
Further development of the studded tyre classifier –

Automatic identification of studded tyres
Publications of the Finnish Transport Infrastructure Agency 66eng/2021

Ville Liiv and Pauli Kolisoja



ISSN 2490-0745

ISBN 978-952-317-915-8

66eng/2021

Publications of 
the FTIA 

Online publication pdf 
(www.vayla.fi)

Contents

Foreword 3

Abstract 4

Preliminary study phases 5
• Infra challenge 2018 5
• Studded tyre classifier 2019–2020 6

Automatic identification of studded tyres 7
• Objectives of the study 8
• Utilisation of study results 9
• Measuring equipment and data collection 10
• Classification of vehicles 11
• Factors affecting identification accuracy 12
• Measuring stations 13
• Data produced at measuring stations 14
• Study results 16



Foreword

This publication discusses the automatic identification of passenger cars with studded tyres 
directly from the traffic flow. The study is a continuation of two preliminary studies: Infra 
Challenge (2018) and Studded Tyre Classifier (Publication of the FTIA19/2020). 

The study was commissioned by the Finnish Transport Infrastructure Agency, whose 
representatives Katri Eskola and Kari Lehtonen directed the work. At Tampere University, 
Ville Liiv, Antti Akkanen and Pauli Kolisoja from Research Centre Terra and Aapo Hakala from 
the Audio and Signal Processing Research Group contributed to the study.

Helsinki, October 2021

Finnish Transport Infrastructure Agency
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Abstract

• The study is a continuation of the Infra Challenge 2018 preliminary study as well as the previous 
study phase reported in the publication Studded Tyre Classifier (Publications of the Finnish Transport 
Infrastructure Agency 19/2020). 

• The study developed a network of studded tyre classifiers operating independently on road sites. 
The operation of the classifiers is based on the interpretation of audio signals measured from 
vehicles.

• The classifiers provide location-specific information on the proportion of passenger cars with studded 
tyres in the traffic flow at different times.

• The result of this study is real-time information on the time period of the tyre changing season of 
passenger cars from four measurement points.

• The study was commissioned by the Finnish Transport Infrastructure Agency and carried out by 
Research Centre Terra of the University of Tampere.
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2018: Infra Challenge

• The aim of the study was to determine whether studded 

tyres and studless (or non-studded) tyres can be 

identified on a passing vehicle.

• The study measured the noise generated by a moving 

passenger car using contact microphones installed on 

the road surface. 

• Differences were found in the measured audio signals of 

studded and studless tyres. In high frequency ranges, 

strong sound pressure levels were observed in the sound 

spectrum of studded tyres compared to the sound 

spectrum of studless tyres. It was thus concluded that a 

sound-based method could make it possible to identify 

vehicles driving with studded and studless tyres from the 

traffic flow.

Figure 1. Sound spectra. Vertical axis: audio frequency [Hz], horizontal axis: time 
[sec]. With studded tyres (upper graph), the high frequencies in the sound 
spectrum are stronger than with studless tyres (lower graph). 

Preliminary study phases
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2019-2020: Studded Tyre Classifier 
(Publication of the Finnish Transport 
Infrastructure Agency 19/2020)

• During the study, a studded tyre classifier was 
developed for use in measuring and identifying 
studded tyres and studless tyres of passenger 
cars directly from the passing traffic flow. 

• During the study, data collection equipment 
was installed at two road sites in Finland.

• With the help of the data generated by the 
equipment, it was possible to assess the 
progress of the tyre changing season by 
comparing the proportions of studded tyres 
and studless tyres.

Figure 2. The progress of the tyre changing season on the road sites 
included in the study. 

Preliminary study phases
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Automatic identification of studded tyres



Objectives of the study

● The main objective of the study was to produce real-time information on the 
progress of the tyre changing season in different parts of Finland, utilising the 
studded tyre classifier developed during the previous study phase.

● The aim was to make the measuring stations installed in the previous study 
phase able to operate independently, so that the day-specific data on the 
progress of the tyre changing season would be automatically updated on the 
website.

● In order to achieve a more geographically comprehensive measurement network, 
the decision was made during the study to install new measuring stations.

● In addition, the study aimed to improve the reliability of the studded tyre 
classifier.
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Utilisation of study results

● The main utilisation of the study results is related to the assessment of the factors 
influencing the rutting of the road surface

• The measuring stations provide information on the number of passenger cars 
equipped with studded tyres, so that use of measurements to monitor the rutting 
of roads would better enable the assessment of whether rutting is caused by 
wear caused by studded tyres or by deformation of the road structure caused by 
heavy vehicles. 

● The study results can also be used for long-term monitoring of winter tyre types 
(studded tyres and contact, or friction, tyres) in passenger cars. 

• The information collected from the measuring stations can be used to determine 
the proportions of these tyre types in different parts of Finland and to monitor 
trends – such as the prevalence of the use of contact tyres.
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● The equipment consists of contact microphones installed 
inside the road pavement and data acquisition devices 
installed outside the road structure. 

● The installation of the equipment does not cause many 
visible (or functional) changes to the road structure.

● As a vehicle passes the measurement site, the 
microphones record an audio signal, causing the 
software to generate an audio file of approximately one 
second in length from the moment the vehicle passes 
the site.

● Further information on the equipment and the 
measurement principle can be found in the publication 
Studded Tyre Classifier 19/2020, chapter 3.

Figure 3. Installed measuring equipment at the Saaramaa
measuring point. Contact microphones installed inside the 
road pavement can be seen in the bottom right corner, and 
the data collection equipment is shown at the top.

