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ABSTRACT
We consider the problem of using real-time floating car data to construct vehicle travel time prediction models
meant to be used as input to routing algorithms for finding the fastest (time-shortest) path in the traffic network.
More specifically we target the on-line car navigation systems. The travel time estimates for such a system need
to be computed efficiently and provided for all short segments (links) of the roads network. We compare several
fast real-time methods such as last observation, moving average and exponential smoothing, each combined
with a historical traffic pattern model. Through a series of large-scale experiments on real-world data we show
that the described approach yields promising results and conclude that specific prediction function form may
be less important than a proper control of bias-variance trade-off (achieved by historical and real-time models
combination). In addition, we consider two different settings for testing the prediction quality of the models.
The first setting concerns measuring the prediction error on short road segments, while the second on longer
paths through the traffic network. We show the quality and model parameters vary depending on the assessment
method.
KEYWORDS: fcd, travel time, prediction, navigation, routing

1. Introduction
Travel time estimation and prediction is a fundamental
and important part of many traffic-related systems, but it can
take many different forms depending on the available data or
desired application. In this paper, we focus on constructing
travel time prediction models for routing, or more specifically
for online personal car navigation systems that aim to find
the fastest (time-shortest) path between any two points in
the traffic network. The input to proposed models will also
naturally consist of floating car data (FCD), i.e. the information
originating from moving vehicles equipped with GPS devices
(e.g. cars with personal navigation).
The structure of the above problem differs significantly from
the traditional approaches to travel time estimation, where data is
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commonly provided by stationary sensors e.g. loop detectors [7]
or similar [4]. Contrary to stationary sensors, the FCD does not
need expensive infrastructure and can cover the whole roads
network (as opposed to selected parts), but the observations
are randomly and unevenly distributed in space and time, as a
result this kind of data requires a largely different construction of
models, even if the applied mathematical methods seem similar.
Moreover, the majority of the current research does not focus
on the routing-compatible single road segments (sometimes
called links) and the entire traffic network, instead researching
e.g. single paths [7] or freeways [1, 6]. There are generally few
papers targeting routing applications and FCD explicitly and
even those usually don’t focus on the broad (both long-term
and short-term) scope of prediction – e.g. in a recent paper
targeting travel times for city logistics [3] only the long-term
traffic patterns are considered.
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A variety of methods can be applied to the travel time prediction
for routing. In our approach we analyse several methods of different
complexity. The simplest model is based on the last observation.
The two other more complex models are the moving average and
exponential smoothing. These models can optionally be mixed with
a historical (static) traffic patterns model (similar to [2] or [3]) to
reduce the variance of the most recent observations and augment
the long-term prediction. This approach can be similar to some
other proposed solutions – e.g. a complex system [5] incorporating
historical and real-time model, as well as expert rules and external
event inputs. Another similar approach concerns supplementing
time series models with historical data [8]. In relation to the above
solutions we try to achieve similar goals with noncomplex models,
naturally formulated for the continuous time domain (as opposed
to discrete time series).
Our empirical study thoroughly tests all the methods on
a large set real-world data (a traffic network of an entire city)
and finds that the applied approach yields promising results.
We additionally discuss the relation between prediction quality
and the model complexity as well as the optional mixing with a
historical traffic patterns model.
We also consider two different techniques of assessing the
prediction quality. One technique concerns measuring the
prediction error on short road segments (on which we predict),
while the other uses longer paths through the traffic network
(which is closer to the route planning application). We discuss
the differences between them.

2. Problem statement
The task is to find a function
, that accurately
predicts an actual travel time
for each individual short
road segment s  S in a given time point t  R  , where R  is the
set of nonnegative reals. By this we want to model the travel times
in the roads network on a high level of granularity. The accuracy
of a single prediction ŷ , having a true value y, is measured by the
squared error loss L( y, yˆ ) ( y  yˆ ) 2 , and for the purpose of model
evaluation, this loss is preferably measured on longer vehicle paths
than on short road network segments.

3. Models
The predictions come from a composition of two models.
The first one, a static model, predicts daily, weekly, and overall
periodical trends in the traffic (e.g. “at every Tuesday morning, on
a road segment in the city centre, the traffic is low”) using a large
historical data set (several months of past data). This constitutes its
strength (stability and long-term prediction), but also its weakness
(no adaptation to current traffic conditions). Therefore, the static
model is combined with a dynamic model, which exploits recent
real-time observations. The dynamic model targets the short-term
prediction by fitting to the current traffic situation (deviation from
the static model), but it is unable to predict in the long term on its
own, and can have a much higher variance.

4

3.1 Static model
For the purpose of this research we will use a simple base static
model that will be denoted as f b ( s, t ) . Let us consider a model that
divides the day into four general time periods: the morning rush,
the midday, the afternoon rush and the night. Then, it predicts using
mean travel time
computed for each road segment s and time
period p over a set of historical data. This model is a simple ‘step
function’ in the time domain for a particular segment. It is easy to
compute, has a compact representation (only four travel times) and
the prediction consists only of determining the correct time period.
To obtain the final static model, having a more natural smooth
transition between time periods, we additionally apply a tricube
(fast, Gaussian-like) smoothing function.
The above model is one of many possible static models that
could server as a stable base for the following dynamic models and
it could be easily replaced by slightly different models serving the
same purpose (e.g. [3] or [2]). There are even commercially sold
equivalents, such as TomTom Speed Profiles or NAVTEQ Traffic
Patterns. We will not discuss this model in much detail as part of
this particular research.

3.2 Dynamic models
A dynamic model
depends only on the latest realtime travel time observations
where n is
number of latest observations for segment s. The set of recent
observations in the time window of the length w from t0 can be
defined as:
.
Each dynamic model will also have two parameters (discussed
in the next section) that can be tuned: either w or T, and a
parameter O that can be optionally used to enable mixing with a
base static model f b ( s, t ) .
The last observation model uses the latest observed travel
time on a particular segment as the predicted value, which can
be effective. e.g.. for a high congestion, where subsequent vehicles
move with a similar low velocity. The model can be written as:
(1)

Additionally if Yswt0  the prediction falls back fully to the
base static model f b ( s, t ).
Since the last observation model predicts using a single
observation and no averaging is involved, the variance of the
prediction can be high. Therefore, the moving average model uses
the mean of several latest observed travel times on a particular
segment, thus reducing variance and potentially working better
for more noisy cases – such as a traffic lights or lower data density.
The model can be written as:
(2)

The exponential smoothing model is usually defined recursively
as a time series method, assuming that observations are available
at regular time intervals. This cannot be applied directly when
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dealing with floating car data incoming at random (often large)
intervals or missing entirely. We thus use a version of exponential
smoothing suited for the continuous time domain. Contrary to the
moving average model, which uses a hard-threshold time window,
the exponential smoothing method uses a weighted average of
previous observations, with weights decaying at exponential rate.
There is also a smooth exponential fallback effect. The model can
be formally defined as:

(3)

where gi = exp(−(t0 − ti) / T) and the time constant T determines
the speed of decay. Using this exponential decay function is very
advantageous in terms of memory consumption and computational
time, as we can (similarly to the recursive version of the formula)
easily reuse the previous predictions, only performing a few
multiplications and additions when a new observation appears or
a prediction is needed.

3.3 Parameters
The interpretation of the parameters is quite straightforward.
The time window is a fairly basic concept and the time constant
has a similar meaning. Whereas in the case of a time window,
every observation in the window could be thought of as having
the weight of 1, and every observation outside of the window as
having the weight of 0, in the case of exponential decay, the weight
of observations decreases from 1 (at current time) to 0.37 after 1T,
0.14 after 2T, 0.05 after 3T and below 0.02 after 4T, reaching values
close to 0 thereafter.
The parameter O allows for mixing (‘shrinking’) with a stable
default prediction (static model) and can be thought of as the
number (or a sum of weights) of artificial observations that are
added in the formula of the models. This parameter serves to
control the bias-variance trade-off of the short-term prediction.
We optimize the parameters globally, by performing a simple
grid search, checking each pair of parameters from the domains:
T,w  {0.125, 0.250, ..., 3.0} ,
, where the unit
of T and w is hours. These ranges were determined using the
parameters interpretation, as well as by preliminary experiments.
We note, that all parameter tuning in done on training data in
order to get unbiased results on the testing data.

4. Experiments
We use floating car data covering the city of Poznań, one of
the major cities of Poland with about half a million population,
with surroundings (covering the area of more than 400km2). The
observations span is more than a month – from 12th May 2012 to
16th June 2012. The data sample was provided by NaviExpert – an
on-line personal car navigation company.
The input takes the form of travel time observations on individual
short road segments at particular time instants. These observations
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originate from vehicles equipped with GPS, either through
navigation or monitoring devices. The data has been preprocessed
and cleaned by NaviExpert’s data processing algorithms (this
includes map-matching and some outliers filtering). The roads map
used in the experiments was the OpenStreetMap1 from May 2012.
In the experiments, the predictions were always evaluated
on observations that had no chance to influence the models
beforehand. We also assume a sensible latency TL = 5 min, to
avoid using observations that would not yet enter the system in
reality, and a retention time TR = 6 hours for the real-time data:
, where t0 is the current time.
The data was also divided into subsets, to ensure reliable results.
The test set ranging form 10th May 2012 to 16th June 2012 was
used for the final models evaluation, while the rest of the data (from
9th May 2012 to 12th May 2012) was used as a learning set – to
compute the historical traffic patterns and tune the parameters of
the models.
Additionally, all of the data collected at late night hours –
ranging from 11 p.m. to 4 a.m. are filtered out of the experiments,
as potentially containing outliers. We also consider only the main
roads of the city (skipping less important roads on the residential
level) to better emphasize the cases where traffic congestion is
possible and natural.

4.1 Results
The main results comparing the evaluated static and dynamic
models can be seen in Table 1. The models are evaluated on
observed vehicle paths (or parts thereof) – ranging from 0.5km
to 5km, having an average length of about 2.8km. We constrain
the maximum length of the vehicle paths to 5km by dividing them
as needed, as we do not want to suffer from the variance resulting
from severely different route lengths between vehicles. We use the
root mean square error (rmse), as well as the mean absolute error
(mae), which is less susceptible to outliers. The values are also
accompanied (after the ± sign) by statistical standard error for the
obtained error measure values.
We also use a simplest segment mean model as the reference for
percentage error; this model predicts using a constant historical
mean travel value for each segment.
Table 1. Total errors for models
model
segment
mean
time
periods
last
observation
last
observation
moving
average
moving
average
exp.
smoothing
exp.
smoothing

T|w

1.000
2.625
0.875
0.875
0.375
0.250

λ

MAE[min]

MAE[%]

RMSE[min]

RMSE[%]

1.5762 ± .0074

100.00

2.6632 ± .0361

100.00

1.4545 ± .0071

92.28

2.5074 ± .0348

94.15

1.3971 ± .0063

88.63

2.3017 ± .0188

86.43

1.000 1.2653 ± .0058

80.28

2.0965 ± .0221

78.72

1.3367 ± .0061

84.81

2.2222 ± .0207

83.44

1.000 1.2539 ± .0058

79.55

2.0972 ± .0232

78.75

1.2788 ± .0061

81.13

2.1771 ± .0220

81.75

0.125 1.2378 ± .0057

78.53

2.0696 ± .0231

77.71

0

0

0

mean path length = 2.837[km] number of vehicle paths = 83552
1
Available at http://www.openstreetmap.org/ under CC-BY-SA license, created by
OpenStreetMap contributors
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The time periods model yields a considerable improvement
over the simple segment mean, but the accuracy of short-term
prediction is naturally limited by the lack of real-time input data.
The dynamic models with mixing parameter λ = 0 are purely
real-time versions, not mixed with the static time periods model
(falling back to the static segment mean only in the case of no realtime observations). This shows that the mixing with time periods
model (by setting λ > 0) really improves the quality, and the
improvement is most prominent for the simple last observation
model. We also see that the exponential smoothing is the best
amongst this group of models, both with and without the time
periods model. Nevertheless, the differences between the three
methods are not that large, when we allow for λ > 0 — especially
in case of rmse and its standard error the differences seem
statistically negligible. This suggests that the ability to control
the bias-variance trade-off of the model by mixing with a stable
default (static model) may be more important than the choice of a
specific formula for dynamic short-term forecasting.
Next we consider two different techniques of assessing the
prediction quality, both of which seem sensible for our problem.
The first assessment technique concerns measuring the
prediction error on short road segments (or links). These
segments are the main unit of the roads network. The direct
routing-compatible prediction also takes place on each individual
segment.
The second technique (the one also applied in Table 1) uses
longer paths through the traffic network. These paths are closer
to the route planning application, as the potential users of the
prediction model will be interested in itineraries much longer
than single road segments. In this case the predicted travel time
value is the sum of predictions made on individual segments that
a given path consists of.
Table 2 shows two versions of exponential smoothing model.
The first version (T = 0. 25, λ = 0. 125) has its parameters optimized
for the longer paths case while the second version (T = 0. 5, λ = 1)
has parameters optimized with regards to the squared error on the
short segments. We clearly see, that the optimal parameters can be
very different — the case of longer paths calls for a more reactive
and unbiased model, while the case of short segments requires a
more conservative and less reactive approach.
Table 2. Short segments and longer paths comparison
short segments

longer paths

d [km]

count

d [km]

count

0.131

1836443

2.837

83552

model

T

λ

RMSE[min]

RMSE[%]

RMSE[min]

RMSE[%]

exp.
smoothing

0.250

0.125

0.3458 ± .0024

91.79

2.0696 ± .0231

77.71

exp.
smoothing

0.500

1.000

0.3362 ± .0026

89.26

2.1208 ± .0259

79.63

This shows that if we want a travel time prediction model
to produce good prediction on longer paths, then we need to
specifically optimize the error for these cases, even if we need to
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predict on the more granular level of a single segment. For our
main results Table 1 we have chosen to optimize and evaluate the
models for the longer paths case, as it seems closer to the ultimate
goal of computing fastest paths in routing algorithms, but further
research into the subject of a proper model quality assessment
technique may be beneficial.

