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This paper presents a comparative study between clustering analysis,
which is typically used in mobility scenarios, and supervised classifica-
tion for the identification of home and work zones of an area. We will use
a mobility dataset from the city of Milan to achieve this. Using passive
mobile positioning data offers a powerful tool to study the geography
and the mobility of the population. With the available data, we will try to
identify workplaces and residential areas using both supervised classifica-
tion and clustering. In order to generate training data for the classification
model, we manually label several sub-regions of the available grid, one
with random cells and another with a 20-by-20 resolution. Experimental
results show that the kNN algorithm provides an acceptable accuracy
that could be able to predict if a cell represent a working or a residential
area for the full grid, thanks to the semi-supervised approach used in
learning from a manually-labeled region. However, the results provided
with k-means and k-medoids clustering show that it is not able to accom-
plish the former idea, instead it focuses on identifying the mobile traffic
distribution around the city.

1 Introduction

The generalization of mobile phone usage has turned it into a useful tool to gather
mobility data and extract knowledge applicable to areas such as mobile networks
optimizations [9], marketing [24], urban planning [8], service planning, public
transport [5], tourism [1], among others.

In this paper we present a new focus on area identification with mobility data, by
using supervised classification and making a comparative study between clustering
analysis, which is typically used in mobility scenarios [7] [10] [12]. In order to
compare them, we will use mobility data from the city of Milan [2]. Our main goal
is to be able to identify working and residential zones from a given area with the
available data. Using supervised classification for this goal is novel, to the best
knowledge of the authors. In order to generate training data for the classification
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model, we manually label several sub-regions of the available grid, which is detailed
in the following sections.

We will study the clustering problem [26], which has been widely used in litera-
ture for places identification. Clustering is the process of partitioning or grouping
a given set of patterns into disjoint clusters. This is done such that patterns in the
same cluster are alike and patterns belonging to different clusters are different.
Clustering represents an easy way to analyze and categorize data because it is
unsupervised learning, and normally no difficult processing of the data is required.
We have used the k-means algorithm [26] and k-medoids [23].

For k-means, the general objective is to obtain the fixed number of partitions
that minimize the sum of squared Euclidean distances between objects and cluster
centroids. The algorithm requires in advance the number of desired clusters, so in
order to find an effective way to cluster the data, we will test Silhouette values [25]
for different k and find the value that suits better to our data.

We also use k-medoids [23] because it could be more robust to noise and outliers
as compared to k-means because it minimizes a sum of general pairwise dissimi-
larities instead of a sum of squared Euclidean distances. In contrast to the k-means
algorithm, k-medoids chooses actual data-points as centers.

Other works that attempt to identify meaningful places use clustering in order
to associate several clusters to the most frequently visited places from the users
and then those clusters are ranked and defined as home or work by the hour
they have more events, as explained in [10]. In [12] data traces are also grouped
with clustering and time-based clustering is used to categorise the places. These
approaches are valid if you have fine-grained data, but with aggregated data from
CDRs this is not a valid approach since you cannot get individual users’ data
and the clustering will be restricted to the mobile traffic distribution of the data
available, making clustering very unlikely to identify home and work areas.

We will study the classification task as a novel way to identify home and work
zones for aggregated mobility data. Classification is a category of supervised learn-
ing, in which we have a dataset with input labels and a desired output. The main
objective is to build a model that is capable of predicting the desired output of
a new object given the input features, in our case being the work-home label. In
classification, labels are discrete, meaning that a clear distinction is given between
categories, that are nominal and not ordinal. Also in supervised learning, there
is always a clear distinction between a training set and the test set that must be
inferred. For the classification task we have chosen the k-nearest neighbors (kNN)
classifier [6]. This is a simple, yet effective classification algorithm that can be easily
interpreted. We will attempt to identify the home and work areas training the
model with manually labeled sub-grids and then predict the class for the complete
grid. The main challenge is to choose the optimal value of neighbors k, since is
highly data-dependent. For our data we have chosen 5 and 10 neighbors. The limi-
tation of this model is the need of manually labeling a subset of the data in order
to train the algorithm.



