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1 Abstract

Do we always have to be lost in the halls of a big school on an already stressful first day
of class?

This paper has evaluated a prototype indoor navigation system that uses a ANT wireless
protocol. The protocol has been placed into nodes (small electrical devices, hardware)
which are then placed around an area of interest (a map), like beacons, using RSSI (signal
from the nodes) to help determine where the subject is located. The mobile application
is made specific to Android with a search algorithm that is based off of vector analysis
with weighted percentages. The idea being that if the position of each node is available,
knowing the location between the nodes should be easily achievable. The nodes were
build successfully along with an android application to verify each nodes functionally and
see the nodes RSSI values. The algorithm works as expected but due to several factors
was not able to be fully realized. In the actual test the system results where slow and did
not update in real time. It was found that the ANT protocol does not have a fast packet
reception when using the continuous scan feature made available by ANT.

The results of the search algorithm were not good enough for a real time indoor navigation
prototype. The search algorithm was slow. The system needs more inputs to accurately
locate a subject indoors.

Key words: Indoor Navigation, RSSI, ANT, Android, Vector
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4 Introduction

The idea of an indoor navigation system can have uses that span a wide area. Government,
Business, Educational, and even Personal use. A government can use the navigation
system to track documents or articles that ares suppose to stay in a building. If there is
a document that is deemed highly classified. A tracking device could be placed on the
document and it could be tracked where in the building and when it leaves the building.

A business such as a shopping mall could use indoor navigation to help people find there
way around. This can also be of interest to the stores in the mall. A system with multiple
nodes using the ANT protocol could send advertisements along with the directions. Not
only will a customer find out which direction to take to get to the store, they will also
find out what specials the store has to offer before entering. Another idea for a business
related scenario is a grocery store. What if each item in the store could be searched and
then a mobile application could direct you to the item needed?

Home security is a great personal use for indoor navigation. Knowing where your children
are based on there mobile phone can help secure that they are in their room. This can in
turn make sure they are where they are suppose to be when doing their homework.

Our investigation was motivated by a educational standpoint. Imagine being lost in a
large school building on your first day of class. Taking the stress off of new students and
empowering them with the ability to find classes and professors with ease is our goal.

We have evaluated a indoor navigation prototype. The prototype was built around the
ANT protocol, which is a WSN (wireless sensor network) protocol. The protocol allows
for easy networking between nodes and has the capability of using very low power. We
have developed a circuit which we call a node that uses the ANT WSN protocol. We
have built and programmed the nodes and developed our own tools to verify that they
are working via an Android application. Lastly we designed an algorithm based on vector
analysis that could track the position of an object based off of the signals and known
positions of the nodes we have developed.

Figure 1: Imagination
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4.1 Background

GPS Standard Positioning Service 1st edition came out in November of 1993. Since the
start of smart phones with GPS, it has seemed natural that we should be able to have
mapping systems indoors. The problem is GPS. It does not work indoors. The signal
travels a long way to get to earth and the signal has difficulty when it is obstructed by an
object. Ex: wall, tree, etc...[1] Which brings us to the need of having an indoor navigation
system.

Indoor navigation is not a new topic. There have been numerous studies on indoor
navigation. Wifi has been used to try and triangulate a persons position. RSSI (radio
signal strength indication) is used from the the wifi transmitter and then translated into
a distance. From this distance a point is determined. Difficulties have been shown that
RSSI does not send a accurate figure.

To help solve this challenge probability and statistics have been used. Also a method
called fingerprinting has been established. Fingerprinting logs multiple points vs RSSI
values in a map and uses these values to get a better approximation of the subjects
location.

Other wireless protocols have this same RSSI property. Zigbee, Bluetooth, and ANT are
just a few. These wireless protocols have the ability to be small in size and send a RSSI
signal. Each has different strengths and weaknesses. The graph below shows the three
protocols being compared to each other by the medical association Continua.

Figure 2: Continua compareson for the medical sector

The graph shows that ZigBee is good for longer distances but has a slow data rate. BTLE
(bluetooth low energy) has a faster data rate but only allows eight nodes. Where as ANT
has a fast data rate and allows lots of nodes with the longest battery life. The down side
is its range.

