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Abstract — In the state of the art, Internet of Things (IoT)
tends to be touted as a future technology. Based on that concept
and the constant development of Wireless Sensor Networks
(WSNs), this paper explains and implements a case study of a
converged Internet of Things based on a WSN and a smartphone.

The implementation integrates the networking capabilities of a
WSN, a wireless local area network and a smartphone device, in
order to achieve a monitoring service and tracking mobility of
objects for the purposes of future Internet of Things services. The
scenario is to create a service, or a way that one will be able to
“understand” and monitor an individual’s movement inside a
house. At the end new concepts and ideas for future work will be
presented. The paper is part of the WMN Research Group
ongoing research to implement a futuristic service for monitoring
elderly residents under the concept of smart homes.

Index Terms— 10T, iPhone, Smartphone, WSNs, Zigbee.
I. INTRODUCTION

Wireless networks have massively and rapidly become a part
of people’s lives while the emerging technology of Wireless
Sensors Networks (WSNs) has attracted significant research
interest during the last years. This growing interest can be
largely attributed to new applications enabled by large-scale
networks of small devices capable of harvesting information
from the physical environment, performing simple processing
on the extracted data and transmitting it to remote locations
[1]. The small devices, known as sensors or motes, have made
possible this wide spread impact, as they continuously grow in
processing power and bandwidth and at the same time
minimising in size.

The radical changes that WSNs have brought in the daily life
are just the beginning of a very highly sophisticated
technology, which eventually will inter-connect houses, cities
and even countries, as a part of the Internet of Things (IoT)
scheme. This paper uses the Crossbow platform, depicted in
Fig. 1. The platform includes the MICAz/MICA2 motes and
the Base Station (BS) that collects all the data from the sensors
and via a USB connection passes them to a laptop.

Also a smartphone device, an iPhone 4, is used for
localisation purposes of the individual within the realm of the
IoT. As the scenario uses two types of hardware and also tries
to merge two technologies, it is essential to give a thorough
presentation of each of the parts and fields.
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Fig. 1. Crossbow Platform, BaseStation (BS) and sensors.

II. WIRELESS SENSOR NETWORKS

Although the WSN paradigm goes back decades, only lately it
has attracted many engineers and scientists as a part of a
bigger and more crucial concept. Their use ranges from simple
HVAC (Heating Ventilation Air-Conditioning) Systems in
company buildings to advanced defence systems and even
biological and chemical attack detection and reconnaissance.
WSNs have two types of deployment:

*  Structured, the sensors are deployed in a standard,
fixed, pre-determined way that has thoroughly been
decided.

*  Unstructured, implies a dense random deployment
within an area.

In an unstructured WSN, network maintenance such as
managing connectivity and detecting failures is difficult due to
several nodes. On the other hand, the advantage of a structured
network is that fewer nodes can be deployed with lower
network maintenance and management cost [2].

The two ways of communication in WSNs are the single-hop
and the multi-hop, as seen in Fig. 2. Both of them are designed
based on the energy conservation of the sensors.

* Single-hop: in that way all the sensors send the
information collected, directly to the BS (red circle in
Fig. 2).

*  Multi-hop: in that case the sensors send the data to a
neighbour node (called aggregation node, light blue
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circle in Fig. 2), and then those nodes collect the
information and finally send them to the BS.

Single-hop
Communication

Multi-hop
Communication

Red circles: BaseStation
Green circles: Sensors
Blue circle: Aggregation Nodes

Fig. 2. Single-hop and multi-hop wireless sensor networks.

The easy way of establishing single-hop WSNs makes them
the most commonly used and widely known type. In multi-
hop, even though the sensors consume more energy as more
processing power is needed they are more appropriate for
large scale WSNs where the BS is located in distance from the
nodes.

As mentioned before, the use of WSNs varies a lot, and the
range of applications is increasing rapidly. The fields and
some of the most important applications are:

*  Military  Applications, such as  battlefield
management, defence systems, military command
and control, communications. Also the area of
interest extents from collection of information, in
general, to enemy tracking, battlefield surveillance or
target classification [3].