2 Experimentation

In the next sections we go into details about the processing of the CDR data and
the settings for the classification and the clustering. Following that, we will evaluate
the results obtained in the different studies and final conclusions are given.

2 Experimentation

2.1 Data

The generalized use of mobile phone and the exponential increase on Internet
usage is generating enormous amounts of data that along with positioning data
from GPS or RF-beacons are proving to be a very useful tool to identify population
patterns such as workplaces, leisure, tourism, residences, etc. One important source
of information comes in form of CDRs stored by the mobile network operators.
Unfortunately, communication data is usually only available to research teams that
sign non-disclosure agreements and research contracts with private companies.
The lack of open datasets limits the number of potential studies in the area. In this
context, research challenges that provide access to datasets to a large number of re-
searchers are becoming a valuable framework. An example of that is Orange’s ‘Data
for Development’ (D4D) initiative in 2013 [3] and 2014-2015 [22], but unfortunately
the data is not available anymore.

However, Telecom Italia in association with several universities and foundations
has made available the data that will be used in this study. This dataset is unique
because it is a rich, open multi-source aggregation of telecommunications, weather,
news, social networks and electricity from the city of Milan and the province of
Trentino. We will focus only on the telecommunication data that consists of CDR
data aggregated in 10 minutes interval on a 100x100 grid that covers the city of
Milan.

The CDR contains records for the following activities:

• Received SMS (smsin) a CDR is generated each time a user receives an SMS

• Sent SMS (smsout) a CDR is generated each time a user sends an SMS

• Incoming Call (callin) a CDR is generated each time a user receives a call

• Outgoing Call (callout) a CDR is generated each time a user issues a call

• Internet a CDR is generated each time a user starts an Internet connection or
ends an Internet connection. During the same connection a CDR is generated
if the connection lasts for more than 15 min or the user transferred more than
5 MB.

The information is already aggregated and anonymized so that it is not possible
to identify individual mobility data.

For our study, we select a typical week with no festivities over the 2-month
period available to make the classification and clustering on the map. We will focus
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on one week since what we are looking is to distinguish is the residential and work
areas and one week is enough to study the mobile traffic patterns while having
enough input data. We will also use a working day (monday) to compare the results
from using a week of data. Having that into account, we also process the dataset by
aggregating the measures into an hourly interval so that we have easier to manage
data. In order to make the results normally distributed we normalize the data with
a minmax scaler [11] so we can scale data into the [0,1] range.

As a mean to classify the complete grid, we create a subgrid of 20-by-20 resolution
and another with 250 cells chosen randomly and manually label each cell with 1 if
it represents a dominantly residential zone or 0 if it belongs to a work zone. This is
possible to do thanks to the available file of the Milan grid which is a GeoJSON [4]
that contains the coordinates of the 100x100 grid.

In order to have different samples to classify, we decided to create the aforemen-
tioned 20-by-20 grid that gathers an industrial zone clearly delimited and some
high-density residential areas. It can be seen on figure 1a.

The other sample we have taken is choosing 250 cells randomly so we can
check how the algorithms perform for this case. Figure 1b shows the random grid
obtained.

(a) 20-by-20 grid visualization [14] (b) Random grid visualization [21]

Figure 1: Grids visualizations



2 Experimentation

In the next section we detail the process followed for the classification task.

2.2 Classification

We have decided to perform a k-nearest neighbors (kNN) classification because
it could be effective due to the nature and shape of the data, and it is also the
most commonly used technique. For the kNN classification we have chosen the
following experiments:

• Classify the random grid with data for one working day.

• Classify the random grid with data for one week.

• Classify the 20x20 grid with data for one working day.

• Classify the 20x20 grid with data for one week.

We execute the classification algorithm with a 10-fold cross-validation and for
each mobile traffic metric (incoming sms, outgoing sms, incoming calls, outgoing
calls, internet traffic), with the neighbors parameter set to 5. Then we repeat all
the classification but changing the neighbors parameter to 10 and present the
new results in the next section. This will give us an idea on how the dataset is
able to predict the home-work label for the defined sub-grids. After that, we will
execute the kNN classification for the whole grid with the data for the 20x20 and
random sub-grids as training for the algorithm. With this, we will check later if the
algorithm is good for predicting the home and working zones for a bigger area.