The ANT protocol shows that a small wireless transmitter can have a long lasting battery
supply based on how it is used. The protocol makes networking between a multiple
number of devices easy and provides the availability of a number of different networking
scenarios. With the ease of networking and the ability to have a large number of network
nodes allows the possibility of having a better accuracy of where someone is located in a
defined area. The number of signals can be increased in an area because of the small low
power protocol. it is our goal to evaluate the possibilities of a different solution to indoor
navigation through the use of this protocol. Also the use of multiple devices in a small
area to give a better accuracy of where something is.
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4.2 Overall aim

The aim of this project is to develop and evaluate a prototype for a indoor navigation
system based around the a circuit made with a ANT WSN protocol. The prototype will
be developed on a Android device. By having a high number of nodes that give off a
short signal we should be able to create a high density area of nodes that will enable us
to create an accurate search algorithm to locate a subject indoors. Lots of nodes equal
lots of known positions, knowing the positions and also knowing that we are between two
nodes at any one point in time should give way to a new ideas about indoor navigation.
Also because the nodes are small they can be placed in a close proximity without being
distracting. By developing and evaluating a prototype of a indoor navigation system
used with multiple ANT nodes on a Android mobile device we will be able to show what
possibilities there are with new technologies and also what challenges will need to be
overcome with the current technologies.

4.3 Scope

This study has its focus on using the ANT protocol to evaluate an indoor navigation
system. The study is constrained by time and will only allow for a set amount of testing.
It should be known that this project has potential to be expanded and has lots of areas
that can be changed and refined. It is only the initial stages of the set up and should
interest other engineers also working on indoor navigation on a possible alternate path
on how to set up an indoor navigation system. Since electronics are becoming smaller
and more connected, the ability to envision every electronic device talking to everything
is not in the distance future. Evaluating a indoor navigation system based on multiple
devices is more than relevant. The development is

4.4 Concrete Verifiable goals

1. Prototype circuit boards (hardware) with the ANT wireless protocol.

2. Test ANT wireless protocols habits and traits.

3. Design a Android application to test each nodes working capabilities.

4. Design a search algorithm based off of multiple nodes using RSSI from the ANT
wireless protocol.

5. Design a GUI in Android to test the algorithm.

4.5 Outline

This paper starts by introducing other methods for indoor navigation. It then provides
detailed information on the encompassing technologies used. Then a detailed description
of the method used for the indoor navigation prototype and search algorithm. After that
a detailed process of how we put the indoor navigation system together, how we tested,
and then our results.

11
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4.6 Contributions

I ”Patrick DuRussel II” have put together the prototype boards, (soldering components).
I have debugged and loaded firmware to the boards. I have written the algorithm and
applications involved in this version of the indoor navigation system. The applications
include a tool to verify that the ANT nodes are working. As well as a full scale GUI
designed in Android. I have also updated the firmware. Amir Yousaf, my supervisor, has
written the firmware and designed the boards.
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5 Theory

5.1 Related work

Indoor navigation has been a topic of many studies. Currently most papers are using
RSSI via trilateration in order to determine the location of the subject. Trilateration is
one of the techniques used for a indoor location algorithm.[10][11] According to Merriam-
Webster.com trilateration is:

5.1.1 Trilateration

”the measurement of the lengths of the three sides of a series of touching
or overlapping triangles on the earth’s surface for the determination of the
relative position of points by geometrical means (as in geodesy, map making,
and surveying)”[2]

Trilateration uses three known points and the intersections of the signals to calculate an
accurate location. Each signal can be thought of as a circle. From this circle the RSSI
signals are translated into a distance. This distance is how far the subject is away from
the device giving off the RSSI signal.

Navin Kumar Sharma[10], approaches indoor navigation in two phases. First a calculation
of distance from various RF points. Then a determination of the most probably location.
They use a Kalman filter in order to smoothen there results. The most error prone part
of this work is the estimation of the distance from the RF signals.

