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ABSTRACT
The idea and concept of Wireless Sensor Networks (WSNs) have been proposed for
years and it is demonstrated to be applied in wide range of applications. With the help
of the WSNs, it eases the collection and monitoring of various physical parameter.
Through these data, system alert can be set and the historical data helps the trends
estimation. So that optimized control mechanism can be determined and designed. On
the other hand, with the rich research and development of the cloud computing and
“Big Data”, the WSNs is believes as one of the means to collect the required raw data
for such kind of studies.

In this project, it aims to develop a Wireless Sensor Network platform based on the
standard ZigBee technology so as to support the data acquisition for various sensors.
Therefore, a prototype WSN network is proposed; designed and realized using the
open source hardware Arduino, XBee communication technology and cloud platform
for WSNs data storage. As a demonstration, various analog sensors are equipped in
the proposed sensors as example, e.g. temperature, steam and ultrasonic sensors for
distance measurement. Therefore, an example application is developed to measures
some meteorological data, including the temperature, humidity, water level and so
forth at specific position.

As a complete WSN, beside the remote sensors nodes, one of the necessary
components is the “Coordinator” of the WSN which act as an interface of all sensors
nodes to the central data repository. In order to extend the flexibility of the proposed
WSN platform, mobile Internet access through 3G communication and Xively cloud
service for WSNs data storage are adapted, hereby, the collected sensor data can be
consolidated in the Internet anywhere through effective 3G network coverage.

Finally, the overall WSN system was tested and evaluated for its proper operations.
Various signals are sensed, sampled in the sensors nodes and transmit to the
coordinator through ZigBee network. The Coordinator reassembles the received data
packets, convert data to correct physical qualities; and upload these data by
controlling corresponding API of the cloud platform. Besides the sensor nodes and
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coordinator of the WSN, a mobile GUI is also developed on the Android platform
which supports the systematic data presentation.
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CHAPTER 1 INTRODUCTION
1.1 BACKGROUND
A wireless sensor networks (WSNs) which is a low cost and small volume
technology, it provided a low power consumption and low demand on CPU
and memory platform, it is usually used for monitoring system.. WSNs located
in a wireless network environment, composed by the sensors node which will
do the data collection depending on the application than through radio network
with directly or multi-hopping return to the base station.
WSNs technology becomes matures, many related products being developed,
such as i) environmental monitoring: in addition to meteorological monitoring,
can also be used in water quality monitoring, forest fire monitoring, it can also
be used in humans unable to penetrate one of the environment such as fire
environment, poison gas swamp etc. ii) Building monitoring, structure health
of detection the building interior. iii) Healthcare monitoring: the senor nodes
can be implanted in the human body, to observe human health, monitoring of
medication status. iv) Military monitoring: it can be used to monitor the action
of enemy.
Since wireless sensor networks are easy to deploy, with the widely applied for
wireless sensor networks, the study on WSNs is increasing, the drawbacks of
the WSN are gradually emerge, it cause some restrictions on the use, the
following gives some example:
 The sensor nodes are difficult to maintain.
The sensor nodes are usually use battery as power supply, when the
sensor nodes deployed, is difficult to maintain the nodes, and the lack
of information about the node, cannot immediately finish before the
battery runs out.


Low computing power
Because wireless sensors networks have the characteristics of small
volume and low power consumption, often limits the computing power.



The messages transmit in simplex way
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Usually the messages of WSNs are transmit in simplex way, users
cannot remote control the network. This is disadvantageous for the
maintenance of the network.

1.2 OBJECTIVES
The objective of this project is to implement the basic wireless sensor networks
for flexible applications. As mentioned, there is several functions to be
provided propose WSN several,


High Compatibility
The designed wireless sensor networks are high compatible to
different types of sensors.



Represent sensor nodes information
The network will provide the battery level of the sensor nodes, so
that the administrator can replace the battery instantly.



Remote user interface
User can comprehend the latest information about the sensor node
through the remote user interface with Android devices, it cause
user monitor the network through Android devices with internet.
.

1.3 REPORT ORGANIZATION
A brief introduction to wireless sensor network in this chapter. There are seven
chapters beside the introduction chapter. In chapter 2, it will introduce the
hardware structure of sensors node, and the network topology of sensor node.
Some challenge of sensors node will also introduce in chapter 2. Chapter 3
provides the structure of the wireless sensors networks, that chapter illustrate
the hardware options of the network. Chapter 4 will introduce the concept of
cloud computing, and provide the introduction cloud storage sever. Chapter 5
illustrate the structure of the coordinate and it’s operation. Chapter 6 explain
the remote user interface and it’s function. Chapter 7 is a conclusion of this
report to summarize the results.
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CHAPTER 2 WIRELESS SENSOR NETWORK
HISTORY OF WIRELESS SENSOR NETWORK

2.1

The predecessor of wireless sensor networks can be regards as Distributed
Sensor Networks (DSN). In the 1978 at the Defense Advanced Research
Projects Agency (DARPA) which organized a workshop focusing on sensor
network research which operated DSN program. DSN were expected to have
low cost sensor nodes that can cooperation with other nodes but operated
independently. These included sound sensors, communication component and
processing unit. The component of DSN were confirm in Proceeding of the
Distributed Sensor Nets Workshop.
Accent was developed at Carnegie Mellon University (CMU) which is a
communication-oriented operating system. Accent can access to distributed
resource for a fault-tolerant DSN flexibly.
An application of DSN developed at the Massachusetts Institute of Technology
(MIT) which is a helicopter tracking system, it using a microphones distributed
array by means of distributions and matching techniques
The technology of DSN had not yet matured even a large number of studies on
DSN, the sensor size of the nodes is large, and it limits the applicability of the
DSN. The development of computing, communication technology and micro
electro mechanical technology which promote the development of wireless
sensor networks. The research of WSN started around 1998. The research of
WSN more emphasis about networking technique and the information is more
suitable in high dynamic network, the sensors size is become smaller, the cost
also declined. Therefore, WSN began developed, the application become wider.

At the same time, IEEE 802.15.4 standard has defined. The origins of this
standard are low cost and high capacity for sensor network has developed.
Based on this standard, some standard are derived out, for example, ZigBee
Alliance has distributed ZigBee standard which is a protocol can be used by
WSNs.
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Nowadays, WSN has become one of the important technologies of the 21st
century, is an important element of human lives. WSN become a research
project in many counties, WSN in the civilian and military have a wide range
of application.

2.2 NETWORK TOPOLOGY

Network topology is a description of the how the connectivity between
elements. There are two type of network topology: physical topology and
logical topology. The shape of connecting elements via physical link is called
physical topology; this section will focus on physical topology, the following
sub-section will introduce several common types of physical network topology.