5. Conclusion
In this paper, we considered a problem of travel time prediction
for an on-line personal car navigation system and other routing
applications. We introduced solutions suited to FCD, that combine
static and dynamic models. We also performed exhaustive largescale experiments on real-world data.
The experimental results have shown that simple and fast dynamic
travel time prediction methods, applied on the level of single short
road segments, can yield good results, especially when combined
with a stable default such as the static traffic patterns model. It was
also shown that it is important to choose the case for which we predict
(e.g. longer paths or short road segments) and optimize the biasvariance trade-off accordingly.
The work can be extended e.g. by individualizing the parameters
of models for single segments and by complementing the models with
more specialized methods for detecting unusual traffic incidents,
falling outside of the scope of natural randomness and congestion.
Further research into the proper model quality assessment technique
may also be interesting.
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ABSTRACT
This paper deals with models of air pollution inside a tunnel tube. Various gases are emitted by combustion
engines. They consist largely of oxides of nitrogen, carbon monoxide, steam and particles (opacity). Since each
tunnel is unique, the design of the model must be realized for the particular road tunnel. Data measured in the
control center of the tunnel is used to create various models and to realize them in the program environment
MATLAB. It is possible to describe this system by description of the equations of physical dependences. These
physical dependencies are between the speeds, piston effect, traffic density, quantity produced pollution, etc.
Next we plan to show how fuzzy sets can be used to represent a real system. Finally, we are going to describe
this system by the parametric model. For the purpose of parametric identification it is interesting to describe the
sought process using input-output relations. The general procedure for estimation of the process model consists
of several steps: determination of the model structure, estimation of parameters and verification of the model.
KEYWORDS: system modeling, predictions, motor vehicle air pollution, parametric model, multivariable
identification

1. Introduction
Models have a very important role in control system design
and implementation. Models can be used to simulate the expected
process behavior with a proposed control system. In the development
of a dynamic model, simplifying assumptions are often made. The
model requirements are a function of the usage of the model. The
system is the tunnel tube. Emissions from cars are determined not
only by the way they are built, but also by the way they are driven
in various traffic situations. Gases emitted by combustion engine
consist largely of oxides of nitrogen (NOx), carbon monoxide (CO),
steam (H2O) and particles (opacity). We are going to describe the
dynamic behavior of the system. Relation between traffic intensity,
vehicle velocity and air velocity is also needed to describe this
system. In this paper we pointed out to concentration of CO, NOx
and opacity inside the tunnel tube, because this type of pollution
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is most dangerous for human organism. Using the model we can
predict concentration of CO, NOx and Opacity. Dangerous limit
for CO concentration is 75 ppm. The recommended maximum safe
CO concentration is 10 ppm (parts per million). Most people do not
experience symptoms below 75 ppm, but above this concentration the
exposure can cause headaches, fatigue and nausea. The abbreviation
ppm is a way of expressing very dilute concentrations of substances. Just
as per cent means out of a hundred, so parts per million or ppm means
out of a million. It describes the concentration of something in the air.

2. System modeling
By the term system an object in which variables of different
kinds interact and produce observable signals is described. System
identification is the study of modeling dynamic systems from
experimental data.
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System (S): A defined part of the real world. Interactions with
the environment are described by input signals, output signals and
disturbances.
Model (M): A description of a system. The model should
capture the essential behavior of the system.
Inputs values are traffic intensity, velocity, pressure and output
values are CO (carbon monoxide) concentration, NOx (oxides of
nitrogen) concentration and opacity inside the tunnel. Traffic rate
of cars and trucks, their speed, the concentrations of CO, NOx
and Opacity must be available. These data is measured directly by
sensors inside the tunnel tube. Traffic intensity is sensed by a camera
system and the vehicles are then counted and sorted by categories in
database system. More information about monitoring of the traffic
can be found in [7] and [12]. The security of transferring the data is
discussed in [6] and [13]. Technical support of traffic control system
is discussed in [8].

2.1 Simulations based on the movement of air
All calculations represent a significant simplification of the actual
situation. Turbulence, diffusion of pollutants, pressure gradients
and local factors are not taken into the account. The principle of the
calculation is based on the idea that powers that affect to the air mass
in the tunnel must be in balance [4]. These powers are:
1. tractive power of the jet fans (Nvent);
2. tractive power of vehicles (Nvoz);
3. wind force;
4. pressure drop caused by chimney effect;
5. resistance inside the tunnel acting upstream the direction of
the prevailing airflow.

This means that in the absence of resistance tunnel tubes
would run the fan speed of the air soared to infinity. In practice
this is not possible, after some time there is a balance, which is
equal to the resistance of the tunnel fan traction force. Resistance
has a dimension of power [kg.m.s-2]. For the tunnel tube resistance
following relation holds:

NT

FT ] T

U
2

vT2

(5)

Calculation of tractive force vehicles:
For the pulling power vehicles we have relation:

N voz

M  LT  U  cv Fv
vv  vT
vv  3600  2

2

(6)

and is valid that:

mvT

N voz t  kvT2

(7)

where k denotes the resistance of the air in the tunnel tube, we
must the equation on the right side divided by the mass of air in
the tunnel. We get [4]:

dvT

§
M  cv Fv
vv  vT
¨
F

© T vv  3600  2

2

·
 k2 vT2 ¸ dt
¹

(8)

In Fig. 3. we can see the simulation of the air velocity inside
the tunnel tube at different vehicle speeds of the vehicles and
intensities.

To simulate normal operation of the tunnel we use Bernoulli
equation. These are based on the law of conservation of energy and
appropriate adjustments we can come to the form, which leads to
a steady-state pressure drop inside the tunnel tube. Calculation
based on impulse equation where moment of force being equal to
momentum

mv

N t

(1)

where N is the sum of the forces acting m is the mass of the air
mass in the tunnel. In the simplest case, the power is acting tractive
power of fans. Assumes that the initial velocity of the air is zero; in
the absence of resistance tunnel tube is valid:

mvT

N vent t

(2)

where m is the mass of air in the tunnel tube. For the speed vT is
valid:

vT

1
N vent t
m

Fig. 1. Simulation of the air velocity inside the tunnel tube at
different vehicle speeds of the vehicles and intensities

This method describes all dependences as not accurate, because
this system has most stochastic behavior. We need more information
to describe, how the airflow affects dangerous gases.

(3)

2.2 Simulations based on the fuzzy model

and in differential form:

dvT

1
N vent dt
m
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(4)

Fuzzy logic provides a convenient method to implement such
knowledge into computers. This logic is the concept of fuzzy sets
[2] incorporated into the framework of multivalued logic. The
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models expressed by this concept are called fuzzy models. Today,
fuzzy models are widely employed. They cover a wide range of
applications. Unfortunately, the identification of fuzzy models is a
very complex task that comprises the identification of:
a. the input and output variables,
b. the rule base,
c. the membership functions and
d. the mapping parameters.
Thus, we face an optimization task with many local minima.
The complexity of this task was shown for instance in [9].
Fuzzy systems have very strong functional capabilities. That is,
if properly constructed, they can perform very complex operations.
Actually, many fuzzy systems are known to satisfy the “universal
approximation property” [2]. We use bisector as defuzzification
method, product for the premise and implication, and Trim and
Gaussian membership functions. Name this fuzzy system f(u).
Then, for any real continuous function ψ(u) defined on a closed and
bounded set and an arbitrary ε > 0, there exists a fuzzy system f(u)
such that
sup | f (u ) \ (u ) | H .
(9)
u

where “sup” denotes the “supremum”. Note, however, that all this
“universal approximation property” does is guarantee that there
exists a way to define the fuzzy system f(u) (e.g., by picking the
membership function parameters). It does not say how to find the
fuzzy system, which can, in general, be very difficult. Furthermore,
for arbitrary accuracy you may need an arbitrarily large number
of rules. The rule-base with a large number of rules will require a
long time period for the learning mechanism to fill in the correct
control laws since smaller portions of the rule-base map should be
updated by the FMRLC (Fuzzy Model Reference Learning Control)
for a higher granularity rule-base [3]. In the Fig. 2 we can see the
simulation based on input data with comparison by measured
values in real system.

2.3 Simulations based on the parametric
models
system identification is the study of modeling dynamic systems
from experimental data. The system Identification procedure:
a. Collect Data. If possible choose the input signal such that the
data are maximally informative.
b. Choose Model Structure. Use application knowledge and engineering intuition. Most important and most difficult step (don’t
estimate what you know already).
c. Choose the identification approach. How would a good model
look like?
d. Choose best model in model structure (optimization or estimation).
For the purpose of identification it is interesting to describe
the sought process using input-output relations [11]. The general
procedure for estimation of the process model consists of several
steps: determination of the model structure, estimation of parameters
and verification of the model. Finally we can convert the created
models to any other usable form.
State-space model can be used to describe the dynamics
of system with initial conditions. The concept of the state of a
dynamic system refers to a minimum set of variables, known as
state variables that fully describe the system and its response to
any given set of inputs.
For Multiple-input Multiple-output system we can write
the transfer function matrix by parametric system identification
method. The discrete transfer function (TF) matrix, G(z), relates
the Z transform of the response vector to the Z transform of the
excitation vector for zero initial conditions.

Y( z ) G ( z )U( z ),

(10)

Fig. 2. Simulation of CO and OP concentrations inside the tunnel tube based on fuzzy model (black and black dashed values) in
comparison with measured data (the values in gray dashed and gray dotted)
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where;
(11)

(12)

Fig. 4. Twenty minutes predictions based on parametric model
(black line) with the real measured data inside the tunnel
tube
Fig. 3. Comparison of the simulation based on parametric model
(black line) with the real measured data of CO inside the
tunnel tube

As we can see in Fig. 3. simulation based on this type of model
does not allow compute with the initial condition. Although the
simulated value is not the same as measured data this result is
sufficient for this system with most stochastic behavior. Another
approach using the mathematical model is described in [5].

3. Predictions
Based on these models, we can make predictions to the future.
Predictions of CO concentration with the parametric model is
shown in Fig. 4.

7PMVNFr*TTVFr/PWFNCFS

Prediction can be realized with any time horizon. The similarity
of the measured and predicted values is in the range from 50 to
70%, but for the system with a strong stochastic behavior these
results are excellent. According to the predicted values we can see
that the peaks of the measured values are substantially eliminated.

4. Conclusion
The objective of this work was to evaluate the models suitable to
demonstrate the dynamic behavior of the real system. Numerical
modelling studies based on measured data have been used to evaluate
the level of pollution to the future according to real time data.
These results can be used as a support for control of the traffic in
the tunnel control center.
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ABSTRACT
The testing of cooperative transport systems is challenging because of their complexity and distributions. With
TTCN3 a standard based procedure is available for specifying, executing and evaluating the testing of distributed
systems such as cooperative transport systems. In the paper a standard, model and tool based solution for the
testing of distributed cooperative transport systems is introduced. Based on the TTCN3 semantic, a specific
model based approach for dealing with the complexity of the necessary distributed test systems was developed.
With the help of some practiceoriented examples from the traffic sector this approach is presented.
KEYWORDS: cooperative systems, distributed testing, traffic simulation

1. Introduction
Cooperative systems are characterized by the connection of
several (independent) actors/systems cooperating via suitable
(standard based) communication mechanisms. In general, the
implementation of an interesting functionality is the goal of this
cooperation, for example information of road users as a result
of cooperation of the (sub) system’s traffic detection, strategy
selection and/or traffic information distribution. Based on the
ITS strategy of the EU [1, 2], the dissemination of standard based
cooperative systems in the traffic sector will be strengthened
and required as well as in other areas such as automotive and
automation.
Currently the testing of cooperative systems is characterized
by very great (manual) efforts. This great effort is one of the main
reasons that occasionally testing activities cannot be carried
out completely and as a result errors are only first detected and
fixed at the runtime of the connected systems. With the expected
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transition from homogenous to heterogeneous cooperative
systems of many vendors, the testing of every (sub)system and the
complete functionality concerning their expected and specified
functionality is becoming more and more important.
The challenge of testing cooperative systems is the fast and correct
identification of the error prone (sub) system, if the response of the
system compound is not conforming to the expected and specified
behaviour. On the one hand, up to now there are no concepts for a
standard based solution within this context. On the other hand,
standard based concepts are required for the testing of cooperative
systems. Based on these standard based concepts, tools and guidelines
can be developed and presented dealing with the complexity of this
context and supporting testing activities. Particularly in the traffic
sector, the correct implementation of the systems for detection,
processing and information as well as the correct cooperation of these
systems are of enormous importance for their acceptance by the road
user. Therefore concepts, tools and guidelines have to be developed
which support the validation activities of cooperative systems.
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In the paper a standard, model and tool based solution for the
testing of distributed cooperative transport systems is introduced.
The basis of this solution are the ETSI standard “Testing and Test
Control Notation Version 3 TTCN3” [3] and results from [4, 5].
Based on the TTCN3 semantic, a traffic domain specific model
based approach for dealing with the complexity of the necessary
distributed test systems was developed. With the help of some
practiceoriented examples from the traffic sector this approach will
be presented. It is shown that this approach is useable for traffic
control systems as well as Car2X applications as two important
applications of cooperative systems technology.
With this approach, the handling of the complexity of the
testing of cooperative transport systems should be improved. Each
traffic engineer with some testing background should be able to
specify, execute and evaluate complex test scenarios for the testing
of cooperative transport systems.