According to ANT engineer Mike Paradis, ”the RSSI reading can be anywhere from 2 to
3 times off of the actual reading”. The ”Weighted center of mass...” and the ”Trilater-
ation ”[10][11] paper are not using the ant protocol, but they are having a similar issue
determining the distanced based on the same problem that occur with RF signals.

5.1.2 FingerPrinting

Another concept for indoor navigation is called ”Fingerprinting”. Fingerprinting?s main
difference is a set of position points vs RF signal strengths set in an offline storage.
This setup is storing the relative position vs signal strength into a database. While
walking around a determined area, position points vs signal strength are logged. (a point
being a position on the map) Once online each point/value pair can be referenced to
the stored points in the database. This gives a better estimate at where the subject is
located because now the system is using more than just the distance from he RF signal
to determine position.

This approach also uses RSSI to locate the distance between the source and the subject.
The ”fingerprinting” is used to get a better estimation. According to, ”Using RSSI value
for distance estimation in Wireless sensor networks based on ZigBee” a paper written on
the subject of RSSI to distance calculations,[12]
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”Reflection, scattering and other physical properties have an extreme impact
on RSSI measurement and so we can conclude: RSSI is a bad distance esti-
mator.”

Both of these methods rely on signal strength to perform there analysis. With our method,
our hope is that having more nodes will create a more accurate and better network for a
better location accuracy. Also relying less on RSSI and more on the fixed position of the
nodes will reveal a newer way to think about indoor navigation.

5.2 Technology

In order to put together an indoor navigation system an number of different technologies
must be used. Hardware and software must be used together to realize the system.

5.2.1 ANT protocol

The ANT protocol is a wireless network protocol that has been designed in order to
enable seamless networking between other ant enabled devices. The ANT microchips can
be programmed to both talk and listen (send and receive data). A varied of different
network topologies can be achieved all at a low power expense. The main use of the
ant protocol is in the exercise and fitness area. They create the link between bicycle
speedometers, heart rate monitors, step counters, and a much more. The microchips use
a radio which sends packets to an ant receiver. Depending on the module the packets
can contain RSSI, Timestamp, and Channel Id information. Most newer Android phones
come enabled with the ANT protocol. Android mobile devices need to have installed a
ant service pack in order to be functional, which is free on google play.[3]

The ANT protocol gives ease to networking. Any configuration can be set up. Master to
slave, multiple master to multiple slave, etc. Any master slave configuration is obtainable.
The protocol uses eight channels. It is a bi directional protocol whereas both slave and
masters can communicate in either direction. The protocol also has a frequency agility
option which allows the device to figure out the best channel frequency to connect to.
There is also a proximity option. This option allows the available range of received
signals to be determined. It allows the receiver to not see as far.

5.2.2 RSSI

RSSI is the measurement of signal strength in decibels. The dbs can be converted into dis-
tance. In theory the distance from the sender can be calculated through trilateration.[2]
The accuracy with converting dbs to distance makes trilateration less than accurate. A
simpler way to understand trilateration is by understanding circle circle intersection.[7]
Circle circle intersection is a mathematical pre step of calculating trilateration. It involves
two circles and calculates a radical line. This radical line will have two points of interest.
Normally in circle circle intersection we would take into consideration the boundary con-
ditions. These conditions include if the two circles are not intersecting also if the subject
is exactly in-between the circles. Since we have control over how the system is set up,
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these two conditions will be always be avoided. By adding one more circle we will have
trilateration.

Figure 3: Circle Circle Intersection

The two points of interest are the possible positions of the subject. From figure 3 we can
see the two intersecting points.

5.2.3 Vectors

Vector mathematics is the study of vectors. Vectors are defined as having both magnitude
and direction. Vector addition is accomplished by setting the tail of one vector to the
head of another vector.[5]

~a+ λ~b = ~r (1)

Figure 4: Vector Addition
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5.2.4 Game Loop

A game loop is a ”while loop” in programming that is never ending. A game loop is
used in order to accomplish the effect of motion on a screen. The usual sequences starts
with an initialization (start screen). Then the loop is entered. Inside the loop, events are
processed, logic is processed, and the screen is updated. Once the game is terminated, or
the user goes to another screen, the game loop will be terminated.

