
Use the Rasp Pi to log data from bicycles and motorcyles

 On the Road
University students take the Raspberry Pi to the streets, using it as a data 

logger for bicycles and motorcycles.  

By Wolfgang Dautermann, Florian Gruber, Patrick Inzinger, Philipp Prodinger, Christoph Renezeder, 
Alexander Rothboeck, Michael Spath, Felix Susitz, and Sebastian Wegscheider

surements. All of the teams were therefore 
confronted with the challenge of how to 
mount a Pi on a bicycle so that it would re-
main stable.

Two groups used a bicycle in developing a 
prototype (Figure 1), whereas the third group 
used a somewhat more dynamic interpreta-
tion of the word bicycle and decided to use a 
BMW S1000RR motorcycle (Figure 2). One of 
the biggest challenges for this group was to 
find enough space for the Raspberry Pi, all of 
the sensors, and the power supply (Figure 3).

SenSor Technology
The bicycle teams used a Hall effect sensor 
[1] for collecting speed data – specifically, an 
Infineon Technologies TLE 4945 L Hall IC 
3.5-24 V PSSO 3-2 [2]. This sensor delivers a 

Every year, students majoring in au-
tomotive engineering at the Joan-
neum University of Applied Sci-
ences in Graz, Austria, take on an 

interdisciplinary project. In 2015, the task of 
three teams of students was to chart various 
information during travel by bicycle, includ-
ing turning radius, speed, acceleration, and 
GPS data. Each team of three worked alone: 
One member took care of the hardware and 
set up the computer, a second member wrote 
the software, and the third member worked 
on the software needed to analyze the data.

Self-BuilT
A mandatory project requirement for each 
team was to use a Raspberry Pi as the basis 
for analyzing sensor signals and storing mea-
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digital signal that can be read directly on the 
Rasp Pi. The teams placed this sensor on the 
right suspension fork, and the magnet was 
attached to the spokes. The south pole of the 
magnet rotated past the sensor, which also 
served as a clock for the other sensors. At 
high speeds, the Rasp Pi proportionally sam-
pled the number of revolutions.

The motorcycle group, on the other hand, 
took the ABS signal from the engine control 

unit, which required the knowledge acquired 
from working with automotive electronics to 
avoid damaging the motorcycle.

A PC20BU rotary potentiometer was used 
to measure handlebar angles. An analog to 
digital converter (ADC) generated a digital 
signal from the fluctuations in voltage, which 
the Rasp Pi processed. The teams used a cus-
tom console to measure the steering axis 
angle of the front wheel.

Figure 1: The first bicycle prototype with a Raspberry Pi sitting on a platform attached to the handlebars so 

that various additional components could then be attached.

Figure 2: One of the groups decided to use a BMW S1000RR motorcycle for the project.
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quence, numerous Python packages are 
available for controlling GPIO pins and other 
components.

Listing 1 shows how the potentiometer 
was read to measure the turning radius. 
The potentiometer is connected via an 
ADC to the serial peripheral interface (SPI) 
bus on the Rasp Pi. By default, the bus is 
deactivated and should therefore be acti-
vated in the Advanced Options settings of 
raspi-config [3].

The Raspberry Pi GPIO communicates 
with the individual sensors. Its pins serve as 
both inputs and outputs. The program que-
ries sensors in an infinite while True loop 
until recording is stopped. To write the col-
lected data, the teams used a simple data 
stream that opened the file, wrote the indi-
vidual variables with a semicolon separator 
at the end, and then closed the file during 
each iteration.

A USB-to-TTL adapter cable connected the 
TX/RX pins of the GPS sensor with a USB 
port on the Raspberry Pi. The program re-
quested data for measurements in an infinite 
loop and wrote the measurements to a file 
with a timestamp. Additional information on 
combining a Raspberry Pi and a GPS sensor 
from Adafruit is found on their Ultimate GPS 
Breakout project page [4].

The Hall sensor method of measuring 
speed used by the bicycle groups led to two 
different avenues for achieving the measure-
ment goal. The sensor delivers a positive sig-
nal for each rotation of the wheel. This in 
turn causes an interrupt, which increases a 
variable by the value of 1. 