*  Environmental Applications, include applications
mainly for environmental monitoring, like humidity
and temperature in order to observe and record how a
rainforest grows. Applications to monitor extinct
species and even make sure their population increases
or stays steady (protect them from any kind of
danger). Last but not least application for fire
precautions or prevention.

¢  Traffic Control and Monitoring Applications, a range
of applications all designed to provide ease and
convenience in journeys and the most important
safety in the streets and highways. Applications for
traffic lights monitoring, traffic monitoring, bridge
and high way monitoring, which all give a better
awareness to the drivers.

*  Commercial Applications, as mentioned before
HVAC systems fall into this category. Mainly
implemented in the industrial and business world.
Systems able to monitor and control the workspaces;
equipment management services that will minimize
or even prevent maintenance thus minimizing
expenses.

*  Health/ Medical Applications, projects and ideas that
have radically change and will change the way the
hospitals and doctors work. Applications like health
care, monitoring of elderly house, monitoring of
chronic diseases with specific body worn sensors,
like heart beat sensors, or sensors, which can measure
and pass information to the doctors regarding blood

pressure, glucose levels, any body reactions to
medication on vaccines and etc., will help get better
understanding and even prevent infections and any
kind of illnesses occurring.

*  Residential Applications, a field that is related with
the project presented in this paper, which includes
habitant monitoring, habitant sensing, advanced
intrusion alarm systems, applications for energy
control and management, which will be able to
minimize the cost of living (quite efficient for hotels
as well) and many more.

The main focus of this paper is the smart home service
scenario. Throughout the years of development, WSNs face an
important drawback that is the energy consumption and
conservation in the sensors. It has to be noted, that the sensors
are working with simple batteries and even in the simple
scenarios with single-hop communication (where no
processing of the data is needed to be done), the collection and
transmission of the data can be expensive in terms of energy
consumption. Although, that was and in most cases still is an
issue, more problems are faced, such as node deployment, data
reporting method, fault tolerance, scalability, transmission
media, data aggregation and Quality of Service (QoS)
provision.

In the following we have summarized some specific routing
protocols and algorithms that have been designed to overcome
such difficulties depending on:

1. how the network is structured:

* Flat based or data-centric routing, all the nodes
perform the same functions and processes. In flat
networks, each sensor node collaborates together to
perform the sensing task it is not feasible to assign a
global identifier to each node. This consideration
has led to flat routing, where the BS sends queries
to certain regions and waits for data from the
sensors located in the selected regions [4].

* Hierarchical based or cluster based routing, each
node has a different role. In a hierarchical
architecture, higher energy nodes can be used to
process and send the information while low energy
nodes can be used to perform the sensing in the
proximity of the target. This means that creation of
clusters and assigning special tasks to cluster heads
can greatly contribute to overall system scalability,
lifetime, and energy efficiency [4].

* Location based, where nodes are positioned in a
way to route the data in the network. The
destination of each node can be calculated by taking
into consideration the strength of the signal
received.

2. the protocol operation, the following techniques can be
specified,

*  Multi-path based.

*  Query-based.

* Negotiation-based.

*  QoS-based or coherent-based.

3. how the source finds a route to the destination,

* Proactive

* Reactive

*  Hybrid
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Each category defines a different type of algorithm or routing
protocol. For the purposes of this paper we have used the
ZigBee technology towards the implementation of our smart
home application.

ZigBee provides device control and energy management.
These include neighbourhood area networks for energy, using
ZigBee for sub-energy within a home or apartment, and using
ZigBee to communicate to devices within the home. The IEEE
802.15.4 standard was created for low-power devices that
operate in the 868 MHz, 915 MHz, and 2.45 GHz frequency
bands. The data rates supported by this standard are 20, 40,
and 250 kbps; rather modest compared to other protocols such
as IEEE 802.11 (e.g., IEEE 802.11a offers data rates of up to
54 Mbps) [5]. Before this standard was developed, the ZigBee
Alliance worked on a low-cost communication technology for
low data rates and low power consumption. The IEEE and the
ZigBee Alliance ultimately joined forces and ZigBee has
become the commercial name for the IEEE 802.15.4
technology.