5.2.5 Normalizing two signals

Normalization is the adjustment of values in order to bring them to a common scale.[6]
If we had two numbers 60 and 80. If we needed to represent these values in terms of 1
to 100 we could normalize them. If we normalize them to a scale of 100 we would just
follow equation 2 and 3. In equation 2 we would use 100 for n. Multipling each original
term by big N and adding them together will bring us back to our scale of 100 little n.

S1 + S2 = S3 (2)

S3

n
= N (3)

S1 ∗N + S2 ∗N = n (4)

5.2.6 Android

Android programming language is derived from the Java programming language. It does
not run on a Java virtual machine instead it has its own virtual machine called Dalvik.
The structure of programming is different. It is comparable to programming a applet in
Java. Instead of having a Main method, Android creates a manifest file that allows you
to specify which class to start from. It also creates a file structure that takes xml files in
order to set up the layout of the application. The main point to understand in Android
is how the life cycle runs see figure 4.[8]
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Figure 5: Android Life Cycle
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6 Method

Figure 6: Flow chart

In order to achieve an indoor navigation system the above structure is used. Before
the system can function the nodes must be strategically placed in the area of interest.
This area will be the area that is mapped. The mapped area must be predefined with a
an appropriate graphic for display on the Android device. Once the nodes are placed a
correlation must be made between the real world placement and the display on the device.
The placement of the nodes will be translated into pixel coordinates. The placement of
each node must be stored so that the system can access the information when it is needed.
The node placement information is stored into a database. The signals from the ANT
nodes are used as inputs in order to detect where on the screen the user is.

When the system receives a new ANT packet. The packet is read and stored into an
object. The object contains the ANT node id, RSSI value, and a timestamp. The system
will log the different ANT nodes based on this information. The Data Access Object
DAO keeps the information up to date. It searches through the storage object and deletes
old content based on the timestamp. The amount of time allowed for information to be
current can be changed to fine tune the system. The DAO also removes nodes from the
storage when there is no more RSSI information in the respective node container.

The GUI runs on a game loop pattern. This pattern updates the screen in real time. The
position marker is updated in the GUI based on the known node positions, RSSI, and by
using a search algorithm.

18
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6.1 Algorithm

Because the algorithm was created after testing the nodes some information was used as
a precursor before the algorithm was designed. This information is taken from the results
of stage two.

Known factors

1. Two nodes will always be present.

2. Node signal is not strong and is easily blocked.

3. Signal strength can at best be used as an approximation of distance from sender
node.

Given the known factors vector addition is a viable option to give a good accuracy at a
room level.

The search algorithm takes the signals it receives from the ANT nodes. It stores these
signals into an object referenced both by RSSI strength, id, and timestamp. Knowing
the positions of at least two signals, the algorithm then calculates the vector between the
two known points. The system is set up so that there will always be two nodes to receive
signals from allowing the system to ignore the issue of one or zero signals available.

Taking two nodes as end points and there respected signal strength the algorithm can
place the marker point somewhere between the two end points. Also by using there signal
strengths it can give a more accurate placement between the endpoints. See figure 4. Also
see equation 1

Taking equation 1: ~a+ λ~b = ~r

And inspecting equations 2 - 4: S1 + S2 = S3
S3

100
= N

S1 ∗N + S2 ∗N = 100

This shows that S1 ∗ N is equal to the λ in equation 1. If equation 4 places the signals
between 1 and 100. Multipling ~b by either S1 or S2 normalized with respect to each other
will result in the normalized signal equalling λ. λ will change the length of ~b, but not the
direction. Which ever node is used in calculating ~a, must also use the signal from that
node.

Once the device is between two known points the algorithm assumes the object to be
between the two points. This assumption is based off the short signal range of the nodes
and the weak signal strength. To improve the location the RSSI values from each node
are taken and normalized. As shown above the normalization of the RSSI signals will give
a better accuracy. The position is still restricted to the line between the two points.

