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Extended abstract

In the past decades, call detail records (CDR), a specific type of mobile phone data, has been proven to
be an accessible and rich source of information about mobility. This data, generated by mobile phone
users while communicating, is collected and stored by the communication data providers. It registers
for each communication event (calls, messages or data browsing) the user’s unique identification key,
the timestamp of the event, and the location of the base station antenna that processed it. This basic
structure confers to this data a strong potential for mobility analysis.

However, when compared to GPS data classically used in mobility and traffic analysis, CDR data
can present significant drawbacks. First, as the positional information is obtained at the base station
scale, the spatial precision depends on the density of the base station network. Second, the data
generation depends on the users’ communication behaviours, making the data acquisition uneven and
sparse in time; in particular, users with little communication activity will generate less location data
and their mobility will be especially difficult to estimate. At the same time, CDR data have important
advantages: they are usually accessible, massive, and of better spatial coverage because they are not
restricted to a single category of users, unlike many GPS datasets.

Given those advantages, we wonder if CDR data could be used as a reliable alternative to GPS
data in order to estimate the mean traffic speed dynamics at a zonal scale, in an urban area. Aside
from the challenge that speed estimation from sparse data represents, or from the insight it can give
on the traffic dynamics at a large urban scale and for a large sampled population, this speed estimation
presents a high potential in the field of traffic emission estimations. While using GPS data for this
purpose requires important complementary data and costly scaling up processes (10), an estimation
using CDR data could be an efficient and light alternative.

An extensive literature exists on mobile phone data usage for mobility analysis, from the devel-
opment of mobility choice models (7), to the construction of CDR-based origin destination matrices
(1, 5, 8). However, the studies related to the traffic characterisation are more limited. In Toole et al.
(11), a CDR-based origin-destination matrix is estimated in a first step, then assigned onto the road
network in a second step, to estimate the traffic load. This step-wise approach is completed by studies
exploiting two other types of mobile phone data, handovers and location area updates data, to estimate
traffic speeds on specific highway segments (2), travel time (9) or macroscopic fundamental diagrams
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FI1G. 1 — Visual recap of the methodology

(6). Still, the potential of CDR data specifically for traffic characterisation remains weakly assessed
and, in particular, the question of speed estimation needs to be more deeply investigated.

We propose an innovative methodology to estimate the temporal dynamics of the average traffic
speed at zonal scale, in an urban context, using a limited and selected set of individual trips charac-
terised by a low level of information. Our method relies on partitioning the studied urban network
into a set of regions, and on uniformly discretising time into periods (15 minutes here). The individual
trips are characterised at this spatio-temporal resolution, with the following trip features: trip Id, ve-
hicle Id, macroscopic path, arrival period, total travel time, where the macroscopic path (later called
macro-path) corresponds to the succession of regions traveled. This scaled representation of the data
allows to identify clusters of individual trips sharing two characteristics (identical macro-path and
arrival period) and to estimate for each of these clusters a robust travel time. Providing that a good
estimation of the trip lengths at the city and zonal scale is available, and assuming that for a given pe-
riod the speed is homogeneous and constant in each region, we can conduct, through the construction
of a linear system, a large numerical combined analysis of those travel times at a given time period,
to deduce an estimation of the traffic speed in each region at this same period. Essentially, this means
combining and analyzing jointly the typical travel time information of macro-paths that overlap (or
share common regions) to deduce the underlying the traffic speed in the intersecting reservoirs (fig-
ure 1(d)). The process can be iterated throughout the day to get the full speed profile in each region.
In practice, we show that we can build at each time period the following linear equation system :

Si={Tp1 = Srep LepYyr VP, with Yy, = o= (1)

where TPJ is the average travel time along the macro-path P at period ¢, estimated from the macro-
trip information, f/n p the average distance traveled in region r along macro-path P, assumed to be
exogenously known, and V., the average speed in region r at period ¢ and unknown to be determined.
S; has as many unknowns as regions studied, and as many equations as macro-paths observed during
period ¢. This system is usually overdetermined as the number of possible macro-paths is higher than
the number of regions, some of them might as well be conflicting. This means that the system can
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very likely only be solved approximately using a least square optimisation method. The inverse of the
optimal solution Y., corresponds to the traffic speed V., for each region 7.