The protocol can be categorised into two topologies: star
and peer-to-peer. In the star topology a device, called
Personal Area Network (PAN) coordinator is used to enact all
the communications. On the contrary in peer-to-peer, the
devices communicate straight with each other. However, they
still must associate with the PAN coordinator before they can
participate in peer-to-peer communication.

In the star topology, there are two types of modes: the
synchronized  (or  beacon-enabled) mode and the
unsynchronized mode. In the synchronized mode, the PAN
coordinator periodically broadcasts beacon messages for
synchronization and  management  purposes. The
synchronization is used to perform slotted channel access, so
that a device performs a random back off before the channel is
sensed. If there is no channel activity, the device waits until
the next slot and senses the channel again until no activity has
been detected for two consecutive slots (after the initial back-
off time). If activity has been detected, the back-off procedure
is repeated; otherwise the channel can be accessed. The only
difference in the unsynchronized mode is that the device can
access the channel immediately when no activity has been
detected during the first initial back-off time [6]. ZigBee is the
most well-known protocol that can be used for implementing
residential applications.

III. INTERNET OF THINGS (I0T)

As technological advances are daily being developed, so do
wireless sensor networks and so does the Internet. Internet
started as a way to provide communication between computers
established in distanct locations, when every other sort of
communication system is non-operable. It was later on
developed in order to provide infinite information on a global
level. Moreover with a great hand from the wireless
technology the information is now able to be accessed
remotely (over 3G, satellites, etc.) from everywhere around
the world with the use of smart devices that have wireless
access and an Internet browser (smartphones, laptop, tablets,
netbooks etc.).

That concept can be extended to the formation of an
interconected network, in which every day objects and people

take part in it, that is the Internet of Things (IoT). It includes
self-configuring wireless networks of sensors that create a
world where every of its entities sends information to other
objects and to people. This world, in which everything is
tagged and communicating, provides information and
knowledge that enables ease and convenience in every day
living [7].

All the WSNs under one network, connected with each
other, enable objects and devices from each environment
(network) to be active participants and communicate with each
other, exchange data, monitor various areas all around the
globe, record and understand events and actions, be able to
sense changes (sensing) and react autonomously and
accordingly (actuating).

Services will be able to interact with these smart objects
using standard interfaces that will provide the necessary link
via Internet, to query and change their state and retrieve any
information associated with them, taking into account security
and privacy issues [8].

IV. SCENARIO, AIMS AND OBJECTIVES

In this paper, the scenario is designed under the scheme of
Smart Home applications and a service is built to provide
information for future work .We also carry out simulations to
assess the impact of mobility in our proposed solution.

Each sensor node is identified by a specific number (id) in
the network, which can be used as an address to its location.
Those ids can be used for topology-localization purposes,
meaning that they can be used to assign each node
individually in different, yet specific spots in the area that is
being monitored. The present scenario will use this concept
and will monitor the movement of an individual inside a
house. Sensors have been deployed throughout the house in
different rooms (as see in Fig. 3) and each node's id specifies
the room (for example the node with id 5767 means the
kitchen). Also a smartphone is used (e.g. iPhone) for purposes
of monitoring the mobility of a person and how the data are
transmitted (over wireless network) while he moves.
Assuming that the person will carry the smartphone on him at
all times, the device will be able to give live information of the
exact location inside an area. Those two notions together will
result in a monitoring service, which will try to fully map a
person’s movement within an area.