2.3 Clustering

For the clustering task we have decided to use k-means as it converges fast and it
is a commonly used algorithm. First, we execute k-means with 2 clusters as target
to get a first idea on how the algorithm divides the grid in order to identify two
classes, potentially being home and work.

The main question for k-means clustering is choosing the optimal cluster number
(K) and in order to choose the best option for our data, we make a Silhouette
analysis, calculating the S-Values for different K. From the range from k=2 to k=7

we have found that 5 clusters seems to be the best option for our data. Figure 2

shows the s-values distribution for the k-means with k=5.
Once we have the optimal k value for our data, we will proceed to execute the

k-means clustering with 5 partitions. We will see how the partitions are distributed
and if the follow some relation with the home and work zones present in the area
of interest.

We are also going to study another clustering algorithm, k-medoids, since it
could be more robust to noise and outliers compared to k-means. K-medoids
works by minimizing a sum of general pairwise dissimilarities instead of a sum of
squared Euclidean distances as in k-means. In contrast to the k-means algorithm,
k-medoids chooses actual datapoints as centers.
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Figure 2: Silhouette analysis for k-means (k=5)

In the following section, we will detail the results obtained on the classification
and clustering.

3 Results

Once we have explained the experiments that we have done in order to compare
and find out which one gives us better results on detecting home and working
areas, we present the results in this section. All the map visualization figures can
be accessed with the reference links. First, we will start with the kNN classification
with 5 and 10 neighbors (k=5 and k=10) for both of the sub-grids generated.

The results are shown in the following tables (accuracy and standard deviation
values in percentage).



3 Results

We can see that the 20x20 sub-grid performs better than the random sub-grid,
and the accuracy achieved is good enough to consider the algorithm able to predict
home and work areas. We will test this in a more visual way by showing the
visualization of the home-work prediction for the 20x20 grid.

Figure 3: Prediction accuracy for the 20x20 grid [13]

In figure 3 it is shown the predicted grid for the 20x20 sample classified with
kNN (k=10) with callout data. A grid in red represents a residential zone classified,
and a yellow grid is a working zone. The grid border in green indicates a correct
classification according to the training data (labels identified manually) and a red
border indicates that the classification was incorrect. This figure gives us a visual
idea of the performance of the classification performed.

Once we have tested the kNN algorithm with several settings (k=5 and k=10)
and with several grids, we will proceed to predict the home-work label for the
whole grid, using the 20x20 and random grid as training data for the algorithm.

The results are shown in figure 4, a red grid represents a zone identified as home
and a yellow grid a working zone. We have found that, while it usually detects all
industrial zones, it does not delimit the zones very well and several clearly defined
residential zones are marked as working zones.
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Figure 4: kNN home-work prediction for the full grid [15]

One problem that is made evident now is the base station (BS) coverage, because
of the data being aggregated in the CDRs by grids, we have the following problem.
There are many BS throughout the city and even more in the city center, and one
grid will gather all the data from the different BS that it may cover. However, in
less populated zones, the density of BS is lower and several grids can be covered
by the same BS so they will have the same results, giving the same predictions in
the algorithm while not being necessarily the same type of area.

Taking this problem into account, the prediction with kNN gives us a good hint
on the identification of the residential, working zones and industrial areas of the
city of Milan.

Now, we will evaluate the predictions of the clustering algorithms and compare
the results with the ones obtained with the kNN classification.

First we will study the k-means algorithm with 2 and 5 clusters on the 20x20

sub-grid in order to compare it with the predictions of the kNN classification.
In figure 5a we can see the 2 clusters resulting from the k-means algorithm and

in figure 5b we can see the results with 5 clusters. In both cases, the clustering is
not able to correctly differentiate into residential and work zones, as opposed to
the kNN algorithm.

Next we will proceed to use clustering to the whole grid, and we start by distin-
guishing 2 partitions with k-means.



