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The goal of this project was to design a system that shows the distribution of wireless
sensor nodes deployed for indoor navigation purpose. It was initiated by the demand for
an optimized route a person should follow in order to reach a destination chosen by a ser-
vice provider inside a building. The person was given a user device capable of displaying
the paths she should follow.

The optimum path was calculated on a computer connected to a central node and the
result was sent to the person requesting the service. A method for displaying and control-
ling the arrangement of wireless sensor nodes was designed. The distance between the
fixed wirelesses nodes were given values that took traveling time into consideration. Dis-
tance was taken as a parameter in comparing and choosing the best path. The system
was implemented independent of a particular service provider or a particular shortest path
algorithm making it suitable for other applications with different requirements.

The result was a system capable of showing the distribution of wireless sensor nodes used
for a navigation purpose. A mechanism that showed the paths used for traveling, and a
method to change cost values that reflect both distance and traveling time.
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1 Introduction

The sophistication and usage of navigation systems has increased in recent years.
Navigation systems have multiple applications ranging from guiding tourists to tracking
the movement of objects of interest. Their main usage when used on roads is finding
an optimum route to reach a destination when there are multiple alternative routes

leading to the destination.

The navigation systems that are widely used have limitations when used for indoor
navigations as the signals used are blocked by barriers such as walls and roofs. The
signals that manage to pass may not be strong enough to be used to get the exact
location of an entity. To solve this problem, already existing wireless networks

deployed inside a building can be used.

This final year project was one part of an indoor navigation system that was carried
out by Electria, an applied electronics research and development unit in Helsinki
Metropolia University of Applied Sciences. The objective of this project is developing an
application for managing and configuring wireless sensor nodes deployed inside a
building, and finding an optimum route between two points of interest inside the

building for which the navigation system is developed.

A service provider inside a building for which this system is implemented needs to
guide a customer to a particular location inside the building. The customer is given a
portable user device that displays only texts. The customer’s location is tracked in real-
time and the destination is provided by the service provider. This project also aims to
show the distribution of wireless nodes inside the building for which the navigation is
system is implemented. The nodes and the paths customers should follow need to be

shown on a web browser.



2 Theoretical background

2.1 Wireless sensor networks

Wireless sensor networks (WSN) are widely used in monitoring environmental and
physical parameters. They can make use of already existing radio options but the
design of their system should take the limitation of the wireless sensor nodes used into

consideration.

2.1.1 Characteristics

Monitoring an environment requires a large number of wireless nodes. These nodes
typically are low cost, low power and have data processing and communication
capabilities. For this purpose they contain microprocessors and radio transceivers.
Being powered by battery, they are suitable for an environment that is hostile. Their

computation power and storage capabilities are also very limited. [1,2]

WSNs are also self-configurable and any change in the communication network will not
make the network unusable. As new nodes are added and others are removed due to
failure or damage, the topology of the network changes frequently and unpredictably.
[1,2] The addition of a node makes the WSN more stronger while the removal of a
node has an opposite effect. A new added node will be part of the network without

manual intervention making them self-organizing networks.

Addressing in WSNs is not global. [1,3] Since the number of nodes involved is large, it
would be difficult to maintain the address scheme if each node is made identifiable
globally. Nodes used for this project are numbered uniquely and their location name
can also be used for administrative purposes. However all path calculations and

internal communications refer to these unique numbers.



The data collected from each node should be aggregated and used by the application
for which the WSN was built. For this reason most WSNs have a many-to-one traffic
pattern where data from multiple nodes flows to a particular sink. [1,3] In this
application data that is collected from each sensor node is sent to the node that is

directly connected to the core system which may save the information for future use.