To enhance the accuracy of the position on the line an averaging feature is used. This
averages multiple RSSI values from each node. The averaging of several values will give
a more accurate value from the RSSI.
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7 Implementation

To build a prototype navigation system based on the ANT protocol three stages are
needed.

1. Building and testing of the ANT nodes.

2. Creating an app to test RSSI signal from the ANT nodes.

3. Creating an indoor navigation GUI based on the ANT nodes RSSI signal.

Figure 7: Flow chart

7.1 Stage 1

The first stage implements an ANT AP281M5IB radio, Atmel 328 micro controller, and
more. 1 The circuit boards where printed and components ordered from digi-key. The
firmware was loaded to the boards and debugging was needed.

1A list of all items can be found in the Cadence files in Appendix 1.
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7.1.1 Prototyping Circuits

The board design, components, and firmware were provided at the start of this project.
The printed circuit board was given along with all of the components. All components
were hand soldered. A small reflow station was also used to help with the hard to solder
components. The main focus of this stage was to get the nodes up and running for testing
purposes. This lead to only soldering the most important components needed and not
worrying about the extra components on the board.

The nodes are powered by a Atmega328 micro controller to connect and communicate
with the ANT microchip (the radio). It is connect through a 20 pin Molex connector.
The boards firmware was programmed through ISP with Atmels Dragon2. The firmware
was loaded through Atmel Studio 6. In order to load the firmware the nodes must have
an external power source connected.

The project was provided with two firmware files. One firmware created the nodes as a
slave while the other created the nodes as a master. The network topology used in this
system is a multiple master to slave topology. The reason behind this topology was to
effectively put the prototype in the simplest scenario. The Android device would only
need to receive information and not send any information back to the nodes. Allowing all
the nodes to be masters created a situation that allows each node to send out a broadcast
signal which included RSSI as well as id. This also allows for a quicker workflow in stage
two.

During stage two of the development of an Android app to verify the RSSI signal, it was
noticed that when having two nodes on at the same time only one signal was being read
to the Android device. This problem was solved by altering the firmware. When the
firmware was loaded each node had the same id. By changing the id in the firmware on
each new node created the Android app could now see multiple nodes.

In order to debug the boards a simple multimeter was used in continuity mode. By
checking the connections between each of the pins a verification could be done to see that
there where no short circuits. To debug the ANT chip it was necessary to read the ANT
documentation to understand the pin out on the molex connector vs the pins on the ANT
chip was a necessity. If the firmware would not load than debugging was done.

Development of the hardware is a continuous and on going venture. Both code and
schematics can be found in the appendix.

For schematics, components, and firmware See Appendix A

7.2 Stage 2

Stage two involves creating an application on an Android device to test the RSSI signals
given off from the ANT nodes build in stage one. This stage uses a ANTUIF1 USB
adapter, a computer running Windows, ANTWareII, and the sample projects provided
by ANT as a starting point. The USB adapter allows the computer to receive ANT
packets.

2Atmels Dragon
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7.2.1 Android test application

Figure 8: RSSI test application

Writing the first application involved looking at a sample application project provided
by ANT. The applications is called sample background scan and can be download from
ANTs website. This application takes full advantage of Android. Broadcast receivers,
Intents, Interfaces, etc... The actual code for the program is difficult to follow. There
is not much commenting and if everything is not installed properly nothing will work.
(This is in reference to installing ANT’s service pack before loading the phone or virtual
device. If the service pack is not installed or the phone/virtual device is not ANT enabled
the app will just crash with no reason why). The first testing was done on a Windows
OS with a ANT usb device. ANT has currently implemented only windows to be able
to interact with its ANT usb device. In order to run ant services on a Android virtual
device ant requires a usb module plus uploading two service packs to the Android virtual
device. Then a separate application called bridge must be opened in order to communicate
between the virtual device and the usb device. All of this is only available for Windows.
Special care must be taken every time the virtual device is shut down. If it is shut down in
the wrong order the process of reloading the ant service packages will have to be redone.

Before the writing the of the application the nodes where also tested with a PC application
provided by ANT called ANTWarell. This application allows the computer to send or
receive ANT packets.

