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ABSTRACT

Diabetes is a chronic disease that is very common in Sudan. Insulin is the only
treatment for diabetes and has to be stored in suitable weather conditions.

Due to the hot temperature in Sudan, storing insulin becomes challenging.

With advancement in electronic technologies, these must be a strategy to remotely
monitor insulin to ensure that is it not damaged .

Wireless sensor network (WSN) refers to a group of spatially dispersed and
dedicated sensors for monitoring and recording the physical conditions of the
environment and organizing the collected data at a central location.
WSNs measure environmental conditions such as temperature, sound, pollution

levels, humidity, wind speed and direction, pressure, etc.

In this project we developed a system that uses sensor to periodically read

temperature and humidity to monitor stored insulin.

The aim of project is to continuously monitor insulin to protect it from being

exposed to temperature and humidity level outside the acceptable range.

The system provides periodic weather reading that are collected from the sensor,
which is storedin a database .this data is analyzed and displayed for valid and

quick decision making to protect the product.
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CHAPTER ONE

INTRODUCTION



1.1 Introduction

Today, smart grid, smart homes, smart water networks, intelligent
transportation, are infrastructure systems that connect our world more than we ever

thought possible.

The common vision of such systems is usually associated with one single
concept, the internet of things (IoT), where through the use of sensors, the entire
physical infrastructure is closely coupled with information and communication
technologies; where intelligent monitoring and management can be achieved via
the usage of networked embedded devices. In such a sophisticated dynamic
system, devices are interconnected to transmit useful measurement information and

control instructions via distributed sensor networks.

Wireless sensor network technologies play an important role in safety
monitoring over power transmission and transformation equipment and, the

deployment of billions of smart meters.



2.1 Problem statement

Having a hot climate in Sudan influences the safety of sensitive material. Insulin is
an important cure for a wide spread disease in Sudan, diabetes .insulin is very
sensitive to temperature and requires constant and careful monitoring all the time.
This project uses a WSN to monitor insulin in storage locations to insure that the

temperature is always within the acceptable limits so that the product.

1.3 Objectives

The objectives of this project are

1- Monitoring insulin to avoid its corruption.

2- Designing System to work at hard circumstances.

3- Providing fast information to allow fast response to recover emergency
situations.

4- Monitor and store temperature periodically to be used for future studies and

making decision.

1.4Research methodology

This project focuses on monitoring the status of the insulin in storage to be aware

of the validity of product, and its current state.

The temperature and humidity of insulin are measured periodically using sensors.
Those values are in database and used to generate and monitor information for
continuous monitoring of the product .We use Arduino to control sensors and

XBee to wirelessly transmit data from the sensors to the collision point.
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SQL server is used to develop the database which is connected to the main

application, developed using C#.

1.5 Project scope

The project focus on temperature and humidity without considering other
atmospheric measure such as precipitation and air pressure.it considers the

temperature range that is most suitable for insulin.

Outline

Chapter 2 contains background information about wireless sensor networks
and insulin

Chapter 3 discussed previous studies and tools use to accomplish this
project.

Chapter 4 Describe the analysis of the System

Chapter 5 illustrates the implementation of the project .

Chapter 6 involves Conclusion and recommendations.

Finally references.



CHAPTER TWO

Wireless Sensor networks



2.1 Introduction

This chapter overviews Wireless Sensor Networks and explains their types and
applications. It also compares them with mobile Ad-hoc networks.in addition it

provides background information about insulin.

2.2 Wireless Sensor Network (WSN)

Wireless sensor network (WSN) refers to a group of spatially dispersed and
dedicated sensors for monitoring and recording the physical conditions of the
environment and organizing the collected data at a central location.

WSNs measure environmental conditions like temperature, sound, pollution levels,

humidity, wind speed and direction, pressure, etc.[2]
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Figure 2.2.1 shows structure of a simple WSN



2.2.1 Sensor Definition

A sensor is a device that detects and responds to some type of input from the
physical environment. The specific input could be light, heat, motion, moisture,
pressure, or any other environmental phenomena. The output is generally a signal
that is converted to human-readable display at the sensor location or transmitted

electronically over a network for reading or further processing [1].

2.2.2 Types of wireless Sensor Networks

WSN are classified with respect to the environment in which they are deployed

into the following classis:
1. Terrestrial WSNss

2. Underground WSNs

3. Underwater WSN5s

4. Multimedia WSNs

5. Mobile WSNs

2.2.2.1Terrestrial WSNs

Terrestrial WSNs are capable of communicating with base stations efficiently, and
consist of hundreds to thousands of wireless sensor nodes deployed either in an

unstructured (ad hoc) or a structured (Preplanned) manner.
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In an unstructured mode, the sensor nodes are randomly distributed within the
target area that is dropped from a fixed plane. The preplanned or structured mode

considers optimal placement, grid placement, and 2D, 3D placement models.

