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ABSTRACT
Road weather data is essential for planning and quality control of winter maintenance
actions as well as for delivering information to drivers. The main source of automatically
collected up to date road weather data is almost exclusively fixed road weather stations
(RWS). The advantage of using fixed RWS is the temporal continuity of data. However, the
density of almost any RWS network is too low to obtain accurate road conditions over the
whole road network. In this paper we report experiences of collecting road weather data by
mobile sensors installed on buses and long haul transportation vehicles. Continuous
measurements by mobile sensors complement effectively the data gaps in road sections
between fixed RWS. The challenge of mobile measurements is to obtain frequently
enough new data from a given road section to guarantee temporal continuity without
significant cost implications. Based on data collected by buses on a highway between
Helsinki and Turku in Finland we estimate that a few hours’ interval between drives would
be adequate for following changes in actual surface conditions. The estimated annual cost
per kilometer of collecting mobile surface condition is modest corresponding to about one
percent of the overall cost of winter maintenance.
RÉSUMÉ
Les données météo-routières revêtent une importance essentielle pour la planification et le
contrôle de qualité de la viabilité hivernale ainsi que pour la communication de
l’information aux conducteurs. Les principales sources de données météo-routières
automatiques actualisées sont principalement les stations météo-routières fixes (RWS).
L’avantage de ces stations est la continuité temporelle des données. Cependant, la
densité de presque tous les réseaux RWS est trop basse pour obtenir l’information précise
sur l'ensemble du réseau routier. Ce rapport décrit les expériences acquises dans le
recueil des données météo-routières par capteurs embarqués sur les autobus et véhicules
transports à longue distance. Les mesures en continu comblent effectivement les lacunes
entre les stations RWS fixes. Un défi lié aux mesures par capteurs embarqués est le
recueil des nouvelles données d’un tronçon spécifique assez souvent pour garantir une
continuité temporelle sans qu'il y ait une augmentation importante du coût. D'après les
données recueillies par autobus sur l’autoroute entre Helsinki et Turku en Finlande nous
estimons qu’un intervalle de quelques heures devrait être suffisant pour surveiller l’état
réel de la surface. Le coût annuel estimé par kilomètre du système embarqué est modeste
et correspond à environ un pour cent du coût global de la viabilité hivernale.
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1. INTRODUCTION
Adverse road weather conditions challenge road transportation especially during winter
periods in areas prone to freezing and snowing. Accurate information about surface
conditions is essential in optimizing winter maintenance. Timely ploughing and gritting can
save equipment and material resources, since it is important not to let wet surfaces to
freeze with too low salt or anti-icing chemical concentration. To avoid slippery conditions
the coefficient of friction must remain at an acceptable level. This means that residual salt
or anti-icing concentration has to be larger than a given temperature dependent value. In
practise, the solution fraction of the frozen composite must be higher than a given limiting
value. This result is confirmed in two independent research articles [1, 2]. Following the
development of apparent tire friction in critical winter conditions reveals road sections
requiring additional salt or anti-icing chemicals. The challenge is to arrange this follow up
in a cost effective way.
Current prevailing approach to collect automatically road weather data relies on data from
fixed RWS. A typical distance between RWS is about 20 – 50 km on main roads. However,
on road sections with variable speed limits this distance is 10 km. Accordingly usual
distance between RWS on main roads is 4050 km especially inland. This distance leaves
long sections between the stations without periodic data collection. Increasing the density
of installed RWS to a few kilometres or less is not feasible due to the huge cost increase.
The current market price of RWS including basic sensors is at least 20 000 €. Doubling the
density would cost 10 M€ in Finland, and the average distance between stations would still
be 10 km or more. Nevertheless, fixed RWS are needed for accurate measurement of
weather trends to allow optimal timing of maintenance actions and to support forecasting
models.
Comparing continuously measured weather data to data produced by extrapolating
surface conditions from fixed RWS reveals a low correlation. The disparity is especially
clear under adverse weather conditions. Figure 1 shows an example, where data collected
by mobile measurements and data extrapolated from RWS to road sections between
stations are compared. In this example the surface conditions on the northern route fall in
the same category only for about 10 % out of 500 km.