2.1.2 Sensors

Sensors, radio transceivers and microcontrollers are building components of a WSN.
Sensors are devices used for interfacing between the analogue and digital world.
Electrical devices process the converted signal and use actuators to convert an
electrical signal into the physical world. [2,1] These physical world signals could be as
simple as turning a led light on, which is understood by humans. Generally speaking
sensors can be of an active or passive type. Active sensors interact with the
environment and tend to consume more energy while the passive ones consume less

as they just observe the environment. [3,23]

The sensitivity of the sensor is measured by the amount of change in the electrical
signal for any change in the physical world. If for a very small physical phenomenon
change there is a large change in the electrical signal, then the sensor is said to have a
higher sensitivity. [2,2] Depending on the application for which the sensors are used,
different sensitivity levels are required. Position sensors, for example, can give a real-
time feedback on a moving object by detecting its motion, speed and direction. They
convert this information in to an electrical signal that is processed by an electrical

device such as a computer. [2,321]

2.1.3 Radio options

WSNs use different types of media for communication each having its own advantages
and disadvantages. Radio waves are dominant in WSNs but Infrared, magnetism and

acoustic are also widely used. [3,26]



IEEE 802.11 (WiFi)

WSNs implemented using the WiFi standard are used for applications with high
bandwidth requirements. Their high power consumption is considered a drawback, as
is the interference caused by the frequencies they use in the unlicensed band. [4,28]
Since avoiding RF interference is not possible, some other measures should be taken.
Studying the possible source of interference in the area for which the WSN is deployed
is necessary. Strong signal coverage should be maintained and different channels that
can avoid interfering of signals should be used. [5,307] As to the interference between
Bluetooth and WiFi, it can be improved using power control, adaptive frequency
hopping and packet fragmentation which is sending more but shorter transmission
frames. [5,229] Unlike Bluetooth, the implementation of star and tree network
topologies is possible with a data rate up to 54 Mbit/s for the 802.11a standard and a
range that reaches 140 meters. [3,26]

Bluetooth

Bluetooth is used for short-range communication up to 10 m with a data rate reaching
up to 3 Mbit/s, and all end-devices must communicate with a central host forming a
star topology. [3,26] Bluetooth functions in the 2.4 GHz band with low cost and low
power consumption. There are 79 channels of each 1 MHz for transmitting data and
the device avoids interference by rapidly changing between these channels. Frequency
hopping spread spectrum (FHSS), among others, is used to minimize interference.
[5,28] Signal strength that affects transmission error rate and power consumption

should be adjusted for optimum operation. [6,35]

RFID

Being used for identification of objects, radio-frequency identification (RFID) does not
require a line of sight and can be used to transfer a higher data range at a faster data
rate. It is used in product tracking and inventory systems, asset tracking, real time
location systems (RTLS) and automatic vehicle identification, among others. The
system contains readers which can be stationary or mobile and tags that are attached

to objects that need to be identified. Information regarding the objects which are



tagged is gathered by the reader if both are in the range. [7,20] One difference
between RFID devices and wireless sensor nodes is that RFID devices identify objects
whereas the nodes sense a given environmental parameter, collect data and transfer it

for further processing. [1,11]

2.1.4 Applications

The low cost, delay and the applicability on all environments have made WSNs
preferable over conventional wired network sensors. [1,3] The applications differ in
what they detect. Some are motion sensors, some sense light and yet others sense
temperature. A few of these applications are discussed in the following section, and

the list is by no means exhaustive.

Environmental monitoring

When used for environmental monitoring different environmental parameters and
conditions are monitored. [1,5] In an environment where humans cannot reach or
cannot stay long enough to study its habitats, WSNs play a major role. For example,
WSNs can be used to track the movement of certain animals or to learn seasonal
variations seen in certain species of plants. In an environment like this WSNs are
preferable since they do not require manual intervention, should some of the nodes
fail. The WSN will re-organize itself making it suitable for any environment of interest.
Air pollution monitoring, forest monitoring, green house monitoring and land slide

detection are some other examples of environmental applications. [8]

