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Abstract— This paper is concerned with the modelling of
cyclist road traffic crashes by considering multiple factors
affecting the safety of cyclists. There are very few works in the
literature dealing with such a problem. The available models in
the literature are only based upon the probabilistic function of
human error. In this study, we propose an intelligent safety
system for modelling cycling infrastructure. The historic crash
dataset for the Tyne and Wear County, north-east of England
is used as a case study. There are five predictive road safety
models develops using the Artificial Neural Network, with the
output for the riskiest road type infrastructure. The study
demonstrates that infrastructure, spatial variables, personal
characteristics, and environmental conditions affect safety,
which can also be used for predicting safety. These identified
variables are modelled both individually and in combination
with each other, and a plausible high accuracy is achieved in
all the five models (> 85% accuracy). This demonstrates the
benefit of using ANN for effective and efficient modelling of the
safety variable for infrastructure design and planning. It is
hoped that the proposed model can help in designing better
cyclist infrastructure and contribute towards the development
of a sustainable transportation system.

Keywords— cycling safety, artificial neural network,
infrastructure, real-time safety modelling.

I. INTRODUCTION

The cyclist account for only 2% of the trip share and 1%
of the distance travelled in Great Britain. However, they
account for 10%, 14.3% and 19.5% of the slight, killed or
seriously injured (KSI) and fatalities respectively. Presently,
the risk faced by the cyclist is 12.5 times higher compared
with the car users for the same distance traversed [1]. The
economic growth of 7-22 per cent in the per capita GDP over
24 years can be achieved through the reduction in the road
injuries in line with the set out United Nations target [2].
Presently, in the European region, societal costs associated
with a road crash vary from 0.6% to 5.8% of the GDP with a
median of 1.4% [3]. Nationally the road traffic collisions cost
the UK economy more than £ 35 billion per year [4].

It is imperative that cycling is made safer and an
attractive mode of travel. Currently, road safety analysis is
mostly performed using fatality and injury rate. The sole
usage of statistics is insufficient to achieve a thorough
understanding of road safety and developments over time
[5], [6]. The current modelling is based upon the complex
human factors believed to be directly or indirectly
responsible for most of the crashes (Sabey, and Taylor, 1980,
postulated that in 95% of the crashes, the human element is a
main or complementary contributory factor. The same is then
validated by TRL, 2011 ) [7]-[9]. The output of these
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prediction models gives prediction over a long-term with the
main aim to forecast the yearly crash, their seasonal variation
and identification of the major black spots. The main
assumptions in these models are that instantaneous traffic
flow data are a direct representation of the human factors
responsible for these crashes. As the flow increase, the
probability of the interaction increases, and so does the
probability of a crash. All the major crash prediction models
British [10], USA /Canada Model [11], Danish Model [12],
Swedish Model [13], Finnish Model [14], etc. are all based
on this assumption.

However, from the literature, the cyclist is found to be
susceptible to the different infrastructural environmental
parameters it is subjected to (see [15]-[17]). The preference
and requirements of cyclists are different from other road
users [18]. The present road safety theories are unable to
model the special needs of the cyclist [19]. They are mostly
constructed and validated for motorized travel only [20]. On
the other hand, Peltola & Kulmala, 2010 [21] work on crash
models led them to conclude that more complicated/detailed
models are required for understanding the relationship
between flow, road conditions and expected number of
crashes. They recommended that, for proper estimates of the
exposure and risk estimation, detailed crash safety models
need to be developed. There is adequate information
available in the literature [20], [22] while investigating motor
vehicles. However, for vulnerable road users, there are very
few exposure models which can be utilized for the
investigation [21]. The main drawback with current safety
models is their inability to quantify the effect of safety
performance functions and evaluate how safety is affected by
various underlying dynamic variables such as varying
environmental, infrastructural, and personal attributes of the
trip maker which vary temporally and spatially. These may
not be a governing variable for the motorist, but the cyclist is
susceptible to these externalities. Therefore in the present
literature, it is essential to incorporate, evaluate, and model
these dynamic variables. The research aims to ‘develop a
safety system for intelligent cycling infrastructure modelling

incorporating  infrastructural, environmental, personal
attributes, and spatial variables’; with the following
objectives:

1. Develop a framework for infrastructure safety
modelling

2. Test the Hypothesis that the cyclist’s infrastructure
safety is dependent upon the variable
infrastructure, environmental conditions, personal
attributes of the rider, and the spatial variables.