In this WSN, the battery power is limited; however, the battery is equipped with
solar cells as a secondary power source. The Energy conservation of these WSNss
is achieved by using low duty cycle operations, minimizing delays and optimal

routing.
2.2.2.2 Underground WSNs

The underground wireless sensor networks are more expensive than the terrestrial
WSNs in terms of deployment, maintenance, and equipment cost considerations
and planning. The WSNs networks consist of a number of sensor nodes that are

hidden in the ground to monitor undergroundConditions.

To relay information from the sensor nodes to the base station, additional sink

nodes are located above the ground.

A sink node is Sensor nodes equipped with a limited battery which is difficult to
recharge. In addition to this, the underground environment makes wireless

communication a challenge due to high level of attenuation and signal loss.

2.2.2.3 Under Water WSNs

These types of networks consist of a number of sensor nodes and vehicles
deployed under water. Autonomous underwater vehicles are used for gathering
data from these sensor nodes. A challenge of underwater communication is a long

propagation delay, limited bandwidth and sensor failures.

8



Under water WSNs are equipped with a limited battery that cannot be recharged or
replaced. The issue of energy conservation for under water WSNs involves the

development of underwater communication and networking techniques.

2.2.2.4 Multimedia WSNs

Multimedia wireless sensor networks have been proposed to enable tracking and
monitoring of events in the form of multimedia, such as imaging, video, and audio.
The networks consist of low-cost sensor nodes equipped with microphones and
cameras. These nodes are interconnected with each other over a wireless

connection for data compression, data retrieval and correlation.

Challenges of multimedia WSNs include high energy consumption, high
bandwidth requirements, complex data processing and compressing techniques. In
addition to this, multimedia contents require high bandwidth for the contents to be

delivered properly and easily.

2.2.2.5 Mobile WSNs

These networks consist of a collection of sensor nodes that can be moved on their
own and are able to interact with the physical environment. The mobile nodes have

the ability to compute sense and communicate.

Mobile Wireless Sensor Networks [ WSNs] are much more versatile than the static
sensor networks. The advantages of MWSN over the static wireless sensor
networks include better and improved coverage, better energy efficiency and

superior channel capacity. [3]



2.2.3 WSN Topologies

The most common network topologies used in wireless sensor networks are star,

tree, mesh and hybrid. Following is explanation for each.

1. Star

A star topology is a single-hop system in which all wireless sensor nodes

communicate bi-directionally with a gateway. As shown in Fig (2.1),

O
'© VI %sjr’g— A 2 &)
G ®
Fig2.2.3.1)
WSN Star Topology
2. Tree

In the tree topology, there are leaf nodes, relay nodes and parent nodes. This
topology consists of a central node called the root node, and it is the main
communications router and interface with the application or other parts of a larger
network. One level down from the root node in the hierarchy is a relay node that
may have several children nodes connected to it and so on.

(Fig 2.2) show the tree topology.
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Fig (2.2.3.2)
A WSN Tree Topology

3. Mesh

This kind of network topology connects each node to all the nodes within its radio

range as shown in (Fig 2.3).

Fig (Fig (2.2.3.3)
A WSN Mesh Topology
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4. Hybrid
A hybrid network consists of a combination of star and mesh topologies. This

Combination results a star-mesh network that seeks to take advantage of the

Low power and simplicity of the star topology.[4]

2.2.4 Wireless Sensor Network Applications

Wireless sensor network have a variety of applications including the fields of
security, monitoring, biomedical research tracking and many more.

Basically these applications are used in Environmental data collection, military
applications, Security monitoring, sensor node tracking, health application, home
application, and hybrid networks emergency services. Sensor network are

categorized into various classes such as:

2.2.4 .1 Environmental Data Collection

In environmental data collection application, are used to collect various sensor data
in a period of time. In the environmental data collection application, a large

number of nodes continuously sense and transmit data back to a set of base stations
that store the data using traditional methods. In a typical scenario, the nodes will be

evenly distributed over an outdoor environment.

In environmental monitoring applications, it is not essential that the nodes develop
the optimal routing strategies on their own. Instead, it may be possible to calculate
the optimal routing topology outside of the network and then communicate the
necessary sensor data to the nodes as required.

This is possible because the physical topology of the network is relatively constant.

12



2.2.4.2 Military Applications

Most of the development of sensor network applications focused on the defense
projects at the beginning, especially two important programs the Distributed
Sensor Networks (DSN) and the Sensor Information Technology form the Defense
Advanced Research Project Agency (DARPA), sensor networks are applied very
successfully in the military.