This app was designed out of necessity. This provided a way to both see that the nodes
were working as expected and to show that they worked with an Android interface. This
design takes in the signals broadcasted from the nodes to the Android device. When
a new signal is found or new signal information comes in, the screen is updated. It is
updated in list format with both the channel id and RSSI value. It also allows for a photo
of the nodes for further implementation.[8][9]

The test application uses a LinearLayout with an observer pattern to send the information
from the ANT Service to the main application.[13] The observer pattern works just like
hollywood agents work. ”Don’t call us we will call you.” This updates the main screen
with newer figures from the RSSI readings only when new values come in. There was no

22



Patrick DuRussel II
Mid Sweden University 7 IMPLEMENTATION

need to poll for new values. The ANT radio service packets are collected by a function
called background scan mode provided by ANT. This scans the area for new signals and
then passes them to the appropriate place. The signals are stored in an object based not
he ANT packet id, RSSI, and timestamp.

Continuous scan mode was an alternate option that can only be used with a PC. Contin-
uous scan mode was the initial idea to be implemented. However, because ANT does not
want all ANT channels being consumed by one application it has been decided by ANT
not to allow continuous scan mode with mobile devices. Each ANT enabled device can
allow up to eight different channels for reception allowing up to eight different applications
running of of the same ANT chip at the same time.

All code for applications See Appendix B

7.3 Stage 3

The third stage combines the first two stages by building a GUI application on an Android
device that tracks the location of a subject in a given area. The area is predefined and
node location is decided and known. The application uses a game loop pattern, mysql
database, graphics, information form the nodes, and an algorithm to establish the position
on the map.

There are a lot of different elements to take into account before programming.

Different parts of the GUI

1. Nodes properly talking to Android

2. Updating the screen constantly (Game Loop)

3. Database to retrive node location

4. Storage and deletion for node signal values

5. Graphics to display on screen

6. Algorithm

The application main controller is the GUI.

7.3.1 The start

The start of the GUI is just a problem of putting together all of the components used
up to this point. The overall program can be realized from figure 6: Flow chart in the
section Method. The nodes have to be working and placed in a known location. The
ANT usb module must be able to receive information and send this information to the
Android platform.
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7.3.2 Game Loop

The method used to accomplish a GUI was a game loop pattern. A game loop is described
here: Game Loop. The game loop pattern allows full access to the devices screen. For
testing purposes the android virtual devices was used. When using the game loop the
devices pixel coordinate system was needed. The coordinate system starts in the upper
left corner at (0, 0).

7.3.3 Database

The use of a database is to store the name of the node and its coordinates according to
the map on the devices screen. The need for a database will allow for the project to scale
to a larger number of nodes. It would be possible to store the node information in an
array. Storing the locations into the database is done by hand before the start of the
application. Once the positions of the nodes are decided and the graphics are laided out,
the positions must be referenced with positions on the device. To do this a small feature
was added to the application. When debugging the device the operator can tap on the
screen where a node is position and a x and y coordinate will be displayed in the logcat
output. This information is than placed into the database along with node id.

7.3.4 Node RSSI Value Storage

Storing the values of the incoming RSSI signals is more complex then it seems. The first
thing needed is to add a new node to the list as new nodes are found. Then referencing
the node we need to store both RSSI strength and a timestamp. Storing values, accessing,
and deleting values all needed to be done, and possibly at the same time. A thread safe
nested ArrayList in a Key Value pair was used. This accomplished a different container
for each node and then allowed a linked list inside each node to be searched in order to
find the most recent RSSI signals. Because a timestamp was saved the list could also be
updated to delete old values based on the timestamps. The length of time before deleting
can be changed to the users specifications.

7.3.5 Algorithm and Graphics

The algorithm was implement as stated here ??. In order to adapt the algorithm to
multiple nodes, more than two,the algorithm is run on the first two nodes. The placement
of those nodes equates to another position. This position is then used in the algorithm
for the next node and so on. This continues until there is no more nodes.

The RSSI was also optimized. From the testing in stage two showed that the RSSI values
ranged from -50db to -8db. Since the signal never went to -1db an offset was used to give
the RSSI signal a wider range.