2. Testing of traffic applications
Traffic applications are distributed systems with communicating,
cooperating system components/subsystems. For the testing of
distributed systems, distributed test systems are needed. With such
test systems the stimulation, the observation as well as the evaluation
of the behavior of the distributed test object at different points is
possible. In a standard based approach, the user of such test systems
specifies the required test components, test data and test the logic of
the test cases at a high, abstract level. The encoding and decoding
of the specified abstract test data and test logic is implemented and
deployed by a special test adapter.

concepts like message sequence charts/sequence diagrams and
component diagrams [7] are used. With component diagrams the
test system, the distributed test object and the connections are
modelled. The sequence diagrams are used for simple specification
of the distributed test cases. With these methods, the direct use of
language TTCN3 is largely avoided, promising an improving and
easy use of these test concepts.
The test system consists of a test manager and distributed test
components. Test components are placed at accessible interfaces of
the test object. The stimulation, observation and evaluation are the
tasks of these test components. Other test components are used for
the recording and evaluation of the communication between the
distributed components/subsystems of the distributed test object.
Based on the general structure of distributed test systems (see
Fig. 1, Fig. 2 illustrates the system architecture of a test system for an
exemplary traffic control system at labor level. The sub systems of
the traffic control system are tagged with the stereo type <<SUT>>
(System Under Test). The distributed test system consists of the
test manager, tagged with the stereo type <<MTC>> (Main Testing
Component) and several test components, tagged with the stereo
type <<PTC>> (Parallel Testing Component). The test manager is
responsible for the configuration of the parallel test components as
well as for the control and evaluation of the distributed test cases.
The responsibility of the parallel test components are the stimulation
of the detector components with realistic traffic data, the evaluation
of the communication between the system components and the
observation and checking of the actors (information displays, traffic
lights, etc.). The scenario of Fig. 2 is realized within the research
project UR:BAN(www.urbanonline.org)with the help of a traffic
control system at labor level.

Fig. 1. Structure of a distributed test system

The European Telecommunications Standards Institute
has an established test standard with TTCN3, especially in the
telecommunication domain. In [6] the current application areas of
TTCN3 are stated. In particular TTCN3 is well suited to describe and
specify distributed test systems which are necessary for the testing of
distributed test objects such as cooperative transport systems. TTCN3
is however also a very complex programming language, therefore
TTCN3 is not widely used in the transport domain.
Based on the concepts of TTCN3, first steps of a testing
framework for the specification, execution and evaluation of
distributed test cases was developed. Thereby, it is focused on using
this framework for the testing of cooperative traffic applications.
The test cases are described at an abstract and implementation
independent level allowing for reusing and library creation. In order
to improve the usability for end users, mainly graphical methods
for specification of the structure and behaviour of the test system
as well as the test logic can be used. Thereby wellknown graphical

14

Fig. 2. Exemplary distributed test system for a traffic control system

One typical test case is illustrated in Fig. 3. In this test case
the system components Detector, Traffic Platform and dWiSta
(information display, german: “dynamischerWegweisermitintegr
iertenStauinformationen”) are participated. With this test case it
shall be checked whether the traffic users are rightly informed by
the dWiSta about relevant traffic events (like e. g. traffic jam). The
conditions and the demanded communication sequences between

© Copyright by PSTT , All rights reserved. 2013

J. KRAUSE, S. MAGNUS, R. SCHÖNROCK, A. HERRMANN

the subsystems/system components of the traffic control system
are derived from the requirements/specification documents.

An exemplary test case for the Car2X application Cyclist
Protection is illustrated in Fig. 5. The RSU is stimulated with
suitable test data by the test component PTCTrafficData. Based
on these data the RSU shall send warning messages to the relevant
cyclists. These messages are recorded and checked by the test
component PTCNetworkEvaluation. With another test component
PTCBicycleAppEvaluation the mobile application of the cyclist Is
observed in order to check whether the received warning message
has been rightly displayed.

Fig. 3. Exemplary distributed test case for traffic control system of
Fig. 2

First, the detectors are stimulated with suitable traffic data. After
the stimulation of the detectors it is demanded that the detectors
communicate a so called Level Of Service (LOS) about the current
traffic state of the associated road sector to the Traffic Platform.
The Traffic Platform evaluates the received LOS and sends a display
text statement to the dWiSta displaying this text to inform the road
users.
All sent messages are evaluated by the respective test components
(PTCNetworkEvaluation). Therefore these test components must
be configured from the MTCwith the expected behavior. Another
test component (PTCdWiStaEvaluation) observes the display of the
dWiSta and checks the observed against the expected behavior.
Test systems for Car2X applications have structurally the same
architecture. Herein, distributed test components for stimulation,
observation and evaluation are also necessary. But for these
applications some different requirementsfor the test components,
resulting from different communication systems and dynamically
changing system architectures, are presented.
One example for a test system of a Car2X application is illustrated
in Fig. 4. In this case the test object consists of a component RSU
(Road Side Unit) and a mobile application for the relevant cyclist as
the other component. The RSU shall send warnings with possible
crashes to the cyclist based on the detected traffic.

Fig. 4. Exemplary test system of a Car2X application Cyclist
Protection
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Fig. 5. Exemplary distributed test case for Car2X application
CyclistProtection (Fig. 4)

3. Test data generation with
traffic simulations
A further big challenge for testing of cooperative systems
within the transport domain is the creation of suitable test data
for the efficient stimulation of the test objects and/or components/
subsystems. Thereby especially realistic traffic data is demanded.
Now there are several good traffic simulation tools (e. g. Vissim
[7], SUMO [8], AnyLogic [9]) available, generally useable for the
generation of realistic traffic data.
The challenge for a standard based test system using traffic
simulation tools for test data generation is the parameterization,
starting and the processing of the simulation results getting suitable
test data. Within the research project UR:BAN first approaches for
suitable concepts were realized. Thereby Vissim and Anylogic were
used as simulation tools. Based on known topologies a minimum
set of needed parameters for the configuration of the simulation
scenarios were identified. With this approach it is possible to create
and execute different suitable simulation scenarios only by changing
the parameters. In order to get suitable test data the real execution of
the simulation scenarios and the processing of the simulation results
are done by the implemented test adapter. The implementation of
the test adapter depends on the properties of the test object and can
differ for each project.
Besides the test data creation the calculation of the expected
behavior of the test object (test oracle) by using traffic simulations
within standard based test systems is a huge challenge. It is not
always possible to draw deterministic conclusions from the resulting
test data. In these cases it is not possible to know the expected
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behavior of the test object before starting the test case. Here it is
necessary to compute the needed unique test oracle at runtime
of the test case based on the generated test data and the known
requirement and specification documents. This computation is
generally much simpler than the real application implementation
because of the realized higher abstraction level. The general
procedure with the use of traffic simulations for realistic test data
generation and test oracle computation is illustrated in Fig. 6 for
an exemplary test system.

based test systems was developed. Thereby for the configuration
and controlling of the simulation scenarios a minimal set of
needed parameters was identified. The necessary processing of the
simulation results in order to get realistic and project specific test
data as well as the computation of the test oracles for other test
components is realized by implementations of project specific test
adapters.
The developed approaches were applied to applications of
traffic control systems as well as to Car2X applications. Within
the research project UR:BAN the concepts will be extended and
evaluated by using the approaches for testing more applications
and systems from the traffic domain.
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Fig. 6. Using of traffic simulations for test data generation and test
oracle derivation

4. Conclusion
In this paper an approach for testing of cooperative systems
of traffic/transport domain was introduced. Testing of cooperative
systems extends the classical blackboxbased test procedures. Here
the distribution of the test object has to be considered. It is not
sufficient only to stimulate, observe and evaluate the accessible
interfaces of the distributed test object. Also, the communication
between the subsystems/components of the distributed test object
must be considered within test activities in order to identify error
prone subsystems/components of the distributed test object.
The approach of this paper is based on the wellknown standard
test concepts of TTCN3. The test logic and test data are described
at a high, abstract level as test model. With this, it is possible to
concentrate on the test logic and to abstract from the projectspecific
implementation technologies.
For the creation of relevant and realistic test data an approach
for the use of traffic simulation tools and scenarios within standard
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ABSTRACT
Effective functioning of terminals has a significant impact on the entire intermodal transport chain promoted by
the European Union. A system for information exchange, circulation and processing, presented by the authors in
the paper, is one of factors ensuring a high attractiveness of intermodal shipments, which together with an ITU
flow control system will increase the efficiency of a transhipment terminal.
KEYWORDS: Transhipment terminal, DECT, RFID

1. Introduction
Transhipment terminals in transport chains provide space,
equipment and the environment ready to move intermodal
transport units (ITU – Intermodal Transport Units), between different
transport connections. So we can present them as a black box, Fig.
1, to which ITU come by a road vehicle, and after transhipment they
leave the terminal on freight cars formed in a train or, vice versa,
units arrive at the terminal by rail and after the terminal handling
they leave on road vehicles. Such presentation of an ITU stream
introduces a need to implement a system for information exchange,
circulation and processing, which together with a system of units
flow control will enable increasing the efficiency of a land terminal
in intermodal transport chains [3].
The increase in the efficiency of a transhipment terminal operation
to a significant extent results from an ITUs flow control system, Fig.
2, and from a system for information exchange and processing.
Systems presented by the authors in the paper will substantially
improve operations of ITUs planning and deployment, which so far
been have carried out in the form of labour-intensive documents
– manually, which was observed during studies on actual facilities.

Fig. 1. (JTI/ITUs/ – Intermodal Transport Units) at the input and
output of a transhipment terminal [3]
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2. System for information
exchange and processing
An effective system for information exchange in transhipment
terminals must meet the following conditions:
1. Provide continuous communication in the area of terminal;
2. Allow a cumulative digital communication of short information packages from any object located within the terminal;
3. A selective bidirectional contact with external users should
be possible, both for communication and in the form of short
messages from any external system;
4. The information exchanged in the communication system
should be protected from access by unauthorized persons;
5. A wireless communication system should be used, adapted to
specific conditions of the land terminal.
As a result of the analysis it has been stated that the above
requirements can be best met by two systems: a system of automatic
identification – RFID and a wireless communication system –
DECT.
We have analysed many aspects relating to RFID and DECT systems
[1]: a standard architecture of systems, their characteristics, we have
analysed the specific site for the propagation of electromagnetic waves,
the way of collecting information about units, telecommunications
traffic, as well as what operational possibilities they create [2, 6].
To this end, for the proposed system, it was necessary to develop
a design of base stations deployment (RFP), that will form radio
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cells for the purpose of wireless communication, so as to provide
coverage of the entire land terminal area, Fig. 2. For this purpose
a multifunction device has been used, converting RFP signals to
signals of WLAN and DECT interface. The yard employees will be
equipped with handheld readers that enable reading and sending
data to compatible RFID tags, while mobile devices operating
within the land terminal will be equipped with stationary readers,
Fig. 3. All the information on ITUs goes to the data processing
system, which is integrated with the radio network. It will enable an
easy management of the warehouse (storage yard) via an unrestricted
access of employees to data on ITUs, an optimal use of the storage
area, optimisation of sectors loading in terms of ITUs availability,
ITU type, operators and dispatchers productivity.

ta mobile station is located outside a building.
ta mobile station is located outside a building and moves at an
average speed of 20km / h.
Relationships obtained are shown in Fig. 4, Fig. 5

Fig. 4. BER versus Eb / N0 [5]

Fig. 2. Implementation of a DECT, RFID system in a land terminal
[own work]

The results obtained comply with the DECT standard, hence
the authors conclude that the pre-designed communication system
will operate according to the assumptions and will provide a
full mobility of workers by reducing the response time, at the
same time increasing productivity, reducing costs and increasing
revenues of the transhipment terminal.
Simulation studies were conducted for a transhipment terminal
with parameters of a real facility and after the implementation of
RFID technology. At one service station operating in the tested
terminal during 8 hours of work, the queue of ITUs waiting for
service increases, Fig. 7; the station utilization rate is as high as 95%,
Fig. 6. At such rate the station is very loaded.
As a result of observations and simulations of a real facility
and of subsequent analysis a question arises, how the considered
terminals will cope when the intensity flow will increase in line
with expectations, as it was in the period before Poland’s accession
to the EU. At that time terminals in our country faced the necessity
to receive a much larger number of inflowing ITUs. Queues in
front of them were growing at an alarming rate, in other words
there was confusion, which ITUs should be accepted – from the
road or rail part, where they are on the yard, etc. Using the hitherto
service technology of road ITUs it was necessary to increase the
number of service stations.

