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between the software development team. Collaboration between the project’s team
improves the user experience which leads to improving the project quality. Thus,
collaboration between the development team requires a development environment
with collaborative capabilities. In this work, we develop a collaborative multi-
programming development environment (C-MPE) that enables software developers to
share the software components between geographically dispersed teams connected via
a private network. C-MPE permits developers and programmers to build their own
environment with custom properties and link them with a non-open-source framework
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development. However, currently, there is a serious lack of mature development
methods. In this paper we present BScrum, an agile method to eliminate issues related
to blockchain system development. From agile methods, the proposed method is based
on Scrum, which in turn makes the development process is manageable and
incrementally delivered. BScrum method covers the whole development process in
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In the last decade, WSN used in various aspect of environmental conditions
monitoring. due to Rise in the population, climate instability, and unregulated
groundwater mining threaten the preservation of aquifers worldwide. Effective and
data-driven control of groundwater supply is essential for sustaining critical water-
dependent functions. Recently, the water crisis in Yemen has become a problem
threatening the lives of many residents. This is due to the manager's lack of cost-
effective, scalable, and reliable groundwater monitoring systems needed to gather vital
groundwater data. In this study, we developed a fully automated real-time groundwater,
level system for data collection and visualization based on wireless sensor network
(WSN). The study was applied in Taiz City, Yemen. The steps used to develop the
system, including dividing the study area into different zones, and each zone uses a
local base-station to collect the data from the sensors deployed in the same zone. All
local base-station send the data to the master base station located remotely. The master
bases station collects the data and sends it to the web-servers that are used to save and
visualize the data permanently. The proposed system was designed and evaluated
using the web design techniques and the system performance investigated based on
network bandwidth and the sensors' power consumption.
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1. Introduction

The development of software applications has
gone through multiple stages, starting with a
single developer in the project to paring
programming [1], and then collaborative
programming. Pair programming is a method of
collaboration in which two programmers work on
a programming task on the same machine. It is a
collaborative method of working that involves
communication, clarifying ideas, discussing
approaches, and coming up with better solutions.
While pair programming is beneficial, it requires
practice and is constrained by the physical
existence of the pair. In a collaborative
development environment [2] the teamwork of a
project, even if distributed by time or location,
may share knowledge, discuss, negotiate,
brainstorm, and carry out some task. The
development and integration of large software
systems is a difficult process for a single
developer. Thus, the systems are divided into
modules and components and then assigned to
teamwork. The enhancement in the computer
networks and the Internet made it easy to build
teamwork even if they are located in dispersed
locations and take advantage of these advances in
migrating from a single and local environment to
a global and distributed environment. Moreover,
recently, the COVID-19 pandemic imposed social
distancing laws, which had a major impact on
forcing the teamwork to communicate remotely
through private networks or the Internet.

Many open-source control and development
environments and tools have emerged and
support collaborative programming, project
management, and control. GitHub [3], is one of
these tools that enable developers to use the
benefits of code hosting to access a project
centrally. Developers can develop projects and
contribute to an existing project no matter where
they are in the world. Other similar tools that

enable public and private development
collaboration are SourceForge [4], cloud9 [5],
Eclipse [6], Microsoft Visual Studio live share
[7], and Space [8]. These tools offer the ability
for team members to work remotely, in real-time,
to write, debug, and run code. These tools are
powerful tools but most of them are commercial
ones, only limited capabilities are provided in the
free versions.

The .Net framework [9] is a software
development framework developed by Microsoft
and runs mainly on Microsoft Windows operating
systems. It is constituted of two main
components called Framework Class Library
(FCL) and Common Language Runtime (CLR).
The FCL provides the user interface, data access,
database  connectivity, cryptography, web
application development, numeric algorithms,
and network communications while CLR is a
virtual machine that provides services such as
memory management, security, and exception
handling. It is responsible for executing programs
written for the framework. Fig. 1 shows the major
components of the .Net framework.

Windows Form Web Form Conceal Application

Controls Drawing Web Web
Controls Service
Windows Application

Server Client

ASP.NET
Web Application

NET Framework Base Class Library (BCL)

ADD.NET Remoting Reflection

Diagnostic Threading /0

CLR {[Commeon language Runtime)

Garbage collector (GC) Code Manager

Figure 1: .Net framework architecture [9]
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2. Related work

Many researchers have worked on developing an
integrated environment that helps teamwork to
communicate and share experience and code.
Collaboration features help in improving
communication between the developers which
results in enhancing and speeding up the
development process [10].