2.2.1 POINT TO POINT

The simplest topology, an element connects other element between two end
points. This topology is easy to design and easy to implement, but the
drawback is if the one element of the network damage, then whole network
topology will be affected and if some elements is added or removed from the
network, the network topology needs to be reassign. Fig 2-1 shows the point to
point topology.

Fig 2-1. The Point to Point topology.

2.2.2 BUS

In Bus topology, all elements in the networks connect to a single cable which
called bus cable. The information will transfer in both directions; all
information is addressed to find the receiver. It is easy to install and deployed,
low cost and the network is easy to extend. But it is not suitable to use in the
environment that big network traffic flow; the damage of the bus cable (even if
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only a part) will lead to paralysis of the entire network. Fig 2-2 shows the Bus
topology.

Fig 2-2. The Bus topology.
2.2.3 STAR

In star topology, a single central node is existing, each element is connect to
the single central node with a point to point connection, but not connect with
other nodes, the information must go through the central node to other nodes.
It is easy to install, the network performance will not effect by other elements,
unlike the point to point topology, if an element in the element is damaged,
and it does not lead to paralysis of the entire network. But the big drawback is
the network wills paralysis if the central node is damage. Fig 2-3 shows the
star topology.

Fig 2-3. The Star topology.
2.2.4 RING

This topology is set up with a circular between the nodes, the information
transmit in single direction, each element of the network act as a repeater. Ring
topology has a good performance to use at high network traffic. But the same
drawback as point to point network is the network will damage if an element is
damage. Fig 2-4 shows the ring topology.
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Fig 2-4. The Ring topology.

2.2.5 MESH

Mesh topology is very different from the above topologies, the information
transmit can through any different possible paths. There are two types of mesh
topologies which are fully connected network and partially connected network.
For fully connected network, each element is connected via directed physical
link. For partially connected network, only part of the elements is connected
with rest elements, the information may pass through other nodes. This
topology can provide a good fault tolerance performance; an element will not
affect others and the whole network. But the topology is complicated and not
easy to debug. Fig 2-5 and 2-6 shows fully connected mesh topology and
Partially connected mesh topology respectively.

Fig 2-5. The Fully connected mesh topology.

Fig 2-6. The Partially connected mesh topology.
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2.2.6 TREE
Tree topology is based on a hierarchy structure. The highest node call “root”
node. Each node connected its lower level nodes and higher level node. Only
one path exists between two nodes. The advantage is easy to manage and
monitoring the lower level nodes by higher level nodes. The disadvantage is
the network will partial paralysis if the higher level node is damage. Fig 2-7
shows the tree topology.

Fig 2-7. The Tree topology.

2.3 APPLICATIONS OF WIRELESS SENSOR NETWORK

Because there are many advantage of wireless sensor network, with different
types of sensor, wireless sensor network has wide range applications, the
following introduce some of the example:
 Health Monitoring
In medical, WSN can be used to monitoring the patient’s physical
condition. Heart disease, epilepsy, Parkinson’s disease and some other
disease, the health care can use WSN to monitoring patient’s physical
condition. Usually, the sensor deployed at the patient’s body surface,
some of the sensor are implanted in patient body.
 Air pollution monitoring
WSN has deployed in several city such as London, to monitoring of the
concentration of harmful air such as carbon monoxide, nitrogen dioxide,
Sulphur dioxide and order harmful air. The advantage of using a
wireless network is flexibility to monitor the air quality in different
regions.
 Traffic control
Transportation is an important infrastructure for modern society; it is
related to urban development. Traffic control can be used to monitor
traffic flow; it can be used to display the location of traffic jam, so that
13

drivers can understand the traffic situation. On the other hand, these
data can be used to identify potential congestion, for the road even the
overall transportation planning has a very important significance.
 Building structure monitoring
Monitoring of old building is essential, some of old building there are
potential structural crisis but unknown, using WSN to monitoring the
structure of building continuously, can prevent the building collapse
crisis.
 Water quality monitoring
Water is an important subsistence resource; WSN can be applying at
some large water storage facilities such as tanks, lakes, seas. The
sensor deployed under the water, so that people can easily monitor the
water quality with very detail data, for some location that difficult to
access, it is very useful.
 Pipeline Monitoring
There are varieties of underground pipelines, such as gas, water, oil
pipeline. Because the pipeline is buried underground, they are often
difficult to find potential crisis. If the pipeline spill, will cause major
disasters. WSN can help engineer early discover the accident.
 Preventing for natural disaster
Human cannot change the natural phenomenon, but if the phenomenon
can be forecasted early, take appropriate precautions, damage to life
and property can be minimized. The WSN of Forest fire, flood, and
active volcano had been invented.

2.4 CHALLENGE OF WIRELESS SENSOR NETWORK

2.4.1 ENERGY

Energy is a big challenge of Wireless Sensor Network which is a critical factor
in the network. Usually, batteries are considered to act as power source for a
sensor node, it roughly divided into two major categories of non-rechargeable
and rechargeable. If non-rechargeable batteries are used, it must be very durable;
the period should be as long as several years of use. If rechargeable batteries are
14

used, the durability should be typical of non-rechargeable batteries, but a solar
charger or wind charger can be used to charge the battery if it is placing in
outdoor environments.

2.4.2 SELF-MANAGEMENT

Usually sensor nodes are placed to some harsh environments, to repair may
require a lot of resources and time, so self-management is important and
necessary for wireless sensor nodes, they are able to self-configure and selfmanagement, self-adapt to environmental changes.

2.4.3 ATTENUATION OF WIRELESS NETWORKING

Radio Frequency is a common choice of media for transferring data between
nodes, because it is easy to achieve and configure, Radio Frequency is easily
pass through obstacles, but the drawback is the transmitted power attenuate with
the distance between transmit and receive station. The receive power is inversely
proportional to the square distance. If the transmitting ranges increase, the
energy consumption will correspond increase in geometric progression.

2.4.4 SECURITY

Security is important for wireless sensor network. Two goals for the security of
wireless sensor network: i) protection of data transmission security, avoid
someone eavesdropping, ii) to avoid the network being interfere. Typically an
encrypted connection is used for the network, to prevent network attacks by
malicious hacker and so avoid the network paralyzed.

2.5 WIRELESS SENSOR NODE
Wireless sensor network is a set of wireless sensor nodes which also called
mote, it can sense processing data and the data can be sent to the network. The
main function of it is for collecting the changes of physical quantities from the
sensor. Wireless sensor nodes are also able to process and send and receive
15

data to the network. The reason of using wireless sensor nodes is sometimes
the sensors are deployed in remote area, wireless sensor nodes can be work as
centralized processor, it also provide communication and storage ability.
Therefore, wireless sensor nodes make the network more flexible to control.
Typically, a wireless sensor node consists of three main components which are:
i) sensor, ii) processor, iii) transceiver and iv) power unit. The sensor unit is
connecting the sensor node to the physical world. Transceiver unit is for
processing data, using microprocessor to operate some application such as
ADC, also have internal memory for storing data. Transceiver is for exchange
the information to the network via wireless communication channel. Power
unit is for supplying power to the sensor node, often include a regulator to
provide multiple voltage to different component. Fig 2-8 shows the hardware
structure of wireless sensor nodes.