Now wireless sensor networks have become an integral part of military command,
control, communications, computing, intelligence and targeting systems. In the
battlefield context, rapid deployment, self-organization, fault tolerance security of
the network should be required.

The sensor devices or nodes should provide following services: like Monitoring
friendly forces, equipment and ammunition, battlefield surveillance, targeting,

battle damage assessment Nuclear, biological and chemical attack detection.

2.2.4.3 Security Monitoring

Security monitoring networks are a collection of nodes that are placed at fixed
locations throughout an environment that continually monitor one or more sensors
to detect an anomaly.

A key difference between security monitoring and environmental monitoring is
that security networks are not actually collecting any data. This has a significant
impact on the optimal network architecture. Each node has to frequently check the

status of its sensors but it only has to transmit a data report when there is a security

13



violation. The immediate and reliable communication of alarm messages is the
primary system requirement.

Therefore referred to as “report by exception” networks. It is confirmed that each
node is still present and functioning. If a node were to be disabled or fail, it would
represent a security violation that should be reported.

For security monitoring applications, the network must be configured so that nodes
are responsible for confirming the status of each other. One approach is to have
each node be assigned to a peer that will report if a node is not functioning. Quite
different from that of a data collection network.

In a collection tree, each. In security networks, a vast majority of the energy will
be spend on confirming the functionality of neighboring nodes and in being
prepared to instantly forward alarm announcements. Actual data transmission will

consume a small fraction of the network energy.

2.2.4.4 Node Tracking Scenarios

In which wireless sensor nodes track a number of a tagged object they are mainly
important through known area monitored by a sensor network.

Where one would like to track the location of important assets or personnel.
Current inventory control systems attempt to track objects by recording the last
checkpoint that an object passed through. However, with these systems it is not
possible to determine the current location of an object. With wireless sensor
networks, objects can be tracked by simply tagging them with a small sensor node.
The sensor node will be tracked as it moves through a field of sensor nodes that are
deployed in the environment at known locations. Instead of sensing environmental
data, these nodes will be deployed to sense the RF (Radio Frequency) messages of

the nodes attached to various objects.
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The nodes can be used as active tags that announce the presence of a device. A
database can be used to record the location of tracked objects relative to the set of
nodes at known locations. With this system, it becomes possible to ask where an
object is currently located, not simply where it was when it was last scanned.
Unlike sensing or security networks, node tracking applications will continually
have topology changes as nodes move through the network. While the connectivity
between the nodes at fixed locations will remain relatively stable, the connectivity

to mobile nodes will continuously change.

2.2.4.5 Health Applications

Sensor networks are also widely used in health care. In modern hospitals, sensor
networks are constructed to monitor patient physiological data, to control the drug
administration and monitor patients and doctors inside the hospital. Long-term
nursing home is an application that focuses on nursing of old people. It deploys
cameras, pressure sensors, orientation sensors and other sensors to detect muscle
activity, fall detection, unconsciousness detection, vital sign monitoring and
dietary/exercise monitoring. These applications reduce personnel cost and rapid the

reaction in the case of emergency situations.

2.2.4.6 Home Application

Along with developing commercial applications of sensor networks it is obvious
that sensor application will step into our everyday life in the near future. Many

concepts are already designed by researcher and architects.

15



One Example is the concept of “the intelligent home. At the front door the sensor

detects that the home owner is condition to be turned on.

2.2.5 Comparison between WSN and
MANET

A wireless sensor networks (WSN), or a mesh WSN, usually consists of one sink
(or base station) able to manage all the communications between other nodes. This
kind of network has fixed routes, except when there are nodes' failures. Thus, the
base station determines and optimizes the paths of communication in the network.
Examples of WSNs are networks monitoring a bridge or network monitoring the

temperature in several parts of a city.

A mobile ad-hoc network (MANET) is a WSN if its scope is that of sensing the
environment around the network. However, the words "mobile" and "ad-hoc" are
often used to refer to all those networks consisting of nodes continuously moving
in any direction .Consequently, this kind of network must repeatedly reconfigure
its routes. All this work is done by every node in the network since MANET
doesn't have a fixed central controller.

Furthermore, this kind of networks usually uses different devices with respect to
other WSNs because the management of energy and communications is totally
different. Examples of MANETS are networks formed by devices installed within
cars Vehicular Ad-hoc Network (VANET) to monitor accidents, traffic and so on.

16



2.3information about insulin

This section gives basic background information about insulin

2.3.1 Definition of insulin

Insulin is a natural hormone made by the pancreas that controls the level of the

sugar glucose in the blood.

