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Historia del articulo 
Actualmente existen aplicaciones dedicadas a la orientación de motociclistas que funcionan 
soportadas en una conexión a internet, pero cuando se carece de ella la mayoría no funcionan y 
otras permiten el funcionamiento solo si anteriormente se descargaron los mapas de los 
trayectos a realizar. Por lo anterior, este artículo propone un sistema de análisis vehicular en 
donde los motociclistas tienen acceso a una aplicación desarrollada para dispositivos con sistema 
operativo Android que les mostrará una metodología de orientación sin depender 
exclusivamente de una conexión a internet; esta orientación –en cambio- se realiza con base en 
los datos de recorridos almacenados en el dispositivo móvil, o en los datos alojados en un 
servidor mediante la implementación de un servicio web cuando hay conexión. Adicionalmente, 
se realiza seguimiento y graficación de las variables: posición geográfica instantánea, porcentaje 
de nivel de gasolina, y velocidad, obtenidas mediante el diseño e implementación de un circuito 
electrónico encargado de capturar las señales de los sensores de la motocicleta y enviar dicha 
información vía Bluetooth al dispositivo móvil. De las pruebas realizadas se observa que el 
sistema funciona eficientemente con un error absoluto menor a 2 metros hasta el punto de 
destino; sin embargo, para el recorrido desde el punto actual del usuario hasta uno intermedio la 
precisión es del orden de centímetros.
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Currently there are a number of  applications functioning through internet connections aimed at 
assisting motorcyclists. However, most of  these applications wither do not function or require 
the route maps to be downloaded prior to the trip. This paper proposes a vehicular analysis 
system where the motorcyclists have access to an application developed for Android devices, 
without relying on an internet connection. This will done either through data of  the routes 
stored on the mobile device or through data hosted on a server through the implementation of  a 
web service when there is a connection. Additional, variables are tracked and plotted, such as 
instant geographical position, percentage of  necessary fuel, and speed, obtained through the 
design and implementation of  an electronic circuit that acquires the signals of  the motorcycle 
sensors and submit such information via Bluetooth to the mobile device. From the tests carried 
out it is observed that the system works efficiently with an absolute error up to 2 meters from the 
destination point. However, the routes from actual location of  the motorcyclist to the 
intermediate position, the precision is even better with an error possibility of  only centimeters. 
In general, for some distance, the system presents a standard deviation of  15,19 meters. The 
storage of  the data and the user orientation are in real time, and the system can be implemented 
on any kind of  vehicle.
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In the case study, proposals are being required in order 
to assist motorcyclists to explore new routes without 
having to go into zones where there is network 
coverage.

The sequence of  this paper is structured in the 
following manner: First it displays the selected 
methodology for development where it explains how 
the acquisition of  data from the motorcycle is done, the 
sensors that it uses and the implementation circuit. The 
application performance is then explained and shows 
how the network data works and how the reception and 
transmission of  the information are transferred 
between the mobile device and the main server. Finally, 
the results obtained from a test about user orientation 
and consumption data are analyzed in a small route in 
the Bogota city. 

1. Introduction

Currently most mobile devices that work on an Android 
operative system can connect with the global 
positioning system (GPS). This system uses a 
constellation of  24 satellites -available 24 hours a day. 
This system gives information of  any geographic 
position without any monetary cost [1-4]. In order to 
get the signal, one does not require any kind of  
antenna, although there are some devices which can be 
used in order to improve the signal reception. However, 
this is only possible if  one the device has a line of  sight 
with at least 4 satellites, which means that it is 
important stay in places where the pass of  there is no 
limited electromagnetic microwave frequency waves. 
This is the reason why the system doesn´t function 
inside buildings, caves, forest, among other obstacles 
[5-7]. Thanks to this system one can get the 
geographical coordinates of  the exact place where the 
motorcyclist is without the need to use an internet 
connection.

Existing applications that are available in the current 
market such as Google Maps [8] can locate the user 
without internet connection, but with the need to 
download maps of  the specific areas. These downloads 
can occupy more than 500 MB of  storage on the device. 
[9-14].

For the above reasons, this article describes the 
research which led to establish a system which can have 
all the data of  all routes stored on it and where the 
motorcyclist can rely on it. The proposed system 
doesn't depend of  connectivity for the location 
positioning and gives to the motorcyclist the possibility 
to analyze all his routes, estimating the exact levels of  
fuel and speed just by implementing an electronic 
circuit that captures the data directly from the 
motorcycle. This data is then sent to the application 
developed for Android -mobile carrier-. Once the 
mobile detects an internet connection the application 
automatically sends all information to one database 
configured in a server with a Windows operating 

system, optimizing empty storage on the device and 
where the user can have a record of  all routes covered.