The program then evaluates the variable 
every two seconds and converts the data into 
rotations per minute. These are then written 
once more to the file. The analysis relies on 

A GPS sensor charted 
the route traveled. The 
Adafruit Ultimate GPS 
Breakout proved to be 
the best for this task in 
terms of cost and preci-
sion. This module re-
corded speeds in addi-
tion to coordinate 
points. To maintain a 
continuous connection 
to the GPS satellites, it 
made sense to mount 
the sensor onto the han-
dlebars of both the bicy-
cles and the motorcycle.

The motorcycle team 
used a Bluetooth-capa-
ble, battery-operated 
GPS receiver, the eGPS 
model 3975. A Bluetooth 
unit made it easier to ac-
commodate the wiring 
and took up relatively 
little space. For good re-
ception, the team hung 
the receiver on the steer-
ing head bearing.

One of the most important questions that 
arose during the course of the project con-
cerned the choice of power supply. Given 
that the Rasp Pi uses a USB connection, the 
simplest solution was to get a commercially 
available powerbank typically used for 
charging mobile devices (Figure 4).

Programming
The project teams used the Python program-
ming language. From the very beginning, this 
scripting language has served as a basis for 
experiments using the Rasp Pi; as a conse-

Figure 3: Finding appropriate space for the Raspberry Pi plus 

sensors and its power supply required some skill and 

imagination.

Figure 4: When connections are properly set up, you can get an overview of all the cycles movements.
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the fact that the software captures the system 
time at the beginning and end of the process, 
thus making it possible to calculate the dif-
ference between the two. 

The second avenue was to capture the time 
difference in the system time between two 

individual measurements and then deter-
mine speed using the circumference of the 
wheel. The number of rotations then pro-
vides the clock frequency for the other sen-
sors. This saves memory and does not cap-
ture parameters in an idle state. The test 
ends and measurements stop when the tester 
presses a button to terminates the Python 
program with a sys.exit().

The program scans the position of the po-
tentiometer every two seconds in an infinite 
loop. An ADC processes the potentiometer 
signals so that the Rasp Pi receives digital 
data, which is then written to a file. In a 
subsequent process, a C# program scales 
the measurement values. This was neces-
sary because the middle position of the po-
tentiometer represents 0 steering move-
ment, so if the potentiometer turns to the 
right or left, it results in a positive or nega-
tive steering value. The program then writes 
the scaled data with a timestamp to a file. 
The timestamp makes it possible to syn-
chronize this data with other measure-
ments.

Beginning and end
A variety of methods were considered to start 
the recording process and other actions, such 
as capturing the GPS data. It would have 
been possible to connect the beginning of the 
measurement period with bootup of the Rasp 
Pi, provided the corresponding settings had 
been created in /etc/rc.local. The mini-PC 
would have then executed the settings when 
booting, thus starting all the programs that 
log measurements.

However, it was more convenient to begin 
the measurement programs by pushing a 
button. This merely involved writing various 
commands in a Python script that the Rasp 
Pi then executed after the button was 
pressed. The teams chose to end the record-
ing process in the same way. Pressing the 
button closed a signal circuit. 

The individual programs for the sensors 
queried the button for a positive signal and 
terminated the program with sys.exit(). 
The most recent data was placed in the file, 
which the software then closed properly be-
fore the program terminated cleanly. An ad-
ditional button made sure that the Rasp Pi 
could be shut down appropriately.

daTa TranSmiSSion
The captured data lands in text files, which 
the Rasp Pi then makes available for analysis 
to another computer by means of a Lighttpd 
web server. One group used a smartphone as 

#!/usr/bin/python

# Import necessary packages

import spidev

import time

import os

import sys

import RPi.GPIO as GPIO

time.sleep(300)

GPIO.setmode(GPIO.BCM)

# GPIO‑Pin 23 = Input

GPIO.setup(23, GPIO.IN)

# Open the SPI Bus

spi = spidev.SpiDev()

spi.open(0,0)

# Define variables

# Delay rate

delay = 0.5

# File path

file = "/boot/daten/messungen/poti.txt"

# Separator

sep = ';'

# Delete file

os.remove(file)

def writeout(data):

  # write to file

  fobj_out = open(file,"a")

  fobj_out.write(str(position))

  fobj_out.write(sep)

  fobj_out.close()

  print position

while True:

  # Read and save sensor data

  data = spi.xfer2([0x00])

  writeout(data)

  time.sleep(delay)

  if GPIO.input(23):

    sys.exit()

LISTING 1: Reading the Potentiometer
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ically once the Raspberry Pi was rebooted. 
(See the “Init Systems” box.)