Figure 1. On the left continuously collected mobile data from Helsinki to the west and to
the north. On the right extrapolated condition data based on RWS.
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Continuously collected data would improve the understanding of the road surface
conditions all over the network. One of the major challenges in collecting continuous data
is the need to drive the same section of road frequently enough to be able to follow the
changes in surface conditions without significant cost implications. An approach to solve
this challenge is to install sensors on public buses, which traverse the same route often
enough and according to a schedule. One bus can drive about 1000 km daily. To cover
data collection for a 150 km section of highway from Helsinki to Turku would require three
buses with an average interval of 2 to 3 hours per one direction. Road weather conditions
change at moderate speeds and therefore a measurement interval of a few hours would
be a satisfactory compromise at least in the beginning.
The performance of mobile sensors has been examined previously by Malmivuo [3],
commissioned by the Finnish Traffic Agency. Our focus in this work is not on the
performance. The purpose of this feasibility study is to assess, whether the idea of
installing a number of mobile surface condition sensors on buses or other long haul
vehicles scheduled to drive a fixed route is expandable to a countrywide platform to collect
surface conditions effectively. We specifically target to answer the questions, how realistic
this approach is and at what cost it is achievable. In the following we report experiences
obtained during the winter 2016-2017 from five mobile sensors installed on buses
traversing the routes Helsinki-Turku-Rauma (250 km) and Helsinki-Kuopio-Kajaani (560
km) in Finland. Finally, we discuss the cost of mobile data collection when expanded to a
countrywide network.
2. INSTALLATION
Mobile sensors installed in a bus should be small enough to allow installation in a suitable
location and have a long maintenance interval. We used road condition monitors produced
by Teconer Oy in this project. The mobile sensors provide data on surface condition,
friction, water layer and surface temperature along the route with a measuring interval of
one second. The data is transmitted to a map service running on a server in the internet to
allow easy assessment of data.
Current commercial mobile sensors are optical and have a window, which is prone to
contamination affecting the accuracy. Best location for the sensor is in the front of the bus,
which is a cleaner location than the rear of the bus. Many long distance buses have a
spare tire in front of the vehicle just behind the front grill. There is a suitable empty space
for installing the sensor by the side of the spare tire. Figure 2 shows the installation
location in a bus with the front grill opened. The sensor is pointing roughly to the right
wheel path.
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Figure 2. Mobile road condition monitor installed in a bus.
The installation of the sensors was quite straightforward and took about 1 to 2 hours per
bus. The sensor package was bolted in the bus front bumper structure and a safety wire
was added for security. The front grill can be opened without tools and the sensors are
easily reachable for cleaning the sensor window. The selected location of installation
remains fairly clean and the sensor windows do not need periodic cleaning more than
once or twice per season.
There were two optional methods of communication and user interface in the vehicle. One
is based on Android cell phones and the other on an embedded communication unit. The
Android phone application has the advantage that photographs can be taken automatically
at selected intervals or at selected locations. The bus driver could also follow the data with
the Android application. We selected the Android solution based on these advantages.
Unfortunately, it turned out at the time of installation that we could not leave the phone at
the sight of the driver nor take photographs due to the regulations of the bus company.
Hiding the phone in the bus caused inconveniences in keeping the Android application
running in all conditions, which resulted in occasional loss of data. This was resolved by
changing to the embedded solution, which does not need manual intervention in any
situation and is still remotely reachable.
Altogether 5 buses were equipped with road condition and surface temperature sensors.
Three of the buses travel between Helsinki and Turku, located 150 km apart. Occasionally
these busses traveled up to Rauma with an additional 100 km. The other two buses were
scheduled between Helsinki and Kuopio (400 km) and occasionally up to Kajaani (+160
km).
When all the bused were in service, the southern route had an interval of about 2 – 3
hours. In practice, the interval was somewhat longer, since the buses required occasional
servicing and sometimes they were scheduled to another route. Nevertheless, the interval
was quite satisfactory for following the development of weather and maintenance events
on road conditions. In the northern route the maximum frequency was about four drives
back and forth daily.
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3. DISCUSSION
Weather events may cause dramatic changes in driving conditions on a short notice. In
most cases weather forecasting is accurate enough to give a pre-warning of an adverse
weather event many hours before occurrence. To check the severity of the event and the
effectiveness of anti-icing maintenance efforts, it is worth to organize timely follow up of
surface conditions. Measured friction reading can be used for calculating the required
amount of anti-icing chemicals once a change in weather conditions is observed. Although
following the measurements by buses may not always produce timely information about
changes in surface condition, it can be useful and valuable additional information to help
maintenance people and especially the large public on a given road or highway.
We show an example case of a slowly developing weather event, which happened on 13 th
November 2016 in Paimio near Turku. During the day it was raining and sleeting and the
road surface temperature was near freezing at 0 °C. Figure 3 shows an extract of a radar
image taken from the Finnish Meteorological Institute (FMI) web service.