At the early stages of the collaborative IDE
development, IBM developed a collaborative IDE
called Jazz that adds a set of collaboration
features for the Eclipse IDE [11]. Sangam [12] is
another plug-in for Eclipse that introduces a
shared editor and chatting for pair programming
Langton et al. [13] addressed this issue by
presenting a tool called Group Homework Tool (
GHT). This tool is developed to help
programmers code in a synchronous collaborative
manner. It concentrates on student group
teaching assistants and tutors. GHT has many
features such as HTML frames for an assignment
definition, asynchronous code editor, chat, and a
shared Whiteboard. The major drawback of this
work is the high latency imposed during the
communication. A collaborative IDE is
described by Hupfer et al. [14]; the main purpose
of the IDE is to provide a communication
medium between team members enabling them to
discuss issues related to the project. Hani et. al.
[15] presents the design and implementation of a
collaborative IDE called ICI. It enables
developers to edit, share, compile, run and debug
software projects in real-time. Aditya Kurniawan
et. al [16], proposed a real-time collaborative
code editor called (CodeR) using web socket
technology. CodeR provides workspaces to build
and execute the source code in real-time in
addition to the chatting capabilities. In order to
obtain  fictional  collective  programming
scenarios, Chunhui Wang et al, [17], formed a
group of physically-distributed programmers to

collaboratively solve a programming problem. He
observed that any programmer’s submission may
possess information that could provide inspiration
for others in the teamwork even if the submission
is not completely correct.

The aim of this paper is to present our experience
designing and implementing a collaborative
integrated development environment called (C-
MPE) that enables work teams connected by
private networks to work in one project. It
permits developers and programmers to build
their own environments with custom properties
and link them with the None-Open-source .Net
Framework.

3. The Architecture of the C-MPE
C-MPE is a collaborative integrated development
environment that enables developers to create
projects, share programming-related tasks, and
collaborate on a variety of software development
activities in real-time such as editing, compiling,
running, and debugging. It consists of two main
parts; the first part is the IDE itself where all the
project-related tasks can be accomplished. The
second part is the core part of the C-MPE where
we connect to the .Net Framework core and use it
to compile and run the source code.

3.1. The integrated development environment
The integrated development environment is the
first part of the C-MPE in which all development
is performed. It combines the common activities
of writing software such as editing source code,
building executable, and debugging into a single
application. In addition, it supports code auto-
complement and color-based error detection,
syntax highlighting, and autocomplete.

Figure 2 shows the IDE panes, the code source
code pane, project explorer, output pane, and the
list of the active developers.



Figure 2: The panes of the MPE-IDE
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Figure 3: The connection method to
the .Net Framework

3.2. Integration method with the .Net
framework

The challenging part of this work is how to

connect with the .Net framework in order to use

the class libraries and language interface without
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using the Microsoft platform cross-platform
version of .NET that is maintained by Microsoft
and the .NET community. Thus, we proposed and
implemented a method that connects externally to
the .Net core and uses its class library and
management facilities. Figure 3 shows the steps
followed to connect to the .Net framework from
the IDE environment.

The method works as follows: First, it makes an
instance of one of the operating system tools such
as PowerShell or command line interface that
allow communication with all system parts. This
process emulates the operating system and gets
all the power and privileges necessary for sending
commands as an input and receiving the output
results. After a successful connection, it starts
sending commands and then receiving the output
of the process.

3.3. How C-MPE works?

The method works as follows: First, it makes an
instance of one of the operating system tools such
as PowerShell or command-line interface that
allow communication with all system parts. This
process emulates the operating system and gets
all the power and privileges necessary for sending
commands as input and receiving the output
results. After a successful connection, it starts
sending commands and then receiving the output
of the process.

Figure 4: Adding programmer to the project
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Once the project leader assigns the tasks to the
programmers, the project will be cloned to the
programmer machine. Then each programmer can
work on the modules, classes, or methods
assigned to him, Fig 5. If the programmer made
any changes, he has to commit the changes and
synchronize with the rest of the team in order to
get the updated versions of the project. If any of
the programmers worked offline, synchronization
will start as soon as he connects to the project
leader machine.

Figure 5: Assigning tasks to the programmer

4. Technical Challenges and limitations
The C-MPE is tested under different types of
projects and worked fine, however it faces some
technical and performance challenges.
Connecting to the operating system instance
results in a delay compared to the native
connection found in the .Net framework.
Moreover, the C-MPE is limited to working only
on private networks. The current version of C-
MPE supports only one C# language of the .Net
framework and restricts the programmers to work
only on the modules assigned to them.

