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Abstract
With increasing number of heavy rainfall events in recent years, the demand for improved
precipitation data and implementation of nowcasting applications is growing rapidly. The objective
is to obtain best possible forecasts for the coming minutes up to the next few hours. Especially in
the Emscher and Lippe region, one of the most industrialized and populated areas in Europe,
assessment of actual precipitation and real-time information about the further development of the
hydrological situation is of crucial importance. In this article, an innovative approach for the
extraction of precipitation information using sensor data from moving vehicles is presented. The
topic is investigated within the research project mobileVIEW , which is funded by the German Federal
Ministry of Transport and Digital Infrastructure. Mobile VIEW focuses on real-time assessment of
relevant sensor data, its combination with external data and subsequent analysis (big data), for
providing additional reliable data about actual precipitation in order to improve nowcasting
capabilities for precipitation events (smart data). For this purpose, approximately 100 vehicles,
selected from the car pool of the water management associations Emschergenossenschaft and
Lippeverband are equipped with data loggers to collect and transmit relevant data. In addition to
technical issues like data assessment and analysis, mobileVIEW also takes social aspects like
privacy and civil protection into account. By bringing together protagonists from water management
and automotive industry, this project also helps promoting synergies between different business
sectors.
1. Introduction
Measurement of heavy precipitation is usually realized based on terrestrial rain gauges as well as
radar data and satellite information. Especially in the Emscher and Lippe region, characterized by
large sealed industrial areas, high population density, extensive ground settlements as a
consequence of former mining activities and a short concentration time of flood discharges,
assessment of actual precipitation and real-time information about the further development of the
hydrological situation is of crucial importance.
Therefore, the responsible water management associations Emschergenossenschaft (EG) and
Lippeverband (LV) operate a network of rain gauges and use radar precipitation data from three
different radar sites (Treis et al., 2015). However, especially for heavy precipitation events with a
small spatial extent, there is always the risk of missing the event using terrestrial point
measurements or to underestimate its intensity using radar precipitation data (Pfister et al., 2015).
In this article, an innovative approach for the extraction of precipitation information using sensor
data from moving vehicles is presented. The topic is investigated within the research project
mobileVIEW , which is funded by the German Federal Ministry of Transport and Digital Infrastructure
(research initiative mFUND1). The project started in November 2017, the duration of the project
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extents over three years. Further project partners are the Research Institute for Water and Waste
Management at RWTH Aachen (FiW) e. V. (project coordinator) and the IAV automotive
engineering company (IAV GmbH, Ingenieurgesellschaft Auto und Verkehr).
2. Project objectives
In modern vehicles, a great variety of telemetric data is recorded by a set of different sensors. The
location of the vehicle, the engine rotational speed, the actual speed of the vehicle and braking
interventions are examples for collected data. Furthermore, sensors also collect information, which
can be used for further utilization in a meteorological or hydrological context. Besides e.g. air
temperature, air pressure, humidity or global radiation, combined rain-light sensors, mostly located
at the bottom of the rear mirror, collect precipitation data to control the frequency of the wipers. In
laboratory experiments the basic suitability of this data to derive real-time precipitation information
is proofed (Rabiei et al., 2013).
MobileVIEW focuses on the real-time assessment of the relevant sensor data, its combination with
external data and subsequent analysis (big data), with the main objective of providing additional
reliable data about actual precipitation in order to improve nowcasting capabilities for precipitation
events (smart data). For this purpose, approximately 100 vehicles, selected from the vehicle fleet
of EGLV, will be equipped with data loggers to collect and transmit relevant data to a big data
platform (IoT-platform), where data assimilation and further analysis are carried out.
To achieve the major project objective of improving real-time information about actual precipitation
and associated nowcasting applications, extracted data from moving sensors will be compared to
and combined with rain gauge data and different radar precipitation products. Furthermore,
numerical and ensemble based weather prediction model data, provided by Germany’s National
Meteorological Service, will be considered in the analysis. These processing steps are also carried
out on the big data platform. The target system of the optimized data however is represented by
the flood early warning system Delft-FEWS of EG and LV. FEWS provides a platform for
integration, display and analysis of miscellaneous data in different formats from various sources,
linked to hydrologic modelling (Treis et al., 2015).
3. Project status and current tasks
3.1 Data collection and data protection regulation
Currently, there are several activities running simultaneously. One major milestone was achieved
by ensuring data protection according to the European General Data Protection Regulation (EUGDPR) for a number of approximately 1000 potential car drivers. This was necessary since GPS
data is suited for identification of natural persons and is therefore considered as personal data.
Given that anonymization was not a valid option from a technical point of view, datasets were
allocated an alias in terms of an unique sensor ID. By separating this ID from the actual sensitive
information about the vehicle (number plate, vehicle license etc.) it is not possible to directly relate
the sensor information to a specific driver. Nevertheless, with a disproportionate effort, theoretically
it might still be possible to identify the vehicle and the driver using the logged location data.
Therefore, involving the data protection officer of EGLV, a written declaration of consent was
submitted for signature from each driver of a company car. The written consent is the most
important condition for subsequent sensor installation. In addition, a so-called “privacy switch” was
implemented in each vehicle to enable drivers to deactivate data collection and to prevent
undesired storage in the big data platform. Vehicles from the car pool, which are shared by a much
larger number of employees, are characterized by different pre-settings in regard to the privacy
switch. By default, data collection is turned off and the driver has to actively resume data recording.
