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ABSTRACT 
 
Obtaining reliable and comprehensive transport has long been a problem facing transport and 
urban planners.  Information is, among other, required on the origin and destination of trips, the 
mode and route used and household and person information.  Some of this information can be 
collected with the conventional Origin – Destination (OD) surveys and activity questionnaires.  
However, details such as route taken, time of departure/arrival and other activities engaged in 
during the day (leisure and discretionary) are less accurately captured by these tools. 
 
The objective of the paper is to extend the existing research, both in South Africa and other 
developing countries, in the use of cellphones to obtain transport information. A secondary 
objective is to determine the quality of transport data when only cellphones, and no other 
auxiliary technology, are used in data collection. Two case studies are used to illustrate cellphone 
derived transport information. While the technology does deliver home and work location 
information, additional travel and transport information such as travel speeds, route, mode and 
other daily activities is less accurately captured.  These problems can be overcome with minimal 
adjustments to the technology and some methodical advances in the data processing, and 
manipulation in a GIS environment, extending the tracking period and obtaining more 
information from cellphones. 
   
An important advantage of cellphone data is the value at various stages of interpretation and 
levels of aggregation. Raw positional data can be used to plot aggregate trends, for example 
where the urban population is to be found at various times of the day while classified data can be 
used to construct activity-travel patterns for individuals.  
 
In countries with significant data needs and limited funding, cellphone data does indeed hold 
many advantages to supplement the more conventional transport collection tools. Further 



 

research, however, is needed to assess the quality of the data considering cell sizes and how 
representative cellphone data are of the general population.  Collection of cellphone data does, 
however, require an entirely new know-how and new institutional structure.  
 
 
INTRODUCTION 
 
Transport information, including trip origin and destinations, routes selected and modes used, is 
essential for the planning and maintenance of the transport network. Traditionally, this 
information is collected with origin-destination surveys or activity-travel diaries. Administering 
these surveys is an expensive exercise and often requires significant (and lengthy) data editing 
and manipulation to extract useful and relevant information. Cost, administrative complexity, 
respondent burden and lengthy data preparation requirements have ensured that infrequent use is 
made of O-D surveys and activity diaries in most developing countries. 
 
Location-Aware Technologies (LAT), which includes cellphones, provides useful alternatives to 
address some of the problems associated with comprehensive data collection exercises. Global 
Positioning Systems (GPS) in particular are increasingly used by vehicle tracking companies and 
logistics operators to track vehicles and monitor freight over prolonged periods. While the 
technology and process of such ‘tracking’ is relatively well established for vehicles and freight 
pallets the technology and methodology for a person-based service is less well understood and 
established (Asakura, Y. and Hato, E., 2005). Furthermore, the cost of GPS excludes the 
technology from being used in large scale surveys of human activities and travel behaviour of 
commuters, especially in developing countries. The proliferation of cellphones, even in the 
developing world, and their inherent locational positioning and temporal features provide for an 
interesting technology to address some of the data and technology issues (Rose, Geoff, 2006; 
Caceres, N., Wideberg, J. P., and Benitez, F. G., 2007).  
 
Various ways exist to make use of cellphone data.  Firstly, a distinction is made between the use 
of historic call records and live (or continuous) tracking.  The former is more individual and 
finds many applications in, for example, crime analysis.  The latter is more suited to obtain a full 
picture of all daily activities and travel.   
 
The continuous tracking capabilities of cellphones allow, theoretically, for an exact spatial and 
temporal record of all daily activities and travel. By not requiring user input, it overcomes some 
of the problems associated with surveys in developing countries while also providing 
information not previously available, such as route choice, the sequence and duration of 
activities and, importantly, allowing for the collection of longitudinal data on travel behaviour.  
 
Obtaining transport data with cellphones, however, involves a largely untested technology and 
uncertain economic context. The objective of this paper is to extend existing research, both in 
South Africa and other developing countries, in the use of cellphones to obtain transport 
information. A secondary objective is to determine the quality of transport data when only 
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cellphones are used in data collection. The paper reports on the technical feasibility of obtaining 
spatial and temporal data from cellphone tracking and discusses problems associated with the 
methodology and data (including privacy issues and accuracy) technology concerns and 
organisational interventions required to access cellphone data. The paper concludes with 
recommendations for further research. 
 