Fig 2-8. The hardware structure of wireless sensor nodes.
Some sensor nodes also including a storage unit and debug unit. The storage
unit is an auxiliary for recording data, act as a secondary memory. Debug unit
is for debugging interface when the sensor node in the testing, this unit will
remove when final product is published.
This section introduced the hardware components of wireless sensor node
which can be divided into four parts, sensor unit, processor unit, transceiver
unit and power unit. The designed hardware should be meet both design
requirements and exert the advantages of WSN.
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2.5.1 SENSOR UNIT

Sensor is an important component of wireless sensor nodes, which are able to
monitoring the changing of physical quantities in the environment and transfer
it to electric signal (can be analog or digital). Just like human eyes can monitor
optical information, ears and nose can monitor sounds and smells respectively,
skin can generate the sense of touch. The following introduce the difference
between analog and digital sensors:
 Analog sensors use analog voltage signal to represent the physical
quantities that they sense. Analog signal is a continuous wave signal,
for the signal can be easily processed, usually the signal need to be
digitized by some ADC chips. The processor will translate the electric
signal to meaningful physical quantities, i.e. temperature or speed.
Amplifiers and filters are used in sensor since to consist the rage of the
ADC.
 Digital sensors included the entire components mentioned in analog
sensors. Digital sensors can generate the digital signal directly. On the
order word, internal ADC is embedded in digital sensors.

2.5.2 PROCESSOR UNIT

Processor is another important component of wireless sensor node. Processor
is responsible for processing and collecting data, the computing power of
processor will affect the performance of WSN directly. Microprocessors,
microcontrollers and programmable logic also can use as processor of WSN,
microprocessors

and

microcontrollers

are

generally used

in

WSN.

Microcontrollers including a microprocessor and other additional devices, such
as data bus, RAM, integrated storage, ADC, timer/counter. The details will
introduce in next chapter.

For designing or choosing the processor of WSN, the following are main
consider:

17

 As before mentioned, wireless sensor nodes should be low energy
consumption, microcontrollers are designed to have different operating
mode, such as active mode, sleep mode. Many people believe that,
when microprocessor turned to sleep mode, the power consumption
will be lower than active mode absolutely; actually, this is a
misunderstanding. In sleep mode, the processor stop computing, but the
processor still need to maintain the time synchronization and some
memory control, when appropriate, the processor needs to wake up.
The power consumption of processor is related to the transition time of
wake up or sleeps down, the faster processor can wake up or sleep
down, and the more energy can save.
 Computing Speed. The computing speed of processor in WSN not
required a high speed processor. Since the processor just needs to
processing the local data and executing the wireless communication.
Table 2-1 shows the important characteristic that for choosing processor for
WSN.
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Table 2-1 Comparison of Microprocessors
Atmel AVR

Microchip

MC68H(R)

Amtel

AT90LS8535

PIC16F877

C 908JL3

AT91M404000

(Preliminary)

16/32 Bit
Strong Thumb

Flash memory

4K

8K x 14

4K

External
Memory

Endurance

1K

1K

10K

N/A

MIPS/mA

1.25 min

1.66

0.1 (typical)

0.6

(preliminary)

MIPS/mA

(1.35 mA static
current)

A/D channels

8 (10 bit)

8 (10 bit)

12 (8 bit)

0

In-application

No

Yes

Yes

Yes

2.7-5.5 V

2.0-5.5 V

2.7-3.6 V

2.7-3.6 V

35

40

23

100

programming
(IAP)
Operating
voltage
I/O pins

Accounting to table 2-1, Atmel AT90LS8535 has good performance for most
WSN application.
2.5.3 COMMUNICATION MEANS

Wireless sensors nodes need to communicate with other nodes or base station
via wireless channel, it must be a duplex communication channel. To reduce
the energy the consumption, the output power needs to allow adjustment.
There are two main wireless communication methods: Radio Frequency and
optical. It cover range should be from 10 to 100 meters.


Radio Frequency

Radio Frequency (RF) is a wireless communication method used
electromagnetic waves, the frequency can be less than 3 Hz or even larger than
3000 GHz. The advantage of using Radio Frequency is: i) it is easy to use, ii)
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there are many related products in market. So RF is a common choose of
transfer information in WSN.


Optical

Two technologies for optical wireless communication method: laser and
infrared. Laser is some light that emits by stimulated emission through optical
amplification. Infrared (IR) light is the electromagnetic wave that wavelengths
longer than visible light.
The advantage of using laser and infrared to communication: i) cost of laser is
less than RF communication, ii) no need to design antenna; iii) it is difficult to
intercept since the signal is not broadcast.
The common drawbacks of optical as: i) susceptible to obstructions, ii) the
radiation is directional, iii) the transceiver and receiver need to aligned in
appropriate direction. So optical is not suitable to use in long distance and nonhollowness area.
2.5.4 POWER UNIT
Power unit is response for supply energy to the sensor node. Power unit
including battery, often a voltage regulator is also include maintaining the
voltage at fix level.
The power unit can be designed environmentally, such as light and wind, but
they may less stable than battery, since they depending on weather and area
that deployed.
Three types of batteries is generally use which are alkaline, lithium and nickel
metal hydride. For alkaline batteries, it is a high capacity battery source, but
the output voltage is instability. For lithium batteries, the size is tinier, and the
output voltage is more stable than alkaline, but the output current is not strong
enough, usually, less than 1000 mA. For nickel metal hydride batteries, it is
easily recharged, but the capacity is half of the alkaline. When selecting a
battery, the choice should be made accordingly depending on the application.
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Figure 2-9 Different type of power source. (a) AA Battery, (b) re-changeable
battery (c) solid panels (d) wind generators

2.6 ADVANTAGES OF WIRELESS SENSOR NETWORK

With the fast development of micro electro-mechanical systems (MEMS) and
wireless communication technologies, WSN developed very fast, the main
advantages of WSN are:
 Hardware is small size. WSN sensor is designed as easy deployment,
can be placed in suitable location, for example, if an environmental
sensor networks is operate at large city, if the sensors size are large, it
is not easy to deployed.
 Inexperience. To drop the cost is one of the main purposes for
designing WSN; this can reduce expenses across the network. Each
sensor is inexperience so the applications of WSN become wider, it is
suitable to use at extensive in harsh or difficult to access locations.
 Low energy consumption. Power supply is the biggest problem faced
when designing WSN. Usually, sensors are deployed in harsh location;
therefore, to replace the battery becomes very difficult. To reduce
energy consumption to extend battery life becomes an important issue
of WSN.
 Self-configurable. Sensors nodes should be able to organize by
themselves autonomously, without the prior configuration. If any nodes
21

failure, make changes to the network topology, the sensors have the
ability to reconfigure the network.
 Reliability.