Operation of the privacy switch is designed as user-friendly as possible and enables each driver to
(de-)activate the switch by calling a specific URL which can also be accessed by a QR-Code. To
disable data capturing outside the Emscher and Lippe region, geofencing methods in terms of a
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virtual spatial boundary were applied. After the works council of EGLV approved the approach,
staff was informed via Intranet, in personal appointments and by handout deposited in every car
affected.
3.2 Identification of suitable sensor parameters and transmission concept for sensor data
In total, the following parameters were identified as suitable to be logged and transmitted to the big
data platform: time and location, rain intensity, wiper frequency, air temperature, humidity, air
pressure, light intensity, vehicle speed and roadway friction. For some of these parameters,
provision for the related research project FloWKar (BMVI, 2018) is intended. At present, a subset
of 60 vehicles with existing rain-light sensors has already been equipped with correspondent
loggers. The sensors normally are located at the bottom of the rear mirror. LEDs inside the sensor
emit infrared light which is reflected at the outer surface of the windscreen especially where it is
free of raindrops, since these cause absorption of incoming radiation. The reflected light is
continuously measured by photodiodes. With increasing quantity of water covering the windscreen,
less infrared light is reflected, resulting in a regulation of the wipe interval.
Generally, the transmission concept was designed in a way not to affect the operating license of
the car. Therefore, a contactless data collection based on an inductive mount was implemented
around the Comfort-CAN (Controller Area Network) bus of the vehicle. The reader is connected to
a single-board computer as data logger with an integrated GPRS module enabling external
communication and allowing an easy consolidation of connected vehicles into the IoT platform
(Figure 1).

Figure 1: Single-board computer as data logger (left) and contactless Comfort-CAN reader.
Signals are accessed via Comfort-CAN bus, whereas power supply of the embedded computer is
ensured via OBD-II (On-Board Diagnostic) port. Figure 2 shows the installation of the contactless
reader into a SEAT Leon from the vehicle fleet of EGLV. Afterwards, mounted equipment and
cables disappear behind covers.
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Figure 2: Installation of Contactless Can Reader in a Seat Leon from the EGLV car pool.
In cars without rain-light sensors by default, a subsequent installation on the windscreen is
necessary. Here, a residue-free removal must be guaranteed due to the leasing contracts of the
vehicles (Figure 3).

Figure 3: Subsequent installation of a rain-light sensor into a SEAT Leon from the EGLV car pool.
3.3 Selection of suitable cars, data transmission and IoT platform
In order to achieve a balanced spatial coverage of the association territory and to test the
practicability in rural as well as urban areas, vehicles are distributed across different water
management plants and at the central office. At their location, the cars will be operating on a daily
basis. Based on the great number of cars, it is possible to operate several vehicles at the same
time in the same region to achieve a comparison between collected datasets. Approximately 120
cars were identified as suitable for mobile VIEW regarding sensors and compatible manufacturers. To
accomplish a standardized procedure in terms of sensor installation and data collection, cars
produced by Volkswagen AG were chosen. With the objective of testing data transmission in a first
step, 20 cars were equipped with simple GPS loggers. First visualization results were displayed
using the open-source IoT platform ThingsBoard. Figure 4 illustrates the distance covered in the
form of GPS routes (left) and the resulting heat map (right) showing the number of data recordings
in a raster cell in combination with available rain gauges.
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Figure 4: Recorded GPS tracks of vehicles from EGLV car pool (left) and according heat map (right).
Recording period: June, 20th – August, 1st.
Outlook
With the consent satisfying data protection issues, the identification of suitable parameters and the
development of a transmission concept, the foundation for testing and preliminary data analysis is
created. At present, 60 cars with integrated rain-light sensors are equipped with required hardware.
Until January 2019 the subsequent installation of external rain-light sensors and transmission
hardware will be finished. For testing purposes and in order to evaluate sensor data quality, a
stationary rain simulation plant was developed by IAV GmbH. Due to dry weather conditions in the
association territories, field experiments comparing sensor data to rain gauge measurements have
not taken place so far.
Regarding the server infrastructure, an exchange platform for rain gauge data, radar products and
numerical weather prediction data has already been established. The launch of the server
infrastructure, being the backend for the big data platform, is in progress.
By bringing together protagonists from water management and automotive industry, this project
helps promoting synergies between different business sectors. Thereby, a better understanding of
relevant processes and collected data could be achieved. In this context, a vehicle is not simply to
be seen as a means of transportation, but as a mobile carrier platform equipped with a variety of
sensors, whose data could help reducing risks associated with heavy precipitation and flooding.
Resulting outcomes of the project will not only be used for internal purposes, but will be provided
for interested users like administrative units, civil protection, traffic control centers and individuals,
based on an application for mobile devices. In addition to the benefit of providing information and
warnings regarding actual and upcoming heavy rainfall events as well as the danger of potential
flooding, this approach could also help raising public awareness for processes of intense rainfall
and flood generation (Barneveld et al., 2018).
As final products in 2021, a toolbox and methods will be available to demonstrate the practicability
and the benefits using sensor data from moving vehicles in the context of early warning and civil
protection. In 2018, there are approximately 64 million registered vehicles in Germany. This great
amount illustrates the potential and the relevance of the presented approach for the public
transport, as well as the water management sector.
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