

ventilation for the said aspect. 

The results indicated after various attempts 

on the Solar Panel with variations from in the 

solar intensities from temperature range 

6.85*C – 36.85*C shows a positive change in 

the output power output. However, once the 

temperature of 36.85*C is crossed, it starts 

portraying negative effect on the power output 

from the photovoltaic system. With an 

increasing trend from 36.85*C-56.70*C, the 

power output could be seen decreasing and 

arising many concerns over the stability of the 

installed photovoltaic system. 

3. Tables, Figures, and Equations  

3.1. Tables 

TABLE 1. Experimental Values of Voltage (V), Current (A) and Power (W) with 

increasing trend in Humidity (%) on constant Solar Irradiance [9]. 
 

Solar 

Irradiance 

(W/ m2) 

Temperat

ure 

(C) 

Humidity 

(%) 

Voltage 

(V) 

Current 

(Amp) 

Powers 

(watts) 

800 31.85 40 17.1 2.41 41.21 

800 31.85 45 16.89 2.34 39.52 

800 31.85 50 16.75 2.21 37.08 

800 31.85 55 16.54 2.14 35.39 

800 31.85 60 16.45 2.02 33.22 

800 31.85 65 16.35 1.92 31.39 

800 31.85 70 16.32 1.84 30.02 
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TABLE 2. Solar irradiance calculated with and without concentrator with percent 

increase. 

 

Solar Irradiance 

(W/ m2) Without 

Concentrator 

Solar Irradiance 

(W/   m2) with 
Concentrator 

Percent Increase 

650 693 6.20 

730 786 7.12 

820 869 5.63 

915 962 4.88 

985 1037 5.01 

1028 1086 5.34 

1134 1197 5.26 

 

 
TABLE 3. Power output calculated with Solar Concentrator. 

Solar Irradiance 

(W/ m2) 

Humidity 

(%) 

Temperature 

at the Panel 
(C) 

Voltage 

(V) 

Current 

(Amp) 

Powers 

(watts) 

650 25 31.85 16.3 2.12 34.56 

730 25 32.35 16.9 2.24 37.86 
820 25 32.85 17.1 2.31 39.50 

915 24 33.15 17.11 2.37 40.55 
985 23 33.85 17.14 2.42 41.48 

1028 22 34.55 17.15 2.49 42.70 
1134 21 35.33 17.15 2.51 43.04 

 

TABLE 4. Calculated parameters with Solar Concentrator in the temperature 
range (6.85*C – 36.85*C). 

Solar 

Irradiance 

(W/ m2) 

Concentrated 

Irradiations(W/

m2) 

Temperature 

at 

the 

Panel 

(C) 

 

Humidity 

(%) 

 

Voltage 

(V) 

 

Current 

(Amp) 

 

Powers 

(watts) 

650 693 6.85 25 16.5 2.14 35.31 

730 786 11.85 25 16.9 2.24 37.85 

820 869 16.85 25 17.1 2.31 39.50 

915 962 21.85 24 17.15 2.42 41.50 

985 1037 26.85 23 17.16 2.48 42.55 

1028 1086 31.85 22 17.16 2.52 43.24 

1134 1197 36.85 21 17.18 2.61 44.83 
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TABLE 5. Calculated parameters with Solar Concentrator in the temperature 
range (26.85*C-58.70*C). 

Solar Irradiance 

(W/ m2) 

Concentrated 

Irradiations(W/m2) 

Temperature 

at the Panel 

(C) 

Humidity 

(%) 

Voltage 

(V) 

Current 

(Amp) 

Powers 

(watts) 

650 693 26.85 25 16.85 2.04 34.37 

730 786 31.85 25 16.9 2.08 35.15 

820 869 36.85 25 16.7 2.12 35.40 

915 962 41.85 23 16.32 2.13 34.76 

985 1037 46.85 21 15.37 2.14 32.89 

1028 1086 51.85 19 14.8 2.16 31.97 

1134 1197 58.70 16 14.25 2.19 31.21 

 

 

TABLE 6. Pearson correlation coefficient for PV power with meteorological 
factors in the temperature range (6.85*C – 36.85*C). 

 

 

TABLE 7. Pearson correlation coefficient for PV power with meteorological 
factors in the temperature range (36.85*C-58.70*C). 
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3.2. Figures 

 

Fig. 1. Figure portrays the effect of Humidity on Voltage Produced. 

 

 

Fig. 2. Figure portrays the effect of humidity on the Current produced. 

 

Fig. 3. Figure portrays the effect of Humidity on Power Produced. 
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Fig. 4. Graph is portraying an increase in the solar intensity collected at the surface of the Solar Panel due 
to Solar Concentrator. 

 

 

Fig. 5. The graph is portraying the effect of increase in the solar irradiations on Panel’s Power Output, 
Humidity and Surface Temperature. 
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Fig. 6. Graph portraying the effect of an increase in the solar irradiations on Panel’s Power Output, 
Humidity and Surface Temperature in Temperature ranges (6.85*C-36.85*C). 

 

 

 

 
 
 
 
 
 
 
 
 
 
Fig. 7. Graph portraying the effect of an increase in the solar irradiations on Panel’s Power Output, 

Humidity and Surface Temperature in Temperature ranges (26.85*C-58.70*C). 

 

Fig. 8. Shows the solar concentrator used for the experimental analysis (850 x 565 x 50mm). 
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Fig. 9. Design of the static solar concentrator mechanism utilizing the peak hours. 

Fig. 10.  Portrays areas which are under high temperature because of the solar concentrator at 58.7*C. 

 

 

Fig. 11. Portrays areas at the backside of the Solar Panel at 58.7*C. 
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3.3. Equations 

Voc module = Temp coefficient ∗ (Tstc - T ambient) + Voc rated                             (1) 

Where: 

Voc, mod = open circuit voltage at module temperature 

Tstc [°C] = temperature at standard test conditions, 25 °C, 1000 W/m2 solar 
irradiance 

Tambient [°C] = Module temperature Voc,rated = open circuit voltage at STC. 

 

                                                                                                                                                 (2) 
                                   
 
                                                                                                                                                 (3) 
 

       ,

cov( , )

cov( , ) cov( , )
A B

A B

A a B b
                                                                                           (4) 

 
 

4. Results and Discussions 
  

As per the results validated and 

investigated, it’s well understood that the 

photovoltaic systems appear to be working 

efficiently if there is solar concentrator’s used 

within the specified region mentioned by the 

manufacturer on the specification list. The 

solar concentrator is successful in collecting a 

significant amount of radiation to be 

converted. 

It can be referred from Figure 4 and Figure 

5, that with an increase in the irradiations, 

there is a considerable increase in the 

temperature noticed and there is an irregular 

behaviour of the system noticed when the 

temperature ranges are brought to variant as 

specified on the specification list. 

It can be referred from Figure 6 that when 

operating the Solar Panel from the range 

6.85*C-36.85*C, the system is seen to deliver 

a higher amount of Power Output. However, 

referring to Figure 7, when the specified range 

is surpassed, there appears decrement in the 

Power Output which indirectly makes the 

system more unstable and unreliable. 

The Solar Concentrator’s specification is 

specified in Figure 8 which are incorporated 

in the experimental setup. From Figure 9, it 

can be deduced that the solar concentrators 

can be incorporated to cover a specified angle 

to cover and utilize the peak hours for the 

photovoltaic system. 

Referring Figure 10, it can be observed that 

when the Solar Panel is exposed to Solar 

Concentrator, the centre of the Solar Panel is 

studied to have been exposed to increasing 

temperature which indirectly leads to irregular 

behaviour of the Solar Panel when the 

specified temperature range is surpassed. 

Moreover, in the view of Figure 10, the sides 

of the Solar Panel could be seen experiencing 

lesser temperature effect as compared to the 

centre part because of utilising the Solar 

Concentrators. 

Moreover, referring Figure 11, the impact 

of the Solar Concentrator could be seen at the 

back of the Panel which is also experiencing a 

shift in the temperature ranges and is indicated 

by reddish colour. 

Considering the facts mentioned above and 

figures utilising Solar Concentrator in ranges 
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below mentioned could help in enhancing the 

power efficiency by utilising the Solar 

Concentrators. Various experiments were 

conducted to validate the idea of increasing 

and decreasing of Power Output concerning 

solar radiations concentrated and allowed to 

hit the Solar Panel. 

 

5. Conclusion 

The thorough investigation was carried 

out to properly study and validate the idea of 

incorporating the Solar Concentrator on the 

Solar Panel to enhance the Power Efficiency. 

There is significant need to allow few 

changes to the Photovoltaic System to allow 

a stable and reliable response. The proposed 

idea was seen working effectively in ranges 

identified as 6.85*C-36.85*C where in 

response to increasing solar intensity, the 

power output was seen increasing. However, 

the studied range from 36.85*C-58.70*C was 

seen negatively contributing to the Power 

Output and hence it was seen decreasing with 

increasing of Solar Intensity and Surface 

Temperature of the Solar Panel. Therefore, 

predefined measures are to be considered 

before utilising the Solar Concentrators in 

areas that are hot and humid. 

6. Future Recommendations 
Given the irregular response of the Solar 

Panel with incorporating Solar Concentrator, 
heat sinks could help to control the overall 
temperature ranges of the Solar Panel. 
Moreover, there could be additional ventilation 
factor that could be studied before 
incorporating the Solar Concentrators in areas 
under and above the standard range as 
specified by the specification list. Additional 
ventilation could help effectively in increasing 
the overall stability and long-run durability of 
the Photovoltaic System. Additionally, there is 
a prompt need for self-cleaning of the Solar 
Panel that could also positively help in 
utilizing the proper conversion of the 
irradiation as there is a mixture of water and 
dust that forms a layer on the Solar Panel. 
However, there could be different Solar Panels 

that could be manufactured to be exposed to 
areas which are hot and humid. 
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Low Loss Transmission Circular Polarizer for KU Band 

Application 

Farman Ali Mangi1, Nafessa Shahani2, Deedar Ali Jamro1 

Abstract: 

Low loss transmission circular polarizer is proposed for Ku band applications. The 

designed structure consists of two closely cross metallic strips which are based on FSS for 15.25 

GHz and 15.28 GHz applications. The right hand circular polarization (RHCP) and left handed 

circular polarization (LHCP) are obtained at 15.25 GHz and at 15.28 GHz. The transmission 

loss through polarizer is important issue for high frequency applications. Due to transmission 

loss, new techniques are required to reduce the transmission loss of transmitted wave and achieve 

pure circular polarization. Meanwhile, low loss transmission has been achieved by using dual 

layer of strips to obtain perfect circular polarization at certain mentioned resonant frequencies. 

Theoretically, it is found that the outgoing waves through polarizer are perfect circular 

polarization at the distinct frequency ranges.  

Keywords: Polarizer; Circular Polarization; Frequency selective surface; Quarter wave plate; 

Metamaterial. 

1. Introduction 

In modern microwave communication, 

circular polarization has received great 

interest in recent years.  Precise, manipulation 

and detection of circular polarization of 

electromagnetic waves is important in modern 

technology. Artificially generating circular 

polarization is significantly more challenging 

in microwave communication technology. For 

instance, circular polarization is widely used 

in microwave communication and satellite 

communication systems. In addition, the CP 

achieves reflection effect, atmospheric 

absorption and lower susceptibility and 

intrinsically lower cross polarization 

discrimination.   
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An electronically steerable CP antenna 

array is more efficient for the inter-aircraft 

communication in terms of mobile nodes and 

wireless communication. The common 

application of antenna arrays is complex due to 

reduced level of practically-achievable output 

for extended millimetre wave communication 

network [1]. The CP antenna array approach 

was introduced for the use of a linearly 

polarised antenna array and 

electromagnetically coupled polarising wave 

plate. Dielectric polarisers [2], meander-line 

[3-5] and grid-plate [6] polarisers have been 

proposed to convert linear polarised 

electromagnetic waves to circular. CP antenna 

array is the combination of individual antenna 

elements which realize the directivity 

requirement and gain for the long distance [7-
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8]. In previous research contribution, the 

transmission type circular polarizers were 

proposed, such as U-shape split ring 

resonators, metallic helices, parallel plates, 

twisted Q-shaped metasurface, split ring 

resonator [9-10]. The four patch antennas were 

selected to produce 90o phase shift and [11] 

introduces an elliptical CP dielectric resonator 

antenna array.   In [12, 13], the thin dual-band 

polarizer was designed for satellite 

applications and meta-device with different 

functionalities is integrated. 

The several known CP antennas composed 

of different multi-pot feed networks and 

radiation elements which makes them 

inefficient for practical application. The end 

fire antenna array are introduced to date [14, 

15] which are constructed of seamless 

integration with linearly polarized. 

Polarization state of electromagnetic waves 

affect our daily life in order to consumer 

products to high technology applications [16]. 

The characteristics of a non-isotropic 

transparent material based on the 

electromagnetic waves incident upon a 

birefringent material.  

If E field converted in two orthogonal 

components of Ex and Ey having same 

amplitude, the phase shift of any one 

component will result in circular polarization 

and satisfy the phase shift 90o is known as 

quarter wave plate. The intensity of the 

incident electromagnetic wave does not 

change after propagating through a wave plate 

(only the polarisation state is changed). Wave 

plates are mostly considered as linearly 

birefringent, which means that the index of 

refraction differs along the two principal axes, 

which affects the phase shift of the orthogonal 

components differently [17]. 

Quarter wave plate possesses intriguing 

property to convert linear-to-circularly 

polarized waves when it is twisted at 45o to the 

impinging polarizing plane. The unique 

characteristics of quarter wave plate is to 

change EM waves from linear-to-circularly 

polarized states. Most often, the manipulation 

or polarization control can be obtained with 

quarter wave plate [18]-[24]. The phase 

difference between outcome two orthogonal 

transmitted waves is quarter of the wavelength 

90o when impinged wave is linearly polarized 

at 450 and quarter wave plate has ability to 

change the impinged wave to circular 

polarization [25]. 

Frequency selective surface (FSSs) are 

developed as special filter and polarization 

transformer for microwave and millimetre 

waves. They are considered for many 

applications such as telecommunication, 

dichroic reflectors, waveguides and wireless 

security. [26-28]. FSSs can also be considered 

as polarizer [29-31] which has overall good 

performance and ease fabrication. The 

structure based on 15 x15 arrays of dual split 

ring resonators to demonstrate the 

transmission phase [32]. 

2. Structure of Single Layer Polarizer  

First of all we have proposed single strip 

polarizer that operate at 13.20 GHz is 

designed and fabricated to produce perfect 

right hand circular polarization. This single 

strip acts as a quarter-wave plate that 

transforms a linearly polarized incident wave 

into a circularly polarized transmitted wave. A 

single strip oriented at 45° with λ/4 arm length 

along the x-y plane in simple unit cell.  

Whereas, the lengths of the single strip in x-y 

directions is 7.5 mm and width is 2 mm. 

Perfect Electric Conductor (PEC) material is 

used to the strip. The periodicity positions of 

the unit cell in three axes are X=28, Y=, 28 

and Z= 25.25, respectively. 
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Fig. 1. View of circular polarizer based on single 

strip. 

