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ABSTRACT
We present and describe an implementation of a system that
utilizes indoor positioning and an optimal path algorithm
to help users find their products while grocery shopping.
Our objective was to create a system that could, based on a
personalized shopping list created by the user, navigate the
user through the supermarket. With the objective of helping
the user to get his products in a much more efficient man-
ner. This paper describes in some detail the implementation
process and discusses the results that were obtained.
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1 INTRODUCTION
Motivation
With the appearance of smartphones, cell phones are no
longer just a means of communication but also a tool in our
day to day activities.

Using our cell phone as a Global Positioning System (GPS)
device has become a common practice for most users. Al-
though this feature comes with big advantages, it also comes
with some setbacks. It only works well in outdoor spaces
this means, that if you want to find your way around an in-
door space, GPS is not the way to go, because in most indoor
spaces its signal is not strong enough.
To solve this problem we can use indoor localization. In-

door localization is a technology on which there has been
extensive research in the last decade [18].
This technology can be applied to mundane tasks, for

example, grocery shopping. Supermarkets are known for
having a wide range of products available in only one place.
For this reason, sometimes the number of aisles and shelves
makes it hard to find the product you are looking for. Due to
their size, it is very hard to memorize where all the products
are. Adding to the fact that most people do not usually do
a shopping list and the ones that do, do not organize it,
adding products at random, makes people walk around the
supermarket without really knowing where to go, making
them feel frustrated every time they do not find the product
they are looking for.

Objectives
With this project, we intend to create a mobile application
that together with a network of Bluetooth Low Energy (BLE)
beacons can use indoor positioning to improve the user over-
all shopping experience.
In a more specific scope, we intend to create a network

of BLE beacons that can identify not only the user position
but also the location of the products in the supermarket.
Together with a mobile application, that will allow the user
to create his own shopping list and an algorithm that will
calculate the optimal path or one close to it, this system shall
implement an indoor navigation system, that the user will
use to navigate through the supermarket aisles.

The main objective of this project is to create a system that
can calculate the optimal or almost optimal path through
the supermarket based on the position of the products on
the user’s shopping list and also be scalable, precise and
accurate.

2 RELATEDWORK
There is a growing body of research work concerned with
indoor positioning, driven primarily by the desire to improve
or personalize the experience of users in a range of contexts
like the works by Faragher [9], Zhao[20], Hansen[10] and
He[11] to name a few.

Although recent work in this field has been quite promis-
ing the problem of providing reliable positioning through
mobile devices and other technologies still remains. Most re-
search focuses on already existing hardware infrastructures
like WiFi and on processing techniques that can determine
the location from asynchronous sensor data, like techniques
that are based on Time Of Arrival (TOA) and Angle Of Ar-
rival (AOA) and others that are based on measuring actual
signal strengths from surrounding access points [21], [10],
[14]. Which according to Deepesh[7], are unreliable due to
being highly sensitive to environmental factors.
There are several aspects that an indoor localization sys-

tem must take into consideration, the most important of
which, accuracy, precision, and scalability. We have looked
at several systems that implement indoor positioning sys-
tems using two technologies WiFi and Bluetooth and others
that used a hybrid infrastructure of the two. We focused on
this two technologies since most mobile devices nowadays
already have built-in sensors that can receive signals from



these technologies. We also looked at some algorithms that
would possibly help us calculated the optimal path for the
user, given his shopping list.

The solutions based solely inWiFi, like Lashkari’s [15] and
Yang’s[19] work, have low accuracy or are very dependable
of environmental factors, due to being based on solutions that
use TOA, AOA, Received Signal Strength (RSS) or Channel
State Information (CSI). These limitations make solutions
that use this technology to have a very low probability of
working correctly with the system we have in mind.

Bluetooth only based solutions, like Dickinson’s [8] and
Chen’s [6] work showed more promising results than the
one using only WiFi. Dickinson’s in specific is by far the
closest one to our project. Utilizing BLE beacons to abstract
a wholesale store as a graph, to be able to pinpoint the user’s
location in aisles of the said wholesale store.
Then the solutions based on a hybrid infrastructure of

bothWiFi and Bluetooth, like Baniukevic[4] and Antevski[3]
works, are not so dependable of environmental factors as the
ones using onlyWiFi, due to their integration with Bluetooth.
However, by analyzing the results achieved by both authors,
is easy to realize that this type of solutions are way more
efficient in small to medium locations.