5. Conclusion and Future Work

Collaborative  software development gains
popularity due to the enchantment in the network
and communication technology. A group of
developers can share the development of the

S:J.T:NVol 18 No.2 (2020)

project even if they are located in different
locations. Based on that, we have developed a
collaborative development environment for the
.Net framework that helps developers work
together on a software product. C-MPE is
constituted of two major parts. The integrated
development environment and in addition to the
core method that makes use of the .Net
framework core services to build and execute the
programs. The preliminary results show that the
C-MPE can be used to develop and share
applications between teams over a private
network. In future work, C-MPE will be
enhanced to support multiples languages of the
.Net framework. In addition to the enhancement
in the speed of the synchronization process.
Moving C-MPE to use the Internet-based .Net
framework is another forward step that will be
taken into consideration in the upcoming
enhancements.
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1. Introduction

Technologies are continuously and rapidly
growing, which advance many aspects of our life.
Nearly a decade ago [1], new emerging concepts
called blockchain and smart contract have
attracted the attention of noticeable number of
researchers and industries [2]. One of the main
reason behind this popularity is because of the
promises that blockchain brought. Currently, it is
an deniable that blockchain is recognized as the
fifth evolution of computing because it is
considered as a trust layer for the internet [3].
Blockchain has changed the traditional business
process since its onset, in which the business
process can operate in a decentralized
architecture instated of centralized in a trust way
[1].

The system architecture of blockchain is peer-to-
peer, which makes the system redundant and
transparent [4, 5]. Therefore, it provides a trusted
environment that does not need the involvement
of third party [6]. This is perhaps one of the most
influential factors for the popularity of blockchain
adaption in different domains. This brings
undeniable challenge, in which every domain has
its own specific requirements to ensure the
success of this adaption. Therefore, adhering to
software engineering development methods is
mandatory to ensure the success of the project
and to deliver it within the specified time and
budget.

Software engineering is an old but continuously
growing and active field whose focus on system
production  from initial  conception to
maintenance [7]. It is essential for developing any
kind of software ranging from embedded systems
to systems of systems such as cloud computing.
Therefore, adhering to software engineering
principles and methods during the development
process of blockchain system is not an
exceptional. However, software engineering

offers a wide range of methods which introduces
a difficulty for developers to choose from
especially when developing new systems with
new theories such as blockchain systems.

Plan-driven is one of the essential and old
software engineering approaches, which has been
used widely. The concept behind this approach is
that, software activities are separate and each
activity should be done before moving into the
next activity as depicted in waterfall model. This
implies that, system requirements must be
understood and stable from the beginning.
Despite the fact that this approach is better for
addressing security issues, agile approach could
deliver the required software faster than plan-
driven without compromising security [4].
According to agile manifesto “We are uncovering
better ways of developing software by doing it
and helping others do it. Through this work we
have come to value: Individuals and interactions
over processes and tools Working software over
comprehensive documentation Customer
collaboration ~ over  contract  negotiation
Responding to change over following a plan”.
Therefore, by developing blockchain systems
using agile methods developers could deliver
systems faster than following plan-driven
approach. As a natural result from the popularity
of agile approach, several methods have been

emerged, including Scrum, Extreme
Programming (XP), Crystal, Feature Driven
Development (FDD), Adaptive  Software

Development (ASD) etc. A cording to this
manifesto, agile pays more attention on the code
to deliver software as fast as possible and it
reduces the documentation which is very
important for maintenance. To overcome this
issue, agile adapts refactoring principle in which
developers should look back to the code that have
been done and make it very clean and
understandable.
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According to K. Schwaber [8], “Scrum increases
flexibility and produces a system that is
responsive to

both initial and additional requirements
discovered during the ongoing development”. To
the best of our knowledge, the requirements of
most of the current systems are not fully
understood and changeable due to some reasons
such as involving new technologies and market
changes. Thus, Scrum is a suitable development
method for the current systems including
blockchain.

The process of developing blockchain systems is
not similar to the process of developing
traditional systems. According to [9], there are
some critical software engineering components
that impact the success of blockchain systems
development including requirements collection
and tasks assignment among the team members.
Since the market is a dynamic environment, in
which new products, business strategies and
polices are involving contentiously, systems’
requirements are certainly not fully understood by
developers, and could be changed at any time. To
tackle this serious issue, we have to utilize
software engineering best practices with taking
into consideration the special blockchain system
development process as will.