3. To develop an accurate safety model with the
output for the riskiest ‘road type’ infrastructure.

4. Identify the most important variable affecting the
unsafeness of an identified group of riders.

There are several mathematical techniques explored for
infrastructure safety analysis. Fuzzy logic and neural
network are the two most popular techniques in artificial
intelligence; considered as a proper tool for decision support
and development [23]. They enable the modelling of a
complex system through verbal data and the intuitive process
[24]. This is essential for modelling uncertainties
encountered in infrastructure planning issues.

In this work, we propose a safety system framework by
using Artificial Neural Network (ANN), while as considering
multiple factors affecting the safety of cyclists. We use
historic crash data on a case study in Tyne and Wear County,
north-east of England, shown in Figure 1.

Fig 1: Location and Boundaries of the study area

It is one of the nine official regions of England,
encompassing an area of 3,317 sq. miles, housing five
boroughs with a population of 1.13 million. The Department
for Transport (DfT) houses the database for road crashes in
the United Kingdom. The police forces record the
information relating to a particular crash and forward to DfT
for storage. For each road traffic collision, a trained road
crash investigator visits the crash site and records the crash
in a document, known as “STATS 19”. It consists of four
sections, i). Accident Statistics, ii). Vehicle Record, iii).
Casualty Record and IV). Contributory Factors. For this
study, we were provided access to the crash database Traffic
and Data Unit (TADU) available with the Gateshead city
council. The accessed dataset includes i) Type of severity, ii)
Time, date and location of the crash, iii) Environment
conditions such as lighting conditions, weather, road surface
condition, type of infrastructure and number of vehicles
involved, iv) Sociodemographic information such as age and
gender of the cyclist. The severity of the crash is categorised
into 1) Fatal ii) Serious and iii) Slight through DfT criterion.

In the next section, a general background on ANN is
presented, followed by the proposed intelligent safety system
in section III. The results and discussion are presented in
section IV, and conclusion in section V.

II. BACKGROUND ON ANN IN TRANSPORTATION

The neural networks were introduced in transportation
research in the 1990s. The ANN for transportation
infrastructure is a multi-layer method involving traditional
inputs. It is a promising mathematical approach for its
modelling, as infrastructure problems have interconnectivity
between the physical and tangible assets, required for
developing and supporting a nation [25]. It is widely applied

as a data analytic method, for modelling due to its generic
nature; resulting in accurate and convenient mathematical
models while simulating numerical model components [27].
This is due to its ability to work with the large multi-
dimensional data, modelling flexibility, learning and
generalization ability, adaptability and excellent predictive
ability [27], [28]. Although there exist other algorithms and
ANN is not a new concept, however, its ability to solve the
complex and the interchangeable system problems, which the
transportation system is characterized, is the main advantage
of this technique. [25].

ITII. PROPOSED INTELLIGENT SAFETY SYSTEM

The following real-time modelling system is proposed
(Fig 2).
A. Data Collection Unit

To investigate the safety, a holistic and correct picture of
the circumstances leading to the crash needs to be
investigated. In this case study application on Tyne and
Wear, this is achieved through analysing and modelling the
detailed collision report for each crash. As crashes are a rare
phenomenon, therefore we have used the historic crash
datasets.

B. Data Transmission/ Storage Unit

The data collected needs to be transmitted to the main
database/server, where it can be stored safely and securely.
This allows the aggregation of the data for model
construction, development and regular updating. (TADU
crash database for the case study)

C. Knowledge Processing Unit (KPU).

The raw data collected can only be used to get a macro
picture of the area under investigation. In the Knowledge
Processing Unit (KPU) model development is performed
through the Artificial Neural Network. It receives details of
the crash and develops a correlation between various
parameters and causation based upon historic data.