Theoretically, GPS data are precise enough to provide accurate estimations of Tp’t. However,
when it comes to using CDR data, the direct estimation of the travel time might not be as reliable.
For a given mobile phone user, the good characterisation of their mobility is highly dependant on
their communication activity. The more active they are, the more location data are collected, and
statics phases (stays) can be separated from the in-between mobility phases. More precisely, if the
user is very active, the departure and arrival time will be estimated with a limited time imprecision.
On the contrary, for a barely active user, estimating their exact departure and arrival time will be
more difficult and the observed travel time will be an overestimation of the real one. This means that
the estimated traveled time of a trip observed from CDR data is actually higher than the real one.
Consequently, equation (1) becomes:

Sz{ = {TP,obs — € ZreP ET,PY;’,t VP, with Y;Vt - % 2)

where Tppbs is the average of the travel time observed along P at period ¢ from sparse data, and
€; 1s the average bias existing at period ¢ between the observed travel time and the real one. Thus, if
we are able to estimate the average temporal bias induced by the human dependent sampling rate of
mobile data, then it becomes possible to de-skew the observed the travel time along each macro-path
P, and therefore to correct the system.

In order to reduce the system size and to limit the conflicts between equations, we propose to
filter out of the system the equations that are the least reliable. While some macro-paths are observed
for many macro-trips, some others might be representative of only one individual. Also, for a same
macro-path, the variability of the individual travel times can be high. To take into account those two
aspects, we implement a confidence interval threshold above which the corresponding macro-paths
will be filtered out of the system.

The method we just exposed presents the advantage of considerably reducing the complexity of
the problem. First, individual trips are gathered for each time period per macro-paths which provides
a robust estimation of Tp’t. Second, we can select among all macro-paths the most representative
ones before looking for the system solution, which permits to reduce the system size. Third and
foremost, we only need a very limited time information about trips, basically the arrival period and
the travel time. This makes the method perfectly suitable for a CDR data input. The drawback is
that it requires a robust and exogenous estimation of mean traveled distance within each region Er, p-
The spatial definition of the regions is also crucial as it may drive very different patterns for different
macro-paths inside the same region. This topic is still under research.

The methodology is intentionally applied on a large GPS dataset, progressively simplified and
downsampled to reproduce the typical CDR data temporal characteristics and the temporal biases of
mobile phone data. The downsampling process aims to simulate the temporal imprecisions of mobile
phone data compared to GPS data. To do so, we adapt the method developed in Chen et al. (4)
for spatial bias analysis to our data and problematic. We introduce in the data temporal gaps that
reproduce the characteristic inter-event time of CDR data. We specifically focus on the impact of
our downsampling on the detected beginning and end of the trip. This downsampling introduces a
bias both on the trip start time and on the trip arrival time, and thus implies an increase of the global
traveled time. In reality, using CDR data does not only introduces temporal bias but also distance
imprecisions due to the sampling done at the antenna location and the lack of intermediary trajectory
points. For the moment, we neglect this limit and consider that the macro-paths remain observable.

At this stage, monitoring the data downsampling process instead of using real CDR data directly
has several strategic advantages. First, it allows to limit discrepancies and understand how the jam-
ming and progressive information loss impact the quality of the results. Second, the original raw GPS
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FIG. 2 — The 10 inner regions of Lyon

data provides the average speed profile reference, considered as ground truth, to compare our method
to the traditional ones, as well as the real travel time to which the observed CDR-like travel time can
be compared to estimate the time bias. Last but not least, this full GPS data also gives access to a
precise estimation of the trip length. Otherwise, without the GPS data, this estimation could be done
with automatic network analysis (3). Eventually, the objective of this experiment in a very controlled
environment is to make this method robust enough to be used later on real CDR data.