The concept for this scenario is to use the individual’s action
in order to record and find in which room he entered. Thinking
of the first action that a person does when entering a room is
to switch on the light that will give the clue that is needed to
understand the location inside the house. In the figure below,
which is the scenario visually represented, the sensors are
placed in a way to be close to the doors and in a high level so
that they can receive the luminance of the light as soon as the
source is off. The red circles represent the sensor nodes with
their ids, and the pictures next to them, is how they are placed
in reality (inside each room). Even though the scenario seems
to be simple, there is a slight drawback that makes the entire
scenario look for alternatives routes or more advanced
networking and sensing. To be more precise, when the person
leaves the room it does not necessarily means that he will
switch off the light. So when he comes back to that room,
there will be no change in sensing of the nodes (luminance is
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Fig. 3. The scenario established in the house plan.

on the same level) thus there will not be any track of his
movement. And that is where the second part of the scenario
comes into play and addresses such mobility cases.

The iPhone will be used as a localisation tool, which will
give the specific coordinates of where the person is inside the
house. The accelerometer of the iPhone is used to understand
the way that the phone is held by the user and respectively
turn the screen around to meet his needs (turn vertically or
horizontally). In the current scenario, assuming that the user
will have the device on him whilst moving around, it will
continuously send a signal with his coordinates over the
wireless network.

The main objective of the project is to shed light into the
way mobility affects a WSN and how the data can efficiently
and safely be transmitted to the BS or a computer, providing
high quality of service (QoS). Also one of the aims is the use
of the service as a reference for a future implementation with
the use of hardware, as in actuators. Such architecture can
provide efficient and innovative home automation for the
every day life of people. Additional information will be gained
in regards to how smart homes work and why are of such
importance. Furthermore, this paper discusses the methods
that are used and also the challenges that are faced when it
comes to implementing smart home applications.

To summarise, objective of this work is to propose a non-
complex WSN solution for smart home services. This will be
achieved through detailed analysis, expirementation and in
depth research on wireless sensor networking with emphasis
on advanced and mobile WSNs.

V. HARDWARE AND METHODOLOGY

There are two types of hardware used, one is the enviromental
sensing platform designed by Crossbow technology, which
uses five sensors, with a MICAz/MICA2 processor radio
module and an MTS400 basic environmental sensor board
each. The sensors are Full Function Devices (FFD) meaning
that they can be implemented in any topology fully functional;
they are capable of co-ordinating and communicating towards
any device in the entire network. A Base Station (BS), that
communicates with all sensors and has an MIB520 USB
programming board. MoteView 2.0, monitoring software
provided by Crossbow Technology. Also the motes use the
802.15.4 standard defined in 2003, though they do not use the
network and application layers defined by the Zigbee
Alliance’s network and application layers. Also they use
TinyOS 1.1.7 and Crossbow’s mesh networking stack. The
second one, which is an iPhone 4, uses the 108, and its built-in
sensors, which are the acceloremeter and gyroscope.

The sensing platform is using the light function to understand
whether a person entered or left a room. The reason why that
function is used, will be explained thoroughly later on with
testing and expirements.

The smartphone on the other hand uses more sophisticated
technology as it uses enchanced sensors such as accelerometer
and gyroscope. Also they both can be used along with
advanced mathematics to result in monitoring mobility of an
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object or an individual. Both of the sensors give data in the
three dimensional chart (3D Axis) as seen in Fig. 4.
+Y

¢ . 2
.
-
+Z - %:;iy +X

=
Fig. 4. 3D axis of the iPhone.

The 3D accelerometer returns acceleration in the X, Y, Z chart
and reports data. The total acceleration of the device is equal
to gravity plus the acceleration that the user imparts to the
device, and those two can be separated with another sensor of
the smartphone, which is called 3D gyro sensor and creates
gyro enhanced motion data. Those data include the Euler
angles of the device pitch, which is the X, roll, which the Y
and yaw, which the Z in the chart. The three acceleration data
can be used to understand how the individual moves and in
which direction. The smartphone has a central point from
which the 3D axis is drawed, so in accordance with that, one
can understand if the individual is moving forward to one
direction. Also it will be possible to understand if the person is
moving up and down, jumping or falling down (something
that could be used in hospital or elderly houses).

