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Abstract— The cemetery is known as a sacred void space
where the living and the dead symbolically become one by
performing the funeral memorial rites. In Malaysia, the
cemetery culture is widely practiced by all major ethnicity.
However, past studies highlighted that the burial ground
allocation in Malaysia has reduced due to poor cemetery
management and rapid infrastructure development to
promote housing and tourism sector. Therefore, this research
proposes the e-Cemetery portal to increase the efficiency of
the existing Cemetery Management systems and to adhere to
the new demands from the tech-savvy millennial. This eCemetery portal digitized the cemetery culture by using the
Rapid Application Design (RAD) approach to develop the
system. The portal was further tested and validated to
determine the efficacy of the design. A total of 10 respondents
participated in the validation process of the e-Cemetery portal
design. It is found that the design successfully digitized the
roles of the e-Cemetery target users and enhanced the
cemetery management protocol. However, the research has
some limitation as it does not address the various security
issues. Some implications of the findings are discussed in this
paper.
Index Terms—e-Cemetery, portal, web services

Introduction
In recent years the death toll in Malaysia has
plummeted. Although Malaysia is classified as one of the
smallest countries in the world, it is very alarming to
comprehend the sudden increase of the death rate that
lead to being the third highest death rate country in
comparison to two big lands, China and India which are
very highly populated (Ruxyn, 2017). According to the
researcher, the death rate of 23 per 100,000 populations
had led to about 7000 to 8000 deceased citizens every
year. Therefore, the need arises for the Malaysian
government to identify new burial grounds to allow the
memorial rites to take place smoothly. In line with this,
researcher Zaccheus (2017) affirms that the Muslim
graves at the Choa Chu Kang Muslim Cemetery will be
exhumed from September 26 2018 under the Phase VI of
the ongoing exhumation exercise due to land scarcity.
This issue is also aligned with the article by McManus
(2015) that highlighted insufficient burial grounds are one
of the looming problem in many parts of the world. It was
also discussed that almost half of the existing England's
cemeteries could run out of space within the next 20

years. To add on, Pocklington (2013) stated that the
majority of respondents in his study agreed that the
cemetery management stated that the existing burial
grounds can only accommodate burials for the next 20
years.
In a similar study conducted in Malaysia by Afla and
Reza (2012), it was found that the Christian cemetery in
Cheras has insufficient burial space due to high demands
from the community and the allocated space by the
management failed to meet all the burial requests. Besides
that, there are many unknown burial places in Malaysia.
This is due to the poor cemetery management which
failed to keep track of the burial requests and burial
grounds (AsiaNews, 2014; Daud et al, 2013).
Along similar lines, Huffman (2016) highlighted that
the Mississippi governor’s business has a good impact on
the failure of grave tracking. In this article, the land had
been used for development purpose without being
known by the African American themselves. He also
mentioned that Mississippi officials sold a piece of public
land to a German manufacturer for rapid infrastructure
development. Thus, it can be concluded that without
proper management protocol, the cemetery culture will
be forgotten by the new millennials and the descendants
will not be able to retrieve information related to their
ancestors in the future. This was supported by the
findings from a study conducted by Epochtimes (2005)
who had affirmed that it is a painful and tedious task to
locate the ancestor’s grave after some years as the records
are not stored electronically. Besides that, the process is
very time consuming to locate the grave number by the
management due to inefficiency and the drawback of the
traditional management system.
In this era, most organizations tend to transform their
management system using information system in order to
speed up and enhance their business benefit as well as
their services provided to the customer. In addition, the
cemetery services provided by the organization has also
undergone a massive transformation. Traditionally, the
memorial service providers process data manually and
store data in the form of hard copy and not electronically.
It is not an easy task to locate cemeteries and to retrieve
information of the deceased. As for the customers, it is a
tedious process to locate a specific grave or to retrieve
records of their ancestors. Since the existing cemetery
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management is less user friendly and does not address
the needs of the new millennium, this study proposes the
e-Cemetery system which aims to address the
highlighted cemetery management issues.
Since the cemetery culture in Malaysia is widely
practiced by all ethnicity, it is crucial to determine the
trending issues related to the existing cemetery
management system without being specific to any
religion. To achieve the objectives of the study, a web
portal known as the e-Cemetery was developed using the
Rapid Application Development (RAD) known as an
object-oriented approach that includes method as well as
software tools to digitize the cemetery culture in Malaysia
and to improvise the cemetery management protocol.
Literature Review
Over the years, the proportions of deaths resulting in
cremation has risen from 4% to just over 71% (London
Planning Advisory Committee, 1997). It was advocated
that the burial request is more than the expected figure.
Adding on, the Centre for Disease Control and
Prevention (CDC) reported that there are more than 2500
people killed by Ebola virus in Africa (CDC, 2015).
Therefore, the CDC collaborated with the Ministry of
Health and Sanitation (MOHS) to assess the burial and
cemetery management due to huge demand. The number
of deaths are more than the availability of the burial
space. The cemetery management could not handle such
large demand systematically. It was also reported that a
cemetery portal can help to gather relevant information
easily besides having a central control over the
manpower issues (CDC, 2015).
In Malaysia, Daud et al. (2013) predicted that the
population in Malaysia is expected to increase 45 percent
from 1980 till 2020. Hence, there is a rapid increase of 80%
of golden citizen group. The cemetery land shortage
issue arises in many major cities such as Kuala Lumpur,
Ipoh and Johor Bharu (Daud et al, 2013; Khalid, 2007;
Bavani. M, 2012).
In a past research by Carrington (2016), reusing graves
was identified as a solution for the insufficient of burial
space to meet the demand of the public. Reusing grave
helps the cemetery management to reduce the allocation
of space and the cemetery will not run out of space.
(Carrington, 2016; McManus, 2015). Reused graves
solved the issue related to limited burial space. The main
perspective to be noted is the willingness of families of
the deceased to share the graveyard among relatives or
from the same family tree. On the other hand, Clayden et
al. (2017) asserted that natural burial within urban
cemeteries plays an important role in helping to move
public acceptance towards a less intensively managed
landscape and less manicured that can avoid a drastic
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climate change. Hence, the management need to have a
proper management system to ease the data collection
process for the cemeteries. As a result, the management
can manage their data more systematically as information
management becomes a difficult task without a proper
database collect all the data required. (McManus, 2015;
Clayden et al, 2017). Along similar lines, Mattaway (2006)
mentioned that only limited information is gathered by a
government agency to maintain death registry. Hence, a
family tree structure can be implemented via a web portal
to update all information regarding each family members
as well as to embed their biographies in the portal
(Mattaway, 2006). With the increased death toll every
year, it is vital that every country must have a centralized
management system to update and store all the
information of the citizens.
In addition, IBM (2005) concluded that a web portal
service will be able to improve the overall productivity,
increasing customer satisfaction, enhancing business
responsiveness and maintaining a competitive edge
because it provides simple access to let the user perform
the tasks for it. It is also proven that a portal is a good tool
to help manage the cemetery (Mattaway, 2006).
Along similar lines, Nielson (2015) found that many of
the relative’s graves of a certain community were buried
in unmarked graves which makes identification of graves
very difficult. Apart from this, archaeologist would also
like to gather more information from the older generation
to assist in their theoretical findings. Hence, the portal can
help the family as well as the scientists to locate the
unmarked cemetery burials which people do not know
(Hansen et.al, 2014). Although it will be an expensive
endeavor for the government to implement such portal to
ease the management process in the cemeteries, it is
worth the effort for a better future of the digital
community (Park, 2016).
2.1 Cemetery Management System
Nebraska Gravestone is a portal that allow people to
search for gravestone, upload photo of the gravestone,
browse the gravestone by surname and browse the
gravestone by cemetery (Pocius, 1981). Although this
website provides a user friendly platform for users to
search for gravestone, the visibility of the ancestor’s
information is unclear. Nebraska Gravestone does not
provide sufficient information for the users as it only
contains the snapshot of the gravestone to enable users to
identify a specific grave. Similarly, ‘Find a Grave’ is a
portal by Tiption (1995) that provides multiple functions
to the user. Some of the services provided by ‘Find a
Grave’ are users can search for famous graves, browse for
grave by location, search using a specific date and locate
the most popular graves. Besides this, it also provides a
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community chat room for the members to share thoughts
and ideas related to military, social as well as to provide
instant feedback to the administrator regarding the
cemetery database. There are many positive feedbacks
posted by the community in the chat room. Amongst the
postings are the success stories of users who have
managed to locate their grandparents and relative’s
graves. It can be seen that all of these can help the
community a lot and bring a lot of benefits to the society.
On the other hand, the Institute of Cemetery and
Crematorium Management, a cemetery portal deployed
to manage the cemetery was adapted widely in London
(Rugg, 2006; Woodthorpe, 2011). In this portal, a list of
cemetery services is displayed and this enables the users
to locate the nearest memorial service provider to identify
the location of burial grounds and to plan the memorial
service. However, it is noted that this portal is more
suitable for the administrators rather than the community
as there are many third party memorial service providers
link that is very confusing (Woodthorpe, 2011).
Research Methodology and Discussion
Figure 1 depicts the three phases of this research. The
identified three phases are data collection, Rapid
Application Development (RAD) approach and the data
analysis phase.
Phase one is the data collection process where an
online form was used to collect data from 80 respondents.
The demographics of respondents are listed below:
•
Gender : 54% Male; 46% Female
•
Age Group : 20- 40 years
•
Ethnicity : Chinese 48%; Indian 22%; Malay 21%;
Others 9%

Figure 1: Research phases
The objective of the questionnaire is to gain the
preliminary understanding on the user requirements for
the e-Cemetery portal. Since this is a user centric design
portal, it is vital to identify the user needs. The
questionnaire had 17 questions which were divided into
two sections. The first section was on the respondent’s
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demographics and the next section displayed questions
related to the cemetery services. Besides this, to enhance
the usability of the system, the researchers conducted a
face-to face interview with cemetery management to
gather better information on the requirement for the
proposed system. The data collected from both users and
the management gives a comprehensive understanding
to the problem addressed in this study. Thus, the
developed system will be able to tackle the issues as well
as propose a holistic user centered design approach.
The second phase of the research is the
implementation of Rapid Application Development
(RAD) approach. RAD is more cost effective compared
to the Waterfall and Extreme Programming (XP) model.
This is due to the fact that the Waterfall model requires a
longer timeframe while XP, an agile programming that
implements the pair programming approach to develop a
certain system. On another note, RAD reduces the risk
factor of the project which means when the project is
having problem, the project can be reverted instantly
(Morse, 2016; Thakur, 2017). With this in mind, the eCemetery portal was developed using the stated RAD
approach. The e-Cemetery approach’s initial step was to
identify the key issues and combine the elements for the
development of the system. Next, the user design phase
permits the user to interact with the portal that allows
users to understand, modify, and eventually approve the
working model of the proposed e-Cemetery portal. This
is then followed with the construction phase that focuses
on program and application development task where the
users can still propose improvements. The final RAD step
is the cutover that includes the implementation and
testing of the e-Cemetery portal. Usability Testing was
conducted for the e-Cemetery portal. The Usability
Testing is used to identify the efficacy of the portal as well
to determine the limitations of the designed portal. To
simplify, Usability Testing focuses on measuring a
human-made product's capacity to meet its intended
purpose. In this study, a total of 16 questions were
answered by the users using the online form. A total of 10
respondents participated in this phase of research. The
questions were adapted from a similar research study
conducted by Noguera et al. (2012). The questions are
tabulated in Table 1.
Table 1: Usability Testing
No.
Q1
Q2
Q3
Q4
Q5

Questions
Overall, I am satisfied with how easy it is to
use this system.
It was simple to use this system.
I was able to complete the tasks and
scenarios quickly using the system.
I felt comfortable using this system.
It was easy to learn to use this system.
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Q6
Q7
Q8
Q9

Q10
Q11
Q12
Q13
Q14
Q15
Q16

I believe I could become productive quickly
using the system.
The system gave error message that clearly
told me how to fix problems.
Whenever I made a mistake using the
system, I could recover easily and quickly.
The information (such as online help, onscreen messages and other documentation)
provided with this system was clear.
It was easy to find the information I needed.
The information was effective in helping me
complete the tasks and scenarios.
The organization of information on the
system screens was clear.
The interface of this system was pleasant.
I liked using the interface of this system.
This system has all the functions and
capabilities I expect it to have.
Overall, I am satisfied with this system.

The data collected from the Usability Testing as
shown in Table 1 is further analyzed in the final phase to
determine the efficacy of the system to digitize the
cemetery culture in Malaysia. The data was analyzed
using simple descriptive statistical analysis.
Results and Discussion
In phase 1 of the research, a total of 80 respondents
comprising of 55% male and 45% female participated in
this research in order to determine the core requirement
of the portal. The results show positive feedback from the
respondents that such portal benefits the user in the
future. Forty percent (40%) of the respondents felt that the
cemetery service provided in Malaysia is efficient but it is
not digitalized and not user-friendly. One of the key
areas identified was the communication service where a
total of 40 % of the respondents felt it is hard to contact
the cemetery management and it is time consuming to
request for a specific service from the management which
needs further improvisation.
On another note, more than 50% of respondents
agreed that information provided by the cemetery
management is insufficient and not updated. Meanwhile,
another 75% of the respondents admitted that they are
keen in gathering more information regarding their
ancestors using a cemetery portal which will enhance
their knowledge on their family tree. With this new
updated feature and comprehensive information, it eases
the information collection process with reduced cost and
effort. On the whole, the majority of respondents felt that
there is a need to design a cemetery portal that can
enhance the quality of living simultaneously improving
the quality of service provided by the cemetery
management.
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Figure 2 below illustrates the screenshot of the main
page of the e-Cemetery portal. Once the user enters the
portal, all the types of services of services provided by the
cemetery management will be shown. At the right corner,
there is a live chat function which enables the user to chat
and answer them the questions about the burial request.
The user is able to register a new account for the portal by
clicking the register button and fill in all the required
information. Subsequently, they can login to navigate the
respective pages.

