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Abstract: The main objective of this paper is to develop and calibrate traffic synthetic model for forecasting traffic demand in 
Anamorava region. The model on existing situation is developed based on “meta model” which uses PTV Visum software. In order to set up 
a model were taken into account input variables number of residents, number of people employed, working places available as well as the 
traffic volume entering and exiting this region at “peak hour”. With intention to have traffic volumes as an outcome expressed as AADT, 
correction coefficients are applied. Multiplying the traffic volumes with correction coefficient there is traffic demand gained for the period of 
24 hours which is an indicator to be used for comparison of results. In order to get the reliable model for forecasting, calibration of it is 
done through TFlow Fuzzy algorithm technique based on GEH test, R2 and percentage deviation criterions. Once the level is completed 
satisfactory, the final model can be used to forecast the traffic demand for this region.   
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1. Introduction 
Due to rapid changes of demographic as well as social-

economic trends followed by changes in the living style, recently 
there is increasing requirement for development of models for 
traffic forecasting. Depending on zones to which it will be applied 
they could be macroscopic, mesoscopic and microscopic [1]. In the 
view of modelling period they could be 24 h or “peak hour” models, 
while on the aspect of treatment of trips they can also be classified 
as aggregate and disaggregate [2].  

In this study is developed and calibrated synthetic four step 
traffic demand macro model through modelling techniques by PTV 
Visum software at the Anamorava region. These kind of models 
usually are used for strategic studies of traffic in which as an 
outcome there is generation of traffic expressed as Annual Average 
Daily Traffic  AADT in road transport network [3].  

They are used to generate traffic volumes distributed on the 
existing road network which is after compared with counting 
completed on some specific locations of this network. In case 
outcome data in traffic volumes are approximate the model as such 
can be used to forecasting. In case there is incompliance it should 
then make adjustment and calibration of them through various 
statistics indicators [2]. Since the model is developed by PTV 
Visum, in this case for adjusting and calibration of results are used 
TFlow Fuzzy algorithm technique which takes as basis GEH test, 
R2 and percentage deviation indicators.   

This is the way to give the significance of it in forecasting 
traffic demand. 

2. Materials and methods 
For development and calibration traffic synthetic model, study 

area is determined, research techniques and procedures, 
development synthetic model, traffic volume at specific road 
network sections, discussion results including calibration model and 
conclusions.  

3.1 Study area 
Development of the model is done for Anamorava region which 

is one of seven main regions of Kosova and as such this region is 
composed of six municipalities (Gjilani, Parteshi, Vitia, Kllokoti, 
Kamenica and Ranillugu) with total 166  settlements with the 
surface of 1331 km2 [4]. It is limited with Prishtina region at North- 
West and Ferizaj at South, while with Serbia at South-West and 
Macedonia at South. 

4.2 Research techniques 
In order to complete this model the modelling technique is 

applied the process goes through four steps: design, verification, 
calibration and validation [5]. Design includes construction of the 

model taking into account graphical substrate, geometric elements 
of the road network, setting up O-D matrix etc.  

Verification has to do with visual check of the model design and 
results should have logical sense. This could be used to detect 
incompliance’s of the model in early stage and in this way we can 
avoid bigger errors in the later stage.  

Calibration is the process of comparison of traffic data gained 
according to the model and data gained by field counting [6].  

Validation has to do with assessment of model calibration 
process comparing values calibrated of model with real data gained 
by traffic counting with condition that some data are not included in 
setting the model. In this research three steps are applied and the 
last step in validation is ignored due to the lack of additional data to 
complete this action.   

5.3 Synthetic model development 
In order to develop synthetic model of traffic PTV Visum 

software is used, as such it contain special model known ”meta-
model” [7]. In this regard for its completion there is necessity to 
collect data on input variables such is population, number of 
employed persons, number of work places and the traffic volume on 
one side (demand model) and the data on road network on the other 
side (network model) [8]. All data is received from state authorities 
[9] who are competent to record and register these kinds of data as 
shown in Figure 1.  