The most common sequence associated with the name Euler
angles is (3, 1, 3) as in Fig. 5. To disambiguate it from the
other conventions that share the same name, it is also known
as the x-convention. In the study of the gyroscopic motion of a
spinning rigid body, the Euler angles, ¢, 0, and y, are known
respectively as spin, nutation, and precession. A commonplace
example of gyroscopic motion is a spinning top. In this case,
the body-fixed z-axis is aligned with the spin-axis of the top,
and the body-fixed x- and y-axes point out the sides of the top.
The tilt of the top away from the world z-axis is the nutation
angle, and the moment arising from this tilt produces the
familiar slow orbiting motion, called precession [9].

Fig. 5. Euler Angle Sequence (3,1,3) [9].

To simplify the idea of the smartphone, one can used the data
of the 3D chart and be able to map an area with specific co-
ordinates in accordance with that chart. As mentioned before
with the accelerometer one can understand the way of
movement (and also speed is possible to be calculated), but
with the gyroscope it will be possible to exactly locate a
person in mapped area with the use of Euler angles and a
triangulation algorithm. Then it is possible to fully monitor
someone’s movement in that area. Moreover those types of
sensors can be used in a dense area with the ability to
exchange data easier, efficient and send them remotely not
only to the BS, but also in other networks over Cloud or
Satellites.
VI. SIMULATIONS AND DISCUSSIONS

After thorough testing we decided the function that gives the
quicker and most reliable results, that is the light sensing.
Firstly, Table 1 presents the value in csv form, exactly how are
measured by the sensors.

Id Time voltage [V] | humid [%] | humtemp [C] | prtemp [C] | press [mbar] | lightc[lux] | accel x[g] | accel_y [g]
5807 12:17 2.5506 85 29.95 29.126 1028.6 654.81 -0.02 0.04
5803 12:17 2.4799 44.6 24.22 -32.383 597.62 478.17 0.04 -0.06
5807 12:17 2.5454 84.3 29.96 29.148 1028.5 625.37 -0.02 0.04
5803 12:17 2.475 44.5 24.22 -30.134 610.94 456.09 0.04 -0.06
5807 12:17 2.5454 81.8 29.92 29.119 1028.5 566.49 -0.02 0.04
5803 12:18 2.4799 44 .4 24.21 -18.562 605.85 478.17 0.04 -0.06
5807 12:18 2.5454 76.1 29.9 29.075 1028.6 595.93 -0.02 0.04
5803 12:18 2.475 44 .4 24.22 -27.585 599.34 478.17 0.04 -0.06
5807 12:18 2.5454 70.6 29.85 29.053 1028.5 595.93 -0.02 0.04
5803 12:18 2.4799 44.3 24.21 -29.146 601.96 478.17 0.04 -0.06
5807 12:18 2.5454 66.3 29.8 29.045 1028.6 595.93 -0.02 0.04
5803 12:18 2.475 44.2 24.21 -49.551 569.79 456.09 0.04 -0.06
5807 12:18 2.5454 62.7 29.75 29.031 1028.5 566.49 -0.04 0.04
5803 12:18 2.4799 44.2 24.21 -23.828 611.11 456.09 0.04 -0.06

Table 1. Sensor readings.

5
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Fig. 6 Function readings graph.
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Fig. 7. Temperature values.

When designing a WSN, as mentioned before, there are some
requirements needed to overcome the drawbacks such as QoS,
energy consumption, etc. In this case the first thing that needs
to be taken into consideration is the delay-latency, because the
results have to be fast and efficient. After monitoring the delay
for various functions then we will decide which of them is the
most suitable (and why) for implementing the smart home
service. Testing the speed of the humidity, temperatute and
light readings (two different tests in each category), and by
speed, meaning how fast the sensor understand the change
around it, the graph in Fig. 6 is exctracted. The first one is the
humidity readings, the second one is the temperature and the
third the light readings. It has to be noted that we carried out
several tests to reach the final conclusions and decisions.
Additionally, we have plotted average results to efficienty
present the results of this work. Figures 7,8 and 9 display into
more depth each function. In the case of two sensors placed
next to each to other to monitor the same function and to
understand the timings and how long the motes take. This
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occurs by placing one of the sensors on the top of a radiator
(for faster readings) and sensing for 10 minutes.