Fig. 3. Idea of communication in a land terminal [own work]

Another important issue, determining the efficiency of processes
within the land terminal, was the adaptation of digital DECT wireless
telephone system, as mentioned earlier [4]. As the communication
system is not the main problem, the paper comprises a simulation
only for its selected part. It is based on the examination of the quality
of the radio transmission between the base station and a mobile
station (PP). The bit error rate (BER) of the data transmission was
adopted as a quality criterion.
The simulation was carried for three options:
ta mobile station is located inside a building.
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Fig. 5. BER versus the mobile station speed [5]
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2.1 Simulation of the road part of
transhipment terminal (studies on a real
facility)
significant service time savings and the improvement in the
ITUs identification result from the implementation of RFID in
the transhipment terminal, the station utilization rate is 4%, Fig.
8 There is a very large reserve before it approaches the value of 1.
Such a low rate eliminates the increase in the queue and the time
spent by ITUs waiting for service, Fig. 9.

Fig.9. Queue of ITUs arriving at the terminal waiting area

3. Conclusions
Fig. 6. Service station utilisation

Fig. 7. Queue of ITUs arriving at the transhipment terminal

2.2 Simulation of the road part of
transhipment terminal, RFID technology

Effective functioning of transhipment terminals has a significant
impact on the entire intermodal transport chain promoted by the
European Union. A system for information exchange, circulation
and processing, presented by the authors in the paper, is one of
factors ensuring a high attractiveness of intermodal shipments,
which together with an ITU flow control system will increase the
efficiency of a transhipment terminal.
The obtained results of authors’ considerations in the paper, based
on the current assessment of the transhipment terminal operation,
Fig. 6 and Fig. 7, at simultaneous implementation of an ICT structure,
provide an evidence of the proposed system rightness, because:
1. an efficient system of DECT and RFID information exchange
and processing in a transhipment terminal has been proposed, which will allow to solve decision problems, as well as
will streamline the ITUs flow through the terminal;
2. a computer implementation has been carried out, which is
limited only to the transmission from the transmitter to the
receiver in order to verify correct operation of the proposed
DECT system in the transhipment terminal;
3. performed simulations allow assessing the pertinence of all
investment decisions related to the RFID implementation in
the transhipment terminal.

Bibliography

Fig. 8. Service station utilisation

7PMVNFr*TTVFr/PWFNCFS

[1] JACKOWSKI S.: Telecommunication Technical University
of Radom, 2005 (in Polish)
[2] KUŚMIŃSKA-FIJAŁKOWSKA
A.,
ŁUKASIK
Z.:
„Identification in the process of flow individuals intermodal
transportation in the Transhipment terminal, Maritime
University of Szczecin, Exercise books Scientific no. s 29 (101),
Szczecin 2012, pp. 101-108.
[3] KUŚMIŃSKA-FIJAŁKOWSKA A., ŁUKASIK Z.: „The
Transhipment terminal land in processes flow stream

19

MANAGEMENT OF A TRANSHIPMENT TERMINAL SUPPORTED BY ICT SYSTEMS

individuals intermodal transportation”. 8 International
Navigational Symposium TransNav’11, Gdynia 2011,
Poland. Monograph „Marine Navigation and Safety of
Sea Transportation”,
[4] KUŚMIŃSKA-FIJAŁKOWSKA A., ŁUKASIK Z.: „ The
transmission of information in the Transhipment terminal
land”. VI Scientifically-technical Conference „LOGITRANS”,
Szczyrk 2009, Logistyka 3/2009
[5] KUŚMIŃSKA-FIJAŁKOWSKA A. ŁUKASIK Z.: „The
transmission of the information of the system of telecom-

20

munication DECT in the trans-shipping terminal”. 8 International Navigational Symposium TransNav’09, Gdynia 2009,
Poland. Monograph „Marine Navigation and Safety of Sea
Transportation”, p. 317-323, ISBN 978-0-415-80479-0
[6] KUŚMIŃSKA-FIJAŁKOWSKA A., ŁUKASIK Z.: „ FEM
indoor propagation in Transhipment terminal land”. VII
Scientifically-technical Conference „LOGITRANS”, Szczyrk
2010, Logistyka 2/2010

© Copyright by PSTT , All rights reserved. 2013

Archives of

Transport System
Telematics
S. KWAŚNIOWSKI, P. ZAJĄC

Volume 6
Issue 4
November 2013

Tracing and tracking using RFID tags
in logistic systems
of transport and storage
S. KWAŚNIOWSKIa, P. ZAJĄCa
WROCLAW UNIVERSITY OF TECHNOLOGY, Faculty of Mechanical Engineering, I. Lukasiewicza,
50-371 Wroclaw, Poland
EMAIL: pawel.zajac@pwr.wroc.pl

a

ABSTRACT
The paper presents the results of laboratory tests of passive RFID tags, which were conducted at the laboratory in
order to determine the application area of this technology. The study was conducted in three stages: transponders
reviews, that involved reading parameters such as the positional relationship between the transponder antenna
and the maximum reading distance. The influence of typical packaging materials such as cardboard, foil, etc. on
the correctness of reading was also taken into account, dynamic tests of transponders that involved reading tags
in a linear or rotary motion at different speeds. Reading more moving transponders, which are also close to each
other, was carried out, and transponders research programme, which was to determine the possibility of writing
such information and programming during movement.
KEYWORDS: optimization of logistic system, RFID

1. Introduction
The radio-frequency identification (RFID) is a term defining
the system, which transmits a unique serial number designating
a person or an object wirelessly, using radio waves. There are two
basic solutions in this area: energy consumption and simultaneous
or alternate transmission. In the case of alternate transmission, the
energy is absorbed and a while later the information is transmitted
by the transponder. The RFID monitoring systems are made of
two fundamental parts: a transponder, the base station (antenna).
The base station emits the energy that is accumulated by the
electronic tag and used for a return transmission. As a standard,
the chip stores approx. 2000 bytes. This amount is sufficient to use
these tags to monitor loads in supply chains and the tags may be
in the form of cards, capsules or disks.
Passive devices are not equipped with transmitters and reflect
the radio waves back to the reader. Active tags transmit the
information that is stored in the internal microchip. This paper
concentrates on passive tags, which are cheaper than active ones,
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but offer a shorter range. A passive tag is made of a microchip
connected to an antenna and operates at low, high and ultra-high
frequencies. Tags working at low frequency are used in areas,
where a tag must be read from a short distance (e.g. in proximity
cards, pallets). This paper presents the results of tests on such tags.

Fig. 1. RFID systems operation

Figure 1 presents the operation of the RFID systems. The
computer was equipped with the MIDDLEWARE software which
collects the data from the readers, formats and sends the data to
the end system. The middleware often plays a key role in the RFID
systems. The base station is connected to an external computer
through a wired interface. The base station uses a radio interface to
communicate with the transponder. This interface works at a specific
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frequency range. The base station system usually comprises a
series resonant circuit and the tags are equipped with a parallel
resonant circuit and both these circuits are aligned to work at the
same frequency.

2. 125 kHz transponder test
The test was performed on the UNIQUE - TRD-DESK RS232
device (Fig. 2).

Fig. 2. UNIQUE - TRD-DESK RS232 [4]

The manufacturer’s technical data presented at www.mikrokontrola.
pl [4] have been adopted. The transponder is brought closer to the
reader to read the code. A correct reading is signalled by a short beep.
Simultaneously, the transponder code is transmitted through the
RS232 link to the computer. Five bytes of the code are read as follows:
the oldest byte of the code is sent first (transmission parameters:
speed 2400/8 data bits/no parity bit/one stop bit).
The tests were carried out in three areas:
tI static tests
tII dynamic tests
tIII transponder software tests.
The purpose of tag tests is to develop the conditions of correct
operation. They help to define the application area and related
issues.

When the sound was emitted, the computer read test data. There
was no material (5) in the test. The results are presented in table 1.
Table 1. Maximum reading distance results

Maximum reading
distance [mm]

Perpendicular

Parallel I

Parallel II

85

25

40

Based on these results it was concluded that the perpendicular
configuration is best for the reader and the transponder. This optimum
configuration was used in further tests (widest reading range).
The most frequently used packaging materials were selected,
which included: foil (PE-LD) – Y1; plastic (PP) – Y2; cardboard
– Y3; envelope – Y4; fabric (50% cotton /50% polyacrylonitrile) –
Y5; wood – Y6; metal (2 mm thick) – Y7 and Y8 for the reading
distance. Figure 4 presents the test station. The transponder was
positioned at the maximum reading distance determined in test 1,
i.e. 85 mm. Material Y1 was placed at 0 mm from the reader, then
the tag was slowly brought closer to the reader along a straight
line. After the signal the maximum reading range was recorded.
Material Y1 was moved 5 mm away from the reader and the
maximum reading range was tested. Then the material was moved
by another interval, up to 80 mm. The materials were used in
sequence to obtain results. The speed of moving the tag to the
reader was insignificant and made no impact on the results.
The reader was connected with the computer as in the previous
test (see Fig. 3). Other materials (Y1-Y5) were put between the
reader and transponder to test how various materials influence the
reading range. The materials used for testing were selected based on
the frequency of application in collective or transport packaging.
The test results are presented in Fig. 4.

2.1 Static tests
Stage I defines the maximum transponder reading distance and
the optimum positioning of the tag against the reader’s antenna.
Figure 3 presents the test station diagram.

Fig. 4. Static test chart

Fig. 3. Diagram of transponder static tests

The reader (2) was connected to the computer (1) using a
wired interface (3) and the RS 232 socket. The reader was powered
by a power supply unit. To measure the maximum reading range
of the tag, the card (4) was slowly brought close to the reader.
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The materials demonstrated an impact on radio waves. The
test results show that most materials have no impact on the
reading range of transponders operating at 125 kHz. However, a
dense fabric made an impact, but only in the initial stage, when
the transponder was close to the fabric. The 50% polyacrylonitrile
content affected the reading quality. However, the range is reduced
by no more than 15 %, therefore the 125 kHz tag may be used with
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this type of material. Using tags on natural fabrics, e.g. cotton or
linen had no impact on the reading distance.
The major problem with 125 kHz transponders is the use in
close proximity to metal. If the tag is applied directly to metal, the
reading will not be made. The tag must be moved from the metal
by at least 1 mm to gain a range of 10 mm. If the transponder is
used further than 12 mm from the metal, the maximum reading
range, i.e. 85 mm remains unaffected.

2.2 Dynamic tests

The reader was connected with the computer in the same
manner as in item 1.1. The tags were mounted on the dial, the
rotations of which were adjusted by the inverter. Initially the first tag
was set by the rotation and mounted on the dial. It was concluded
that the maximum rate for 125 kHz transponders was approx. 140
rotations per minute.
Similar tests were performed for 3 tags mounted at 180 mm
from one another.
Moreover, additional tests were carried out for 1 and 2 tags
mounted on a shorter arm.

In this case the test comprises: the speed at which the tag is
moved against the reader and the reading of several transponders.
To avoid test errors, the set rate of rotation was stabilised each time.
Figure 5 presents the test station diagram, where the inverter (1)

Fig. 5. Test station diagram

Fig. 6. Dynamic test chart

was connected to a device with a dial (2), the rate of rotation
of the dial, to which the transponders were connected (3), was
set by changes in the inverter’s voltage. The measuring device (4)
was positioned close to the rotating dial. The zero point is at the
transponder’s level and thus direct results will be obtained. The
reader and the antenna (5) were placed over the rotating dial so
that tag 1 is within the antenna range. During the test the reader
was moved towards the rotating dial with the transponders.
To avoid disturbances of measurements, the entire assembly
was calibrated. Tag 1 was placed on the dial with the radius of 150
mm. The linear velocity was approx. 1 m/s. The reading distance
was 40 mm.
Then the 2nd and 3rd tag was added. The test results are presented
in Table 2.

2.3 Transponder programming

Table 2. Results of the calibration of the assembly

No.

Number
of tags
[pcs]

Linear
velocity
[m/s]

Distance
between
tags [mm]

Reading
distance
[mm]

1.
2.
3.

1
2
3

1.0

250
180

38
39
38

No disturbances of measurements were recorded at the reading
distance. The distance between 3 tags was 180 mm and could not
disturb the reading of individual transponders. Disturbances might
occur if the distance between tags was shorter than the maximum
reading range.
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The tests pertained to the possibility to save data on the
transponders in various conditions of positioning and motion, for
the following cases: 1, 2 or 3 tags.
Standard UniqueMaker v1.2 software working under Windows
XP OS and connected to the computer via RS 232 port was used
for programming.
The transponders offer 10 fields, which may be filled in as
follows: in each field a digit (0-9) or a letter (A, B, C, D, E, F) may
be entered and no field may be left empty. Any combination of
digits and letters is acceptable.
The data writing time per tag is approx. 1.5 – 2 s. This time is
invariable even if the distance between the tag and the transponder
or the number of tags within the antenna range varies.
If a single tag is programmed, it must remain within the antenna
range during programming. To assure a 100 % correct recording,
the tag must be stationary. If the tag is moving, the recording may
be incorrect. If the recording is incorrect, the transponder will not
be visible for the reader.
Should 2 transponders be within the antenna range, the tag
with a wider range will be read. During programming, however,
the same new code will be saved on both tags. The reading and
programming will not be possible if 2 tags are aligned axially and
if they adjoin one another closely. In the case of 2 tags aligned
axially, the minimum distance must be at least 10 mm and if the
tags adjoin one another, they should be moved away to disrupt the
coaxial alignment.
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The 3 transponders within the antenna range will be programmed
if the tags are positioned axially and perpendicularly to the antenna,
with the minimum distance of at least 15 mm, if the transponders are
not aligned, even if they adjoin one another.
The chart (Fig. 8) shows that the optimum linear velocity for
the tags, in which case neither the number of transponders nor the
distance between tags is relevant, is approx. 0.5 m/s. The lower the
speed the larger the reading distance is and the higher the linear
velocity, the closer the reader must be.
The maximum reading distance is related to the number of tags
in proximity. With 1 tag the maximum reading distance is 80 mm at
0.2 m/s. With 2 tags the maximum reading distance is 74 mm at 0.4
m/s and with 3 tags the distance drops to 60 mm at 0.5 m/s.
The maximum speed at which tags are read is 2.1 m/s at a very
short distance between the reader and the tag.
Series 2 comprises 1 tag at the arm of 80 mm and series 3
involved 2 tags at the same arm positioned 170 mm from each other.
It may be seen that the rate of reading 2 tags at the same reading
distance decreases. This occurs only at a speed higher than 0.63
m/s. One may intuitively conclude that at lower speeds 1 tag
should be read faster than 2 tags, but it is the other way round – 2
tags are read faster than 1 tag. 2.5.