Knowledge Processing Unit
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Fig 2: Proposed Safety Analysis System

A base file is constructed for the study area having
detailed information regarding each crash from 2005-2018
(Table 3). Firstly, the data set is randomly divided into
training (2/3) and testing (1/3). This is the recommended
division from the literature (see [26] ), which ensures
sufficient data is provided for the network to learn properly



and efficiently. This also provides enough data for a proper
assessment of the trained model. To obtain the random
division of the data, Bernoulli distribution is used, with the
probability parameter of 0.67. The crashes modelled 1 by
Bernoulli distribution are used for training, and 0 for testing.

A multilayer perceptron feedforward neural network with
backpropagation error function is used to develop the
predictive model. The output of the model is the riskiest road
type. The output will help the planners/designers in selecting
the safest road type depending upon the dynamic prevalent
conditions. Also, it can be used for selecting the safest route
out of the route set. From the literature ( see [19], Dublin
cycling route choice model), it is concluded that the cyclists
select the safest route rather than use the minimum path
algorithm for route selection, and their route selection can
vary both spatially and temporally for the same journey. As
the input variables are a random variable, therefore the
riskiest road type output will also change depending upon
these dynamic variables. Therefore, route X; can be the
safest for Y; conditions, and route X for Y» conditions, for
the same journey between a-b. The network structure for
developing the predictive model is described in Fig 3.

Construction of Neural Network

Activation Function

: ldentity, Softmax,
Hyperbolic Tangent
Sigmoid

Automatic
Selection: Number
of Elements

Error Change = s
1.0E-7
Max Error Steps: =
8009
Max Training Time :
el
999 minutes

Stopping
Rules

g Lift and Gain Chart

Fig 3: Methodology for Constructed Neural Network

The input variables are divided into four categories.
There are five predictive models developed based upon each
variable category, and a combination of all the variables.

Table 1: Input variable’s for constructed road safety models

No. | Variable Type Values

1. Infrastructure

a). Speed limit Scale 20-70

b). 1st Road Class Ordinal AB,C.EU

c). Junction Detail Nominal | Crossroad, Mini Roundabout,
Multiple Junction, Straight Road,
Roundabout, Slip Road, T or
Staggered, Private Drive

d). 2nd Road Class Scale AB,C,E,U

e). Junction Control Nominal | No Control, Traffic Signal, Give
way or uncontrolled, Stop sign

2. Spatial

a). Journey Hour Scale 0-23

b). | Number of vehicles | Scale 1-5

c). Month of Journey Nominal | Jan-Dec

3. Personal attributes

a). Gender Nominal | Male, Female and Unknown

b). Age Group Ordinal 0-87

c). Purpose Nominal | Commuting, work trip, School
Journey by Pupil, taking pupil to
school, other, Unknown

4. Environmental

a). Lighting conditions | Ordinal | Daylight /Darkness- No Street
Lighting, Street Lighting
Unknown, Street Lights present
and lit, Street Lights present but
unlit,

b). | Meteorological Ordinal | Fine/Rain/Snow-with high winds,
without high winds, fog or Mist
Hazard, Other.

c). Road Surface | Ordinal | Dry, Frost/ice, Wet/damp, Snow

Condition
S. Combined = Infrastructure + Spatial + Personal attributes +
Environmental

After the model development, the critical input variables
are identified, and their importance estimated through
variable importance and normalized importance of each
variable concerning the most critical wvariable. The
independent variable importance is a measure of how much
the predicted output value changes viz a viz change in the
input variable. The normalized importance of each of the
input variable is their respective importance value divided by
the largest importance value, expressed as a percentage.

IV. RESULTS AND DISCUSSION.

There are 3,325 bicyclist crashes recorded in the study
area between 2005 and 2018. Out of this 79.3 % (2638) are
slight, 19.9% (661) serious and 0.8% (26) fatal crashes. The
following crash distribution is obtained for the predicted
output, i.e., road type.