The temperature starts to increase but very slowly and
eventually it takes almost one minute to obeserve change, as
seen in Fig. 7.

In order to record the humidity, warm air was blown on the
sensors (with warm breath) and it lasted 7 minutes. As seen in
Fig. 8 it takes 4.50 seconds average for the value to change,
however it takes a lot longer for the sensor to go back to its
initial value, up to 30 seconds on an average (the seconds
might not be possible to be displayed in the graph yet they
have been monitored properly with an accurate watch to
record the delay).

Moving to the next expirement, that is the testing of light
readings, the sensors are placed underneath a source of light
(just a simple lamp) and Fig. 9 presents the results in a
detailed graph. Two sensors were used next to each other to
also observe how sensitive they are and how equal the sensing
for each mote is (in some cases there is a millisecond
difference). As it seen, by just switching on and off the light,

9.28 pm 9.30 pm 9.31 pm 9.32 pm

Fig. 8. Humidity readings graph
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Fig. 9. Light readings graph.

the sensors only take 2.5 seconds on an average to understand
the change (whether the light goes on or off), and the
expirement lasts 3 minutes in which there are 7 times of
switching on and off the light. It is pretty clear that out of all
the readings, the light sensing function gives the best results
thus making it the most appropriate choice. That latency (2.5
seconds) for the purposes of the implementation is acceptable
as the person will spend a couple of seconds inside the room
that he will switch on the light, giving enough time for the
observervation to take place.

To sum up, each and every individual expirement was tested
several times yet from all those information the most crucial
are presented for clearer results and graphs. To be more
precise for the purposes of this specific article the expirements
for temperature lasted a couple of minutes (one was almost 10
minutes), and the change on temperature took more than 30
seconds to be sensed and almost a minute to go back to
normal. The humidity expirements were a little bit better, as
the expirement lasted 7 minutes, humidity was tested twice
within that time frame and it took 4.5 secs for the mote to
increase the value and less than 30 seconds to come back to
normal (in both cases direct warm air was used on motes). The
last one which is the light readings is the fastest and more
efficient as it takes 2.50 seconds for the motes to sense the
light and there are 12 times of shuffling with the light within 2
minutes of expirementation.

Another case that was monitored is the mobility of a mote
and how the readings change against any kind of movement.
In Fig. 10 the expirement is represented graphically, where the
first graph shows the level of luminance and the second one
the acceleration on x axis. There are two motes, in which mote
with id 5768 (yellow line) is always steady and underneath the
source of light and the node with id 5803 (purple line) is
moving close to the source of light in a horizontal way (that is
why only the x axis is displayed) with some speed. As it can
also be seen from the graphs the mote that is on the move has
a small delay in capturing the luminance from the source thus
a delay sensing is observed in comparison with the steady one
(as it was expected). Even though the sensors are both close to

the source of light the movement of a mote is adding more
delay in the sensing function of light.
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Fig. 10. Light readings whilst one mote is moving.

In regards to delay, another case is monitored, that is, the
distance of the mote to the BS. To begin with, mote with id
5763 is under the source of light (up until 8.32pm in fig. 11)
and the other one is moved away from the BS at around 50
meters, outside of the house that the service is being
implemented. Firslty the luminance is low and after 30
seconds that the distant mote is underneath the source (outdoor
one) the luminance is sensed. Then when the mote is hidden
away the luminance goes to zero within 2 seconds. Again
when the mote is revealed to the source it takes almost half a
minute to understand the luminance. What that means is that
the delay of sensing is increased along with the distance.
Those issues can be added as extra reasons why a smartphone,
or more sensitive, higlhy advanced sensors can be used to
fullfill the mobility purposes in WSN scenarios.
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Fig. 11. Light readings when mote is away from the BS.
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Under that concept and after the simulations above, the light
sensing function was used for the scenario. After deploying
the sensors in each room (as seen in figure 3), the shufling of
the lights begin in order to monitor the movement of the
individual. On the Fig. 12 (a) all the lights in the house are on
and each sensor has a different luminance proofing the
location in different places thus able to “map” an area just
with the sensing of light. The higher the lux (luminance) the
closer the sensor is to the source of light.
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Fig. 12. All the lights are off.