 

3. Structure of Circular Polarizer  

Circular polarizer using FSS design for 
15.25 GHz and 15.28 GHz applications. Using 
this FSS to obtain CP at resonant frequencies. 
In this structure, two metallic strips are placed 
perpendicular at angle +45o and -45o along x-y 
directions and separated at the distance of 7.2 
mm perpendicularly from each other. The FSS 
polarizer is depicted in Fig.2. The proposed 
structure is constructed as cross dipole with λ/4 
arm length along x-y axis. The length of each 
strips are selected 7.5 mm and 2mm wide, 
respectively. The Perfect Electric Conductor 
(PEC) material is used to strips. The 
periodicity positions of the unit cell in three 
axes are X=33, Y=, 33 and Z= 54, respectively. 

 

Fig. 2. View of Circular Polarizer based on two 

metallic strips. 

 

4. Simulation Analysis  

For simulation purpose, the HFSS software 
is used in terms of periodic boundary 
conditions. The impinged wave through 
floquet port one converted into circular 
polarized waves. The incident EM wave 
slanted at 45o and emerge in to two 
decomposed orthogonal waves Ex and Ey to 
realize pure CP as shown in Fig.1. It can be 
observed that the transmission loss of designed 
structure -3.2 dB at the 13.2 GHz as depicted 
in Fig. 4. The axial ratio is 1.1 corresponds to 
phase difference of 90o at resonant frequency 
of 13.2 GHz mentioned in Fig.3 & 5. The 
RHCP wave and LHCP wave are generated at 
distinct resonant frequencies. The transmission 
loss of dual Polarizer at the RHC polarization 
is -1.8 dB and at LHC polarization is -2.6 dB 
with respect to resonant frequencies 15.25 
GHz and 15.28 GHz. Meanwhile, 
corresponding phase differences between 
outcome waves Ex and Ey are depicted in Fig. 
5 and 8. The simulated phase differences of 
outcome waves are satisfied at 90o to achieve 
pure CP at resonant frequencies.  

 

Fig. 3. Axial ratio at 13.20 GHz. 

 

5. Theoretical Results  

The HFSS software is used to analyze the 

obtained phase difference and magnitudes of 

output orthogonal components through 

designed low loss transmission circular 

polarizer. While, phase difference and 

transmission magnitudes of outcome waves 
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can be directly calculated by formula Ex/Ey 

and Δϕ = Exϕ – Eyϕ. 
In Fig.1, the unit cell structure is depicted 

in Fig.1 which is oriented at 45o in x-y 
direction. The transmitted of two orthogonal 
waves is same at 13.20 GHz which converts 
linear-to-circularly polarized wave. The 
calculated axial ratio of outcome two waves is 
1.1 at 13.20 GHz depicted in Fig. 3. The low 
loss transmission of the generated waves is 
noticed due to reflection of polarized 
constructed by single metallic strip. The 
generated orthogonal waves are same at 13.20 
GHz but transmission loss about -3.2 dB is 
observed. Obviously, the calculated 
transmission loss impact on the transmission 
power through single layer structure. The 
calculated phase difference of CP is 90o at the 
13.20 GHz which corresponds to axial ratio 
between two outcome waves as mentioned in 
Fig. 3. 

 

Fig. 4. Transmission magnitudes at 13.20 GHz. 

 

     Fig. 5. Phase difference at 13.20 GHz. 

The transmission loss of single-layer 

polarizer oriented at 450 in x-y direction is -

3.2 dB as shown in Fig. 4. Furthermore, a 

innovative technique has been proposed to 

reduce transmission loss of single polarizer 

based on introducing the dual layer polarizer 

mounted perpendicularly to each other in the 

x-y direction as shown in Fig. 2. 

The magnitudes of output orthogonal 

components are similar at the frequency of 

15.25 GHz and 15.28 GHz to obtain the RHCP 

and LHCP. Nevertheless, it is necessary to 

obtain the circular polarization the phase 

difference of two orthogonal components Ex 

and Ey of E field must be satisfied at 900 .The 

transmission axial ratio between two 

orthogonal components is 1.4 and 1.2 at 15.25 

GHz and 15.28 GHz as shown in Fig. 6. 

Whereas, the phase difference between two 

orthogonal components Ex and Ey is calculated 

by the phase difference formula of circular 

polarization. 

The transmission loss after reflection from 

the Polarizer surface as shown in Fig.7 

indicates the transmission magnitude of E 

components Ex and Ey in dB are -1.8 at 15.25 

GHz and -2.60 at 15.28 GHz as shown in Fig. 

7. It means that the magnitude of both 

orthogonals Ex and Ey components are same. 

The transmission loss is observed -1.8 and -

2.6 dB that effect the transmission of waves 

through polarizer. It is observed that the 

transmission loss of dual layer polarizer has 

been reduced against single polarizer as 

shown in Fig. 7.   The circular polarization can 

be calculated by the following expression. 

 
∆∅ =  ∅𝐲 − ∅𝐱

=   {
+ (

𝟏

𝟐
+  𝟐𝐧 ) 𝛑, 𝐧 = 𝟎, 𝟏, 𝟐, … … … …

+((
𝟏

𝟐
+  𝟐𝐧 ) 𝛑, 𝐧 = 𝟎, 𝟏, 𝟐, … … … …

    (𝟏) 

 

It is observed circular polarization 

achieved when axial ratio value of two 

orthogonal components is satisfied 1.2 at 

certain mentioned frequencies and correspond 

to 89.90 phase difference of two components. 
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Therefore, we have achieved at about 99%  

RCP and LCP at the frequencies of 15.25 GHz 

and 15.28 GHz as shown in Fig.6 and 7. The 

phase difference is calculated by deducing the 

value form Fig. 8 and verified by above 

equation 1. 

 

 
 

Fig. 6. Axial ratio is at 15.25 GHz and 15.28 GHz. 

 
Fig. 7. Transmission magnitude at 15.25 GHz and 

15.28 GHz.

 
 

Fig. 8. Phase difference at 15.25 GHz and 

15.28 GHz. 

6. Conclusion 

In conclusion, we proposed the low loss 

transmission circular polarizer using two 

metallic strips to investigate the transmission 

characteristics with pure circular polarization 

at 15.25 GHz and 15.28 GHz. The designed 

structure is based on FSS which generates the 

THCP wave and LHCP wave at resonance 

frequencies. The constructed model is simple 

and could be designed and fabricated easily by 

using HFSS software with high precision. The 

reflection and transmission characteristics are 

good features of the designed structure. In 

addition, the design techniques can be 

employed to construct the polarizers using 

double layer polarizers based on metallic 

strips or split ring resonators for millimetre, 

micrometre and terahertz frequencies. In 

future, this research can be carried out to 

compose polarizers using FSSs to extend the 

bandwidth and reduce the transmission loss.      
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A Comparative Analysis of Different Commercial Lights 
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Manan Memon1   

Abstract: 

There is a huge amount of financial losses due to usage of inefficient appliances in domestic, 

commercial and industrial sectors. A common appliance which occurs in the domestic, industrial 

and commercial loads is the lighting. This paper represents the study of different types of lights 

used in shopping malls by focusing on the different parameters of lights as Lumens, efficiency, 

power consumption, temperature. A survey was conducted in the shopping mall and 

measurements were also taken which shows the negative impact on the economic, power sector 

and environment. The proposed system was initiated by using the other types of lights with the 

help of DIALUX software which shows the improved results of cost, Lumens, temperature, 

power consumption and environmental benefits. 

Keywords: Lighting overview; Lighting comparision; Shopping Mall survey; Environmental 

impacts; Power quality scenario.

1. Introduction  

There are different types of loads used in 
the buildings as; inductive, capacitive and 
resistive. Lighting system consists of different 
lights which again comprises in the above-
mentioned load categories. This most 
common system keeps vital role and is crucial 
for ensuring its product, safety and luxury of 
the residents in the buildings. However, 
proper designing of the lighting  is necessary 
for getting the desired requirement of output 
of illumination with least quantity of 
electricity use. From the report the Artificial 
Lighting consumption is up to 20-30% of the 
total commercial loads electricity 
consumption in a building [1]. As per 
guidance of IEA the lighting consumption 
from Global electricity consumption is 
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distributed in percentage form as depicted in 
the pie chart in figure 1[2]. 

 

Fig. 1. Global electricity consumption of light [2]. 
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There is a huge gap in developing 

countries between demand and 

supply, surveys is being conducted and 

measures are being taken to reduce the 

consumptions of electricity as their demand 

side (DM) management part. It is estimated 

that by switching energy efficient 

technologies the reduction of energy up 

to 27% in residential side and 30% in 

commercial side could be received [3]. This 

has increased the usage of power electronic or 

non-linear energy saving devices. 

By extensive usage of these electronic 

equipment’s, negative harmful impacts on the 

quality of power in the distribution 

system may arise. With extravagance one 

problem's solution will generate several other 

technical problems. Experiments and 

measurements have proved and clarified 

that preventation is more profitable and 

economical after the fact being known, rather 

than initiative of other problem's solution 

findings [4]. 

So many techniques occur to reduce the 

power consumption limit. Among these 

techniques replacement of inefficient energy 

lamps with the other efficient lamps is one of 

the best techniques.  

Replacing the incandescent lights with 

standard energy efficient lights is economical 

in the summer season by the reduction of 

cooling needs in the building as well as 

reducing the lightning power 

consumption [5]. Surveys, Studies and 

measures have proved that there is a 

significant portion of lighting constitution in 

the country’s total electricity consumption. In 

accordance with the Swedish Energy Agency 

report, around 23 % of the country's 

total consumption of electricity occurs for 

lighting [6]. 

There is a momentous quantity of lighting 

consumption of the total energy resources in 

the world. In accordance with 2011 

statistics, there are about 7.2% of lightning 

consumption of the developed and advanced 

world's primary energy assets which is 

accountable for the huge amount i.e. 

430x10^9kg of carbon emission [7]. With 

such a huge amount of CO2 emission and 

energy use, increasing the 

lightning efficiency by taking surveys and 

measurements is mandatory [8-9]. 

Electricity Rational consumption in 

buildings has become very essential and 

pertinent subject, particularly when growth of 

energy is becoming costlier and climate 

change may be initiated due to immoderate 

use through high release of greenhouse (CO2) 

gases [10].  

Energy consumption growth and emission 

of greenhouse (CO2) gases in urban 

surroundings have made policies for energy 

saving and improving efficiency a prime 

concern in the energy plans of almost all 

countries [11]. Particularly in 

building, energy utilization for lightning is an 

extensive contributor to CO2 release, and its 

estimation has been taken which accounts for 

20 to 40% of total energy utilization in 

buildings [12-13]. 

This paper represents the comparison of 

lights used in a shopping mall with its 

performance characteristics as power 

consumption, its temperature, Lumens, 

efficacy, etc., Environmental impacts due to 

lighting usage and some other power quality 

issues. We have designed a wooden box on a 

DIALUX software to check all the mentioned 

parameters with the help of instruments as 

watt meter, Lux meter and infra-red 

thermometer. 

2. Overview of Lights 

There are various types of lights used as 
indoor and outdoor applications. At a recent 
time, the opinion of utilizing the more eminent 
and enduring Light Emitting Diode (LED) in 
the applications which were consistently the 
province of inefficient and short life 
Compact Fluorescent Lamps (CFLs) and 
incandescent Lamps (ILs) has given the result 
of the development of LED lights. Relatively, 
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in the general lightening system, LED 
technology is new and is developing 
continuously which have made it exigent for 
assessing its environmental aspects. LED 
lamps primarily are planned for domestic and 
commercial consumers. Moreover, LED 
lamps are environmentally affable as 
compared to other lamps like CFL has 
mercury inside it [14]. 

Each appliance has their own pros and 
cons. Despite this, it is necessary to use the 
standardized and efficient appliances as lights. 
In the selection of lights, the following 
important factors are considered shown in 
figure 2. 

 

Fig. 2. Factors for the selection of lights. 

Following are some types of lights which 
are familiar and mostly used for domestic and 
commercial purpose: 

2.1. Incandescent Lamp: 

This is a common household light bulb. 
It’s simple yet brilliant. It was invented in late 
1800s and amazingly it has hardly changed at 
all. In early it had on the top priority and in 
high usage due to lack of other lights 
inventions. 

Heat is the main drawback of incandescent 
lamp and considered as 
highly inefficacious light bulb because loss of 
input energy is about 90% as heat 

output [15]. The efficacy range of IL is 10-
20lumen/watt, which depends on their 
construction features and temperature of the 
filament during operation [16]. Generally, the 
rated life period of IL is less (<) around 
1000hrs as compared to other lamps [17-18]. 
Halogen gas keeps vital role in incandescent 
lighting, special by adding this gas in 
incandescent lamp glass that has made the 
lifetime range higher. 

According to the US market 
report 2010, higher consumption (62%) of ILs 
has lowered the value of efficiency i.e. 
19.1lumen/watt in the residential sector. This 
value could be improved by replacing the 
inefficient IL with other durable and energy 
efficient lights [19]. 

Researchers and experts tried to increase 
efficiency of IL and they asserted that the 
efficacy of HL may be increased to a value 
45lumen/watt, but verification has not been 
achieved [20]. 

In European Union countries, due to 
above so many cons, EU commission had 
emphasized for the installation of IL to be 
banned from Sep 2012 on priority basis. It 
was not a proper solution to ban the product 
rather to give the alternate solution of making 
it an efficient. As this issue could be resolved 
by the usage of inert gases having emptiness 
CO2 emissions or other harmful gases which 
increased the cost due to high consumption. It 
is also estimated that electrical energy 
consumption in houses can be reduced up 
to 10-15% [21]. 

2.2. Fluorescent Lamp: 

The common type of discharge lamp is 
a fluorescent lamp (FL) or tube used today in 
many sectors. This type of light is further 
classified as CFL and LFL. Inside a CFL or 
IFL, a UV light is produced due to passing of 
electrical charge through mercury gas. This 
light then results in the excitement of coated 
phosphorescent on the inner side of the tube 
for the production of the light. 
In fluorescent lighting, ballast is required for 
supplying an amount of current to start 
up. This can be attached on lighting fitting and 
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can be integrated in the bulb's design. 
A fluorescent is a more efficient lamp as an 
incandescent lamp at present has been 
eliminated due to inefficiency and other 
drawbacks. Typically, the lamp's surpassing 
initial cost is neutralized by smaller energy 
cost [22]. Many shapes and sizes occur 
for Fluorescent Lamps. The Fluorescent 
Lamps (FLs) are recognized by their standard 
coding system which specifies the parameters 
and operating typical features with their 
relevant information. 'T' is a key factor which 
denotes tabular and shows the diameter of 
tube, e.g. 1inch diameter itemizes T8 tube 
[23]. 

Due to less power consumption and 
more luminous, CFLs is accredited as Cost-
effective "Energy Saving Lamps" as 
compared to IL [24]. Equivalence of CFL and 
IL can be done with the ratio 4:1; this means 
that for the same light 80W IL could be 
replaced by 20W CFL [25]. 

2.3. LED Lamp: 

A new type of device for lighting spreads 
over the planet the LED. It isn’t a new device 
some way or another it has been used for years 
all around the world. What is new however, is 
being achieved greater power emission than a 
few years ago and making it provide white 
light. Their advantage that it consumes less 
energy (<) as the traditional incandescent 
lamps (IL) uses high energy. A traditional 
lamp i.e. IL needs to be heated to emit light 
and a lot of energy is emitted and wasted in the 
heat form. Moreover, the materials suffer this 
heating problem at high temperature 
values. Recently, several types of energy-
saving lamps have become popular. The first 
energy saving lamps that replaced 
incandescent ones is fluorescents, 
which contain gases inside. On the other hand, 
LEDs can be made very small and solid 
elements are used in LEDs. In addition, LEDs 
are familiar due to their easily control, 
allow new applications such as generation of 
any light spectrum visibility of demand, 
optimizing energy costs and information 
transmission, this is known to be smart 
lighting. 