3. Conclusion
This paper discusses RFID tags working at the frequency of
125 kHz. Despite the fact that they operate at a low frequency, the
penetration through materials analysed above is 100 %. The only
exception is metal and applications in very close proximity to metal
objects.
In the case of application on packaging in motion as it is the
case with, e.g. a parcel sorting facility, there may be problems with
the proper place to put the tags. To avoid errors or failure to read,
antennas should be installed around moving parcels. The contents
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of parcels: liquids, foil and metals absorb and reflect radio waves.
Unfortunately, the so-called “smart labels” must be carefully placed
on such items as foil-packed crisps, liquid detergents and tinned
goods. In such cases, the best solution is to apply RFID labels
working at a higher frequency, e.g. 13.56 MHz. It is often the case
that the possible area of label application is very limited, therefore
it requires continuous experiments.
Dynamic tests show that the maximum linear velocity of 125
kHz tag amounts to 2.2 m/s. The optimum positioning of the tag
against the reader is perpendicular, i.e. radio waves strike the tag
perpendicularly. Therefore, the tag should be positioned at 90
degrees against the reader.
During programming, the tags must remain stationary against
the antenna for approx. 2 s. For 125 kHz chips 10 fields are written,
in combination of digits 0-9 and letters A-B-C-D-E-F. In the case of
combining the transponder reading and writing programme with,
e.g. a spreadsheet, the area of application may be expanded.
However, to apply the RFID systems in practice, a series of
tests is required. It will help producing results, which will translate
into the most efficient application in supply chains.
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ABSTRACT
At the planning and construction of new infrastructures, the information about migration potential of animals
in a target area is needed. This information will be used to design of migration corridors for wild animals. To
determine the migration potential of animals based on distributed video camera system, new methods for object
recognition and classification are developed. In general, an object recognition system consists of three steps,
namely, the image feature extraction from the training database, training the classifier and evaluation of query
image of object/animal. In this paper, an extraction of local key point by SIFT or SURF descriptors, bags of key
points method in combination with SVM classifier and two hybrid key points detection methods are proposed
in detail.
KEYWORDS: SIFT, SURF descriptors, SVM classifier, animal classification

1. Introduction
Tasks of image recognition are currently being addressed in many
fields of human activity. The various organizations and government
spent considerable resources on environmental protection of various
animal species that are endangered in their natural environment,
particularly by the building of new infrastructures. There is a need to
develop an integrated system with elements of artificial intelligence to
monitor the movement of animals which will provide data of wildlife
migration in designated area. This system should replace currently
standard methods (direct observation, field tracks, droppings and
others) that can not cover a continuous period of time and even
then, this is very time consuming. Therefore, in this paper, object
recognition process focusing on animal species as a part of integrated
system providing data of wildlife migration is proposed.
In computer vision, idea of object recognition process is based
on creation a representation of particular classes that characterizing
the appearance of objects creating mentioned class. Moreover, this
principle can be applied to classification an unknown objects to
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known class. Success rate of object recognition depends especially
on good object representation. Moreover, object representation
depends on good object characterization. Object characterization
can be achieved by visual descriptors, shape descriptors or texture
representation [1-3].
The paper is organized as follows: in the second part, the
detailed object recognition process is presented. The third part
is related to key points detection and descriptions following the
classification part. Finally, in the fifth part the experimental results
are described and discussed.

2. Object recognition process
Object recognition process is shown in Fig. 1 and can be
divided into two parts: training and testing part. Task of training
part is to create a classification model from the training data.
Training data contain a collection of images of each class. The
extraction of primary images features are extracted at their lowlevel by different methods. Most common used methods are
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SIFT (Scale Invariant Feature Transform), SURF (Speeded Up
Robust Features), OpponentSURF, OpponentSIFT etc [1, 2]. These
methods will be described in detail in section 3. Moreover,
a low-level features extracted from images are used to creation a
classification model.

§
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©
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where xKP_SURFi and yKP_SURFi are x and y coordinates of ith SURF
key point, i = 0,1, ... n, where n is number of SURF key points, and
xKPS_SIFT and yKPS_SIFT are coordinates of all SIFT key points.
SUSIFT: Hybrid SUSIFT method is the key points method
detection using SIFT detector assuming that in the key point
neighbourhood at least one key point detected by SURF detector
is presented.

3.2 Key points descriptors
Fig. 1. Principle of object recognition process

To the input of the testing part the enter images and their still
picture objects designated to the classification. Moreover, these
objects have the same metadata description like data in training
part. Based on these data, the classifier is able to regard the
classification model successfully evaluate unknown objects to the
appropriate class.

3. Visual descriptors
Visual descriptors are used to capture the local appearance of
objects. They are calculated from the neighbor pixels. Visual
descriptors need to be discriminative enough to distinguish a large
number of object classes. Some of them are visually similar and they
need to have also invariance to noise, changes of illumination and
viewpoints [4]. Each visual descriptor consists of two parts: detector
and descriptor.

3.1 Key points detectors
Task of detector is to find key points in the image. There are
many methods to detect key points. In this part SIFT and SURF
methods for key points detection will be described as well as two
proposed hybrid methods SUSIFT (SUrf-SIFT) and SISURF (SIftSURF).
SIFT: the difference of Gaussians operator is applied to an
image at different scales to identify features of potential interest –
key point. Then the precise position of key points is dedicated [4, 5].
SURF: detector is based on the determinant of the Hessian
matrix. The discriminant value is used to classify the maximum and
minimum of the function by second order derivative test [4, 7].
SISURF: Hybrid SISURF method is the key points method
detection using SURF detector assuming that in the key point
neighbourhood at least one key point detected by SIFT detector
is presented. SISURF key point is valid when (1) is true:
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Task of key points descriptor is to describe key point by
the n-dimensional feature vector. In this paper were used these
descriptors: SIFT, SURF and Opponent colour descriptors.
SIFT: is the most widely used local visual descriptors. It has
reasonable invariance to changes in illumination, rotation, scaling,
and small changes in viewpoints. The SIFT descriptor of key
point is obtained by first computing the gradient magnitudes and
orientations of pixels in the neighborhood region of the key point,
using the scale of the key point to select proper Gaussian kernel
to blur the image. The orientation of histograms within the subregions around the key point are computed and combined into 128
dimensional SIFT feature vector. Produced vector is normalized to
improve the invariance to changes of illumination. More detailed
information about SIFT can be found in [4, 5, 6].
SURF: Results of SURF descriptor is feature vector of length 64
and is invariant to rotation, scale, brightness and after reduction
to unit length or contrast. More detailed information about SURF
can be found in [4, 7].
Opponent Color Descriptors: Opponent colour descriptors
(OpponentSIFT and OpponentSURF) describe all of the channels
in the opponent colour space using common descriptors. Opponent
histogram is a combination of three 1D histograms based on the
channels of the opponent colour space and this space is given by (2):

§ O1 ·
¨ ¸
¨ O2 ¸
¨O ¸
© 3¹

§ R G ·
¨
¸
2
¨
¸
¨ R  G  2B ¸
¨
¸
6
¨
¸
¨ RG  B ¸
¨
¸
3
©
¹

(2)

where O1 and O2 contain red-green and yellow-blue opponent
pairs and describe the color information in the image. The intensity
information is represented by channel O3. R, G and B are channels
of RGB colour space: red, green and blue. All three channels
are described by SIFT or SURF and therefore they are called
OpponentSIFT and OpponentSURF descriptors [8].
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4. Animal classification
The collection of features or parameters characterizing the
object by classifications methods to handle classification task are
used. There are two phases of creation a classification model. First,
training data collections are used to set up the classification model
parameters to distinguish different classes. Then, the classifier is
able to regarding to classification model parameters successfully
evaluate an unknown objects to the appropriate class [9, 10, 11]. In
this work, for classification model combination bag of keypoints
and Support Vector Machine (SVM) methods are used.

and speed. Then, bag of key points for vocabulary were extracted.
To extract bag of key points, algorithms for matching training
descriptors with cluster centre in vocabulary were used. For each
feature data extracted from test image by selected descriptor,
BruteForce matcher finds a cluster centre in vocabulary. To the
designation of feature vector and cluster centre distance, the
Euclidean distance was used. Similar approach how to find out the
minimum distance of feature vector and cluster centre is called
FlannBased matcher. Thus, extracted bag of keypoints for SVM
classifier serve to creation a classification model for particular
classes were used.

4.1 Bags of keypoints
Classification method called bags of keypoint is based on
vector quantization of affine invariant visual descriptors of object
in images. The main advantages of this method are their simplicity,
computationally efficiency and invariance in affine transformation
and change in illumination. The main steps of this method are:
tdescription of the object in images for a set of labeled training
data collection,
tconstructing a set of vocabularies using K-means algorithm,
textracting bags of keypoints for these vocabularies,
tapplying and training multi-class classifier using the bags of
keypoints as features vectors [12].

4.2 Support vector machine
A SVM is a classification method belongs to the family of
supervised learning methods that analyze data and recognize
patterns. It is non-probabilistic binary linear classifier. SVM belongs
to the group of model based classifiers. Training algorithm constructs
the model that represents patterns as points in vector space. Task
of SVM classifier is found an optimal hyperplane with maximum
margin between data of two different classes. Development of the
classification system includes separating data into training and testing
sets. To separate data of different classes, SVM maps feature vectors
into a higher dimensional space using a kernel function [13, 14]. In
this work, radial basic function (RBF) kernel was used.

Fig. 2. The images from training database

In the experiment, a total 4 key point detectors, namely, SURF,
SIFT, SUSIFT and SISURF were used. Moreover, to describing
a key point by four descriptors: SIFT, SURF, OpponentSIFT or
OpponentSURF and two matchers: Brute Force or Flann Based were
used too. All combinations of detectors, descriptors and matchers
were combined into standalone runs and they were programmed
in C++ language with support of OpenCV (Open source Computer
Vision) library. In the clustering process, 15.000, 20.000, and
maximum descriptors per class were chosen to construct the
vocabulary. Moreover, for training classifier, 15.000, 20.000, and
maximum extracted bags of keypoints were used.
Average score of animal classification for combination SIFT
descriptor, SIFT, SURF, SISURF, SUSIFT detectors, two matchers and
variable number of descriptors used in clustering process is shown
in Fig. 3. In Fig.4 is shown average score of animal classification
for combination SURF descriptor, SIFT, SURF, SISURF, SUSIFT
detectors, two matchers and variable number of descriptors used in
clustering process.

5. Experimental results
Training database consists of 5 classes: wild boar, brown bear,
wolf, fox and deer. The examples of images from training database
are shown in Fig 2. 10 images per class were randomly chosen
from training database and were used as test database.
Tested method follows principle scheme of object recognition
process shown in Fig.1. First, the low-level features from training
images were extracted. In the next step, the extracted descriptors
together with annotation record in order to create a representation
of particular class were used.
These data enters the process of constructing vocabulary using
k-means clustering algorithm. In [8] was proved, that number
of cluster equal 1000 present a good trade-off between accuracy
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Fig. 3. Average classification score for SIFT descriptor

Fig. 4. Average classification score for SURF descriptor
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CLASSIFICATION OF ANIMALS TO DETERMINE THE MIGRATION POTENTIAL AT THE CONSTRUCTION
OF NEW INFRASTRUCTURE

Average score of animal classification for combination
OpponentSIFT descriptor, SIFT, SURF, SISURF, SUSIFT detectors,
two matchers and variable number of descriptors used in clustering
process is shown in Fig. 5.

success rate higher than 80 % was achieved by four more runs.
Proposed hybrid key points detector SISURF achieved promising
results, comparable with other key point detectors. Moreover, in
same runs SISURF outperformed other standard detectors. On the
other hand, SUSIFT detector achieved poor results with success
rate of classification around at 50% only.
Acknowledgments

Fig. 5. Average classification score for OpponentSIFT descriptor

In Fig.6 it is shown the average score of animal classification
for combination OpponentSURF descriptor, SIFT, SURF,
SISURF, SUSIFT detectors, two matchers and variable number of
descriptors used in clustering process.