2.     MATERIALS AND METHODS

To carry out the proposed data storage system and 
orientation of  motorcyclists, a block diagram about the 
general structure and development is being presented 
in figure 1 shows the diagram that constitutes the 
system in general.

The system is based on the acquisition and 
manipulation of  data obtained from a motorcycle 
Apache (TVS) - 180 cc and an android device with GPS; 
with the objective of  searching and visualizing 
information about the route performed by the 
motorcyclist on a mobile application.

A circuit to receive data from the motorcycle sensors 
was designed. Here the sensors inside are linked to 
electronic circuits that process the information and 
convert it into an electronic signal before being sent to 
some device for monitoring and control. Most of  these 
motorcycles use electronic frequency or digitals 
sensors to calculate the speed [15]. The motorcycle 

  Figure 1. Blocks Diagram. Source: own.

David Steven Garzón Ramírez , Michael Steve Sanabria-Guio ,  José David Cely-Fajardo



97

used for the prototype development had a magnetic 
sensor in order to measure speed. The signal is then 
received through a coupling system able to read, handle 
and send the data using the best possible resolution at 
the appropriate size that is required to be incorporated 
in the motorcycle. To achieve the above an Arduino 
nano was used. This had the appropriate dimensions 
and features to take handle the information and which 
was also located close to the motorcycle dashboard. It 
has a size of  4.5 x 1.8 cm, It has 14 I/O digital pins and 8 
ADC (each one providing 10 bits of  resolution giving 
accuracy to the fuel level reading), an ATMEga328 
microcontroller that works with 16 MHz of  frequency 
and 2 external interruptions which are used  and  
configured to be activated by falling Edge and detect 
speedometer pulses.

In the coupling system a Bluetooth HC-06 module is 
used. This ensures the connection to the mobile device 
and supplies a channel which is used to send motorcycle 
information that is being acquired and being processed 
by the microcontroller, which contains an algorithm to 
receive the variables and sending them to the Android 
application.

IDE of  Android Studio was used as a platform for the 
mobile application development of  the packets, where 
the components and the sturdiest libraries for the 
design and algorithm programmation. The application 
receives microcontroller and GPS information to 
combine them into an algorithm able to guide the 
motorcyclist in case of  being lost or simply wants to 
view and analyze statistics on his routes [16-18].
The application is developed to store the data on the 
mobile device in case there is no internet connection 
and guide the motorcyclist accordingly. When he has 
connection, the application will transfer all information 
to an SQL Server, a database server with Windows 
operative system, which allows storage of  large 
volumes of  information, where finally there is a trace of  
the routes made.

3.1 Acquisition of  information

Figure 2 shows the generated signal by the motorcycle 
speed sensor, a square signal with a peak voltage of  2.92 
V where the frequency is proportional to the speed that 
the front wheel turns.

The storage and reading of  data from the main server 
are done through a web service developed in the IDE of  
Visual Studio .NET, which is responsible to receive the 
request from the application to store and / or obtain 
information in the database according to the 
requirement.

The fuel meter is a simple rheostat, that is to say a 
variable resistor that varies by the magnetic field 
generated between a magnet and a copper filament that 
moves away and/or about it due of  the float depending 
of  the height of  float, this height changes depending on 
the fuel level on the fuel tank. In this way the voltage for 
the vehicle computer [19] is obtained. These signals 
can be acquired and treated properly with an analog and 
a digital input through a microcontroller.

3. Implementation

Figure 2. Speed Sensor Signal. Source: own.

When the speedometer generates a signal, it is routed 
directly to the Arduino and it causes a tension fall from 
2.9v to 1.8v insufficient for a correct reading of  the 
sensor generated pulses. In order to solve this problem, 
a circuit that has a NPN transmitter and an operational 
circuit is implemented [20-22]; the first one is 
configured as an emitter follower due to its high input 
impedance and a low output, causing an optimal 
coupling to be achieved where the output voltage level 
is lower than the input [23]; the second one is 
responsible to invert and amplify the level voltage 
signal that leaves the transistor so that it can be read by 
the microcontroller [24], see Figure 3.

3.1.1    Coupling the circuit to the motorcycle.
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3.2     Microcontroller

Figure 3. Implementation Circuit. Source: own.

At this stage, an algorithm able to calculate the vehicle 
speed and fuel level obtained with the couple system is 
developed, where the input pulses (8 pulses by turn in 
Apache Motorcycle of  180CC) and the RPM are 
calculated and with the wheel radius the corresponds 
with the speed is calculated [25-28].