For the optimal path algorithm, we looked at four possible
solutions, three of them shortest path algorithms, Dijkstra’s
algorithm[1], Floyd-Warshall algorithm [2] and Johnson’s
algorithm [5]. Although these three algorithms are known
for being very efficient, they only calculate the shortest path
between one node and all other nodes, instead of the optimal
path between all the existing nodes.
The other solution we looked at was a solution to the

traveling salesman problem [13] that uses the Lin-Kernighan
Heuristic [16]. This solution calculates the optimal path from
one node X to one node Y, passing through all the others
nodes the algorithm says he has to visit, with fairly good
performance results.
To summarize, these works have all contributed to the

design of the architecture of the solution to our problem that
we present in the next section. However, two works stand out
the most, Dickinson’s paper: Indoor Positioning of Shoppers
Using a Network of Bluetooth Low Energy Beacons and Hels-
gaun’s: An effective implementation of the Lin-Kernighan
traveling salesman heuristic. The architecture we present
next is heavily based on this two works.

3 SOLUTION ARCHITECTURE
In this section, we present the proposed architecture for
our project. Then, we discuss the main components of the
proposed architecture, namely the mobile application, the
online server, the BLE beacon network.

Our project features an online architecture, which means
that its main functionalities are only available if the user

Figure 1: Our system’s architecture.

is connected to the Internet. We have chosen this type of
architecture because of its popularity inmodernmobile appli-
cations and facilitates further ports of the mobile application
to other operating systems since the main logic is performed
server-side. Furthermore, we can leverage on the computa-
tional power of online servers to perform performance heavy
tasks.

As seen in figure 1, our project is based on a mobile appli-
cation, an online server, and a BLE beacon network.

Mobile Application
Our mobile application allows the user to create a personal-
ized shopping list with the products he desires to buy and
it is responsible for measuring the signals coming from the
BLE beacons. After the user creates the shopping list, the
list is sent to the server that then takes the list and uses it to
calculate the optimal path and returns it to the user, i.e. to the
mobile application. The application takes the path calculated
by the server and uses it to show the direction in which the
user must move.

The mobile application is divided into two different layers:
the Presentation Layer and the Business Layer. The Presen-
tation Layer provides a user interface where the input of the
application is specified (inputs, buttons, etc.) and its output
is shown. The Business Layer contains all the libraries that
our application uses. In fact, it makes the necessary requests
to perform all the business logic, like server communication
and directions logic.

The direction displayed is based on a compass, i.e. an arrow
is shown to the user indicating the direction in which he
must move until he reaches the next product on his list.

It is important to mention that at any time while shopping
the user can add or remove items from his list. When this
happens, a new list is sent to the server and a new path is
calculated and returned to the application. This path, instead
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of having its starting point in the supermarket entrance, its
starting point is the location in which the user was when
requesting a new path.

BLE Beacon Network
We propose a network infrastructure where N BLE beacons
are deployed along the aisles of the supermarket, similar to
what was done by Dickinson[8]. This network works in a
way that allows us to transform the supermarket surface
into a connected graph, i.e. the beacons are placed along
the aisles of the supermarket in such a way that they act as
the nodes of the graph. An example of the placement of the
beacons along an aisle can be seen in figure 2.

Figure 2: Possible beacons layout on an aisle.

The beacons are deployed along one side of the aisle, at
regular (but not always equal) intervals corresponding to
the ends of shelving units. We use Dickinson approach to
simplify the positioning problem from a two-dimensional
problem to a one-dimensional problem, by discarding the
user’s position regarding the width of the aisle. The idea is
to be able to locate the user on a defined axis parallel to the
aisle. This axis is identified in red in figure 2.

Server
The server is the core of the system and it is responsible
for calculating the optimal path for the user based on his
shopping list and for managing all the information from the
BLE beacon network, like the beacon coordinates, and what
products are associated with which beacon.
After the user sends the shopping list to the server, the

server access the Structured Query Language (SQL) database
to retrieve the information necessary to calculate the optimal
path based on the shopping list the user sent.
The optimal path is calculated using the solution for the

traveling salesman problem created by Helsgaun [12] where
the author applies the Lin-Kernighan heuristic effectively to
Traveling Salesman Problem (TSP).