Insulin permits cells to use glucose for energy, as they cannot utilize glucose
without insulin diabetes is caused by the failure to make insulin to respond to it
Insulin is made specifically by the beta cells in the islets of Langerhans in the
pancreas. If the beta cells degenerate so the body cannot make enough insulin on
its own, type I diabetes results. A person with this type of diabetes must inject

exogenous insulin (insulin from sources outside the body).

In type II diabetes, the beta cells produce insulin, but cells throughout the body do
not respond normally to it. Nevertheless, insulin also may be used in type 11

diabetes to help overcome the resistance of cells to insulin.

By reducing the concentration of glucose in the blood, insulin is thought to prevent
or reduce the long-term complications of diabetes, including damage to the blood

vessels, eyes, kidneys, and nerves.

2.3.2 History of Insulin

In 1921, Frederick Grant Banting and Charles H. Best discovered insulin while
they were working in the laboratory of John J.R. Macleod at the University of
Toronto. Banting and Best extracted material from the pancreas of dogs. They first

used this material to keep diabetic dogs alive and in 1922 they used it successfully

17



on a 14-year-old boy with diabetes. In 1923, James B. Collip, a biochemist,

discovered that purifying the extract prevented many of the side effects.

2.3.3 The usage of insulin

Insulin is the main treatment of diabetes type I and II. However it doesn’t cure
diabetes it regulate and manages the glucose level in the blood therefore, insulin

continuously consumed by diabetes it is usually injected into the body.

2.3.4insulin importance

1- Regulate sugar in the bloodstreamthe main job of insulin is to keep the

level of glucose in the bloodstream within a normal range.

2- Storage of excess glucose for energy when insulin levels are high

excess glucose is stored in the liver in the form of glycogen.

Between meals when insulin levels are low the liver releases glycogen into the
bloodstream in the form of glucose; This keeps blood sugar levels within a
narrow range.
If the pancreas secretes little or no insulin or the body doesn't produce enough
insulin or has become resistant to insulin's, the level of glucose in the bloodstream
increases because it's unable to enter cells, high blood glucose can lead to

complications such as blindness, nerve damage and kidney damage.

2.3.5 Physical properties

The physical properties of insulin substance is that is a white and it is in the form

of white crystalline powder because it is purified by crystallization.It is soluble in

18



water and dilute solution of mineral acids and insoluble in alcohol, Chloroform and

ether.

2.3.6 Insulin Production

= insulin as medication was extracted in the past from cows, horses and
pigs with only slight differences in the amino acid structure compared to

human insulin.

= differences in suitability of beef or pork derived insulin for individual
patients have been due to lower preparation purity resulting in allergic

reactions to the presence of non-insulin substances “impurities”

= synthetic “human” insulin is now manufactured for widespread clinical
use through genetic engineering techniques using recombinant DNA

technology, which reduces the presence of many impurities.
2.4 Conclusion

WSN it’s types, applications and comparison between WSN and MANET.

In addition, it explained the definition of insulin, its history, importance, usage,

physical and chemical properties and manufacturing.
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CHAPTER THREE

Literature Review, Tools and Techniques



3.1 Introduction

This chapter discusses the previous studies of wireless sensor networks,
temperature sensors, and Arduino microcontroller. It shows details of studies and
compare them with this project.in addition it explain the tools and techniques that

are used to develop this projects.

3.2.1 Temperature sensor which project that use DHT11 as a sensor for

detecting the accurate centigrade temperature to fix how well over a range of

temperature a sensor’s output consistently changes.

Output of the Integrate circuit is 10mv/degree centigrade for example if the output
of the sensor is 280 mV then temperature is 28 degree C.

The aim of this project is not to construct a thermometer but to activate or

deactivate a device at a particular margin temperature.

e Similarity to our project

Using “DHT11” as a sensor.

e Insufficiency
TheOutput of the IC usesa constant value to represent temperature and

humidity (10mv/degree centigrade).

e The main advantage of this project
Alert notification when the of temperature degree exceeds a specified
degree, and using Arduino microcontroller to control from which sensor the

temperature comes.
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3.2.2Home Alarm System projectWireless Projects

The Aim this project is to transmits clear text temperature readings,

over long distances to Raspberry Pi serial port via a Base Station Receiver unit.

They used Texas Instruments CC1110 wireless transceiver which supports a
micro-controller unit (MCU), memory, a sub-1GHz transceiver, an encryption

engine and a USB controller.

e Similarity to this project

They used a temperature sensor, USB controller, and microcontroller.

e The difference
They transmit clear text temperature readings that can be received by
theserial port via A base Station.
In our project we transmit temperature sensor degree to the gateway, then
store it in database and generate figure ,
3.2.3 Car speed controll
This project accomplished at AlzaiemAlazhari University, used sensors

andArduino microcontroller to control cars speed”.
3.2.4Fan Speed Controlled by Temperature and Arduino

This project automatically controls the speed of a DC fan according to the

temperature read by a DHT11 sensor.