 
Figure 1. Data for variables in Anamorava region – 2016  

 
In order to design the model there is a need to follow some 

steps such is selection of transport network (zoning, selection of 
road network, assigning attributes such is capacity, speed limits, 
installation of centroids and connectors) on one side and on the 
other side data on traffic demand expressed like AADT gained from 
counting of traffic participants. In this way the possibility is 
established to assess current and future traffic demand.   

Zoning is composed from total 13 zones and most of them are 
inner  zones (Gjilan, Vitia, Kamenica, Kllokot, Partesh and 
Ranillug), while seven of them are outer : 101 – Novoberdo, 102 – 
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Llabjan, 103 – Lipjan, 104 – Ramjan, 105 – Kacanik, 106 –
Preshevo, and 107 – Bujanovc, which are presented in Figure 1. 

The road network forms the basis of every transport-modelling 
project. In this case the road network  is classified as require by the 
literature [10] taking into account only traffic volumes which are 
significant as presented in Figure 2.  

Each link is associated thereafter with parameters defined, such 
as: capacity per lane, number of lanes, length, speed restrictions, 
allowed types of transport, etc.  

 

 
Figure 2. Current road network of Anamorava region 

 
One of the most important actions in the zones is putting data 

attributes. Attributes are a key component in creating the model 
[11]. For normal functioning of traffic attributes of networks, 
elements must be defined for all activities and trips for each traffic 
zone in the region, which comprise 10 attributes inserted in PTV 
Visum software, as presented in Figure 3. 

 

 
Figure 3. Presented attributes in one zone (Gjilan). 

 
Centroids and their connectors play an important role in 

modelling. The centre of each zone is presented by centroids. 
Centroids make connection of each zone to the road network 
through connectors which make possible movement of private and 
public transport vehicles from Origin to Destination (O-D).  

Connectors include distance, time and cost connection of 
transport system. Connectors for all 13 zones (6 municipalities and 
7 transit zones) presented in Figure 4. The connectors in the case 
are shown in yellow colour.   

Apart from input data there is necessity to get information on 
the intensity of traffic flow entering and exiting Anamorava region. 
Firstly specific locations are determined for which counting is done 
in order to review the traffic demand for this region.   

After this counting is done at peak hour 16:00–17:00 on 15th 
January 2016, assisted by students of the Traffic and Transport 
Department at the University of Prishtina.  

Recording of traffic flow according to directions and vehicle 
categories is done manually recording as well registration plates by 
the form which has been designed specifically for this purpose. 

 

 
Figure 4. Zones, centroids and connectors 

 
Locations in which counting are completed for entering and 

exiting traffic for Anamorava region is presented in Figure 5. 
  

 
Figure 5. Entering/Exiting traffic flow in Anamorava region – 2016  
 
These locations are connection of this region with other regions 

in Kosovo and neighbouring countries. Apart from the traffic 
entering and exiting this region there is also necessity for 
information related to the intensity of vehicles going transit 
classified in two categories as passenger vehicles and commercial 
vehicles as presented in Table 1 and Table 2. 

 
Table 1: Transit of passenger vehicles – C transit (vehicles/h) 

Entry/Exit 101 102 103 104 105 106 107 
101 0 0 0 0 1 0 0 
102 0 0 0 0 1 7 12 
103 3 0 0 0 2 0 0 
104 0 0 0 0 0 0 0 
105 0 0 0 0 0 0 0 
106 0 6 0 0 0 0 0 
107 0 10 0 0 0 0 0 

 
Table 2: Transit of commercial vehicles – TT transit (vehicles/h) 

Enter/Exit  101 102 103 104 105 106 107 
101 0 0 0 0 0 0 0 
102 0 0 0 0 0 3 4 
103 0 0 0 0 0 0 0 

       104 0 0 0 0 0 0 0 
105 0 0 0 0 0 0 0 
106 0 2 0 0 0 0 0 
107 0 3 0 0 0 0 0 

 
Counting shows that there are two categories of vehicles which 

have an influence in traffic and as such it is necessary to convert 
them to unit vehicles so that traffic influences to be approximately 
the same. Counting based on vehicle categories and converted to 
unit vehicles equivalent to passenger cars based on the standard 
presented in Table 3.  
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Thus, values gained should be multiplied by a coefficient 
Kk=1.4 to the equivalent “Passenger Car Space Equivalent” (PCSE) 
recommended by literature [12].  