The server keeps in its SQL database all the information
necessary from the BLE beacon network to calculate the
optimal path and returned it to the user. This functionality is
key for the people managing the supermarket layout because
by having all the information from the BLE beacon network
it makes this network highly customizable. This means, that

new products can be added and products can change location
on the supermarket without having to update the mobile
application.

4 IMPLEMENTATION
In this section, we describe the implementation of our project.
We start by describing the implementation of the server. In
particular, how we implemented the optimal path algorithm
and what information is stored in the MySQL database. Next,
we describe the implementation of the mobile application,
in particular how the direction that is shown to the user is
calculated. Finally, we describe the implementation of the
BLE beacon network.

Server
As discussed previously, the online server is the core of our
system and it is responsible not only for calculating the opti-
mal path but also for maintaining the MySQL database, that
contains all the data from the BLE beacon network necessary
to calculate the optimal path.

The server creates a new thread for each client connection,
this is done so every client request is independent of every
other client requests. This also affects the scalability of the
system, by having a thread for each client, the system can
withstand a greater number of clients without having amajor
decrease in performance.
When the server starts, the information in the database

that concerns the graph, that abstracts the supermarket lay-
out, is retrieved and the graph is created and all the data
structures necessary to run the optimal path algorithm are
initiated. Then, the server creates the socket that will receive
the connections from the clients and from that point on the
main thread of the server stays in a loop waiting for client
connections.

After a client connects to the server and a thread has been
assigned to it, the server receives the shopping list sent by
the client. This list is then treated, so it is in a format that
can be passed to the algorithm.

Database. We now present the online database created,
since its features will be needed to explain the remainder
implementation of the system. The database available on the
server is inMySQL format.Wewanted to simplify the process
of editing the BLE beacon network as much as possible, like
adding or removing products, adding or removing beacons
and changing products locations.We implemented a database
that reflects those requirements, its model can be seen in
figure 3.

We begin by explaining the tables that are only connected
to the deployment of the BLE beacons and the products as-
sociated with them. The products table, contains only the
products present in the supermarket, making it simpler to
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Figure 3: Server’s database model.

add or remove products. The beacons table contains informa-
tion from each of the beacons deployed in the supermarket,
their UUID and their major and minor, the last two work as
their coordinates in the supermarket as well. It is also impor-
tant to note that in the current state, the database allows for
a single node to have more than product associated to it and
allows for a single product to be in more than one beacon
at once. We implemented the database this way because it
is common for supermarkets to have the same product in
multiple locations, due to promotions.

The next three tables contain information that is directly
connectedwith the optimal path algorithm. The beacon_nodes
table, reflects the relationship between a node of the graph
and a beacon from the BLE beacon network since a beacon
corresponds to one and only one node. The graph_paths table,
contains each edge and their value, that connect two nodes
directly, of the graph. Finally, the graph_augmented_paths
table, contains, similar to the graph_paths, contains the in-
formation about edges in the graph used by the optimal path
algorithm. However, in this case, the edges represented in
this table, are augmented edges, i.e. edges that connect two
nodes that are not directly connected. This is needed due
to the fact that the TSP assumes that the salesman will only
pass through a city (node) once and only once, but in our
project, we want that the client has the possibility to pass
through the same node more than once.
The augmented edges are created for this end. Consider

the nodes A,B and C , we want to get from A to C , but to do
that we have to go through node B. We create and augmented
edge from A to C , where its cost is the cost from A to B and
from B to C . This way, every single node from the graph is
connected to every other node either by a direct edge or an
augmented edge. The augmented edges are calculated using
Dijkstra’s algorithm.
In summary, the graph_augmented_paths table, contains

the information about augmented edges, i.e. the source node,

the destination node, the total cost and the path necessary
to go from the source node to the destination node.