Figure 2: e-Cemetery Portal Main Page
Figure 3 is the screenshot of the Admin page which
allows to add cemetery area as well as view the lot in the
cemetery area. The admin is able to add new cemetery
area by filling in the respective location and row with
columns. Next, the admin is also able to edit the cemetery
area for changing purpose.

Figure 3: Screenshot of Managing the Cemetery Area
Page
Figure 4 depicts the page in which the admin as well
as general user view the lot of specific burial area. The
admin can change the status of the lot based on the
requirement of the cemetery management. Meanwhile,
the general user can view and book the available lot for
burial.
A total of 10 respondents participated in the Usability
Testing to evaluate the e-Cemetery portal developed by
the researcher. As shown in Figure 5, it is noted that most
of the respondents are satisfied with the developed
portal. 60% of the respondent mentioned that the system
is easy to learn, recover easily and effective to help in
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work. 70% of them said the system is easy to use due to
clear message given, and good interface. Up to 90% of
them said that the system is simple to use and easy to find
the information as well. To conclude, most of the
respondents showed positive feedback in the Usability
Testing.

Figure 4: Screenshot of View lot

Figure 5: Usability Testing
Conclusions
Throughout the result and discussion, it can be
foreseen that digitalizing the cemetery management work
able to help by using the portal as well as speed up the
process of working. As stated by Kara and Patty (2014),
portal featuring all or most necessities for employees’
success. Most of the enterprise use portals to boost up
their daily operation (Kara & Patty, 2014). By putting all
the information into the portal, the cemetery
management as well as the general user are able to either
request his/her burial easily or manage the burial in a
more efficiency way. Through the results of the usability
testing, we know that the portal is very efficient for the
user which supports what had been mentioned by Reddy
(2017). It explained what had been discussed by
Interbrand (2018) which talked about the growth of the
business. It also shows that a portal can help identify the
audience well because it helps to build a solid foundation
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for the business. One of the advantage of the system is the
descendants can easily to get the information of their
ancestors.
In comparison with ‘Find a grave’ portal, the general
user is able to include all the information of their
ancestors and allow the descendants to retrieve more
information about them. Corresponding with Institute of
Cemetery and Crematorium Management cemetery
portal, the user does not need to include all the annual fee
as all the services will be done by the cemetery
management. Even though Nebraska Gravestone has the
feature to include the photo of the cemetery into the
system, it is believed that in the future enhancement, the
‘View lot’ function may be integrated with Google maps
which will make it much easier for the user to view it.
Furthermore, the e-Cemetery portal has a good interface
design which is similar to the Institute of Cemetery and
Crematorium Management cemetery portal in order to
guide the user easily to find the function that they need
to use.
The limitation of this portal will be the security as
there is a lot of information of the ancestors which need
to be encrypted by the developer so that it will not be
misused by hackers when they hack into the system since
data protection is very important nowadays. Salting and
hashing the information may be used in the future
enhancement of the portal to make sure the data is secure
enough.
In future research, the process of notification can be
further enhanced by integration of text messages and
voice chat function into the portal which can lead to easier
burial management and allow the user to know the status
of the burial request especially those who are in rural
areas with limited internet accessibility. With all of the
justification above, it is believed that an e-Cemetery
portal can able to bring the cemetery management to
another level.
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Abstract- The Telecommunications (telecom) Industry is
saturated and marketing strategies are focusing on customer
retention and churn prevention. Churning is when a customer
stops using a company’s service thereby opting for the next
available service provider. This churn threat has led to various
Customer Churn Prediction (CCP) studies and many models
have been developed to predict possible churn cases for
timely retention strategies. This review looks at the existing
models in literature, using 30 selected CCP studies
particularly from 2014 to 2017. Data preparation methods and
churn prediction challenges have also been explored. This
study reveals that Support Vector Machines, Naïve Bayes,
Decision Trees and Neural Networks are the mostly used CCP
techniques. Feature selection is the mostly used data
preparation method followed by Normalization and Noise
removal. Undersampling is the mostly preferred technique
for handling telecom data class imbalances. Imbalanced, large
and high dimensional datasets are the key challenges in
telecom churn prediction. The issue of large telecom datasets
is handled by use of new big data technologies such as
Hadoop, Hbase and NoSQL (Not only Structured Query
Language) though their adoption is still at a low rate.
Index Terms- Churn prediction, Customer churn, Data
preparation, Telecommunication Introduction

Introduction
Telecommunication (telecom) companies currently
face a lot of competition due to the many industry
players. This poses a serious threat among companies
because customers have many options to switch to (Fei,
Shuan, & Yan, 2017), which is termed as customer churn.
Churning has attracted a lot of research from various
scholars to aid timely detection of churners before they
practically
use
their
switching
intentions
(Umayaparvathi & Iyakutti, 2016). Timely detection of
potential churners saves telecom companies from
persuading costs that would be incurred to attract new
customers or win back already churned customers. Such
costs are 5 to 6 times higher than customer retention costs
(Idris, Iftikhar, & Rehman, 2017; Zhu, Baesens, & vanden
Broucke, 2017).
Many studies have revealed that high prices are
among the top factors causing customer churn. Akmal
(2017)’s qualitative study found out that high rates and
bills are key factors causing churn. Mehwish, Zaffar and

Sumaira (2017) also confirmed that network charges are
among the top factors causing churn. Churning is also
accelerated with good Mobile Number Portability (MNP)
services (Adebiyi, Oyatoye and Amole 2016). Companies
therefore have to try as much as possible to avoid
customer churn cases because customers who leave a
company have capabilities to influence members of their
social groups to do the same (De Caigny, Coussement, &
De Bock, 2018). Telecom companies deal with two kinds
of customers namely Business to Consumer (B2C) and
Business to Business (B2B) customers. B2C transactions
provide telecom services to individual consumers while
B2B transactions provide telecom services to other
businesses.
In order to classify customers into potential churners
and non-churners, Mitrović et al. (2017) confirmed that
various Customer Churn Prediction (CCP) studies have
been carried out and many models and techniques
provided over time. However, many of these CCP studies
initially did not consider the profit maximization
objective which is the ultimate objective of any profit
organization. Coussement, Lessmann and Verstraeten
(2017) stated that companies should clearly distinguish
non-profitable customers from those that are profitable.
Profitable customers who are also potential churners are
then given special attention with retention measures. As
a result, retention campaigns-related costs are minimized
because resources are utilized on the right and targeted
customer group.
CCP relies on machine learning algorithms to develop
models that classify telecom customers into churners and
non-churners. Churn modelling includes three major
steps after data collection and before model deployment;
data preparation, model training and model evaluation
(Umayaparvathi & Iyakutti, 2016). Data preparation is
aimed at making data suitable for machine learning
algorithms and model training. 50-80% of the data mining
effort is put to data preparation because the quality of
data affects the model performance results (Zhang,
Zhang, & Yang, 2010). Data preparation is also
responsible for removing any bias in the data through
class balances and other randomization procedures.
Missing value imputation, data cleaning, transformation
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and general exploration is done in this phase (Federico,
2014). Data transformations depend on the input data as
well as the algorithms of choice (Olson & Delen, 2008).
After the data has been prepared, it is spilt into a training
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and a validation set. The training set is used to train the
models which are later tested with the validation set to
evaluate their performance accuracy and reliability.

Figure 1: The churn prediction modelling process
This study aims at reviewing the available literature in
the B2C context, observing how the various approaches
to churn prediction have been applied shown in Figure 2.
The study also looks at the data preparation methods
employed to handle the huge telecom datasets. Data
preparation aims at changing data into a form that makes
it easy for churn prediction models to perform more
accurately (Coussement, Lessmann and Verstraeten,
2017). The remainder of this study is organized as follows;
the next section reports about the related works, followed
by materials and methods used in the. Results are
discussed and research findings are presented in the
fourth and fifth sections respectively while conclusions
are summarized in the sixth section.
Related Work
Hashmi, Butt and Iqbal (2013) carried out a systematic
review on customer churn prediction in the telecom
industry, considering studies carried out from 2002 to
2013. The author’s selected 61 articles from the 834
initially availed in their primary search. In their study, it
was found out that Decision Tree was the most used
churn prediction technique. The study also revealed that
the huge volumes, high dimensionality and imbalanced
structure of telecom data is a big challenge for industry
practitioners as they try to draw actionable insights from
it. These issues give this study a foundation to consider
literature from 2014 to 2017 and to further review
literature as well as seeking solutions to the highlighted
issues.
Several other studies have been carried out in form of
surveys about CCP methods. Umayaparvathi and
Iyakutti (2016) studied the open datasets, methods and
metrics in telecom CCP. The authors found out that
Support Vector Machines (SVM) out-performed Decision
Tree and Neural Networks in churn classification during
CCP. A comparison study carried out by also revealed
SVM-POLY as the best classifier. However in Monani et
al. (2016)’s survey still on CCP in telecom, Neural

networks were found to outperform the rest of the
techniques in terms of performance. The authors’
research also recommended survival analysis as a
solution for determining the possibility of a customer
churning at a particular moment in time.
Materials and Methods
This study was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta
Analyses (PRISMA) guidelines (Moher, Liberati, Tetzlaff,
& Altman, 2009). The present literature was subjected to
selection criteria. For inclusion, the topic of research was
about customer churn prediction models in the telecom
industry. The selected studies were of quantitative
research and published from 2014 to 2017. The language
of publication was English. The criteria also ensured that
selected studies exhibited transparency about data used
in the analyses thus reliability in their statistical results.
This selection criteria therefore excluded studies that did
not meet any of the above stated requirements.
3.1 Search Strategy
The research strategy is used to ensure that literature
is from three academically recognized databases. These
included; Science direct, Emerald Insight, and Springer.
For specificity, certain key words were used during the
search for relevant literature. These were; “customer
churn”, “churn prediction” and “customer churn
prediction”. All the key words were always combined
with “in the telecommunications industry,” “telecom
industry” or “in the mobile industry” to ensure the
domain of interest. The initial search yielded 744 articles,
from which only 30 were included in the final study. The
flow of the screening process is shown in Figure 2.
3.2 Characteristics of Included Studies
This section looks at the features of the 30 selected
studies. As shown in Figure 3, the highest number of
studies was carried out in 2017 followed by 2016. Science
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direct produced the highest number of studies followed
by Springer as shown in Figure 4.
Different churn prediction techniques were used in the
selected studies. In some study cases, a combination of
these was used purposely for model enhancement,
accuracy comparison and also proof of superiority of
proposed techniques. In a churn prediction model of
prepaid customers, Azeem, Usman and Fong (2017)
compared their proposed fuzzy classifier techniques with
other non-fuzzy techniques. For model improvement,
Idris, Iftikhar and Rehman (2017) used a combination of

genetic programming and AdaBoost thus forming GPAdaboost with advantages of both its components. Table
1 shows the frequency of the techniques that reappeared
in different studies for either comparison or model
development. In this study, four mostly used prediction
techniques are briefly described. Different data
preparation methods were also used to make data
suitable for model fitting. These included; Feature
selection, Normalization, Undersampling, Noise removal
and these are described in the sections that follow. Weka
mining was the mostly used data mining tool.

Figure 2: The Selection process and criteria.

Figure 3: Studies carried out per year
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Figure 4: Contribution of studies by databases

Journal of Applied Technology and Innovation (e-ISSN: 2600-7304) vol. 2, no. 1, (2018)
Results and Discussion
This section looks at the findings of this study. The
different data preparation techniques, churn prediction
techniques, churn prediction challenges are the main
contents discussed.
4.1 Data Preparation Techniques
Coussement, Lessmann and Verstraeten (2017)
asserted that data preparation is aimed at turning data
into a state suitable for further analysis. Different data
preparation techniques were used in the selected studies.
As shown in Figure 5, Feature Selection is the mostly used
technique followed by Normalization and random
Undersampling. This called for their discussion that
follows in the subsections that follow. Noise removal is
also very important in data preparation as confirmed by
Azeem, Usman and Fong (2017), who used this technique
to deal with missing values, outliers and unique
characters that existed in telecom datasets which they
used in their analysis.

