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Abstract The measurement of speed is the subject of analysis and publication of
many researchers around the world. This issue is analyzed from the point of view of
movement engineering, urban planning, logistics, but also the city management.
The researches, initiated by the authors in this paper, are focused on measuring the
time of vehicle journeys on the selected section of one of the main streets of
Wroclaw. The aim of the chapter is to present the issues related to the analysis of
measurement data from the ITS, which are aimed at supporting decision-making
processes of those responsible for organizing transport in the city. For this purpose,
the authors presented the basic theoretical issues of the study area and the
approximate principles of operation of ITS systems. Then on the basis of quanti-
tative analysis, the authors characterized the difficulties that may be encountered
while drawing conclusions from the analysis of the collected data.
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1 Introduction

The most important attribute of the road traffic is the speed of vehicles. It is a
measure of the quality of movement and its consequences, both for its individual
participants, as well as the general public dimension. The speed determines the
comfort, convenience, traffic safety and the economics of transportation and the
rank of traffic impact on the environment [14]. In large urban areas the speed of
vehicles in addition to the usual groups of factors discussed in the literature section,
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is also affected by the action of the Intelligent Transportation System, which,
among other determines the applicable cycles of traffic lights.

The measurement of speed is the subject of analysis and publication of many
researchers around the world. This issue is analyzed from the point of view of
movement engineering, urban planning, logistics, but also the city management. In
fact it is also a point of interest to institutions responsible for traffic management in
urban areas, who use data on average speed to increase road safety and improve
passenger comfort. A properly conducted measurement, and above all accurate
analysis of the data obtained, will affect the correctness of the decisions made by the
authorities.

The researches, initiated by the authors in this paper, are focused on measuring
the time of vehicle journeys on the selected section of one of the main streets of
Wroclaw. The aim of the chapter is to present the issues related to the analysis of
measurement data from the ITS, which are aimed at supporting decision-making
processes of those responsible for organizing transport in the city. For this purpose,
the authors presented the basic theoretical issues of the study area and the
approximate principles of operation of ITS systems. Then on the basis of quanti-
tative analysis, the authors characterized the difficulties that may be encountered
while drawing conclusions from the analysis of the collected data.

The research presented in the chapter is preliminary and is only the first stage
initiated research.

2 Literature Review

The issue of traffic measurement is of interest to the researchers examining the
various transportation systems [9, 12]. Traffic studies are conducted and used for
very different short-term and long-term purposes. The literature emphasizes that the
primary objectives of measurements and studies of traffic is to gather information
on its condition. This will include the setting of such characteristics as [2]: traffic
flow in vehicles per hour or per day; fluctuations in traffic during the day, week or
year; traffic structure; traffic burden; traffic flows at junctions and intersections (the
directional structure); speed of movement; intervals between the vehicles; loss of
time when traveling along the roadway or intersection; the size of forming traffic
jams; types of traffic (source, target, through, internal); road trips (route); pedestrian
traffic.

Based on these data it is possible to prepare [3]:

• study of transport for planning urban transportation systems, together with the
traffic forecasts;

• plans and projects of roads and crossroads;
• traffic organization, capacity assessment and traffic conditions;
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• economic analyzes;
• accident analysis;
• arrangements for traffic noise levels, air pollution and other environmental

impacts.

Traffic studies provide data for analysis, discussion and decisions in planning,
design and management of transport solutions and controlling the traffic [6]. Their
aim is to support the decision-making process targeting the best possible use of
transport infrastructure and to ensure the safe and efficient movement of people and
cargo.

As noted in the introduction, the most important attribute in road traffic is the
speed of vehicles [14]. Speed is an essential parameter in describing traffic con-
ditions in the transport network. This parameter can be used to estimate the quality
of travelling in the area. Moreover, with the development of Intelligent Transport
Systems, vehicle speed and vehicle flow play an important role in advanced traffic
management systems. The speed, along with other parameters, such as traffic flow,
provide information about the current situation in the transport network [1]. Traffic
speed data is one of the most important information sources for ITS, Advanced
Traveler Information Systems (ATIS), and Advanced Traffic Management Systems
(ATMS) [16].