Fig. 6. Average classification score for OpponentSURF
descriptor

Results per each class for the best run with average score 86 %
are shown in Table.1.
Table 1. Confusion matrix for the best run, combination SISURF
detector, OpponentSIFT descriptor, BruteForce matcher
and 15.000 descriptors per class in clustering process
True classes
ĺ

Wild boar

Brown bear

Wolf

Fox

Deer

Wild boar

7

0

0

1

0

Brown bear

2

10

0

0

0

Wolf

0

0

9

1

0

Fox

0

0

1

7

0

Deer

1

0

0

1

10

5. Conclusion
In this paper, two hybrid key points detectors were presented
and with other detectors and descriptors and combination bag
of key points and SVM classifier were tested. From the realized
experiment it is evident that the highest classification success
rate of 86 % was achieved by algorithm in the combination of
SISURF detector, OpponentSIFT descriptor, BruteForce matcher
and 15.000 descriptors per class in clustering process. Moreover,
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ABSTRACT
EcoGem Project was conducted in scope of ICT Green Cars Initiative under the Seventh Framework Program,
during 2010-2013 period. EcoGem Consortium’s aim was to provide ICT-based solutions increasing the mobility
of Fully Electric Vehicles (FEV). A FEV-dedicated Advanced Driver Assistance System was developed in scope
of the Project. It included suitable monitoring, analysis, reasoning and management capabilities, which increased
the autonomy and energy efficiency of FEVs.
One of the Project’s goals was to deliver a significant contribution into standardization activities concerning
management of external information provided to ADAS systems. During the project development, a contact with
various standardization organizations was established. We contributed to the standard development activities of
OGC and TISA. The article presents the proposed solutions with regard to EcoGem functionalities. Described in
the article standardization contribution includes new FEV oriented propositions of specifications for transmission
of multi-modal traffic and travel information as well as the attributes defining charging stations.
KEYWORDS: electric vehicles, advanced driver assistance system, driver information systems, standards

1. Introduction
Throughout the last few years a significant increase in Fully
Electric Vehicles technology could be seen. Not only the vehicles
themselves were a subject of development and upgrade, but also
the recharging infrastructure and popular ICT solutions had to be
adapted for the needs of electric cars.
EcoGem project answered these needs by designing Advanced
Driver Assistance System for the electric vehicles. The EcoGem
approach was to integrate intelligence and learning functionalities
to on-board systems for fully electric vehicles increasing the
level autonomy as well as interactive real-time learning through
V2X communications based on experience gathered both
autonomously and through exchange via V2V/V2I interactions,
EcoGem vehicles are able to learn the energy profile and the traffic
behaviour of the various segments in road network., and thus to
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predict and avoid congested and poorly energy-efficient routes.
This capability, coupled with the enhanced ability to optimally
plan the vehicle recharging strategy (based on battery monitoring),
optimized scheduling of recharging processes and real-time
booking of recharging points, ultimately leads to increased energy
efficiency of travelling and enhanced vehicle range.
The successful delivery of EcoGem could not do without the
development of an enhanced traffic prediction and recharging
platform at the infrastructure side, nor the exploitation of existing
V2X technologies, as well as definition and development of new
FEV-oriented protocols and interfaces. That is why three main
innovative project macro-areas included in-vehicle functionalities,
central platform functionalities and V2X communication. Invehicle functionalities aim at providing FEVs’ drivers with the
highest possible degree of autonomy and confidence. Central
platform plays role of a main repository for the data gathered
by EcoGem-enabled vehicles, both collected from an external
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traffic information providers and accumulated by the vehicles
themselves.
The project itself was partially funded by the European
Commission under the Seventh Framework Program, ICT Green Cars
Initiative (grant agreement no. 260097). The Consortium consisted of
10 European partners, including Motor Transport Institute and lasted
for 30 months, from January 2010 until March 2013.
Contribution into development of Intelligent Transport Systems
can be assessed, besides the other terms, through the perspective
of standardization activities. Main standardization bodies working
in scope of European ITS community are ISO/TC 204, CEN/TC
278, ETSI TC ITS as well as TISA A.S.B.L., organization working in
liaison with WG10 of ISO/TC204. During the project development
phase, EcoGem Consortium established contact with a few
standardization organizations in order to identify standards capable
of extension and provide a contribution for their documentation.
Profiles of the organizations were different due to complexity of the
Project and different aspects of ICT systems developed. Yet, each of
the working groups contacted was related to Intelligent Transport
Systems issues. In scope of ISO TC204 the relevant elements of the
EcoGem were described and sent in a form of structured document
to WG1 (Architecture), WG11 (Route guidance and navigation
systems) and WG16 (Wide area communications/protocols and
interfaces). The same document was sent to ETSI TC ITS WG1.
Relevant elements of the projects were also presented during a
meeting with SAE organization members.
The specific cooperation was established with two standardization
organizations – Open Geospatial Consortium (OGC) and Travel
Information Services Association (TISA). The identification of possible
standard extension was provided by several phone conferences.
Documents introduced to these organizations were based on
contribution brought in the deliverables.
This article introduces the standardization work provided
by EcoGem Consortium. Second chapter provides information
on standardizational organizations which EcoGem established
contact with and describes the standards which were identified
as capable of extension aiming at needs of electric vehicles. Third
chapter highlights the proposals of extension of the standards and
thoroughly explains causes of introducing each amendment.

thematically relevant to the innovative solutions provided in the
project. The group focuses on specific needs of organizations
engaged in providing the geospatial aspects of the planning,
delivery and managements of fossil fuels and electric energy
services.
Taking into account the FEV-related OGC standards, the
most promising scope for EcoGem contribution was identified
in topics strictly related to charging infrastructure location and
its characteristics. Regular contacts with members of the Open
Geospatial Consortium led to focusing the work on contributing
to one of the OGC Web Feature Service extensions introduced
by BALLADE Project, i.e. e-Mobility Application Profile.
BALLADE Project itself was provided by Austrian companies
specializing in management of charging infrastructure dedicated
for the electric vehicles. Project aimed at developing a cost efficient,
safe and intelligent charging station for FEVs as well as dedicated
ICT system enabling fast implementation of a demonstration
charging network in consideration of charging infrastructure grid
future aspects, traffic and parking management. Results of the
project helped in integrating the entire e-mobility supply chain,
i.a. provider-end-client communication, payment, authorization,
control modules and are available in form of a web-based online
system showing a real-time status of a charging station.
The part of the e-Mobility Application Profile, which EcoGem
Consortium took into further research was called e-Mobility
GML Charging station Data Model and contained the attributes
of charging stations defined in GML language, a XML language
modification used exclusively for geolocation purposes. EcoGem
focused on comparing its approach in scope of defining the
attributes with the ones provided by the BALLADE and made its
official comment in form of a White Paper document.
In EcoGem project two different data objects were identified
in order to provide a full information about the specific recharging
point. Recharging Points Data included list of attributes
describing the location of the RP, while RP Provider Data referred
to the address and contact info of the infrastructure provider.
Following tables show all of the attributes designed in scope of the
aforementioned data objects:
Table 1. Content of Recharging Point data object [1]

2. Open geospatial consortium
approach
Open Geospatial Consortium is an international industry
consortium which gathers 480 members – both companies and
national goverments’ entities. It’s main goal is to develop publicly
available interface standards related to geolocation services as
well as to serve as a global forum for the developers and users of
spatial information services in order to provide standards which
could help in establishing full geospatial interoperability between
various systems. State-of-the-art standards of this organization
cover mainly linking the data provided by the Internet, wireless
and location-base services to geographical information compatible
with GIS technology. EcoGem contacted the Chairman of Energy
& Utilities Domain Working Group, as it was found as the most
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Data item no.

Information content

1
2
3
4
5
6
7
8
9
10
11
12
13
14
Update frequency

ID
COUNTRY
ZIPCODE
CITY
CITYDISTRICT
STREET
HOUSENUMBER
X
Y
CONNECTORTYPE
RPTYPE
NO_RECHARGING_SPACE
StartAvailability
EndAvailability
Every 10 minutes
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Table 2. Content of Recharging Point Provider data object [1]
Data item no.

Information content

1
2
3
4
5
6
7
8
9
10
Update frequency

ID
COUNTRY
ZIPCODE
CITY
CITYDISTRICT
STREET
HOUSENUMBER
X
Y
CONNECTORTYPE
On demand

BALLADE’s approach for describing the recharging attributes
attributes was identified as different from ECOGEM, especially in
terms of complexity of the provided information. BALLADE focused
on integrating all aspects of recharging point management for both
mobile and stationary end-users, while EcoGem was dedicated for
a end-user who is willing to book a recharging point while being on
the road. This is why the amount of EcoGem attributes was restrained
to required minimum, while more broad context of BALLADE
contribution resulted in providing three categories of information
for a single recharging point, i.e. Recharging Point Provider
(geolocation data of the Provider), Recharging Point (geolocation
data of a specific RP) and Recharging Point’s Characteristics
(features of an RP, current and historical data). Following tables
show the attribute division between these three categories:
Table 3. Recharging Point Provider - list of attributes [1]
Attribute no.
1
2
3
4
5
6
7
8
9

Information content
PROVIDER_ID
P_ADDRESS
P_POSTAL_CODE
P_CITY
P_EMAIL
WEBSITE
PHONE
LOGO_URL
EXT_PARTNER_ID

Table 5. Recharging Point Characteristics - list of attributes [1]
Attribute no.

Data object contains information
on recharging point attributes

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

STATUS
CONNECTOR_TYPE
MANAGED
SPECIAL_RESTRICTIONS
RENEWABLE_ENERGY
LOAD_MANAGEMENT
LAST_CHANGE
PAYMENT_METHOD
CHARGING_CAPABILITIES
SERVICES
CAR_ACCESSIBILITY
COUNTRY_ISO
OPENING_TIME
RESERVATION_URL
RESERVATION_AMOUNT

Despite the complexity of provided information and different
names of the attributes, many of them were implemented in order
to deliver the same or a very similar information to the end-user.
Following comparison points out the similar attributes provided
in scope of both projects:
Table 6. Comparison of EcoGem and BALLADE similar attributes [1]
EcoGem attribute
(data item)
X coordinate

BALLADE
equivalent

Comment

GeometryProperty
Type Information

BALLADE attribute
is found to be more
accurate, yet EcoGem
coordinates fulfill their
aim.

LAST_CHANGE,
MANAGED, STATUS

EcoGem provides info on
a booking RP time-frame,
while BALLADE gives
an overview on current
and historic data of its
occupation.

CHARGING
CAPABILITIES

Attributes provide
practically the same
information, yet BALLADE
attribute seems to be
more accurate

Y coordinate
Start availability

End availability

RPTYPE

Table 4. Recharging Point - list of attributes [1]
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Attribute no.
1
2
3
4
5
6
7
8
9
10
11
12

Information content
ID
EXT_XP_ID
ADDRESS
POSTAL_CODE
CITY
COUNTRY
WEBSITE
LOCATION_IDENTIFIER
STREET
HOUSENUMBER
EXT_NUMBER_ID
BUILDING_STOREY

13

GEOMETRY PROPERTY TYPE
INFORMATION

Additionally, both lists provide exclusive attributes which
fulfill the needs of end-users, according to the emphasis put on
different aims of both projects.
EcoGem included implementation of the attributes found to
be desired in terms of providing relevant contact information to
the provider responsible for the recharging point – MANAGER
NAME and CITYDISTRICT. Additionally, attribute CITYDISTRICT
included in Recharging Point data object enables easy localization
of the a charging station in large urban areas.
In comparison, BALLADE Project introduced a significant
amount of attributes, which are found to be convenient in terms of
geolocation, recharging infrastructure provider information, online
and mobile booking services, as well as provision of data to external

© Copyright by PSTT , All rights reserved. 2013

A. MATYSIAK, M. NIEZGODA, T. KAMIŃSKI, M. KRUSZEWSKI

services. Many of the following attributes were also identified by
EcoGem during the standardization works as valuable in terms of
making a quick booking decision while being on the road.
Table 7. Recharging Point - list of attributes [1]
No.