A more efficacious, long lived LED lamp 
is also an environmentally friendly lamp than 
other light sources due to the empty mercury 
composition material. Today the high power 
white LED has increased luminous efficacy 
value reached up to 231lumen/watt in a 
laboratory [26]. 

From the Measures being taken and tests 
being conducted in the lab, it is shown that in 
domestic LED light and CFLs will not initiate 
any harmonic problem in the future of the 
network as compared to classic light bulbs 
[27-28]. 

3. Methodology 

We have taken the measurands and 
counting of various lights used in shopping 
mall. The shopping mall consists of basement, 
ground floor and other four floors. There are 
so many shops in a shopping mall as shown in 
figure 3. 

 

Fig. 3. Different shops in a shopping mall. 

The most common lights used in a 
shopping mall are FL. CFL, IL, Halogen, 
HQI-TS, HPI-T, HPI-TS and HCI-T for 
different locations. As above mentioned that 
the lights performance can be observed by 
checking its parameters as; power rating, 
temperature, lumen etc. The existed data of 
lumen of different portions and shops of 
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building is given in the form of bar charts in 
figure 4, figure 5 and figure 6 respectively. 

 

 

Fig. 4. Lumens data of the shopping mall. 

 

Fig. 5. Lumens data of shops in a mall. 

 

Fig. 6. Existed power rating of the lights (53767 

or 53.767kw). 

We have checked the data of lighting used 
in a mall. Now we are going to select the other 
lights which are recommended as efficient and 
cost-effective lights. A wooden box is set 
which is designed by using the DIALUX 
software to check the results of exiting lights 
and recommended lights as shown in figure 7. 
Our focus is to check the Lumens, temperature 
and power rating by using the instruments as 
Lux meter, infra-red thermometer and 
wattmeter. 

For experiments, we take three existed 
lights and three recommended lights to check 
their performance in a designed box as shown 
in figure 8. 

The rating of existed lights is given as: 

A1 = FL = 36W, 56lumens, 37°C 

B1 = CFL = 24W, 50lumens, 38°C 

C1 = Halogen = 50W, 270lumens, 60.5°C 

The rating of recommended lights is given as: 

A2 = FL = 16W, 60.8lumens, 32°C 

B2 = CFL= 11.7W, 65.2lumens, 34.5°C 

C2 = Halogen = 7.8W, 470lumens, 35.3°C 
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Fig. 7. Box selection on DIALUX software. 

 

Fig. 8. Lights comparison. 

After replacing the lights, we got the 
power rating result in the form bar chart as 
shown in figure 9, which clearly shows the 
improved results. It is an obvious that there is 
a direct relationship of power consumption 
with power rating and operating time. So, a 
positive result of the graph also depicts the 
recommended lights are cost-beneficial, high 
Lumens value and low temperature rating. 

 

Fig. 9. Recommended power rating of lights. 

The next comparison is of the Lumens and 
temperature mentioned in the charts given 
below in figure 10 and figure 11 respectively. 

 

Fig. 10. Lumens of different lights. 
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Fig. 11. Temperature of different lights. 

4. Energy and Enviromnetal impacts: 

A greenhouse gas is not a particular gas, 
but consists of other different 
gases. Greenhouse gases in an atmosphere 
trap heat and keep the planet warmer. Human 
beings, their activities and liveliness are the 
responsibility for all of the growth in 
greenhouse gas emission from the last 
150years.The primary greenhouse emission 
sources in United States (US) are 
electricity, transportation, industry, commerci
al/residential, agriculture and land use for 
forestry. In figure 12, total US greenhouse gas 
emission by Economic sector 2015 are 
presented in percentage form according to the 
US Environment protection agency [29]. 

 

 
 

Fig. 12. US greenhouse gas emission by economic 

sector 2015. 

 
Total emission in 2015 was equal to 

6,587 Million Metric Tons of CO2 equivalent. 
The greenhouse (GH) gases comprise of CO2, 
N2O,CH4 & Fluorinated gases. A Pie chart of 
the total emission is given in figure 13.  

 

Fig. 13. Greenhouse gases emission. 

The energy we utilize in our homes, 
mainly dependent on the atmosphere where 
we live and the different type devices that 
consume energy which are in our 
usage. Figure 14 shows the pie chart of 
residential energy consumption in percentage 
for the year 2009 [30]. 

https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions#colorbox-hidden
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Fig. 14. Residential energy consumption survey 

(RECS) 2009. 

It is not widely considered and focused 

that the biggest and main reason of 

greenhouse gas emission is lighting. The 

energy consumed to supply 

lighting necessitates greenhouse gas emission 

of 19x102 megatons of CO2/year throughout 

the world [31]. As each of us are producing 

CO2 gas from our daily activities as by turning 

the lights and it is already discussed above that 

lightning is one of the main sources of 

producing CO2 gas. We can reduce the CO2 

emission gases with the usage of advanced 

lighting technology. Light bulbs are not 

associated with carbon dioxide but when we 

switch on the lights in our homes, this deadly 

CO2 gas in initiated in the generation of 

electricity on which those light bulbs powers. 

Changing our incandescent light bulbs or 

other types to new, more efficient and high 

environmental friendly LED lamp is the best 

for an ease reduction of carbon emissions. 

Vitae Energy Consulting claims in his 

recent report that saving could be £1.4 billion 

a year on its energy spend industry in the UK 

and 10 million tons (MTs) of CO2 emissions 

annually by updating and modernizing the 

lighting stock on the usage of today’s energy-

efficient and advanced lighting technologies. 

The study and  survey was carried over 500 

companies in the warehousing and 

manufacturing sector and concluded that, a 

quarter of the companies in around surveyed 

and observed, the lighting system accelerated 

in the 1950s and consumed almost inefficient 

light bulbs that were sheltered in fittings not 

ameliorated for efficient light radiation. The 

study also showed that energy usage of 

industrial lighting energy could be cut 

relatively 60% if the fittings 

were optimized for using the specially 

designed reflectors for increasing the overall 

light. 

5. Power Quality Scenario 

Incandescent light has unity power factor 

as it is a purely resistive load type lamp. The 

main advantage of this lamp is that it does not 

need any electronic driver to start thus no any 

harmonic issue occurs. Whereas other lamp 

types such as LED lamps and discharge lamps 

require special drivers for the operation 

purpose, hence produces harmonic distortions 

in the supply current wave which disturbs the 

sinusoidal waveform [32-33]. 

Inductance in ballast in case of discharge 

lamps has low lagging power factor which 

disturbs the power triangle, so it is necessary 

to compensate. A capacitor for compensation 

is the best solution to be connected in parallel 

with blast to increase the value the power 

factor (P.f) in a florescent lamp. In new T5 

Fluorescent lamp (FL) luminaire, there is 

improved P.f of a good value 0.9 and 

improved THD value (<15%) due to usage of 

electronic ballast [33]. Whereas CFL of low 

rating with electronic ballasts have low 

leading power factor (0.5-0.6). Due to weight 

and space issues, low rating CFLs cannot be 

compensated individually [34]. Thus, power 

factor can be improved centrally in a given 

location if low rated CFLs with large quantity 

are used [35]. LED lamps designed as a 

source of voltage with a low rating of series 

resistance to limit the line current IL, have 

usually much higher power factor than other 
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lamps (discharge lamps). According to the 

United states Dept. of the energy star program, 

the acceptable range of power factor (P.f) 0.7-

0.9 has been mandated for domestic and 

commercial Light Emitting diode Lamps [36], 

also UK Energy Saving Trust has mandated a 

minimum acceptable power factor (P.f) of 0.7 

with a prolonged objective having power 

factor of 0.9 for integral Light emitting diode 

lamps [34]. 

6. Conclusion  

A common load which is always on peak 

usage in each season is of lighting. It is very 

important to select the proper lights for 

domestic, commercial and industrial usage. 

This paper focus on the profile of all types of 

lights specifically FL, CFL, IL and halogen. A 

survey of a shopping mall was being 

conducted for different types of light on 

different locations. There were lot of impacts 

due to existed lights as lumens, efficacy, 

temperature, power losses etc. Then other 

types of light with different parameters were 

recommended by selecting a wood box with a 

usage of DIALUX software which showed the 

improved results in this research work. This is 

not only important for the performance of 

lights but very much cost beneficial from 

economic point of view. On the other hand, it 

is also seen from consumption and 

environmental point of view that the IL lamp 

has the CO2 emissions issues and high energy 

consumption. Halogen lamp was better than 

IL due to inert gases existed inside it which are 

not so worse than IL lamp. FL and CFL lamp 

was much better than IL lamp and Halogen 

due to low consumption of energy and 

environmental friendly. Furthermore, the 

above lights can also be replaced with the new 

technology of lights as “LED” which have led 

all types of lights due to several advantages. 

Our next task is to work on the LED lights and 

on the cons of above lights to give the 

improved techniques. 
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Fuzzy Logic Based Speed Controller For a Container Ship

Abdul Qadir1, Dur Muhammad, Mukhtiar Unar2, Jawaid Doudpoto2, Mahmood 

Khatak2 

Abstract: 

Speed control of marine ships is one of the leading problems in terms of safety and 

economy. This research aims at designing a fuzzy logic-based speed controller for a marine ship. 

The dynamic model of container ship is considered. Fuzzy logic-based approach is employed to 

control the variations and to maintain the controller performance under the ideal conditions as 

well as during rough weather. MATLAB is used for simulation. The results show that the 

proposed controller has enhanced control performance compared to conventional controllers, 

efficiently confine the influence of the environmental disturbance, ensure perfectly control, and 

have good robustness. 

Keywords: Container ship, Speed control, Fuzzy logic, Disturbances.

1. Introduction 

     It is essential for the marine ships to have 

some sort of speed controller to control and 

govern the speed of the ship to improve 

stability and maneuverability of ship during 

course keeping, course changing and pitching 

motion. Because while the ship is under the 

sea conditions, in very short span of time the 

propeller load will change during the pitching 

motion of the ship as the propeller may be 

close to or above the surface of water.  Various 

researchers have contributed in this area. Le 

Luo et al. worked on electric propulsion 

system of ship [1]. His work is based on 

development of PID controller. Y. Luo et al. 

also worked on electrical propulsion system 

and tested PI control mode for combined 

power and speed control of marine ship [2]. 

Rigatos et al. presented the fuzzy control for 
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adaptive ship steering problems [3]. W Meng 

et al. presented the Fuzzy Logic technique for 

dynamic positioning of ship [4]. Tadeusz et al.  

worked on the effect of wind, waves and 

loading conditions on speed of ship [5].   

The abovementioned research is based on the 

design of PID or PI controller for electric 

propulsion, speed and power control, 

However the speed control of ship under sea 

is a non-linear and time varying and PID 

controller is not effective in dynamic 

behavior, robustness and control. The mass of 

the container ship, hydrodynamic force and 

moments also require complex mathematical 

modelling, whereas the design of Fuzzy logic 

controller is expert knowledge-based system 

and widely used by control researchers for 

ship steering control, dynamic positioning of 

ship and electric propulsion control. Published 

studies have never considered Fuzzy logic-
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based speed control design for a marine ship. 

Considering Fuzzy logic in marine ships will 

be useful in regulating and advancing the 

speed control of marine ships. This study thus 

proposes a fuzzy logic-based speed controller 

which maintains the desired performance in 

both ideal conditions as well as in presence of 

disturbances. 

2. Dynamics of a Ship 

A rigid body can be completely defined by 

six coordinates as shown in Fig. 1 Therefore, 

six degrees of freedom are necessary to 

describe the motion of a ship [6] as mentioned 

in TABLE 1, where the x, y and z coordinates 

represent the linear motion along x, y and z, 

and the ,  and  represent the angular 

motion. 

 

TABLE 1. Notation of ship motion. 

 

2.1. Container Model 

The mathematical model for a container 
ship has been presented by Son and Nomoto 
[8]. The parameters of the container model are 
given in TABLE 2 [8].  

TABLE 2. Container ship parameters. 

 

State vector of a container ship can be 

defined as 

 

x = [ u v r x y  p  δ n]'             (1) 

 

The definitions of all elements of state 

vector in Eq.1 are given in TABLE 1. The 

speed of ship can be specified by surge 

velocity ‘u’ and actual shaft velocity ‘n’ from 

Eq. 1 Therefore, the sub-model may be 

presented as in Eq. 2 

 

x_prop = [ x (1)   x (10)]            (2) 

 

Where 

 

 u   =   x (1)  x (1)      = 7. 

 n   = x (10)/60 x (10)    = 80. 

 

2.2. Propeller Model 

The mathematical expression which 
governs the propulsion speed of the propeller 
is given in Eq. 3 [7] 

1
n = (n_c - n)

mT
&   (3)               

Where ‘ṅ’ is the output of the propeller as 
shown in Fig 4, ‘n_c’ and ‘n’ are command 

shaft velocity and actual shaft velocity. 𝑇𝑚 is 
the time constant for shaft dynamics. 
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Parameter Value Unit 

Length 175 Meter (m) 

Breath 47.17 Meter (m) 

Volume 21,224 Meter3 (M3) 

Block co-

efficient 

0.558 No unit 

Ship speed 16 Knots 

Propeller speed 80 rev/m 
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3. Fuzzy Logic Controller (FLC) 

The fuzzy logic controller is a method of 
mapping the input states against the output 
[10]. Fuzzy interface system (FIS) as shown in 
Fig. 2 is used to map the given input to required 
output and this mapping provides basis for 
decision making [9, 11]. A FLC has three 
stages namely Fuzzifier, Interface system and 
Defuzzifier. The fuzzifier is a stage where 
membership functions are mapped, and a truth 
value is assigned [13]. In interface system 
stage set of rules is developed and results are 
generated by each rule, which are then further 
processed in defuzzifier, where results from 
rule base are combined to obtain a crisp output 
[12, 14].  

The design of fuzzy logic controller is 
carried through following steps.  

 

 

 

 

 

 

 

 

 

 

 

3.1. Inputs and Outputs for Controller 

The speed of a ship is the function of the 
shaft speed. The other parameters which are 
affected by shaft speed are surge velocity ‘u’ 
and actual shaft velocity ‘n’. Therefore, the 
inputs are speed error (u_error) and shaft speed 
error (n_error) whereas the output is selected 
as command shaft velocity (n_c). Fuzzy logic 
controller uses the expert knowledge in the 
form of linguistic rules. The ranges are tuned 
by trial and error method. Finally, the ranges 
given in TABLE 3 yielded the satisfactory 
performance and the values of fuzzified 
variables are given in TABLE 4, TABLE 5 and  

 

TABLE 6 respectively. 

TABLE 3. Ranges of Input and Output. 

3.2. Fuzzification of Inputs and Outputs 

 Fuzzification is the method of translating 

the fixed single in fuzzy variables. During the 

process of fuzzification the inputs and output 

defined by a linguistic word are divided into 

subsets. All the input and output subsets are 

mapped into fuzzy sets taking definite 

membership functions as shown in Fig. 3. In 

Input 

vector 

(𝑋𝑒𝑟𝑟𝑜𝑟) 

Speed error u_error -0.07 to 

0.01 

Shaft speed 

error 

n_error -0.03 to 

4.6 

Output 

(n_c) 

Command 

shaft speed 

n_c -0.09 to 

155 

 
Fig. 1. Body fixed reference frame. 