 
Table 3: Converting vehicles to PCSE 

 
Category of 

vehicle C
 

V&
P 

SM
 

LB
 

ST
 

M
T 

H
T 

PCSE 1.0 1.2 1.2 1.6 1.4 1.6 1.8 
Avg. PCSE Ke=1.4 

    Where: C-Car, VP-Vans&Pick UP, SM-Small Buses, LB-Large Buses,   
ST-Small Truck, MT-Medium Truck, HT-Heavy Truck. 

 
Counting are accomplished on 15th January 2016 during peak 

hour for the period of 12h and as such is facilitated by nonlinear 
monthly seasonal coefficient Ks=1.34 as well as weekly one 
coefficient Kw=1.01.  

On this base taking into account traffic flow  per 12h and 
converted for 24h, multiplied by above coefficients we may 
determine value of traffic volume entering and exiting Anamorava 
in the period of 24h. These values can be obtained by using Eq. (1): 

( / 24 )e s wAADT VOL K K K vehicle h= ⋅ ⋅ ⋅                (1) 

Where:  
AADT˗ annual average daily traffic, 
VOL ˗ traffic volume,  
Ke ˗ passenger car space equivalent,  
Ks ˗ seasonal coefficient and  
Kw ˗weekly nonlinear coefficient.   

 
In setting up the model of PT Visum software are taken into 

consideration six types of trips as presented in Table 4 [13]. To get 
balancing of trips generated and attracted in the phase of 
distribution, gravity model is used for a single constrained. 
Assessment of parameters is done through “Tanner deterrence”  
function for travel time as input in the process of distribution by 
using Eq. (2) [5]: 

( ) ijc Ub
ij ijf t a t e ⋅= ⋅ ⋅                                                                   (2)                                                       

Where: 
 tij- value of travel time from zone i to zone j, 
Uij- travelling utility which are Uij=1/t2

ij, 
a,b,c-parameters. 

 
Factors distribution for six purposes of trips regarding the 

parameters a, b and c are given in Table 4.  
 

Table 4: Factor distribution for parameters a, b and c 
 Parameters  

Purpose а b c 
Purpose 1 n1 – home-work 4.3 1 -0.08 
Purpose 2 n2 – home-school 3.8 1 -0.08 
Purpose 3 n3 – home-business 3 1 -0.08 
Purpose 4 n4 – home-shopping 3 1 -0.08 
Purpose 5 n5 – home-other 4.2 1 -0.08 
Purpose 6 n6 – not from home 3.8 1 -0.08 

 
According to the procedure of iteration and application of four 

step model (generation, distribution and assignment) traffic volume 
is generated in the road network classified according to road 
categories expressed as AADT, as presented in Figure 6. Initially 
productivity and attraction of trips is done followed by their 
distribution and at the end assignment of trips in the road network 
according to equilibrium assignment technique which function 
according to Wardrop’s first principle [5]. Modal split is ignored in 
this case due to the fact that vehicles are converted into unit 
vehicles.   

 
Figure 6. Traffic demand according to current situation 

6.4 Traffic volume at specific roadside locations  
 Once modelling process is applied in PTV Visum software 
synthetic model is gained which does not describe all trips from one 
zone to another. This is expected due to the lack of data road 
network design, lack of attributes in software etc. In this regard 
there were no studies of this kind accomplished before so that data 
could be used to compare traffic volume.  
 This is the reason why this research has been undertaken to 
count and interview traffic flow at eight locations within and in the 
surrounding of Anamorava region.   

This research enabled to do counting and interviewing traffic 
participants according to “face to face” principle. For its completion 
initially forms for counting and interviews are designed which 
contain the following: the date and time, location of interview, 
occupation, and transport mean used for travelling, direction of trip   
(O-D), purpose of trip, frequency of trips, number of passengers in 
vehicle, etc.  