 
BACKGROUND  AND L ITERATURE  REVIEW  
 
The uptake of location aware technologies and cellphones, specifically by the transport planning 
fraternity, has been slow, with only a few studies reported in Europe, Japan, Israel and the USA 
and none in the developing world.  The technology is, of course, a relatively new phenomenon 
and it is really only in the last ten years or so that the technology has become established, 
attracting the attention of transport researchers (Rose, 2006; Stopher, P., 2004; Wermuth, M., 
Sommer, C., and Kreitz, M., 2004; Wolf, J., 2004a).  Privacy and ethical considerations have 
been, as can be expected and justifiably so, some of the impeding factors in using location aware 
technology to obtain detailed personal travel/activity behaviour information. Other important 
factors include an unawareness of the transport planning information that can be provided by 
cellphones and the process (i.e. methodology) necessary to extract transport information from 
cellphones. 
 
Rose (2006) in a general paper discusses the practises, prospects and issues of the use of mobile 
phones as traffic probes.  His paper, while being more descriptive in nature, provides a good 
insight in the operational characteristics and workings of the cellphone system and the role of 
handsets, base station networks and the options for active or passive tracking.  The author 
acknowledges the appeal of cellphones as traffic probes but does emphasize the fact that there 
are still many issues to resolve, including technology issues (affecting accuracy and reliability of 
the data), sample size issues (as a function of people owning cellphones and the market 
penetration of various operators), safety considerations (allowing people to be tracked while 
travelling in a car) and privacy issues (Rose, 2006). 
 
Wermuth et al (2004) discuss and review the impact of various new technologies in travel 
surveys including interviewing techniques, computer assisted data collection techniques, GPS, 
mobile phones, GIS and the internet and computer-assisted observation techniques (Wermuth, 
Sommer, & Kreitz, 2004). They state that despite data accuracy problems, the data from 
cellphones are generally adequate for travel surveys.  The accuracy of the system (positional 
information) is dependent on the density of base stations or the cells of the provider.  In densely 
populated areas (such as cities) the density, and hence the accuracy, are higher compared to rural 
areas   The authors illustrate that it is a relatively easy exercise to match the serving cell 
positioning with traffic zones and state that the requirement for data collection, transmission and 
evaluation is relatively low. 
 



 

Wermuth et al (2004) present the TeleTravel System (TTS) developed and operationalised in 
Germany to collect more detail and more accurate spatial and temporal data on the spatial 
behaviour of road users compared to traditional methods.  The system consists of a GSM 
network, a receiving unit and a processing unit from which the user can be tracked.  All the data 
are collected and temporarily stored in the mobile phone and transmitted to a receiving unit at 
regular intervals.  The receiving unit checks whether all data have correctly and completely been 
received and stores them in a raw databank.  From the raw databank, the processing unit 
calculates the data required for travel behaviour by means of algorithms, checks them for 
plausibility, and finally stores the data in a result databank. One of the central functions of the 
processing unit is a positioning algorithm, which is able to localise the mobile by making 
reference to the radio-specific data and thus serves as an automatic determination of the origin, 
destination and route of a trip. 
 
In one of the more complete and comprehensive studies about developing a tracking survey for 
individual travel behaviour using mobile communications instruments, Asakura and Hato (2004), 
discuss a labelling algorithm to ‘transfer’ locational data obtained with mobile phones, to useful 
travel behaviour data.  The algorithm (or rather set of rules) labels the discrete points (x;y and z) 
as “move” or “stay” points.  The algorithm considers the history of points, i.e. it considers the 
location of the previous point relative to the current location.  If the current location is different 
(above a certain distance threshold) from the previous location, the point is labelled as move.  
The process is continued until all points are labelled as either “stay” or “move” points (Asakura 
& Hato, 2005).  The researchers found, however, the process does not entirely reflect realistic 
travel behaviour, with too many very short trips and stops generated.  To overcome the problem, 
they have extended their labelling algorithm to include time constraints.  Time constraints 
include eliminating a stop if the time at the location is beyond a minimum threshold.  Similarly, 
move points were removed if the calculated travel time is less than a minimum threshold level. 
Clearly, the threshold levels identified should be carefully determined and the results of previous 
travel behaviour analyses (which looked at activity and travel duration) can be useful in choosing 
appropriate values for the time constraint. 
 
Asakura and Hato (2004) also examined the accuracy of the observed positioning data by 
comparing positioning data at different stationary locations (i.e. points classified as stay) where 
the exact locations were known. In a trial exercise in the City of Osaka, Japan, an averaged 
distance for all observed points of 78 meters was obtained. This distance, however, differs for the 
central city (43 meters) compared to suburbs (98 meters), indicating the higher accuracy obtained 
where the density of base stations is higher.  In general, they found that 98% of all points within 
the city were within 100 meters of the averaged position while 95% of the points are within 
200m meters outside the city.  
 