In Fig. 12 (b), all the lights are off, which someone can
assume that either the person is away or asleep. Those two
cases can be taken into consideration if someone want to build
a web interface, so it can use the option that when the lights
are off and it is evening the person is sleeping. The following
figures, are just the different statues as someone switches on
and off the lights in different rooms. By observing which
room’s light is on, it is possible to understand the location of a
person.
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Fig. 13. Light readinés)from different rooms.

As it can be seen, motes with zero value represent a dark room
and high lux (luminance) means that the lights are on. The
values of light as presented in the 8" column of Table 1 is how
the light sensing functions measure the readings. High values
of lux like 1847.13 in Fig. 12 (a) (compared to the rest of the
values in the same figure) means that the mote is very close to
the light. Values that are below 10 lux (in general very low
values) like 8.51 and 0.92 as seen in Fig. 13 (a) and (b)
respectively mean that the light in that room is off, but the
sensor is getting some luminance from another room close to
that one. So one can assume that the person is approaching a
room, where the light is off, and on its way is switching on
some lights. For example from the bedroom to the living room
the individual has to switch on the hallway lights and then the
one in the liviving room, but at the same time the mote in the
kitchen will get some low level luminance as it is close to the
hallway lights, and it can be used to double check that
someone is present around.

All seem to be sufficient in order to observe a person’s
movement but when a person leaves a room and go to another
where the light is still on, then it will not be easy to track its
location, so that is why the use of the smartphone is
implemented.

The use of a smartphone is slightly more complicated, even
though there is an application that can manipulate the sensors
they way the user requires. The application used is called
Sensor Data and it allows the user to enable the 3D
accelerometer and 3D gyro-meter in a way to record, collect
data and transmit them wirelessly in a computer or store them
on an online database (in the phone’s operating system) in
which someone can have access with a browser provided that
is connected to the same network. There are two functions, the
“capture” function, which stores the data on the web server
and the streaming which will be presented thoroughly as it is
the one required for the mobility purposes.
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First the computer (the same that uses the Crossbow platform)
needs to be connected to a wireless network. Then the
programming language Python must be installed and run. Also
the following program (which comes along with purchase of
the application Sensor Data) must be written in a shell script.

import SocketServer
PORTNO = 10552
class handler (SocketServer.DatagramRequestHandler) :
def handle (self):
newmsg = self.rfile.readline() .rstrip()
print "Client %s said '%s'" %
(self.client_address[0], newmsg)
self.wfile.write(self.server.oldmsq)
self.server.oldmsg = newmsg
s= SocketServer.UDPServer (('', PORTNO),hhandler)
print "Awaiting UDP messages on port %d" % PORTNO
s.oldmsg = "This is the starting message."
s.serve_forever (
Precisely the above means that whoever has access to the port
with number 10552 can transmit and the device (in this case
the computer that has the python script running) will receive
the data as they come in a UDP form. Then running the
module will switch the user to the Python Shell and wait for
the data. The smartphone now has to be connected to the same
wireless network and after opening the application in the
configuration tab the mode has to be “Unicast” and in the
address field the IP address of the server where the data are
send must be entered. After everything is set up, the testing
sesion which records the values of the iPhone that will be used
to understand the mobility (thus the movement of the person),
is started and the results are presented in Fig. 14.
The results can be divided into two parts; the Euler angles and
the quaternions. The values on the 3D axis, are the Euler
angles and they can be used to design an algorithm that will be
able to triangulate someone’s position (after mapping an area
with the use of the 3D axis values). The quaternions on the
other hand can be used within another algorithm for
localisation.