Data Preparation Techniques
Feature
Selection

5%
15%
10%
15%

55%

Normalizati
on
Undersampli
ng

Figure 5: Data preparation techniques.
4.1.1 Feature Selection
In this method, Amin et al. (2017) stated that the most
relevant attributes are selected from the many thus
reducing computational costs. The choice of the relevant
attributes is based on domain knowledge. As stated by
Fei, Shuan and Yan (2017), attributes that are highly
interdependent are screened so that those with little
contribution to the dataset are removed. In churn
prediction cases, attributes such as customer bills, call
duration details and customer demographics are
considered important attributes (Azeem et al., 2017). As a
result, the model is left to work with those influential
attributes which improves its predictive performance
(Umayaparvathi & Iyakutti, 2016). The high
dimensionality issue with telecom data is also solved by
feature selection as acknowledged by Coussement,
Lessmann and Verstraeten (2017) in their comparative
study of data preparation techniques. In a survey about
CCP methods, telecom datasets and metrics,
Umayaparvathi and Iyakutti (2016) used feature selection
to reduce the dimensionality of the data. Feature selection
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is therefore a good data preparation technique to employ
especially when the size and dimensionality of data need
to be reduced.
4.1.2 Normalization
This technique is used to deal with values having
dynamic ranges by assigning them a small specified
range. Zhao et al. (2017) used the min-max normalization
method in which the scale assigned to values ranges from
0 to 1, thus making all the values lie in this range. In this
method, the minimum and maximum values take on 0
and 1 respectively. This range makes it easier to visualize
and analyse data. Furthermore, normalization makes it
easy for prediction techniques to perform effectively.
4.1.3 Undersampling
Telecom datasets are characterized by class imbalance
issues because the focus is on churners who are always
the minority group (Idris et al., 2017). In order to balance
the 7.3% minority (churners) class with the majority (nonchurners) class, the above authors used Undersampling
to reduce samples in the majority group instances by
choosing distinctive ones. This technique therefore
reduces the bias that naturally exists in the distribution of
telecom datasets, thus reducing CCP model training bias.
Amin et al. (2017) used Undersampling to balance
churners with the non-churners in the training dataset.
However, Gui (2017) disregarded Undersampling
because a lot of meaningful information was lost with the
application of this technique during his analysis of the
telecom imbalanced data issue.
Table 1: Frequency of techniques usage.
Technique
Support Vector Machines
Neural Networks
Decision Tree
Logistic Regression
Naïve Bayes
AdaBoost
K-Nearest Neighbour
Hybrid Firefly
K-Local Maximum Margin
Bagging
Fuzzy Classifiers
Particle Swarm Optimization
Total

Frequency
7
7
5
4
5
3
3
2
2
3
3
2
46

4.2 Churn Prediction Techniques
A variety of churn prediction techniques were used as
shown in Table 1. In certain studies, a combination of two
or more techniques were used for model development
and comparison purposes. Support vector machines
emerged the mostly used technique, similar to
Umayaparvathi and Iyakutti (2016)’s findings but
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contrary to Hashmi, Butt and Iqbal (2013)’s. The reason
behind this rise in Support Vector Machines’ usage is
mainly due to their applicability in both regression and
classification (Kumar & Chandrakala, 2017). Neural
Networks have also been used with the same frequency
as Support Vector Machines. This is due to their
performance consistence even with large datasets. In this
section, Support Vector Machines, Neural networks,
Decision tree and Naïve Bayes are discussed considering
the fact that they were used the most as evidenced by
their frequency of usage in Table 1.
4.2.1 Support Vector Machines (SVM)
Khodabandehlou and Zivari Rahman (2017) described
SVM as a machine learning technique for solving linear
and non-linear classification problems. The authors
asserted that SVM aims at minimizing the distance
between hyper planes and classes to separate the classes
as much as possible. In telecom CCP, SVM have been
widely used and registered success (Yu et al., 2016).
However, the technique was disregarded by Coussement,
Lessmann and Verstraeten (2017) who claimed that it
requires additional parameter tuning and often fails to
give straightforward predictions. In this study, SVM
registered the highest frequency of usage.
4.2.2 Neural Networks (NN)
Neural Networks work in a way that converts data
into a brain neuron system (Monani et al., 2016), and are
used in speech and pattern recognition as well as
computer vision. The authors also noted its easy
parallelization, continued learning even after application
of the training set but to also observed that it is not easy
to understand. In their survey on CCP techniques, the
authors credited NN as better than most other methods.
NN are also more capable for large datasets compared to
other techniques. This justifies their increased adoption in
the telecom churn prediction where large datasets are the
order of the day. NN are however complex to
comprehend and interpret.
As shown in Figure 6, the structure of a NN works on
two major components, namely the processing elements
and the weightage links connecting them. Neurons (also
known as nodes or units) are the core processing elements
which serve as functions. They receive information as
input from other neurons. A neural network is divided
into three basic layers with each containing neurons; an
input layer, hidden layers and the output layer. The
neurons in the input layer are the only ones that receive
information from outside the neural network. This could
be input data from any sources. The neurons in the
hidden and output layers receive their input as output
from other neurons. The neuron then multiplies this input
with a weight and sums these multiplications. The sums
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are then passed to an activation function and the result
becomes the input to another neuron the next layer. The
process continues until the output layer produces the
output as either yes or no (or 0/1) for the case of churn.

Figure 6: The structure of a neural network with one
hidden layer. Each circle represents a neuron while the
connecting arrows are the weightage links with weights
(w1, w2,...).
4.2.3 Naïve Bayes (NB)
Fei, Shuan and Yan (2017) acknowledged this
technique as a simple probabilistic method that is
normally used in dichotomous datasets. It works on the
conditional probability principle of the Bayesian rule
(Babu, 2016), thereby using and analyzing all the
variables individually even when they are independently
important. NB classifies by treating all the variables
independently in their influence to the churn variable.
This has infact attracted various research works to modify
NB to account for the correlations among the variables.
Given a set of independent variables (X1,……,Xm) and a
dependent categorical (churn) variable (Y), then the
probability for a certain output (yes/no for churn) given
that the different variables have occurred and been
measured will be;
(𝑋 , … . , 𝑋𝑚 )⁄
𝑃( 1
𝑌) 𝑃(𝑌)
𝑌
𝑃 ( ⁄(𝑋 , … … 𝑋 )) =
1
𝑚
𝑃(𝑋1 , … . , 𝑋𝑚)
4.2.4 Decision Trees (DT)
Existing either as categorical or regression trees, DT
use a tree-like graph, considering all the possible
outcomes from which a graphical representation of
decision rules is drawn accordingly (Vafeiadis,
Diamantaras, Sarigiannidis, & Chatzisavvas, 2015). As
shown in Figure 7, class labels are represented by the tree
leaf nodes while the conjunctions leading to those classes
are represented by the tree branches. DT use if else
statements and each internal node contains a test on a
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feature. The branches represent the result of a test while
the topmost node represents the root node. Despite
difficulty in its creation and proneness to over fitting,
Monani et al. (2016) confirmed its simplicity to be
understood and to generate rules in their survey on CCP
in the telecom industry.

Figure 7: A simple DT structure with the leaf nodes
having classes as either Yes or No.
4.3 Churn Prediction Challenges
Researchers in the selected studies highlighted some
challenges encountered during the studies. This section
looks at two challenges that cut across the selected
studies.
In telecom churn prediction datasets, the class of
interest is the churners group which is always the
minority thus causing a data imbalance problem (Zhu,
Baesens and vanden Broucke, 2017; Amin, Anwar, et al.,
2017; Gui, 2017; Óskarsdóttir et al., 2017). In their
empirical comparison among the different class
imbalance solutions, Zhu, Baesens and vanden Broucke
(2017) stated that this problem affects the performance of
the prediction models because the bias caused by the
majority class also affects the model performance. The
studies selected in this review had datasets with churn
rates ranging from 1.5% to 9% which adds to the class
imbalance problem. The above authors also highlighted
solutions to the class imbalance problem by categorizing
them into data-based, algorithm-based and ensemblebased solutions. A data-based solution of random
oversampling was also used by Azeem, Usman and Fong
(2017) and Óskarsdóttir et al. (2017) to balance the
datasets used in which the churn rates were 9% and 8.5%
respectively. Oversampling is however not an ideal
technique for handling class imbalance issues given the
huge nature of telecom datasets, as Idris, Iftikhar and
Rehman (2017) challenged it and proposed PSO based
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Undersampling. As the class imbalance issue continued
to prevail, Amin, et al. (2017) handled it using the random
Undersampling method.
Telecom datasets also come in the context of big data
due to their large volumes, high velocity, veracity and
variety as Li et al. (2015), Hafez (2016), Ahmed and
Maheswari (2017) and Ahmed and Maheswari (2017)
acknowledged. It therefore requires skilled personnel as
well as complex big data tools and techniques to draw
meaningful and actionable insights from it. Furthermore,
the dimensionality of telecom data is high. In a review
about the structural problems of big data, Storey and
Song (2017) highlighted new technologies recently
developed to handle big data such as Hadoop, Hbase and
NoSQL, but also did not rule out the fact that these new
technologies still have a low acceptance and adoption rate
among big data users. This is because of the installation
and training costs associated with these technologies
even though they are open source platforms.
Research Findings
The research yielded findings in the field of telecom
churn prediction with respect to the years considered.
• Support Vector Machines and Neural Networks are
the mostly preferred prediction techniques. The
reason for SVM high adoption is mainly due its
applicability in both regression and classification
problems while NN are preferred due to their
abilities to perform well even with huge telecom
data.
• Feature selection is the mostly used data
preparation
technique
for
dimensionality
reduction
• Class imbalances and large datasets coupled with
their high dimensions are the major challenges in
telecom churn prediction
• Undersampling is preferred for handling data class
imbalances
Conclusions
Customer churn in the telecom industry is indeed a
serious issue that needs timely detection so that
competitive retention strategies are taken. Telecom
datasets should be handled carefully because of their
imbalanced nature, large volumes and high dimensional
structure. Feature selection is preferred for dimension
reduction while Undersampling for class balancing. It is
to the discretion of the company about which data mining
tool to handle the large telecom datasets with. Different
CCP methods have been proposed with Support Vector
Machines and Neural Networks as the mostly preferred
prediction techniques. However, ensembles of these
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techniques improve the prediction accuracy of the models
because of the combined advantages of the components.
Further studies should focus on the profitability
associated with attributes when dimension reduction is
done. There is also a very big gap in real-time churn
prediction for future studies to explore and this can be
effectively achieved with the adoption the big data
technologies. There is also need for more versatile
approaches that consider the likely effects of national or
regional economic changes on the behaviour of customers
in ways that make these consider such changes. Natural
language processing could also be used to detect churners
using words and voice recognition to identify them based
on these. Research is also needed to create proper
visualizations of the huge telecom churn data.
Visualizations speed up the process of discovering data
patterns to reveal actionable insights.
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Abstract— Marketing strategies such as pricing and
advertising determine the competitive performance of a
product and a business as a whole. Critical analysis of these
strategies is therefore vital to boost a company’s performance
in a competitive environment. Recent influx in data volumes
coupled with stiff competition have necessitated the use of
visualizations and faster data transformations prior to
analysis. This is because of the need for quick, timely,
competitive and facts-based decision making. In this paper,
marketing strategies are analysed through their influence on
sales and overall performance. Research analysis has been
done using SSDT-BI for transformations and Tableau for
visualizations. Visual and statistical analytics has revealed the
influence of price difference and advertising costs on sales.
High advertising budgets have proved to be the way to
maintain high sales with a negative price difference. Sales can
also be maintained with a minimal negative price difference.
Recommendations have pointed to minimising price
differences, improving shelving facilities and opportunities
for opening new sales outlets.
Index Terms— Business Intelligence, SQL Server Data Tools,
Tableau, Data Visualization

1.

Introduction
In a competitive and dynamic environment such as the
manufacture of baby products, it has always been a
challenge to access timely information and understand
the pulse of the customers. Although all major businesses
employ Business Intelligence (BI) and it has evolved over
the last few decades, it is still deemed as a major problem
due to the inability to obtain meaningful insights within
a short time (Park, Sawy, & Fiss, 2017). Different BI tools
have been developed to ease the analysis of data for the
managers and several visualization tools have been
developed in order to present data in a graphical form
(Diamond & Mattia, 2017). Theoretically, visualizations
help to quickly draw actionable insights from data but
this is still in its early phase mainly due to the data quality
issues (Marjanovic, Dinter, & Ariyachandra, 2016). Data
viz has been developed based on the fact that the human
brain understands and interprets visualizations faster
than real figures (Hsuanwei, 2017).
This research paper is a case study of a global car baby
seat manufacturer with sales outlets in the United States
of America (USA) as well as in other places. It is cited that

the overall sales have reduced tremendously and hence
the manufacturer wishes to increase the unit sales by 1000
especially in the poorly performing sales points in the
USA. Although, the advertising expenses in certain
locations have been noted to be extraordinary, it was
seldom reflected in the sales. The advertising costs should
be justified in terms of the Sales-to Advertising ratio
(SAR). The KPI of the SAR is set to a value of 1.5 and every
sales point is required to meet this SAR On the other
hand, the sales points without any advertising
expenditure and with sales above 5000 units are
exempted from this KPI. Those locations with SAR less
than 1.5 are considered to be performing poorly.
A different approach to evaluate the performance of
the outlets in terms of the Key Performance Indicators
(KPIs) was needed. This study therefore seeks to analyse
and improve the marketing strategies so as to boost the
overall competitive performance of the company.
Furthermore, these advertising expenses need to be
justified in terms of sales in each location. Therefore, as
much as advertising is a crucial competitive strategy, a
clear relationship needs to be established in order to
explain how sales is influenced by all the marketing
strategies.
2.

Materials and Methods
This section briefly describes the dataset that serves as
an input to evaluate the sales performance of various
sales locations. It also contains a discussion of the
recommended tools and techniques used to produce the
illustrative BI solution.
2.1 Metadata
The dataset of the car baby seat manufacturer includes
the data of 400 sales locations. Each observation
represents a sales point and it either belongs to USA or
elsewhere. The data also reveals whether a sales point
operates in an urban centre or not. The metadata and their
description of all the attributes are shown in Table 1.
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Attribute
Location Id
Sales
Competitor Price
Income
Advertising
Population
Price
Shelve Location
Age
Education
Urban
USA
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Table 1: Metadata of Car Baby Seat Sales Income and other details
Description
Identification number to uniquely identify the location of the outlet
Unit sales of car seats for each location
Price charged by the competitor at each location in dollars
Community income level in dollars
Local advertising budget for the company at each sales location in dollars
Population size in region
Price charged by the company at the sales location in dollars
Category with levels (Bad, Medium and Good) indicating the quality of the shelving
Average age of the local population.
Education level at each location.
Indicates whether the sales point operates in an urban centre or not
Indicates the location of sales points

2.2 Analytical Tools for BI Solution
A good BI solution is one that uses a combination of
tools to consolidate all the data provided in a way that
makes it easy for managers to draw actionable and factbased insights (Larson & Chang, 2016). It should guide
managers into making confident and strategic business
decisions in the most efficient way (Nedelcu 2013; Park,
Sawy, and Fiss 2017). Business intelligence creates
business value from the currently high valued business
data by revealing challenges and opportunities (Trieu
2017; Fink, Yogev, and Even 2017). Diamond & Mattia
(2017) cited different business visualization tools such as
Microsoft Power BI, IBM Watson Analytics and Tableau.
This report recommends a combination of tools such
as Tableau 10.5 and SQL Server Data Tools-Business
Intelligence (SSDT-BI). SSDT-BI is apt for its diversity of
transformations. It is mainly used to perform Extract,
Transform and Load (ETL) operations. ETL operations
are concerned with extracting data from different sources,
cleaning these data, transforming data into forms as
needed by the data warehouse and loading data into the
data warehouse (Sirin & Karacan, 2017). SSDT-BI is
therefore proposed to facilitate simplified and timely
creation as well as access to clean and consolidated
company data.
Tableau has been chosen due to its abilities to create
meaningful and interactive visual dashboards using a
modest codeless approach. Tableau also suits different
organizational needs as well as different data formats and
sources. In terms of suiting different organizational
needs, individuals can affordably use the Tableau
desktop while enterprises can go for the Tableau server.
In terms of different data sources, Tableau works with
over 40 data sources such as file-based data sources (e.g.
excel, csv), relational database data sources (e.g. Teradata

and SQL server) and cloud-based data sources.
Furthermore, tableau also has an in-built Extract,
Transform and Load (ETL) mechanism. Tableau has been
used to visualize the company’s performance in the
different sales locations with respect to customer
perceptions. This has been done with the help of
graphical representations and dashboards. Airinei &
Homocianu (2017) acknowledged visualizations for
simplifying business data analysis with the help of such
graphical representations. With these visualizations like a
dashboard, business overall performance in the different
sales locations has been synthesized and can be viewed
interactively in a single interactive or animated
dashboard. Tableau is therefore proposed for its ability to
use different visualizations to delineate figures in a form
that managers can easily get insights from such data
(Marjanovic et al., 2016).
3.

