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3.1 Introduction

Since a few years, umlaut SE is using crowdsourcing as a significant addition to classical met-
hods for collecting network performance data and measuring quality of experience from the 
end user’s point of view. Our app-based, on-device data collection engine is working passively in 
the background of a user’s smartphone. With this app-based approach, end-user smartphones 
become measurement devices delivering invaluable knowledge on how customers use and 
experience mobile communications. The data collection engine is integrated into more than 800 
applications worldwide and generates more than 3,5 billion data samples per day. Basis for 
integrating the data collection engine is a cooperation between umlaut SE and the application 
providers. While installing one of their applications the user is normally informed about the 
additional software by the usage terms and conditions. He has the choice to accept it or not.

For illustration purposes Figure 1 shows the sample distribution within and around the city of 
Aachen in Germany. The brightness represents the sample density and provides an indication for 
the frequently driven routes and visited locations. 

Figure 1: Crowd Data distribution within and around the city of Aachen Germany (width: 12 km, height: 9 km).
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The collected data is fully anonymous, no personal identifiers (MSISDN, IMSI, IMEI or IP addres-
ses) are collected. Users are differentiated by a hashed ID derived from the release information 
of the installed Android operating system.

In addition to the network parameters, Crowd Data provides for each sample valuable additio-
nal information on location, speed, and time. This information and its derivatives (acceleration, 
driven distances, mobility share per km2, etc.) allow to answer a variety of interesting questions 
related to Urban Mobility and Smart City concepts. In the following, selected use cases are 
briefly described to illustrate the spectrum of possible applications.

3.2 The analysis approach

Any of the analysis examples described in section 3 starts with the extraction of Crowd Data for 
a certain period, mostly 6 months. Such periods assure high sample spread as well as indecency 
from seasonal effects and events. Then, tailored data cleansing steps are applied to correct/
remove corrupt or inaccurate data, e. g. very high or low values caused by faulty devices. During 
an additional step, data is filtered and clustered based on use case specific criteria, which are 
normally aligned with the customer. Filters can be for example time slots, areas, attributes, or 
user groups. Users of specific targeted groups can be identified based on different pre-defined 
features, such as visited Points of Interest (POIs), installed applications, phone call behavior, 
Bluetooth connections, and much more attributes. User group identification is then followed by 
the association of the samples to each of the identified groups. Samples are then aggregated 
following two approaches:

 ◼ Aggregation based on a grid of tiles (squares of the same size covering the complete analyzed 
area), using the sample specific geo-coordinates. The grid size is use-case specific and normal-
ly aligned with the client (e. g. 100 m, 200 m).

 ◼ Association of each sample to a POI if it was generated within a pre-defined radius around the 
POI-centre. The radius may vary due to different POI categories.

Once all samples are assigned to tiles or POIs, the corresponding areas (squares, circles) become 
objects with various attributes, e. g. maximum/average number of users, average duration of 
stay, maximum/average speed, or frequency of visits per user. Defining these and other attribu-
tes helps to rank POIs and tiles to gain indications for further assumptions and decisions. This 
approach is illustrated in its main steps in Figure 2.



Figure 2: Simplified steps of the analysis approach (customer profiling and aggregation of samples to tiles/POIs).

3.3 Sample Use Cases

umlaut SE used this approach to support specific questions of clients in diverse operational fields, 
e. g. mobile communications, automotive, infrastructure supplier, and asset and real estate 
owners. In the following, some selected use cases related to the fields Urban Mobility and Smart 
City are briefly described. The focus is set on describing the use case and the possible benefits 
rather than on technical details.

Car Sharing

umlaut SE was approached by a car manufacturer that wants to start a car sharing service in a 
major city in the USA. For this purpose, umalut SE Crowd Data offered a convenient way to 
provide transparency on the mobility behavior of certain target groups, which were specified by 
the client (travellers, students, freelancers, etc.). Knowing the users’ mobility behavior would 
enable the client to identify perfect locations for car sharing stations that would already consi-
der the potential customers’ habits and interests.

Based on pre-defined criteria, such as installed applications or temporal mobility patterns, the 
collected Crowd Data was further processed to identify the different target groups within the 
captured users. The aggregation of a group’s samples in combination with POIs led to the identi-
fication of commonly used user routes (start and end point) and frequently visited locations. 
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Customer Profiling Mobility Behavior Determination

Table Representation

umlaut Crowdsourced Data

List of Criteria

 ◼  POIs (Locations)

 ◼  Hobbies

 ◼  Usage Criteria

 ◼  …

Which samples  
of user IDs fulfill  
the criteria?

Raw data is aggregated and defined as circles or bins (tiles) with 
defined size, with each characterized by different attributes.