Figure 3. Radar view of South Finland on at 17:30 on 13th November 2016 by FMI.
In Figure 4 there are three consecutive views of surface conditions collected by buses
moving from the road number 110 to the Helsinki - Turku motorway E18 through a local
road Paimiontie 2340, which connects the two roads located about 1 km apart at this
location. The first drive was at 17:50, the second at 19:30 and the last 21:30 on 13 th
November 2016.

IP167-Haavasoja-E.doc

5

Figure 4. Surface conditions near Turku at 17:50 (top), at 19:30 (middle) and
at 21:30 (bottom) on 13th November 2016.
As the top part of Figure 4 shows all three roads 110, E18 and Paimiontie were wet at
17:50, although surface temperature was near 0 °C. At 19:30 the connecting road
Paimiontie started to show slushy surface condition, while road 110 and motorway
remained still wet. Two hours later Paimiontie started to freeze, but road 110 and
motorway still showed no sign of freezing, while surface temperature was clearly
subfreezing at that time. Obviously road 110 and motorway were treated while Paimiontie
did not have enough salt. All these roads have comparable winter maintenance classes, I
or Is, and should be treated with salt. This example shows the power of continuous mobile
measurements revealing different behavior even over short sections of road. It is not
feasible to follow development of road conditions in detail over a road network with fixed
weather stations.
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Another example shows how light snowfall can cause slippery conditions without adequate
treatment. On the 3rd of December 2016 a low pressure snow front was passing central
Finland as shown by the radar view in Figure 5. The temperature was around -4…-5 °C
overnight. Near the capital Helsinki area the roads remained moist or dry, since it
precipitated there less. It was snowing more in the northern route and eastern part of the
country and the treatment was not quite enough as shown by yellow and red colors in
Figure 6. This may have affected a fatal traffic accident near Kotka region early in the
morning.

Figure 5. Radar view on 3rd December 2016 at 5:30 AM. Figure provided by Janne
Miettinen (FMI).

Figure 6. Road conditions measured by mobile sensors on 3rd December 2016. Figure
taken from roadweather.online service.
The first impressions indicate that a limited number of buses equipped with mobile surface
condition sensors produce valuable data for winter maintenance and driver information
purposes. If one bus drives daily about 1000 km, a countrywide data collection system for
over 5000 km of main roads would require installing a mobile sensor on approximately 30
buses, which could drive a given route six times daily. This would imply a measurement
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interval of four hours. The cost of running the system includes depreciation of equipment
and installation as well as maintaining and servicing of the sensors and costs of data
collection and distribution. The estimated lifetime of the sensors is about 10 years and the
market price is clearly under 10 000 €. The cost of service, including occasional cleaning
of the sensor window, would be about 1000 € per sensor annually. Running the data
collection and distribution system might take another 1000 € per sensor. Thus the system
with 30 sensors installed in buses would cost annually about 90 000 € and cover 5000 km
network of roads with a measurement interval of about 4 hours. The cost per kilometer
would be near 20 € annually, which is about one percent of total winter maintenance costs
or under 0.5 percent on motorways.
It is interesting to compare the costs of collecting mobile road weather data to the costs of
using fixed RWS instead. Depreciation costs of fixed stations are annually about 3000 €
per station even if installed with minimum configuration comparable to typical mobile data
collection units. In Finland the service costs approach 1.5 M€ for about 370 stations
accounting approximately 4000 € per fixed RWS annually [4]. The stations cover about
13 000 km, which accounts to a cost of about 115 € per kilometer annually. This implies
that on a rough scale we could collect continuous mobile data with a smaller cost than with
fixed stations even if the data interval was increased to many times per hour.
The advantage of fixed RWS is the availability of fresh data at any time, whereas the
mobile system has the advantage of providing continuous data over the whole road
network. Mobile system is also more cost effective and data is more suitable for
distribution publicly to all drivers.
4. SUMMARY
We have demonstrated feasibility of installing mobile road condition sensors on buses to
collect continuous road weather data. There seems to be no need for monthly cleaning of
sensor windows or any other service. It may turn out that annual service is enough. The
piloting continues to the end of winter 2017-2018.
Collection of road weather conditions by buses seems to be economic compared to fixed
weather stations considering the lifetime costs. Measurement of mobile surface condition
data has the advantage of providing detailed information along the selected road network.
The network of fixed RWS lacks this possibility, since the fixed network has a limited
density for practical and economic reasons.
It is also feasible to collect occasional or continuous photographs with a mobile system.
Photographs will provide useful additional information about the surface conditions
especially during a snow event. Although this feature was not piloted, there are no
technical obstructions in taking photographs at a given time interval or at preselected
locations with the mobile system.
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