Design of a BI Solution
This section contains the design of the proven BI
solution. The initial step was to clean and modify the data
according to the needs and hence ETL operations were
performed using SSDT-BI and the transformed data was
loaded into Tableau for further visualization and
exploration.

3.1 ETL Logic
SQL Server Integration Services (SSIS) was employed
to perform ETL operations on the dataset. Conditional
split was used to split the data according to whether the
location was in USA or not as the focus of this BI solution
is merely on sales points operating in the USA. The ETL
operations were carried out on the original dataset as
shown in Figure 1. The dataset was first split into two
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groups to separate those locations which belong to USA
from those which did not. Since the focus is exclusively
on sales locations that belong to the USA, further ETL
operations were performed on this split dataset. These
locations were further sorted in ascending order of their
unit sales to easily see those ones performing poorly in
terms of unit sales.
Figure 2 displays the initial records of the destination
file and it clearly shows that the location 1000166 has the
lowest unit sales. A new column was derived for the price
difference by calculating the difference between the
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competitor’s price and the company’s price. This derived
column can be seen as the last column in Figure 2. This
ETL operation was intended to align these price
differences with the sorted sales locations. It was also
intended to provide initial insights about whether this
difference has a relationship with the sales. Preliminary
exploration shows that the location with the least sales
has a very high price difference as compared with that of
the competitor. This could be a potential reason for the
very low unit sales in this location.

Figure 1: Data flow interface of ETL process

Figure 2: Sample Table of Destination File
3.2 Data Visualization
Tableau helps business managers to quickly draw
actionable insights from the data. In this report, the
output of the ETL operations which is the destination file
has been imported into Tableau. Tableau has then been
used to visualize the performance across the entire USA
market. Graphical visualizations have been used to

delineate the performance of each sales point in terms of
sales, advertising budgets and pricing. Customer
perceptions in the different sales locations have also been
visualized. Sales locations can also be visualized
according to whether they operate in an urban centre or
not and how their shelving is perceived by customers.
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The different attributes of the sales locations can also
be filtered and observed in different perspectives. This
means that it can be filtered through the different variants
of these attributes and observe what happens to the rest.
This has been done with an interactive Tableau
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dashboard. For instance, all the sales points with a
“Medium” shelving perception can be viewed. In such a
view, it can also be observed about how many operate in
an urban centre or not. Furthermore, their trend of sales
performance can also be seen.

Figure 3: Overall Dashboard for Marketing Strategies
4.

Results and Insights on the Impact of Sales
The data visuals and the dashboard provide several
insights to understand the effect of various marketing
strategies on sales. Initially, it was found that customer
personal attributes such as age and income had no
significant impact on sales. It was also revealed that the
population of a location also does not affect the sales
significantly as shown in Figure 4.
The KPI is to have a minimum of at least 1.5 for the
parameter of Sales-to-Advertising ratio. However,
astonishingly, it can be seen from Figure 3 that most of
the outlets are far behind this KPI achievement. In fact,
the average SAR for all the outlets is merely a 1.1 although
a particular outlet can be singled out for achieving a SAR
of 12.53. This is clearly the outlier as the median is far
lower than the mean with a value of 0.74. These confirm
the seriousness of the plummet in sales as well as the
intensity of the sales locations which exhibit the same
pattern. The feature that is closely relating to sales and
advertising is the price difference of the products sold.
258 observations were modeled to compute a linear trend
model for Sales given advertising as shown in Figure 5.
The model may be significant at p <= 0.05. The trend can
be described as in Table2.
In general, the trend line denotes an increase in sales
with a proportionate increase in advertising costs.
However, the increase in sales is not merely based on

advertising strategies alone. The colors in the visual
denote the price difference among the different
competitors. Red color indicates higher price and green
color indicates lower price compared to competitors’
pricing strategy. Considering all these three attributes
together, the upper half of the visual in Figure 5 is mostly
populated with green thereby attributing to the fact that
price difference attributes to increase in sales and it may
be slightly varied with or without the support of
advertising. It is thereby revealed that as the price
difference increases, the sales in the different locations
increase. Therefore, the sales sites where the price
difference is positive show higher sales achievement as
compared to the rest. In other words, the sales dropped
in locations where the prices are higher than that of the
competitors.
Furthermore, it could be seen that there are selected
outlets which have a negative price difference and yet
showcase good sales amounts. Probing further, these
results just attribute to another important factor which is
the shelving of the product. From a general perspective of
all the sales locations, it was revealed that the company is
not doing well in their shelving with only 24% sales sites
having good shelving locations. Further insights reveal
that some sales sites showed high sales without any
advertising budget at all. This is very good for the
company since profits from such sales sites can be used to
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cover the expenses in poor performing sites. It is also
revealed that some sales sites have very high sales but still
did not reach the KPI of 1.5. This is a sign of stiff
competition in such locations in which continuous
advertising is the only way to maintain the sales (Darrat,
Wilcox, Funches, & Darrat, 2016). To sum up, higher sales
is often attributed to a good price difference. But, on the
other hand, if the price difference is negative and
minimal, the sales can still be maintained if the product
has good shelving. With a high negative price difference,
high sales can be sustained only by heavy budget
allocation for advertising. Nevertheless, there is no
significant difference between urban and rural locations.
However, rural is influenced by the price difference more
than the advertising which is vice versa in urban sales
points.
From the proposed BI solution, the following
recommendations have been proposed for the company
to improve its performance in the various sales locations.
These recommendations will help the company to further
pursue its strategic business objectives as it aims at being
the leading producer and supplier of car seats. Therefore,

as part of BPM strategy, the company should consider the
following recommendations: i) Minimize the price
differences since it is evidenced that locations with higher
price differences have lower sales. Several studies have
confirmed that pricing has a big impact on sales and
revenue (Jiang, 2016). This is an opportunity for the
company to boost its sales in such locations and maintain
customer loyalty as well. Farm (2017) also confirmed that
companies that aim at competitive price leadership
always keep their prices low which gives them a
competitive edge. ii) Improve the shelving facilities to
boost sales in the poorly performing locations. The
percentage of locations with bad shelving mostly
outweigh than that with good shelving. The company
should improve their shelving in such locations to attract
more customers. iii) Opportunity for new sales outlets: it
has been revealed from the dashboard that some sales
locations make a lot of sales yet they do not incur any
advertising costs to the company. This reveals investment
opportunities in such locations and so the manufacturer
should consider expanding more outlets in such
locations.

Table 2: Description of the Trend using Linear Regression

Equation:

Sales = 0.124349*Advertising + 6622.45

Coefficients
Term
Value
Advertising 0.124349
intercept
6622.45
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Standard Error
0.0293796
341.4

t-value
4.23247
19.3979

Figure 4: Effect of Income, Age and Population over Sales

p-value
< 0.0001
< 0.0001
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Figure 5: Sales vs. Advertising and Price Difference
5.

Conclusion
The designed illustrative BI solution has worked on
converting the raw data into quality datasets that can be
used for further analysis. The solution analysed and
revealed the weaknesses of the current marketing tactics
and its effect on sales and KPI achievements. Detailed
analysis on the poorly performing outlets has also
revealed the other causes for the decrease in sales.
Recommendations have been provided to improve the
marketing strategies of the car baby seat manufacturer in
the USA. This case study is an attempt to make businesses
view the practicality of using the latest technologies and
advancements in data visuals for the process of
improving their business intelligence solutions.
Appendices
Data
Source:
sales/data

https://www.kaggle.com/c/carseat-
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Abstract- Recent technological developments and
advancements in soft computing (decision support
systems) and information technology have paved way to
the development of precision-based agriculture. These
new trends have enabled the exploitation of modern
techniques and tools such as wireless sensor technology,
soft computing techniques and IOT to improve the
economic and environmental sustainability of agricultural
production. The new trend of precision farming
/agriculture distinguishes and discerns itself from the
traditional techniques of farming through efficient,
planned, systematic and justified use and application of
resources for improved and increased yield production. In
order to achieve this, precision farming exploits soft
computing tools such as Support Vector Machines (SVM),
Fuzzy Logic (FL), Artificial Neural Networks (ANN),
Decision Trees (DT), geographic information systems such
as weather patterns and remote sensing technologies such
as Wireless Sensor Networks (WSN), to monitor and
predict real time and future requirements of farm produce
for improved food security. This research paper reviews
the application of various techniques and technologies
employed in precision farming.
Index Terms - Precision agriculture, yield management and
monitoring, Sensing technologies, soft computing
technologies.

Introduction
According to data collected and analyzed by
researchers from the UN food and Agricultural
Organization, the world population is estimated to
reach an estimated 9.5 billion people by 2050 thereby
resulting into a global food crisis (UNEP, 2017).
Farming of more crops and rearing/production of
more animal produce is considered as an unsustainable
solution mainly due to the shortage of land created by
the increased global population and the shortage of
resources required for plant/animal sustenance. What
is required is improvement in the current farming
techniques for greater and sustainable efficiency. One
recently adopted sustainable approach is precision
farming which combines a number of new technologies
to collect and transmit a wide range of field data for
effective analysis and intuitive decision making
(Ambarish and Saroj, 2016) is shown in Figure 1.

Figure 1: Considerations for Precision Agriculture
(Ambarish and Saroj, 2016)
The main aim of precision farming is to improve
and increase production efficiency while minimizing
the negative effects and environment degradation
associated with under and over utilllisation of
resources such as pesticides, water, fertilizer,
insecticides and seeds. Some of the reliable tools and
technology used in the management and collection of
data for analysis and decision making include WSN
(Wireless Sensor Network), IOT (Internet of Things),
intelligent algorithms, weather modelling, mobile
devices (GPS/GNSS/GPRS) and robotic systems.
According to Jones and Barnes (2014), the four major
phases involved in precision farming include data
collection, analysis of collected data, decision
management (resource allocation and yield prediction)
and finally application. A comparative study will be
conducted in this research paper based on the
techniques applied in precision farming in terms of
applications, decision support systems as well as field
data collection and analysis techniques.
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Decision-Making Platforms for Precision
Farming
A variety of new soft computing technologies has
been proposed and adopted for monitoring and
making precise decisions based on field data collected
from sensors. An AI based intelligent control system
has been proposed by Pahuja et al. (2013) for
development and synthesis of a smart climate
controller for precision farming in greenhouses. The
system proposed employs Artificial Neural Networks
(ANN) for control of humidity and temperature in
artificially weather conditioned green houses. The
intelligent controller proposed by Pahuja et al. (2013)
presents a unique approach of applying artificial
intelligence in regards to precision based farming
within a greenhouse.
Lamorski et al. (2013) performed a comparative
study to estimate soil water requirements from
quantified soil properties using Support Vector
Machined (SVM) and Artificial Neural Networks
(ANN) for precision farming. The outcome of the
research showed that the three variable SVM’s were
more effective with the same level of accuracy as the
eleven variable ANN’s. However, the correlation
between the measured and the predicted soil water
content was relatively lower using SVM due to the
presence of high soil matric potentials resulting mainly
from relative errors.
In another study related to precision-based
farming Karim et al. (2014) employed remote
hyperspectral image analysis using SVM and ANN as
instruments for detecting and classifying weeds on a
corn field with the aim of intelligently controlling the
amount of nitrogen application for weed management.
In their research, the SVM technique achieved low
misclassification rates and high generalization ability
in comparison to the ANN. In this research a
conclusion is arrived that SVM is best suited for the
effective detection and control of weeds.
A Precision crop management system using a
fuzzy controller was proposed by Jones and Barnes,
(2014). In their work, two expert models were applied
by employing Fuzzy Logic (FL) rule base system. In
one expert model physical and chemical traits of the
soil were measured and integrated with local weather
data as crisp inputs whereas in the other model, soil
parameters in terms of water use, runoff and drainage
were approximated through prediction analysis and
their effect on the crop yield as shown in Figure 2.
A comparison was then performed between the
model estimated and measured yields for the fields
tested. The results obtained from this research verify
that the predicted yields obtained using the Fuzzy
based decision support system was more accurate in
comparison with the measured yields (Jones and
Barnes, 2014).
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Figure 2: Relationship between Water and seed yield
(Jones and Barnes, 2014)
The implementation of agricultural data with
visual data mining technology are depicted by Yash et
al. (2015) whereby high dimensional agricultural field
data mined is reduced to smaller dimensions with the
purpose of deriving important knowledge related to
yields in precision farming such as fertilizer and water
application. Self-organizing maps and Sammon’s
mapping technique is used to disintegrate the large
data base into smaller interpreted data for quick and
intuitive decision making. The conclusion derived
from this research paper is that Sammon’s mapping
technique is only suitable for small data sets whereas
Self organizing maps are conducive for large data.
A Guelph Intelligent Greenhouse Automation
System (GIGAS) for greenhouse-based precision
agriculture has been proposed by Halimi and Moussa
(2015). The Guelph Intelligent Greenhouse Automation
System presented in this research is an intuitive
robotics system with outstanding functional capacity
for greenhouse applications. The system proposed uses
a machine vision system consisting of a number of
cameras which are used to take a variety of real time
images of plants. A plant data base is created to track
the development of all the plants within the
greenhouse to enable the intelligent system to make
intuitive decisions and resource planning for the plants
(Halimi and Moussa, 2015). The intuitive decisions
made by the intelligent system are sent to the robot for
execution purposes. Results from this research indicate
that 92.3% production efficiency is achieved using
GIGAS whereby a 63.2% increase in yields was
achieved.
Thalheimer and Rakesh (2015) present a system for
continuous analysis and measurement of plant growth
using a microcontroller and an optoelectronic reflex
sensor. The principle of operation of the proposed
system is reliant on the detection of contrasting black
and white bars visible of a roll of adjustable tape that
allows for continuous measurements to be made. Plant
growth is measured in terms of the changes observed
in the fruit of the plant and overall perimeter of the
stem thus providing a sustainable data base for
monitoring plant growth and allowing the farmer to
intuitively allocate resources to the plant. It also
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enables timely harvesting of the plant as soon as
maturity is reached.
Lee et al. (2016) and Twarakavi et al. (2015) make a
comparative research study of classification algorithms
and their application in yield prediction in precision
farming systems. The algorithms implemented in this
research have been assessed for a period of several
years for yield prediction in soya beans. The algorithms
assessed and evaluated in this research for yield
prediction include Support Vector Machines (SVM),
Neural Network (NN) and Bagging as shown in Table
1.
The conclusion drawn during evaluation of the
systems is that Bagging is considered as the most
suitable and accurate algorithm in relation to yield
prediction for precision farming since the error
deviation realized is low with a mean absolute error of
18985.7864 as shown in Figure 3 (Lee et al. 2016). Yield
prediction is used in this research to enable the farmer