Following the aim of trips hereunder are trips: external–internal, 
internal–external, internal–internal and transit traffic.  

Traffic conducted within one zone was not subject of survey and 
all trips qualified as such were not taken into consideration.   

This field survey is facilitated by students of the Faculty of 
Mechanical Engineering – Traffic and Transport Department 
assisted by Kosovo Police Service. Some locations in roadside are 
identified to be with dominant flow of vehicles and students were 
assigned to places to conduct counting and interviewing. Counting 
and interviews were completed simultaneously on 18.05.2016 and 
21.05.2016 and continuously for 12 hours from 07:00 a.m. until 
19:00 p.m.  

As a result, there were 11 523 interviews completed, comprising 
19.43% of total traffic volumes, and also showing 59 317 vehicles 
counted manually. Accurate position of roadside locations is shown 
in Figure 7. 

 

 
Figure 7. Locations of counting and interviews 
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 Data collected are processed by MS Excel. It is obvious that 
there was not possible to interview every traffic participant and for 
this reason in order to get general number of vehicles travelled 
through each location interviewing coefficient Kint is used as an 
average of two days as given by Eq. (3): 

12
int

12

VOLK
I

=                                                                             (3) 

Where:  
Kint - coefficient of interview,  
VOL12- number of vehicles counting in 12 hours’ time interval and  
I12 - number of interviews in 12 hours’ time interval.  

  
Table 5 reflect values of this coefficient separately for each 

roadside location. 
  

Table 5: Interview coefficient for each roadside location 
No. Location VOL12 I12 % Kint 

1 Slivovo 5494 1131 18.01 4.86 
2 Sojevo 5981 1092 15.42 5.48 
3 Begraca 3137 880 24.23 3.56 
4 Kllokot 4749 925 17.73 5.13 
5 Dheu i Bardhe 1148 278 57.43 4.14 
6 Ranillug 5350 894 16.47 5.99 
7 Livoc i Poshtem 7173 1354 18.41 5.30 
8 Muqibabe 571 115 59.62 4.96 

 
In this regard, by application of this coefficient is gained traffic 

volume for an interval of 12 h, by applying Eq. (4): 

12 12 int ( /12 )hVOL I K vehicle h= ⋅                                  (4) 

Where: 
 VOL12h-traffic volume realized by vehicles in time interval 12 h.   

 
In order to find out traffic flow expressed as AADT it was 

applied converting coefficient Kcon from 12h to 24h by Eq. (5).  

24

12
con

VOLK
VOL

=                                                                     (5)                   

Where: 
 Kcon - converting coefficient of traffic from 12h to 24h,  
VOL24 –traffic volume by MTC counting in time interval 24h and 
VOL12 –traffic volume by MTC counting in time interval in 12h.  
 

Traffic flow counting for the period  of 12h and 24h is done 
using mobile automatic traffic counting (MTC) in four locations as 
presented in Figure 8 for an entire week counting and registering 
vehicles passed doing at the same time also manual counting and 
interviewing.  

                        

       
Figure 8. Locations of Mobil Traffic Counting (MTC) 

 
After processing of data on the traffic volume by MTC for the 

period of 24 hours there was the possibility to get converting 
coefficient from 12h into 24h, as expressed in Table 6. 

 

 

Table 6. Converting coefficient Kcon from 12h to 24 h 
Location Day Date Manual 

Counting 
Mobile  
Counting 

Ratio Avera
ge 

Slivovo W 18.05 5396 8526 1.58 1.49 
S 21.05 5396 7829 1.40 

Ranillug W 18.05 5592 8022 1.50 1.42 
S 21.05 5348 7119 1.33 

Gap W 18.05 5353 11120 1.52 1.55 
S 21.05 7316 11036 1.57 

Sojevo W 18.05 7029 9666 1.49 1.51 
S 21.05 6487 8320 1.52 

Days in week: W-Wednesday, S-Saturday 

 Thus, taking into account four locations and two week days, 
given coefficient should be an average for all of them and it results 
to be  Kcon(12h/24h)=1.5. By application of coefficients Ke, Kint and 
Kconvert(12h/24h) it was possible to get flow of vehicles travelled during 
the period of 24 h, by Eq. (6): 

24 12 int ( / 24 )h e conAADT VOL K K K vehicle h= ⋅ ⋅ ⋅          (6) 

Where: 
 AADT24h–traffic volume realized by vehicles in time interval 24h. 