Optimal Path Algorithm. As we discussed before, our so-
lution is based on the solutions for the traveling salesman
problem, in particular, the solution created by Helsgaun[12].
However, this is not the only solution we use in our system,
we also use an implementation of the Dijkstra’s algorithm
[1] and a implementation of a solution to the TSP that uses
the nearest-neighbor approach. We explain how we imple-
ment these solutions and when they are used throughout
this section.
It is important to note, before we explain the actual algo-

rithm, that when the server is initiated, all the information
needed, from the database, for the algorithm to be executed
is retrieved and stored in variables. This is done, to simplify
the access to the information when the algorithm is being
executed.
When the data is retrieved from the database, a cost ma-

trix, C , is created where c(i, j) is the cost of the edge that
connects node i and node j. Two maps are also created, one
that maps every product to the beacon Universal Unique
Identifier (UUID) where it is located and the other that maps
every product to the node in the graph.

The algorithm starts by receiving the shopping list created
by the client, this list has already been parsed and is now
ready to be used by the algorithm. Another information that
the algorithm receives from the client is if this list is an
edited to a previous list or not. This is done, so the algorithm
knows if it must use the starting point as the entrance of the
supermarket or the current location of the client.

Then, depending on the size of the list one of three possible
solutions are used. If the list sent by the client only has one
element, the Dijkstra’s algorithm is used. If the list has two to
five elements, a solution to the TSP using a nearest-neighbor
approach is used. If the list has more then five elements the
solution created by Helsgaun is used. These three solutions
are used at different times so that when it is not necessary
to use resource heavy process, simpler process are used.

The solution created by Helsgaun, needs two specific files
to be executed, the parameter file, .par, and the problem file,
.tsp.
The problem file contains a specification of the problem

instance to be solved. The file format is the same as used in
TSPLIB [17]. The current version of the software allows spec-
ification of symmetric, asymmetric, as well as Hamiltonian
tour problems. Distances (costs, weights) may be given either
explicitly in matrix form (in a full or triangular matrix), or
implicitly by associating a 2- or 3-dimensional coordinate
with each node. In the latter case, distances may be computed
by either a Euclidean, Manhattan, maximum, geographical or
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pseudo-Euclidean distance function. In our implementation,
we give the distances in an explicit full matrix.

The parameter file contains control parameters for the
solution process. This file allows us to personalize many
of the specifications of the Helsgaun solution, but since the
default values, as shown by the paper presented by the author
[12], get good results in almost every application, we used
them in our implementation.

To create and save this two files, a directory is created for
each user that connects to the server, the name given to this
directory is based on a randomly generated integer and a
time stamp, both calculated when the clients connect to the
server.
The problem file is created, using the cost matrix C . Ev-

ery cost value, c(i, j), that represents the cost of an edge or
augmented edge that connects two nodes that are related to
products in the shopping list created by the client, is inserted
in the file as a value of the distances matrix, D. This matrix
works exactly like matrix C , i.e. d(i, j) represents the value
of the cost of the edge between node i and node j . The file is
then saved in the directory created before.

After the problem file has been created, the parameter file
is needed, to specify to the Lin-Kernighan Heuristic (LKH)
which problem file is trying to resolve. In the parameter file,
we specify the problem and tour files, the tour file is simply
the file where the LKH will write the calculated path. Other
specifications are made in the parameter file, such as the
number of runs, that we set as 1, the optimum and if the
LKH should stop or not when this optimum is found. Since
the problems we pass to the LKH are not know problems, i.e.
they do not have already calculated optimums, we set the op-
timum as a much more higher value that can be achieved by
adding all of the costs in C and set the STOP_AT_OPTIMUM
to NO. These two last specifications ensure that we calculate
the best possible path.

The solution created by Helsgaun takes this two files and
calculates the best path using the modified Lin-Kernighan
Heuristic created and writes it in the aforementioned tour
file. This tour file is then read by our algorithm, that retrieves
the path calculated and starts prepping it to send it to the
client.
Two paths are sent to the client, the real path and the

view path. The real path contains all the nodes, even those
that come from the augmented paths, unlike the view path
that only contains the nodes that derive directly from the
products in the shopping list sent by the client.
In addition to the two paths, two more maps are sent to

the client, beaconIdToProducts and beaconIdToCords. The first
map represents the direct relation between a beacon UUID
and the product that is associated with it. The second map,
on the other hand, represents the direct relation between a
beacon UUID and its coordinates in the supermarket. These

maps are used by the mobile application for calculating the
direction in which the user must go and to correctly see
if the user has reached the next beacon on the list. It is
also important to note, that the maps sent to the client only
contain the information relevant to the list the client sent to
the server.