Another possibility would be to perform 
an analysis retroactively. This type of analy-
sis could be done simply by putting the 
Rasp Pi SD card in the card reader of a lap-
top and reading the data directly. If this 
were done on a Windows PC, a FAT parti-
tion would be needed to exchange the data. 
On the other hand, when only a small 
amount of data is involved, the effort of 
repartitioning would be unneccesary, and 
the data could be saved in the /boot direc-
tory. This option works because, by default, 
the boot directory of a Raspberry Pi is lo-
cated on a FAT partition.

Finally, it would also be possible to trans-
mit the data over cable by providing both de-
vices with a static IP address in the same net-
work. Alternatively, by operating a DHCP 
server via the LAN interface on the Rasp Pi, 
the laptop would obtain its network address 
from there. The network card in the Rasp-
berry Pi is sufficiently intelligent to recognize 
when it has been connected directly to an-
other card, avoiding the need for a hub and 
crossover cable.

analySiS on a Pc
The measurement data is read, stored in ar-
rays, and evaluated for further processing and 
analysis by means of a C# program. This soft-
ware displays values for the turning radius 
sensors and for the speed measurement data 
as data points on a chart. The program plots 
GPS data on maps with the use of an API 
made available by Google Maps. You can read 
more about this Google service in the “GPS 
Visualization with Google Maps” box.

a mobile access point. The Raspberry Pi and 
a laptop were configured so that they con-
nected automatically via DHCP with the 
WiFi network.

Another group used the Rasp Pi itself as a 
wireless access point. However, note that not 
all WiFi USB adapters support this function. 
Support capability can be tested via the /
usr/sbin/iw list command. When * AP, for 
access point, appears in the output under 
Supported interface modes then the configu-
ration will work.

Three additional steps completed the con-
figuration.The first was to provide a static IP 
address for the WiFi device. This was done 
via an entry in /etc/network/interfaces 
(Listing 2). Then, they needed a DHCP 
server that could assign an IP address to 
other devices. For that purpose, they in-
stalled a resource-frugal udhcpd server (List-
ing 3, line 1). 

The software will almost run without any 
further configuration. All that remained was 
to set the DHCPD_ENABLED="no" line in /etc/
default/udhcpd to "yes" and create a mini-
mal configuration file (Listing 3, line 2). Ud-
hcpd would then distribute IP addresses in 
the range between 192.168.0.20 and 
192.168.0.254. If necessary, the settings 
could be modified further. In the project pre-
sented here, this was not necessary.

The final step was to install the hostapd 
software, which converts the WiFi device 
into an access point (Listing 3, line 3). In the 
/etc/default/hostapd file, the #DAEMON_
CONF="" line was changed to DAEMON_CONF="/
etc/hostapd.conf" to make sure the daemon 
would find its configuration file. Listing 4 
shows an example configuration file.

Both daemons are started with the com-
mands from the first two lines of Listing 5. 
Using another device such as a laptop, tablet, 
or mobile phone, the teams could check to 
see whether the daemons found and con-
nected with the WiFi access point. If this 
worked, they used the commands in the last 
two lines to make the software start automat-

iface wlan0 inet static

  address 192.168.0.1

  netmask 255.255.255.0

LISTING 2: Provide Static IP

 sudo apt‑get install udhcpd

$ sudo sh ‑c 'echo "interface wlan0" > /etc/udhcpd.conf'

$ sudo apt‑get install hostapd

LISTING 3: Install udhcpd and hostapd

# Minimal configuration for
# a network without encryption
interface=wlan0
ssid=<MySSID>
# Extensions for WPA2‑PSK encryption
wpa=2
wpa_passphrase=<MyWPApassphrase>
wpa_key_mgmt=WPA‑PSK
wpa_pairwise=TKIP
rsn_pairwise=CCMP

LISTING 4: Example Config File

$ sudo service hostapd start

$ sudo service udhcpd start

$ sudo update‑rc.d hostapd enable

$ sudo update‑rc.d udhcpd enable

LISTING 5: Start Daemons on Boot

Raspbian Wheezy with SysVinit 
was used in this project. Jessie 
is the newest version of the op-
erating system and it uses the 
systemd init system. This makes 
a difference when activating and 
starting services.