Table 2: Crash Distribution for different road types.

Road Type Frequency | Cumulative Percent
Dual Carriageway 141 4.2

One-way street 62 6.1

Roundabout 224 12.8

Single Carriageway 2866 99

Slip Road 18 99.6
Unknown/unclassified | 14 100




following accuracy,

The ANN-based predictive model is constructed with the
and importance and normalized

importance (Fig 4) of the input variables are presented in

Table 4: Network Information for the First variable model.

N Per cent
Sample Training 2339 70.4%
Testing 985 29.6%
Valid 3324 100.0%
Total 3324
Network Information
Input Layer Factors 1 Speed Limit
2 1st Road Class
3 Junction Detail
4 Junction Control
5 2nd Road Class
Number of Units 30
Hidden Layer(s) Number of Hidden Layers | 1
Number of Units in | 15
Hidden Layer 1
Activation Function Hyperbolic tangent
Output Layer Dependent Variables 1 | Road Type
Number of Units 6
Activation Function SoftMax
Error Function Cross-entropy
Training Cross-Entropy Error 485.446
Percent Incorrect | 7.30%
Predictions
Stopping Rule Used Relative Error criterion
achieved
Testing Percent Incorrect | 7.20%
Predictions

Dependent Variable: Road Type

Journey_Purpose_n

Table 3.
Table 3: Variable importance in different models.
Variable Incorrect Importance | Normalized
prediction Importance
1. Infrastructure 7.2%
Parameters
a). Junction Detail 0.237 100.0%
b). 1st Road Class 0.232 97.9%
C). Speed limit 0.22 93.0%
d). 2nd Road Class 0.178 75.1%
e). Junction Control 0.133 56.1%
2. Spatial Variable’s 14.30%
a). Journey Hour 0.375 100.0%
b). Number of vehicles 0.324 86.4%
). Month of Journey 0.3 80.0%
3. Personal attributes | 11.90%
a). Age Group 0.372 100.0%
b). Purpose 0.319 85.9%
C). Gender 0.309 83.2%
4. Environmental 12.00%
Conditions
a). Lighting conditions 0.4 100.0%
b). Meteorological 0.318 79.6%
Conditions
c). Road Surface 0.283 70.7%
Condition
S. Combined 6.70%
(1+2+3+4)
i). Junction Detail 0.117 100.0%
ii). Age Group 0.111 94.5%
iii). Speed limit 0.104 89.2%
iv). Journey Hour 0.102 87.1%
v). Month of Journey 0.087 74.3%
vi). Lighting conditions 0.069 58.6%
vii). | Purpose 0.066 56.5%
viii). | 1st Road Class 0.064 54.2%
ix). 2nd Road Class 0.061 52.1%
X). Meteorological 0.058 49.8%
Conditions
xi). Road Surface 0.057 49.0%
Condition
xii). | Number of vehicles 0.044 37.7%
xiii). | Junction Control 0.034 29.0%
| xiv). | Gender 0.026 22.0%
Junction_Detail |
Driver_Age '
Speed_limit_n '
o i
e N i
Ligthing_Condition_N '

The accuracy for the training and testing is approximately
the Osame, therefore suggesting that the model is not
overstrained. The following accuracy matrices are obtained
for Training and Testing.

App Qcp
po Aco
Qpr Qcr
ps Qcgs
(pr Qe

L Apy Qe

App Qsp
Aro Qso
Apr Qs
Qps Qgs
Qpp Qs
Apu sy

Qrp Ay.p
QLo Quo
Qrr Qur
s Qs
Ay Ay
Qpy Ay

where D= Dual Carriageway, O= One-way street (O), R
= Roundabout, S= Single Carriageway, L = sLip Road, U =
Unknown. The positive value represents the correct
prediction proportions.

First_Road_class_N '

Second_Road_Class_N l

Meterological_Conaition N !

Road_Surtace_Conition_N l

Number_of vehicles
dunction_Control_N
Driver_Gender_N

000 o

Importance

concerning Junction Detail (100%).