Mobile Application
The mobile application is an essential component of our sys-
tem, so it was important to make sure that we implemented
it in a mobile Operating System (OS) that made sense. To
achieve that we looked at mobile operating system market
share from last year until now.
The mobile operating system Android, according to Stat-

Counter1, at the time of writing of this document, April of
2018, represents approximately 75% of the market share in
Portugal. Therefore, we believe that this is the mobile plat-
form in which made sense to implement our project.

The Estimote Proximity Software Development Kit (SDK)
only works on the version 5.0 of Android (SDK 21) or above.
Therefore, our application was implemented to work on
devices with Android SDK 21 or above. The application was
developed in Java language, using Android’s SDK.
The application contains only three activities, again we

implemented the systemwith only the main features in mind,
theMainActivity, the ListActivity and the PathActivity. These
activities implement two of the main features of our system,
the creation of the shopping list and the orientation of the
user through the supermarket.

TheMainActivity is the first activity the user comes across
when opening the application, this activity functions as a
home activity, for this project the only functionality acces-
sible through here is the creation of the shopping list, via a
button that leads the user to the ListActivity.

When in the ListActivity, the user is presented with a list
of products, this list allows the user to select and deselect
each and every one of the products in the list. After the user
considers the list finished, the user can send it to the server
so the optimal path can be calculated.

After the path has been calculated and the server sends the
path to the application, the application starts the PathActivity.
This activity takes the data sent by the server, the real path,
the view path, the beaconIdToProducts and thebeaconIdToCords,
and uses it to start showing the direction in which the user
must move to reach the next product on the list.

When the PathActivity is initiated, multiple variables are
initiated as well and the views are set. A beacon region is
initialized using the proximity UUID of the beacons, but for
now, just assume that is an identifier and that every beacon
in the supermarket has the same one. This region will be

1http://gs.statcounter.com
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used by the application to know if it is in the range of any
beacon. The compass used to direct the user in the right
direction is also initialized.

After all the variables have been initialized and the appli-
cation is ready to direct the user, the user is asked to move
to the starting point, in most cases this will be the entrance
of the supermarket. From here the user will be shown di-
rections to the first node in the real path, although in the
screen it appears the first node of the view path. During the
shopping process, the application will display in the screen
an arrow, which indicates the direction in which the user
must move, and a product, this product is always the first
element in the view path, this is done to not confuse the user
by showing on screen products the user did not add to the
shopping list.

While shopping, if the user enters the region of a beacon
one of three things can happen (figure 4):

• Beacon is not an element of the real path: This
event is ignored and nothing happens.

• Beacon is only an element of the real path : This
node is removed from the real path and the direction
to the new first element of this path is shown to the
user.

• Beacon is an element of both the real path and
the view path: When this happens, it means that at
least one of the products associated with the beacon is
one of the products in the user’s shopping list. In this
case, the arrow showing the direction will turn green,
signifying to the user that the next product its getting
closer, and a new thread is launch. This thread only
objective is to run a ranging listener until the closest
beacon detects by it is the beacon associated with the
product in question. After the ranging listener detects
the beacons as the closest beacon, the user must click
a button to ensure the application that the product has
been collected, the node is removed from both paths
and the direction to the first element of the real path
is shown to the user (with the arrow grey again).

Since the application saves the last five beacons whose
regions the application had entered, when the application
detects that the user is straying from the path calculated, a
pop up will show on the screen notifying the user that he is
straying from the path. When this happens, two options are
given to the user, try to get back to the path or recalculate
the path using the current position as the starting point.
It is also possible that the user wants to add or remove

products while shopping, we support this feature by letting
the user access the shopping list created and adding or remov-
ing products. When the user edits the list while shopping, a
pop up will appear on screen, similar to the one when the
user strays from the path, asking the user to stay still so the

closest beacon can be used as the starting point. Then, the
new list is sent to the server, that calculates the path and
returns it to the application. When the path is returned, the
PathActivity is initiated as normal using the new path and
using the current user location as the starting point.
As the user finishes shopping, the application shows the

direction to the checkout area.