 
Seasonal coefficient Ks and weekly nonlinear coefficient Kw are 

ignored since counting and interviews are done for two days in May 
of 2016 and average values are taken into consideration. May 
month is taken as reference because it was verified that the seasonal 
coefficient got the Ks=1.  

3. Discussion results and calibration  
After development of synthetic model and the values gained by 

field counting, comparison is done for traffic volumes modelled and 
those observed which are based on the counts in each location of the 
main network, as presented in Table 7 and Table 8.  

Due to incompatibility FlowFuzzy algorithm technique is applied 
for correction and adjustment of data measured and modelled. This 
works according to the approach given in Figure 9 [14]. 

 
Figure 9. TFlowFuzzy for the correction of the initial synthetic model 
 

Based on literature [15], the criterion for model calibration of 
traffic model is fulfilled if GEH<5 on 85% of all locations taken 
into account and coefficient of determination (R2>0.85).  

Given indicators are used to measure the scale performance of 
approximation of results and it provides an indication of the error of 
a model. The calculation of values of the GEH test, which takes into 
account the difference value obtained according to the model vs. 
observed. GEH test can be calculated by Eq. (7), as follows: 

22 ( )
( )

i i

i i

O MGEH
O M
⋅ −

=
+

                                                        (7) 

Where: 
 Oi-value obtained by observed, Mi-value obtained from the model.  
 

In Table 7 and 8 in summary is the comparison of traffic 
volumes of traffic measured and modelled expressed as AADT 
levels according to GEH test, R2 and percentage deviation.  

Results by the Tabs 7 and 8 below shows that the GEH index 
for all roadside locations, except for location No. 28 are lower than 

Network 

Counts 

Assignment TFlowFuzzy 

OD Matrix 
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5 (GEH<5). Based on this result it is obvious fulfilment of GEH<5 
on 85% of all locations that are taken into consideration 

 
        Table 7: Summary of GEH test indicators  

Evaluation aggregate   

GEH: Avg. 2 
GEH: <5.0 86% 

Deviation: Avg. 3% 
Deviation: Avg. weighted 4% 

 
Table 8: Presentation of results of GEH test  
Link  Census Model Evaluation  

Number From 
nodes 

Count  
[veh/24] 

Volume 
[veh/24h] 

% – 
Deviation GEH 

28 109 13 123 14 009   6% 5.5 
28 110 12 960 11 932 -8% 6.7 
88 225 1999 1938 -3% 1 
88 339 2166 2073 -4% 1.5 
92     8 10 178 10 119 -1% 0.4 
92    11 11 411 11 223 -2% 1.3 

145 403 5210 5273 1% 0.6 
145 404 4326 4264 -1% 0.7 
921 309 9916 10 309 4% 2.8 
921 739 9397 8997 -4% 3 

    1048 607 10 004 9836 -2% 1.2 
   1048 827 9831 10 125 3% 2.1 
   1071 278 918 960 4% 1 
   1071 843 1159 1155 0% 0.1 

 
In order to verify the quality of calibration, the coefficient of 

determination (R2) is also used. The referred literature [16] show 
that the value of this coefficient is approaching to 1 and this is an 
indicator that there is compliance of results compared which is in 
this case the result of traffic volume according to the model and to 
the field counting. A value from 0.9 to 1 is considered acceptable.  

      

 
      Figure 10: Demand model according to counting and interviews 

 
In the above graphics, the relation between this characteristic is 

expressed also by equation y=0.9981x-7.1412. This value is 
R2=0.9912, which means that the value as such is exceptionally 
good.   

4. Conclusion 
Initially in this study synthetic model is developed on traffic 

demand for Anamorava region. This is done using demographic and 
social-economic variables and the traffic volumes on the “peak 
hour” as an input to PTV Visum software. 