INIT SYSTEMS
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One of the groups reconstructed a calcu-
lated route in addition to the route displayed 
in Google Maps (Figure 5, upper left). The un-
derlying idea was to recreate the route in the 
form of a coordinate system using the speed 
measurements and turning radii. 

The software derived the route from the 
time between the measurement values. Addi-
tionally, the program analyzed the values of 
the potentiometer and boosted them some-

what to interpret and display curves correctly. 
This made it possible to recreate the route and 
plot it in a bitmap.

coSTS
Table 1 provides an example of the expenses 
involved in the setup chosen by one of the 
groups. The largest expense for all groups 
proved to be the bicycles and the motorcycle, 
but neither is included in the statement. Any-

Google allows users to visualize GPS data with the use of specially constructed URLs that generate 
an image. The project teams used this service to display the GPS data. The corresponding URL 
looked something like:

https://maps.googleapis.com/maps/api/staticmap?zoom=14&size=300x300&U

  maptype=roadmap&path=color:red|47.0700,15.4095|47.0700,15.4000|U

  47.0730,15.4000

The parameters are fairly self explanatory. GPS coordinates are entered via the path= option, with 
the coordinates separated by pipe symbols (|). The service understands several other parameters 
and offers further possibilities [5]. To make complete use of the service, the user needs an API key. 
An API, or Application Programming Interface, key is a character string a program uses to identify 
itself to a server so it can use the corresponding services. The teams did not have to purchase a 
Google API keys for this project, because their data traffic fell under the usage limits.

If you are interested in competing services, you should check out Bing Maps [6]. However, you 
must purchase an API key to use it. The MapQuest Open Static Map Service [7] uses OpenStreet-
Map data with a free API key.

GPS VISUALIZATION WITH GOOGLE MAPS
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For instance, it would be possible to adapt 
these setups for use with double-axle vehicles 
such as race cars.  ● ● ●

one who wants to work on a similar project 
might already have some of the electronic 
components, so the costs could vary from 
project to project.

concluSion
The end result of these projects looks to the 
future of what is possible and what makes 
sense. Creating the switches with a bread-
board was a good idea for a prototype; how-
ever, it would be an even better idea to put the 
board and switches in a mountable housing to 
provide some protection against the elements 
and other dangers on the road. 

In terms of potential applications, the proj-
ects presented here have practically no limits. 

Patrick Inzinger, Michael Spath, Sebastian Weg-
scheider, Florian Gruber, Christoph Renezeder, 
Alexander Rothboeck, Philipp Prodinger, and 
Felix Susitz are students majoring in automotive 
engineering at the Joanneum University of Ap-
plied Sciences in Graz, Austria. They developed 
the project presented here for a seminar on pro-
gramming projects taught by Christian Stein-
mann, an engineer. Wolfgang Dautermann, a 
systems administrator at the university, pro-
vided assistance in overseeing the project.
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INFO

Component Number Price (euro)
Rasp Pi 2 Model B 1 35.94

WiFi antenna/ stick 2 20.00

SD memory card 1 12.90

Wiring set 2 20.00

Powerbank 1 23.61

NEO-6M GPS module 1 60.00

Accelerometer 1 11.50

Hall effect sensor 6 13.14

IR photoelectric sensor 2 4.00

AC/ DC converter 1 3.20

Potentiometer 2 4.00

Power strip 3 6.00

Breadboard 2 20.00

LED lights 1 1.94

Photoresistor 2 4.00

Toggle switch 2 6.80

Resistors Multiple 5.00

Insulating tape 2 6.00

   Total 258.03

TABLE 1: Cost List

Figure 5: The program that analyzes the data can also deliver a graphical representation of the route using 

maps from Google Maps.
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