to effectively plan for harvesting, resource allocation
for present and future planting seasons.
In Ambarish and Saroj (2016) prediction of hourly
soil moisture requirement is presented using two
algorithms based on neural networks i.e. Scaled
Conjugate Gradient (SCG) and Quasi newton BFGS for
WSN based precision farming. The performance of the
two algorithms proposed was tested and studied on a
50m by 100m Bermuda grass field in terms of their
ability to predict soil moisture content for every hour
by putting into consideration unique environment, soil
parameters and the actual soil moisture content at the
given time. According to Ambarish and Saroj (2016),
the Scaled Conjugate Gradient (SCG) neural network
pattern produced better results (Figure 4) in
comparison to the Quasi newton BFGS based on the
Mean Square Error and Root Mean Square Error as
shown in Table 2.

Table 1: Potatoes yield prediction based for two fields
Field 67-S
Algorithms used

Yield prediction
results

Support
Predicted yield
Vector Machines
Actual Yield
(SVM)
Prediction error %
Bagging
Predicted yield
Actual Yield
Prediction error %
Neural Network
Predicted yield
(NN)
Actual Yield
Prediction error %

Field 44-S

Fresh
weight
(Ton)

Dry matter
(%)

1040
957.26

20.8
20.8 – 21.0
7.9 %
20.8
20.8 – 21.0

995.00
957.26
3.8
1110.3
1178.56

Fresh
weight
(Ton)

Prediction error ( %)

20.4
20.4
9.1 %

1133.67
1225.48
7.5
1210.3
1324.56

20.8
20.8 – 21.0
5.8%

25.0
25.0
19.8
19.8
8.63%

10.00%
8.00%
6.00%
4.00%
2.00%
Field 67-S
7.90%

Field 44-s
9.10%

Bagging

3.80%

7.50%

Neural Network (NN)

5.80%

8.63%

SVM

Dry matter
(%)

1123
1235.69

Yield prediciton for precision farming

0.00%
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Figure 3: Yield prediction for potatoes (Lee et al. 2016)
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Figure 4: SCG Prediction error (Ambarish and Saroj, 2016)
Table 2: Error evaluation for the Neural based Algorithms (Ambarish and Saroj 2016)

Weed/Pest Eradication
Yang et al. (2014) looked at a weed detection and
eradication system (Figure 5) based on image
processing whereby a Fuzzy logic based decision
support system was used to establish and deduce
where and what quantity of pesticide to be applied on
the plant field. The fuzzy logic controller was used to
mainly to relay spray commands to the farmers based
on the threshold of weeds detected in a given part of
the farm. The findings from this research indicate that
a fuzzy logic system has the ability to facilitate a high
degree of precision based on the crisp data retrieved
from the image sensors and FL rules.
A machine vision system for field weed detection
based on natural lighting was proposed by Tang et al.
(2014). A fuzzy cognitive map was used to develop the
image based real time processing algorithm using
image segmentation techniques and Hue- saturation
colour space conversion was used for isolate the weeds
from the crops from the overlapping background
consisting of rock and soil residue. The results obtained
from this precision-based system were mainly used for
selective mapping and herbicide application for
maximum weed eradication.
A crop pest management system based on colour
textural analysis was adopted by Pydipati et al. (2015)
and Tan to deduce if classification algorithms could be
employed in the identification of disease infested citrus
leaves. ANN classification algorithm was investigated

in this research based on the Radial Basis Function
(RBF) networks consisting of Fuzzy outputs used in the
indication of strength.

Figure 5: Fuzzy based weed detection and eradication
model (Yang et al. 2014)
An adaptive UAV for crop pest management in
dynamic terrain environments is proposed by Facial et
al. (2016). The system proposed optimizes the current
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course correction approaches of UAV’s employed for
precision-based pest eradication by employing an
evolved genetic algorithm to map the most suitable
course correction based on dynamic weather and
terrain conditions. The system proposed in this
research provides a platform for UAV used for pest
eradication to intelligently adapt their navigation
behaviour based on cognitive vision and real time
weather data retrieved from sensors.
Boissard et al. (2016) proposed a cognitive visionbased approach for prior pest detection and eradiation
in green houses. The goal of the cognitive vision system
deployed by the researchers is the early detection of

No.
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peers using image processing and a machine-based
learning algorithm. The system proposed relies on the
early detection of the pest (whitefly) during its life cycle
before and after maturity whereby features are
extracted by employing gray type co-occurrence
matrixes, histogram equalization, binary operation and
neighbourhood connected properties of the pest
images. Classification of the images retrieved from the
vision system is done with the aid of Support Vector
Machine (SVM). A summary of the findings observed
from the review conducted based on decision making
and analysis platforms is as illustrated in Table 3.

Table 3: Review summary of intelligent algorithms used in Precision farming
Algorithm
Findings

1

Support Vector
Machine (SVM)

2

Naives Bayes

•
•
•
•
•
•
•
•

3

Artificial
Neural •
Networks (ANN)
•
•

4

Fuzzy Logic controller

•
•
•
•
•

Low generalization error
Easy to interpret multiple sensor data
Sensitive to tuning parameters
Testing data should be near training crop data
Suitable for small scale precision farming since it requires
relatively small amount of training data set.
It can deal with some noisy and missing sensor data
Suitable for obtaining the probability of prediction of farm
events
Prune to errors when increasing the number of sensor data
training sets
Suitable for weather prediction patterns
Some tolerance to correlated sensor data
Difficulty in dealing with large sensor data from a wide range
of different crops i.e. fails to classify scattered sensor data
Costly
Easy application and modelling of sensor data
Customizable
Cheaper
Requires manual tuning of membership functions for plant
data depending on growth stage

Smart Sensors Application for Precision-Based
Farming
Diaz et al. (2012) proposed a smart irrigation
management system that relies on data collected and
recorded from a humidity sensor using an intelligent
low power wireless trans-receiver. A computer is used
for monitoring the irrigation management data
retrieved from the sensor and trans-receiver network.
The retrieved processed data is then used by the
researchers to derive soil moisture requirements for the
plants as well as to predict/modify the irrigation
timetable for increased yields. Kim et al. (2013)
Proposes the use of a Wireless Sensor Node (WSN)
consisting of a wireless ZigBee microcontroller (802.15)
and a JN5121 module for wireless Sensor data retrieval
and transmission for precision farming systems as
shown in Figure 6.

Figure 6: ZigBee and Wireless Sensor Network (Kim
et al., 2013)
Data aggregating form the sink node was achieved
using ARM9 Group of 32 Bit processor cores. Long
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distance sensor data transmission was achieved using
a GPRS gateway and a mobile unit. The proposed
design of a wireless node system in Tuna and Gungor
(2015) and Tan and Panda, (2010) utilizes a ZigBee/RF
module as the sole unit of achieving wireless
communication of the sensor data, however unlike Kim
et al. (2013) the researchers use a more advance module
MSP430 as the core microcontroller unit. In addition,
the system proposed consists of a web enabled user
interface consisting of data mined from various
agricultural expert systems. Real time data from the
sensors is transferred to the sink node whereby
sensitive data mined from the plants is transmitted and
hosted to the web application for reference purposes by
the farmer.
The research paper by Navaro et al. (2015) has
proposed and performed an analysis of the utilllisation
of a chip Based programmable system as part of
Wireless sensor Network consisting of a ZigBee
ZMN2405HP module for monitoring and controlling a
series of parameters in a greenhouse for precision
farming.
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parameters for precision agriculture. A variety of tests
are conducted to verify the accuracy of the humidity
and temperature monitoring systems in closed and
open green houses. In their findings, the researcher’s
observed that the position estimation of the sensor
nodes in the Wireless Sensor Network (WSN) included
some errors whereby the average localization error
decreased with coefficient related to signal
propagation. In addition, the researchers concluded
that the robustness of the system is adversely affected
by bad environment.
A Precision Agriculture Sensing System (PASS)
based on a network of wireless multimedia sensors is
proposed by Irmak et al. (2015) in order to make certain
that the needs of an adaptive modern precision
agricultural system are met. The system proposed is
designed to minimize the need of human supervision
and interaction on a large farm. Bulky transmission of
data on the farm is achieved with the aid of a bitmap
index transmission mechanism and dedicated monochip sensors for the wireless multimedia sensor
network.
In Ambarish and Saroj (2016) a WSN architecture
consisting of nine wireless analog sensor nodes is
proposed for monitoring Bermuda grass (Cynodon
dactylon) as shown in Figure 8.

Figure 7: Proposed monitoring system (Navaro et al.,
2015)
A low powered RF CC2430 PSOC kit consisting of
a programmable IDLE software for sensing and data
collection is used by the researchers as shown in Figure
7. The system proposed for precision sensing is used
for collection and analysis of data collected from
temperature, light and proximity sensors within the
green house.
The system architecture proposed in Ratasuk et al.
(2016), Cancela et al. (2015), Rani and Kamalesh (2014)
is developed to monitor humidity and soil moisture

Figure 8: Nine WSN node Deployment (Ambarish and
Saroj, 2016)
Each of the sensor nodes deployed consisted of a
number of different types of sensors for monitoring
and collecting data in terms of soil temperature, soil
moisture, humidity and CO2 sensors as shown in
Figure 9.
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Figure 9: Wireless Sensor Node architecture (Ambarish and Saroj, 2016)
Interfacing of the sensors in Ambarish and Saroj
(2016) was conducted with the aid of an ADC (Analog
to Digital Converter) whereby energy conservation of
the WSN network was achieved using a sleep mode
function between any two successive data acquisition
protocols. Wireless communication in this research
was achieved with the aid of a ZigBee S2 integration
with a Raspberry Pi whereby data is sent to a MySQL
data base for real time monitoring.
Sai et al. (2016) and Srbinovska (2015) propose a
network-based routing algorithm to lower the
consumption of energy by data transmitting nodes for
precision-based agriculture. In this research, the
adoption of Wireless Sensor Networks in precision
agriculture is also explored in regards to the “acoustic
emission principle” for crop water requirements. The
researchers propose a new technique for long distance
transmission of complex sensor data using a routing
protocol known as PECRP (Power efficient Clustering
Routing Protocol) that is developed in Matlab 7.0.

The categorization of existing remote monitoring
platforms and control systems is as shown in Table 4.
The research papers analysed so far in this comparative
literature review demonstrate the constructive and
effectual utilisation of Wireless Sensor Networks in
precision-based agriculture. A bulk of the research
papers have proposed a number of schemes to improve
the efficiency of the WSN, however the schemes
proposed have not been deployed in real time but
rather in simulation software such as Matlab, whereas
those which have been successfully deployed in field,
are only suitable for some crops. As identified by some
researchers, various crops have varying requirements
which are limited to that particular species/type.
Therefore, it is necessary to undertake the design,
analysis and implementation of a system that takes into
account the specific requirements of a particular crop.
The systems studied in this section of the literature
review can be classified as shown in Table 4.