Direction Manager. To be able to calculate the direction in
which the user must move, we needed to be able to know
the exact position of each product in the supermarket. To
achieve this, we create a Cartesian coordinate system, i.e.
a coordinate system that specifies each point uniquely in
a plane by a pair of numerical coordinates, which are the
signed distances to the point from two fixed perpendicular
directed lines, measured in the same unit of length, that
attributes two coordinates, (x ,y), to each node of the graph.
Since the coordinate system allows us to know the exact

location in the supermarket of each node of the graph, we
needed a system that based on those coordinates could cal-
culate the direction in which the user should move to reach
the products. Since the most common way to know in which
direction you must move, is with the use of a compass, we
decided to abstract how our system calculates and shows the
direction as a compass.

We then implemented a simple compass, using two of the
built-in sensors in most mobile devices, the accelerometer,
and themagnetometer, implementing a noise filter (Low-pass
filter) as well to keep the arrow, that indicates which way is
north, more stable. But since we need our compass to indicate
the direction to each product and not in which direction is
north, like a normal compass does, we implemented some
changes to the "normal" compass to achieve our goal.
Before we explain the changes we implemented to the

compass, it is important to remember that a compass face
is split into 360 marks called degrees. The degrees indicate
in which direction the compass is pointing, north is at 0
degrees, east at 90 degrees, south at 180 degrees and west at
270 degrees.

Considering the point to which a "normal" compass points,
the true north (0 degrees), and considering as the supermar-
ket north, the direction in which a compass would point, if
the compass was positioning in the supermarket entrance
pointing forward towards the supermarket surface and the
degree value registered by the compass, α , was added to the
degree value of true north (figure 5).

We calculate the supermarket north and use it as the default
value in which our compass will be pointing. In this project,
we have only one supermarket, so the supermarket north is a
fixed value, but the idea is that this value could change based
on the supermarket the user chooses to visit.
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Figure 4: Diagram that shows how the application behaves when entering a proximity zone of a beacon.

Figure 5: Angle between Real North and Supermarket North.

Since the coordinates associated with each node of the
graph are calculated based on the supermarket north, every
time a new direction needs to be calculated, the application
takes the coordinates from the node the user is at (source
node) and the coordinates from the next node to visit (desti-
nation node) and calculates the angle, β , in degrees, between
the vector between the two points and the positive x-axis,
using

atan2(δY ,δX ) ∗ 180
π (1)

where δY = P2y − P1y , δX = P2x − P1x , P1 and P2 being
the source node and the destination node respectably.
The calculated angle, β , is then added to the value of the

supermarket north, showing now the direction in which the
user must move to reach the next product.

It is also important to note that the direction shown to
the user, always takes into account the user’s orientation in
relation to the supermarket north.

BLE Beacon Network
To implement our BLE beacon network we use Estimote lo-
calization beacons. The choice of this beacons was influenced
by the fact that these beacons are very easy to use due to
the different SDKs provided by Estimote Inc.2 and by the
popularity of these beacons.

The choice of the location beacons instead of the proximity
beacons was influenced by the fact that when testing the
proximity beacons with Android, these beacons were not
recognized by the Android mobile application. So we decided
to use the location beacons taking advantage of the fact
that these beacons can be used as proximity beacons with
extended battery life.
These beacons when broadcasting their Bluetooth signal

send the iBeacon packet, that we described previously. We
use the contents of the iBeacon packet, more specifically
the major and minor numbers, to divide the supermarket
surface into sections, using them to implement the Cartesian
coordinate system we described in previous sections.

Let the major number be the identifier of the aisle and the
minor number be a certain section of that aisle, we can then,
have a well section out supermarket surface. In figure 2, is
represented only one aisle and the letter A represents the
major number and the minor number is represented by the

2https://estimote.com
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different numbers representing the different sections of that
aisle.
Every beacon is set with the same proximity UUID, this

works as the identifier for the beacon region described pre-
viously. The idea is that this proximity UUID will work as
a supermarket identifier, i.e. every beacon from the same
supermarket will have the same proximity UUID but bea-
cons in different supermarkets will have different proximity
UUIDs.