 

 
Fig. 2. Fuzzy interface system. 
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this research 5 sub-sets are defined for input 

and output, labelled as: big negative (BN), 

small negative (SN), Zero error (ZE), big 

positive (BP) and small positive (SP). 

Each of these subsets is presented in a way 

that their values intersect each other as given 

in TABLE 4, TABLE 5 and  

 

TABLE 6. Each of subsets is mapped into 

triangular membership function. 

 

TABLE 4. Fuzzy variables and subsets of 

(u_error). 

Fuzzy 

Subsets 

(u_error) 

A B C 

BN -0.2 -0.0798 -

0.06005 

SN -0.0798 -

0.06005 

-

0.04003 

ZE -0.06005 -

0.04003 

-

0.01995 

BP -0.04003 -

0.01995 

0.00028 

SP -0.01995 0.00028 0.02 

 

TABLE 5. Fuzzy variables and subsets of 

(ṅ_error). 

 

 

 

TABLE 6. Fuzzy variables and subsets of 

(u_c). 

 

3.3. Defuzzification  

Defuzzification is a method to convert the 
collected output of the linguistic rules into 
single output value [12]. The maximum 
degree, average of weight or center of gravity 
method of defuzzification can be used. For this 
work centroid defuzzification method is used 
due to its simplicity and less computation. The 
mathematical representation of centroid 
defuzzification method is given in Eq. 4 [9,10]  

(n).n. n
u_c

(n) n

C

c

d

d








            (4) 

where u_c is the single output value, µc(n) is 

the combined membership function and n is 

the output variable.

Fuzzy 

Subsets 

(n_c) 

A B C 

BN 0.5 24.98 49.96 

SN 24.98 49.96 74.96 

ZE 49.96 74.96 99.98 

BP 74.96 99.98 124.8 

SP 99.98 124.8 140 

Fuzzy 

Subsets 

(ṅ_error) 

A B C 

BN -0.05 0.8006 1.633 

SN 0.8006 1.633 2.49 

ZE 1.633 2.47 3.334 

BP 2.47 3.334 4.158 

SP 3.334 4.158 4.5 

 
Fig. 4. Fuzzy logic controller. 

 

 

 
Fig. 3. Mapping of subsets. 
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4. Simulation of FLC 
The simulations are carried out by a close 

lope control as shown in Fig. 4. The 

performance of controller was tried in calm sea 

ideal conditions as well as with disturbances 

(wind generated waves). The simulation 

results are presented in the Fig. 5 and Fig. 6. 

4.1. Performance of Controller without 

Disturbances 

      The container ship speed controller 
designed in this research is asked to track the 
set speed value 8.5 m/s as the input signal for 
the FLC controller with propeller speed (n) of 
80 rpm. In ideal conditions (without 
disturbances) the actual speed (blue line) 
tracking the desired speed (dashed red line) 
value with minimal steady state error up to -1 
and within 350 seconds the actual speed 
overlaps desired speed value as steady state 
error becomes 0. The simulations are carried 
out on MTALB software and the results are 
presented in Error! Reference source not 
found.. 

  
Fig. 5. Simulation of controller in ideal calm se 

conditions. 

 

4.2. Performance of Controller with 

Disturbances 

The Sea conditions are highly dynamic and 

time variant. There are many disturbances 

acting on sea ships, i.e, sea currents, depth of 

water, density of water and wind generated 

waves etc. in this research wind generated 

waves are taken as disturbances and the 

response of controller is tested. The effect of 

waves can be seen on propeller speed in terms 

of oscillations, where propeller is trying to 

overcome the effect of waves to maintain the 

ship speed. The controller has successfully 

maintained the ship speed with less than -0.1 

error and the propeller speed is stable within 

350 seconds. The simulation results are 

presented in Fig. 6. 

 

Fig. 6. Simulation of controller with disturbances. 

5. Conclusion  

Due to the complex and non-linear 
behavior of sea, mathematical modeling of 
ship maneuvering is difficult. Therefore, 
expert knowledge based fuzzy logic control 
system is designed for container ship speed. 
The controller is tested with calm sea (ideal) 
conditions and with wind generated waves as 
disturbances. The designed controller has 
remained robust and successfully traced the 
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desired speed values with and without 
disturbances.   
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Estimating News Coverage Patterns using Latent Dirichlet 

Allocation (LDA) 

Batool Zehra1,Naeem Ahmed Mahoto1,Vijdan Khalique1 

Abstract: 

The growing rate of unstructured textual data has made an open challenge for the 

knowledge discovery which aims extracting desired information from large collection of data. 

This study presents a system to derive news coverage patterns with the help of probabilistic 

model – Latent Dirichlet Allocation. Pattern is an arrangement of words within collected data 

that more likely appear together in certain context. The news coverage patterns have been 

computed as number function of news articles comprising of such patterns. A prototype, as a 

proof, has been developed to estimate the news coverage patterns for a newspaper – The Dawn. 

Analyzing the news coverage patterns from different aspects has been carried out using 

multidimensional data model. Further, the extracted news coverage patterns are illustrated by 

visual graphs to yield in-depth understanding of the topics which have been covered in the news. 

The results also assist in identification of schema related to newspaper and journalists’ articles.   

Keywords: News Coverage Pattern; Probabilistic Model; data visualization; Multi-

dimensional Data Model. 

1. Introduction 

The rapid growth of the Web technologies 

has resulted in number of websites. According 

to statistics, there are 1800,047,111 active 

websites recorded in 2017 [1]. That means, 

tremendous volume of data is produced on 

these websites, which paves the way for 

information processing in order to extract 

knowledge and meaningful patterns. It can 

assist in decision-making regarding a number 

of scenarios and problems. 

Out of total number of active websites, 

there are many e-news websites with a large 

share of visitors who regularly check news 

and read articles on these websites. For 

example, in US, around 70% of the population 

                                                           
1 Mehran University of Engineering and Technology, Jamshoro, Pakistan 

Corresponding Email: sayyid_zehra@yahoo.com  

refer to the Internet for keeping up-to-date 

with news [2]. In addition, a large number of 

news articles are published on the daily basis 

covering various current topics. There exists a 

huge platform that can be explored with 

modern computing and data processing tools 

to find out interesting and useful knowledge.  

In this research study, useful knowledge is 

extracted from the e-newspaper articles to 

obtain the news coverage patterns. News 

coverage pattern refers to finding issues or 

topics being discussed over a certain period of 

time. The aim is to find out the coverage given 

to a specific topic or issue in news. The 

coverage patterns would reveal that what 

topics or issues remained under discussed and 

trending subject in a newspaper. The news 

mailto:sayyid_zehra@yahoo.com
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coverage patterns have been obtained by 

means of Latent Dirichlet Allocation (LDA), 

which is a probabilistic model for collection of 

discrete data [3]. LDA is a modeling technique, 

which automatically develops topics based on 

patterns of co-occurrence of words. LDA finds 

out a set of ideas or themes that well describe 

the entire corpus. The scope of this research is 

focused on the daily news and newspaper 

articles published on the website of a popular 

newspaper-The Dawn. During the course of 

this research, an application prototype as the 

proof of concept has been developed that 

performs the task of estimating the news 

coverage patterns. Text mining and analysis is 

performed to check coverage of certain news. 

Precisely, the goal of this research is to identify 

and highlight the topics or issues under 

discussion in numerous articles of the Dawn 

newspaper. Furthermore, the trending topics 

are statistically represented as knowledge to 

end-users. The information visualization has 

been considered an emerging field for the 

several application domains; for instance, 

structural information by injecting parameters 

of location has been represented in visual 

formats [7]. The paper is organized as follows: 

Related studies are discussed in section 2; the 

working principle of extracting news coverage 

patterns is reported in section 3; the outcomes 

of the study are described in the discussion 

section 4; finally, section 5 presents 

conclusions.  

2. Literature 

Maintaining the integrity of the 

specifications reference [4] described way to 

utilize LDA to journalism. The study [5] 

evaluated two novel approaches, one by using 

a video stream and second by using the closed 

caption stream. An LDA approach has been 

used to detect the text stream and the person 

shots. The research concluded that the 

individual system gave comparable results, 

however; a combination of the two systems 

provided a significant improvement as 

compared to the individual system. 

Reference [6] treated groups of objects 

together as spatial visual words and 

investigated configurations of regions using 

LDA and invariant descriptors. In this 

research, computation of invariant spatial 

signatures for pairs of objects was based on a 

measure of their interaction inside the scene. 

A simple classification was used to define 

spatial visual words to extract new patterns of 

similar object configurations. The modeling of 

the scene into a finite mixture was in 

accordance with the spatial visual words by 

the use of latent dirichlet model. Statistical 

analysis was done to better understand the 

spatial distributions inside the discovered 

semantic classes. One case study for synthetic 

imagery and for real imagery was 

experimented using LDA and the results 

proved that this model has good performances 

with the small amount of training data. It has 

been concluded that scene level analysis can 

be done through LDA with minimal human 

interaction leaving behind the traditional 

approaches of pixel or region level analysis 

[6]. The reference [8] unearthed significant 

components, for instance, nouns and verbs 

given broadcast transcript. It further computed 

weights of components with the help of their 

frequency in the text.  

The study under consideration applies 

LDA in order to get news patterns for better 

understanding of trends of news topics/issues. 

3. News Coverage Patterns Extraction 

Workflow  

The workflow of identifying news 
coverage patterns is explained in this section 
that comprises of four steps. The steps are 
explained in the order of their execution as 
illustrated in Fig. 1. The workflow intends to 
find out the coverage of various issues/topics 
in multiple news articles and news. Following 
are the steps and their explanations. 

3.1. Web Crawler 

The primary source of data is online news 
websites. In order to fetch data from these 
websites, a crawler has been designed and 
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developed. However, crawler targeted only 
one website – The Dawn (www.dawn.com). 
The crawler gathered daily news and news 
articles, which needed preprocessing before 
determining news coverage patterns. These 
collected news and news articles are stored in 
documents referred to as document database or 
corpus. 

3.2. Data collection and preprocessing 

Preprocessing stage involves the 
rectification of data such that the subsequent 
processes can be done. The refinement of data 
leads to better results, since unnecessary data 
gets removed and useful data elements are left 
behind. The data refinement procedure during 
preprocessing performs activities: 
Tokenization, Stop word removal, Stemming 
and Vector Space Model. 

3.2.1. Tokenization 

Tokenization is the process to partition the 

sentences contained in the textual data into its 

tokens (i.e., words). For example, consider a 

sentence ‘This study aims at extracting news 

coverage patterns’; the tokenization results 

into tokens: {‘This’, ‘study’, ‘aims’, ‘at’, 

‘extracting’, ‘news’, ‘coverage’, ‘patterns’}. 
 

3.2.2. Stop word removal 

News and articles are read one-by-one by 
the system. The system removes stop words 
from the given document. Stop words are 
commonly used words in language such as is, 
at, a, on, of etc. Their presence can mislead the 
text search and text analysis. Therefore, stop 
words are removed from text during 
preprocessing stage. 

3.2.3. Stemming 

In the next stage of preprocessing, 
stemming takes place. Stemming is the 
procedure of determining the base word or root 
word of a given word. For example, extract is 
the root word of extracting. During stemming, 
each word is traced to its basic root word. This 
is an important process as it can help remove 
noise from data. 

3.2.4. Vector Space Model 

Vector space model represents text 
documents as vectors. Vector(s) corresponds 
to the dimension of the vector space. The text 
data of news and news articles has been 
represented in the form of bag-of-words. 

 
 

Fig. 1. Workflow of news pattern extraction and 
visualization. 

3.3. News Pattern Extraction 

News pattern extraction refers identifying 

patterns about coverage of certain topics in 

news and articles. LDA finds out what topics 

are discussed in a given article by observing 

processed news data (i.e., vector space model 

– bag-of-words) and produces a topic 

distribution. A prototype application 

developed in this study has implemented LDA 

for the news coverage pattern extraction.  

 

Latent Dirichlet Allocation (LDA) – LDA 

algorithm reported in [3] presents the 

mathematical model. The principle concept of 

LDA describes that documents’ database (or 

corpus) contains words referring to latent 

topics and thus relate to the overall theme of 

the documents. 
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Consider a set of M documents’ database 

(DD) or corpus such that DD = {d1,d2,...,dm}

∑ 𝑛 =  {𝑝1 , … , 𝑝𝑘}, where di represents set of 

documents in the corpus DD and each 

document d is a vector of N comprises of 

words wi such that d = {w1,w2,...,wn} .  

LDA accomplishes steps as reported below for 

each w in corpus DD. 

i. Select N from Poisson Probability 

(ξ) 

ii. Select q  from Dir(a ), where a
shows per-document topic 

distribution 

iii. For each of the N words wn: 

a. Select a topic zn ∼ 

Multinomial(θ) 

b. Select a word wn from 

p(wn | zn,b), a multinomial 

probability conditioned on 

topic zn; 

bij = p(w
j =1| zi =1) 

probability of wn towards 

the topic zn  

 

Having parameters a , b , the joint 

distribution of a topic mixture q , a set of N 

topics z, and a set of N words w is given by: 

p(q, z,w |a,b) = p(q |a) p(zn |q )p(wn | zn,b)
n=1

N

Õ

 

3.4. News Pattern Extraction 

Visualization is the final output of this 
study. The extracted news patterns are 
presented statistically using graphs, line charts 
and bar charts. The statistical representation 
gives a comprehensive view of how certain 
topics are discussed in news and articles in a 
newspaper. 

4. Discussion 

LDA helps to find the main theme of an 

article and discover the coverage of specific 

news theme. The discovered theme is then 

chronologically ordered and presented in this 

section as bar graphs and line charts in order 

to show the trend of various patterns of news 

issues and topics. 

Figure 2 and 3 show the trends of topics 

mentioned in newspaper. These topics are 

frequently discussed and have been in news 

for the given period of time. The frequencies 

are plotted on y-axis while x-axis possesses 

timings. Each topic has its own line with 

different colors to indicate the change in 

trends. For instance, the topic named NAB in 

Fig. 2 remained top in news during 15 days. 

Similarly, trends about corruption and 

politicians have been the most frequent topics 

during the given dates. It can also be observed 

that these topics have almost similar trend 

with slight variations. This trend leads to 

understanding the media coverage in 

newspapers. In other words, media targets 

news about NAB, corruption and politicians.  

The similar trends are depicted in Fig.  3. 

In Fig. 4, the topics (i.e. army, military, 

Pakistan) discussed in news articles by 

different columnist of The Dawn newspaper 

are depicted. The topics being covered by 

these writers show a trend of certain issues. 

These trends represent that who among the 

considered writers focuses which of the issues 

and topics in their writings. 

Fig. 2. News coverage trend of 3 topics - 15 days. 
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Fig. 3. Number of news regarding certain topics. 

For example, referring to Fig. 4, Cyril 

Almeida mostly talked about Pakistan, 

military and army in his news articles. These 

news coverage patterns and topics covered by 

the writers in their writings clearly yield the 

direction and mindset of the media personnel, 

since media has been considered as opinion 

maker for the societies. 