Table 4: Classification of existing control and monitoring systems used for precision farming
References
Sensors interfaced
Technology
Monitoring
Module
system
interfaced
(Kim et al. 2014)

Temperature and soil
moisture

ZigBee, GPRS

Mobile phone

JN5121,
ARM9

(Tuna and Gungor
2016)
(Tan and Panda 2010)

Humidity, illumination,
Temperature

ZigBee, internet

Laptop

CC2420,
MSP430
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(Diaz et al. 2011),
(Irmak et al. 2006)

Light, moisture and
temperature

Navaro et al. (2015)

Temperature, humidity,
PH

(Sai et al. 2016),
(Srbinovska 2015)

Temperature, humidity

(Sabri et al. 2012)

Temperature, humidity

Irmak et al. (2006)

Temperature, soil
moisture, Humidity, CO2,
illumination
Temperature, soil
temperature and moisture,
Humidity, Anemometer,
illumination, rain gauge

(Ratasuk et al. 2016),
(Cancela et al. 2015),
(Rani and Kamalesh,
2014)

Conclusion
In precision farming, to obtain high-quality
products, the environmental parameters should be
effectively monitored and controlled to provide
optimal values. A review of precision farming
techniques based on remote monitoring and control
approaches have been presented in this research. A
detailed comparison of various decision-making
platforms employed for precision agriculture such as
ANN, Bayes, SVM, Fuzzy Logic, and different wireless
technologies and protocols used for monitoring sensor
data such as ZigBee, internet, GSM and RFID have also
been looked at. In terms of water and soil requirements
for crop administration, a decision support frame work
consisting of sensor derived data and fused or
standalone soft computing techniques is a necessary
requirement for long term sustainable yield
production. Areas of application of soft computing
include efficient irrigation, nutrient and fertilizer
planning and management for optimization, early
identification and eradication of crop weeds, diseases
and pests and analysis of crop yield prediction. The
research review conducted illustrated that effective
implementation of WSN in precision farming is
warranted since its success is reliant on the acquisition
and processing of real time crop data. Some of the
challenges incurred in precision farming can be tamed
with the implementation of WSN with the aid of a
discrete, intelligent, intuitive decision making and
control protocol for effective yield production. In
addition, the application of WSN in precision-based
greenhouses is found to be beneficial since they are
scalable,
efficient,
cost
effective
and
easy
implementation.

RF, internet
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Laptop

C43271

-

RF CC3271
PSOC kit

PC, Matlab 7.0

PECRP

ZigBee,
SunplusSPCE061A

TFT-LCD

Chip (SoC)

ZigBee, Internet

PC

ZigBee
module 3160

ZigBee, Internet

Laptop, PDA

MSENS SoC,

Sensor
node(mono-chip
sensors)
ZigBee
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Abstract— This research focuses on several issues that
commonly faced by the Social Media users. Apart from
that, discussion on security and awareness that can be
considered by the Social Media users to protect their
data when uploaded to the Social Media is also
included. Data protection mainly covered on digital
images and techniques or tools that can be used to
protect digital images from being misused by
unauthorised party. Detail discussion on how Digital
watermarking can be used to the digital images in
providing security to users were discussed. Several
tools are highlighted such as Copyscape and TinEye
that can be used to track of any images misused by
unauthorised party.
Index Terms—digital images, image misused, digital
image security, digital watermarking, Copyscape and
TinEye
Introduction
Social media, a widely known medium for
communication and information sharing. In this past few
years, social media has exploded on the internet due to
the vast features it provides toward the community. Some
of the features includes boundless interaction between
user, content sharing and even collaboration between
user (Rouse, 2013). This has also become a medium for
businesses to further expanding their market by
promoting the product on the social media. To further
elaborate, sharing images has been one of the most use
features on social media.
Although the existence of social media has been totally
positive, the facts that social media security and privacy
has been neglect by user has been a concern due to cases
arise from it. Identity theft, image stealing and forgery,
unauthorized access to user account and piracy of image
has been some of the example of by-products of lack in
knowledge of social media security. It is a very common
situation for a user to never look beyond the original
security and privacy setting of their social media accounts
(Search Security and Syngress, 2016). The aim of this
paper is to discuss on social media security and to create
an awareness amongst the social media community and

to further elaborate and discuss on how to protect social
media account user images from being misuse and
security features that is provided by social media
websites.
Digital Watermarking, Can They Prevent Misused of
Images
This part should contain sufficient detail so that all
procedures can be repeated. It can be divided into
subsections if several methods are described.
Image is an optical counterpart or the appearance of
an object, as is produced by reflection from a mirror,
refracted by a lens, or the passage of luminous rays
through a small aperture and their reception on a surface
(Rouse, 2013). Images have been used widely for many
purposes since the first camera invented. From art,
educational, medical and conventional purposes, images
have assisted every individual and organization to
perform their daily tasks. Throughout the line of
development, image use has been evolved. Nowadays
image can be a powerful tool, profitable item and reliable
references. Due to the reliability of an image, some see it
as an opportunity to misuse it for their own benefit.
Digital watermark is a visible or invisible identification
code that is permanently embedded in the host media
(Search Security and Syngress, 2016). It’s also used for the
security of the digital content and to protect the data from
illegal users and provides the ownership right for the
digital data. Every image or media contents got its own
copyright information, where his kind information will
be unseen and hidden directly in the images or media
content by applying an invisible watermark. Invisible
watermarking applied cannot be removed by the user
and prevent them from unauthorized copying and
alteration, but it can be extracted or read by the
appropriate party and under specific conditions.
Embedding watermark into the content must be unseen
and not affecting the quality of the content. Moreover, the
digital watermarking must be vigorous to media
manipulation, tampering and attacks (Search Security
and Syngress, 2016). Digital watermarking technique
involves two kinds of algorithm: one as the embedding
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and the other is detecting algorithm. Figure 1 & 2
illustrates the processes involve in embedding and
detection algorithm.

WATERMARK

WATERMARK
EMBEDDING
ALGORITHM

COVER IMAGE

WATERMARKED
DATA

SECRET CODE

Figure 1: Watermark embedding process (Search
Security and Syngress, 2016)

WATERMARK
DETECTION
ALGORITHM

WATERMARKED
DATA

RECOVERED
WATERMARK

SECRET CODE

Figure 2: Watermark detection process (Search Security
and Syngress, 2016)
Invisible information in digital watermarking only can
be extracted by using dedicated detector or extractor.
After the embedding process is completed, the
watermarked image became more vigorous against
attacks. Normally digital image watermarking works in
three stages, embedding, distortion/attack and
detection/retrieval stage. The summarized figure of
digital image watermarking stages is shown in Figure 3.

coefficients of the image. Discrete Cosine Transformation
(DCT), Discrete Wavelet Transformation and Discrete
Fourier transformation are the most commonly used
transform domain techniques.
The simplest digital watermarking technique is Least
Bit Significant (LSB) under spatial domain technique,
where watermarks being embedded at the least
significant bit of some randomly selected pixel of the
cover image. This technique is easy to apply and it
provides high perceptual transparency where it does not
degrade the cover image quality. Even though this
technique is very much unnoticeable, due to its poor
robustness, this technique is vulnerable to attacks.
As for transform domain techniques, Discrete Cosine
Transformation (DCT) used for the signal processing
where it transforms a signal from a spatial domain to
frequency domain. Every field of image processing, data
compression and pattern recognition use DCT. DCT
watermarking is better than spatial domain technique in
terms of robustness against simple image processing like
low pass filtering, contrast and brightness adjustment.
Embedding in the perceptually significant portion of the
image has its own advantages because most compression
schemes remove the perceptually insignificant portion of
the image (Pakya, 2016). The process in applying DCT for
embedding process involves division of frequency upon
the cover image. It will be divided into 3 types of
frequency that are low, medium and high. As shown in
Figure 4, where FL is the low frequency region, FM is the
medium frequency region and FH is the high frequency
region. Usually the medium frequency region is being
selected for embedding process, where the boxes are in
grey coloured. The grey coloured area represents the
perceptually significant portion of the image.

Figure 3: Digital watermarking image stages (Search
Security and Syngress, 2016)
There are various techniques can be applied in digital
watermarking. The techniques usually applied can work
on two domains, either spatial or transform domain. The
spatial domain technique works directly on pixels, where
watermarks being embedded by modifying the pixel
value. Least Significant Bit (LSB) is the most commonly
used spatial domain technique. While transform domain
technique aim is to embed the watermarks in the spectral
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Figure 4: Discrete Cosine Transform Region (Pakya,
2016)
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Discrete Wavelet Transform (DWT) is another
technique can be used under transform domain where
this technique is much more complex than DCT. It
requires longer computation time and higher
computation cost. Unlike DCT, DWT divides the images
into high frequency quadrants and low frequency
quadrants. The low frequency quadrants again will be
divided into two parts as before repeatedly until the
image is entirely decomposed. DWT is widely used in
digital watermarking because of its excellent spatial
localization and multi resolution techniques (Search
Security and Syngress, 2016). The watermark embedding
process involves alpha blending technique. It blends both
DWT applied on cover image and the watermark image
to become a watermarked image. Summarized figure of
watermark embedding is shown as Figure 5.

Figure 5: Watermark embedding technique after DWT
applied (Search Security and Syngress, 2016)
Another technique can be applied under transform
domain is Discrete Fourier Transform (DFT). DFT also
use decomposition. The decomposition of an image is in
sine and cosine form. Two types of DFT based watermark
embedding are direct embedding and template based
embedding techniques. Direct embedding technique the
watermark is embedded by modifying DFT magnitude
and phase coefficient. While template based technique
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introduces the concept of templates. DFT is vigorous
against geometric attacks like cropping, scaling and
rotation. DFT also rarely used due to its complex output
value and it requires more frequency rates. Moreover,
this technique computational efficiency is very poor.
As a conclusion, various techniques offer in digital
watermarking could partially avoid image misuse
because it still can’t prevent the copying and distributing
misuse activity. Though it still protects the copyright and
information of an images, a thorough research in future is
essential in order to develop truly robust, transparent and
secure watermarking technique for images.
Tips to Prevent from Image Misused
Sharing images online about user or what they like or
currently doing has becoming a trend for social media
community. A selfie taken or a photo by photographer is
share in social media is mostly likely for personal gains or
to promote the business that they are currently into
(Siciliano, 2014). Either way, having user image stolen
from you and republish on other websites without
crediting it to user has become troublesome and can be
consider as stealing or copyright infringement.
This section will discuss on some of the tips to be taken
into consideration to prevent any image misuse or
identity theft on social media. The most basic things user
can do is to always be alert on social media and to
configure properly their privacy setting (Siciliano, 2014).
Most of the social media websites do provide privacy
setting for user accounts so that they can configure their
account based on their desire (Siciliano, 2014). Taking
Facebook as an example, in their privacy setting it
includes the setting of what type of user can see the
images of post that the user share. The setting goes to
either making it public, making it available to only friend
or to be only accessible by user (Siciliano, 2014). As this
setting goes to generally for the user account and can also
be modified based on the type of post every time user
share something, user should make full use of this
features by limiting the post of images only to their
friends (Siciliano, 2014). This setting leads to another
point which is to be selective on approving friend in social
media. Generally, only approve or accept friend request
from people that user knows rather than simply
approving them (Pakya, 2016).
If users are trying to expand their social circle, only
make or approve request from valid account. There are
several ways to identify if the account is fake and one of
it is to see the date that the account was created in
conjunction with the user information provided (Pakya,
2016). A newly created account with an unorganized
basic information might point toward that the account is
a fake account (Pakya, 2016). Social media user also
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should be aware that their social media account might be
linked up with one another and posting an image on one
social media site may leads to posting the same image on
other social media sites (Pakya, 2016). With this in mind
user can either have the same level of privacy setting
across all of their social media accounts or to unchain
their social media account with one another.
Next tips that can be used to prevent image misused
on social media is to make it difficult to use the image
without owner’s permission (Wright, 2015). As
complicated as its sound, there are several ways to make
user image difficult to be stolen. One of it is to disable the
right click option on user’s images (Ewer, 2014). Taking
WordPress for example, upon setting up the sites there is
a plugin provided that will block the ability of right click
on the sites (Ewer, 2014). This plugin will block any right
click attempts on images thus rendering the save image
option on the contextual menu. Combining this with an
option to select “none” on a “link to” option when
uploading an image will block any unauthorized or
misused of user images (Ewer, 2014).
Another point to add to this is to provide watermark
or user signature on the image uploaded (Ewer, 2014).
This will notify other user that the image is solely belongs
to the user and that it is not to be wrongfully distributed
and misused (Ewer, 2014). Traditional less aggressive
watermark will allow more experience user to just crop
out the watermark image, thus in opinion we suggest that
user perform a full semi-transparent watermark (Ewer,
2014). Taking again WordPress as an example, they
provide plugins which embed watermark over the image
upon uploading. This will not alter the image resolution
and make it difficult for other user to crop out the
watermarks (Ewer, 2014). This type of watermark is
commonly seen with images originated from iStockPhoto
and GettyImages.
Final tips that can be used by social media user is to
configure the metadata of your images (Ewer, 2014).
Metadata is great because unless it is remove by user
themselves, they are permanently attach to the image
(Ewer, 2014). This is a great feature for image uploader on
social websites as the metadata will keep track of user
camera technical data and contains user copyright
information. The relationship between the metadata and
user copyright lies in the user camera itself (Ewer, 2014).
Today’s camera will directly inject a metadata into the
images itself via the camera configuration (Ewer, 2014).
Typically, user can add several lines of text which
includes copyright and name upon the injection of
metadata while processing the images.
For serious user that wanted to keep their photo in
check, they can use google alerts tools to help them
further protect their image (Ewer, 2014). Google alerts
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helps you set up keyword triggers that sends user an
email based upon the criteria that user has specify. In
other word google alerts provide protection by
monitoring the web based on the content specify (Ewer,
2014).
In conclusion, several tips provided may save user
images from harm. With a few easy steps users can really
make a difference in preventing their images from being
uncredited or, even worse, redistributed online without
knowledge. Passive tools like embedding a metadata or
using google alerts will assist a lot in monitoring of
unauthorized use of user’s image.
Image Misused Tracking Tools
Images, sharing them or posting them on social media
is unavoidable. This also lead to the fact that once user
posted up their images the risk of the image being stolen
and misused are increases, but what other medium can be
taken by user to show their creativity, artwork and
masterpiece. There is a simple way to post up user images
on social media and still avoid any misused or
unauthorized use by it.
This section will discuss on how user can upload their
images on social media but still keep it out from being
misused by another user. One of the way is to use
available online tool to detect users publish images
whether or not they are being misused. They are several
tools available online although some of it is not free. One
of it is called Copyscap (Hines, 2012). This is rather a good
option for those users who are frequently uploading their
images (Hines, 2012). To use these tools is rather simple
and even user friendly for normal user. All user has to do
is to paste their websites URL and Copyscape will
generate a result based on which ever site that has been
reposting user photo without their authorization (Hines,
2012). Getting full scale premium result is going to cost
on these tools but it is worth it comparing to the loss that
user has to suffer due to their images being misused or
unknowingly republished (Hines, 2012).
The following will show you a step on how to detect
misused image by surfing it on Copyscape. Firstly, go to
the websites to start the process (Figure 6).