Current research initiatives do indicate that it is possible to collect transport data (origin and 
destination) with cellphones. Some data methodological issues were raised including the quality 
of the data being dependant on the GSM network (density and size of cells), privacy issues 
governing cellphone operators and restricting access to data, and data manipulation to extract 
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accurate transport data from raw cellphone data.  Furthermore, it was unclear how cellphone data 
are transformed to transport data, both technically and organisationally.  
 
 
PILOT  CASE STUDIES AND DATA  SUPPLY CHAIN   
 
This paper is based largely on the findings of two case studies undertaken in South Africa in 
2004 (Pretoria) and 2006 (Cape Town).  The Pretoria case study comprised a sample of 83 
employees of the Council for Scientific and Industrial Research in the Gauteng Province. 
Tracking was not anonymous in that the home location of these respondents was obtained from a 
questionnaire and the respondents provided feedback on the tracking exercises(experiences, 
routes travelled, etc.).  The work location was primarily the CSIR campus but employees had 
relatively flexible work regime. 
 
The Cape Town case study consisted of 129 respondents employed by the City Council of Cape 
Town, located in the centre of the city, Western Cape Province. The respondents differed from 
the Pretoria respondents in that work time and work locations were less flexible (i.e. they had to 
conform to stricter time and ‘in-office’ regimes) but some employees, by the very nature of their 
work, travelled to various locations in the city during the day. Complete anonymity was imitated, 
that is, individuals were tracked with their consent but without any knowledge of their home 
location, contact details (cellphone numbers were randomized) or any other information. 
  
In both studies respondents where canvassed by way of an official e-mail to which they had to 
respond indicating their willingness to participate in the study. Response rates were extremely 
low.  In the case of the CSIR, the e-mail was sent to +/- 2700 employees and around 120 positive 
responses where received and in the final instance only 83 people qualified to take part. 
Similarly, in the case of the City Council of Cape Town, out of the potential 4500 employees, 
only 160 agreed to participate.  Reasons for the low response rate can be attributed to only one 
cellphone operator selected (i.e. VODACOM) out of 5 possible service providers.  VODACOM 
has a market share of around 35% nationally but it is not the preferred supplier for the CSIR or 
City Council.1 
 
On agreeing to participate, the potential respondents had to sign an informed consent form that 
was returned to the operator. The operator would only agree to the tracking with the explicit 
knowledge of the cellphone user and upon receiving the signed consent form. Cellphone 
operators are not in the business of tracking people or providing location information but in 
providing a communication service. Obtaining location information is, however, not possible 
without their co-operation.  This fact, together with the type, quality and quantity of the data 

                                            
1 The market penetration rate of cellphones in South Africa is estimated at around 70%. Estimates, however, vary 
widely with a low boundary of 40% of adults owning a cellphone over 80% of all adults owning a cellphone.  While 
low response rates may affect application in practice, the low response was not a problem for the methodological 
nature of this project.  



 

necessitated the need for comprehensive discussions with the operator in order to obtain location 
information.  The data supply chain is discussed in the following section.   
 
 
METHODOLOGY   
 
Administrating origin/destination surveys (while by no means always a straightforward task), is a 
familiar process with the transport consultant often taking responsibility for the data collection 
process. This is not the case with cellphones which require an entire new data and stakeholder 
supply chain as depicted in Figure 1. 
 

 
Figure 1:  Cellphone tracking supply chain 

 
Obtaining transport information from cellphones can occur by means of active or passive polling 
and with or without (i.e. anonymously) the knowledge of the individuals. Anonymous tracking 
will involve tracking a sample of cellphone users, without their knowledge and without having 
access to their details such as home and work location and with their cellphone number 
encrypted, randomized or simply removed from the records.  For more information on these 
concepts and the functioning of cellphones and the cellphone network, the reader is referred to 
Caceres, Wideberg, & Benitez, (2007), Geoff (2006) and Asakura, Y. & Hato (2006).  
 
Figure 1 illustrates the consecutive process to derive transport data.  The process can be 
described in terms of a two step process: the first step involves obtaining raw positional data 
while the second involves converting the raw data to transport data. 
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Step 1: Obtaining raw positional information 
 
Written consent is obtained from respondents and only once this consent is obtained the 
cellphone number is forwarded to the service provider and tracking commences at an agreed 
time, date and duration.   
 
Cellphones are in constant contact with a GSM network (that is, the base stations or reception 
towers of the GSM network) as long as it is switched on.  The location information, that is the 
base station within which the cellphone is located, is accessed by sending the cellphone a probe 
(or signal).  The signal is similar to a SMS (Short Message Service) but the SMS is retracted 
before the phone registers the SMS.  Probes were sent at 5-minute intervals resulting in 
approximately 288 records per day (or 576 over a 2-day tracking exercise).   
 