Fig. 5 provides information regarding 

available collected news and news articles in 

the database. The prototype application offers 

to search for the topics or terms in the 

specified range of time within news or in news 

articles of columnists. 

 

Fig. 4. Frequency of topics covered in articles 
written by news analysts. 

For instance, Fig. 6 represents that term 

PPP (Pakistan People’s Party) has been 

trending more in the news on 5th March 2017 

as compared with rest of the days of March 

2017 in the available database of the prototype 

application. The news coverage patterns and 

their trend helps in understanding the behavior 

and mindset of media personnel, who play an 

essential role in building opinions of the 

people. The patterns not only will serve 

government officials to have in-depth 

information about directions of media and its 

agenda. Likewise, the writings of certain 

columnists will help in understanding the 

targets and their priorities in building the 

nation. 

 
Fig. 5. The news and news articles in the corpus. 

 
Fig. 6. Term PPP (Pakistan People Party) coverage 

trend. 
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5. Conclusion  

This paper presents an approach to apply 

Probabilistic Topic Model (i.e., LDA) in 

finding significant patterns from newspapers. 

The data, crawled from The Dawn 

newspaper’s official website, has been 

processed to uncover the news coverage in 

certain time limits. To validate the potential of 

understanding news coverage patterns, a 

prototype application has been built, which 

performed the necessary steps to reveal the 

patterns. These patterns have been presented 

with the help of visualization methods.  
It has become a fact that media influences 

perception of general public and mold their 
sentiments and thinking about certain issues 
and events. This research would assist in 
identifying the narrative of media groups 
regarding certain issues and events. The point 
of view of article writers can be stipulated by 
applying the analytical approach presented in 
this study. Consequently, the inclination of a 
newspaper can be judged based on the 
coverage they are giving to various issues. The 
in-depth knowledge about media groups and 
their news coverage patterns may assist 
government authorities like PEMRA (Pakistan 
Electronic Media Regulatory Authority) to 
regulate the electronic print media. 

As future works, we plan to compare the 
applied approach with the state-of-the-art 
methods and included other newspapers as 
well as research articles to determine the 
topical coverage of the scientific research 
articles.  
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Power Quality Analysis of Controlled Rectifiers and their 

Impact on Input Power System 
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Chachar1 

Abstract: 

This paper introduces the power quality analysis of AC-DC converter topologies and 

discusses their impact on input power system. Due to latest advancement in the technologies and 

power semiconductor devices, it is impossible to put barriers for the applications of power 

electronics topologies. These topologies are of different structure and causes harmonics when 

connected to the power system, these harmonics affects not only the power quality of the system 

network but also increase conductor overheating and core losses in motor applications. Due to 

their wide usage of rectifiers, it is necessary to observe its impact on the input power system, 

which includes THD (total harmonic distortion) and distortion in the input power factor etc. This 

research work focuses on the power quality analysis of the input power system due to AC-DC 

converters. In this paper input THD of single-pulse, two-pulse and six-pulse controlled rectifiers 

are examined using FFT analysis in MATLAB its effect on input power system are also 

observed. 

 

1. Introduction 

The AC-DC converter is by far the largest 

group of power switching circuits applied in 

industrial applications [1-3]. Usually rectifiers 

are developed using diodes and thyristors to 

provide uncontrolled and controlled DC 

power at the output with unidirectional and 

bidirectional power flow [4]. The drawback 

that comes with these rectifiers is that they 

cause non-linearity in the system which causes 

the harmonics to be injected in the system. 

These harmonics cause current distortion as 

well as poor power factor at the input side. 

The difference between a linear and non-

linear load is that a linear load is a load which 
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draws current from the supply which is 

proportional to the applied voltage, whereas a 

load is considered non-linear load when its 

impedance changes with the applied voltage, 

due to that change in impedance current drawn 

by the load is non-linear and that non-linear 

current carries harmonics with it. The power 

electronics converters also lie in the family of 

non-linear load. 

“IEEE 519-1992 defines harmonics as a 

sinusoidal component of a periodic wave or 

quantity (e.g. voltage or current) having a 

frequency that is an integral multiple of the 

fundamental frequency” [5]. 

Harmonics causes many unwanted effects 

in the system network. The most saviour effect 
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is the heating of equipment caused by iron 

losses and copper losses. A simple three phase 

nonlinear load is six-pulse rectifier and this 

type of load produces a significant amount of 

harmonics in the system network. Harmonics 

are not only generated by the non-linear loads 

but also the linear loads like rotating machines 

or transformers but their magnitude is quite 

low. 

Increasing the number of pulses of 

rectifiers like six-pulse, twelve-pulse 

decreases the effect of harmonics by the 

formula 

h = np ± 1 

where n is the number integer. 

p is the number of pulses. 

h is the harmonics order. 

This paper comprises the comparative 

analysis of the harmonics effect of rectifier 

topologies (i.e. single-pulse, two-pulse, six-

pulse and twelve-pulse) and their effect on 

input supply as well as on input power factor 

at different power factor using different loads. 

2. Methodology 

For performing the experimental study and 

analysis of Harmonics Generation Rectifiers 

the approach would be as designing of 

different topologies of rectifiers. For each 

configuration, the simulation would be done 

through MATLAB/Simulink. The simulated 

waveforms of current and voltage in case of 

different loads would be obtained by taking 

different firing angles and then correlate the 

effectiveness of different model and its 

configurations. Due to switching operations of 

AC-DC converters non-linearity is produced 

in the input current due to which harmonics 

are generated [6] which not only disturb the 

performance of converters but also quality of 

input power system is badly affected. The 

power quality factor would be observed by the 

Fluke Power Quality Analyzer that can 

monetize the cost of energy waste due to poor 

quality. 

The implementation of different rectifiers 

circuits i.e. single pulse, two pulse, six pulse 

and twelve pulse would be done on simulation 

on MATLAB/Simulink using different 

techniques over different loads. 

3. Single Phase Half Wave Rectifier 

Power Converters are used whenever there 

is mismatch between power supply available 

and load requirement. The Thyristor can be 

triggered at any angle α in positive half cycle 

as well as in negative half cycle so that the 

output voltage can be controlled. The thyristor 

acts as an open during the negative half cycle 

[7]. 

3.1. Single Phase Half Wave Controlled 

Rectifier with R Load 

Fig. 1. shows half wave controlled rectifier 

with resistive load. This topology is also 

known as 1-pulse rectifier.  

 
Fig. 1. Half Wave Controlled Rectifier with R 

load. 

 

 

Fig. 2. Input Current and Voltage with R load at 
firing angle of 45o. 

Input voltage and current waveform at 

firing angle of 45o is shown in Fig. 2. Input 

current is no more a pure sinusoidal and Fig. 3 

shows   input current harmonics at firing angle 

of 45o. 
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Fig. 3. Input Current THD with R load at firing 
angle of 45o. 

Output current and voltage with resistive 
load is shown in Fig. 4. It can be seen from 
waveform that output is not pure DC and it 
contains AC components along with DC 
components.  

 

Fig. 4. Output Current and Voltage with R load at 
firing angle of 45o. 

 

TABLE I. input, output, voltage thd, current 

thd and power factor with r load at different 

firing angles. 

Firin

g 

Angl

e 

Input 

Curren

t 

THD 

% 

Output 

Curren

t 

THD 

% 

Output 

Voltag

e 

THD 

% 

Input 

Powe

r 

facto

r 

30o 55.38 55.38 55.38 0.69 

45o 66.54 66.54 66.54 0.67 

60o 80.36 80.36 80.36 0.63 

90o 115.24 115.24 115.24 0.50 

 

It can be seen from table that harmonics 

generated are increased by increasing firing 

angle and current and voltage harmonics are 

same due to resistive load. Also, Input power 

factor decreases by increasing firing angle as 

shown in Fig. 5. 

 

 

Fig. 5. Relationship of Firing angle and Input 

Power Factor. 

 

3.2. Single Phase Half Wave Controlled 

Rectifier with RL Load 

Input current and voltage with resistive-

inductive load is shown in Fig.6.  

 

Fig. 6. Input Current and Voltage with RL load. 

It can be seen that keeping all parameters 

same, current harmonics in resistive-inductive 

load is reduced than resistive load as shown in 

Fig. 7. Inductor works as a filter for current 

harmonics and therefore current waveform 

becomes smoother.   

 

 

Fig. 7. Input Current THD with RL load at 

firing angle of 45o. 
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Output current and voltage with resistive-

inductive load is shown in Fig. 8. Voltage and 

current waveform are different due to 

resistive-inductive load.  
 

 

Fig. 8. Output Current and Voltage with RL 

load. 

 
TABLE II. Input, Output, Voltage THD, 

Current THD and Power Factor with R Load 
at different Firing Angles. 

Firin

g 

Angl

e 

Input 

Curren

t 

THD 

% 

Output 

Curren

t 

THD 

% 

Output 

Voltag

e 

THD 

% 

Input 

Powe

r 

facto

r 

30o 48.9 48.9 60.97 0.65 

45o 57.07 57.07 72.39 0.62 

60o 67.56 67.56 87.43 0.57 

90o 93.73 93.73 127.5 0.42 

 

In the above table it can be seen that the 
THD at the input side is increasing with the 
increase in the firing angle, also due to 
resistive-inductive nature of the load, the 
current ripples are filtered as an inductor 
opposes the change in current and due to this 
the current harmonics at the output is less than 
the voltage harmonics. It is observed that input 
power factor decreases with increase in firing 
angle as shown in Fig. 9. 

 

Fig. 9. Relationship of Firing angle and Input 

Power Factor. 

 

4. Single Phase Full Wave Controlled 
Rectifier 

A full-wave controlled rectifier converts 
both the positive as well as negative half cycle 
of input waveform and converts both polarities 
of the input waveform to pulsating DC. The 
desired value at the output can be achieved by 
varying the firing angle α of the thyristor [8]. 

 

4.1 Single Phase Full Wave Controlled 

Rectifier with R Load 

Fig. 10. shows the single phase full wave 

controlled rectifier with resistive load. This 

topology is also known as 2-pulse rectifier. 

 

 
Fig. 10. Full Wave Controlled Rectifier with R 

load. 

 

 
Fig. 11. Input Current and Voltage with R load. 
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Input voltage and current waveform at 

firing angle of 45o is shown in Fig. 11. Input 

current is distorted sinusoidal and Fig. 12 

shows input current harmonics at firing angle 

of 45o. 

 

 
Fig. 12. Input Current THD with R load at 

firing angle of 45o. 
 

Output current and voltage with resistive 

load is shown in Fig. 13. It can be seen from 

waveform that output is still not a pure dc and 

it contains ac components along with dc 

components but it has less ripple factor as 

compared to single phase half wave controlled 

rectifier.  

 

 
Fig. 13. Output Current and Voltage with R load. 

 

It can be seen form table that harmonics 

generated are increased by increasing firing 

angle and current and voltage harmonics are 

same due to resistive load. Also Input power 

factor decreases by increasing firing angle as 

shown in Fig. 14. 

 

 

 

 

 

TABLE III. Input, Output, Voltage THD, 

Current THD and Power Factor with R Load 

at different Firing Angles. 

Firing 

Angle 

Input 

Current 

THD % 

Output 

Current 

THD % 

Output 

Voltage 

THD % 

Input 

Power 

factor 

30o 16.32 30.57 30.57 0.98 

45o 26.8 33.47 33.47 0.95 

60o 40.4 37.1 37.1 0.89 

90o 70.39 57.5 57.5 0.70 

 

 
Fig. 14. Relationship of Firing angle and Input 

Power Factor. 

 

4.2 Single Phase Full Wave Controlled 

Rectifier with RL Load 

Input current and voltage with resistive-

inductive load is shown in Fig. 15.  

 

 
Fig. 15. Input Current and Voltage with RL 

load. 

 

It can be seen that keeping all parameters 

same, current harmonics in resistive-inductive 

load is reduced than resistive load as shown in 

Fig. 16.  

 



Abdul Ghaffar (et al.), Power Quality Analysis of Controlled Rectifiers and their Impact on Input Power System.

                                                              (pp. 57 - 65) 

Sukkur IBA Journal of Emerging Technologies - SJET | Volume 1 No. 1 January – June 2018 © Sukkur IBA University 

62 

 
Fig. 16. Input Current THD with RL load at firing 

angle of 45o. 
 

Output current and voltage with resistive-

inductive load is shown in Fig. 17. Voltage 

and current waveform are different due to 

resistive-inductive load.  

 

 
Fig. 17. Output Current and Voltage 

with RL load. 

 
Table IV. Input, Output, Voltage THD, 

Current THD and Power Factor with RL Load 
at different Firing Angles. 

Firin

g 

Angl

e 

Input 

Curren

t 

THD 

% 

Output 

Curren

t 

THD 

% 

Output 

Voltag

e 

THD 

% 

Input 

Powe

r 

facto

r 

30o 9.49 26.85 31.16 0.93 

45o 16.4 21.51 33.47 0.89 

60o 25.25 19.67 37.14 0.82 

90o 49.39 37.22 56.65 0.62 

 

It is observed that input power factor 
decreases with increase in firing angle as 
shown in Fig. 18. Harmonics increases due to 

increase in firing angle, thereby input power 
factor decreases. 

 

 

Fig. 18. Relationship of Firing angle and Input 

Power Factor. 

 

5. Three Phase Full Wave Controlled 
Rectifier 

In industrial applications where three 

phase AC voltages are available it Is preferred 

to use three phase rectifiers, as it gives us 

multiple benefits like high power handling, 

low ripple factor which reduces the filter size 

as well as low distortion at the input [9]. 
Application of higher pulse rectifiers are 

found at various points like for pipeline pumps 

in petrochemical industry, for steel rolling 

mills in metal industry, for pumps in water 

pumping stations, for fans in cement industry, 

for traction in locomotive industry etc [10]. 

5.1 Three Phase Full Wave Controlled 

Rectifier with R Load 

Fig. 19. shows three phase full wave 

controlled rectifier with resistive load. This 

topology is also known as 6-pulse rectifier. 

 

 
Fig. 19. Full Wave Controlled Rectifier with 

R load. 
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Fig. 20. Input Current and Voltage with R 

load. 

 

Input voltage and current waveform at 

firing angle of 45o is shown in Fig. 20. Input 

current is no more a pure sinusoidal and Fig. 

21. shows   input current harmonics at firing 

angle of 45o. 

 

 
Fig. 21. Input Current THD with R load at firing 

angle of 45. 

 
Output current and voltage with resistive 

load is shown in Fig. 22. Six pulse rectifier has 
less ripple factor and thus requires smaller 
filter size.  

 

 
 

Fig. 22. Output Current and Voltage with R 

load. 

 

TABLE V. Input, Output, Voltage THD, 

Current THD and Power Factor with R Load 

at different Firing Angles. 

Firing 

Angle 

Input 

Current 

THD % 

Output 

Current 

THD % 

Output 

Voltage 

THD % 

Input 

Power 

factor 

30o 35.55 75.62 75.62 0.51 

45o 44.01 77 77 0.32 

60o 62.09 78 78 0.13 

 

It can be seen from the results that power 

quality of three phase rectifiers is better than 

single phase, also Input power factor 

decreases by increasing firing angle as shown 

in Fig. 23. 

 

 
Fig. 23. Relationship of Firing angle and Input 

Power Factor. 