Creation of a list of user 
IDs, categorized into 
groups, depending on 
criteria combinations

 ◼  User ID
 ◼ Longitude
 ◼  Latitude

 ◼  Timestamp
 ◼ Velocity
 ◼ …

Info per Sample

Data Aggregation

Bin with a defined size, 
e. g. 100 m × 100 m

Circle around a POI 
with defined radius



Using this information on each target group, a network of car sharing locations are being plan-
ned for set up to attract potential customers by providing a tailor-made solution.

To illustrate some of the results, the left part of Figure 3 shows the count of users (represented 
by the color) and the average duration of stay (represented by the height) for a gird of tiles 
covering the complete city. The grid resolution is 200 m x 200 m. The right part of the Figure 
illustrates the start-end-analysis which was performed for all POIs and tiles in the city, broken-
down at user group level.

Figure 3: Selected results of the car sharing analysis. Left: user density aggregated in tiles, 
right: start-end analysis.

Charging Infrastructure for electric vehicles

At the time a premium car manufacturer (OEM: Original Equipment Manufacturer) decided to 
develop and distribute its own charging infrastructure for electric vehicles within Germany, the 
umlaut SE Crowd Data has proven to be an appropriate technology to support the decision-
making process and the roll-out strategy. The main motivation was to identify suitable locations 
alongside the daily routes of existing and potential customers of the premium OEM, considering 
various Points of Interest and time slots. The idea was to make the charging experience as 
convenient as possible, avoiding customers to interrupt their daily habits or routines.

An extensive research was performed to identify potential customers of the OEM, based on 
premium hobbies, typical premium locations customers would visit, business or luxury applica-
tions premium customers would use, or Bluetooth-identities of selected car brands. In order to 
consider the most possible scope of features, over 64,000 locations in Germany were defined as 
relevant POIs and the mobility pattern was analyzed with special focus on these locations. This 
led to the identification of frequently visited locations, frequently driven routes, both in urban 
areas and along the highways, including the average duration of stay at the respective locations. 
This approach supported the customer to narrow down all existing POIs to a reduced and mana-
geable list of promising locations, which became subject to further analysis tasks (e. g. available 
electricity infrastructure, legal aspects, type and capacity of charging infrastructure, etc.). Thus, 
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the analysis’ results facilitated discussions and negotiations with potential cooperation partners 
before the roll-out finally starts.

umlaut SE provided the client with a tool, summarizing the analysis results and allowing to 
dynamically derive strategic results based on set parameters (Figure 4). The tool allows to 
differentiate between different features (routes, POIs, days, time slots within the day) and 
attributes (count of users, frequency of visits, average duration of stay, average driven distances, 
etc.). Furthermore, statistics are showing the fulfillment of each threshold for the visualized 
parameters in order to estimate the compliance to the thresholds within the considered area.

Figure 4: Developed tool for POIs and routes evaluation.

Rescuing 4.0

Efficient emergency care is a key factor in saving lives and can determine the further treatment 
and scope of a critical disease. In order to respond to extensive demands and the complex prob-
lems presented in the daily business of emergency care, umalut SE is working on the develop-
ment of a new planning tool called »preRESC«. This tool uses available data from the emergency 
control center (e. g. historical operational information) and integrates new data sources (Crowd 
Data, geographic and weather information, historical traffic information, street construction 
points, etc.) to build the base for an in-depth data analysis (see Figure 5). By applying advanced 
correlation, Clustering and Decision Tree algorithms, a more effective planning of resources is 
facilitated. The control center dispatcher can gain insights at strategic and operational levels, and 
therefore better anticipate changes in emergency deployment demands. In addition, the tool 
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allows better coordination between emergency care teams in different districts. This provides a 
»digitalized« approach to support the smart emergency protection of the future.

Figure 5: Concept of preRESC.

3.4 Outlook

The experience gained while executing the different use cases helped to identify various aspects 
for enhancements and optimization to further develop the approach to its full potential. The 
most relevant aspects are:

 ◼ Implement a higher grade of automation in dealing with data management tasks and the 
adaptation of individual steps to new questions. This would help to execute more complex 
use cases at a lower level of cost and needed time and efforts.

 ◼ Intensify the integration of external data into the overall analysis chain. The consolidation of 
external data into a common information pool, applicable for different countries and use 
cases, would facilitate the consideration of additional dimensions of attributes and features.

 ◼ Apply machine learning concepts as a second level of analysis. Clustering and pattern recogni-
tion analysis after the data aggregation into bins and POIs could help to reveal further geogra-
phic and temporal similarities in terms of mobility pattern, thus providing deep dives while 
answering specific questions.
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