The city of Lyon, France, is chosen as case study. The study area includes both Lyon and the
next-by municipality of Villeurbanne, which is located inside Lyon’s ring road. The city is parted
into a total number of 13 regions. 10 of them divide the inner city, while the 3 others split the ring
road, as displayed in figure 2. For the inner regions, their geometry are constructed as an aggregation
of "IRIS" units, the smallest census unit defined by the French National Institute of Statistics and
Economic Studies, which fills both demographic and geographic criteria. This aggregation of regions
1s made so that it is consistent with Lyon’s road network and its traffic characteristics.The GPS dataset
used in the study was supplied by a European navigation system provider, and the traces come from
vehicles equipped with their navigation system technology. This means that the dataset presents little
bias compared to the GPS taxi datasets. Moreover, as each trace corresponds to a vehicle, there is
no need to filter out pedestrian or cyclist travellers as there would be with non simulated CDR data.
Though this will make the speed estimation process easier, it also means that the data we simulate
do not exactly reproduce real CDR data that gather users making no distinction between their means
of transport. The dataset consist of one year of GPS traces over the Great Lyon area. For this study
however, we select the data of one typical weekday, 2018 February 5. As the data contains only a
few trips during the night, the study time span is restrained to the day hours in-between 5 am and 8
pm. After preprocessing, the trip dataset is made of 3 4736 macro-trips, with a total of 1 125 distincts
macro-paths observed.

We begin by applying our method on the low-resolution dataset (but without downsampling and
therefore time bias). The speed profiles obtained are displayed in figure 3. The first ten regions of
each figures correspond to the urban inner regions, while the last one characterises the speed dynamics
on Lyon’s ring road. On each subplot, the reference speed is represented in blue. The orange lines
characterise the results obtained from the system resolution, after applying a physical filter to remove
the few highly diverging speed values that occur when the resolution does not converge. An additional
moving average filter is applied next to smooth the speed profiles, in green on the plots. Those results
are very satisfactory for the inner regions. Generally speaking when it comes to the ring road regions,
the obtained speed profiles fit less the reference profile. However, the results are very good for most
of the speed drops at the peak hours, which is extremely encouraging. This demonstrates the ability
of the method to properly capture the speed trends with only limited trip information.

Next, the method is applied to the biased dataset. The very negative effect of the temporal bias
introduced by the downsampling process on the speed profiles evidences that the imprecision on
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travel times are too important to be neglected and confirm the necessity of a proper bias estimation.
This bias estimation can be done with the comparison of the travel times between the low resolution
dataset and the biased resolution dataset, to derive €, at each time period throughout the day. This can
be injected in the equation system as in equation (2). From our first observations after bias estimation
and removal, it appears that the result remain largely unsatisfactory. This can so far be explained by
the low amount of trips for each macro-path, making the global average bias €, sometimes highly
different from the local average biases e€p,. We believe that this problem would be solved when
dealing with a larger data amount and we are working on this aspect to demonstrate it.

To conclude, we propose a new methodology to estimate the dynamics of regional traffic speeds
from mobile sensing data. Our method is based on the partitioning of the urban area in regions,
and on the identification of groups of sampled trips sharing common macro-paths and arrival time
period. This clustering of macro-trips provides an estimation of the travel times along each path. The
construction at each time period of linear systems allows a combined analysis of the travel times and
returns an estimation of the traffic speed in each region, providing that exogenous travel distance data
are available. The structure of this method is particularly fitted to a CDR data input, as it requires very
little temporal or itinerary information at the individual level and to takes into account the inherent
temporal bias that characterises those data.

Through the application of our method to the set of GPS trips reduced to minimal temporal and
path information, we could validate the global methodology. We then downsampled the trips tempo-
ral dimension in order to simulate the human uneven communication rhythms and to reproduce the
temporal limits of CDR data. The direct application of the method the downsampled data showed that
correcting the estimation of the travel time was a necessary condition to properly estimate the speed.
Comparing the original and biased trip data specifically enabled us to estimate the temporal bias that
CDR data can present compared to the ground truth GPS data. While our first observations show that
removing the average bias does not permit to fully correct the travel time estimation and to obtain
satisfactory speed results, we believe that this will be made possible by using a larger dataset. We are
working on verifying it.

In future works, we plan to explore the sensibility of our method to the different parameters such as
the size of the regions, the time period duration, or the significance threshold of the system equation.
We also plan to explore the impact of an additional spatial downsampling, and develop methods for
macro-path completion when the data is too sparse for the macro-path to be detected. Last but not
least, our objective is eventually to apply the developed method on real CDR data.
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