Figure 6: Copyscape main page (Hines, 2012).

Journal of Applied Technology and Innovation (e-ISSN: 2600-7304) vol. 2, no. 1, (2018)

Next is to fill in the search bar with user own URL to
check on whether other websites are using the images
from user published image and click on go. Finally check
and see whether there are any websites or post that user
should be concerned about (Figure 7).

Figure 7: Copyscape Search Results (Hines, 2012).
One other tools or plugins that are available for user
to use in order to track their images is trackback
notifications (Hines, 2012). Trackback is a tool that enable
user to receive alerts as soon as another user hot links
your post (Hines, 2012). Typically, there is a high chance
that a frequent site linking by other user might prove that
the users are copying and reposting the original site
images. Trackback is easy to use, user just simple need to
check back visitor’s feedback and then lookout for any
websites or user that seems suspicious (Hines, 2012).
In the early of 2016, there has been a cased where a
professional photographer images has been posted for an
online contest without the knowing or authorization from
the owner himself (Peters, 2016). Richard peter claims
that the images were taken several years back and
unknowingly use to enter a completion one of Dutch
publication and as the result the image has won a total of
250 euro not only for the current month publication but
few months back with some different types of images
(Peters, 2016). Unsatisfied by this action he called up the
author to notice them about it and start up doing research
whether or not his other images are being misused.
In this case, he uses a reverse image search tool to find
other images of his that are being posted without his
knowing. This tool is call TinEye (Peters, 2016). What this
tool basically do is to find visually same images of the
original images on the web. This will enable user to find
out whether the images they posted has been wrongfully
misused (Peters, 2016). This tools also come with
additional features which include the ability to register
user images along with the ability to find out the origin of
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images and how it is being used and whether exist any
modify version of it.
The predecessor of TinEye is one of the product by one
of the giant company call the google image (Peters, 2016).
In google images user can conduct a reverse image search
by providing the original images. This will produce a
result which includes every related images or visually the
same images as the original (Sacino, 2016). This is possible
through the pixel search provided by google images. The
special algorithm is the one in charge to find the similar
images as the original (Sacino, 2016). How to use these
tools is simple, user can enter google image page and
drag and drop their original image onto the search box
and see the results.
In conclusion being unaware of the state of your image
can be a really harsh thing. Thus, being smart and aware
of how your photo is being used or whether they have
been wrongfully used can prove to be an advantage for
user. Available tools like Copyscape and technique such
as reverse image search might have a great impact upon
user on helping user to prevent image piracy.
Other Security Techniques to Avoid Image Misused
This section discusses on several techniques that can
be considered to avoid from Image misused
5.1 Changing Password
Password is a common security features provided by
social media and is a compulsory feature. Changing
password is also a feature provide to social media user
which can be used freely whenever a user feels like their
password is compromise. It has become a norm to social
media community that frequent changing of password
provides a more secure account and strong security, but
thus changing password really provide a stronger
security.
In this section we will discuss on what happens when
user changes their password, the impact of the frequent
changing of password and when would it be appropriate
to change user password. Unless user have the reason to
think that their password has been compromise,
changing password might do more harm than good
(Peterson, 2016). In other words, changing password
often might not have any security difference (Peterson,
2016). Although passwords are commonly kept in hash
format which made it difficult to crack, the strength of the
password is already weak to begin with. Combination of
name and date of birth are the common method use by
user to create their password (Peterson, 2016). When
require to change their password, user normally tend to
use the same password but with a different mixture such
as changing “admin1505” into “aDmin1505” which can
be easily guess (Goodin, 2016). This provides a slight or
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none impact towards security due to the changes can be
guess easily if they are compare towards the original or
previous password (Goodin, 2016). Changing password
gives a great impact to user making them to produce
lesser and lesser secure password and a more predictable
pattern of password changing (Goodin, 2016).
The provided fact gives out the image that changing
password is not even needed if users have a strong
password (Cranor, 2016). This is might not be the usual
cases as there is a time that user is needed to change their
password. This case happens when user provides a weak
password to begin with (Cranor, 2016). Other cases
include users just being trick by phishing websites,
observing a strange behaviour on their social media
account, and when user notice that they are being
shoulder surf when they are typing their password
(Cranor, 2016).
In conclusion, changing password frequently might
not provide more security compare what to what user
normally thinks. Changing it frequently only make user
to provide less strong and predictable password. It is
advised for user to change their password only when they
feel compromise and to provide a strong password to
begin with.
5.2 Staying Away from Social Media
Social media issue such as image theft and identity
theft has been rather concerning to some of the
community. Questions like is my image safe, are they
being stolen, is the user account that they obtain has been
compromise and misused and are there any accounts
created by their name has been used on different social
media websites. The question will somehow cross
through user minds and ultimately leads to whether the
only way to avoid this and the solution to this concerning
matter is to stay away from social media.
In this modern society staying away from social media
is not an option as they need to use basic communication
medium such as email account. Are there any other ways
to avoid images from being misused on social media, yes,
as there are no absolute ways to prevent image piracy,
user can always take a preventive measure in order to
reduce or even to avoid any piracy. One of the way is to
register through a non-profit organization call Creative
Commons (Stumpf, 2013). This organization provide easy
to use copyright license which is standardized and simple
(Stumpf, 2013). They also provide conditions for sharing
users content online and enable user to switch between
default copyright terms of all rights reserved or to some
rights reserved.
The other way is by changing the default privacy
setting impost by most of the social media websites
(Panda Security, 2013). Most of the websites default
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general setting is used to maximize the experience user
get on the social site, but highest experience does not
mean that everything is properly configure (Panda
Security, 2013). Some of the setting that user can change
is by having limitation on user post to only friends. In
conjunction with this configuration, user can also resize
their image so that the other user can only view a
souvenir version of it (Plagiarism Today, 2014).
If users are professional photographer or in the way of
becoming a professional photographer, it is advisable that
they do not post photo they taken directly onto the social
media but instead post it on user’s privates websites and
post a link of it on social media linking it (Plagiarism
Today, 2014). This method can be further being image
piracy proof by having their private websites enabling
plugins such as right click disable which will provides a
really great help (Roe, 2013). What this will do is that
every time visitor uses right click on the image the
contextual menu would not pop up, instead an error
message will be pointed out for the user (Roe, 2013). On
user private website, they can also provide a layer of
semi-transparent watermark which will cover the whole
of their image and show that the artwork is not to be
shared without permission (Roe, 2013). This method can
be implemented through plugins on sites such as
WordPress which will cover the image with semitransparent watermark upon uploading the image.
In a nutshell, keeping away from social media might
be the last resorts if users’ photo is kept on being pirated
as there are several ways to avoid images from being
misused. Understanding the concept of privacy and
executing some preventive way might be the best options
for user to prevent their work of art to be ever being
pirated.
Conclusions
In this paper researcher have discuss on several key
factor that influence social media user to be a target of
hacking attacks. The research main focus of topic is on
image piracy and theft and has discuss on several
methods to be used in order to avoid image theft. The
discussion also focusses on digital watermarking and
how can it benefit social media user. Extensive research
has also been done in order to know whether staying
away from social media is the only way to avoid image
theft.
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Abstract— Radio frequency identification (RFID) and
wireless sensor networks (WSNs) are complementary
technologies that reduce power consumption.
Batteryoperated WSNs suffer from issues related to power
consumption and latency. WSN already in the market use
either duty cycling or wake-up radio mechanisms. The
research puts forth ZigBee-based RFID that employs active
(battery-powered) tags based on a new deep-sleep
mechanism.
This mechanism reduces the tags’ power
consumption as a whole. To best show the system’s efficacy,
different parameters are in place to execute and analyse. All
the testing is done in realistic indoor network settings and in
turn benchmarked against calculated predictions. A
comparison is done between conventional duty-cycle tag
methods of protocol with the sleep-mode protocol. The
findings indicate that the sleep-mode protocol is more energy
efficient with consumption being 98% lower than the
IEEE802.15.4 tag.
Index Terms— WSN, ZigBee, Active RFID, Power Efficiency

Introduction
Tags, a reader, and the computer network make up a
standard RFID system, and each can be tailored to fit the
planned use for the technology (Rao et al., 2009)
(Callaway et al., 2002). The last decade has witnessed
many technologies that have overcome the downsides of
RFID, allowing the technology to cater to increased
demand (Akyildiz et al. 2002). The WSN are mainly
concerned with sensing and communication functions
(Xu et al. 2005). A WSN is made of a number of sensor
nodes that can be used in vehicles, on the ground, and
even inside buildings (Culler et al., 2004). Some of the
challenges to WSNs include reliable communication and
power consumption of the radio communication
performance. These challenges are only increased when
RFID tags are used in a real-world monitoring and
controlling system, for example a manufacturing or
warehouse facility.
However, WSN-based active RFID devices tend to be
self-powered, with a battery located in the tag that
provides energy to the RF transceiver. The Transceiver
transmits stored data constantly. This circuit restricts tag
life-time, which is a major drawback of the system. Tag
lifespan is affected by the sleep and wake times, and the
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energy consumed during continuous active and sleep
modes. Basically, reducing idle mode can enhance the tag
lifespan. As a result, the idle mode consumes energy
excessively. Hence, there is a need to design an active
RFID tag with motion sensors which do not take up much
power use. As mentioned above, the RFID technique is
circumscribed by difficulty in execution. Thus, it is
obvious that there is a need to surpass issues the tag’s
energy use (Zanal and Ismail, 2013). The commercial
availability of RFID in the 1980s has resulted in its
widespread use in tolled highways, animal tracking and
personnel access cards. In logistics, RFID tags are also
gaining acceptance instead of bar codes, especially since
it does away with the need for a line of sight and provides
even more information than barcodes (Domdouzis et al.,
2007). The ZigBee technology is a combination of "smart
identification and asset tracking systems" and it was
developed by (Abdulla, 2013).
RFID has many applications, including in merchant
shipping (Moeinfar, 2012). The RFID domain is so large
that it requires a more in-depth research. An active RFID
that can operate at 2.45 GHz is required for example in
container shipping. Even though an active tag has a small
size and high data range, one negative cited is the exact
concurrency between the reader and tags. Therefore, to
ensure low power consumption, the sleep mode was
activated, and will only be switched to awake if there is a
signal from the reader.
This research tackles the problem of prolonging
network lifetime for RFID tag based on WSN. WSN-based
active RFID devices are self-powered, containing a
battery within the tag to power the transceiver. The
transceiver then broadcasts the stored data continuously.
This circuit is what limits the tags’ life-span, which is a
key drawback. Sleep time, wake up time, and the energy
consumed during the wake-up and sleep states all affect
the life-span. Enhancing tag lifetime by choice of
protocols and suitable parameters is the main objective of
this paper as it provides the metrics used to evaluate and
compare performance.
IEEE 802.15.4 protocol is the basis for duty-cycle
scheme mechanism implementation. In this mechanism,
the result can show a higher cost in terms of energy,
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which happens because of high energy use while idly
listening.