Similarity to this project

Used the temperature sensor DHT11and Arduino Uno.

22



The difference

This project uses an LCD shield to display the current temperature and speed
of the fan.

However we used figure display the insulin status.
3.2.5 Controlling electronic device using SMS

Another project has been accomplished at Sudan University Of Science and

Technology.

The project aimed to use telephone to control all electronic devices through SMS

using Arduino for controlling.

3.2.6Electricity Devices Control System

This project wasaccomplished in Sudan University of science and technology at the
computer science department.

The project used a mobile computer to control electronic devices.

Similarity to our project they used microcontroller to control other devices.
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Tools

3.3 Hardware Tools

3.3.1 Arduino

Arduino is microcontroller —based kit that helps beginners and professionals to
create device that interact with their environment using sensors or actuators. it
provide an integrated development environment (IDE) that support C and C++
programing language .common examples of devices that can be developed using
Arduino are simple robots ,thermometers and motion detectors. Arduino has a

number of commercially produced versions in this project Arduino UNO was used.

Fig 3.3.1 Arduino

The UNO is the first microcontroller board in the serious of USB Arduino board’s
It has 14 digital input/output pins,6 analog inputs, a 16 MHz quartz crystal, a USB

connection, a power jack, an In-Circuit Serial Programming (ICSP) header and a
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reset button. It contains everything needed to support the microcontroller. It can be
connected to a computer with a USB cable or powered it with an AC-to-DC

adapter or battery. "UNQO" means one in [talian and was chosen to mark the release
of Arduino Software (IDE) 1.0. The Uno board and version 1.0 of arduinoSoftware

(IDE) were the reference versions of arduino, since then, new release has evolved

[1].

Arduinois used to sense the environment by receiving input from a variety of
sensors or temperature sensor as used in this project.it is then used to trigger
creations in the surrounding environment by controlling lights, motors, switches,

and other actuators.

Arduinoprojects can be stand-alone or they can communicate with software on
running on a computer, Also arduinois a cross-platform program there for the
programmers needs to follow different instructions with respect to their personal

operating systems (OS).

3.3.2 Breadboard

A breadboard is construction tool that is used to build and test circuits easily before
finalizing any circuit design. The breadboard is made up of a block of plastic
holding a grid of contact points. This contact points are holes into which circuit
components like ICs (Integrated Circuit), wires and other devices can be inserted.

In this project, the breadboard was used to assemble the circuit.
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Fig 3.3.2Breadboard

3.3.3 DHT

A DHT sensor is made of two parts, a capacitive humidity sensor and a thermistor.
There is also a very basic chip inside that does some analog to digital conversion
and spits out a digital signal with the temperature and humidity. The digital signal

is fairly easy to read using any microcontroller.

There are two versions of the DHT sensor, they look similar and have the same

pinout, but have different characteristics.

DHTI11
The feature of DHT11 are:

o Ultra low cost
e 3to 5V powerand I/O

o 2.5mA max current use during conversion (while requesting data)
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o Good for 20-80% humidity readings with 5% accuracy
« Good for 0-50°C temperature readings +2°C accuracy
« No more than 1 Hz sampling rate (once every second)
o Body size 15.5mm x 12mm x 5.5mm

o 4 pins with 0.1" spacing

DHT22
Following are characteristic of DHT22:

o Low cost

e 3to 5V powerand I/O

o 2.5mA max current use during conversion (while requesting data)
« Good for 0-100% humidity readings with 2-5% accuracy

o Good for -40 to 125°C temperature readings +0.5°C accuracy

« No more than 0.5 Hz sampling rate (once every 2 seconds)

o Body size 15.1mm x 25mm x 7.7mm

o 4 pins with 0.1" spacing

The DHT22 is a little more accurate over a slightly larger range. Both use a single
digital pin and are 'sluggish' as they can’t be queried more than once every second
or two.

In this project DHT11 is used according to its characteristic.
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3.3.4 Wires

Fig3.3.4 Connection Wires

Wires are essential to Arduino they are used connect Arduino to other devices

including sensors, Bluetooth modules, capacitors, resistance, power supply and

other devices.
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3.3.5 XBee

Are tiny blue chips that can communicate wirelessly with each other, they

can do simple thing like replacing a couple of wires in serial communication.

There are lots of different types of modules, but one of the advantage about
these is that all the modules regardless of the series or type have similar
pinouts, Power, ground, and TX/RX lines are in the same place making the
chips pretty interchangeable for most of the simpler applications.