Therefore, this paper extends Scrum method
which is one of agile method that is most widely
used [10]. The extend method is called BScrum
to suite blockchain system development process
with distributed team. The reminder of this paper
is organized as follow: section 2 discusses some
related work. Section 3 presents in detail the
proposed method. Section 4 concludes this paper.

2. Related Work

New technologies and techniques are emerging
continuously as a response to the business and
mark needs. Blockchain is a technology that is

recently emerged which has not reached its
maturity. Therefore, many researchers have paid
attentions to advance this technology from
different perspectives.

From software engineering perspective, precisely
from development process there is undeniable
effort toward aligning the  blockchain
development process with software engineering
practices [11]. Preliminary steps towards
modeling blockchain oriented software (BOS)
were proposed by Henriqgue Rocha and S.
Ducasse [12] with the aim of standardizing the
designing and molding the BOS. They focus on
three modeling standards including entity relation
(ER) for data driven, unified modeling language
(UML) for structure driven, and business process
model and notation (BPMN) for process driven.
However, [13] proposed blockchain lifecycle to
link between  business process management
(BPM) and internet-of-thing (10T).

From blockchain use case point of view, Gilbert
Fridgen etl [14] proposed a method for
development of blockchain use case as a
systematic ~ approach  to  improve the
understanding of potential of blockchain and to
develop sound use cases. The proposed
blockchain use case development method has six
stages. However, this proposed method focus
only on use case development where other
aspects of blockchain system development were
neglected.

In contrast, Michele Marchesi etl [15] proposed a
full software development process. The common
activities including requirement gathering,
analyze, design, develop, test and deploy
blockchain applications. They claimed that, the
proposed process is based on some agile practices
with the use of some UML diagrams. It is worth
mentioning that agile methods are usually used
when the requirements are not fully understood
from the beginning [7]. Therefore, it is difficult to
separate the development process activities to
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make the process able to cope with requirements
changing.

A method based on model driven architecture
was proposed in [16]. Authors claimed that the
proposed method might be used for defining and
specifying blockchain structure and behavior.
This is to facilitate the development of a
blockchain-based system. Nevertheless, this
method does not provide detailed descriptions
about its usage.

One of the most recent and excellent work was
done by Lodovica Marchesi etl [4]. They
proposed ABCDE as a method for blockchain
software development. This proposed method is
based on Scrum, but it differs from Scrum as it
separates the development activities into two
parts, one for smart contract development and the
other one for the software that will interact with
blockchain. However, our proposed BScrum
method is oriented and focused on blockchain
system development with the focus of distributed
team management.

3. BScrum Method

In software practices, plan-driven and agile
approaches are the well-known and used
development approaches and it is difficult to say
that one is better than the other. This is true,
because plan-driven is more suitable than agile
approach for some projects, while agile approach
is more suitable than the plan-driven in anther
some projects. Despite the advantages and
disadvantages of those approaches, agile
approach is used when the project requirements
are not fully understood, and when the
requirements are unstable, which might be
changed during project development process.
From agile methods, we have extended Scrum
method to ensure better blockchain system
development. The main reason for this, is that
Scrum provides project management and shows

external visibility of what have been done in the
project [7]. In addition, it helps managing the
distributed development teams, which is the
nature blockchain development process. The
proposed BScrum method is illustrated in Figure
1.

3.1. Project goals

Any project should start with clear goals, which
should be written very clearly and briefly with
few words up to 30 words summarizing the
project goals and make them visible to the whole
team [4]. This is a good software practice which
allows every team member who involved in the
project development to know the project goals.

3.2. Product backlog

It contains the list of project requirements which
is the responsibility of product owner to manage
this list in a form of user stories [17]. This is due
to the fact that, agile methods do not approach
the requirements as a separate engineering
activity, instead they handle requirements
elicitation during the development activity. The
idea behind that is to cope with requirements
changing and understanding. One of the main
tasks that assigned to product owner (or
representative) is to prioritize which story should
be developed and delivered first. Therefore, the
first release of the product is delivered first. We
highly recommend that, the first release should
contains the most critical and argent requirements
for several reasons. Of these, perhaps the most
important one, the first release is subject to be
tested more than others, which increased the
security of the system. This is very important for
blockchain systems where the security is one of
the main and critical concerns. It is obvious that,
product backlog should be visible to all team
members as the product goals.
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Figure 1: The proposed BScrum method

3.3. Sprint

A sprint is a period of one week up to four weeks
in which at the end of the sprint a potentially
release is created. Sprints are completely
separate, thus it is impossible to start a new sprint
until the pervious one has been completed.
BScrum recommends allocating a day for sprint
planning and a few days for sprint retrospectives.
The goal of every sprint is to deliver some user
stories within the sprint period.