The amount of air pollutants such as CO, CO2, NO2 and CH4, generated by vehicles
and industry can be monitored using sensors. Comparing the measured values with
expected levels different measures are taken. WSNs' use in forest fire detection is also
significant. They can help fire fighters in determining when a fire starts and the way it
is spreading. Temperature and humidity measurement can also be done using WSNs.
when the values of parameter of interests drop below the expected, a notification
message of different formats can be sent to those concerned. When used for land slide
detection, WSNs can help predict their occurrences. Evacuations and preventative

measures can be taken ahead of these occurrences. [8]



Industrial monitoring

Both manufacturing processes and conditions of the equipment used can be monitored
using WSNs. Some processes span over a wide area which makes the monitoring and
maintenance process expensive. Condition indicators are used with equipment and
vehicles, which remove the necessity of scheduled maintenance, increasing up-time

and reducing cost of service, as well as increasing customer satisfaction. [9,298]

The cost of maintaining and repairing is not avoidable throughout the life time of
buildings. With proper ways of monitoring the cost of repairing can be reduced
significantly. However these monitoring methods should not be expensive and the
information they provide should be sent in real-time. WSNs could provide less
expensive solutions as they do not require wiring and could simplify the maintenance
of large number of buildings over a wide geographical area. Temperature and moisture

are some of the parameters to be monitored in these types of applications.

Military applications

During wars getting information regarding enemy movements or locations of mines can
be achieved using military sensor networks. [10,59] On the other hand each soldier
can have a wireless sensor node creating a stronger network for communication than
when each has to connect to a central location which consumes more energy. Each
vehicle used during a war can also be made part of the network and feedback on its

location can be collected in real time.

As to placement of nodes behind enemy lines, air-dropping is an alternative. Once the
nodes organize themselves, they can start functioning as any other WSN would do.
The same idea can be applied to border monitoring, which gives real-time feedback
which otherwise would require a large number of personnel to cover thousands of
kilometers. [3,17]



Multimedia applications

Multimedia applications generate too large an amount of data to be processed by a
typical sensor node that relies on battery. A typical example of this application is
Closed-circuit television (CCTV) networks implemented using WSN. [3,18] Programs
using algorithms that require a large amount of resources pose the same problem. In
such situations, processing the data and running the programs on a central node with
sufficient power supply solves the problem to some degree. In this project, the
shortest path was computed on a computer attached to the central node and the result

was sent back to the node requiring the information.

2.2 Navigation

The sophistication and usage of navigation systems has increased in recent years.
They are being used on roads, in the air and even on the oceans. The widespread use
of smart phones with advanced computing capability has removed the need for a
dedicated device for navigation. Though not widely used, indoor navigation systems
are also emerging to cover the inside parts of buildings which are not normally

reachable by the traditional navigation system due to barriers such as walls and roofs.

When moving towards a certain point that is not visible from the current position one
takes known buildings, land marks or any known visible structure as a reference point.
Without such reference points, the movement cannot be detected and is endless. One
good example is the difficulties visually impaired people face when certain structures
along their routes are changed. Unless they are notified about these changes, they will

face considerable difficulties and accidents.

The same problem happens to travelers in the Sahara desert as the landscape changes
every time. Every year many African immigrants die trying to cross the desert on their
way to Europe. Though the excessive heat could be taken as one reason, it is not the
only one. Since there are few signs to be taken as a reference, travelers rely on the
landscape for navigation. In figure 1 the hills might be seen to be serving as reference

points.



Figure 1. Changing reference points in the Sahara desert.
Reprinted from Nurie (2011) [17]

One may see the hills in figure 1 during the night and a totally different landscape in
the morning. However the trees might help but only few of them are there and they
will not stay there in all seasons. The other alternative could be for them to travel
during the nights and use the stars for navigation .However many of them have
neither the knowledge to use the stars for navigation nor the means to buy an
expensive navigation device. Though they might find the north easily, it might not be
good enough as dwellers of the desert do not live along a single route. For frequent
travelers, it may be appealing to put black barrels every kilometer along the path and if

they are lost, they just drive one kilometer back.