Fig 4: Normalized Importance of different variables in the 5" model

The first predictive model, i.e., Infrastructure variable

based model is developed with the highest accuracy.
Therefore, this model is explained in detail. The network
details of this model are presented in Table 4.

0.45 0.00 —0.08 —0.47 —0.01 0.00
—0.04 0.08 —0.02 —0.86 0.00 0.00
yiraining _ | 0.00 0.00  0.94 —0.05 —0.01 0.00
0.00 000 —0.02 0.98 000 0.00
—0.180.00 0.00 0.00 0.82 0.00
0.00 000 0.00 —0.64 0.00 0.36
0.29 0.00 —0.130—0.58 0.00 0.00
0.00 0.09 0.00 —091 0.00 0.00
yresting _ | 0.00 0.00 0.93-0.07 000 000
-0.01 0.00 —0.02 0.97 0.00 0.00
0.00 0.00 —0.57—0.14 0.29 0.00
0.00 0.00 0.00-1.00 0.00 0.00

The predicted pseudo probability for each of the output
variable is evaluated through the boxplot (Fig 5)
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Fig 5: Predicted Pseudo-probability vs observed.

In each of the plots, values above 0.5 represent the
correct probabilities for each output class. The first box plot
from the left represents the predicted probability of the
calculated road type to be a dual carriageway to the observed
in the training dataset, whereas the second one is the
predicted one-way street to the observed dual carriageway.
To estimate the distinguishable power of the network for
identifying the riskiest road type, Receiver Operating
Characteristics (ROC) curve (Fig 6) is developed, which
gives the visual display of the sensitivity and the specificity
for all the possible cut-offs.

10

— Dual Cariageway
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— Cne way strest
4 = Roundabout
— Single Cariageway
Slip Road
=== Unknown
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Fig 6: ROC curve for the Infrastructure variable based model.

The numerical evaluation of the ROC curve is performed
through the Area under the ROC curve (AUROC);
evaluation matrices utilized for checking the networks’
classification performance. ROC is a probability curve, and
AUROC represents the measure of the separability power of
the network. The following AUROC values are obtained for
the output (Table 5 ), which depicts a plausible high
accuracy. The average and median accuracy in distinguishing
between the riskiest road type and other is 0.96. This
distinguishable power develops the requisite confidence in
the constructed model for further use in the planning and
design of the cycling transportation network.

Table 5: Area under the curve for the Infrastructure variable based model

Area Under the Curve Area

Road Dual Carriageway 972

Type One-way street .885
Roundabout 992
Single Carriageway 945
Slip Road .999
Unknown/ unclassified 959

To undertake the benefit of the predictive model, with the
simple probability-based investigation, gain and lift charts
are constructed (Fig 7). In both cases, the model performance
is higher than the baseline, which indicates the benefit of
using ANN modelling. An average overall lift of 3 is
achieved. Indicating that the model’s performance is 3 times
higher than the probability-based model.

Gain

20% 0% 40% 0% GO 70% O0%  SO0% 100"

Percentage Percentage

Fig 7: Gain and Lift Chart for the Infrastructure variable based model.

The independent variable importance of each of the input
variable is presented in Table 6, and Fig 8. The most critical
variable affecting the unsafeness of a particular road type is
dependent upon the junction details, the first road class, and
the speed limit. Therefore, any change in any of these can
negatively affect safety. We can infer that the particular
combination of the infrastructure variables affects safety
differently.

Junction_
Detail

First_Road_
class_N

Speed_
limit_n

Second_

Road_
Class_N
Junction_
Control_N

000 005 010 015 020 025

Importance

Fig 8: Independent variable Importance.