The client 192.168.0.4 is the IP address of the iPhone, the
timestamp is with frequency 10 Hz and the 3D accelerometer
collects the Accel X, Accel Y, Accel Z. The gyro comes in
and separates the Euler angles Roll, Pitch and Yaw and the
last four values are quaternions. To make things clearer, an
iPad with the same application (Sensor Data) was used along
with the smartphone in order to explain and understand the
results of each type of sensor individually. The reason using
two mobile devices is that the iPad will remain steady as we
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want to have the same values as a comparison reference point.
Then the iPhone will be used in order to monitor the
movement around a steady spot and record the values of the
accelerometer and the gyroscope.When both of the devices are
on the same spot the values will be almost equal in the x-axis
chart (as seen in Table 2) because the values that we get are on
a 3D chart, so practically we can have the devices at the very
same spot (the iPhone has to be inside the iPad). The IP
address 192.168.0.8 belongs to the the iPad which is in a
steady position as seen from Roll value and the client
192.168.0.11 is the IP address of the iPhone which is moving
around and when it comes close to the iPad its values (as seen
in Table 2 in the roll column 1.549107 and 1.542809) are
almost equal which can be used to translate a movement
towards the starting point.

Table 2. iPhone and iPad reading values.

Client id and Timestamp Roll Pitch Yaw
Client 192.168.0.8 at 0.101417 1.549107 | 0.096999 -0.105656
Client 192.168.0.8 at 0.200644 1.549107 | 0.096999 -0.105656
Client 192.168.0.8 at 0.400381 1.549107 | 0.096999 -0.105656
Client 192.168.0.11 at 0.100405 1.516170 | 1.010550 -0.924614
Client 192.168.0.11 at 0.201097 1.516170 | 1.010550 -0.924614
Client 192.168.0.11 at 0.300888 1.516170 | 1.010550 -0.924614
Client 192.168.0.11 at 0.400474 1.516170 | 1.010550 -0.924614
Client 192.168.0.11 at 0.500861 1.516170 | 1.010550 -0.924614
Client 192.168.0.11 at 0.601099 1.516170 | 1.010550 -0.924614
Client 192.168.0.11 at 0.700301 1.537475 | 0.478332 -0.463228
Client 192.168.0.11 at 0.800659 1.542252 | 0.462291 -0.447805
Client 192.168.0.11 at 0.901799 1.542809 | 0.410149 -0.396409

In this way, one of those types of sensors can be placed in a
steady spot, such as the threshold of each door. While the
person who is being monitored carries the iPhone when their
values are almost equal we can understand where the person is
located.

Unfortunately the results from the Crossbow platform and
the results from the iPhone sensing are different. We were
anticipating this since the platform uses a sensing board and
the iPhone uses accelerometer. However, as all of the results
are collected into one computer, they can all be used to design
a web interface to control a mobility application within a
residential area. The data might be different, but all of them
can be extracted or transformed to xml format so that they can
be used for a web page development.

on from the iPhone.
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VII. CONCLUSION

Wireless Sensor Networks (WSNss) is an upcoming technology
with so many issues and challenges, and it capable of creating
advanced technological solutions for the residential, industrial
and every day world. A lot more challenges will be raised,
considering that the technology grows faster, the equipment
and hardware is being minimised and the urge for ease and
convenience inreases too. In the future fully co-operation of
the WSNs and the Internet will be expected, achieving finally
the Internet of Things, which will radically change the world
and the daily life. In this paper we have used two different
sensing technologies the environmental Crossbow platform
and the iPhone’s sensors to observe, record and come with
results on how those two can work together to implement a
smart home service within the realm of WSNs and IoT. After
thorough testing and collection of several results the average
values were plotted in this paper. As part of the case study, the
latency of the sensing of motes was tested to understand and
make sure that the best QoS can be achieved. Throughout the
entire paper up to the final results, a more in depth
understanding and knowledge aims to be attained and used as
future reference to new projects.
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