BALLADE exclusive attributes
(affiliation to the category)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

location_identifier (Recharging Point)
status (Recharging Point)
building_storey (Recharging Point)
special_restrictions (Recharging Point)
renewable_energy (Recharging Point)
load_management (Recharging Point)
payment_method (Recharging Point)
services (Recharging Point)
car_accessibility (Recharging Point)
countryISO (Recharging Point)
opening_time (Recharging Point)
reservation_url (Recharging Point)
reservation_amount (Recharging Point)
website (Provider)
logo_url (Provider)
ext_partner_id (Provider)

3. TISA approach
Traveller Information Services Association is a worldwide
association, which gathers more than 100 international members
and cooperates closely with other research and standardization
entities by providing formal liaison agreements on mutual
cooperation in scope of projects and fora. It was established as a
non-profit organization, with membership open to all public and
private organizations which express an interest in supporting the
objectives of the association. TISA’s approach is to implement
RDS-TMC and TPEG standardization solutions desired by the
market, especially in terms of travel information services and
products based on existing standards. It also supports standards
that provide elements or a framework for services covering public
transport, points of interest, weather and environmental data.
TPEG (Transport Protocol Experts Group) itself is a set of
specifications for the transmission of independent language
for multi-modal traffic and travel information purposes. The
protocol is based mainly on RDS-TMC, yet it’s content is human
understandable and machine readable. Particularly, TPEG does
not assume any large scale location or pre-coded phrase databases
in any client receiving device.
TPEG standard can be represented in two types called “flavours”,
differing with the way of representation of the data and transmission
channel. The TPEG binary data format is designed for transmission
over DAB (Digital Audio Broadcasting) or DMB (Digital Media
Broadcasting), while tpegML is the XML implementation of the
standard designed for the use in editing systems and delivery via
the Internet and DVB (Digital Video Broadcasting).
During the standardization work EcoGem Consortium
identified several TPEG application specifications, which were
found to be most relevant in terms of EcoGem context and
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provision of targeted contribution. Following descriptions reveal
the aim of the contribution-targeted applications.
TPEG-TEC (Traffic Event Compact) is an application providing
machine and human readable incident information in a compact
form with defined structured content. It is an aimed on dynamic
route guidance navigation systems which gathers information in
form of specified events. TPEG-TEC can also be used to recommend
route diversion, determined by different factors. EcoGem found
special interest in implementing traffic situation and safety/weatherrelated messages into its system.
TPEG-PKI (Parking Information) is an application in
development, which is identified as crucial element in providing
travel-related information in urban areas. Two message types were
identified. The first one, of relatively static nature, gives information
about the parking facilities of general nature. The second one is
the dynamic information providing information of still available
parking space. TPEG-PKI enables binding TPEG information and
events, in order to provide information adapted to the needs of the
specific end-user, e.g. number of free parking space for motorcycles
on parking lots reachable by a certain public transport line. EcoGem
Consortium designed a mechanism for booking recharging point
in scope of its project, that is why it was found valuable to share the
experience and contribute to TPEG-PKI application.
TPEG-FPI (Fuel Price Information) is an application gathering
information about types of fuel and it price on different fuel stations
in local area or along the route. According to a certain number
of petrol stations and recharging points around the local area
it provides efficient solutions for data coding structure limiting
required bandwidth. The TPEG-FPI specification faces generic
issues, such as price, availability and type of fuel, which also includes
the electric type.
TPEG-RMR (Road and Multi-Modal Route) is currently
developed application which concentrates on providing realtime route suggestions based on information gathered from other
TPEG applications as well as different external sources. It addresses
electro-mobility in two use cases, which are related to EcoGem. The
first is providing alternative routes to the traveler by suggesting a
transfer to another mean of transport, e.g. to use public transport by
using P+R and second – providing alternative routes for the traveler.

4. EcoGem contribution
During the analysis of aforementioned content provided by Open
Geospatial Consortium and TISA, EcoGem Consortium found some
important shortages in range of different standards and applications,
which are going to be thoroughly described in this chapter.
In scope of BALLADE e-Mobility Application missing data
was identified in the range of Recharging Point data provision.
Desired missing attributes were distinguished between five different
groups: Pricing, Station name, Usage category, Special message and
Landmarks.
Recharging infrastructure providers set prices for using
recharging point services. The fee itself often reaches a certain
amount of complexity due to provider’s policy on point location,
time of day, station type, recharging pace etc.. EcoGem believes
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that drivers should be fully provided with this information, as
it may be important in choosing whether to book a recharging
point. That is why following list of attributes were suggested to be
added as ‘Pricing rules’ element of e-Mobility Application Profile
schema:
Table 8. Proposal of attributes for presenting pricing of certain
recharging point [2]
No.

Attributes in scope of XML element

1
2
3
4
5
6
7

NAME
FEE
TARIFF BASIS
PRICE VARIES
PER-HOUR FEE
DISCOUNT
RATE OPERATING HOURS

Attribute ‘NAME’ stands for introducing the name of an active
pricing rule/rate, while ‘FEE’ and ‘TARIFF BASIS’ are to describe
elementary information about what is the principle of a recharging
fee and how much does it cost. Attribute ‘PRICE VARIES’ should
inform about limitations of the current tariff (time of day, day of
week, vehicle model etc.). ‘PER-HOUR FEE’ should describe the
conditions in which the fee is charged (only when charging or the
entire time when the vehicle is plugged in). Attribute ‘DISCOUNT’
should describe the level of cost reduction together with the
reduction conditions. Finally, ‘RATE OPERATING HOURS’ is
found to be important according to possibility of implementing
time-of-day-based tariffs by the Provider.
Regarding the ‘Station Name’ group EcoGem encourages
both BALLADE project and OGC to provide a clear distinction
between IDs of certain recharging points and their full names.
Operators frequently provide the ID number of the station in a
representation of code, which may be unclear to an average user.
At the same time, the full names of recharging stations are also
in use. This is why EcoGem finds it important to consider which
element should be passed to the end-users of the services.
In scope of ‘Usage category’ group EcoGem considered a
consistently enlarging group of companies getting into recharging
business and becoming providers, as well as private households,
which are also in position to charge the electric vehicles in case of
having the infrastructure installed. Due to this situation, EcoGem
believes that the type of access and any possible limitations should
be provided to the drivers. The following table shows proposed
attributes, gathered in ‘Usage category’ XML element:
Table 9. Proposal of attributes describing recharging points access
limitations [2]
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No.

Attributes to be specified
in USAGE CATEGORY element

1

Commercial (Restricted Access)

2

Commercial (Unrestricted Access)

3

Public

4

Private

‘Special message’ attribute group may be very useful, especially in
large urban areas. It should provide a brief, yet accurate information
on how to find a recharging point. Such message could also contain
various information considering seasonal discounts or other userdedicated information from the provider.
According to the description according previous element,
search for a recharging point in a specific location may be difficult
due to its look, shape or color. This is why it could be useful from
driver’s point of view to be provided with an URL of the picture
with the specific recharging point and its near proximity, in a form
that could be seen on an onboard navigation module.
Regarding TPEG applications, EcoGem issued recommendations
to each of them in a form of a detailed proposal or general remarks
aiming at upgrading the application for the specific needs of electric
vehicles.
The analysis of TPEG-TEC specification showed that the
usage of the “VehicleRestriction” mechanism allows disseminating
distinctive vehicle type specific information. Still the modelled
VehicleType table (tec010) doesn’t support a distinction based on
the engine type (e.g. electric vehicles). In order to support possible
specialized routing types (e.g. electric vehicles oriented energy
saving) EcoGem proposes to extend the table tec010 by introducing
multiple engine type codes.
In scope of TPEG-PKI EcoGem pointed out that despite the fact
the application already includes the indication of areas dedicated
to specific vehicle types, it does not involve the information on
capability for battery recharging. Within the specification, two fields
mainly deal with specific parking allocation: pki001:VehicleType
(indicating if parking is offered to special vehicles) and
pki004:FuelType (indicating if the parking is dedicated to special
fuel type engines). While pki001:VehicleType does not specifically
address electro-mobility, pki004:FuelType includes fuel code
009:electric. EcoGem underlined the need for designing specific
proposal, to provide sufficient information for identifying the
parking space dedicated for the electric vehicles.
The specification of TPEG-FPI provides information
about electric type station in type015 ‘electric’ in scope of
fpi003:FuelKindType event. Nevertheless, in the specific context of
EcoGem, more information is required, in order to make sure the
candidate charging station is compatible with the specific vehicle
type. According to this, EcoGem proposes to introduce application’s
capability for providing information about code plug type and
charging level coding (e.g. by extending fpi003:FuelKindType),
by describing two standardised plug types (NEMA 5-15R, SAE
JI772/3) and :5 different charging level coding, including AC, DC
and CHAdeMO charging.
The existing draft of TPEG-RMR application does not enable
specific requests or route recommendations for electric vehicles.
This is why EcoGem proposes to introduce a mechanism in the
request protocol to enable a specific route requests, according to
engine type, as well as to enable engine type specific re-routing
suggestions. The functionality of the mechanism should resemble
to energy-driven routing functionality introduced in scope of the
project.
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5. Conclusion

Bibliography

Both international and national reseach projects in scope of ICT
and electro-mobility solutions provide innovative and often very
demanded services and technologies. Regarding the experience of
EcoGem Consortium such outcome is expected and well welcomed
by majority of the stakeholders, but may not be enough in terms of
satisfying all ot them. Standardization is one of the aspects which
is often neglected by research project providers and replaced with
strong dissemination activities. Yet, the fact is that standardization
organizations are highly adjusted at the cooperation, because
contributions provided form the external entities are their main
source of gaining relevant data for further work. According to
this, EcoGem highly encourages to establish contact with relevant
standardization entities, as the possible cooperation may be fruitful
for both sides, especially in terms of providing significant extensions
in the state-of-the-art standards.

[1] Profile Recharging Point Attributes in EcoGem Project &
e-Mobility Application – White Paper. EcoGem Consortium
& OGC members, 2013.
[2] EcoGem Contribution to TPEG Standard – White Paper.
EcoGem Consortium, 2013.
[3] Deliverable D6.5 – Dissemination and Standardisation
Results. EcoGem Consortium, 2013.
[4] e-Mobility GML Chargingstation Data Model, http://thebe.
eox.at/wfs?service=WFS&request=DescribeFeatureType&ty
pename=b2_chargepoint_feature (accessed 18.08.2013)

7PMVNFr*TTVFr/PWFNCFS

35

Archives of

EXPERIMENTAL STUDY ON COMPARISON OF KINEMATIC TRAFFIC CHARACTERISTICS OF A ROAD TRACTOR
Volume 6
AND A PASSENGER CAR AT SUB-ZERO TEMPERATURES

Transport System
Telematics

Issue 4
November 2013

Experimental study on comparison
of kinematic traffic characteristics of
a road tractor and a passenger car at
sub-zero temperatures
K. WALUŚ
POZNAN UNIVERSITY OF TECHNOLOGY, Piotrowo 3, 60-965 Poznan, Poland
EMAIL: konrad.walus@put.poznan.pl

ABSTRACT
Experimental studies on kinematic characteristics of the vehicle are usually performed using passenger cars,
which is related to their availability and the ability to conduct tests on public roads. Road tests using trucks, due
to the increased need for security, are performed less frequently and usually on special routes or public roads
temporarily excluded from the traffic. The lack of tests performed together on various types of vehicles in similar
environmental and weather conditions limits the possibility of direct comparison of the obtained results.
Road tests conducted in December 2012 enabled the acquisition and recording of longitudinal acceleration values
of passenger car and truck under identified environmental and surface conditions. Experimental studies were
conducted on kinematic characteristics of the vehicle and a comparative analysis of the intensity of acceleration and
breaking of a new passenger car and of a truck tractor without a trailer in sub-zero temperatures was carried out.
KEYWORDS: acceleration, deceleration, Tires, Road, Acceleration Process, Coefficient of Friction

1. Introduction
The process of intensive vehicle acceleration in given
environments and surface conditions determines the traffic safety
[1, 5, 11, 12]. The obtained acceleration values allow the driver to
make decisions that affect the dynamics of the vehicle, the range of
its steerability and the response time of the whole vehicle [2 - 4, 6].
A variable range of adhesion coefficient directly affects longitudinal
acceleration values obtained, which are largely affected by the road,
environmental conditions and characteristics of the vehicle itself. A
change of these factors limits the comparability of motion parameters
obtained for different types of vehicles. The intensity of braking and
acceleration is one of the most important parameters related to the
traffic safety of cars and trucks. The obtained kinematic parameters
enable an assessment of traffic safety features aimed at the ability
of force transfer in the tire-surface interaction. The variability of
external and internal factors determining the load transfer in the

36

comparative analysis makes it necessary to minimize the impact of
dependent variables by performing experimental studies in selected
surface and ambient conditions.
This paper presents a comparative experimental study on intense
acceleration and braking of a truck tractor without a trailer and
a new car under conditions of temperatures below zero.

2. Characteristics of research
vehicles
One of test vehicles was a MAN TGA 18.440 Tractor, with a
cab bedroom area, year of manufacture 2006, with remanufactured
tyres size 315/60 R22, with a manual 16-speed gearbox and allowing
two people to stay in the cabin during the vehicle motion. It meets
requirements of Euro 4 standard. The lorry is used to transport
goods within Poland and Europe. During the test the vehicle was
not loaded with a trailer.

© Copyright by PSTT , All rights reserved. 2013

K. WALUŚ

Table 1. Results of environmental conditions measurements prior
to testing of kinematic characteristics of vehicles
MAN TGA 18.440
2012.12.21

Skoda Octavia combi II
Tour 2012.12.22

Ambient temperature

-4.6oC

-5.1oC

Humidity

60.1%

84.1%

Atmospheric pressure

1010.5 hPa

1015.1 hPa

Pavement temperature

o

-7.2 C (in shade)

-5.2oC
(enclosed area)

Table 2. Results of environmental conditions measurements prior
to testing of kinematic characteristics of vehicles
MAN TGA 18.440
2012.12.21

Skoda Octavia combi II
Tour 2012.12.22

Ambient temperature

-3.7oC

-5.4oC

Humidity

63.7%

88.6%

Atmospheric pressure

1010.0 hPa

1014.9 hPa

Pavement temperature

-6 oC (full sun)
-9 oC (in shade)

-14.2oC
(uncovered area. wind)

Fig. 1 View of research vehicles during tests in December 2012

The second test vehicle was a Skoda Octavia Tour Combi II
manufactured in 2012, equipped with winter tyres 195/65 R15,
produced in 2012. The vehicle mileage during tests did not exceed
8000 km. Two people and the measuring equipment were in the
vehicle during tests.
For the test the vehicles were equipped with a measuring
device ADIS 16385 from Analog Devices. In the tractor unit the
measurement system was mounted inside the cabin of the vehicle
on the side of the glass on the left door. Instead, in a passenger car
– on the vehicle roof. A portable computer with dedicated software
was used for the data acquisition and archiving. The apparatus used
is characterized by a measurement uncertainty of 2% [9, 10].