3.4. Sprint planning meeting

This meeting is held at the beginning of each
sprint with present of BScrum master, team
member and product owner [18]. This meeting
should take enough time up to a day to discuss
what requirements should be implemented in this
sprint and what is the outcome of this sprint.
Since BScrum support distributes team work, we
highly recommend using videoconference to
allow the participants to effectively share their
opinions. It is worth mentioning that the team
members could exist in different time zone. To
tackle this issue, BScrum masters (the Scrum
master of every team) should arrange for meeting
to share and discuss the opinions of their teams.

3.5. Sprint backlog

After requirements prioritizations, some user
stories are chosen to be developed in a sprint
based on team velocity. The selected user stories
are broken down into small and manageable
tasks. Therefore, team members start the
development process by selecting tasks from
sprint backlog.

3.6. Daily BScrum meeting

This daily meeting called a stand up meeting
which is typically takes no more than 15 minutes.
The focus of this meeting is to discuss what have
been done since that last meeting, what should be
done today, and review the progress. They should
look back to the sprint backlog to maintain
project progress.

3.7. Release

A release is a part of the whole project which is
the outcome of a sprint. It contains some user
stories that have been developed within the sprint
period. Every release is added to the previous
release until the final product is done. Customer
could get the advantage of these releases before
delivering the complete system.
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3.8. Sprint review and retrospective meeting
It is one of the core concepts of Scrum to make a
review at the end of every sprint. This review is
conducting by the whole team members, BScrum
master and product owner. This meeting should
answer three primary questions “What has been
good during this sprint?”, “What has not been
that good?” and “What kind of improvements
could we do?” [16]. Answering those questions is
one of software engineering best practices that
help  improving team  experience  and
communication. Nonetheless, participants can
discuss the quality issues and the problems that
faced the team and how to overcome them.

3.9.  Final Product

The final product is conceptually drowned by
project goals. The result from integrating all
releases is the final product, which contains all
user stories that have been implemented in all
sprints. It should meet the project goals and
delivers all system requirements.

4. Conclusion

Blockchain system development is lack of mature
software method to enhance the development
process. Thus, this paper proposed an agile
method called BScrum to improve the
management of blockchain system development
process with distributed team. This method is
based on the well-known Scrum method, which
has been proofed as one of the best software
development process. In the future work, we are
planning to develop some case studies to
demonstrate the real applicability of the proposed
method.

5. References

[1] Fran Casino, Thomas K. Dasaklis, and C.
Patsakis, "A systematic literature review of
blockchain-based applications: Current status,

classification and open issues," Telematics and
Informatics, vol. 36, pp. 55-81, 2019.

[2] Simone Porru, Andrea Pinna, Michele
Marchesi, and R. Tonelli, "Blockchain-
oriented Software Engineering: Challenges and
New Directions,” presented at the IEEE/ACM
39th IEEE International Conference on
Software Engineering Companion, 2017.

[3] T. Laurence, Blockchain For Dummies,
Second ed. New Jersey: John Wiley & Sons,
Inc, 2019.

[4] Lodovica Marchesi, Michele Marchesi, and
R. Tonelli, "ABCDE —agile block chain DApp
engineering,” Blockchain: Research and
Applications, vol. 1, 2020.

[5] A. Kakadiya, "Block-Chain  Oriented
Software testing approach,” International
Research  Journal of Engineering and
Technology, vol. 4, pp. 1593-1597, 2017.

[6] V. B, "Analysis of Recent Trend and
Applications in Block Chain Technology,"”
Journal of ISMAC, vol. 2, pp. 200-206, 2020.

[7] 1. Sommerville, Software Engineering, 10 ed.
England: Pearson Education Limited, 2016.

[8] K. Schwaber, "SCRUM  Development
Process," presented at the OOPSLA’95
Business Object Design and Implementation
Workshop., 1995.

[9] Partha Chakraborty, Rifat Shahriyar, Anindya
Igbal, and A. Bosu, "Understanding the
Software Development Practices of
Blockchain Projects: A Survey," presented at
the ACM / IEEE International Symposium on
Empirical ~ Software  Engineering  and
Measurement (ESEM) (ESEM ’18), New
York, NY, USA, 2018.