 

5.2 Three Phase Full Wave Controlled 

Rectifier with RL Load 

Input current and voltage with resistive-

inductive load is shown in Fig. 24.  

 

 
Fig. 24. Input Current and Voltage with RL load. 
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It can be seen that keeping all parameters 

same, current harmonics in resistive-inductive 

load is reduced than resistive load as shown in 

Fig. 25.  

 
 
Fig. 25. Input Current and Voltage with RL load. 

 

Output current and voltage with resistive-

inductive load is shown in Fig. 26. Voltage 

and current waveform are different due to 

resistive-inductive load.  

 

 
Fig. 26. Output Current and Voltage with RL 

load. 

TABLE VI. Input, Output, Voltage THD, 
Current THD and Power Factor with RL Load 

at different Firing Angles. 

 

The results of six pulse rectifier for 
resistive-inductive load are shown in above 
table. The relationship of input power factor 
with firing angle is also demonstrate in Fig. 27.  

 

Fig. 27. Relationship of Firing angle and Input 

Power Factor. 

 

6. Conclusion 

From the comparison of above results and 
relationship of higher pulses with THD it can 
be concluded that as we move towards the 
higher pulses, the THD at the input is 
decreased or simply the input supply distortion 
decreases with the increase in the number of 
pulses. Another advantage is that filter size 
will reduce and filter losses will be minimized 
as we move towards higher pulses rectifiers. 
Thus, ripple factor at the output of the higher 
pulse rectifiers (i.e. 12-pulse, 18-pulse and 24-
pulse) will be very less. The power factor is 
also less disturbed which also saves our 
economy as the disturbed power factor would 
increase the copper losses in the system as well 
as it would increase the stress on the switching 
devices, insulators and heating effect. In 
HVDC Transmission System higher pulses 
rectifiers are preferred because of their huge 
advantages like economy, minimum losses and 
reliability. 

 

 

 

Firing 

Angle 

Input 

Current 

THD % 

Output 

Current 

THD % 

Output 

Voltage 

THD % 

Inp

ut 

Po

wer 

fact

or 

30o 38.65 56.40 75.64 0.4

7 

45o 41.79 58 77.35 0.2

4 
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 Design and Control of an Unmanned Ground Vehicle for 

Search and Rescue Missions 

Kamran Shahani1, Hong Song1, Chaopeng Wu1, Syed Raza Mehdi1, Kazim 

Raza1, Noorudin Khaskheli2

Abstract: 

This paper focuses on the design and control of the unmanned ground vehicle for search 

and rescue missions. It is operated manually by using Xbee remote controller and arduino Uno 

is utilized to guide signals to UGV. This robot has innovations such as to move on rocky 

surfaces, a robotic arm is fixed on it which will perform pick and place tasks according to the 

inputs from the operator. The camera is attached for live vision feedback. The custom model 

designed was experimented with various situation scenarios to test its fidelity. This project is 

suitable for multiple purposes like monitoring and for military exploration missions. 

Keywords: Xbee module; UGV; Arduino; Wireless Control; DC motor; Manipulator. 

1. Introduction  

An Unmanned Ground Vehicle (UGV) is a 

vehicle running in touch with the ground, 

transporting devices, without a human 

operator presence. The robot can move on the 

rough grounds and in order to perform various 

farm duties where the presence of human 

being inside the area/place is unsafe [1]. To 

evade trailing of human life, this is more 

suitable to use the robot for a related job. 

Mostly UGV’s are useful for nowadays for the 

armed forces especially in the battlefield or 

war, now a day’s these are also used in 

different industries for loading and unloading 

purpose, in nuclear power plants for filling 

and wasting purpose and in homes, these 

robots are used as servants [2]. The aim is to 

get the wireless live visual feedback of the 
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accident cities, find the presence of enemy’s 

positions, weapons, obstacles and much more 

information without any distressing they can 

get it control [3].The UGV can work as rescue 

robot in rescue organization, rescue 

organization will quickly and securely receive 

data of the accident cities, a duty that is both 

tough and terrible. 

A review of the development of unmanned 

ground vehicles in Japan from the1970’s to 

1990’s is presented in [4].The Unmanned 

Ground Vehicle for fumigation purpose which 

designed by the National Space Research and 

development agency, Abuja Nigeria [5]. The 

vehicle consists of four wheels, uses 

Bluetooth as communication channel and can 

operated around 8 meters of radius.   
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2. Proposed System 

Figure 1 shows the entire proposed system 

block diagram where the Arduino Uno 

microcontroller saves the C code that 

commands the vehicle, the manipulator drive 

and the camera. The two direct current (DC) 

motors drive the vehicle forth, backward, left 

and right directions, the servo motor controls 

the movements of manipulator and camera. 

L298 driver module works as the direct 

current (DC) motors driver board and the 

Xbee module builds a wireless connection 

between the surface controller and the vehicle 

[6].  

Fig. 1. Proposed System block diagram. 

2.1. Versa Chassis Body 

We have built essentially the frame of our 

vehicle from Versa (VEX) apparatus [7]. 

These components are made of a lightweight 

aluminum sheet. We use this because it saves 

our lot of time all parts are available we have 

to just assemble and build the body of a robot. 

Other parts are also available such as a shaft, 

gears, bearings gripper and many more. On 

aluminum sheets there are already holes and 

squares available; the size of these holes is 

about 0.8cm. For assembling the robot we do 

not need any welding machine for fixing of 

components done by using nuts and bolts. 

Figure 2 shows the U, L and C shapes 

sheets provided by the versa robotics. Our 

vehicle consists of two main parts one is 

crawler body and the second one is the three 

degrees of freedom (3-DOF) manipulator arm 

with the gripper. Crawler which is the main 

frame of the vehicle holds tracked wheels, in 

order to move on the coarse surfaces easily 

without any difficulty facing. 

 

 
Fig. 2. Crawler robot and manipulator parts. 

 

2.2.  Dc Geared Motor  

Source of moving the vehicle is motor.   

Our UGV consists of two dc gear motors, 

track wheel drive based robot. Dc geared 

motors are used because they have low speed 

but high torque [8]. Always DC geared motor 

is used in that type of crawlers or tanks 

because at hilly or inclined surfaces more 

torque is needed instead of speed. Crawlers 

motor cannot allow the direct drive to the 

tracked- wheels because these motor’s shaft is 

a lock or not compatible. In this type of robot 

special type of wheels are used named as 

spikey-wheels [9]. Table 1 shows the direct 

current (DC) motor specification of motors. 
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TABLE I. DC Motor Specifications. 

 

2.3. Manipulator Arm 

Manipulator's assembly is made of 

aluminum U and L shapes plates. Purpose of 

placing manipulator in the robot is to pick and 

place the objects from the surface or ground 

[10]. 

This manipulator consists of shoulder, 

wrist, and gripper. Shoulder joint which is 

revolute and rotates about 90 degrees, wrist 

joint which is twisted joint rotate about 180 

degree and last one is gripper whose angle of 

opening and closing is about 160 degree. 

Joints of manipulator robot are driven by 3 

MG 996 Servo motors. There are 3 links in 

this manipulator robot each link is connected 

with the joint. Measurements of links are 

given below. 

Distance between link 0 to link1 = 96mm 

(3.7 inch) this part is called shoulder. 

Distance between links 1 to link 2 = 

105mm (4.1 inches) this part is called wrist. 

With link 2 end effector is connected whose 

opening distance is about 55mm (2.16 inch) 

Figure 3 shows the three degree of freedoms 

manipulator arm. 

 

 

 
Fig. 3.  3-DOF manipulator robot arm. 

Source: www.sainsmart.com/products/3-

axis-desktop-robotic-arm. 

2.4. Main Controller Arduino Uno 

This is the main controller of the vehicle. 

Consist of a microcontroller which saves the 

program which we write. This main board is 

operated at 5V dc; we can supply it by 3 

methods, through USB cable connected with 

PC, plug the 5V DC input at its VIN pin and 

connect the ground must and last one which is 

through external 5-12 Dc adapter to a power 

socket of the Arduino. You can give 

maximum supply 12V dc, 1A current. Inside 

the Arduino, there is 7805 voltage regulator 

used which prevent the board from any 

damages. Figure 4 shows the input and output 

ports of the Arduino Uno. No need of 

soldering the wires user can easily plug the 

male connecting wires to the female header of 

Arduino UNO for communication.  

Fig. 4. Arduino Uno Main Controller. 

Source https://www.arduino.cc/ 

Specification Explanation 

Voltage Rated 12 V 

Stall Current  5.5 A 

No load current 0.16 A 

Torque Rated 0.53 Nm 

Speed Rated 327 rpm 

Current Rated 1.5 A 

Stall Torque 2.15 Nm 

http://www.sainsmart.com/products/3-axis-desktop-robotic-arm
http://www.sainsmart.com/products/3-axis-desktop-robotic-arm
https://www.arduino.cc/
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2.5. Xbee Pro S1 Module 
 

This is a very interesting wireless device 

used for wireless communication between two 

points through buildings or any place. There 

are many Xbee modules such as Xbee S1 and 

Xbee S2, we are using Xbee Pro S1 this is the 

advanced version of the remaining XBee 

modules. Figure 5 shows the front view of 

xbee pro S1. This device is the product of Digi 

Tech [11]. It has a built-in antenna which 

makes the better communication, increase the 

distance of communication. These modules 

allow a very reliable and simple 

communication between microcontrollers, 

computers, systems, really anything with a 

serial port! Point to point and multi-point 

networks are supported with a range of 1500 

meter coverage.  

The Xbee Pro S1 module in this vehicle is 

used to provide the wireless communication 

between the unmanned ground vehicle and the 

surface controller. 

 

 

 
 

Fig. 5. Xbee Pro module. 

Source.  https://www.digi.com 

 

2.6. Xbee X-CTU 
X-CTU is software used to configure a 

connection between pc and xbee module. First 

we have to make the connection between pc 

and device. After this we select COM port 

where xbee is connected with the laptop port. 

After this we have to select correct baud rate 

which you set in the arduino, matching of baud 

rate is very important if there is no matching 

wireless system can’t work. Figure 6 shows 

the interfacing window of the X-CTU. 

From this software xbee input and output ports 

are initialized. After declaring of the ports 

proper selecting of sample rate is important in 

our case 20 is set. 

 

Fig. 6. Xbee X-CTU. 
Source.  https://www.digi.com 

 

3. Controlling The  Robot Movement 
A controller is made for the controlling of 

UGV movements and manipulation of arm 

and camera, in which different switches and 

knobs are used. When user from the controller 

send the command through buttons or knobs, 

signal will be generated in the xbee and xbee 

sends the signal to the controller where signal 

is processing, then these signals transmitted to 

the UGV to perform the desired tasks. Figure 

7 shows the controller of the robot. , Table 1 

show the input commands which sense the 

robot for specific movement and table 2 shows 

the main specifications of the UGV. 

https://www.digi.com/
https://www.digi.com/
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Fig. 7. Main controller of the robot. 

 

 

  TABLE II. Robot Commands.  

 

 

TABLE III. UGV Specifications. 

4. Results 

The execution of the unmanned ground 

vehicle (UGV) for search and rescue mission 

hardware model experimented throughout the 

real-time experiment. Figure 8 shows the 

experimental results of the unmanned ground 

vehicle with no load and full load torque, 

current and speed.  It was affirmed that the 

model was flawlessly towing on both glossy 

and irregular surfaces. The dynamic strength 

of the crawling vehicle while transporting the 

objects was kept. The vehicle can operate 

remotely via Xbee from up to the boundary of 

1000 meters coverage. The manipulator is 

proficient of grasping objects up to 1000 

meters radius with live video feedback. The 

battery can serve for 8 hours outwardly 

renewing. Figure 9 shows the main model of 

the UGV. 

 

 

Fig. 8. UGV Load and No load results. 

These figures are formulated in 

MATLAB version R2014b. Figure 8 shows 

the no load and full load speed, current, and 

torque of the unmanned ground vehicle on 

the ground. Therefore from figure we can 

see that slope of Torque Vs Current is 

13.114754. The reciprocal is 0.076250. 

Maximum output mechanical power is 

18.450975(watts). This happens at the 
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Input character Command 

F Move forward 

B Move backward 

L Turn left 

R Turn right 

K1-Gripper Open or Close  

K2- Shoulder Lower or upper  

K3- Wrist Twist clock wise or 

anti clockwise 

Specification Explanation 

UGV size ( L x W x H) 170  x  167  x  80 

mm 

Crawler treads (width) 50 mm 

Manipulator arm 200 mm 

Controlling range 1000 meter (open 

area) 

Weight  2 kg 
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Torque load of 152.5 (oz-in), with Current 

3500 (mA).  

Fig. 9. Main model of the robot. 

5. Conslusion 

This article confers a scientific overview of 

the implementation of an unmanned ground 

vehicle with the three degree of freedom (3-

DOF) manipulator arm for search and rescue 

missions. A model was created for an apparent 

induction of the method and it has been 

decided that by this sort of system invented, 

search and rescue operations can be done   

with less human through appearance while 

rescuing, through keeping the human from 

dangers. The design method advised in this 

article is cost-effectively applying a full-

duplex transmission and suitable for military 

search and monitoring missions. 
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Design of artificial neural network based power split controller 

for hybrid electric vehicle 

Engr.Aqsa KK1, Noor U Zaman Laghari2 

Abstract: 

The progress of a society and degree of civilization is increasing, major factor behind 

it is a said developing cars. Due to this increasing numbers of cars the pollution because of 

emission of internal combustion engine (ICE) in environment is increased and also fuel 

consumption is increased. To reduce the said fuel consumption and said environment pollution 

Hybrid Electric Vehicle (HEV) attracted many researchers to work on it. In this research paper, 

work presented to minimize the said fuel consumption a power spilt controller is designed based 

on artificial neural network (ANN) between two propelling source electric motor (EM) and ICE 

the data is taking through dynamic programing-the research is done to achieve better said fuel 

economy in nonlinear parallel hybrid electric vehicle (PHEV).In the ANN controller one input 

layer, one output layer, and two hidden layers are used. The matlab-simulation is used for the 

implementation and numpy-library is used for the training of the data. All the simulation result 

are discussed. The trained data is used. The data is tested on three driving cycle named NEDC, 

US06 and FTP-75 for both the thermal and hybrid vehicles. 

 

Keywords: Artificial Neural Network; Dynamic programing; Parallel Hybrid Electric Vehicle; 

New European Driving Cycle; Federal Test Procedure;US06. 

1. Introduction  
From many years a big attention has been 

inclined to the problems of automobiles 
consumption of fuel reduction and more 
highway vehicles. Concomitantly very ample 
concentration has been paid on emission 
pollutants reduction through automobiles and 
other vehicles. At higher temperatures  if 
operated an engine then it can be realized the 
fuel consumption reduction and increased in 
the efficiency of thermodynamics. In engines 
substantial interest has been erected of 
ceramic materials endure higher combustion 
temperatures than those in active now [1]. On 
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Corresponding Email: aqsa.kk@unifiedcrest.com   

the other hand higher combustion 
temperatures in engines  fuelled with gasoline 
cause to increase in certain undesirable 
pollutants, typically NOx. 