3. Environmental Characteristics
and Conditions
Studies on kinematic characteristics of vehicles were carried out
in two stages. Tests for the MAN truck were performed on the 21st
December 2012 before noon [7, 8], and the studies for the Skoda
Octavia passenger car were carried out on the 22nd December 2012,
also before noon. The test surface was a dry asphalt surface (Fig. 2).
The longitudinal slope of the surface was about 1%.

The results of environmental conditions measurements show that
the atmospheric pressure is comparable and the ambient temperature
and road surface are close. The humidity difference on the two
days of research is significant, however, there is no indication of the
humidity influence on the condition of the surface (surface dry and
free of impurities). Also the moisture in the air does not put off in the
manner shown on the infrastructure of a road test.

4. Research Methodology
Measurements of kinematic characteristics of vehicles carried
out without passing. There are no utility buildings along the route
chosen for tests and the traffic on the road is negligible. During
the experimental studies over the test distance there were no
bystanders and other vehicles.
Studies consisted of an intensive vehicle accelerating from
a standing start, and intense braking to a stop. Ten trials were
performed within one hour for each of the vehicles. In all
performed tests the road covered by the vehicle was measured also
by a measuring tape, enabling verification of the results. The day
was sunny and without precipitation, and the surface dry and clean.

5. Test Results

Fig. 2. View of the pavement during tests in December 2012

Environmental conditions were tested twice: before vehicle
kinematic tests and after their completion. Environmental tests
results are shown in Tables 1 and 2.

7PMVNFr*TTVFr/PWFNCFS

During the experimental studies the MAN truck was
accelerated both with a change of gear and without. Example
characteristics of the obtained acceleration are shown in Figure
3 Skoda was accelerated in the first or second gear without any
further changes. Five attempts from a standing start were taken
for both styles. This enabled the comparison of the intensity of the
acceleration of a passenger car in two different driving situations,
as shown graphically in Figure 4 All attempts were finished with
an intense braking of the vehicle, and the drivers’ task was to
constantly press the brake pedal to stop the vehicle.
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Fig. 3. Sample waveforms of acceleration, velocity and acceleration
of the vehicle for MAN TGA 18.440 with and without the gear
change
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Fig. 4. Sample waveforms of acceleration, velocity and acceleration
of the road for Skoda Octavia Combi II Tour with the first and
second gear
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Acceleration values obtained by the MAN vehicle oscillate
between
, and acceleration values for the Skoda, starting
in the first gear reached more than
and when starting in

research vehicle. During experimental studies vehicles braked
intensively to a complete stop. Mean Fully Developed Deceleration
(MFDD) values were above
, and in the best case
.

the second gear ranged between
. During the vehicle
acceleration in the first gear the on-board computer cut-off the

MFDD values for the passenger car were oscillating between
and
.

ignition each time after reaching a speed of about
, as it
can be seen in the graph shown in Figure 4.
Measurement results of the distance travelled and of total
duration of the acceleration from a standing start and heavy
braking are summarized in Table 3, and Table 4 presents vehicles
braking distances determined on the basis of acceleration test runs
“measured” after the change of acceleration in the direction of the
intersection of the characteristic curve with the value zero. For
the designated time point start the velocity and duration of the
braking process was calculated.

All the characteristics of the braking process, both of the tractor
unit and of the car were characterized by the occurrence of a peak
in early stages of the process. This may be caused by the time needed
by the ABS to adapt to the surface conditions, rolling resistance,
aerodynamic drag and vehicle body heeling. Peak performance
delays reached a value above 1g. After its disappearance the ABS
was characterized by a steady work while maintaining the constant
deceleration.

Table 3. Measurement results of the total distance travelled by the
research vehicle
MAN TGA 18.440

Skoda Octavia combi II Tour

Trial
number

Trial
duration
[s]

Total stopping
distance measured
by measuring tape
[m]

Trial
duration
[s]

1
2
3
4
5
6
7
8
9
10

17.94
16.96
17.73
16.60
15.98
17.48
17.28
16.46
16.12
16.52

100.05
100.82
97.55
94.50
97.10
100.30
96.70
97.70
102.30
113.00

12.78
12.09
12.90
11.77
13.18
12.09
13.68
11.78
13.65
11.89

Total stopping
distance measured
by measuring tape
[m]
91.98
91.98
96.98
91.21
96.53
91.43
101.68
91.58
101.78
92.95

II gear
I gear
II gear
I gear
II gear
I gear
II gear
I gear
II gear
I gear

Table 4. Measurement results of the braking distance travelled by
the research vehicle
MAN TGA 18.440
Trial
number

Trial
duration
[s]

Stopping
distance
[m]

Skoda Octavia combi II Tour

Initial
breaking
process
velocity
[km/h]

Braking
process
time
[s]

Stopping
distance
[m]

Initial
breaking
process
velocity
[km/h]

1

6.00

27.00

52.78

3.33

17.62

59.00

2

3.40

19.51

50.94

3.37

7.36

38.92

3

4.74

17.33

52.52

3.47

15.34

58.54

4

4.00

17.53

52.00

3.54

13.51

46.48

5

5.16

24.61

60.41

3.57

14.53

58.82

6

4.71

15.08

56.34

3.06

9.38

42.16

7

4.27

15.05

52.92

3.98

19.71

59.83

8

5.57

20.83

60.69

3.24

13.44

50.94

9

4.70

23.05

64.01

3.46

14.66

58.39

10

4.89

28.52

70.20

3.15

11.63

45.72

6. Comparative study
In all trials the measurement of the trials total time differed
from each other by maximum 2.03 seconds, while the braking
process times for MAN differed by 2.6 sec and for Skoda by 0.92
s. This is related directly to the reactions of the driver and the
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7. Conclusion
Experimental tests carried out have enabled analysing the traffic
parameters of MAN and Skoda vehicles. Experimental studies were
performed in very similar conditions on the same section of road.
This significantly reduced the impact of external factors on the
process of acceleration and deceleration.
All carried out tests of intensive acceleration and braking in
December 2012 were taken in compliance with the security measures.
During the road test measurements there were no persons or other
vehicles. The need to maintain safety and to minimize potential
emergency situations is necessary during all road tests, in particular
in the areas of permitted traffic.
Tests measuring a heavy braking by a MAN 18.440 tractor
unit without a trailer indicate the possibility of significant use
of the coefficient of adhesion of the vehicle as compared to the
car. MFDD values obtained during a hard braking with constant
pressure on the brake pedal varied from about 20 to 40% of those
achieved by the car.
For all measurements a statistical analysis was performed,
which showed that none of the results was a gross error, and all the
results did not exceed the uncertainty of 1.9%.This work has been
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ABSTRACT
Text of the article describes the application of information bases as a tool for safety in air transport. By converting
these rules into the base allows easier and quicker orientation in regulatory requirements. The following paragraphs
provide information about the whole concept and demonstrate key concepts needed to understand the software.
KEYWORDS: 3D objects modelling and description from a traffic flow, electronic regulations, information basis

1. Introduction
Information Basis of Operating Regulations in Civil Aviation
(IBORCA) is a grant research project of Ministry of Transport of
Czech Republic.
This projects primary goal is to develop specialised software
- IBORCA, which is going to contain possibly the most complex
database of regulations, directives, conventions etc. Secondary
goal is to create methodology for developing and operating such
software.
Due to large number of regulations and other normative acts
in civil aviation exists a demand for a software tool which allows
its users to search and find relevant information above all possible
documents. This software shall be quick, easy-to-use and reliable
source of information about current (up-to-date) regulatory
framework in civil aviation.
It is believed that this software is going to find its users among
institutions such as CAA CR, Civil Aviation Department of
Ministry of Transport CR etc. Other possible users are universities
focused on civil aviation. Further development of this software
promisses opening this software to public use.
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Ministry of Transport recognise the potential of this software
as a tool to improve quality of education of aviation personnel.
Project IBORCA has 3 partial goals:
tsystem analysis and creating system architecture
tcreating methodology for developing and operating a software
such as IBORCA
tcoding and testing IBORCA and deploying final version
Solving team is created by 3 subjects:
tFaculty of Transport Czech Technical University Prague
tFaculty of Mechanical Engineering Brno University of
Technology
tSting Academy – Private university Brno
It is necessary to define term “operating regulations”. There is
no official definition of this concept. For the purpose of project
IBORCA this definition will be used: “Operating regulation is any
regulation which has direct application on subjects participating
in every-day operation of civil aviation”. This broad definition
allows authors to integrate specific documents according to
presumed needs of users. It also allows to extend the database by
new regulations.
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2. Division of regulations
In respect of large number of regulatory documents in civil
aviation it is considered to be necessary to divide all documents
into categories which will be representing interests of potential
users. Due to their different needs authors have chosen three ways
of division of operating regulations in civil aviation:
taccording to Area of Operation
taccording to Act on Civil Aviation
taccording to Series of Regulations
These three ways create representative division which respects
the structure of civil aviation and also allows easy orientation for
users.
Division according to Area of Operation

This division is based on projects assignment.

Fig. 1. Division according to Area of Operation
Division according to Act on Civil Aviation

Act on Civil Aviation is a basis of second division which is
supplemented by Europian Community Law and small number
of other topics.

Division according to Series of Regulations is considered to be
basic division in IBORCA. However user will have the opportunity
to switch among them. Divisions overlap - every document in
IBORCA shall belong in every division in at least one category.
For example document L 4444:
Table 1. Categorization of L 4444 document
Division

Category

Area of Operation

Air Traffic Management

Act on Civil Aviation

Utilization of Czech Airspace and Air
Services

Series of Regulations

L - Serie

These 3 divisions will be the only divisions in IBORCA,
however it is possible to change categories (add, rename, delete)
in every division.
Due to IBORCAs primary goal as a research project we are
unable to include paid documents and documents with restricted
access. This leaves IBORCA as a database of open public documents
(free documents). These documents we are able to maintain up-todate without additional payments.
Based on described limitations authors decided to include
documents from these sources:
tAIS CR
tMinistry of Transport CR
tCzech Aviation Authority
tEASA
tEUR-Lex – Official Journal
In respect of development of IBORCA it was decided to
include only the most representative documents in each category.
The system will be then supplemented with new documents
according to feedback from its users.

3. Description of a system

This division is based on existing database systems (e.g. lis.rlp.
cz). It is probably the easiest and most comfortable (well-known)
division.

Basic requirements were specified in the assignment of project
IBORCA:
tsearch for a word (combination of words) with the possibility
of a search with further criteria
tsearch above a group of documents
tsearch with lemmatization
tautomatic search of a term in Czech and English language
tlibrary of favourite documents for every user
timplementation of further documents

Fig.3. Division according to Series of Regulations

These basic ideas were (in analytic phase of project) transformed
into document of requirements which specifies exactly what a system
shall do.
IBORCA is considered to be a free access database. It is being
designed as an information system with central data storage with
internet access and web graphical user interface.
This creates a set of requirements on system itself which is
being designed as a Document Management System (DMS).

Fig.2. Division according to Act of Civil Aviation
Division according to Series of Regulations
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Analysis of similar projects

A lot of states allows access to their legal documents through
web interface, however search functions are limited. Typically it
is not possible to search above all documents in a database. Also
published documents correspond to area of responsibility of its
operator (e.g. AIS CR or Ministry of Transport CR). So it is up to
its users to find other relevant documents on its own.
More advanced is EUR-Lex system which contains legal
documents of EU. It allows search above selected group of documents,
but is not user-friendly. There is also experimental system N-Lex
which contains national legal documents of EU members. Due to its
experimental status it is still under development and does not contain
all relevant documents.
Commercial products are representing another solution. Wellknown software is ASA Flight Library. It contains a large amount
of publications, pictures and videos. Distribution is on a DVD
with on-line updates. It contains only American legislation, but as
a part of it are other studying materials. This is very good product
in respect of user-friendly environment and its containt.
User interface

User interface allows users to find a specific document and list
it through. Division of regulations discussed in previous chapter is
a key to enable this function to users.
Other function of user interface is to enable search above
documents and work with the results. There are few pictures showing
user interface of this system:

Fig.6. Listing through specific document

Fig.4. Selection of specific document

Fig.7. Advanced search
Data format and search engine

Fig.5. Information about specific document
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Authors chose PDF file as a form of document in IBORCA.
These files can be easily full-text searched. It is also easily displayed
in web-browser. Most of the legal documents are distributed in
pdf files, so they can be easily inserted into database without any
additional conversion.
Very important role of IBORCA is to find specific word or
combination of words in given regulations. For this purpose
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IBORCA is going to use full text search engine Sphinx. Other
key part of this process is lemmatisation. This requires a creation
of a lexicon of words from dictionary of common Czech words.
Metadata and key words

Metadata are used for increasing acurancy of searching
process. For every document in IBORCA was created its own set
of metadata. These are derived from Dublin Core Standard.
Every document has also its own set of key words and they
are derived into 4 groups – Czech key words, English key words,
Czech abbreviations and English abbreviations. Key words are
also increasing accurancy of search process.
Key words were chosen from every documents set of
definitions. Other possibility is to read every document and based
on that choose adequate key words. This was not done due to
limited timetable of this project.
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4. Conclusion
The full article informs the reader about a joint project between
CTU and UNIZA in the creation of an information base operating
regulations in civil aviation. Emphasis was placed on key aspects
of the project and their possible use in aviation.
The information base is now fully functional, but still in test
mode and is not available for public use.
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