The graphics are different based on where the system that is set up. Each place the system
is used must have its own unique map. Changing the graphic is a as easy as changing a
picture file. The program itself resizes the picture for the background automatically.
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8 Result

The results are based off of using both the ANT usb attachment allowing the computer
to send and receive ANT packets. During the last week of the project an ANT enabled
phone was made available for testing. The difference between the reception of the two
devices were very different. The table below shows these differences:

Table 1: ANT with usb module vs ANT with enabled phone

ANT (USB) vs ANT (PHONE)

Signal reception is poor Signal reception is good

Signal blocked by body Signal not blocked by body

Signal blocked by wall Signal not blocked by wall

Slow packet reception Average packet reception

8.1 Stage 1

Stage one results where three functioning ANT nodes powered each by a 220 V to 5 V
converter. The nodes were programmed and built successfully with the firmware provided.
Each node function properly as a master and broadcast a signal with both RSSI and id.
The firmware was altered to allow each node to have a specific id. The hardware worked
after a lot of debugging. Uploading the firmware was successful with Atmel Studio 6 and
the Atmel dragon board. A firmware update was needed on loading every node in order
to give each node a unique channel Id. Updating the firmware manually worked well for
a prototype but could become clumsy with a larger number of nodes.

Figure 9: Circuits
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8.2 Stage 2

This stage was tested with both the ANT usb attachment and a ANT enabled phone.
The application can be seen in the picture below.

Figure 10: Test Application

The application worked as expected. It showed a new ANT node when walking into the
area where the node was broadcasting its signal.

Upon running the application it could be visually seen that it collected data and sent it
to the screen of the Android device. It displayed both the channel Id of each node and
the corresponding RSSI signal strength. In the initial test packet reception was found
to be a significant problem. It was found that the background scan channel on the the
ANT microchip has a weak packet reception. The background scan channel is a method
defined by ANT’s Api. According to several test runs it is immediately noticeable that
packet reception is slow. It is also confirmed by a ANT moderator on the ANT developer
forms.[15]

”Background scanning is not intended for strong packet reception. The best
way to guarantee high reception of packets on an Android device is to open
multiple channels at the channel period you expect to receive them at.”
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While testing on the ANT enabled mobile device, it has been concluded by inspection
that packet reception time has speed up. Also the visibility of the nodes to the device
has a further reach. Testing with just the ANT usb module created a different scenario
than with the ANT enable Android device.

Besides the difference stated in Table 1, while using the ANT Usb device had the ability
to receive packets at a signal of -7db whereas the Mobile device would only receive a signal
to -35db.

A test video can be seen here Test Application.

The program source code can be downloaded here.

8.3 Stage 3

There were two sets of testing with the search algorithm. The first set was with the ANT
usb module and the second set was with the ANT enabled mobile device. The first set
of test was undergone in an apartment in Goteborg Sweden. At the time of testing only
two nodes were available. The map in the background was hand draw and is for testing
purposes only which describes the area in a room in the apartment. Initial test showed
the algorithm to be working. It however worked slow and did not update in real time.
Also during test it could be seen that the signals were not coming in at a fast rate.

A test video can be seen here.

The second round of testing was done on a Android enabled device, Samsung galaxy S4.
This set of testing was performed at Mid Sweden University in the Masters room. A set
of six nodes where placed around the room. Each node’s x and y position, based on the
Samsung galaxy 4, were saved into the database. The first set of testing showed that
the algorithm was slow. It did not update in a timely manner. It also jumped around.
With the new environment and a better ability to see more nodes, the algorithm had
more information to process. In order to try and simulate a similar environment to the
test with the ANT usb module a proximity search was set. This setting allowed a smaller
area of nodes to be seen. After this the algorithm was still slow. As you can see from
the video in appendix A. The application does not update to a satisfactory level. It does
however show that with multiple nodes it is possible to have a very accurate judgement
of where a subject is at in a building.
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9 Challenges

9.1 Stage 1

The current prototype of the hardware has a problem with a single connector. It is
connected with a 20 pin Molex connector. For hand soldering, this connector is especially
hard to deal with. Hand soldering the 20 pin connector to the board proved to be a difficult
task. A reflow station or a different connector would speed up development times.