5 EVALUATION
This section describes the experiments we conducted to eval-
uate our system. That was divided in four parts: system’s
scalability, optimal path, precision, and accuracy. The objec-
tive of the system’s scalability evaluation is to ensure that
the server implemented is handling the user’s requests prop-
erly, and also to see if the algorithm takes a large toll on the
server’s performance. The optimal path evaluation objective
is to help us understand if the algorithm implemented is
calculating paths that are optimal or one at least close to it.
Finally, the precision and accuracy evaluation is to ensure
that the beacons used can pinpoint the user location fairly
accurately and precisely.

Scalability
We now detail the experimental tests to evaluate the per-
formance of our server. We wanted to test how the number
of nodes and number of concurrent clients would affect the
performance of the system.
To test the performance of the system, taking into ac-

count the number of nodes in the graph and the number of
concurrent clients, we implemented a function that created
connected graphs whose nodes are all connected by edges
with the same cost. This was done to simplify the creation of
graphs and to allow us to create graphs with a bigger number
of nodes.
Then, a java client application was created to mimic the

behavior of the mobile client application, so we could test
also a bigger number of concurrent clients. This application
launches n threads that all connect to the server and send
a shopping list containing every single node of the graph.
By doing this, we were able to see what had more impact on
the performance of the system, the number of nodes or the
number of concurrent clients.
The tests were performed in an Asus X550L laptop, with

an Intel Core i7-4500U CPU @1.80GHz and 8 GB of RAM.
The results of the tests can be seen in figure 6.

By analyzing the graph is easy to see that, what had more
impact on the performance of the server was the number
of concurrent clients. This drop in performance can be hap-
pening because of the machine used to run the tests or even

Figure 6: Results of the scalability tests. The different colors
represent the number of nodes in the graph.

because of the fact that both the server and client applica-
tions were running on the same machine.
Either way is easy to see that the increasing number of

concurrent clients has a big toll on the performance of the
system. The number of nodes, despite some spikes in execu-
tion time, do not seem to have such a toll on performance.
Even with one thousand nodes and fifty concurrent clients,
the path is calculated in less than a second.

Optimal Path
We now detail the experimental tests to evaluate the quality
of the paths calculated by the algorithm.

To test the quality of the paths calculated, we created three
possible scenarios, that we believe will test the quality of the
paths. The scenarios we created consist in choosing nodes at
certain locations of the supermarket and analyzing the paths
calculated by the algorithm, assuming the selected nodes as
the nodes chosen by a client.
It is also important to note that the optimal paths repre-

sented in this scenarios are paths that we believe function
as optimal, they are not calculated optimal paths.

In the following images, we present the scenarios created
and their results. The beacons are represented by the yellow
squares, the ones that would be on the client shopping list
are highlighted with a red circle around them. The optimal
path is presented in blue and the calculated path in green.
The first scenario consists of choosing nodes that are in

each of the corners of the supermarket. The objective of this
scenario is seeing if the algorithm calculates a path that will
stay by the edges of the supermarket and not go through
nodes that are in the center.
Looking at the results from the first scenario (figure 7),

we can see that the difference between what we consider
8



Figure 7: Representation of the optimal and calculated paths
in the first scenario.

Figure 8: Representation of the optimal path in the second
scenario.

to be the optimal path and the calculated path is practically
nonexistent. Proving the effectiveness of our algorithm.
The second scenario consists of choosing two clusters of

nodes that are in opposite ends of the supermarket. The
objective of this scenario is seeing if the algorithm calculates
a path that would go through all of the nodes in a cluster
and then move on to the next, instead of going back and
forth between them. The optimal and calculated paths for
this scenario can be seen in figure 8 and figure 9 respectively.

Looking at the two paths, it is clear that the two are totally
different. However, the calculated path it is not a bad solution
to this scenario. Although it would be more efficient to start
from the left side of the supermarket, instead of the right
side, and that there is no reason for the path to go so close
to the top edge of the supermarket, the calculated path still
meets the objectives that we set with this scenario.

Finally, the third scenario consists of choosing nodes that
are in the central aisles of the supermarket. The objective
of this scenarios is seeing if the algorithm calculates a path

Figure 9: Representation of the calculated path in the second
scenario.

Figure 10: Representation of the optimal and calculated
paths in the third scenario.

that goes through all the nodes effectually. The results for
this scenario can be seen in figure 10.
Similar to what happened with the results of the second

scenario, the optimal path and the calculated path are dif-
ferent. However, the two paths are possible solutions and
both meet the objectives set for this scenario. So again, we
consider the calculated path a proper solution.