Previous studies [3, 8, 15] indicate that the choice of speed by drivers in a free
traffic is influenced by 6 sets of factors: (1) the characteristics of vehicles; (2) the
characteristics of drivers; (3) the characteristics of the road and its environment;
(4) weather conditions; (5) the legislation concerning speed limits and penalties for
exceeding the speed limits; (6) the exact moment, the year, the season and time of
the day.

In the case of researches carried out in city traffic, one should take into account
additional factors that can affect the measured speed.

Among the different speed-related parameters known in the literature, average
speed is very often used as measure for safe driving, mainly because elevated crash
risk and severity have been related to an increase in average speed [4, 13]. It should
also be noted that the formulas given in the literature to determine the average speed
of vehicles, predominantly refer to vehicles in free traffic (e.g. Kempa’s,
Szczuraszek’s and Kempa’s equations) [6].

Some of the authors [5, 11] also emphasize that the use of aggregate statistics
fails to recognize the probability distribution of the individual observed values. The
apparent improvement in explaining the variation of the parameter is shown by the
aggregation speed data, which may reduce the individual extreme values and
overestimate the consistency and safety level. Therefore, individual speed profiles
should be examined. Consequently, aggregate values also should be analyzed in
order to find out if the difference between the individual and aggregate values is
statistically significant.
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3 The Use of Intelligent Transportation Systems in Traffic
Management

Name of the Intelligent Transportation Systems means systems which represent a
broad collection of diverse technologies (telecommunications, information tech-
nology, automatic and measuring), and management techniques for transport pur-
poses in order to protect the lives of road users, improving the efficiency of the
transportation and the protection of natural resources [17]. Traffic management
using ITS technologies is divided into two subsystems: urban traffic management
and traffic management on highways. Due to the scope of the study authors
attention will be focused only on the first subsystem.

In urban traffic management most often used systems are [10]: (1) traffic man-
agement systems in the network of streets; (2) the automatic traffic surveillance;
(3) the automatic charge collection.

These systems are used on a large scale in cities and urban areas. Also, the city,
which is the subject of presented research is fitted with a system for ITS.

The main task of ITS is to improve traffic and safety of cars and public transport
vehicles [18]. The main functional areas of the ITS system are [7]:

• the possibility of a dynamic and adaptive traffic management, responding to
changing traffic conditions at any real-time;

• simultaneous traffic control at various levels: prioritizing public transport, liq-
uefaction vehicular traffic, improving of openings of pedestrian crossings, crisis
management;

• the ability to collect, process and distribute information to support the decision
of the residents in the planning and implementation of the travel services and
decisions on categorizing and prioritizing remedial action and maintenance of
urban infrastructure.

These functions are realized by the system by continuously gathering informa-
tion about the situation on the roads and intersections, by the infrastructure per-
manently embedded in the city. The data used by the ITS system to analyze the
situation on the road, relate mainly to traffic at crossroads covered by its operation.
Collected in the database values are obtained through detectors identifying and
counting the vehicles, mounted next to the traffic lights at crossroads.

4 Specificity and Problems of Measurement Data Analysis

Customizing traffic lights by the Intelligent Transportation Systems is based on
automatically collected and processed data. They therefore contain arising in such
circumstances outliers and this can lead to undesirable settings. Knowing the way
of collecting measurement data on the main roads of Polish cities, prior to their
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analysis, one can distinguish the expected reasons for outliers. These reasons
include:

• taking into account by the system, emergency vehicles and other with a speed
higher than allowed, whose traveling time will be significantly lower than the
average values of the group,

• vehicles stop on the route (e.g. as a result of a collision or crash) or deviating
from the route and returning after some time, their time of travel will be longer.