One proposal is vehicles use should be 
limited which is powered by said ICE and 
instead employs the EM which are powered 
electric vehicles (EV) powered by said 
rechargeable batteries for reducing the 
pollution in the cities. All such electric cars 
(EC) have no more than 150 miles typically 
limited range, for hill climbing and 
acceleration having an insufficient power 

mailto:aqsa.kk@unifiedcrest.com
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other than when the batteries are charged 
fully, and require ample time for the re-
charging battery. Thus the finite range and 
extended batteries recharge time would not be 
an inconvenience in many circumstances and 
for all the travel necessity of most individuals 
such cars are not suitable [2]. Accordingly, for 
most users an electric car (EC) would have to 
be an supplementary vehicle, arranging a 
substantial economic deterrent. Moreover, 
coal-fired power plants is the source of 
generation of most electricity in the US 
(United States) and it will be appreciated, so 
using electric vehicles (EV) merely moves the 
point of supply of the pollution, but doesn’t 
eliminate it .The respective net costs 
comparison of driving per mile, ethanol-
fuelled vehicles (EFV) are not competitive 
with EV, with conventional gasoline-fuelled 
vehicles (GFV) [3].create these components, 
incorporating the applicable criteria that 
follow. 

 Drive torque is supplied by a power unit to 
said output shaft and two or more drive 
wheels receiving torque for propelling said 
vehicle from an output shaft. 

 A controllable torque transfer unit (TTU) 
adapted to receive torque from two sources 
through first and second input shafts and 
transmit the torque to said output shaft. 

 An engine adapted to consume 
combustible fuel and supply torque to said 
torque transfer unit. 

 An electric motor (EM) supply torque to 
said torque transfer unit and from a battery 
adapted to receive electricity. 

 A stored electric energy in a battery is 
supplied to said motor and when motor is 
operated as a generator the storing electric 
energy received from a motor. 

 For controlling the operation of electric 
motor (EM), engine and torque transfer 
unit (TTU) a controller is used, such that 
torque transfer unit (TTU) receives said 
torque. 

 from either or both of electric motor (EM) 
and internal combustion engine (ICE) 
through first and second input shafts and 
transmit the torque from drive wheels by 
way of output shaft, For controlling the 
relative contributions of the  EM and ICE 
to the said torque driving the wheels. 

Where in the relative ratio of the rate of 
rotation of a said output member of torque 
transfer unit (TTU) to the rate of rotation of 
driven wheels, and the relative ratios of the 
rates of rotation of engine and EM to input 
shafts are fixed [4]. 

In many application of control system 
artificial neural networks (ANN) have been 
favorable used. But the learning algorithm 
based on ANN shows a great accomplishment 
when used off-line it means that before 
implementation they have to be fully trained. 

“AN networks have extensively parallel 
distributed processor and have an natural 
propensity for storing developmental 
knowledge and making this knowledge 
accessible for use” by Haykin (1994). 

The AN networks also resemble to the 
brain of the human in two aspects, they having 
a network similar to human brain networks and 
acquires a knowledge via a learning process 
and second they have an synaptic weights 
which is used to store these acquire 
knowledge. Similar to black box model AN 
networks require no detail information of the 
system. Instead, by studying the previous 
record data these neurons learn the 
relationships among the various input 
parameters. The AN networks have an ability 
that it can handle enormous and complex 
system with many interrelated parameters.AN 
networks concentrates on the more substantial 
inputs and ignores the input data having 
minimum significance. Our aim is to design a 
controller strategy which is based on AN 
networks in which controller takes substantial 
input and give it to the vehicle for the desired 
output [5-6]. 

The problem statement is: 



Engr Aqsa kk (et al.), Design Of Artificial Neural Network Bases Power Split Controller For Hybrid Electric Vehicle    

                                      (pp. 72 - 80) 

Sukkur IBA Journal of Emerging Technologies - SJET | Volume 1 No. 1 January – June 2018 © Sukkur IBA University 

74 

 

1. The problem considered is to minimize the 

fuel consumption of an HEV that      

reconciles the drivers demanded vehicle 

velocity, by designing a controller for the 

Parallel Hybrid Electric Vehicle.  

2. Many researchers worked on dynamic 

programing and neural network for energy 

management individually. 

3. To our best knowledge combine the both 

strategies for the better energy 

management and fuel economy that are 

presented in this research, have not been 

addressed.  

The aim of this research work is  

 To compute the optimized fuel optimization 

and power split between ICE and EM using 

dynamic programing (off-line). 

 To develop an artificial intelligence based 

power-split controller for real time driving 

condition. 

 To train and test the design controller using 

the data from off-line optimization result. 

 Test and simulate the designed controller for 

real time condition. 

 Compare and contrast the results with 

existing strategies/controller for slandered 

driver cycle. 

2. Literature review 

Chan, C.C [7] developed rules based on 

heuristics, intelligence of the humans and 

math’s model generally without prior 

knowledge of a drive cycle. These 

implementation rules are executed through 

lookup tables to share the demand of power 

between ICE and electric traction motor to 

meet driver requirements and other 

peripherals (electrical loads, battery) in the 

most effective technique. A good fuel 

economy as well as at the same time 

drivability and dynamic performance is also 

improved. 

Hofman et al [8] research based on Rule-

Based and Equivalent Consumption 

Minimization Strategies (RB-ECMS). Only 

one main design parameter is used and of 

many threshold control values and parameters 

no tuning is required. This design parameter 

represents the secondary power source 

maximum propulsion power (i.e. electric 

machine/battery) during pure electric driving. 

Comparison of RB-ECMS with the strategy 

based on DP. In this paper The RB-ECMS 

proposed requires significantly inferior 

computation time with the result similar as DP 

(within §1% accuracy). 

Jhun Hana et al [9]-[10] the equivalent 

consumption minimization strategy (ECMS) 

is often considered as practical avenue while 

driving in the real world situation with 

uncertainties such as rugged road ECMS is 

used to control parameter as stated in rugged 

road so that the state of charge (SOC) is 

maintain inside the boundary and give the 

distinct improvement in fuel economy. 

Jinming Liu and Huei Peng [11] developed 

THS power train dynamic model and then 

apply it for model-based control development. 

Introduced 2 control algorithms: one based on 

the stochastic dynamic programming method, 

and the second based on the ECMS. Both 

approaches determine the engine power 

depend on the overall vehicle efficiency to 

optimize engine operation apply to the 

electrical machines. These 2 algorithms 

performance is evaluate by comparing against 

the dynamic programming results, which are 

non-causal but provide theoretical 

benchmarks for more implementable control 

algorithms. 

3. Model of parallel hybrid electric 

vehicle 

3.1. Vehicle Parameter 
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TABLE I. Electric motor parameters. 

 

3.2. Model (Equation of Motion) 
3.2.1 Traction force  

FZ = mg = FZ 1+ FZ 2                                                    (1)                                    

 

TABLE II. Vehicle parameters. 

Where, 

  2 1 

1 2
 , 

Z Z

l l
F mg F mg

l l
                     (2)                                     

3.2.2 Longitudinal forces  

(Fx = actual wheel force) 
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3.2.3 Vehicle’s acceleration 
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3.2.4 Weight transfer due to acceleration 
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3.3.  Power train Torques 

    

3.3.1 Thermal engine torque   

,
        

loss eng

engine eng

eng

P
T T                        (5)                              

3.3.2. Electric motor torque 

1

, , ,
( , )

max elec map motor max elec mot
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 (11)                                    

3.4 Electrical Systems modelling 

3.4.1. Open circuit voltage of battery 

batt

oc

batt

q
V

C
                                                  (6)                                                                    

 

 

3.4.2. Output voltage of battery 

S:N

O Components 

Components 

Parameters 

 

quantity 

1 

Said Internal 

Combustion 

Engine (SI) 

Said 

Cylinders 

4  

 

Said Litres 

 

2.2  

 

Said peak 

power 

84 kW  

 

Said mass 250 kg  

 

2 

Said 

Permanent 

Magnet 
Electric Motor 

(brushless) 

Said peak 

power 

 

53 kW  

 

Said peak 

torque 

248 N.m  

 

3 

Said Nimh 

Ovonic 
Battery 

Said capacity 28 Ah  

 

Said number 

of modules 

50 

Said nominal 

voltage 

6 

V/modul
e  

 

Said Energy 
density 

48.6 
Wh/kg  

 

Said Power 

density 

444.4 

W/kg  
 

4 
Said Vehicle 

Body 

Said Mass 800 kg 

 

Said Wheel 
radius 

0.27 m 
 

Said Veh. 

Drag Coeff. 

0.48 

Ns2/ m2 

 

Said Surf. 

Fric. Coeff. 

0.3 (wet 

road) 

S:NO Parameter Value 

1.  
Said imax,mot 475 A 

2.  
Said Pmax,mot 53 kW 

3.  
Said ω max,mot 8000 rpm 
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( )
batt

output oc batt

d q
V V R

dt
                         (7)                                            

3.4.3 State of charge  

oc min

max min

V V
SOC

V V





                                  (8)                                                           

where Vmin and Vmax represent the minimum 

and maximum allowable voltages of the 

battery. These minimum and maximum 
values are used as 250 and 400 V, 

respectively, compatible with the electric 

motor used in the simulation model.  

 

TABLE III. ANN controller. 

 

4. Artifical neural network controller  

Specification for artificial neural network 

used in this research are given in table III. 

5. Implementation of model phev in 

matlab –simulink 

Following steps take place for the 

implementation of the model in Simulink 

 

I. calculation of total torque from the Said 

EM and  engine  

II. Using an integrated transfer case (ITC) 

unit model block the distribution of total 

torque to the rear and front axles. 

III. Said Rear model blocks and said front 

axles are separated from each other.  

IV. For appropriate demand calculations the 

sensor information is passing to the said 

controller. 

V. The simulation model contains a driver 

block, which selects appropriate driver 

commands (acceleration and braking) 

given a time-based drive cycle. 

 

Simulation model Block diagram 

 

 

Fig. 1. PHEV model. 
 

6.  Results and Discussion  

NEDC (New European Driving Cycle) 

The graphs and result obtained from the 

NEDC driving cycle in order to obtained 

better said fuel economy by implementing 

dynamic programming and artificial neural 

network controller l strategies are discussed 

below. 

In table 4 thermal engine vehicle having 

said average fuel economy ICE (start/ stop) 

mode has 13.89km/l. For Hybrid electrical 

vehicles average fuel economy for dynamic 

programing controller (DPC) is 20.57 km/l 

No 
Component 

 

Specification 

 

1 Input Layer 
1(Vehicle speed, 

Engine RPM) 

2 Output Layer 
1(2-Nodes, Split 

ratio, gear number) 

3 Hidden layers: 
2(each with 55  

nodes) 

4 Activation function 

Rectified Linear 

Unit (RELU) 
 

5 Learning method 
Backward 

Propagation 

6 Training Tool 
Python, (Numpy 

library) 

7 Implementation Tool (Matlab-Simulink) 
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and for artificial neural network controller is 

19.71 km/l both are higher than thermal 

engines fuel economy. Battery SOC 

compensation supply is 20.73 km/l this 

increased compensation shows that from its 

present initial value battery SOC has raised 

final SOC becomes 51% whereas 50%. The 

initial present value. Overall DPC 

improvement and ANN is 48.09% and 

49.24% respectively.in ANN Battery SOC 

compensation provided is 19.34 km/l this 

increased compensation hence the final SOC 

becomes 49.7 % less than the present value 

50 %.where as in each option the overall 

improvement is 41.9% and 39.237%. 

 

 
Fig. 2. Controller in Model. 

 

 

 

Fig. 3. NEDC cycle. 

 

FTP-75 (Federal test procedure) 

The graphs and result obtained from the 

FTP-75 driving cycle on said conventional 

and hybrid both drivetrain in order to obtain 

improved said fuel economy and less 

emission are discussed below.  

TABLE IV. Result of NEDC. 
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Fig. 4. FTP cycle. 

 

In table V final result of FTP-75 The Said 

average fuel economy and having ICE only 

start/stop supplied by the base model 

consisting of thermal engine vehicle is 12.64 

km/l. Hybrids embedded with dynamic 

programming based control strategy gives 

Average fuel economy with battery SOC 

compensation is of 18.49 km/l with battery 

SOC is 50%. The net improvement battery 

SOC compensation and in the fuel economy is 

46.28% in each. Average fuel economy given 

by the artificial neural network controller is 

17.66 km/l Battery SOC compensation 

supplied is 17.78 km/l this increased 

compensation shows that battery SOC has 

raised from its present initial value hence the 

final SOC becomes 49.7 % less than the 

present value 50 %.where as in each option the 

overall improvement is 39.71% and 40.664%. 

 US06 DRIVING CYCLE 

The graphs and result obtained from the US06 

driving cycle are discussed.  

 
Fig. 5. US06 cycle. 

US06 driving cycle in table VI, average fuel 

economy provided by The thermal embedded 

base model is 13.49 km/l . In hybrid electric 

vehicle with DPC the average fuel economy 

provided is 19.61 km/l with  final SOC of a 

battery to 52% and with ANN controller 

average  fuel economy to 19.79 km/l 

upgrading final battery SOC =52%.  

 

TABLE V. Result of FTP. 

Improvement in fuel economy in both 

controller is 45.36% and 46.70% respectively. 

In DPC battery SOC compensation is 19.61 

km/l and in Said ANN controller and Said 
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battery SOC compensation to 18.88 km/l, the 

improvement in compensation of SOC battery 

is 45.36% and 39.95% respectively with both 

controllers. Average fuel economy given by 

the artificial neural network controller is 17.66 

km/l higher than Said fuel economy provided 

by thermal engines. 

      Battery SOC compensation provided is 

17.78 km/l this boost compensation shows 

that battery SOC has raised from its present 

 

TABLE VI. Result of US06. 

initial value hence the final SOC becomes 

49.7 % less than the present value 50 %.where 

as in each option the overall improvement is 

39.71% and 40.664%. 

For study of US06 driving cycle in table IV, 

50% SOC of a battery. Average fuel economy 

provided by the thermal embedded base model 

is 13.49 km/l. In case of dynamic programing 

HEV, the average fuel economy provided is 

19.61 km/l and average fuel economy with 

battery SOC compensation is 19.61 km/l., 

50% final battery SOC, The net productivity 

for both fuel economy and SOC compensation 

of battery is 45.36%. 

7. Conclusion 

The results of simulated PHEV are 

follows: An online Artificial Neural Network 

based power split controller was implemented 

within Hybrid vehicle fuel consumption 

model. The ANN optimization was achieved 

used the data from Dynamic Programming 

based offline controller. The ANN controller 

offers promising results as seen from the 

tabular data above. The proposed ANN 

controller slightly deviates in terms of 

consumption figures due to under-fitting. 

ANN control has also been found to have 

proper gear shifting during the simulation test 

runs (i.e. too frequent shifting, as exhibited by 

many other algorithms such as ECSM, is not 

observed).Battery SOC is appropriately 

maintained and utilized as depicted by results. 

Proposed controller Performance need to be 

further tried and tested for combination of 

multiple driving cycles. 
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An Experimental and Comparative study about the engine 

Emissions of conventional Diesel Engine and Dual Fuel engine
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Abstract: 

Because of the high thermal effectiveness, consistency, flexibility and economical cost 

diesel engines are extensively used all around the world. Diesel engine emissions are producing 

serious environmental pollution which consists of oxides of nitrogen (NOX), carbon monoxide 

(CO) and particulate matter (PM). So it’s necessary to find the alternate solution to control diesel 

emissions. Natural gas is a highly attractive due to its clean burning, low cost, and wide 

availability. In this experimental work, single cylinder (8.6 Hp LA186F) four-stroke 

conventional diesel engine was studied. Natural gas is the major gaseous fuel used in dual fuel 

method which is up to 80% while diesel is used as a pilot fuel for the source of ignition up to 

20%. In comparison with the conventional diesel method, it was observed that the dual fuel 

method significantly reduces the NOX maximum up to 72.5%, carbon dioxide (CO2) 34.5% and 

CO 59.8%. However, Hydrocarbon (HC) increased 66.76% in contrast with normal diesel 

combustion. During dual fuel mode, the emissions of HC and NOX shows the inverse relation. 