The mobile application developed in Android Studio 
requests user permissions to access and activate the 
Bluetooth and GPS of  the mobile device. With the 
mobile device and the HC-06 module linked, the 
microcontroller begins to obtain information from the 
motorcycle and the application will only receive it every 
time a change in the geographical position of  the 
mobile device is present, with the location manager 
class of  Android Studio providing access to the 
system's location services, the application is developed 
to detect the said movement and request from the 
microcontroller the information at that moment in time 
with the purpose of  assigning the data for each 
geographical point of  the user and omitting redundant 
information [31-35]. The information is stored in the 
mobile device and subject to an internet connection, 
sends to a main server without temporarily removing 
the latest data acquired from the routes to ensure that 
information is always available in case of  loss of  the 
user. For this reason, the user must only enter ranks 
from the date and initial time until the date and end time 
of  the query. In order to be updated the application 
connects to a web service through a tool that creates a 
secure access tunnel called NGROK [36], and without 
the need to open ports in the router or edit the 
configuration of  the server, it assigns a domain from 
where one can access the database of  the main server, 
the previous data in case there is internet, otherwise, 
the application searches the information in the local 
database of  the mobile device incorporated with 
SQLite. [Figure 5].

3.3   Mobile application and information processing

Arduino Nano is constantly receiving data from the 
motorcycle and using the information to calculate as 
may be seen in the flowchart of  the figure 4. The data 
obtained by each input are replaced as a function time 
and are sent through an HC-06 Bluetooth module that 
is connected with the Arduino main UART as the figure 
3 shows. This communication module behave likes a 
slave waiting for connection requests, when the user 
mobile device is paired up and connected to the HC-06 
transmitting the information that connects the Arduino 
to the device and vice versa with a speed of  9600 bauds. 
This communication protocol is especially designed for 
low consumption devices and one that require a short 
emission range [29,30].

Figure 4. Flowchart of  the microcontroller 
algorithm.  Source: own.
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Figure 6. Speed vs Frecuency from 6 Km/h to 20 Km/h. 
 Source: own.

The application obtains the data within the range of  
dates that the user selects and performs the graph of  
the path taken on a Cartesian plane whose axes 
correspond to the latitude and longitude of  the route. 
The destination point is visualized, as is the current 
position of  the motorcyclist regarding the route and 
the indications in real time [37-40]. For orientation, 
the stored information is taken into account, thus 
determining the pair of  coordinates closest to the 
current position point of  the motorcyclist and 
indicating the cardinal point and the distance in meters 
that must be covered at every moment. The application 
is constantly being updated and performing this 
process for each coordinate point where there is a 
change of  direction towards the destination; Once the 
end point has been reached, the user is notified and the 
system gives him the option to check parameters such 
as his fuel level consumption on the route and the 
different speed values [41-46].

3.4    Web Service

Figure 5. Flowchart of  information processing.  
Source: own.

Storing all the information of  each moment of  the trip 
covered by the motorcyclist is a job that occupies a large 
chunk of  internal memory in the device. Thus, the 
storage of  information is done by implementing a SQL 
Server database server. This server can be implemented 
in any machine that contains a processor with a speed 
greater than 1.5 GHz, RAM memory equal to or 
greater than 3GB and a hard disk with at least 1TB 
capacity, the data regarding speed, fuel, latitude, 
longitude and time is stored there, where any change in 
position in the vehicle generates data and adds to the 
information of  the journeys made by the motorcyclist 
[48,49,50]

The server contains a backup of  the information on all 
the journeys of  the motorcyclist and the different 
applications necessary to access it as the application of  
the web service and ngrok.

6.      Tests and Results

The implemented web service is SOAP kind because 
Android Studio manages a popular library whose 
framework allows us to implement relatively easily and 

comfortably the web services that use this type of  
standard [47]. To access from the mobile application, 
a n  o b j e c t  w a s  c r e at e d  t o  p e r fo r m  H T T P 
c o m m u n i c a t i o n  w i t h  t h e  s e r v e r  ( t y p e 
HttpTransportSE) to which the connection URL is 
assigned. This URL contains the domain assigned by 
the NGROK program next to the name of  the source 
of  the web service, therefore, since there is access to the 
network, the web service will always be responding to 
the requests of  the motorcyclist to consult or store all 
the desired information.

3.5     Server and Database

Figure 6 represents the behavior of  the frequency 
values obtained for a speed range between 6 Km/h and 
20 km/h

Geolocation system and vehicular analysis for motorcyclists
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Sampling was done in the city of  Bogotá, in figure 7 and 
8 we can see the interface of  the mobile application that 
will help the user in his orientation. This route is made 
between the range of  dates selected in Figure 6, based 
on the information obtained, the geographical points 
that are unnecessary for the orientation of  the 
motorcyclist are filtered by plotting those where a 
change of  orientation in the route is evidenced

Based on the acquired data a polynomial equation that 
represents the speed behavior against the pulses 
frequency by the sensors is obtained.

Figure 7. Mobile Interface – Route Selection. Source: 
own..