The outcome of this model is the traffic volume expressed as 
AADT on the main road network of this region. 

According to this model the traffic demand was not described 
enough for the main road network and this is why additional 
research is undertaken to accomplished counting and interviews in 

order to get real traffic volumes for certain location of this network. 
Once given data is collected they were processed through 
application of correction coefficient so that traffic volumes 
expressed as AADT, and consequently comparison is done.  

In order to get a satisfactory distribution of traffic volumes for 
the road network TFlow Fuzzy algorithm technique is used. 
Verification of results related to fulfilment of criterions is done by 
GEH test, R2 and percentage deviation indicators.  All these 
indicators resulted to meet threshold suggested by literature.  

Based on results gained it was obvious that the final model is 
suitable and as such it may be used to forecast the traffic demand 
for this region.  

This model may also be used by competent institutions in 
drafting transport strategies and other relevant studies related to 
Anamorava region.   

5. References 
 

[1] Kutz, M. Handbook of Transportation Engineering, Volume II: 
Applications and Technologies. McGraw-Hill Professional, Second 
Edition, 2004. 

[2]  Zdenek, R. & Dytrych, J. Peak-period Models and 24-hour Models 
Comparison. Proceedings of the 2nd International Conference on 
Environment, Economics, Energy, Devices, Systems, Communications, 
Computers, Mathematics (EDSCM’12), 175-180, 2012.  

[3] Luburić, G., Šoštarić, M. & Slavulj, M. (2011). Measuring of Transit 
Traffic in Cities. Technical Gazette, 18(4), 619-625.   
https://hrcak.scrce.hr/75412. 

[4] Kosovo Census Atlas. Geographic and Administrative Division of 
Kosovo, ASK, Prishtina, 2013. 

[5] Ortuzar, J. & Willumsen, L. Modelling Transport 4th Edition. 
Chichester: Wiley, 2009. 

[6] TRB, Highway Capacity Manual 2010. Transportation Research 
Board-Special Report 209, Edition 2010. 

[7] PTV Vision Visum 15 User’s Manual. 
[8]  Yatskiv, I.; Savrasov, M.: Development of Riga-Minsk transport 

corridor simulation model. Transport and Telecommunication, Volume 
11, No. 1, 38-47, Latvia, 2010. 

[9] General Statistics of Kosovo ASK, Prishtina, 2014. 
[10] Grujić, A. & Jokanović, I. Classification and Categorization of State 

Roads – Comparative Analysis of Regulations. Proceedings of Papers 
of Civil Engineering Faculty of Subotica, No.22, 159-171, 2013.  

[11] Atanasova, V., Angelevska, B., Krstanoski, N. & Cvetanoski, I. 
Calculation of Transport Demand by Applying Software PTV Vision 
Visum. International Scientific Journal. Machines, Technologies and 
Materials (MTM). Issue 3, Sofia, Bulgaria, 2017. 

[12] Mikolaj, J. & Remek, L. Traffic Flow Modelling based on ISOHDM 
Study. Proceedia Engineering, Vol.111, 522-529. 
doi:10.1016/j.proeng.2015.07.126, 2015.  

[13] Haxhipetkovska, K. Creation of Macro Model for Transport Demand 
for City and Region. Master Thesis. University “St Kliment Ohridski” 
Faculty of Technical Sciences Bitola, Macedonia, 2015. 

[14] PTV AG. How to work with TFlow Fuzzy. Official Manual, PTV 
Vision Visum, Karlsruhe, 2008.  

[15] TII Publications PE-PAG-02015. Project Appraisal Guidelines for 
National Roads Unit 5.1 – Construction of Transport Models. 
Transport Infrastructure Ireland (TII), 2016. 

[16] Friedrich, M.; Nökel, K.; Mott, P.: Keeping Passenger Surveys Up to 
Date: A Fuzzy Approach, Transportation Research Records, No. 1735, 
pp. 35-42, 2000. 

 
 

177

INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS." WEB ISSN 1314-507X; PRINT ISSN 1313-0226

YEAR XIII, ISSUE 4, P.P. 173-177 (2019)

https://hrcak.scrce.hr/75412