Precision and Accuracy
We now detail the experimental tests to evaluate the preci-
sion and accuracy of the system.
To test the precision and accuracy of the system, we cre-

ated a cluster of six beacons, about 1.5 meters away from
each other, with the intent to test how accurate and precisely
the system can detect to which beacon the user is closer.
We had access to eight Estimote location beacons. How-

ever, this test was executed with only six of them, since this
six were the ones that were the most recent, having the F3.3
hardware version, unlike the other two that were older and
had the F2.3 version of the hardware.

9



Figure 11: Results from the precision and accuracy evalua-
tion.

The newest version of the hardware, allowed us to set
the broadcasting power even lower, to −40 dBm, also the
advertising interval was also set to the lowest possible value,
100 ms. This settings, ensure the stability and quality of the
signal and lowers the maximum range reach by the signal
since we want that the proximity zone of every beacon is
around 1 meter from the beacon, this is ideal for our setup.
During the test, every beacon was positioned about waist
height.

A simple mobile android application was created, to record
the signal strength of each beacon at different distances. This
application implemented a ranging listener that recorded all
nearby BLE beacons and put them in a list, organized from
closest to farthest away.

Three distances were tested, 0.5m, 1m and 1.5m.We tested
this values because we wanted to simulate when the user
is immediately close to the beacon, when the user starts to
walk away from the beacon and when the user is close to
leaving the beacon’s range. The results of the tests can be
seen in figure 11.
By looking at the graph, the first thing we notice is the

massive difference, in signal strength, from 0.5m to 1m, this
can may be justified due to noise in the room where the tests
were realized.

We also notice that, at each distance, the values for signal
strength for each beacon are fairly close, signifying that the
system is quite precise at determining how close the user is
to a certain beacon.

In relation to the accuracy of the system, we can say that
the system is quite accurate at determining if the user is im-
mediately close to a beacon or is starting walk away from it.
Since the difference in signal strength, in this two instances,
is so significant. However, in the difference between 1m and
1.5m is close to minimum, so we can say that the system is
not very accurate at determining if the user is leaving the
beacon’s range or just barely walking away from it.

Other Results
We now detail other results besides the ones mentioned in
previous sections. These results reflect other features besides
the ones mentioned in the objectives. However, we think
that they are still worth to discuss.
During the precision and accuracy evaluation, we also

tested if the feature we implemented in the application, that
allowed the application to warn the user if he starts to stray
from the calculated path. With a simple test, we ensured that
this feature was indeed working. This feature is important
to mention because it will be common for a user using an
application like ours, that tries to direct the user in a certain
direction, to become distracted and deviate from the direction
intended. So we wanted to be able to warn the user that this
was happening and give the option to the user to correct it.

It is also important to note that the algorithm, when a
client sends a list with a product that is in more than one
node, due to promotions, for example, returns the path with
the node that results in the path with the lower cost.

Evaluation Conclusions
The evaluation of the system, overall, went as expected and
with results that satisfy our goals.

Although the server performance could have been better,
the capacity of the algorithm to calculate paths that are
accepted as good solutions in most scenarios compensates
for that. The evaluation of system accuracy and precision,
also gave us very good results, since, in terms of precision,
the system can systematically detect if a user is close to a
beacon or not. In terms of accuracy, the results could have
been better at 1m and 1.5m, but the fact that the system can
detect fairly accurately if a beacon is immediately close or
just nearby, is a big plus, since our system only works if
beacons that are in those two types of instance.

6 CONCLUSIONS
We were successful in creating a system, that allowed a user
to use a mobile application to create a shopping list and then
based on that shopping list being returned a path that would
guide him through the supermarket surface to help him get
his products in a more efficient manner.

The system utilizes a joint solution between a BLE beacon
network and an optimal path algorithm. The system was
then evaluated to realize if it met the objectives we set at the
start of this document.
The system showed great results, both in the precision

and accuracy evaluation as well as in the quality of the paths
calculated by the algorithm. The only evaluation that did not
meet our objectives was the scalability evaluation, which we
think it would have had better results if the conditions in
which the system was evaluated had have been better.
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