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The intensity and structure of traffic is a key information for road asset management. The traffic 

data are collected by a variety of measuring devices, either mounted permanently in one spot or 

periodically transferred between different locations. These measurements are often imperfect, 

because of missing data, time-shifts, implausible or even wrong values. The paper discusses 

organisational and algorithmic methods for ensuring the quality of traffic data at various levels: 

monitoring of individual sensors, scheduling of measurements within road networks, and 

verifying the plausibility of the obtained results. The focus is not on particular measurement 

technologies but rather of the whole data collection process. The presented methods are 

illustrated with application examples and practical experiences from Poland and Germany. 
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Introduction 

The traffic data are used in a multitude of applications, including road safety analyses, 

maintenance and investment planning, navigation etc. (Gaca et al. 2014). Particular 

goals require the collection of various kinds of data such as the overall count, the 

information about driving speeds and the traffic structure, i.e. the number of heavy and 

light vehicles.  

 

The quality of the traffic data depends on the whole collection process. Usually, the 

attention is focused on the accuracy and correct operation of particular sensors. 

However the quality assurance requires also procedures for planning the conduction of 
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measurements and verification of their output. In this paper we try to give an outlook on 

the whole process of collection and processing of the road traffic data before they can 

reliably serve the information needs of road operators and other stakeholders. The 

discussion is illustrated with examples of practical issues and the way they are 

addressed in Poland and Germany.  

 

The sources of traffic data  

A variety of technologies is used to collect the traffic data (Bahler et al. 1998; Leduc 

2008). Each of them has certain strengths and drawbacks, such as the reliability of 

operation in adverse weather conditions. Since the classical measurement technologies 

are known up to a standardization level (Klein et al. 2006, 2006a), we concentrate 

mainly on the new data sources. 

 

The widespread of electronic and communication devices creates new opportunities for 

collection of the traffic data. They include tolling systems (de Palma & Lindsey 2011), 

whose reliable operation is legally enforced and executed in practice. Crowd-sourcing is 

another new opportunity. Mobile phones can be used to estimate the traffic intensity, 

origin-destination matrices or travel speeds. Their approximate localization can be 

obtained by the telecom companies through triangulation. However, splitting the data 

between different transportation modes is an issue. The sensors available in modern 

smartphones, such as GPS, gyroscopes, accelerometers etc. are a source of accurate 

measurements of a variety of traffic characteristics (Engelbrecht et al. 2015) such as the 

information about trips, travel speeds, individual manoeuvres of a vehicle or even its 

gearshifts (Fazeen et al. 2012). These data can be collected by the vendors of the 

operating systems and by various tracking applications. Analogous information can be 

retrieved from the sensors mounted in modern vehicles in order to communicate with 

other road users or with the smart infrastructure (Skordylis & Trigoni 2011).  

 

Road side cameras are a common source of the traffic data. Their use requires good 

viewing conditions. Moreover, advanced image processing is necessary to automatically 

find segments corresponding to cars, deal with occlusion effects, shades etc. (cf. Buch et 

al. 2011). Merging data from a series of cameras, combined with the recognition of 

plate numbers allows for computing the average speed in the analysed section. Similar 

results can be also obtained by communicating with the electronic devices mounted on 
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board of passing vehicles. Many drivers use Bluetooth devices, e.g. as a hand-free 

speakerphone. Their identifiers can be wirelessly collected by devices standing next to 

the road (Tarnoff et al. 2009). Only a fraction of the passing vehicles can be tracked in 

this way but this is sufficient for many purposes.  

 

The development of the drone technology makes remote sensing of the road traffic from 

airborne level relatively easily available. However, relatively high costs constrain the 

use of drones to less frequent tasks such as the assessment of the pavement condition 

(Schnebele et al. 2015). Some attempts are made to count vehicles even from the 

satellite level (Eikvil et al. 2009). The limited image resolution and a trade-off between 

the scene and pixel sizes make this technology a future possibility rather than an 

operational service. 