Usually,

noise

commonly

found

in

wireless

communications, this will lead to communication errors. So the
protocols of the sensor networks should have error control and
correction to ensure accuracy of information transmitted.
 Good fault tolerance ability. Since the location of sensors deployed
probably harsh location, fault tolerance is important ability for the
sensor nodes, thus sensors can self-repair and self-recover.
 Efficient spectrum utilization. Because the spectrum of the sensor
network is limited, so the protocol should be efficiently to improve the
utilization.
 Security. The security of the sensor network is important especially in
some military application. A sensor network should have strong
enough protocol to protect the information avoiding attack.
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CHAPTER 3 STRUCTURE OF PROPOSED WIRELESS SENSOR
NETWORK
3.1 STRUCTURE OF THE NETWORK
In pervious chapter, the structure of the coordinator has mentioned. This chapter will
introduce the structure of the designed network. Figure 3.1 shows the block diagram
of the designed wireless sensor network.
Sensor node
T

E
Cloud Store Sever
U
S

Sensor node

R
S

E

S

T

Internet access
module

U

Remote User
Interface

E

U

S

C

R

S

E
T

Microcontroller

C: Coordinator
R: Router
E: End device
T: Temperature sensor
U: Ultrasound sensor
S: Steam sensor

The part of end devices
is connecting the sensors
including temperature,
ultrasou nd and steam
sensor.

R

U

S

The part of router is not
jus t c onn ect i ng t h e
sen sor s, b ut a lso the
communication bridge
between end device and
coordinator.

The part of the coordinator for
processing the data from the
network and forward to the
cloud storage sever.

Th e p ar t o f t h e u ser
interface is for the users
to monitoring and
c o n t ro l th e n e tw o r k
throu gh the c loud
storage sever.

Figure 3.1 The block diagram of the designed wireless sensor network.

3.1.1 COORDINATOR
Coordinator is an important devices of the network, each network must contain one
coordinator. As figure 3.1 shown, the coordinator is composed by three elements
which are a microcontroller, an internet access Module and the coordinator of XBee.
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The coordinator is responsibility to process the data from the sensor network, handling
user needs, Users through the remote user interface to control and monitoring the
entire network.

3.1.2 ROUTER
Since the transmit distance is limit, to building a wide range sensors network, router is
necessary for the network.
A router is a device that provides routing and forward data services, to achieve the
data for long transmission. A router according to the address information of the data to
forward the message with acceptable path. For XBee network, a router in addition to
provide routing services and forward data services, it can also be used other features
as the end devices. It means that a router not only a network platform, it can also be
used to monitoring the physical parameter by sensor. This feature can savings coast,
contribute to the development of the network. Because of the above mentioned feature,
the designed network use router to achieve a wide range network.

3.1.3 END DEVICES
The end devices usually has maximum number present on the network, the end
devices in the wireless sensor network is responsible to recording the environment
parameters which returns by the sensors. Since end devices are not providing any
routing and forwarding feature, it means that the power consumption of end devices is
lowest.

3.2 SENSORS
The designed network is used to provide some meteorology data, in addition to
provide basic meteorological data, such as temperature and humidity; it also provides
water level information. Three types of sensors are used in the designed wireless
sensors network which is temperature sensors, ultrasonic sensors and stream sensors.
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3.2.1 TEMPERATURE SENSOR
Temperature sensors can be used to monitoring the environment temperature. The
temperature sensor are widely used, it can be used as environment monitoring for
usage meteorology. And it can also be used as large warehouse and server room, it can
protect the materials and equipment to the ideal temperature.

Figure 3.2 temperature sensor
3.2.2 ULTRASONIC SENSORS
The ultrasonic sensors is like a radar and sonar, it can be used to measuring the
distance. The ultrasonic sensors generate the high frequency sound wave which
determines the distance by the echo. The sensors calculate the time interval between
transmit ultrasonic sensors and receiving the echo. The ultrasonic sensors are also
widely used such as measuring the depth of the hole, whether the building meets the
design requirements. For the designed network, for meteorology use, the ultrasonic
sensors can be used as monitoring the water level thus speculated that the extent of
drainage.

Figure 3.3 ultrasonic sensor
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3.2.3 STREAM SENSOR
The stream sensor can be measure the degree of moisture in the air, it can be used to
conjecture the humidity of the air. The stream senor used in the network is very
sensitive to rain, it can be trigger the XBee when the sensor sensors a certain degree of
humidity.

Figure 3.4 stream sensor.

3.3 INTRODUCTION TO MICROCONTROLLER
Microcontroller, so called single-chip computer which contain entire computer system
on a single integrated circuit chip, containing a processor unit, memory unit, i.e. ROM
and RAM, input/output unit etc. as shown in Fig 3.5. The structure contains in a small
chip. Microcontroller can be widely used in embedded system such as microwave
oven, mobile phone etc. The main usage as collecting data, process and compute such
data, and control other devices base on different environment. Microcontrollers have
many applications, for example some medical equipment such as blood glucose meter,
blood pressure monitor. Microcontroller can also be used in smart grid such as Emeter, flow meter.

Fig 3.5 A Block diagram of a microcontroller.
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3.4 POSSIBLE MICROCONTROLLERS

3.4.1 ARDUINO SERIES
Arduino is an open source single-board microcontroller, it use Atmel AVR
microcontroller, based on the use of open source hardware and software platform, the
software development environment available for free download on the Internet and the
circuit design of the Arduino is also available to download from the official website.
The development environment is similar to Java and C, it let the developer can easily
be develop. Because it is open source system, it allows developers to design expansion
devices to Arduino, it make Arduino to become a power platform. The two common
boards of Arduino are Arduino Uno and Arduino Mega 2560. The size of Uno is quite
small, many of the expansion devices are develop for Uno. Mega 2560 is the most
power model of the Arduino board, Mega 2560 outfit with ATmega2560, which can
support 54 digital pins and the memory of 256 KB.

3.4.2 RASPBERRY PI
The size of Raspberry Pi as small as a credit card, it is a computer that Linux-based
system, which also provide video and audio processing, GPIO ports, and also provide
10/100 Ethernet and 2 USB ports. Unlike Arduino, Raspberry pi needed to be preinstall the OS in order to operate. Raspberry pi is not open source devices, the
developers cannot arbitrarily to design expansion devices as Arduino, and this has
limited the development of raspberry pi.