Measuring equipment and data collection
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● Based on the shape/nature of the signal, two-
axle vehicles are identified from the audio files 
recorded at the measuring points, and they are 
classified as passenger cars. Passenger cars are 
subjected to an examination of the spectrum of 
the audio signal (see Figure 1), which identifies 
the passenger cars as having either studded or 
studless tyres.

● Vehicle tyre sets are identified using a learning 
algorithm. The algorithm is taught with data 
based on human auditory interpretation of 
measured tyre sounds. 

● Further information on the classification can be 
found in the Studded Tyre Classifier publication 
19/2020, Chapter 4. 

Figure 4. The software developed for creating the learning data for the algorithm used in 
the classification. The software is used for classifying audio signals using human auditory 
sensation. 

Classification of vehicles
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● External sources of interference

The cables of the microphones used in the measurement act as antennas and can react to sources of interference in the 
environment (such as underground cables, modems, telemasts, radio transmitters), significantly degrading the quality of the 
measurement signal. An external source of interference, in this case an electrical transformer located nearby, posed significant
challenges at the Saaramaa measuring station. 

● High vehicle speed

It was observed during the study, that high vehicle speeds (over 90 km/h) complicate identification. In particular, this 
phenomenon emerged in the interpretation of the data from the Marttila measuring station. 

● Snow and ice cover

Snow and ice on the road surface muffle the “stud sounds” of the audio signal, which may reduce the accuracy of identification.

● Condition of vehicle tyres

If there are very few studs left in the studded tyres, the sound caused by the studs will be quieter and this will make identification 
more difficult. Stones trapped between tyre grooves may also cause a stud-like sound spectrum, in which case even studless tyres
may be interpreted as being studded. 

● Contact and placement of microphones during installation 

Possible poor contact between the microphone and the pavement muffles the recorded signal and reduces recognition accuracy. 
The same happens if the distance between the microphone and the vehicle passing the microphone becomes too long.

Factors affecting identification accuracy
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Location of the measuring stations
● The location of the measuring stations was chosen so that 

nationwide information on the progress of the tyre changing 
season could be obtained. 

● The measuring stations are located in the vicinity of 
automatic traffic monitoring stations (LAM stations).

● The Alavus and Saaramaa measuring stations were installed 
during the previous study project in 2019. Saaramaa’s station 
was renewed in 2020 due to the renovation of the LAM 
station. The Marttila and Tervola measuring stations were 
installed in autumn 2020. 

● Information on the measured audio signals, the
number of vehicles interpreted, and the tyre sets is collected 
daily from the measuring stations to the online server.

Figure 5. Location of measuring stations on the map, with road numbers. 
Topographic map downloaded from: https://asiointi.maanmittauslaitos.fi/karttapaikka/

Stations Street 
address

LAM station Installed in

Alavus 66-25-2656 LAM 1060 4/2019

Saaramaa 26-8-4853 LAM 503 9/2020

Tervola 4-435-716 LAM 1041 9/2020

Marttila 10-7-4084 LAM 209 10/2020

Table 1. Measuring station data. 

Tervola Vt 4

Saaramaa Vt 26Marttila Vt 10

Alavus Kt 66
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Data produced at measuring stations
● The day-specific data received from the measuring stations is presented online at: https://rak-luokitin.rd.tuni.fi/luokitin/kaikki

● The daily data obtained from the measurement station has been compiled into two graphs: tyre distribution and sample.

● In the tyre distribution graph, the proportions of studded tyres are shown as blue crosses and the proportion of studless tyres as 
red dots.

● The sample graph shows the daily numbers of classified vehicles. 

● A fading colour has been used in the graphs to illustrate the present time and the past.

● Daily data can also be downloaded in table format from the bottom left of the graph.

Figure 6. Data produced at measuring stations. Link to website: https://rak-luokitin.rd.tuni.fi/luokitin/alavus
14



Tyre changing season spring 2021

Figure 7. The progress of the tyre changing 
season at measuring stations in spring 2021. On 
the graphs, the situation where the proportion of 
studded tyres and studless tyres is 50/50 has 
been indicated by a dashed line. Based on the 
measurements, the situation will be reached first 
in Alavus and Marttila in mid-April and last in 
Tervola at the end of April. There is a dispersion 
in the Saaramaa and Marttila results, due to 
external sources of interference in the Saaramaa 
case and high vehicle speeds in the Marttila case. 
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Study results

● As observed in the previous study phases, there are differences in the sound spectra of studded 
tyres and studless tyres of vehicles measured from traffic flow, and these differences can be utilised 
for classifying vehicles based on their tyre set. Classification is accomplished both through human 
auditory perception and through the learning algorithm used in the sensor.

● The studies succeeded in developing a method for obtaining nationwide information on the number 
of studded tyres in passenger car traffic and the timing of the tyre changing season. 

● For some of the devices, there is experience on their long-term durability from two winters, and no 
clear changes have been observed in the operation of the devices.

● The quality of the signal and, further, the reliability of the identification can be significantly affected 
by the choice of the road site as well as the placement of the microphones. When selecting a site, it 
should be ensured that there are no devices in the area that cause electromagnetic interference, 
such as transformers or telemasts/modems. In addition, there should be no great variation in 
vehicle speed and the actual maximum speed of vehicles should not exceed 90 km/h. The 
microphones should have good adhesion to the pavement and should be placed close enough to 
the vehicle path for the measuring equipment to detect all vehicles passing the site. 
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