In this project we XBee to send sensors data from arduino to the gateway

3.4 Software Tools and Languages

3.4.1 Arduino sketch

The Arduino Integrated Development Environment - or Arduino Software (IDE) -
contains a text editor for writing code, a message area, a text console, a toolbar
with buttons for common functions and a series of menus. It connects to the
Arduino and Genuino hardware to upload programs and communicate with
them.Programs written using Arduino Software (IDE) are called sketches. These
sketches are written in the text editor and are saved with the file extension .ino. The
editor has features for cutting/pasting and for searching/replacing text. The message
area gives feedback while saving and exporting and also displays errors. The console
displays text output by the Arduino Software (IDE), including complete error
messages and other information. The bottom right-hand corner of the window displays
the configured board and serial port. The toolbar buttons allow the program to verify

and upload programs, create, open, and save sketches, and open the serial monitor.
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3.4.2 C#

C# (pronounced "C-sharp") is an object-oriented programming language from
Microsoft that aims to combine the computing power of C++ with the
programming ease of Visual Basic. C# is based on C++ and contains features

similar to those of Java. We used C# to develop desktop application.

3.4.3 Proteus

Proteus is a Virtual System Modeling and circuit simulation application. The suite
combines mixed mode Simulation Program with Integrated Circuit Emphasis
circuit simulation, animated components and microprocessor models to facilitate
co-simulation of complete microcontroller based designs. Proteus also has the
ability to simulate the interaction between software running on a microcontroller
and any analog or digital electronics connected to it. It simulates Input / Output
ports, interrupts, timers, Universal Asynchronous Receiver/Transmitter and all
other peripherals present on each supported processor. Proteus was used in this

project to simulate WSN.
3.4.4 Unified modeling language

3.4.4.1 UML Definition

UML Is a programming language that is used for object-oriented software

development, to organize program code efficiently.
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3.4.42UML Enterprise architecture

Is visual modeling and design tool based on UML, the platform support the design
and construction of software systems ;modeling system processes and modeling
industry based domains.It is used by businesses and organizations to not only
model the architecture of their system but to process the implementation of these

models across the full application development life cycle.

3.4.4.3 Sequence diagram

Describe the interaction among classes in terms of an exchange of messages over

time.

They are used to represent or model messages, events, and actions between the

objects or components of a system.

Basic Sequence Diagram Symbols and Notations

1- Class roles

Describe the way an object will behave in context .use Unified Modeling Language

objects to symbol to illustrate class roles but don’t list object attributes.

2- Activation

Activation boxes represent the time an object needs to complete a task.

3- Messages

Are arrows that represent the communication between objects .Half arrowed  lines

are used to represent asynchronous messages.
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Asynchronous messages are sent from an object that won’t wait for response from

the receiver before it continuing its task.

4-Lifelines

Are vertical dashed lines that indicate the object’s presence over a time.

3.4.4.4Use case diagram

Use Case diagrams are used to describe the functionality of a system in a
horizontal way. That is, rather than merely representing the details of individual

features of the system.

Use Case Diagrams can be used to show all of its available functionality.

Basic UseCase Diagram Symbols and Notations

1- Use Case

Each use case represents a single task that the system needs to carry out.

2- Actors

Is anything outside the system that interact s with the system to complete a task.

3.4.4.5Data Flow Model

A data flow diagram (DFD) is a graphical representation of the "flow" of data
through an information system, modeling its process aspects. A DFD is often used
as a preliminary step to create an overview of the system, which can later be
elaborated. DFDs can also be used for the visualization of data

processing (structured design).
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A DFD shows what kind of information will be input to and output from the
system, where the data will come from and go to, and where the data will be
stored. It does not show information about the timing of process or information
about whether processes will operate in sequence or in parallel (which is shown on

a flowchart)

3.4.5Virtual Serial Port Emulator

Virtual Serial Port Emulator is software that is used to create virtual ports (coms)

to be able to deal with more than one device simultaneously.
3.4.6SQL server management studio

SQL Server Management Studio (SSMS) is an integrated environment for
accessing, configuring, managing, administering, and developing all components
of SQL Server and Azure SQL Database. SSMS combines a broad group of
graphical tools with a number of rich script editors to provide access to SQL

Server to developers and administrators of all skill levels.

SSMS combines the features of Enterprise Manager, Query Analyzer, and Analysis
Manager, included in previous releases of SQL Server, into a single environment.
In addition, SSMS works with all components of SQL Server such as Reporting
Services and Integration Services. Developers get a familiar experience, and
database administrators get a single comprehensive utility that combines easy-to-

use graphical tools with rich scripting capabilities
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3.5 Conclusion

This chapter presented previous studies similar to our project. It also gave brief
explanation of hardware and software tools and techniques that are used in this

project.
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CHAPTER FOUR

System analysis and Design



4.1 Introduction

The design of the proposed System will be demonstrated through UML diagrams;
the use case model, data flow mode land sequence diagram .this chapter explains

the system design.