Table 3.1 Comparison of Arduino Uno, Mega 2560 and Raspberry Pi.
Arduino Uno

Arduino

Mega Raspberry Pi

2560
Microcontroller

ATmega328

ATmega2560

ARM 1176JZF-S

Operating Voltage

5V

5V

5V

54

8

Number of Digital 14
pins
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Number of Analog 6

16

None

pins
Clock Speed

16 MHz

16 MHz

700 MHz

Memory

SRAM 2KB,

256 KB

512 MB

EEPROM
1KB

From table 3.1, the most computing power is Raspberry Pi, but considering there are
more expansion devices for Arduino, and it support serial port to communication with
other devices. It is easier to update the software than Raspberry Pi. So the Arduino is
more suitable to use in the network.
3.5 THE INTERNET ACCESS METHODS
The developers developed some expansion devices for internet connection for
Arduino, such as Wi-Fi shield, 3G shield and Ethernet shield. The following sections
will introduce the each stand pros and cons for WSN.

3.5.1. ETHERNET
Ethernet is a network technology for local area networks, Ethernet can provide fast
and stable data transfer mechanism, provide a very reliable network connection. But
Ethernet is not conducive with WSN, since a cable is necessary for data transmission.

3.5.2 WI-FI
The Wi-Fi technology allows different devices to communicate to the internet without
wire connection. The Wi-Fi technology can provide high speed data connection, is a
popular technology for wireless communication. However, due to the coverage area of
Wi-Fi is limited, some area such as outdoor are not easy to install the Wi-Fi access
point. Using Wi-Fi may not be the ideal choice of the WSN.
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3.5.3 3G
The 3G technology can also provide high speed data connection without wire
connection. Usually, 3G service provides can provide broad coverage area. Use 3G
technology let WSN can establish the internet connection even in harsh area.

Compared to other methods, 3G has less restrictive, therefore 3G is used for network
access method.

3.6 THE OPERATION OF THE NETWORK
With the previous mention component and done the configuration, the wireless sensor
network can be establish. The sensors will collect the environment data through the
network path transmit to the coordinator. Since the sensors of the network used are
analog sensor, the sensors will use an analog value to represent the value of the
physical parameters. As previous chapter mentions, the coordinator will process and
analysis the data, Arduino will translate the analog value to corresponding physical
parameters value, than the data will upload to the cloud storage server. The users or
administration can control or the information of the networks through the cloud
storage server, when the coordinator receives the request will forward to the
corresponding sensors node.

3.7 DEFINITION OF CLOUD COMPUTING

Cloud computing is a popular technology, but have not a unitary definition,
commercial and academic try to find the definition of cloud computing; a general
comprehension is a large number of computer connected together through internet to
remote servers access data and applications, that is the data and application. Many
web services can be regard as application of cloud computing, such as Webmail
service, cloud backup, video hosting service, social network hosting service. The
following introduce some particularity of cloud computing:
 Depending on the requirement of the users to choose different degrees
of computing capabilities.
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 The computing resource can be dynamically assigned such as processor,
bandwidth, hardware.
 Gives people the illusion of infinite resources.
Initially, clouding computing providers only offer storage services and raw computing.
Nowadays, the provided services more widely, usually include APIs and development
tools, so that their services can be infinitely extended. After years of development,
clouding computing is already beginning to see mature.

3.8 TYPE OF CLOUD COMPUTING

Cloud computing can be divided as three types which are: i) Infrastructure as a
Service, ii) Platform as a Service, and iii) Software as a Service. Fig 3.6 shows the
cloud computing stack.

Fig 3.6 The cloud computing stack.
3.8.1 INFRASTRUCTURE AS A SERVICE (IAAS)

This is the most basic cloud computing service model which offering computation,
storage, and communication resources. In other words, IaaS just providing the
hardware resources to client, including: computing, storage, networking, etc.
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3.8.2 PLATFORM AS A SERVICE (PAAS)

Based on IaaS, PaaS provides solution stack as a service and computing platform.
Services provider provide development tool or application programming interfaces
to their client to create software. The client also can deploy and config the software.
Host is provided by Services provider the client’s application, so the client is
provided to use programming language to build the service, no need to manage and
control the clound infrastructure. One of the examples is Google App Engine,
which provides Python and Java development tools to their clients.
3.8.3 SOFTWARE AS A SERVICE (SAAS)
SaaS is also called “on-demand software” which is most of the internet users will
be used directly than above two services. SaaS is a software delivery model which
is hosted in the cloud on a centralized software and associated data. The client of
SaaS is usually accessed by web browser. SaaS has many applications, such as
Gmail, Facebook, Microsoft Office. The benefit of using SaaS can reduce the
demand for hardware, but the best performance can be acquired.

3.9 CLOUD STORAGE SERVER
This project will use PaaS service for data logging and computing and API for
develop Android Application to monitor and control the wireless sensor network. The
following are brief introduce of a PaaS provider -- Xively, and use it to develop the
project design.
Xively is a PaaS services which provides the services and tools to develop the solution
of software and hardware that connect to the cloud. Fig 3.7 shows the cloud services
that Xively provide.
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Fig 3.7 Cloud Services that Xivelyprovide.
Xively provide developer workbench and management console to developers
to manage their products and processing the data store in cloud. Xively also
provides API services to make developers easier and faster to develop their
products. Xively API provides 7 resources: Products, Devices, Keys, Feeds,
Triggers, Data-streams, and Data-points.
Many devices that are able to access network and have processing ability can
connect to Xively via API. The devices can report data to Xively to update and
bring new information to the user.
Customer Backend Services and applications can also through Xively API to
access data from the network and thereby acquire the status of the network,
according to such information users can issued commands to control the
network.
Through some ancillary services that provide by Xively can make developer’s
product become perfect.
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The cloud storage server is an important component of the network. The server
should able to process the data that come from coordinator and user remote
interface, it also should able to have a large enough storage space to save all
historical data. The server should be appropriate time to process all requests
from the remote user interface and network coordinator. Also, the server can
be used to back up the important message of the network, such as the
configuration of the network and the some parameter of the networking setting.
The use of the cloud storage server of the network are able to storage the data
permanently, it support HTTP PUT request to the coordinator and the RUI to
upload the environment information and the commands to the server. And also
support HTTP GET request to download the historical data and the commands
that storage in the server. The cloud storage server support JSON, CSV and
XML as the data transmission language.
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CHAPTER 4COORDINATOR

4.1- INTRODUCTION TO COORDINATOR
Coordinator plays an important role for wireless sensor network. Each network must
contain one and only one coordinator which is the core of the network. The
responsible for the coordinator are building a network, controlling and manage the
network, process the data and communicate with the cloud storage server.
For the designed coordinator, it can compose to three components which are a
microcontroller, an internet component and a ZigBee module.