The service provider receives the base station information and adds geographic coordinates and 
time to the record.  Positional accuracy (at a first level) is therefore provided by the ‘cell’ 
(catchment radius) of the base station. It should be noted that the x; y coordinates refer to the 
position of the base station.  Cellular base stations consist of either an omni tower or a sectorized 
tower.  An omni tower is located in the centre of its area of coverage (cell) and the x;y location 
therefore refers to the centre of the cell. A base station that is sectorized, using directional 
antennas, is normally broken into two or three sectors (or cells). The x;y location of the 
cellphone will be given as the centre point of the cell.  
 
 
Step 2: Deriving transport data 
 
The raw cellphone information (streams of x; y coordinates with a time) is not of much use for 
transport planners and traffic managers. Using labelling algorithms and cleaning rules the raw 
data is interrogated and cleaned.  The resultant process is the classification of the records as 
movement, non-movement, home, work and other with associated information (such as speed, 
duration etc.).  Following Asakuro and Hato (2004), a rule-based approach was adopted to clean, 
populate and transform the x; y; z-point information into a spatial-temporal path (Asakura, Y. 
and Hato, E., 2005).  Figure 2 shows the general framework to transform cellphone data to 
activity and travel paths. 
  



 

 
Figure 2: Conceptual data classification flow chart  
 
The rules applied successively to all the points allowed the researchers to classify each of the 
records for each individual as either a trip or activity and the latter subsequently into activity 
type, i.e. home, work or other activity. Duration and time of arrival/departure are derived.  Trips 
(move) are allocated to a network and speed and travel distance are derived.  The rules are 
discussed in a related paper by the authors.  
 
In the last phase, the cleaned and interpreted information is converted to transport information, 
that is origins and destinations (and hence the O/D matrix) and routes selected are extracted and 
modes used identified. Once all the information is classified, it is possible to derive an entire 
activity-travel profile for each individual. 
 
Mapping the location of thousands of cellphone users is not a simply task. While cellphone data 
is, theoretically, immediately available (after tracking), data pre-processing and interpretation of 
thousands of records can be a cumbersome and difficult task.  For example, identifying home 
and work locations proved more complex than anticipated. Cellphone signals can ‘jump’ as a 
result of overlapping cells creating the impression of movements or wrong stationary locations. 
In some instances, locations such as home and work are located close to a boundary of two cells.  
At these boundaries a cellphone is handed over to the next cell. Handovers can therefore occur 
even if an individual is stationary and might be caused by, for example, atmospheric conditions 
leading to slight signal strength changes.  
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Once the labelling rules have been prepared, verified and implemented, the process ought to be 
able to deliver transport information almost instantaneously once the tracking has terminated. 
Identifying origins, destination, trips and routes should, however, take cognisance of cellphone 
signals, cell structure, handovers, base station management and cell size, among others as these 
effect the accuracy and usability of the data.   
 
 
ACCURACY  AND QUALITY  OF THE DATA  
 
The value of cellphone data is in part determined by the accuracy of cellphone signals which is a 
function of, among others, the time interval between signals and the size and structure of the cell.   
While cells are often portrayed as hexagons, their actual shape, as determined by signal strength 
and topography are mostly irregular. Cell shapes are the result of a modelling process and not a 
physical measurement, hence in practise cell shapes vary all the time due various parameters, as 
mentioned. 
 
In practise, base station coverage varies considerably according to the terrain, the siting of the 
base station antenna, intervening buildings, landmarks and barriers.  In urban areas cell sizes are 
relatively small compared to rural areas where cells can be of considerable size.  Figure 3 gives 
an example of cells in a small area of Cape Town.   
 
The reception area of base station 547 also includes a small cell in the centre of the indicated by 
the dotted circle. A person tracked in this non-adjacent cell will therefore be given the 
coordinates of 547, which is approximately 2400 meters from the actual location. 
 
Comparing cells and transport zones for Cape Town revealed that cells are three of four times 
larger than transport zones 
 



 

 
Figure 3: An example of actual cells the Cape Town area. 

The above illustrate the importance of cell size (and structure) in accuracy of records.   
Following Asakura and Hato (2005) the accuracy of the cellphone positioning data were 
compared with actual locations at stationary (home) locations. In this instance actual home 
locations of the Pretoria residents were compared with their tracked home locations.  The 
following index was used to evaluate data accuracy: 
 

( ) ( )22
mtrmtrni yyxxd -+-=

……………………………………………………………… (1) 
Where xtr and ytr denotes the Universal Transverse of Mercator coordinates of the ith observation 
at the stationary point n.  xm and ym are the actual x;y coordinates of the home locations.  
 