4.2 System Description

This chapter describes the System, the functions of the system userand the
design of the database.

4.2.1System Description

Monitor insulin using wireless sensors network is a system that provides
monitoring service of the insulin.

This system provides continuously monitoring service to protect insulin from being
exposed to temperature and humidity level outside the acceptable range.
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4.3Use Case Diagram
uc UseCase_WsH /

WSN System

sense_temperature

Sensor

control_sensors

Arduino

Send_temp

xbee module

I
I
sincludes

i
View %
PC

Figure 4.3.1 Tasks of the System Components

Figure(4.3) is the use case model; that shows the system’s actors and

their roles and specifies the functionality of each component.
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4.4Data flow model

| dfd Data Flow Diagram... /

Envircnment

sensing from

envircnment

SEnNsSDr

Figure (4.4.1)flow of data between System Components.
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The figure (4.4.1)is data flow model the is the graphical representation of
the "flow" of data through the system, modeling its process aspects.to

create an overview of the system.

4.5 Sequence Diagram

4.5.1 Sensor

sd Sensor
A O O O
Sensor Converter Port_W3N Arduing
I
! I
! I
after read I

temperature convert

I
I
l
|
|
|
to raedable dataf) :

connect via port()

connect with
arduinod)

e ——Y

. A

Figure 4.5.1message flow between Sensors and other WSN components.
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Figure 4.5.1shows the message flow between system components. Firstly
sensor sense the temperature and humidity as a signal then convert it to

readable data and connect to system via a port using Arduino.

4.5.2 Arduino

sd Arduino

00 0

Sensor_convered Porl_WSH XBee
dats

i

i

conned with [ |

e
I

Figure (4.5.2)message flow between Arduino and other WSN

components.

Arduino obtains sensor data via aport; interacts with other WSN
components via a port and then connects with the Bluetooth to send

gained sensor data.This process shown in figure (4.5.2).
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4.5.3 XBee module

Argion_Duta

i)

Figure (4.5.3) message flow between XBee and other WSN components.

41



XBee send sensor data via a port to Arduino and then the datais

sentwirelessly to Gateway (PC).this shown in figure (4.5.3).

4.5.4 PC

O O O

interface WSN DatsBase
1 |

3 =

1

. 1
recieved sensor 1
temp_degree on{)

-

|

|

|
[ |
-
|
|
|
|

which sent fromd{)

|
|
|
|
|
|
|
|
g |
Lol |
|
|
|

Donel)

0
A
[

B i |

Figure (4.5.4) message flow between the Gateway (PC) and other WSN

components.

Figure (4.5.4) shows the message follow between the PC and other
system components, the Gateway receives sensor data which sent

wirelessly from the WSN this data is stored in database.
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4.6 Conclusion

This chapter has provided information about the system description as well as

system design using UML description.
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CHAPTER FIVE

IMPLEMENTATION



5.1 Introduction

This chapter demonstrates the implementation and the execution of the system.

5.2 A brief description about temperature and humidity

Temperatureis a measure of how hot or cold something is. Humidity is the amount
of water vapor in the air. Understanding the concept of temperature and humidity
helps in determining the best place to store insulin.Insulin can be kept at room
temperature [15-25 degrees C] for 28 days. But recommendations are that a single
vial may be used repeatedly over a 3 month period, as long as the vial is

maintained at the correct storage temperature of 2 to 8 degrees C.

5.3 Scenarios

Arduino microcontroller, temperature sensor, Bluetooth module assembled
together using the breadboard. Sensors are used to read the temperature from the
environment, and Arduino is used as a microcontroller to control those sensors,
wirelessly Sensor’ data is sent to the desktop application .The desktop application
is an interface that receives sent data which is wirelessly sent from a remote node
[8], then this data is stored in MySQL database, the data is retrieved from the
database and displayed in Application interface to show the current temperature

and humidity degree of the stored insulin.
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Fig (5.1) Bluetooth circuit

Bluetooth does not allow other nodes to send simultaneously because it is a
paired connection. Therefor it doesn’t approve the concept of WSN. Therefore we
replaced it by the XBee module which enables simultaneous connectivity
between nodes and the gateway .For budgetary reasons Proteus to simulate the
nodes and VSPE to establish virtual ports to enable connection with multiple nodes
because PC has only one port. Three nodes are simulated; each node consists of
Arduino, DHTI11 sensor, and the XBee module. Each node reads the temperature
and humidity and sends it wirelessly through XBee to the collision point. The
collision point then sends these data wirelessly to the desktop application through

the XBee module.
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5.4 Simulation Screens

Fig (5.2)simulation screen

The figure above displays the nodes and the gateway.
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Fig (5.3)node structure

Each node contains a DHT11 sensor to sense temperature and humidity, Arduino

to control data transmission from and to sensors, XBee module to send the data

wirelessly to the gateway and terminal to show readable data.