4.1.1 STRUCTURE OF THE COORDINATOR


Microcontroller board
A microcontroller board is the main component for the coordinator, it is an
important and indispensable component, which is used to config the ZigBee
network, and as a bridge between ZigBee network and the cloud storage server.
The responsibilities for microcontroller such as: setup the internet component
to ready state, building the wireless sensor network, receive and process the
data from each sensor node, synchronous the data with the cloud storage etc.



Internet component
The historical data of each sensor nodes and commands that come from the
user are storage in cloud storage. The internet component responsibilities for
communicate to the cloud storage. It should be at ready state at any time, and
need to choose a stable and less susceptible as network media.



ZigBee module
The designed wireless sensor network is used ZigBee standard which is based
on IEEE 802.15 standard, is a low power, low cost but can be used as long
distance transmission, it can support a large number of network node and
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Figure 4.1 the block diagram for the structure of the coordinator.
4.1.2 COMMUNICATION BETWEEN THE COORDINATOR COMPONENTS
As previous section mentioned, the coordinator is compose with three components,
the three component which is used serial port to communicate. Usually, the
components use Serial port to communication. Serial port is a communication
interfaces which only one bit transmits at same time, the old classic computer is
widely used, but some of the communication equipment still used. Therefore, the
microcontroller should be at least support 2 serial ports.


AT commands
AT commands are used to control a network device usually a modem, to dial
or answer phone call, build the data connection, change the parameters for the
telecommunication etc. The commands are always start with “AT”, it informs
that start of the command. The 3G module and XBee module both use of AT
command to control. Arduino can send the command to the 3G module and
XBee via serial port.
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4.2 COMPONENT OF THE COORDINATOR

4.2.1 ARDUINO MEGA 2560
The microcontroller board is chosen as Arduino mega 2560 which contain an
ATmega2560 microcontroller. The input voltage range of the board is 6~20V. It
contain 3 serial ports, it means that the board can support to communicate with
Internet component and the ZigBee module simultaneously. The board has a strong
computing power, it is suitable for processing the data and increase the network’s
capacity.

Figure 4.2 Arduino Mega 2560.

4.2.2 SIM5218A MODULE
Cellular network is the stable and less susceptible media, it is suitable to use for the
transmission. SIM 5218A module which is able supports HSPA/WCDMA and
GSM/GPRS/ERGE standard. It also supports USB 2.0, embedded SIM card, SD card
and GPS interfaces. The module is installed to the shield which is designed to install
to the Arduino more easily.

Figure 4.3 SIM5218A module
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4.2.3 XBEE
XBee is a wireless communication module to be used most frequently in Arduino. The
advantages of the XBee are: long transmission distance, support different network
topology and multipoint transmission etc.

Figure 4.4 XBee
4.3 WORKFLOW OF THE COORDINATOR
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Figure 4.5 The flow chart of the coordinator.
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Yes, accepted.

The flow chart shows in Figure 4.5 mention the workflow of the coordinator, the
following sub-section introduce the detail about the workflow.

4.3.1 SETUP STAGE
When the coordinator starts up, the sensor network and the 3G Shield need to be
config to the ready stage.


Configuration of 3G Module

To config the 3G Module to ready stage, ensure that the 3G Module is able to
build a data connection to the internet. Like the use of mobile phones, use
commands “AT+CGSOCKCONT” to setup the access point name (APN) and
use commands “AT+CSOCKAUTH” to setup the authentication for PDP-IP
connections of socket which is the gateway name of the cellular network,
which is necessary for building the data connection for cellular network, and
then opens the network socket and active the socket PDP context.


Configuration of XBee

To config the XBee network, make sure the personal area network ID (PAN
ID) is has been set in the XBee of the coordinator. PAN ID is the identification
of the network, each network has unique PAN ID, only XBee connected to the
network able to see its PAN ID. The range of the PAN ID can be from 0 to
0xFFFF. The destination address is also an important parameter for the XBee
which is the identification of the XBee, It is necessary information when
sending information as specified recipient.
Another important parameters for the configuration are “Cylic Sleep Period”
and “Time before Sleep”, for energy conservation, the network nodes can be
fall to sleep, and sleep mode can achieve longer sample rate for the network
nodes. Although the coordinator cannot fall to sleep mode, but that two
parameters can used be a marker to record the sleep mode of the nodes.
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4.3.2 READY STAGE
After complete the configuration, the coordinator will waiting for receiving the data, it
will keep checking for the new data. The coordinator is able to receive the data from
the sensor nodes and the cloud storage. The data from sensors nodes is contain the
return data from the sensors and the voltage level of battery from the sensor. The data
from cloud storage is contain the message of the commands that send by the user
through user remote interface (the user remote interface will introduce in next chapter).


Received the data from sensor nodes

If the data received from the sensor nodes, the coordinator will check the valid
of the data and determine whether data loss. If the data is valid and it is no any
data lose, the coordinator will upload the received data to the cloud storage via
HTTP PUT request. The server wills response to indicate whether it accepts or
not. If the server accepts, the coordinator will return to ready stage, if not, the
coordinator will re-send it again.


Received the data from the cloud storage

The design sensor network allows users to use the remote interface to control
the network. The command messages that send by user will save at the cloud
storage. The coordinator will periodically check for new messages. If there are
any new messages, the coordinator will check the commands valid, if valid the
command will send to corresponding node. If not, the coordinator will request
to retransmission to get the update message.

4.4 THE DESIGN OF THE PCB
A printed circuit board (PCB) is the board that provides the connection between
different electronic components. The electronic component can be socketed and
surface mount on the PCB.
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Figure 4.6The layout of the PCB.

The PCB has X pins which can be plug in to the Arduino. The serial port of the XBee
is plug with the TX/RX X of the Arduino mega. The use one of the digital pin as the
XBee power supply, a regulator is need to regulate the voltage to the XBee operating
voltage. Figure 4.7 shows the regulating circuit.

Figure 4.7 The regulating circuit.
Parallel a 1μF capacitor between the input of the regulator and the ground and other
1μF capacitor content to the output of the regulator and the ground. The output of the
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regulating circuit is 3.3V and the max. output current is 160 mA, which satisfy the
requirement of the XBee.
The following sub-section introduces the feature of the designed PCB. Figure 4.8
shows the designed PCB circuit board. Figure 5.7 shows the design PCB.

Figure 4.8 The design PCB.
The following introduce the advantage of the designed PCB:


Reduce wiring
One of the advantages of PCB is reducing the wiring, it can make the
appearance more formal, and it can also reduce the chance of short circuit
caused by contact failure due to the wire.