[10] Ayesha Khalid, Sharig Aziz Butt, Tauseef
Jamal, and S. Gochhait, "Agile Scrum Issues at
Large-Scale Distributed Projects:  Scrum
Project Development At Large,” International
Journal of Software Innovation, vol. 8, pp. 85-
94, 2020.



T —

———

S:J.T:NVol 18 No.2 (2020)

[11] Moritz Beller and J.  Hejderup,
"Blockchain-based Software Engineering,"”
presented at the IEEE/ACM 41st International
Conference on Software Engineering: New
Ideas and Emerging Results (ICSE-NIER),
2019.

[12] Henrique Rocha and S. Ducasse,
"Preliminary  Steps  Towards  Modeling
Blockchain Oriented Software,” presented at
the ACM/IEEE 1st International Workshop on
Emerging Trends in Software Engineering for
Blockchain, New York, NY, USA, 2018.

[13] Doaa Mohey EI-Din M. Hussein,
Mohamed Hamed N. Taha, and N. E. M.
Khalifa, "A Blockchain Technology Evolution
between Business Process Management (BPM)
and Internet-of-Things (loT)," International
Journal of Advanced Computer Science and
Applications, vol. 9, pp. 442-450, 2018.

[14] Gilbert Fridgen, Jannik Lockl, Sven
Radszuwill,  Alexander  Rieger, André
Schweizer, and N. Urbach, "A Solution in
Search of a Problem: A Method for the
Development of Blockchain Use," presented at
the 24th Americas Conference on Information
Systems (AMCIS), New Orleans, USA, 2018.

[15] Michele Marchesi, Lodovica Marchesi,
and R. Tonelli, "An Agile Software
Engineering Method to Design Blockchain
Applications,” presented at the Software
Engineering Conference Russia (SECR 2018),
Moscow, Russia, 2018.

[16] Maria Paasivaara, Sandra Durasiewicz,
and C. Lassenius, "Distributed Agile
Development: Using Scrum in a Large

Project,” presented at the IEEE International
Conference on Global Software Engineering,
2008.

[17] Jo"ao M. Fernandes and M. Almeida,
"Classification and Comparison of Agile
Methods,” presented at the Seventh
International Conference on the Quality of

Information and Communications Technology,
2010.

[18] H. F. Cervone, "MANAGING DIGITAL
LIBRARIES: THE VIEW FROM 30,000
FEET Understanding  agile  project
management methods using Scrum,” OCLC
Systems & Services: International digital
library perspectives, vol. 27, pp. 18-22, 2011.



S:J:ET:Nol 18 No.2 (2020)

Saba Journal of
Information Technology
and Networking

journal homepage: www..ojs.sabauni.net @ S.J.LT.N

Article

Evaluation —Based WSN For Groundwater Monitoring System
Ziad S. Alrobieh, Asma’a K. Alkershi, Reayidh A. Ahmed
Faculty of Engineering and Information Technology, Taiz University, Taiz, Yemen

Article info Abstract

Article history: In the last decade, WSN used in various aspect of environmental conditions

monitoring. due to Rise in the population, climate instability, and
Accepted: Des. 2020 o ) )
unregulated groundwater mining threaten the preservation of aquifers

Keywords: worldwide. Effective and data-driven control of groundwater supply is
Blockchain; essential for sustaining critical water-dependent functions. Recently, the
Scrum; water crisis in Yemen has become a problem threatening the lives of many

Development process; residents. This is due to the manager's lack of cost-effective, scalable, and

BScrum reliable groundwater monitoring systems needed to gather vital groundwater
data. In this study, we developed a fully automated real-time groundwater
level system for data collection and visualization based on wireless sensor
network (WSN). The study was applied in Taiz City, Yemen. The steps used
to develop the system, including dividing the study area into different zones,
and each zone uses a local base-station to collect the data from the sensors
deployed in the same zone. All local base-station send the data to the master
base station located remotely. The master bases station collects the data and
sends it to the web-servers that are used to save and visualize the data
permanently. The proposed system was designed and evaluated using the
web design techniques and the system performance investigated based on

network bandwidth and the sensors' power consumption.