Figure 4 shows the distributions for equation 1.  The mean error of 993 meters (distance between 
cellphone tracked location and actual location) is significantly higher than the corresponding 
figures for Japan (60 – 100 meters) and Germany (100 – 500).  However, this figure was large 
due to the presence of some outliers. The median, 510 meters, and the error distribution show an 
‘error’ peak around 100 – 750 meters, is probably a more accurate reflection of the error 
measurement. 
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Figure 4: Measurement errors: Tracked vs. actual home locations 

A further check concerned comparing the time distributions of some of the recorded activities 
and travel with other surveys. While most of the time use distributions seem plausible, travel 
time (a mean of 131 minutes per day for the Pretoria study) seemed higher than expected 
(compared to the 72 – 100 minutes travel time from a time use survey for South Africa). Two 
plausible reasons can be mentioned; firstly, due to the time interval of 5-minutes selected, travel 
time is always aggregate in ‘lumps’ of 5 (i.e. 5, 10, 15, etc) when this might not be the case.  
This can be rectified by allocating half the travel time of an arrival of departure time interval to 
the activity and only half to the activity. This would decrease mean travel time by 15 – 20 
minutes, depending on the number of trips. The problem can of course also be solved by 
decrease the size of the time interval to say 1 minute.  Alternative, for individuals the distance 
travelled in the first five minute interval can be compared with the average travel speed of the 
trip and the actual travel time for the first / last 5 minute interval can be calculated based on this 
average trip speed.  It is, however, entirely possible that people do actually spend more time than 
normally recorded travelling.  It is a well recognised fact that travel surveys and questionnaires 
underestimate the number of trips and hence travel time. This will however, require further 
examination. 
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Despite some obvious data accuracy issues to consider, cellphone data have value beyond 
delivering conventional O-D data, and information at various stages of classification and 
aggregation can be used to inform decision making. The following section briefly reviews the 
aggregate and individual data and the subsequent extraction of data for transport planning. 
 
 
AGGREGATE  DATA  VISUALISATION  
 
Obtaining information on individuals’ locations for five minute intervals allows researchers to 
plot and identify the continuous, aggregate pattern of movement and activity engagements. 
Figure 5 shows, for the survey population, the variation in distance from the home and work 
locations during the day. The two lines are almost mirror images intersecting at 07h:30 and 
17h00 indicating that commuting takes place at a normal time of day.  The intersection points 
show at what time the average respondent is halfway between home and work. The slope in the 
distance curves seems less steep in the evening indicating that respondents may be either more 
inclined to do shopping and other activities at the end of the workday or that traffic congestion is 
worse in that timeframe (Krygsman, S. C., Arentze, T., and Timmermans, H. J. P., 2004).  
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Figure 5: Aggregate daily distance to home/work locations 
 
This is also reflected in Figure 6 where a score of 1 represents any position on a straight line 
between home and work location. It shows that there is a considerable deviation not only during 
commuting times but during the whole office hour period indicating a very mobile workforce 
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and a second period between 20h00 and 22h00 where other activities take respondents away 
from the home location.   
      
Admittedly the sample population is very biased, but Figure 6 clearly illustrates that it is too 
simple to assume that everybody will be at the work location during office hours. Maps can also 
be constructed to show the position of each phone with respect to anchor points (i.e. home and 
work locations) at any specific time. Figure 7 shows the positions at 18h00 and 19h00 when 
most respondents are returning home. Anchor lines are used to link the actual position to the 
home location to give an indication of distance still to go. Although the picture has become 
clearer by 19h00 a significant number of respondents still have a considerable distance to go.  
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Figure 6: Deviation from the straight line between anchor points 
 
 



 

 
Figure 7: Cell phone position at 18:00 and 19:00 and anchor points (home locations) 

Figure 8 illustrates that the usual assumption of people moving directly from home to work (left 
hand picture) in the morning rush hour does not do justice to the actual travel behaviour as can 
be seen (right hand picture) when all movements at 5 minute intervals are displayed.   
 

 
Figure 8: Assumed and actual movement in the morning rush hour 
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An obvious next step would be to allocate the actual flows as displayed in Figure 8 to the 
transport network to get an indication in variation of traffic loads over time during the day; but 
this requires a larger and more representative sample and a better understanding of the accuracy 
issues described in a previous paragraph. 
 