Analysis of traveling time of cars crossing the sections of roads in urban areas,
poses many difficulties. Facilitation for inferences about a set data is the ability to
match them to a known probability distribution. For this reason, the authors have
made an attempt to find a universal method of outlier data rejecting, which allows
fitting of the remaining data to a known probability distribution.

The tests were conducted for two groups of measuring data, collected for journey
times on the same stretch of road in the same direction during morning and
afternoon rush hours. A summary of the raw data containing all the measurements
from mornings and afternoons rush hours are shown in Table 1 and Fig. 1.

Because of the predicted outliers and inability to adjust the raw data into any of
the known statistical distribution, authors have made attempts to reject outliers in
such a way as to obtain the universal method of data filtering.

Most of the known methods of rejecting outliers is used for normal distributions,
but in the examined case measurement data did not show this pattern. Therefore,
attempts have been made to find methods tailored to the individual specificities of
the phenomenon.

Table 1 A summary of the
raw data (time of traveling
through the investigated
section)

Morning Afternoon

Sample size 687 471

Average 1023 1102

Standard deviation 857 1412

Max value 9549 9645

Min value 360 374

Median 848 550

Fig. 1 Histograms transit times through the tested section at the morning and afternoon rush
hours
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The first attempt was to reject the maximum passes time until the median value
was 0.95 times the average. Summary of the left data is shown in Table 2 and
Fig. 2.

The histogram for the afternoon rush hours can be considered similar to the
log-normal distribution, but the data obtained using the same method for the
morning rush hours, do not allow adaptation to any known statistical distributions.
Therefore, the result was not considered satisfactory.

A second attempt the rejection of outliers was based on the exclusion of times of
travel at a speed of less than 0.33 of the maximum speed. The results are shown in
Table 3 and Fig. 3.

The conclusions from the rejecting outliers are similar to previous ones. The
results obtained in the afternoon rush hours differ significantly from the results of
the morning. The histogram for the morning rush indicates the possibility of the
coexistence of two groups of overlapping data. This phenomenon however has not
been recorded for the afternoon rush hours.

Table 2 A summary of the
data, for median 0.95 times
the average

Morning Afternoon

Sample size 660 386

Average 363 141

Standard deviation 2684 1273

Max value 360 374

Min value 881 550

Median 837 524

Fig. 2 Histograms transit times through the tested section at the morning and afternoon rush
hours, for median 0.95 times the average

Table 3 A summary of the
data, exclusion V < 0.33
Vmax

Morning Afternoon

Sample size 505 380

Average 727 540

Standard deviation 192 116

Max value 1079 1098

Min value 360 374

Median 848 550
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Due to the fact that the authors wanted the queried data rejection method to be
universal, it cannot be regarded as satisfactory, so there have been no attempts of
implementing for other data.

Another attempt differ from previous ones, this time rejected has been both the
highest and lowest results. The authors rejected travel times for speeds less than
0.75 of average speed and above 1.5 average speed. The obtained data are shown in
Table 4 and Fig. 4.

The proposed method of discarding the lower and upper values, has made the
two histograms difficult to interpret. For this reason, also this method could not be
considered satisfactory.

Another proposed criterion for rejecting data become the longest and shortest
forecasted travel time. The measurements of vehicles traveling above the permitted
speed (50 km/h) and below 20 km/h (adding a possible waiting time at intersections

Fig. 3 Histograms transit times through the tested section at the morning and afternoon traffic
rush hours, exclusion V < 0.33 Vmax

Table 4 A summary of the
data, exclusion 0.75 V
max < V < 1.5 V max

Morning Afternoon

Sample size 381 345

Average 791 532

Standard deviation 139 76

Max value 1042 764

Min value 523 411

Median 804 525

Fig. 4 Histograms transit times through the tested section at the morning and afternoon rush
hours, exclusion 0.75 Vmax < V < 1.5 Vmax

The Issue of Analyzing Measurement Data of Driving … 415



with traffic lights by 30 s) has been rejected. Obtained in this way results are
presented in Table 5 and Fig. 5.