Table 6: Independent variable Importance for the Infrastructure variable
based model

Independent Variable Importance
Importance Normalized Importance
Junction Detail 0.237 100.0%
1st Road Class 0.232 97.9%
Speed limit 0.22 93.0%
2nd Road Class 0.178 75.1%
Junction Control 0.133 56.1%

V. CONCLUSION

In this work, we have proposed an intelligent safety
system for modelling cycling infrastructure, consisting of a)
Data collection unit, b) Data transmission /storage unit, and
¢) Knowledge processing unit. Modelling of the historic
crash dataset is performed on the study area of Tyne and
Wear county in north-east England. Five different predictive
models are developed using a) Infrastructure, b) Spatial, c)
Personal attribute of the rider, d) Environmental conditions,
and e) Combination of all the variables. These models have a
significantly high accuracy (> 85%), with the most accurate
model being developed using the infrastructure variables.



This model is described in-depth in the paper. The model’s
accuracy is evaluated through the accuracy matrix;
distinguishable power to distinguish between the riskiest
road type, and other through the ROC curve and AUROC
values. An average AUROC value of 0.96 is achieved, which
establishes the requisite confidence in the model for practical
application.

The infrastructure variables model has the highest
accuracy of 93%. The inaccuracy of 7%, can be attributed to
the dynamic nature of crashes. It is demonstrated that the
unsafeness of infrastructure is dependent upon a variety of
dynamic variables in the following descending order: a)
Infrastructure variables (Type of Junction, Hierarchy of the
road infrastructure, and speed limit), b) Personal
Characteristics (Age and Journey Purpose), c) Spatial
variables (Hour and Month of the travel), and d)
Environmental (lighting conditions). The hour and month of
travel are the representation of the traffic flow regime.

The results of the study can have a significant impact on
the route choice, modelling and planning of infrastructure.
The constructed model can assess with certainty regarding
the type of infrastructure required to increase safety. The
remedial/recommendation measures can thus be knowledge-
driven. The limitation of the study is the inability to develop
an understanding of the underlying mechanism in which the
variables interact with each other. This is due to the black-
box nature of the neural network.

Acknowledgement: We would like to thank
Northumbria University for sponsoring the research
(Research Development Fund) and Gateshead city council
for providing access to crash data

REFERENCES
[1] Department for Transport, “National Travel Survey: England
2017,” London, United Kingdom, 2018.
[2] World Bank Group, “The high toll of traffic injuries:
Unacceptable and Preventable,” Washington, D.C, 2017.
[3] Jackisch, J., D. Sethi, F. Mitis, T. Szyma~nski, and 1. Arra,

“European Facts and Global Status Report On Road Safety,” p.
12, 2015, doi: 978 92 890 0297 4.

[4] Department for Transport, “Road accidents and safety statistics,”
2019. [Online]. Available:
https://www.gov.uk/government/collections/road-accidents-and-
safety-statistics.

[5] E. Hauer and A. S. Hakkert, “Extent and some implications of
incomplete accident reportingNo Title,” Transp. Res. Rec., no.
1185, pp. 1-10, 1998.

[6] S. Meade and K. Stewart, “Vulnerable Road Users on Irish Roads
,2006-2012 : An Analysis of CT68 Data,” in STAR Conference,
Glasgow, 2015, no. May.

[7] 0. M. J. Carsten, M. R. Tight, M. T. Southwell, and B. Plows,
“Urban accidents: why do they happen.,” Basingstoke, 1989.
[Online]. Available: https://trid.trb.org/view/349471.

[8] B. Sabey and H. Taylor, “The known risk we run: The Highway,”
Berkshire, 1980. [Online]. Available:
https://trl.co.uk/sites/default/files/SR567.pdf.

[9] N. Guthrie, G. Davies, D, and G. Gardner, “Cyclists ’

assessments of road and traffic conditions : the development of a
cyclability index,” 2001.

[10]

(1]

[12]
[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

(23]

[26]

[27]

(28]

R. D. Connors, M. Maher, A. Wood, L. Mountain, and K.
Ropkins, “Methodology for fitting and updating predictive
accident models with trend,” Accid. Anal. Prev., vol. 56, pp. 82—
94,2013, doi: 10.1016/j.aap.2013.03.009.

AASHTO, Highway Safety Manual, st ed. Washington. USA:
American Association of State Highway and Transportation
Officials, 2010.