The design of the above mechanism became
inclusive of a wake-up mechanism in order to
maximize RFID tag lifetime by ensuring there is
little idle listening. The current work used
IEEE802.15.4 protocol and suggested a different
circuit that utilizes an external hardware to
trigger and wake up the tag only when
necessary to send identifying packets. This is
done without continuous listening to reader
commands (in other words, not on-demand).
Materials and Methods
Considering that RFID tags send the data towards the
reader periodically, the following points are noteworthy:
1) Energy for data receiving and processing (𝐸𝑅𝑥 ):
energy is wasted when the tag needs to process the
node-discover command after receiving from the reader.
𝑃𝑅𝑥 = 𝐼𝑇𝑅𝑥 × 𝑉
(1)
𝐸𝑅𝑥 = 𝑃 × 𝑇𝑇𝑅𝑥 × 𝑃𝑅𝑥 × 𝑇𝐿
(2)
Where (P) is the number of packets received, (𝑇𝑇𝑅𝑥 ) is the
data receiving and processing time in the active tag, (𝐼𝑇𝑅𝑥 )
is the current draw of the tag while in received mode, V
is the battery voltage, and TL is the traffic load.
2) Energy for data processing and transmitting (ETX):
energy is wasted because the tag needs to process the
identification data report packet before sending it to the
reader.
𝑃𝑇𝑥 = 𝐼𝑇𝑇𝑥 × 𝑉
(3)
𝐸𝑇𝑥 = 𝑃 × 𝑇𝑇𝑇𝑥 × 𝑃𝑇𝑥 × 𝑇𝐿
(4)
Where P is the number of packets sent, (𝑇𝑇𝑇𝑥 ) is the data
processing and transmitting time in the active tag, and
(𝐼𝑇𝑇𝑥 ) is the current draw of the tag while in transmit
mode.
3) Energy for Idle listening (𝐸𝐼𝐷𝐿𝐸 ): energy is wasted as
the tag is turned on and off periodically according to the
duty-cycle mechanism. Hence, the RF module is active
but not receiving or sending any data.
𝑃𝐼𝐷𝐿𝐸 = 𝐼𝐼𝐷𝐿𝐸 × 𝑉
(5)
𝐸𝐼𝐷𝐿𝐸 = 𝑇𝐼𝐷𝐿𝐸 × 𝑃𝐼𝐷𝐿𝐸 × 𝑇𝐿
(6)
Where, (𝑇𝐼𝐷𝐿𝐸 ) is the time during every cycle that the tag
remains awake, and (𝐼𝐼𝐷𝐿𝐸 ) is the current draw of the tag
while in idle mode.
4) Energy for sleeping (𝐸𝑆𝐿𝐸𝐸𝑃 ): energy is wasted when
the tag is asleep for a short time according to the dutycycle mechanism.
𝑃𝑆𝐿𝐸𝐸𝑃 = 𝐼𝑆𝐿𝐸𝐸𝑃 × 𝑉
(7)
𝐸𝑆𝐿𝐸𝐸𝑃 = 𝑇𝑆𝐿𝐸𝐸𝑃 × 𝑃𝑆𝐿𝐸𝐸𝑃 × 𝑇𝐿
(8)
Where (𝐼𝑆𝐿𝐸𝐸𝑃 ) is the current draw of the tag while in sleep
mode
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Let (𝐸𝐼𝐸𝐸𝐸 ) is the overall energy of the tag, given by
𝐸𝐼𝐸𝐸𝐸 = 𝐸𝑅𝑥 + 𝐸𝑇𝑥 + 𝐸𝐼𝐷𝐿𝐸 + 𝐸𝑆𝐿𝐸𝐸𝑃
(9)
𝐸𝐼𝐸𝐸𝐸 = (𝑃 × 𝑇𝑇𝑅𝑥 × 𝑃𝑅𝑥 × 𝑇𝐿 ) + ( 𝑃 × 𝑇𝑇𝑇𝑥 × 𝑃𝑇𝑥 ×
𝑇𝐿 ) + (𝑇𝐼𝐷𝐿𝐸 × 𝑃𝐼𝐷𝐿𝐸 × 𝑇𝐿 ) + (𝑇𝑆𝐿𝐸𝐸𝑃 × 𝑃𝑆𝐿𝐸𝐸𝑃 × 𝑇𝐿 )
(10)
2.1. Development of Proposed RFID System with Wakeup Mechanism
This section describes the modifications implemented
to overcome the issues of insufficient tag sleep and idle
listening, namely the incorporation of a wake-up
mechanism that enables tags to sleep until they are
required to send packets. A block diagram of the
proposed structure is shown in Figure 1, illustrating an
active RFID tag able to achieve energy efficiency.

Figure 1: Block diagram contributions segment of
modified active RFID tag
From now on, this system will be referred to as the
IEEE802.15.4 system which represent the conventional
duty-cycle mechanism while the new proposed system
will be referred to as the RFID system. In the RFID
system, the tags are battery-powered devices capable of
sleeping for extended periods of time.
2.2. Design of the RFID Tag Software Layer Based on
Wake-Up Mechanism
This design focuses on an energy-saving mechanism,
for the purpose of maintaining the longevity of the tags
as long as possible. Hence, all tag modules are set to the
low-power mode, so the tag modules are put into deep
sleep mode, so the RFID tags sleeps most of the time and
just wakes up if excited by an interrupt produced from
the real-time clock alarm (RTC). RTC alarm periodically
wakes RFID tag up from deep sleep mode in a way that it
can send its identification packet to the reader without
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waiting for the RFID reader collection command. The tag
transmits data to the reader and then waits for an
acknowledgment (ACK) signal from the reader.
2.3. Energy Efficiency Optimization
According to the wake-up method of the proposed
RFID system, a tag is awakened only when it must send a
packet to the reader; this results in reduced idle listening
energy consumption. Figure 2 gives an energy efficiency
comparison between the IEEE802.15.4 and the modified
RFID system.

Figure 2: Comparison of energy efficiency between
IEEE802.15.4 and proposed RFID system
To achieve the design goal of energy efficiency in the
Proposed RFID system, the overall RFID tag energy is
formulated and analyzed.
1. Energy for sleeping (𝐸𝑆𝐿𝐸𝐸𝑃 ); energy is wasted when
the tag sleeps for a long time, according to the wake-up
mechanism.
𝑃𝑆𝐿𝐸𝐸𝑃 = 𝐼𝑆𝐿𝐸𝐸𝑃 × 𝑉
(11)
𝐸𝑆𝐿𝐸𝐸𝑃 = 𝑇𝑆𝐿𝐸𝐸𝑃 × 𝑃𝑆𝐿𝐸𝐸𝑃 × 𝑇𝐿
(12)
Where (𝐼𝑆𝐿𝐸𝐸𝑃 ) is the current draw of the tag while in sleep
mode, (𝑇𝑆𝐿𝐸𝐸𝑃 ) = Sleep time, V = Battery voltage, and TL
is the traffic load.
2. Energy for data processing and transmitting (𝐸𝑇𝑋1 );
energy is wasted because the tag needs to process the tag
identifier string packet before sending it to the reader.
𝑃𝑇𝑥1 = 𝐼𝑇𝑥1 × 𝑉
(13)
𝐸𝑇𝑥1 = 𝑃 × 𝑇𝑇𝑥1 × 𝑃𝑇𝑥1 × 𝑇𝐿
(14)
Where P is the number of packets sent, (𝐼𝑇𝑥1 ) is the current
draw of the tag while in transmission mode for the tag
identifier string packet; (𝑇𝑇𝑥1 ) is the identification of data
processing and transmitting time.
3. Energy for Idle listening (𝐸𝐼𝐷𝐿𝐸 ); energy is wasted
because the tag needs to wait to receive the ACK packet
from the reader.
𝑃𝐼𝐷𝐿𝐸 = 𝐼𝐼𝐷𝐿𝐸 × 𝑉
(15)
𝐸𝐼𝐷𝐿𝐸 = 𝑇𝐼𝐷𝐿𝐸 × 𝑃𝐼𝐷𝐿𝐸 × 𝑇𝐿
(16)
Where (𝐼𝐼𝐷𝐿𝐸 ) is the current draw of the tag while in idle
mode, (𝑇𝐼𝐷𝐿𝐸 ) is the time during every cycle that the tag
remains awake.
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4. Energy for receiving ACK (𝐸𝑅𝑥 ); energy is wasted
when the tag needs to process the ACK packet after
receiving it from the reader.
𝑃𝑅𝑥 = 𝐼𝑅𝑥 × 𝑉
(17)
𝐸𝑅𝑥 = 𝑃 × 𝑇𝑅𝑥 × 𝑃𝑅𝑥 × 𝑇𝐿
(18)
Where (P) is the number of packets received, (𝐼𝑅𝑥 ) is the
current draw of the tag while in receiving mode, while
(𝑇𝑅𝑥 ) corresponds to the tag when it needs to process the
ACK data packet after receiving it from the reader, at
which time it goes back to sleep. Let (𝐸𝑅𝐹𝐼𝐷 ) be the overall
energy of tag,
𝐸𝑅𝐹𝐼𝐷 = 𝐸𝑆𝐿𝐸𝐸𝑃 + 𝐸𝑇𝑋1 + 𝐸𝐼𝐷𝐿𝐸 + 𝐸𝑅𝑋
(19)
𝐸𝑅𝐹𝐼𝐷 = (𝑇𝑆𝐿𝐸𝐸𝑃 × 𝑃𝑆𝐿𝐸𝐸𝑃 × 𝑇𝐿 ) + ( 𝑃 × 𝑇𝑇𝑥1 × 𝑃𝑇𝑥1 ×
𝑇𝐿 ) + (𝑇𝐼𝐷𝐿𝐸 × 𝑃𝐼𝐷𝐿𝐸 × 𝑇𝐿 ) + (𝑃 × 𝑇𝑅𝑋 × 𝑃𝑅𝑋 × 𝑇𝐿 )
(20)
Results and Discussion
3.1. IEEE802.15.4 Tag Current Consumption Analysis
The tags enabled by the IEEE802.15.4 system could not
go into power-down mode; instead, they can go to sleep
for a specific time and wake up for a short time. In the
IEEE802.15.4 system, the time period utilized for each
mode, based on the next waveforms, are called TTRX, TTTX,
TIDLE and TSLEEP, respectively.
Idle mode does not affect the transmission or receiving
process. The total time period utilized for idle mode is
based on the sampling frequency selected, such that the
tag consumed 24.8 mA. Furthermore, the XBee Series2
must stay awake for 17.28 ms during every poll request
message interval to check if it has any buffered data for
the tag. Poll interval takes an average time of 100 ms.
When the tag in receiving mode, it listens for reader
discover commands, and processes the command data
packet after receiving it from the last hop. Data receiving
and processing in an active tag takes an average time of
130 ms to complete the receiving cycle and it consumes
70.6 mA. The receiving period does not depend only on
the length of bytes received, but also on the written
algorithm. For example, there is a delay used to check the
incoming sync word.
When the tag in sleep mode, the RF goes to sleep in
accordance with the duty-cycle operations, while the
MCU stays idle and does not go into power-down mode.
The total time period utilized for sleep mode is based on
the sampling frequency selected, while the tag consumes
only 6.8 mA.
When the tag obtains the identification data packet,
processes the identification data, and then broadcasts it to
the next hop. Identification data processing and
transmitting time in active tags takes an average of 185
ms to complete the transmission cycle and consumes 72.2
mA. However, (ITTX) is significantly higher than (ITRX) and
depends upon the XBee Series2 output power level,
which was set to maximum (3 dBm) during these tests.
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Complete parameters of approximate values for the
current measurement data and the duration of each of
these intervals based on the waveforms of the
experimental results are shown in Table 1. Table 2 shows
tag measured current consumption for a period 60 s.
Table 1: Measured current consumption and time of
IEEE 802.15.4 tag
Time
Average time
Current
Average
Mode
Interval (s)
Mode
current
consumption
(mA)
TTRX
0.130
ITRX
70.60
TTTX
0.185
ITTX
72.20
TIDLE
Depend on
IIDLE
24.80
sampling
period
TSLEEP
Depend on
ISLEEP
6.80
sampling
period

Table 2: IEEE 802.15.4 tag measured current
consumption for a period 60 s
Mode
% of
mA
Current Consumption
Time
(mA)
TTRX
0.2166
70.6
IRX = 0.1529
TTTX
0.3083
72.2
ITX = 0.2225
TIDLE
49.7375
24.8
IIDLE = 12.3349
TSLEEP
49.7375
6.8
ISLEEP = 3.3821
Total
100
I Total = 16.0924
3.2 Current Consumption Analysis for Proposed RFID
Tag
The proposed RFID system tags could go into powerdown mode for long periods of time. Meanwhile, the
measurement and calculation procedures are the same as
that used for the IEEE802.15.4 system. In the proposed
RFID system, the time period utilized for each mode,
based on the next waveforms, are called: TRX, TTX1, TIDLE
and TSLEEP, respectively.
XBee Series2 sleep is controlled solely by the state of
the (SLEEP_RQ/ pin 9). The wake-up time is 9.5 ms.
While a few milliseconds is needed to allow the oscillator
time to start up after power-on reset. Before sending the
packet through the tag, wake-up time must be accounted
and the wake-up process follows a sequence of
operations.
(a) Initially, the RFID tag is in sleep mode, and then
wakes up MCU from sleep state on an interrupt, as the
MCU wake-up process takes a certain period of time,
about 15 ms.
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(b) Then waits for the crystal oscillator to stabilize, this
operation takes a certain period of time, about 10 ms.
Upon stabilization and before XBee enters transmission
mode, the MCU triggers and wakes up the XBee Series2
from sleep state.
(c) Upon initialization, after waking up from sleep
mode, the tag initializes configuration of the XBee and the
XBee Series2 enters sending mode, as the wake-up
process takes a certain period of time, about 9.5 ms for the
XBee Series2.
(d) After the XBee Series2 transmit mode switch time,
sampling of the transmitted identification data packet at
the next hop may begin.
The total wake-up and transmission process takes an
average of 0.0772 s to complete the transmission cycle and
consumes 69.2 mA. Complete parameters for measured
current of the proposed RFID tag, based on the
waveforms captured in the experiment, are shown in
Table 3, while Table 4 shows the measured RFID tag
current consumption.
Table 3: RFID tag current consumption and time
measurements
Time
Average time Current
Average
Mode
Interval (s)
Mode
current
consumption
(mA)
TRX
0.0700
ITRX
67.30
TTX1
0.0772
ITX1
69.20
TIDLE
0.0500
IIDLE
24.80
TSLEEP
Depend on
ISLEEP
0.14
sampling
Period
Table 4: Measured current consumption of proposed
RFID tag for a period of 60 s
Time
% of
mA
Current Consumption
Mode
Time
(mA)
TTRX
0.1166 67.3
I RX = 0.0784
0
TTX1
0.1286
69.2
ITX1 = 0.0889
0
TIDLE
0.0833 24.8
IIDLE = 0.0206
0
TSLEEP
99.6713 0.14
ISLEEP = 0.1395
Total
100
I Total = 0.3274
The total measured current consumption of proposed
RFID tag as in Table 4 is about
98 % lower than the
measured current consumption of IEEE802.15.4 tag as in
Table 2.
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Conclusion
Active RFID systems using the standard (duty-cycle
mechanism) and the modified IEEE802.15.4 protocols
(with wake-up mechanism) are employed on the ZigBee
platforms. The theoretical approaches have been
explained to provide a conceptual framework for the
paper. The choice and implementation of the protocols,
and the analysis used to compare them, are significant
contributions of the present work. The current
consumption and duration of receive, transmit, idle and
sleep mode determine the expected power consumption
of an active RFID tag under the given conditions. The
main factors that mainly influence the current
consumption are the channel assessment and the tag poll
rate. The proposed RFID system implemented in this
research requires low current consumption during sleep
mode as the tag sleeps up to 99.6713 % of time usage in a
minute.
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