 

Keywords: Diesel; Dual fuel; Emission; Natural gas; Combustion. 

1. Introduction 

 Diesel engines are extensively used in the 

public transportation because of their higher 

stability and thermal effectiveness. Meanwhile, 

greenhouse gases are produced by transportation 

sector is about 30% of the world which leads to 

global warming [1]. Therefore, diesel engine is 

more responsible for the serious atmospheric 

hazards [2].  NOX and PM are the main harmful 

components of diesel engine. NOX emission 

produces photochemical smog which is a major 

source of acid rain [3].  It has been proved by 

numerous studies that these gases can be 
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enormously harmful to the environment, 

especially living beings as health hazard [4]. 

Hence, emission regulations become stricter to 

reduce this environmental pollution. At the same 

time, energy consumption is growing rapidly and 

the fossil fuels are dwindling. In this regard, use 

of alternative fuels is necessary to meet the 

requirement of energy consumption and standard 

emission regulations. In public transport, natural 

gas is more environmental friendly among the 

various alternative fuels. Because of its clean 

burning, widely spread distribution stations, and 

lower cost [5].  
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1.1. Natural gas used as a substitute fuel 

         In comparison by means of other alternative 

methods, the more attractive source of energy is 

natural gas used in the internal combustion 

engines[6]. Natural gas has desirable advantages 

including low emission of greenhouse gases and 

reduction of capital costs. Currently, due to 

environmental issues and energy shortage 

problems, governments of the worldwide are 

looking to the natural gas as a substitute fuel for 

conventional diesel engine [7]. 

 

1.2. Physiochemical properties of natural gas 
         Methane is the major part of natural gas 

which is near about 90%. 

 

.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

But with methane, it also consists of many 

numbers of gases namely ethane, propane, 

pentanes, n-butane and lightweight alkanes. 

Nitrogen, carbon dioxide and traces of water 

vapors are also the components of natural gas. 

Natural gas properties vary according to the 

composition, source of production, and process 

used.  

       Table 1 shows the composition of natural 

gas [8]. Mostly, Natural gas consists of 87–96% 

of methane. Due to this reason, natural gas has 

same physical and chemical characteristics like 

methane.  

 

        Table 2 represents fuel properties of 

gasoline and diesel in comparison to natural gas 

[9–10].  In contrast with other fossil fuels, natural 

gas consists of less carbon per unit energy, 

therefore for public transport natural gas is 

environmental attractive as it produces low CO2 

emissions per mile. Although, because of the 

higher auto-ignition temperatures of natural gas 

it is intricate to used it in diesel engines. 

However, for spark ignition engines natural gas 

is very favorable because of anti-knock quality. 

Further, Natural gas is used in diesel engines 

without auxiliary modifications. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

  

2. Dual fuel concept 

According to the dual fuel methodology, the 

intake manifold is used to mix the air stream and 

natural gas uniformly then it is introduced into 

the combustion chamber and pilot fuel with high 

TABLE II. Physical and chemical 

characteristics of gasoline, natural gas and 

diesel [9–10]. 
 

Fuel 

Properties 

Natural 

gas 

Diesel Gasoline 

Low Heating 

Value(MJ/kg) 

48.6 42.5 43.5 

Heating value 

of 

stoichiometric 

mixture 

(MJ/kg) 

2.67 2.79 2.78 

Cetane 

number 

- 52.1 13-17 

Octane 

number 

130 - 85-95 

Auto-ignition 

temperature 

(°C) 

650 180-

220 

310 

Stoichiometric 

air-fuel ratio 

(kg/kg) 

17.2 14.3 14.56 

Carbon 

content (%) 

75 87 85.5 

 

TABLE I. Typical components of natural gas 

[8]. 

 

Content 

Typical 

investigation 

(Vol. %) 

Range  

(Vol. %) 

Methane 94.9 87.0-96.0 

Ethane 2.5 1.8-5.1 

Propane 0.2 0.1-1.5 

Isobutane 0.03 0.01-0.3 

n-butane 0.03 0.01-0.03 

Isopentane 0.01 Trace to 0.14 

n-pentane 0.01 Trace to 0.14 

Hexane 0.01 Trace to 0.06 

Nitrogen 1.6 1.3-5.6 

Carbon 

dioxide 

0.7 0.1-1.0 

Oxygen 0.02 0.01-0.1 

Hydrogen Trace Trace to 0.02 
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cetane number is used for ignition [11–12]. A 

systematic diagram of dual fuel mode is shown 

in Fig. 1. 

In dual fuel mode, no serious modification is 
required. It is very easy to put in practice like a 

conventional diesel engine. However, this 

technology reduces more than 80% of diesel fuel 

[13]. The natural gas is introduced as a major 

gaseous fuel while diesel is only used for ignition 

purpose. Hence the performance of dual fuel has 

been increased. 

With the use of dual fuel technology, the 

engine emissions decreased NOx, CO and PM 

emissions in comparison with a conventional 

diesel engine. Meanwhile, some type of 

problems related to the dual-fuel mode such as 

thermal efficiency relatively low during 

operation of the engine at the small and moderate 

loadings. Also, with the use of dual fuel emission 

of unburned hydrocarbon is increased 

considerably [14]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 is a schematic representation of dual-

fuel engine with its components highlighted in 

different colors. 

3. Engine Emission Characteristics 

3.1. Nitrogen Oxides (NOX) 

In diesel engines, NOx emissions are very 

harmful. It consists of nitrogen dioxide (NO2) 

and nitrogen monoxide (NO).  There are usually 

two mechanisms involved in the combustion 

mode which results in the NOx formation namely 

as prompt mechanism (Fenimore mechanism) 

and thermal mechanism (Zeldovich mechanism).  

Thermal NOX depends upon the combustion 

temperature and amount of oxygen.  In the 

thermal mechanism, if the engine in-cylinder 

temperature is higher than the 1800K, NOx 

formation starts and it increases gradually with 

the increase of temperature [16].  

In the prompt mechanism, during the fuel 

combustion hydrocarbon fragments especially 

CH2 and CH reacts with N2, resulting in the 

formation of prompt NO, which is the C-N 

species [17].  

Thermal mechanism is accepted to be as the 

major contributor of NOX during normal diesel 

engine operating conditions [18]. 

 

3.2. Carbon Monoxide(CO)  

         CO is the most detrimental emissions from 

a diesel engine.  It is formed due to the presence 

of unburned fuel and in-cylinder combustion 

temperature. CO is mostly produced because of 

oxygen shortage in the fuel rich area. Also if the 

in-cylinder temperature is lower than 1450 k, CO 

can be increased in the fuel lean area [19]. 

 

3.3. Hydrocarbon (HC) 

 HC is also the outcome of unburned fuel in 

the combustion temperature. But for the entire 

oxidation, the temperature of HC is low. With the 

autonomy of actual fuel form, it has been 

observed to be near about 1200 K [20]. 

 
3.4. Carbon dioxide (CO2) 

CO2 is produced due to complete burning of 

fuel during the combustion process. However, 

the fuel is first oxidized into CO, then due to the 

increase of combustion temperature and 

existence of oxygen concentration the fuel is 

further oxidized into CO2. Therefore, CO2 highly 

rely on in-cylinder temperature and oxygen 

presence. 

 

 
 

Fig. 1. The systematic diagram of dual fuel mode 

[15]. 
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4. Experimental Procedure 

A single cylinder four stroke engine (8.6 Hp 

LA186F) has been used. In this experiment, the 

engine emission effects of the diesel engine and 

dual-fuel engine are investigated. 

Initially, diesel fuel is used for five minutes 

only without any load until the engine reaches to 

stable operating state. Later engine speed is set at  

1600 rpm through a throttle valve of the engine. 

 A TRICOR mass flow meter, Bronkhorst 

mass flow meter, and turbine mass flow meter 

were used for measuring the diesel fuel, natural 

gas, and air respectively. A portable gas analyzer 

(Autologic Company) was used to measure the 

exhaust emissions of the engine such as NOX, 

CO, CO2, and HC.  

The calibration of the gas analyzer is 

necessary for obtaining the accurate 

measurements after each measurement. 

Primarily, all the experiments conducted at 

maximum operating load, then with moderate 

operating loads and keeping same engine speed. 

 

The experiment was performed on three 

operating engine speeds 1600, 1800 and 

2000rpm for efficient comparison. The engine 

was loaded till the maximum condition obtained 

for every speed. After finishing measurement on 

a diesel engine, it is necessary to cool engine for 

re-operation for accurate results. 

      In the dual fuel mode, initially, it is very 

essential to warm the engine by supplying the 

pilot fuel for five minutes. Then, natural gas is 

allowed to the cylinder, passing through the gas 

regulator. The pilot fuel remains unchanged 

throughout the experiment. But the flow of 

natural gas is increased only for obtaining and 

controlling the particular engine speeds.  

 

5. Results and Discussion 

5.1. Exhaust Emission for Maximum and 

Moderate Load Operating Conditions 

5.1.1. Oxides of Nitrogen (NOx) 

          It has been proved that in the dual fuel 

engine, NOx emissions are reduced in both 

moderate and maximum operating loading 

conditions in comparison with conventional 

diesel fuel engine. In both conventional diesel 

mode as well as dual fuel mode NOx emission 

increases with the rise of engine speed which 

also results in the rise of exhaust temperature. 

This can be represented in Fig. 2. 

Natural gas possesses a high value of specific 

heat capacity as compared with air. Since with 

the use of natural gas overall heat capacity rises 

due to this reason mean temperature reduces 

close to the ending of the compression stroke and 

throughout the whole combustion practice.  

The NOX formation is directly associated 

with the increase of engine in-cylinder 

temperature. However, the result is more 

efficient because at lower engine load 

combustion temperature is always reduced as the 

quantity of air and oxygen concentration lessen 

by means of natural gas. When the speed of the 

engine increases there is lesser time for the 

formation of NOX because of which the emission 

of NOX decreases.  

In dual fuel engine, ignition delay occurs 

because of the poor burning of natural gas. Due 

to this in-cylinder temperature decreases which 

result in a reduction of  NOX emission. 

          According to the dual fuel mode, NOx  

emissions are reduced up to an average of 73% 

at maximum operating conditions and 72% at 

moderate operating conditions. Consequently, 

overall NOx reduction throughout the experiment 

is 72.5%  that can be clearly seen in Fig 2. 
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            . 

 
 

Fig. 3. Exhaust CO2 Emission for Maximum and 

Moderate Loading with different engine speeds

Fig. 2. Exhaust NOX Emission for Maximum and 

Moderate Loading with different engine speeds. 

 

5.1.2. Carbon Dioxide 

 It has been found that in the dual fuel mode, 

CO2 emissions are reduced for both moderate 

and maximum operating loading conditions as 

compared with conventional diesel fuel engine 

as seen in Fig. 3. 

In dual fuel mode, CO2 emissions are lower 

because natural gas is low carbon content as 

compared with the diesel fuel. In dual fuel 

process, there is a problem of poor combustion 

because little amount of the fuel is not 

completely oxidized to CO and flow out from the 

exhaust valve, which leads to the decrease of 

CO2 emission. 

With the increase of engine speed, the 

amount of CO2 emission also increases because 

the engine required more fuel. Therefore the 

number of carbon contents increases in the 

combustion chamber. Due to the larger carbon 

content chains in the diesel fuel, the range of CO2 

is higher at all speeds of engine. 

According to the dual fuel mode, CO2 

emissions are reduced up to an average of 37% 

at maximum operating conditions and 32% at 

moderate operating conditions. Consequently, 

overall CO2 reduction throughout the experiment 

is 34.5%  that can be clearly seen in Fig. 3.    

 

5.1.3. Carbon Monoxide 

 It has been proved that in the dual fuel mode 

the CO emissions are reduced in both moderate 

and maximum operating loading conditions in 

comparison with conventional diesel fuel engine 

as shown in Fig.4. However, if the engine is 

running at lower speed, CO reduction is more 

noticeable. 

CO is produced because of the incomplete 

fuel combustion, engine coldness and lacking of 

air concentration in the cylinder. With the 

decrease of air to fuel ratio, the amount of CO 

increases, if the mixture is rich with fuel.  

In dual fuel mode, emissions of carbon 

monoxide decreased as compared with normal 

diesel engine with varying engine speeds. Due to 

the better combustion efficiency of natural gas 

produces less amount of CO, because natural gas 

is a gaseous fuel generally contains little quantity 

of contaminants than diesel fuel.  
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Fig. 4. Exhaust CO Emission for Maximum and 

Moderate Loading with different engine speeds. 

 

With the increase of engine speeds, CO 

emission increased in dual fuel method. 

However, when engine speed increases the 

dwelling time of fuel inside the cylinder shorten, 

resulting in superior CO formation. 

According to the dual fuel mode, CO 

emissions are reduced up to an average of 56% 

at maximum operating conditions and 63.66% at 

moderate operating conditions. Consequently, 

overall CO reduction throughout the experiment 

is 59.8%  that can be clearly seen in Fig.4. 

 

5.1.4. Hydrocarbons 

It has been observed in the dual fuel mode the 

amount of HC emissions are much more 

increased in both moderate and maximum 

operating loading conditions in comparison with 

normal diesel engine as shown in Fig.5. 

However, the HC increased several times in 

comparison with normal diesel combustion. This 

is due to the incomplete combustion and remains 

of unburned fuel in the combustion chamber. 

In dual fuel mode, it shows trade-off 

connection in between HC and NOX emission, 

due to less air to fuel ratio oxygen concentration 

is not enough for combustion process.  

The level of HC emissions are reduced when 

load increases, resulting in better efficiency for 

the combustion. Due to this, it is observed that 

HC emission level is lower during maximum 

loading conditions. It has been found that in dual 

fuel method HC reduced when the engine speed 

is increased since the combustion process is 

better when the engine operates at high speeds. 

Due to the scavenging process during the 

valve opening time, a small amount of air and 

natural gas mixture directly passed through the 

exhaust valve, which results the increase of HC. 

 
 

Fig. 5. Exhaust HC Emission for Maximum and 

Moderate Loading with different engine speeds. 

 

          According to the dual fuel mode, HC 

emissions are increased up to an average of 

78.5% at maximum operating conditions and 

55% at moderate operating conditions. 

Consequently, overall HC increment throughout 

the experiment is 66.76%  that can be clearly 

seen in Fig.5. 

 

6. Conclusion  
In this study, it has been established that a 

significant reduction takes place in NOX, CO2 

and CO emissions with the use dual fuel mode in 

comparison with the normal diesel engine. 

However, HC emission is increased several 

times in comparison with diesel fuel engine. In 

dual fuel mode, it shows the trade-off link in 

between HC and NOx emission. Therefore our 

investigation concludes that dual fuel engine is 
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more environmental friendly in contrast with 

diesel engine. 
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