P. Greibe, “Accident prediction models for urban roads,” Accid.
Prev. Prev., vol. 35, pp. 273-285, 2003.

T. Jonsson, “Predictive models for accidents on urban links - A
focus on vulnerable road users,” Lund University, 2005.

H. Peltola, “Evaluating road safety and safety effects using
Empirical Bayes Method,” in 4th IRTAD Conference, 2009, pp.
307-314.

M. Wardman, R. Hatfield, and M. Page, “The UK national
cycling strategy: Can improved facilities meet the targets?,”
Transp. Policy, vol. 4, no. 2, pp. 123-133, 1997, doi:
10.1016/S0967-070X(97)00011-5.

D. G. Kim, Y. Lee, S. Washington, and K. Choi, “Modeling crash
outcome probabilities at rural intersections: Application of
hierarchical binomial logistic models,” Accid. Anal. Prev., vol.
39, no. 1, pp. 125-134, 2007, doi: 10.1016/j.aap.2006.06.011.

D. Delen, R. Sharda, and M. Bessonov, “Identifying significant
predictors of injury severity in traffic accidents using a series of
artificial neural networks,” Accid. Anal. Prev., vol. 38, no. 3, pp.
434444, 2006, doi: 10.1016/j.aap.2005.06.024.

J. Parkin, M. Wardman, and M. Page, “Estimation of the
determinants of bicycle mode share for the journey to work using
census data,” Transportation (Amst)., vol. 35, no. 1, pp. 93109,
2008, doi: 10.1007/s11116-007-9137-5.

A. R. Lawson, V. Pakrashi, B. Ghosh, and W. Y. Szeto,
“Perception of safety of cyclists in Dublin City,” Accid. Anal.
Prev., vol. 50, Pp- 499-511, 2013, doi:
10.1016/j.aap.2012.05.029.

A. Lawson, “An Analysis of Cycling Safety and development of
a bicycle trip assignment methodology,” Trinity College Dublin,
2015.

H. Peltola and R. Kulmala, “Accident models,” VTT, Technical
Research Centre of Finland, Espoo, Finalnad (2010).H
J. C. Calvey, J. P. Shackleton, M. D. Taylor, and R. Llewellyn,
“Engineering condition assessment of cycling infrastructure:
Cyclists’ perceptions of satisfaction and comfort,” Transp. Res.
Part A Policy Pract., vol. 78, pp. 134-143, 2015, doi:
10.1016/.tra.2015.04.031.

O. Selvi, “Traffic Accident Predictions based upon fuzzy logic
approach for safer Urban Environments, Case Study: IZMIR
Metropolitan area,” Izmir Institute of Technology, 2009.

M. Driss, T. Saint-Gerand, A. BenSaid, K. Benabdeli, and M. A.
Hamadouche, “A fuzzy logic model for identifying spatial
degrees of exposure to the risk of road accidents (Case study of
the Wilaya of Mascara, Northwest of Algeria),” 2013 Int. Conf.
Adv. Logist. Transp. ICALT 2013, pp. 69-74, 2013, doi:
10.1109/ICAdLT.2013.6568437.

K. Gharehbaghi, “Artificial neural network for transportation
infrastructure systems,” MATEC Web Conf., vol. 81, 2016, doi:
10.1051/matecconf/20168105001.

S. Haykin, Neural Networks, A Comprehensive Foundation,
Second Edi. Pearson Education (Singapore) Pte.Ltd, 2005.

M. G. Karlaftis and E. I. Vlahogianni, “Statistical methods versus
neural networks in transportation research: Differences,
similarities and some insights,” Transp. Res. Part C Emerg.
Technol., vol. 19, no. 3, pp. 387-399, 2011, doi:
10.1016/j.trc.2010.10.004.

T. Pamuta, “Neural networks in transportation research-recent

applications,” Transp. Probl., vol. 11, no. 2, pp. 27-36, 2016, doi:
10.20858/tp.2016.11.2.3.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