 
HOME  – WORK IDENTIFICATION AND TRANSPORT NETWORK  
ASSIGNMENT  
 
The commute route can only be identified once origins and destinations have been specified. An 
iterative process was developed to classify the home and work locations for all cellphone 
records.  The process consisted of identifying all the locations registered between 22h00 and 
06h00 over the two days of tracking.  The location with the longest duration over the two days 
was assumed to be the home location.  A similar process was adopted for work but in this case 
the time window for work activities was 08h00 to 17h00. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Once origins and destinations were identified, the next step in the process was to identify the 
routes linking them. Traditional trip assignment techniques include minimum/shortest path (all or 
nothing) assignment, equilibrium assignment and stochastic assignment (Ortúzar, J. de D. and 
Willumsen, L. G., 2002).  The assignment is undertaken between transport zones. None of these 

Figure 9: OD matrix and network allocation 

A: Connection home/work locations 
with desire lines 

B: Desire line between home/work 
locations allocated to road network 



 

techniques consider the actual route taken by the individual but assign traffic to routes based on 
some function of friction (defined by time, cost, etc.) under various traffic conditions. Using 
Geographic Information System capabilities, the origins (home) and destinations (work) were 
combined with the transport zones and an OD matrix was created.  Figure 9 A and B show the 
origins and destinations overlaid on transport zones and the allocation of the home – work trip to 
the network based on the shortest distance (minimum path).   
 
To demonstrate the effects of alternative methods for network assignment based on cellphone 
data, some of the longer duration (in excess of 20 min.) trips were selected from the Pretoria 
survey.  Longer trips are more likely to make use of different roads and are therefore more 
sensitive for the assignment method used. 
 
Figure 10A shows three trips made by the same individual.  Each trip traverses different cells for 
a period of at least of 25 minutes. Each trip crosses six different cells and all trips were made 
approximately between the same work/home locations, twice heading for work and once 
returning from work. Cells visited can be represented by a single centre point and an initial 
estimate of distance and travel speed can be made following the trip from centre point to centre 
point (Table 1).  
 

 
 
Figure 10: Selected trips and direct network assignment  
 
Although such airline values are most likely underestimates of actual distance and speed, it is 
apparent that all trips were undertaken by some form of fast transport (most likely private cars 
given the study area, income of the respondents and the transport systems available). It can be 
assumed from the threefold repetition over the two-day period that the individual is familiar with 
network and traffic conditions, but according to an airline linkage of cellphone data the three 
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trips differ considerably in length and speed. This implies that the actual routes travelled also 
differ, as the probing of the cellphones was done during regular intervals on the day, which does 
not necessarily coincide with the actual start of the trip; however, it stresses the need for a route 
estimation that is as accurate as possible. The remainder of this section uses the second trip to 
illustrate the various options for route reconstruction from cellphone trip data. 

 

TABLE 1: Airline Trip Statistics 

 
Route Assignment between Anchor Locations Ignoring Intermediate Locations     

 
Figure 10B shows the transport network with highways highlighted, the direct link between 
work/home locations and the midway locations from cellphone records. Furthermore, the 
quickest path is shown between the trip terminations through the network by motorized transport 
(bold black route). This quickest path is calculated by applying the Dijkstra algorithm where 
travel time is used as impedance and directionality is taken into account (Dijkstra, 1959). The 
resulting quickest path seems to match only with the cellphone data at the end of the trip. The 
inset zooms in on the first part of the trip were the individual is supposed to travel for some 2.5 
km in the “wrong” direction in order to gain access to the highway that takes him/her home, but 
there is no evidence in the cellphone records that supports this solution; the cellphone records 
suggest an entirely different path at the beginning of the trip.  Hence a first case is made to 
include, whenever possible, cellphone (or intermediate locations) in route assignment.  
 
 
Route Assignment between Anchor Locations via Intermediate Point Locations     
 
By replacing a cell with the location of its centre point (not necessarily the position of the base 
station) from the cellphone records several intermediate (or midway) points between home-work 
locations can be derived (as a result of the 5 minute signals obtained).  Figure 11A shows that the 
first section of the quickest route found in the previous section is not the route actually followed 
by the respondent taking these intermediate locations into consideration.  However, Figure 11A 
also shows that simply doing a stepwise assignment that is from midway point to next midway 
point in this case does not lead to a good estimation of the realistic route followed. Although the 
general direction including the highway section is correct, the restriction to visit each midway 
point leads to several detours, doubling back and even a full loop. Some of these “errors” can 
easily be filtered out, but the problem lies with the approach of representing a cellphone cell with 
a single centre point. Instead of a midway point, a midway cell (entire cell) should be used and 
all roads that intersect with that cell should be considered. Figure 11B provides a good 

Trip Nr. Polling for 
minutes 

Start Hour Start Minute Airline Distance 
in km 

Airline Speed 
km/h 

1 25 7 30 19 45 
2 25 16 25 12 30 
3 25 6 30 15 35 



 

illustration as the respondent is very likely (having gained access to the highway system one cell 
earlier) to be travelling on the highway that only just passes through the top end of the cellphone 
cell with the midpoints a considerable distance from the highway.  If a respondent is not visiting 
a cell but merely passing through, it is not good practice to force the route through the cell 
centre. Especially in cases with long trips over a multilevel transport network with limited 
interchange opportunities, care should be taken when applying the assignment methodology from 
midway centre to midway centre when tracking (i.e. probing) was done with relatively short time 
intervals.   
 