 

The novel data collection methods often require advanced processing of massive data. 

The fusion of the estimates obtained from different sources reduces errors and enables 

cross-checking of individual sensors. Widespread application of such solutions by road 

administrations is however limited by legal and privacy issues, especially in cases when 

official registers matching the records with individual users exists. This is the case of 

plate numbers and smartphone applications.  

 

Quality assurance 

Despite constant development of the sensing technologies, manual measurements are 

still in use. It is believed to be the most reliable and cost-effective source for obtaining 

the network-scale traffic structure for motorways and national roads in Poland 

(Opoczyński 2016) because of a necessity to discriminate between large number of 

vehicle classes. Manual count is performed once a five years within a general traffic 

count, most recently in 2015.  

 

Ensuring the quality of human work requires different methods than monitoring sensors. 

The supervision of the operators during their measurements is most commonly used. 

A supervisor performs a five-minute counting to confront it with the results obtained by 

the operators for the same period of time. Such checking minimizes the risk of not 

fulfilling the duties properly through e.g. falling asleep. Such behaviours occasionally 

lead to making up of data and therefore it is crucial to prevent them. 
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An alternative to organising the whole-network measurement campaigns every five 

years is to measure 1/5 of the network each year. Such approach is used by the German 

federal state Baden-Württemberg (Mayer-Kreitz et al. 2015). Portable radar devices are 

moved between different locations. Measurements typically last for two weeks before 

summer holidays and two weeks after, which gives the complete weekly traffic pattern. 

Sometimes, an additional summer counting is done to investigate the recreational 

traffic. The data quality depends not only on the sensors but also on appropriate 

planning of the measurements, i.e. computation of the time-slots and their assignment to 

individual locations. A variety of legal, organizational and technical requirements 

makes it a non-trivial, multicriterial optimization task (Opara 2017). 

 

Figure 1 presents the time slots obtained for three local districts. In Bonndorf the 

number of the available devices is relatively small, therefore, the measurements need to 

be done even during weeks, which include the state or federal holidays. They last up to 

the 51st calendar week, which may lead to untypical traffic pattern caused by the 

preparations to Christmas. In Herrenberg the schedule is much less tight and no 

measurements collide with holidays. The not-used time slots are marked with a dashed 

line. In Biberach the sensor is unavailable from the 12th to the 41st calendar week, which 

allowed us to schedule two measurements only.  

 

 
Figure 1. Time windows with points assigned to be measured 
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Figure 2. Portable radar used for point-wise safety analyses 

 

The capability of real-time, remote monitoring of the device allows users to quickly 

react in case of problems or untypical behaviour. Periodic synchronization over a 

cellular network with the portable radar shown in Figure 2 allowed us to note and 

address most problems, which ensured the continuity of the measurement. The 

encountered issues during in-field measurements ranged from the fluctuation of the pole 

caused by strong wind up to damaging of the device and theft.  

 

Monitoring of a large number of devices can be facilitated by specialized software, such 

as the online application VERA. It is available as an open source software under GPL 

v2 license (Mayer-Kreitz et al. 2015). It checks the completeness and plausibility of the 

data and facilitates scheduling of the necessary repeats. It also helps keeping an up-to-

date information about the evolution of traffic in the whole state. 

 

Verification of data 

The data quality can be improved by going through the plausibility checks, such as 

confronting the traffic counts with the maximal capacity of a lane or comparing it with 

historical data. Removing the implausible values leads to gaps in data. They can also 

origin from improper functioning of the device, which occurs, for instance, during 

frosty days. For certain purposes it is justified to fill the missing values with some 
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“reasonable” values. Another commonly encountered issue is the incorrectness of a time 

stamp. It may arise e.g. as a result of inattentive maintenance, since the clocks of some 

devices reset while changing batteries. Quality checks are also necessary to verify the 

correctness of switching between the winter and daylight saving time.  