These data confer similar to those occurring in the prior, difficulties of
interpretation.

On the basis of this chapter the results of rejecting outliers tests, it can be stated
that the analysis of data from measurements of travel times is a extremely com-
plicated and demanding task and requires to take into account many factors. The
very characteristics of the examined road sections undermines the credibility of
some measurements. Registered traveling time, concerned road traffic on one of the
main arteries of Wroclaw, connecting the western part of the city with the city
center. On the investigated road is a provincial hospital, for this reason there are
often recorded ambulance rides, whose speed exceeds the legal limit. This can affect
an average speed of travel of all measured vehicles. However greater important can
be attributable to the facilities, which are locate in the vicinity of the test route and
may significantly understate measured travel time. These are—one of the largest
shopping malls in Wroclaw and other shopping centers, business centers (collecting
banks and other service companies), two large health clinics and the Municipal
Social Centre. These objects are a place of temporary stop, often not exceeding
60 min. This causes the re-inclusion in the urban traffic of a vehicle in the studied
time window, and the travel time is extended by the temporary stop.

The solution to this problem could be comparation each subsequent measure-
ment time with the average travel time. This average travel time should be deter-
mined by the method of moving average with n values. The parameter n should be

Table 5 A summary of the
data, exclusion
20 km/h < V < 50 km/h

Morning Afternoon

Sample size 597 360

Average 821 566

Standard deviation 250 150

Max value 1391 1323

Min value 415 416

Median 814 533

Fig. 5 Histograms transit times through the tested section at the morning and afternoon rush
hours, exclusion 20 km/h < V < 50 km/h
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dependent on the frequency of the occurrence of the next recorded measurements
(a large number of measurements recorded in the adopted unit of time will increase
the value of n; a small number of recorded measurements will reduce the number of
n parameters). However the proposed method is characterized by a large compu-
tational complexity. High complexity of the method requires a properly prepared
calculation algorithm, supported by appropriate IT tool. The possibility of its use
will be the subject of further study of the authors.

5 Conclusions

Large urban agglomerations invest in ITS in order to improve traffic flow and
transport safety. Analyses of data collected by these systems are intended to support
decision-making processes of people responsible for the organization of transport in
cities. However, as shown in the paper: the historical data analyzed with a simple
statistical methods, can lead to erroneous conclusions. It is necessary to carry out
detailed analyzes that will allow to clean up the original data series. Only this way it
is possible to select the appropriate data for further quantitative analysis.
Additionally when given only historical data from the ITS system, the analyst is
unable to carry out a credible inference. For a complete analysis one needs addi-
tional information, e.g.: weathering, random events (e.g. car accidents), events
planned (e.g. a narrowing streets due to road works). Excluding the knowledge of
conditions which accompany measurements, created plans for perfecting the urban
traffic management may be based on false assumptions.

In the beginning of this chapter it was pointed out that the presented results are
introducing the studies initiated by the authors. The purpose defined at the outset
there was a presentation of the model analysis of the speed of vehicles based on
historical data. The intention of the authors was to present the complexity and
difficulty of quantitative analyzes based on primary data obtained from the ITS. For
this reason, as the summary it should be stated that: (1) it is impossible to give a
general statistical distribution that matches the analyzed historical data; (2) pre-
liminary analysis of data should take into account the process of cleaning the raw
data of erroneous or incomplete measurements; (3) the correctness of the performed
inference should take into account the conditions associated with the measurement;
(4) the person responsible for the analysis should be familiar with the characteristics
of the assessed routes and common behavior patterns of drivers on the examined
sections.

Therefore, the next stage of the researches is to develop a model procedure for
treatment of primary data, enabling to obtain a satisfactory level of reliability of the
data analysing for supporting traffic management in the city.
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