 
Figure 11: Assignment via midway points and equal power boundaries   

 
Route assignment between origin and destination via intermediate cells 
 
Rather than forcing the route to visit the centre of each midway cell it is possible to guide routes 
through cells in the correct order. Figure 12A shows the location and extent of the cellphone 
cells visited and effectively shows on which roads the respondent could be after 5, 10, 15 and 20 
minutes respectively by displaying all roads that intersect with the reported cell.   
 

B 

A 
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By connecting these roads in the correct order a subset of the original transport network can be 
derived. Several methods can be applied to generate this subset. In this instance, because not all 
cells are adjacent, it was decided to connect all nodes of the transport network section 
intersecting with one cell with the nearest node of the intersecting section of the next cell and 
vice versa. The resulting network can then be used to calculate a new quickest path between 
work and home location directly (Figure 12B).  Note that especially the start of the final route is 
very different from any of the earlier results but complies with the requirement of visiting the 
reported cells in the correct order. 
  

 
Figure 12: Selection of roads visited and actual path estimation 

At this stage the current route found (Figure 12B) looks plausible and the assignment is 
complete. If so desired, however, the principle of restricting the transport network can be further 
applied, for instance in case a high airline speed is estimated between two cells, then a further 
selection could be made on roads that allow such a speed. Of course, the cells involved must be 
sufficiently far apart to make sure that the high speed is not caused by the uncertainty inherent to 
the measurement methodology. Although the intermediate data as displayed in Figure 12 seem to 
indicate otherwise, applying the methodology described in the previous paragraph to the two 
remaining home-work trips results in virtually exactly the same path as the work-home trip. Only 
minor exceptions occur because of varying anchor positions at the residential end and the 
necessity to drive on the correct side of the road. This means that the considerable variations in 
airline statistics as reported in Table 1 are most likely due to locations of the cells that were 
polled at the five minute intervals; in some cases this concerned fairly large sized cells that 
barely passed through in a far corner resulting in a considerable difference between the actual 
position and the centre of the cell. Nevertheless, a consistent path was found that spatially 

B A 



 

differed essentially from the path that results when midway points are ignored.  In terms of travel 
statistics the two paths are quite close, the free flow travel time is approximately 15 minutes with 
a 40 second advantage for the direct path, the length is just less than 19 km but this time the 
direct path is some 600 meters longer.  Another clear conclusion is that using only centres of 
cellphone cells must be avoided, especially when large rural cells on the urban edge come into 
play.  
 
 
INTERPRETED INDIVIDUAL  LEVEL  ACTIVITY  AND TRIP PATTERNS  
 
The cleaning and labelling process, discussed above, leads to a 48-hour, activity and trip record 
for each individual.  Figures 13 and 14 plots the interpreted records for 5 individuals in 3-
dimensional space-time diagrams. The interpreted pattern shows the home origin, work 
destination and other activity locations. Figures 14 a and b shows the daily travel patterns of two 
males; the first with two young children living some distance from work in a traditional ‘suburb’ 
and the second male a young professional living in cluster housing close to the work location.  
The older male returns home directly in the evening (most likely to support family commitments) 
while the second male does not return home but visits a popular district close to work and spend 
the evening with friends visiting various restaurants and taverns.   He does not return home until 
the following morning.   
 
Figures 13 c and d shows longer duration tracking (i.e. from 05h00, the 15th, to 06h00 the 17th) 
respectively for two individuals. The first is a full-time employed individual while the second 
individual only works half-day. The shorter work duration is clearly visible. Also notable for 
both individuals (women) is the more complex homebound (return) journey as indicated by the 
spread out scattering of cellphone signals in the afternoon. Maintenance and leisure activities are 
often inserted on the homebound commute (Krygsman, S. C., Arentze, T., and Timmermans, H. 
J. P., 2004).  
 
Figure 14 also shows the activity diary of the respondent next to the time-space diagram and the 
match between the two is very high with even a short incidental stop on the way to home (i.e. a 
short 5-minute stop at the post office) captured and recorded as an ‘Other Activity’. 
  