* Corresponding author: Ziad S. Alrobieh
E-mail: Ziadrh@yahoo.com

All Rights Reserved © 2020 Saba Journal of Information Technology and Networking, Published by Saba University.



http://www.sabauni.net/ojs

S:J.IT:N-Vol ;8 No.2 (2020) 15

1. Introduction

Groundwater is the primary source of water for
80% of the population in Yemen, and it is the
second source of water after surface water
resources [1]. In recent times, the drought
problem threatens the economic and agricultural
lives of many of the society's residents. In
coinciding with the scarcity of rainwater, the
dramatic increase in population, and random
urbanization, in addition to the complete absence
of water management, groundwater consumption
has become five times the annual recharge rate
[2]. There is a complete absence in how to
manage and allocate the use of groundwater, as it
is used by 90% in the agricultural aspect.
Groundwater management suffers from many
difficulties, and the most notable of these is the
access of work teams to well sites. Since they use
traditional methods to collect data manually, the
accuracy of measuring groundwater levels is
inaccurate. Therefore, monitoring systems lose
their functions and do not perform well. In
addition to that, the expansion of drilling wells
and the use of large depths reduce the quality of
the groundwater and increase the cost required
for pumping [3]. Using an automatic monitoring
system for groundwater fields is the most
important effective solution [4]; this was the
motivation for designing a wireless remote
sensing system to monitor these fields. It provides
full knowledge of decision-making systems for
making future strategic decisions and plans, such
as laying pipes for drought-affected areas and the
development of policies that organize
groundwater management operations and reduces
these crises [5].

Recently, Wireless sensor networks are widely

used in all aspects of environmental
monitoring  applications, and environmental
conditions  variation as pressure, weather

condition, temperature [6]. WSNs support the

lowest duty cycle monitoring application [7] [8].
WSN consist of connected small electronic
devices (sensors) uses to collect precision and
real-time data at a different location [9]. The
environment of water is considered as a factor
that effects on the WSN to monitor and get the
efficient points [10]. 6LoWPAN (IPV6-based
low-power personal Area Network) is low-cost,
reduced energy consumption defined by Internet
Engineering Task Force (IETF) to enhance the
WSN by adding TCP/IP implementation [11].
6LOWPAN allows many wireless networks to
connect with each other via the internet and offer
IP communication by implementing a new layer.
This layer is adaptation layer which implemented
by routers at the edge of 6LoOWPAN regions to
represent the physical and MAC layer of this
protocol to make compatibility the ipv6 packet
with IEEE802.15.4 link [12][13].

This paper aims to design a real-time
groundwater monitoring framework to help
manage and reduce the loss of groundwater. The
sensors node gathers some. of precision water's
parameters as, PH, dissolved oxygen and so on.
The proposed framework uses a web site to
visualize the collected data.

2. Previous Studies

The development of groundwater monitoring
systems took the interest of many researchers and
conducted many studies. In [14], the system has
been proposed to manage the changes in the
water resources over time and offer long term
groundwater level data. They used a data logger
as a component to measure the water level and
stored recorded data in the database. The system
uses GIS to manage the data of water level and
visualize the information to the wuser to
understand the relation between borehole’s
location and topographic. J. Wang et al. [15]
proposed a water monitoring system based on
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WSN with ZigBee protocol. ZigBee node uses
GPRS/CDMA techniques to forward data to the
base station. A set of fixed sensors were deployed
in the study area to monitor a different kind of
water parameters. In [16] they developed a
system that depends on the context of electrical
conductivity of water to measure the water level
using water level sensor and Microcontroller,
water level indicator. The water level was
implemented on the tank to determine the state of
the tank (i.e., empty or full) to control the pump
operation. The main finding of this study is to
investigate the idea of water management.

Another study in [17] implemented the cluster
structure of wireless sensor networks in the
department of the kingdom of Saudi Arabia to
monitor the water quality of water resources. A
vast number of sensors were deployed to collect
the data, and the controller used to forward the
data to the central unit. Real-time wireless
monitoring and control of the water system using
ZigBee 802.15.4 in [18] designed to monitor
flood areas, reservoirs, rivers, and automated the
operation of the pump. They use PH sensors,
oxygen dissolved sensors to monitor water
quality—the data sent from e node to the
coordinator by the router through wireless
technology. Many emerging technologies are
used in this study such as: ZigBee, GSM and
74HC14 Hex Inverting Schmitt Trigger. In which
the Schmitt used to reduce the cost of the system.
GSM technology has been used to send data to
user's phones from the flood area. This system
implemented a testbed on water tanks. The
proposed structure designed to automated the
well's operation and monitor essential parameters
of water quality, water level and EC by using
WSN based on IEEE 802.15.4. It uses wireless
sensors deployed at twenty-four wells of the
agricultural area of Karbala, Irag. The data
movement in the network is controlled by the
PAN coordinator. The operation of the pump is

automatically controlled by the PAN coordinator
decision. Collected data will be relayed to the
main base station wirelessly. However, this
system does not offer remote control [19]. Real-
time groundwater level observation (GWO)
application depends on WSN, programing
language (R language), and an open-source
framework in the South American Sub-basin of
California.