3 Results

(a) k-means clustering result (k=2) [16] (b) k-means clustering result (k=5) [18]

Figure 5: Clustering on 20x20 sub-grid

As we can see in figure 6, the purple cluster represents the city center of Milan,
which is an area with a dense mobile traffic and the rest of the map with less
volume. But this does not satisfy our objective of detecting home and work areas,
we will make another clustering with 5 clusters as found to be optimal in the
Silhouette analysis.

Figure 6: k-means clustering result (k=2) [17]
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The results shown in figure 7, with 5 clusters we differentiate more widely the
mobile traffic distribution along the city, but most of the identified clusters are
grouping the city center of Milan. And we are still not able to clearly distinguish
any home or work area.

Figure 7: k-means clustering result (k=5) [19]

With these results we have made a mobile traffic analysis on each of the identified
clusters, we will show the SMS (figures 8a, 8b), calls (figures 9a, 9b) and internet
traffic (figure 10) on a working day among the 5 clusters.

(a) Incoming SMS analysis for k-means
clusters

(b) Outgoing SMS analysis for k-means
clusters

Figure 8: SMS traffic analysis



3 Results

(a) Incoming calls analysis for k-means
clusters

(b) Outgoing calls analysis for k-means
clusters.

Figure 9: Call traffic analysis

Figure 10: Internet traffic analysis for k-means clusters

We can conclude that each cluster represents the mobile traffic of each of the
different zones of Milan, being the city center (purple, green and orange clusters)
the zone that present more traffic on every kind of traffic analyzed. There are no
meaningful differences on the k-means clustering using data for one week instead
of a day.



Manuel Mendoza Hurtado, Domingo Ortiz Boyer: Survey on mobility data

Figure 11: k-medoids clustering result (k=5) [20]

Lastly, we present the results from the k-medoids clustering. Figure 11 shows
the predicted grid for k-medoids clustering with k=5 and data for one week with
callout data.

We can see that this algorithm detects better the buildings, and that can be
seen by comparing the outer clusters with the k-means, the external clusters in
k-medoids model better the residential and industrial zones, but is still way behind
the results obtained in the kNN classification since, as we have seen among all
results, clustering focuses on detecting and grouping regions with similar mobile
traffic distribution and that does not correlate with being a residential or a work
zone.

4 Conclusions

In this paper we have performed a comparative study between the k-means and
k-medoids clustering algorithms and the kNN supervised classification algorithm
using an open mobility dataset containing CDR data from the city of Milan. We
have seen that the kNN classification applied to several subsets of the whole grid
have given good results on the 20x20 subgrid and thanks to that data, we were able
to launch a prediction of home and work areas for the whole grid with the 20x20

and random grids as training data.
We have found that the prediction of the whole grid, although it is not perfect,

it usually detects all the industrial zones, but it does not delimit the zones very
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well and it marks some clearly-defined residential zones as working zones. This
is probably due to the problem with the aggregated data which is related to the
base station (BS) coverage, because the data used in the study was aggregated by
grids. There are many BS throughout any city and even more in city centers, and
one grid will gather all the data from the different BS that it may cover. However,
in less populated zones, the density of BS is lower and several grids can be covered
by the same BS so they will have the same results, giving the same predictions
in the algorithm while not being necessarily the same type of area, so that is a
very likely reason of the errors in the zone delimitation. However, the classification
made with kNN has proven to be useful for identifying residential, industrial
and working areas that could potentially help in urban planning and it is a novel
method that has not been studied so far, to the best knowledge of the authors, for
places identification with mobility data.

For the clustering analysis what we have distinguished are several zones of Milan
by its mobile traffic, finding that the city center had the highest traffic, as expected,
due to the touristic places and high-density houses. It was not possible to identify
the desired categories of home and work areas due to the nature of unsupervised
learning. This analysis did not differentiate between residential and working areas,
but the information it provided about the mobile traffic in the city could result
useful for telecommunication operators in order to optimize its infrastructure for
better coverage and quality of service (QoS).

With this study we have shown the potential of using supervised classification in
mobility problems, specially in zone identification with mobile telecommunication
data, rather than using a clustering approach that has been commonly seen in the
literature.
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