Once all points are classified (i.e. each record as activity or move with their associated 
attributes), it is possible to derive descriptive statistics such as the number of out-of-home 
activities and trips per day, work duration, home duration, total daily travel time, travel time for 
work and departure and arrival time distributions, etc.  
 
The space-time trajectory can subsequently be mapped in a GIS and overlaid with various other 
feature data layers, including the (satellite) land use classification data, transport zones 
information, a land use map and the transport zonal data. Important attribute data can be 
appended to each record, relating for example to land use, neighbourhood, and closest street, the 
transport zone to which the individual belongs, etc.   
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                                         F
igure 13:  Interpreted tem

poral / spatial cellphone data 
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Asakura and Hato (2004) noted that, although space-time diagrams are intuitively appealing, it is 
really of very little value to transport planners.  Transport planning requires information on 
discrete locations visited (such as home and work) and route options to formulate plans and 
policy for mode and network options.  The space time diagrams do, however, provide a very 
visual insight in the complexity of individual behaviour and the activity space of individuals 
structured around anchor nodes and so on.  Such individual information, together with the origin-
destination matrix and route choice, can assist with the specification of more complex activity 
based models.  
 
 
CONCLUDING  DISCUSSIONS AND DIRECTIONS  FOR FUTURE RESEARCH 
 

The research reveals that it is possible to use cellphones in transport data collection.  
Importantly, cellphone data are valuable at various levels of aggregation and from raw to fully 
cleaned and interpreted data.  Cellphone data expressly allow for the extraction of home and 
work locations as well as an indication of intermediate locations. The construction of OD-
matrices is therefore possible.  Possible routes taken can be identified with some methodological 
innovation. Cellphones also allow for deriving a richer description of individuals’ entire daily 
activity and travel patterns than what is normally available from standard OD-surveys.  Such 
information can provide an indication of the complexity of the daily commute trip which is 
invaluable in mode choice modelling. 
 
The study also suggests that cellphone data collection should be used initially to supplement (as 
opposed to replace) conventional travel surveys, notably OD-surveys. A more in-depth 
understanding of the accuracy and reliability of cellphone data is required before the technique 
can be applied in large scale surveys. Specifically, cell sizes and the relationship with transport 
zones should be considered. Cellphone boundaries seldom ‘match’ transport zones. The former is 
determine by the equal area power boundary (signal strength) while the latter is a function of 
neighbourhoods, transport infrastructure and natural barriers. 
 
While cellphone data do provide a significant amount of information, the passive tracking of 
individuals does not provide any information on trip purpose or, for example, household size, 
socio-economic characteristics, accompanying travellers, etc. It is possible to use transport zonal 
information in combination with tracking data as transport zone data contain land use 
information that, combined with trip time, direction and activity duration at stop, can provide an 
indication of the trip purpose. 
 
The nature of the cellphone data and data collection process might bring about a need for 
specialist data organisations relying on new techniques, new technology and know-how. It is 
doubtful if transport planners are ideally positioned to collect cellphone data. Whereas the 
transport planner is generally involved in every step of origin-destination or general transport 



 

surveys, cellphone data collection is an unfamiliar process and the process, including sample 
selection and survey administration, is entirely dependant on the cooperation of the service 
provider who is usually a profit driven organisation.  
 
Cellphone derived transport data are not without problems and the following should be 
considered:  

» Cells can, especially in relatively sparsely populated areas, cover quite a large area which 
means that the centre of the cell can be several kilometres removed from the actual 
position (up to 70 kilometres rural areas).  

» Due to atmospheric conditions signal strengths may vary slightly which can cause a 
stationary cellphone to be frequently “handed over” between a small group of 
neighbouring base stations, thereby seemingly moving around in circles. 

» Cellphone base stations are often ‘switched-off’ during off-peak times for maintenance 
purposes.  Signals are subsequently transferred to neighbouring cells, giving the 
impression of movements or ‘jumps’ and wrong locations. 

 
The above, however, should not distract researchers, especially those in developing countries, 
from pursuing the technology.  The technology holds the potential, after addressing some 
intermediate issues, to deliver data for a sufficiently large sample which can assist transport and 
urban planners with analytical and policy studies. It is recommended that the cellphone data 
collection be refined and tested in larger scale pilot projects (with a random sample size 
exceeding 1000 respondents) and possibly combining cellphone tracking with GPS and travel 
diaries.  The latter two will allow for a very rigorous and comprehensive testing of the accuracy 
of locational data (activities and routes), completeness (omission of trips and activities) and 
reliability of data (signal strength and continuous records). 
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