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Overview :  
 
Projects are a crucial part of a computer sciences Engineer’s job. That’s why 
Polytech Grenoble students in the 4th year of their studies in computer 
sciences are asked to work in pairs on a project to enhance their 
management and computer skills. 
This document is meant to explain what was done in the 13 weeks of project. 
Code and documentation are available at this address: 

https://gricad-gitlab.univ-grenoble-alpes.fr/Projets-INFO4/19-20/11/ 
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Introduction 
 

The project 
Geolocation : the process or technique of identifying the geographical 
location of a person or device by means of digital information processed via 
the Internet. (Oxford dictionary) 
Geolocation nowadays is quite easy to do outdoors, with the satellites and 
the GPS system already working well all around the world. But it’s not the 
case for indoor geolocation, as the obstacles between satellites and the 
object to locate can alter a lot the signal.  
The purpose of this project is to create an easy and reliable indoor 
geolocation system by using Bluetooth (BT) cards working as receptors to 
locate an emitter in a building. To do that, we were given 5 Nordic nrf5340 
cards which are built with the Bluetooth 5.1 specifications and can 
theoretically get the Angle of Arrival (AoA) of a BT Signal. With two more 
more of there would be enough information to locate an object by 
triangulating the position. 

The difficulties 
This production of this project has encountered two major obstacles. 

- The first one is that the nrf5340 cards were in fact not able to get the 
AoA, contrary to what we were told : we weren’t finding the 
documentation about getting the AoA so we asked Nordic engineers 
on the Nordic DevZone how to do so. Their answer was that BT 
Direction Finding was not possible on these cards.  
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- The second problem was more practical than technical : the 
confinement.  We were not able to go to school to make tests with the 
cards anymore, and as we had distributed the cards among us to make 
different tests, one of us didn’t have enough cards to test geolocation. 

 

The solutions 
 

- To solve the problem of Direction Finding we first decided to use the 
RSSI (which is the relative power a BT signal) to locate the device 
instead of the AoA, this solution would be less precise and require at 
least 3 stations to locate a device because two stations would not give 
us enough information to get an unique solution. We also decided to 
use a phone as the device to locate, meaning that the phone would 
work as a beacon emitting its UUID (which is  the unique id of a BT 
device) . When one of the station would receive an advertisement from 
the device, it would calculate the distance to this device and send it to 
the main station, the main station then would calculate the position 
of the device.  We made a sequence diagram to have a better 
representation of the functioning of this solution. This solution 
however only works with cards and devices on the same altitude. 

 
 

 
 

- To continue to work efficiently even if the confinement were 
impeding our tests, we separated the work in two parts : one of us (S. 
Fougere) having enough cards to do tests would implements the 
direction finding  and the other one (A. Artaud) would make the maths 
behind it and keep the documentation up to date. 
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Technical Aspects 
 

Recognizing devices 
To recognize the devices and the other station when transmitting data we 
used an identification number at the beginning of the advertisement data. 
We choose the identification number to be two uint8_t for the stations and 
two for the device (0xaa ; 0xaa for the stations and 0xbb ; 0xbb for the 
device). When we receive the data we parse the advertisement data to read 
those two values. 

Sending and receiving data 
In order to send and receive data we used the bluetooth.h from a zephyr 
project (https://github.com/zephyrproject-rtos/zephyr)  that contains all 
the functions needed to transmit and read from a bluetooth advertisement. 
Data is send through a bt_data structure that contains the type of 
advertisement, its length and a pointer to the the beginning of data. So to 
read the content of an advertisement when we receive it,we use the 
bt_data_parse to parse the advertisement buffer and read the information. 
To be able to parse our packages we gave them a particular form to 
differentiate them from exterior advertisement. The device advertisement 
contains only two bytes to store its UUID, whereas the station 
advertisement contains : two bytes for the UUID, one byte for the length of 
this station name,enough bytes for the name and finally 4 bytes for the 
station distance to the device (float). 
Moreover when receiving an advertisement the RSSI is also received and can 
be used to calculate the distance. 

Distance and triangulation 
 
The main station, which knows the coordinates of each other station 
(imputed when setting the captors in a building) first detects which cards 
are the closest to the object, as only three cards are needed and the closer 
the device is, the more precise it will be. To do that, once we have the 
distances the main station take the index of the 3 smallest and uses the x, y 
coordinates and the distance of those stations.  
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To find the distance to the device we found a relation between the RSSI and 
the distance :  
 

 
 
In this formula RSSI correspond to the value of the RSSI received by the 
station, A correspond to the RSSI at 1m of distance from the device and n 
correspond to the coefficient of loss during travel. This formula gives us the 
distance to the device in meters. 
 
Now that we have the distance of each card to the device, we can locate it : 
we have the coordinates of each used station (known by the main one) and 
the distance of the device to them. For each station, there is a circle of 
solutions with a radius equals to the distance to the device. The real location 
of the device is at the intersection of the 3 circles of solution. 
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With the origin of these circles and their radius, we can make the 3 circles 
equations : 

 
To calculate their intersection we can subtract the third equations to the two 
others, develop, and get a linear system which gives : 

 

The system has the form  so : 

 
This calculation can then be made by the main station : 
 

det = 4*(x[3]-x[1])*(y[3]-y[2]) - 4*(y[3]-y[1])*(x[3]-x[2]) 

m11 = 2*(y[3]-y[2])/det 

m12 = -2*(y[3]-y[1])/det 

m21 = -2*(x[3]-x[2])/det 

m22 = 2*(x[3]-x[1])/det 

n1 = d[1]*d[1]-d[3]*d[3]+x[3]*x[3]-x[1]*x[1]+y[3]*y[3]-y[1]*y[1] 

n2 = d[2]*d[2]-d[3]*d[3]+x[3]*x[3]-x[2]*x[2]+y[3]*y[3]-y[2]*y[2] 

x=m11*n1+m12*n2 

y=m21*n1+m22*n2 

 

The main station now has the coordinates of the device and just has display 
it to the user. 
 

Conclusion 
As students, we found that project very interesting to work on. It trained us 
to think outside of the box, as we had to find ways to locate the device that 
were not explained even by Nordic developers. The conditions of this project 
were particular as the cards were brand new and there were very scarce 
documentation about them. We would have liked to do more tests in the 
Polytech building, and also lost a lot of time with the AoA, which we were 
told was working on these cards but was not. With it working we think we 
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could have done even more, with a vertical detection of the device. We would 
also had the time to create a visual interface to see the position of the 
devices.  
However, we are quite satisfied with what we have done : our system is 
working and we learned a lot of different things, from project management 
to card programmation. 
In the future, if this project is to be completed or to be redone, we think that 
it would be very interesting to use the system we have made in a mobile 
application which could monitor the movements of a Bluetooth device. 
Using other cards to upgrade such system would be very useful too, as the 
nrf5340 cards don’t seem to be the best one to use for direction finding. 
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