Unified power source
Since the coordinator is composed by three elements, in order to facilitate
management, it is necessary unified the power source, that is, use only one
battery to supply the power to the coordinator. Since the digital pin of the
Arduino is 40mA, due to the low power consumption of XBee, through this
method, to be the power source of the XBee.



Comfortable to assemble
The size of the design pin is consistent with the Arduino, this design enables
PCB easy to assemble to the Arduino. Considered in the design of this issue, for
the development consideration, PCB is simply to assemble with Arduino.



Reserved space for development
The female header has been assembled on the PCB, for further development,
the other devices can connect the Arduino through the PCB.
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4.5 ASSEMBLE THE 3G MODULE FOR THE ARDUINO
Similar to the PCB, the 3G module also contain female header to the user for its
development, the other devices can connect the Arduino through the PCB
conveniently. The power supply of the 3G module can be used as the power pin of the
Arduino, it is facilitate for power management.

Figure 4.9 shows the whole coordinator.

4.6 POWER SUPPLY OF COORDINATOR
Power supply is an important component of the coordinator, as pervious mentioned,
the whole component use only one battery for whole coordinator. Should choose a
power source that is suitable and capable of supplying the entire coordinator use. The
rate voltage and current of the Arduino, 3G module and XBee as table 5.1.

Table 4.1 The rate voltage and current of the Arduino, 3G shield and XBee

Rate Voltage

Arduino Mega

3G module

XBee

5V

4.2 V

3.3V

560 mA*

40 mA

Rate Current at 200 mA
rate voltage

* When the module uses WCDMA 2100 for data transmission at power is 23dBm.
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From table 4.1, when the coordinator operates at 5V, the input current of the
coordinator should at least 800 mA. The rate current of other operating voltage see
also the appendix A.

4.7 DATA DECODING FROM THE XBEE NETWORK
4.7.1 DECODING THE DATA FROM THE SENSORS NODE
The sensors will return the data from the end devices to coordinator, the coordinator
will process and analysis the received data than forward to the cloud storage. When
operate at API mode, a frame will use between communicating at different mode. In
addition to the sample data, the flame also provides some other information to assist
the coordinator judge the valid of the flame.

Start byte

Length of the frame

Frame type

Destination address

Source Network Address

Receive options

Number of samples

Digital samples

Analog samples

Checksum

Figure 4.10 The frame structure of API format for sampling data
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The frame shown on figure 3.2 has 10 types of byte. Since the length of frame is not
fixed the offset so that the frame provide to let the coordinator be aware of. The
coordinator will check the first 3 byte to comprehend the basic information of the byte.
The coordinator can check the source address to comprehend which sensor node the
byte comes from. The digital channel mask which indicates the number of digital
samples include in that frame, also analog has the same one. The coordinator
according to the digital and analog channel mask judge collect the sample data. The
checksum of the byte located at the end of the frame, the coordinator can check the
frame valid.
Similarly, there have another two type frame of XBee network which are AT
command request and the remote command response.

4.7.2 CREATING THE AT COMMAND TO THE SENSORS NODE

Start byte

Length of the frame

Frame type

Frame ID

Destination address

Destination Network Address

Remote command options

AT command Name

Command Parameter

Checksum

Figure 4.11 The frame structure of for AT command control XBee
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Same as Figure 4.11 shows, this type of frame is created by the coordinator, the frame
also provide length, frame type and checksum. According to the requirements from
the user, the coordinator put the destination and the commands to the frame. After the
frame create, the frame will sent to the corresponding sensor node, the sensors node
will response the response of the remote command to the coordinator.

4.7.3 DECODING THE RESPONSE FROM THE SENSORS NODE

Start byte

Length of the frame

Frame type

Frame ID

Source address

Destination Network Address

Remote command

Command status

Command data

Checksum

Figure 4.12 The frame structure for AT command control XBee
The command receiver wills response whether the command is accept or not. A
command status of the requirement, the coordinator according to the status
comprehends the implementation of the command.
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4.8 SENSORS
After received the data from XBee network, the coordinator will translate the data
from received analog signal or digital signal translate to physical parameters, in order
to upload to the cloud server. The following section introduce the sensors that this
projected used.

4.8.1 TEMPERATURE SENSOR

The temperature sensors used in this project are MCP9700 and TMP36. The operating
range of the temperature sensors is from -40˚C to 125˚C and the scale factor of both
temperature sensors is 10mV/˚C. The sensed temperature can be transformed by using
the Eq.(1)
temperature = (analogValue / 1023.00 * 1.23 -0.55) /0.01;

Eq. (1)

where analogValue represent analog value that return from XBee to the coordinator.
The Eq.(1) calculating the temperature that sensed on the sensors node.

4.8.2 ULTRASOUND

The ultrasound sensors that this project used are LV-MaxSonar-EZ0 MB1000 and
XL-MaxSonar-WR MB7060 where the former is for indoor use and the latter is for
outdoor use. These two sensors can accurately measure distance, as temperature
sensors, the ultrasound sensors are also analog sensors, the sensors will return the
voltage level as the result, than the XBee wull forward the analog value to the
coordinator. The measured distance can be transformed by using the Eq.(2)
waterLevel = actualLevel – referenceLevel

Eq. (2)

According to the datasheets, from MB1000 and WR7060, the scale factor of these
sensors are 2.538 mV/cm and 3.2mV/cm to transform the analog value to actual
distance. Using the scaling factor of both sensors as Eq. (3):
distance = (analogValue / 1023.00 * 1.23/ scalingFactor + initialDistance Eq. (3)
According to the datasheets, since the sensing range of the ultrasound is from 20cm to
645cm for MB1000 and from 20cm to 765cm for WR7060, therefor, the scope of
application of sensing is limited.
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4.9 UPLOAD TO RECEIVE TO CLOUD STORAGE
After the sensors node sample the data, the data will transmit to the coordinator, as
previous mentioned, the coordinator will decode the data from the frame and transfer
it to the data from analog value to physical value, the data will uploading to the cloud
storage server.
The following shows the example,

Figure 4.13 Arduino serial monitor when capturing the data to the cloud.
In this example, three operating sensor nodes of WSN were existed. The data capture
in this screen was displaying the detected physical parameters. It contained the
temperature value and the voltage level of the battery remains on XBees, such data
will be upload to the cloud storage sever. From figure 4.13, the sensing temperature of
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the three sensors are: 30.49, 30.73, 23.39. Those data will uploaded to the cloud
storage sever via HTTP PUT request. The following shows the result.