The barrels mentioned above are not applicable for boats sailing on the sea. Figure 2

shows a boat with no reference points.

Figure 2. A boat with no reference point.
Boat Owners of the United States (2011) [18]

In figure 2 one cannot see anything but the sky and the sea itself. No hills, trees or
dwellers as were in the desert. The vastness of the water bodies does not allow putting
barrels as signs. This is where a navigation system that uses altitude and longitude is

useful.

The lack or invisibility of a reference point hinders an entity's movement towards its
destination. Even with the presence of a reference point, an endless movement might
result. This happens when the entity moves towards a moving object. In WSN
applications, measuring the distance between two moving bodies is not as easy as

when they are stationary.

2.2.1 GPS for indoor navigation

The distance between two entities can be measured in many different ways. When the
distance between these entities is too large or one of them is unreachable by humans,
time difference can be used. This principle is used in the global positioning system
(GPS). In GPS, a method called triangulation is used. Since the speed of light is known,
only the travel time of signals from a satellite to a receiver is required. Three satellites
are used to find the exact location of a GPS receiver and a fourth one to increase the

accuracy. [11,6]
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There are at least six satellites in their orbit broadcasting signals that a GPS receiver
uses to know its location. The user device needs to be away from any barriers such as
buildings and mountains to receive these signals. [11,7] The passive GPS receiver has
the capability of converting the raw data into position and speed. For the system to

function properly it should be monitored and maintained. [11,8]

The usage of GPS indoors is limited as signals cannot penetrate concrete buildings.
Also the signals that mange to pass may not be strong enough to be used by GPS
receivers. However these weak signals may be used by applying some techniques. The
receivers do not have the resources required to track these weak signals as the
algorithms used are process-intensive and have high memory requirements. [12,277]
WSNs are used for indoor navigation and the location of a receiver is determined with

different techniques. One such technique is discussed in section 2.2.2.

2.2.2 Positioning

In any navigation system, knowing the exact locations of entities is desirable. When
using WSN, both moving and fixed nodes should know their location in the area they
are deployed. Configuring each node manually is neither scalable nor practical.
[13,231] Knowing the position of a moving object is not easy and getting the exact
location of a moving object referencing other moving objects is even harder. These

situations are beyond the scope of this project and are not discussed further.

For a node inside a building, determining its location requires some reference points.
Its distance from these reference points can be measured using different points. Using
basic trigonometric functions the nodes coordinates in a two-or three-dimensional
spaces, with reference to a given corner, can be determined. The main challenge is to

get methods for measuring these distances.
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The time of the arrival of signals can be used to measure the distance between two
given nodes. Assuming a Signal's speed under certain environmental conditions is
known and the receiving node knows the time the transmission starts at the other end,
the receiver can determine the distance from the time difference and speed. Since
environmental factors can change, getting the right speed requires some adjustments.
[6,236]

WSNs are made of nodes that monitor a given parameter and report to a central data
collector unit. These nodes cooperate with each other in transferring the information.
The nodes have the capability of processing the input data to a limited extent. A node
contains a microcontroller, a transceiver, a sensor and a power supply and may contain

more components. [1,7]

When nodes are battery-powered, the lifetime of their usefulness is very limited as
replacing the batteries is required. Using environmental energy sources such as light
vibration or temperature differences can increase the life time of the application. [1,8]
However this advantage is not without any cost, and the power collected using these
resources may not be sufficient to directly power the nodes. Also buffering may be
required. [1,11]

2.3 Routing

When it comes to a navigation system, there are four main objectives that need to be
addressed. The first one is knowing the current location of an entity. Without this
information it is almost impossible to go further as there is no reference point to
compare an entity's positions with. The second one is knowing the destination which
refers to the positions the entity is supposed to reach. Having a variety of routes
between the current position and the destination is the third objective, which could be
a walking, driving, flying, sailing or any other route. The last one is for the entity to
have a mechanism to make it able to choose the best route. [14] To achieve the first
objective a wireless sensor node can be used, and the last two objectives require the

knowledge of routing and routers. Both are discussed in the following paragraphs.
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A router's two main tasks are forwarding packets and routing. Forwarding refers to the
decision the router makes in choosing the exit line each arriving packet should follow.
When making these decisions, the routing table is checked for the destination address.
If the routing table does not contain any information as to where the destination
address is located, the router broadcasts the packet when the source and destination
addresses are in the same network. However if the source and destination addresses
are in different networks, then the process continues in a recursive manner until the
path to the destination is determined and the packet is sent to the chosen exit line.