After compiling andrunning the simulation above the administrator open the main

screen to display, sensed data.
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5.5 Application Screens

Fig (5.4)application interface

Tis a temperature fields and
His a humidity fields .

When clicking the CONNECT button, the connection with the database is
established.

And when clicking the REFRESH button, the transmitted data from the gateway

appears in the Text Fields and is automatically saved in the database.

When clicking the REPORT button, the saved information about insulin status will
be retrieved from the database. Figure(5.4) shown the main interface of the

application.
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5.6 MYSQL Database

MYSQL server is used to create the database, the table below shows the database

fields for each node.

[a] Humidty Temperaure Date_time
T 67 o2 3-10-2016
B 68 70 3-10-2016
9 &7 66 3-10-2016

5.7 Summary

This chapter demonstrated by figures the implementation of the system, and

database structure.
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CHAPTER 6

Conclusi IR lati



6.1 Introduction

This chapter shows the result of using Wireless Sensor Network in monitoring

Insulin.

6.2 Result

6.2.1 Desktop application

Fig (6.2)desktop application interface

At the upper left section, three sensor nodes with their parameters (temperature
humidity), nodes id during date and time and report generation. At the upper right
section baud rate specifies the rate for transmitting data, port number specifies the
port for communication and progressing bar show the progressing process of

connection. Button connect to connect with the gateway, disconnect button to
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cancel the connection with the gateway and the exit button to close the monitoring

interface.

The lower section is the curve show the changing of three sensor nodes monitored
parameters(humidity, temperature) with acceptable ,damaged and warning range,

during date and time.
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Fig (6.3) choose baud rate for data transmission.

Baud rate 9600 bps is chosen because; a software used on a computer

( Arduino IDE's serial monitor) has the same speed in order to see the data being

sent.
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Fig (6.4) chooses port number to connect with the gateway.

In this section COMS5 choose as available port which receives the data from nodes.
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Fig (6.5) connecting with the gateway.
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Fig (6.6) sensor nodes monitored parameters, sensed from the stored Insulin

location during date and time.
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id node_id h t date_time

---------------------

1 {2446 i nodel 20 4 2016-10-26 18:15:13.000
2 2447 node2 60 2 2016-10-26 18:15:13.000
3 2448 node3 59 0 2016-10-26 18:15:13.000
4 2449 nodel 20 4 2016-10-26 18:15:17.000
5 2450 node2 60 2 2016-10-26 18:15:17.000
6 2451 node3 59 0 2016-10-26 18:15:17.000
7 2452 nodel 20 4 2016-10-26 18:15:22.000
8 2453 node2 60 2 2016-10-26 18:15:22.000
'9 2454 node3 59 0 2016-10-26 18:15:22.000

Fig (6.7) monitored parameters of sensors 'nodes stored in data base, based on date

and time.
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Fig(6.8) curves change due to the monitored parameter(humidity, temperature)

during time.
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Fig (6.10) chooses node to generate report about.
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Fig (6.11) report is generated for the chosen node.
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Temperature warning has been occur

Fig (6.12) generate alert when the monitored parameters exceed the warning range.
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6.2.2 Mobile application

[ ¥ @ .al 73%m 12:37 PM

Arduino Control

Arduino UNO

Arduino Nano

JoyStick

Bluetooth Treminal

More Apps

Fig (6.13) chooses the microcontroller used to control WSN nodes.
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Fig (6.14) pairing process with Bluetooth module.
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[« Saving screenshot...

< Arduino Control

SEND

Fig (6.15) Bluetooth terminal receives the incoming data from the sensor.
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6.2Summary

This chapter explained the result of using Wireless Sensor Network in monitoring

Insulin.
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CHAPTER 7

Conclusion and Recommendations



7.1 Conclusions

In this research we have identified the main use of the Arduino microcontroller,
sensors and wireless modules in order to developed a desktop application and
mobile application.in this project we developed a system to monitor insulin status
by sensing and storing information about humidity and temperature in a database
for future use.

The application, monitors insulin using a Wireless Sensors Network which enables
the administrator to monitor insulin status remotely for quick and correct decision
making.

7.2 Recommendations

A lot of researches has been devoted to various Wireless Sensor Network
monitoring applications. Still , more work is require to improve systems in this
area.

We recommend the following:

e Develop a mobile application with alert and option to take an action.
e Testing the application with actual required equipment.
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