Figure 4.14 The interface of the cloud store server.
From figure 4.14 shows, the value shows on the cloud store server as same as the
value where capture in the Arduino. It illustrate the cloud store server is operation
effectively.
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CHAPTER 5 REMOTE USER INTERFACE

5.1 INTRODUCTION TO THE REMOTE USER INTERFACE
The remote user interface (RUI) provides a channel that interactive and exchange
messages between the network and users and allow user to remote control the network.
The interface aimed at enabling the user to facilitate the efficient operation of the
hardware in order to reach the bi-direction interaction.
The designed remote user interface provide a user friendly interface which operate at
Android platform, users through the Android tablet are easy to get the information of
the network. Users through the application can get the historical data of the sensors
node; users can comprehend the trends of the physical parameters in the region of the
sensor node. The location of the sensor nodes are marked on the map which show on
the RUI, users can vividly understand the circumstances of each sensor node.
The RUI is also helps the administrators to maintenance the system. The RUI can
display the real-time battery level; enables the administrators replaced a new battery
before the old battery runs out.
Users are allows to remote control the sensors nodes by the RUI. Users through RUI
can change some setting of the sensors node, for example: sample rate, the transmit
power level and the sleep mode of each sensors node. The network administrators can
also use the RUI to write the AT command to specified sensor node.
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5.2 FUNCTION OF THE RUI

5.2.1 OBTAIN READ TIME DATA

Figure 5.1 The main screen of the RUI.

The location of the sensors nodes are marked on the map. Users can through the color
of the marker to comprehend the battery level of the sensor node. The batteries level is
divided into four levels as Table 6.1 shows.
Table 5.1 Four levels of the batteries level
Color of the marker

Voltage Range

Green

> 3.0 V

Yellow

2.7 V ~ 3.0 V

Orange

2.4 V ~ 2.7 V

Red

< 2.4 V

Since the operation voltage of XBee is 2.1 V ~ 3.6 V, the above classification enable
users understand the battery condition. The administrator should replace the battery
when the battery level is displayed in red.
When click the marker of the sensor nodes, users can get the real time data of the
sensor nodes. For the designed sensor network, the real time temperature and water
level are display at the window.
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5.2.2 OBTAIN HISTORICAL DATA
Users can through the RUI to obtain the historical data. Through the seek bar on the
RUI can select the time range that expect to obtain. Users can select the nodes that
expect to obtain, press the OK button to get the graph and the maximum, minimum
and average value.

Figure 6.2 The main screen of the RUI.

As figure 6.2 shows, multiple data of different sensor nodes can be plotted on the
same graph, so users can easily compare different data, it help the user comprehend
the trend of each node, this function can help the user make predictions based on
trends and to make appropriate measures. Also, the extremum display at the screen,
for some physical quantity is very meaningful. For example, the research of the
extremum value of temperature can let the researcher speculate the changes in the
ecosystem. The depth of the water level can let the people speculate the smooth
degree of drains.
Select the sensor nodes shown on the map can also read the detail historical data of
particular sensor nodes.
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5.2.3 SEND THE COMMANDS TO THE NETWORK
The RUI allows users to send the commands to control or change the parameters of
the network. Users can send the commands to particular sensor nodes or broadcast to
the entire sensor nodes of the network.

Figure 6.3 The command screen of the RUI.

Use the list shown on the right can selected the options that expected to modify. In
addition to modify the commonly used settings, the system allow the administrators to
send the AT commands via RUI to modify the setting of XBee for maintenance or
network upgrade, that can minimize the time affected time and the impact on the
network.

5.3 CALIBRATION
Since the ultrasound sensor can only detect the distance between target and itself, the
calibration or the initiation is necessary for providing a believable data. The initiation
process is making use of the subtraction of the reference level and the measurement
level to deliver the actual water level. The calibration process is required when the
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network is setup and period updated when the network was set. For the calibration of
ultrasound, it can also prevent the reference changing when the calibration is updated.
For example, as figure 6.4 shows if the ground restructuring, the height of the road
surface change, it is necessary to calibrate the reference value (height of the road
surface) by the remote user interface to correct the error.

U

U

Figure 5.4 Calibration for ultrasound sensor
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CHAPTER 6 CONCLUSION
6.1 CONCLUSION
Wireless sensor networks has a wide range usage, it is used to monitoring the physical
parameter, through the historical data can infer the trends of chance of some physical
parameter, it can help people take corresponding measures early. The sensor network
can be set an alert mechanism, for some physical parameter exceeds the acceptable
range to alert the user.

The wireless senor network including with cloud computing and user remote interface,
it greatly improving the user experience and establish a duplex communication, the
user can more easily understand the network conditions, include the least information
of each sensors node and the historical data from each sensors node.

The main objective of this project is to develop and test a Wireless Sensor Network
platform based on the standard ZigBee technology for supporting the data acquisition
for various sensors. For this purpose, a prototype WSN network is proposed and
designed for using the open source hardware Arduino, XBee communication
technology and cloud platform for WSNs data storage.

Coordinator has an important role for wireless sensor network. The responsible for the
coordinator are building a network, controlling and manage the network, process the
data and communicate with the cloud storage server. In order to extend the flexibility,
mobile Internet access through 3G communication and Xively cloud service for
WSNs data storage are adapted in the purpose WSN system, it is able to connect the
collected sensor data can be consolidated in the Internet anywhere through effective
3G network coverage.

For our design, the network measures some meteorological information, in addition to
temperature and humidity, water level is an important indicator. In summer, most of
the time in Macau is weather of rain, due to harmful drainage treatment, extensive
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areas affected by flooding, it is seriously affected residents, also bring economic
losses to the society. The designed network let people know the water level that
distribution of Macau districts provides some information the Macau citizen to know
the real time situation in Macau.

6.2 FUTURE WORK
The application of wireless sensor networks will be more and more extensively use in
various fields, in addition to meteorological monitoring, WSN can also be used as air
pollution monitoring, health care monitoring, structural health monitoring etc. With
applications are increasingly widespread, it is necessary to increase the security of the
network. In the future, we will study to increase the security of the network, to protect
the information security and thereby enabling the network to operative effectively,
improve network reliability.
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APPENDIX A - MAJOR AT COMMANDS OF SIM5218A
MODULE
Command

Description

AT

Check the availability of the module

AT+CPIN

Enter PIN

AT+CREG

Network registration

AT+CGSOCKCONT

Define socket PDP context

AT+CSOCKAUTH

Set type of authentication for PDP-IP
conne-ctions of socket

AT+NETOPEN

Open socket

AT+CHTTPACT

Launch a HTTP operation
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APPENDIX B - THE SUMMERIZE OF HARDWARE DESIGN OF
SIM5218A MODULE
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APPENDIX C – THE RESULAR OF MCP33
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APPENDIX D – THE TEMPERATURE SENSORS DATASHEET
OF TMP36
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