Otherwise the destination is declared unreachable and the packet is dropped. [15,350]

Routing on the other hand is concerned with populating and maintaining the routing
table used for forwarding. The main parts of this process are routing algorithms and
their associated data structures. [16,350]. Routers learn about networks not directly
connected to them either manually or dynamically. Figure 3 shows how a router learns

dynamically about networks that are not directly connected to it.

Network-A Network-8 Network-C Network-D
o~ /_.\ — i
l ‘—- W ——— .‘ - r—— ———— -i % ‘
1841 1841 1841
Router-1 Router-2 Router-3

Figure 3. Routing in traditional networks.

In figure 3, Router-1 does not know how to reach networks C and D but it knows
about networks A and B since they are directly connected to it. One way to teach
Router-1 about these remote networks would be to manually configure the networks
and the exit interfaces to reach them. The other method is for each router to exchange

information regarding networks they know with each other.
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When the dynamic method is used, Router-3 sends information about Network-D to
Router-2. In the same manner Router-1 sends information regarding Network-A to
Router-2. At this point Router-2 knows all networks in figure 3. However hosts on
Network-A and D cannot reach each other. When Router-2 sends information
regarding all networks it knows to Routers A and D, the network is said to be reached
a converged state. Regardless of the number of routers between two given networks,
using dynamic routing protocols it is possible to learn about remote networks. This

makes them scalable and more desirable.

Static routes are used when the bandwidth over a link is too slow to be used for
dynamic routing protocols as the update messages consume the bandwidth. Another
situation is when a network has only one entry and exit point, also known as stub
networks. The other reason for using a static route could be the ability of the router
used to handle dynamic routing protocols. If it does not have the required CPU and
memory resources to run dynamic routing protocols, static routing is recommended.
However manual configuration of remote networks does not scale up since it is almost
impossible to know all networks beyond the local network. If a path to a destination

network fails, then a manual intervention is required. [16,22]

Routing in WSN

The data collected by the sensor nodes needs to be transferred to the application for
which the WSN is deployed. Due to the nature of the environment they are functioning
in and the energy limitations inherent in WSNs, an efficient routing protocol is
required. [10,197] The frequency and number of transmissions to the central node
impacts the energy consumption of the whole system. Aggregating the data collected
from multiple sensor nodes and transferring the data to a sink, a node interfacing the
WSN to other systems, at intervals or after a given threshold value is required.
[10,199]
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The distance of sensor nodes from the sink may vary significantly. Since the basic
functionality of these nodes is sensing the environment and sending the data to the
sink, there must be a way to transfer the data regardless of the nodes' proximity to the
sink. Some of these nodes are close to the sink, some are at a considerable distance,
and some even moving. There are different approaches to achieve the transfer of data

from each node to the sink.

The simplest approach is for each node to send the data to the sink directly. Though
this works for nodes close to the sink, the energy consumption of distant nodes and

the interference levels of signals from these nodes are increased significantly. [10,199]

The problem with each node sending the data directly to the sink can be solved by
using a multihop approach. The data reaches the sink via intermediate nodes. The
reduced distance results in energy saving as well as reduction in interference. The
frequency of transmission can be minimized by aggregating data and transmitting it
when triggered or when a given threshold value is reached. [10,199]