Figure 11: ANT microchip
Figure 12: Molex Connector

9.2 Stage 2

Initial test showed what was expected, a fast updating of the RSSI.3 Only when tested
with two nodes did the results differ. Both nodes were not showing up. ANT data
sheet that stated that continuous scan mode is only available for pc’s and not for mobile
devices.[14][16]

The work around for this was using a background scan mode. Currently the background
scan mode in ANT hardware has a weak packet reception. This means that the phone
will only receive one packet every one to two seconds. This is too slow for real world
purposes but works in order to test the algorithm.[15]

9.3 Stage 3

The speed of the algorithm was slow. It did not update the screen fast enough. With
the time allowed for the project it was not possible to dig deeper into this problem. The
availability of resources, having a ANT enabled mobile device also restricted the ability
to facilitate more involved testing.

The reception of packets picked up after testing with a ANT enabled mobile device. This
no longer seems to be an issue of packet reception. It should be noted that different
results were received when testing with two different platforms.

3Test App
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10 Conclusions

Running a indoor navigation system with a ANT enabled nodes has the possibility to
produce a working system. However, testing the system with an vector analysis algorithm
has proved not enough. The algorithm is slow. Also testing with ANT protocol seems
to have different effects in different environments. Currently packet transmission is slow,
this is also verified on ANT forums. Yet again, when running on an actual ANT enabled
mobile device vs the development USB stick it seems to have a different set of properties.

The ANT protocol is still a viable option for creating an indoor navigation system. With a
faster algorithm or a possible different approach to an algorithm the system will function
better. The results show that a small working node can be created along with a sample
application tool to read the values and Ids of each node. Even though the current GUI is
not functioning at a real time capacity. This prototype shows that it is possible to create
system.

Indoor navigation has the great idea of never being lost, but it can also have the negative
effect of invasion of privacy. In an ever present world of conspiracy theories, will indoor
navigation make the public as a whole more concerned? It is hard to say. My opinion is
that when designing such a system as we are here, we must put in place restrictions as
too who can view where a subject is. It is hard to think of things while designing in the
early stages, but end products must answer such questions.

Even though this evaluation has proven less than effective for an actual prototype. It is
just a start to what can be a actual working model of an educational institutions indoor
navigation system. Using the knowledge gained from this report will better help anyone
looking for more information on indoor navigation. Also taking what we have learned
and expanding can lead to new possibilities of indoor navigation.

10.1 Future work

This system and algorithm need to be tested in a number of different environments with
a number of different mobile devices. The GUI could use a api instead of building it from
scratch. Motion sensors from the mobile device could be another input into the position
location. Taking a accelerometer as a step counter and a magnetometer as a compass, it
should be possible to tell whether a person is moving and in what direction.
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Figure 13: Accelerometer magnitude at rest

The figure above is from a accelerometer sitting still with no motion. From the graph we
can see that placing a limit on the magnitude, 9 to 10.5, and if the device goes outside
that limit it can be translated as movement.

Currently the test application does not delete nodes from the list when they have become
inactive. This could be implemented in the future as well.

Most of all more testing.
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11 Appendix A

Firmware and Hardware files

• Cadance Eagle files

• Firmware files

Videos of results

• This is a test of the ANT node testing application. - Test Application

• This is a test of the GUI not using ANT. - GUI test

• This is the first test of the GUI with ANT. - Indoor test 1(Apartment)

• This is the second test with GUI and ANT. - Indoor test Mid Sweden

12 Appendix B

To look at application files:

• Test Application Code

• GUI Application Code

To Download application files:

• Test Application Code

• GUI Application Code

If links are down please email: pat.durussel@gmail.com

Revision History

Revision Date Author(s) Description

1.2 Dec 28th 2014 P. DuRussel II rewrite
1.1 May 28th 2014 P. DuRussel II major update
1.0 May 5th 2014 P. DuRussel II created
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