The application makes a graph of  the selected path and 
although there is a more approximate route to reach the 
destination, the application will indicate to the user the 
steps that must be taken to get through the routes 
where red is indicating the cardinal point and the 
distance in meters that the motorist must travel from 
his current position to the point where he must make a 
turn. This is done continuously until you reach the 
destination; in figure 7 the mobile interface with the 
said orientation system is observed, where the data is 
user coordinates, distance to its destination, distance to 
the next turning point and the points of  the path 
plotted in the graph are constantly updated.

Figure 8. Mobile Interface – Orientation System. 
Source: own.

The application implements the Haversine formula 
which calculates the distance between two points 
contemplating the curvature of  the earth, this formula 
is more accurate in the numerical calculation even at 
small distances unlike the calculations based on the law 
of  spherical cosines [51], based on the path example, 
the application calculates a distance of  311.254 m and 
with the Google Earth tool a distance of  311.39 m is 
calculated, that is, an accurate result with an error 
margin of  a few centimeters is achieved. [Figure 9].

Figure 9. Distance between motorcyclist and 
Destination on Google Earth. Source: own.
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To know the efficiency and reliability of  the application the distance in meters over different geographical points 
was calculated. These were implemented as destinations directly in the coding of  the program and with Android 
Studio DEBUG we can know the value of  the parameter assigned to the distance calculated between the point of  
origin and each of  these destinations. [Table 1]

210km   On the other hand, the orientation system has an 
arithmetic mean equal to:

And a standard deviation equal to:

The system has greater accuracy in areas smaller than

Figure 10. Average speed during the course Source: 
own.

The ideal values are calculations made in the Google 
Earth software. This program allows you to calculate 
distances anywhere on earth and display them in 
meters, but with few decimal digits. Table 1 shows that 
at short distances a low margin of  error is obtained; 
when calculations with considerably long distances are 
analyzed, the margin increases proportionally; 
however, the relative error for any distance is less than 
0.1%.

You also get a mean for the relative error equal to:

Based on the above, the motorcyclist can analyze his 
journeys with gasoline consumption data and speeds 
reached throughout the route. The application makes 

graphs on each parameter with respect to time 
independently. Figure 10 shows all the speed variations 
presented in the test.

Some coefficients were adjusted in the calculation of  
the RPM and the conversion at speed in Km / H to 
obtain the most accurate value of  the speed level in real 
time by comparing the value displayed on the 
motorcycle and the values   obtained in the database.
Nergiza (A 100% independent website on energy-
related issues), in one of  its blogs makes a graph that 
unifies the gasoline consumption of  different cars and 

Geolocation system and vehicular analysis for motorcyclists
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different models to verify whether a car consumes more 
fuel when traveling long distances, in which they 
conclude that: "The consumption of  a car does not increase 
with the kilometers against what might seem, in fact, in many 
cases suffers a slight decrease”. [52]

As can be seen in the figure above, a significant change 
in gasoline consumption is not noticeable at short 
distances. The fuel consumption of  the motorcycle is 
inversely proportional to the resistance value, with a 
full tank a value of  35 ohm was obtained. And with the 
tank almost empty a value equal to 213 ohm; therefore, 
35 ohm represents a value of  100% and 213 ohm as 0% 
respectively, the value of  this resistance is captured 
with a resolution of  10 bits and the rider will visualize 
only a square signal that represents these percentages 
over the level of  gasoline at the end of  its journey, in 
the test ride begins the journey with a 40% fuel level 
and proceeds to fill the tank during the same and thus 
note a significant change in the graph presented by the 
application [Figure 12]. 

Ÿ The coupling system mitigates the voltage drop 
that occurs when sensors are connected to the 
prototype.

Figure 11. Gasoline consumption vs. kilometers for 
different cars. [52]

Ÿ The system guarantees a high efficiency in the 
rider's orientation since it presents an absolute 
error of  less than 2 meters to the destination point; 
however, for the route from the user's current point 
to an intermediate one the precision is of  the order 
of  centimeters, in addition this system helps to save 
costs since external devices can be dispensed with.

Figure 12. Fuel level during the journey Source: own 

Ÿ In general, the system has a standard deviation of  
15.19 meters and a relative error of  less than 0.1%.

Ÿ The speed of  the wheel is directly proportional to 
the frequency of  the pulses generated by the speed 
sensor.

Ÿ The Arduino nano is a microcontroller that thanks 
to its size and functionality is optimal for the 
development of  the motorcycle data acquisition 
circuit, was found to be efficient for capturing 
signals from sensors and is properly coupled to the 
HC-06 module for Bluetooth communication, 
providing a quick response to requests from the 
mobile device.

To the research group TELECTECNO for its 
contribution in the spaces for the development of  the 
project.
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