The challenge in the multihop approach is choosing which intermediate node to use.
The density of nodes used in WSNs does not allow broadcasting the data as the
duplicated data will consume resources significantly. Only some of these nodes should
be selected, and to this end routing algorithms that address the nature and limitations
of WSNs should be used. [10,199] Figure 4 shows only specific nodes being used for

data transfer.
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Remote User
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Local User
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- Sensor Node

Base Station Wireless Sensor Network

Figure 4. Multihop data and query forwarding.
Reprinted from Sohraby, Minoli, Znati (2007) [10,200]

Sensor nodes in figure 4 collect data from the environment and send it to the base
station. Nodes do not send the data to every node in their vicinity and only certain
nodes are selected along the path between the node and the base station. The
intermediate nodes may aggregate data until a query is made by the base station at

which point they will forward the data.

Routing algorithms suitable for WSNs can be compared based on parameters critical
for the functionality of the system. For example, the Low-Energy Adaptive Hierarchy
(LEACH) routing algorithm takes energy consumption, network lifetime and data
aggregation into consideration. To this end it groups nodes in a set of clusters and
chooses one of them as a head. [10,210]. Figure 5 shows nodes sending data to their

cluster head.
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Figure 5. Leach network model.

Reprinted from Sohraby, Minoli, Znati (2007) [10,210]

What makes the arrangement in figure 5 different is that only the cluster heads are
serving as intermediate nodes. The cluster heads may be grouped together to form
other clusters of nodes from which a head is chosen in a similar manner. The process
continues until the sink is reached directly by the heads which creates a hierarchical

network structure. In all parts of the hierarchy, nodes other than the heads request to
join the cluster. [10,212]
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3 Components of the navigation system

This project was part of an indoor navigation system. The main project has Core, user
device, Wireless sensor network and Mapping parts as well as an external system
interfaced to the Core system. Due to time limitations the focus of this project was on
the Mapping part. However to give a bigger picture other parts and the relationship
between them is also discussed. In this paper a person means the user who holds the
user device and, when referring to a particular device its identification number or name

will be used. Figure 6 shows the above mentioned parts and their interconnections.

§ External-System

ar device

System Manager

Web.-Browser

Node-B

g 1

Shortest path
Computation

- Cache Floor-layout
- Advertsiment Triggering rules images

Web-Server

M:ﬁpins

Figure 6. Components of the navigation system.

As figure 6 shows the main parts of the system are implemented independently and
are run on different machines enabling the management and maintenance of each part

to be done separately. Sections 3.1, 3.2 and 3.3 discuss these parts briefly.



18

3.1 Wireless nodes

Wireless nodes are placed on locations inside a building, so that the maximum possible
area is covered by the network. These nodes are identified using unique numbers.
These numbers are used for all computations and internal communications. However
an appropriate name reflecting the locations of the node can be used and the person
managing the system may refer to it with that name. However users should use only

numbers.

The core part, which is connected to a central node, is aware of the distance between
every node which makes drawing the topology of the network possible. The core part
also contains a cache memory for storing the shortest paths received from the Mapping
part and uses these values without the need to request the same information
repeatedly. It also has rules for triggering advertisements sent to the person as she
reaches different locations. These rules and other parts of the Core part are beyond

the scope of this paper and are not discussed further.

The Core part is also connected to an external system which can be a service provider
(SP) in a shopping mall, in an airport, in a train station, in a warehouse or any place
where indoor navigation is required. The SP provides a portable user device for each
person requesting its services and maintains a database to bind the person's
information with the device's identification number or name. It also decides where the
person's destination should be depending the service requested. Therefore, the main
objective of the whole project is guiding the person to reach a destination chosen by

the SP making it usable by multiple SPs at the same time.

3.2 User device

The portable device held by the person has a very limited memory and its display is of
poor quality. Tracking its exact location and lowering its power consumption cannot be
achieved simultaneously. The compromise is to exchange hello signals between a node
and the device every 10 seconds. Should the person be expected to move faster than

average, the hello interval should be made to be lower accordingly.
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Since the display is not capable of showing map images, an alternative method is used.
The user device gets inst