 

In the data verification process it is necessary to set the minimal quality requirements 

for a measurement to be acceptable. Figure 3 shows a few measurements scheduled for 

the 40th and 41st calendar weeks of 2016. Moving a device between individual points 

results in a data gap, therefore it should be done on Tuesday, Wednesday or Thursdays, 

as other days of week often have their own traffic patterns. In this case, the plan was not 

executed exactly. Although the measurement for point 83426 was scheduled from the 

4th to 17th October (Tuesdays) the correct data was obtained only starting from Friday, 

the 14th October.   

 

Plausibility checks can be based on comparisons with the reference data obtained from: 

• historical measurements from the previous weeks and years for the same point, 

• nearby (permanent) measurement stations, 

• other similar stations (e.g. points located on major roads entering a big city share 

similar daily commuting pattern), 

• reference traffic intensity curves (Pinkofsky 2005).  
 

 
Figure 3. Gaps in two-week measurements and differences between plan and its execution  

(view from the VERA platform by Heller-Ing. GmbH facilitating the collection of traffic data) 
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Figure 4. Detection of anomalous daily traffic patterns 

 

The comparisons are often supported by statistical analyses of the time series (Li et al. 

2015; Crawford et al. 2017). Figure 4 shows hourly percentages of the traffic observed 

for all Wednesdays of 2014 by a permanent counting site. At this processing step we did 

not take into account the seasonal traffic variations. Nevertheless, a few curves are 

clearly distinct, especially during the holidays. Being busy on the Christmas Eve or 

waking up late on the New Year is expected, however untypical traffic pattern occurred 

also on a casual day. The decreased traffic count from 9 to 12 am may represent the 

actual road situation (e.g. after a car accident) or an artefact of the measurement device.  

 

The identification of the unusual, “anomalous” traffic patterns can be effectively 

supported by outlier detection algorithms. Cluster analysis seems to be an appropriate 

tool for this kind of one-class problem, as it allows for the distinction between the main 

cluster of “regular” traffic patterns and all others. It also facilitates the interpretation of 

the results (Owsiński et al. 2017). Quantifying the similarity between them is an 

interesting research topic. Measures such as the maximum distance between the curves 

or the Kolmogorov-Smirnov statistic proved to be good candidates.  

 

The clustering methods were implemented in the application Szczypior, which is shown 

in Figure 5. The software supports semi-automatic verification of the data from the 

permanent measurement stations. Statistical methods are used to automatically direct 

the user to the day, in which the traffic fluctuations fall outside the confidence belt. The 

analysis is split between the opposite directions and conducted separately for light and 

heavy vehicles. Comparisons are done against the data from the previous weeks, the 
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respective time of the previous years or other similar stations. Each hourly datum is 

marked with an adequate status regarding plausibility. Erroneous and implausible 

records are deleted. A status flag informs if the reported data are original or filled using 

a reference distribution due to implausibility or not being available.  

 

 
Figure 5. Verification of the traffic intensity curves for the permanent measurement devices  

(view from the Szczypior application by Heller Consult facilitating the verification of the traffic data) 

 

Conclusions 

Ensuring the high quality of the traffic data is a multi-step process going beyond 

securing the proper operation of the devices and performing simple plausibility checks. 

The careful planning of the measurements and overlooking of their execution reduces 

the risk of obtaining non-reliable results. The next important step are plausibility 

checks. Some inconsistencies become apparent only during the analysis on a network 

level or statistical testing. To improve the quality of the traffic data an appropriate 

organization of the measurements is necessary, including clearly defined processes as 

well as verification and controlling procedures after each step. This can be largely 

facilitated by specialized tools.  

 

The novel traffic data sources, such as the sensors of modern vehicles, smartphones or 

remote sensing, economically provide large quantities of data. They are often the side-
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products of measurements done for other purposes. Consequently, their reliability may 

be inferior to the traditional technologies dedicated for traffic measurements. Therefore, 

the quality assurance becomes even more important. The most accurate and up-to-date 

results can be arguably obtained by fusing the data from all of the available sources.  
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