They found pressure transducers sensor is more
suitable for giving groundwater level time series
data than manual water level meter measurement
[20].

3. Methodology

The main structure of the proposed system is
shown in Figure 1 it encompasses four main
parts: study area, base stations (BS), web server,
and end-users. The study area is divided into four
different zones, and each zone uses a local base-
station to collect the data from the sensors
deployed in the same zone. All local base-station
send the data to the master base station located
remotely.

) ‘
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¥

Figure 1. Groundwater Network Architecture

The master bases station collects the data and
sends it to the web-servers that are used to save
and visualize the data permanently. The data
saved on the web-server based on a web-model
developed to help reduce the traffic (see Figure



2). This model passes through three stages: safe,
updating, and visualization, more details of these
stages as follow:
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Figure 2. Flow chart of updating DB

3.1. Data safe

All data were collected from the study area,
which  considered well's data are stored in the
SQL Database to be safe for a long time and
visualize using web-application. The database
consists of monitored well's characteristics as
name, number, groundwater level and time and
date of sensor reading.

3.2. Data updating

Because we are continuously collecting data in
real-time, we need to keep the data updated in the
databases. Figure 3. shows the algorithm used to
update the data in the database. The updating
process depends on the threshold value, which is
the initial data collected from the field. The
backup of data was considered to avoid indirect
data loss caused by any unexpected malfunction
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in the network and the data saved in the SQL
database on the cloud.

Data visualization

Once data stored, it visualizes to the end-users by
using a web application (website), which is
connected directly to the SQL database. Detail
information about the well's area and level of
groundwater visualize to end-users in real-time.
It allows the users to interact with data and
manage it in an efficient way anytime from
anywhere.

4. Results

As mentioned previously, the proposed system
was designed and simulated using the web design
environment. Different experiments have been
applied; the first experiment is to measure and
evaluate the communication between the water
level sensors deployed in the study field and the
local base stations in each zone. The second
experiment is to measure and assess the
communication between local base-stations and
the master base station that use to collect all
packets and forward it to the web-server. The
performance matrices used to evaluate the
proposed system are the number of packets and
the energy consumption of each sensor. Different
communication technologies have been used to
manage the connection between the sensors and
the local base station, and the local and master
base stations

Figure 3 indicates the main structure of the
proposed system that shows the communication
method of communication in different layers. The
first layer, the communications between the
sensors and the local base-stations, uses the
ZigBee that allows for the packets to be
transmitted for a few meters. The second layer,
the communication between local and master
local base-stations, and for this long-distance
communication technology such as Lora or 3G
used to transfer the packets. The third layer, the
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communication between the master base-station
and the  web-servers, the 6LOWPAN
communication technology used for this part.

Last part, our application (website ) is designed to
save and visualize the data on the web server and
to determine the change in well field storage.
from the page in Figure 4 the end user can be
accessed to the characteristics of the wells by
selecting the well name based on choosing
Isolation, Directorate and owner.

When desired well selected Figure 5 shows such
an example from the website; in this result, the
data collected from the study filed are presented
with a full description of the data such as
location, date, depth of wells, etc.
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Figure 5. Report of well's data.
Figure 6 represents the important well's data
which updated automatically (see Figure 2) in
real time by the data collected by the sensors
deployed in the study area.
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Figure 6. Evaluation of well's data.

The monitoring groundwater level has been
applied in various period of time (week, month,
etc.) to investigate real time data. Figure 7 shows
the variation of groundwater level of desired field
over time (summer recharge and winter
drawdown).
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Display The Year Amount Of Water In M3

Figure 7. year result of water level.

The current amount of water in the considered
zone of individual well as gathering from sensors.
Figure 8 indicates the sensors' readings of current
amount of water.

Display The Amont Amount Of Water In M3

Figure 8. Current amount of water of one zone.

5. Conclusion

In this study, a groundwater level monitoring
system is proposed based on a wireless sensor
network. The sensors are deployed in the study
area to monitor the water level in the individual
well. The data collected and send wirelessly to be
store and visualize in the cloud. Different
performance metrics used to investigate and
evaluate the performance of the proposed system,

such as and increase the system efficiency such
as: environment of web techniques and using the
SQL server to build the database. Results show
the distribution of data collected from individual
well of different zones, and its visualize to end
user in real time.
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