ATICTPAKT

[naBHata Hed BO OBAa JIOKTOPCKA JMCEPTAllMja € Tpajieibe METO/0JI0rnja Ha COONBETEH
MOJEN, TpUMEHyBajku pasinuH{  TMpUCTAand W METOJM, Kako  TpajMiuOHANHH W
HeTpaJuLMOHATHU, HO W HHUBHA KOMOMHAIMja Bp3 4Mja OCHOBA K€ C€ YTBPAM OUYEKYyBaHUOT
coobpakajuuoT npotok nspasen Bo [1I'JIC (eng. AADT) Ha riaBHaTa naTtHa Mpeka Ha permoHOT
AHamopasa.

IMokpaj rnaBHaTa Liel, Kako mocebHa Lejl € ja ce M3rpajy Marpuiara ussop — uel, T.e.
notekso-nectunaimja (O/]1) 3a npoueHyBame Ha 00eMOT Ha coobpakaj ¥ Herosara IpoCTOPHA
pacnpejien6a Ha pPerMoHoT Anamopapa. 3a Ja ce NOCTUrHE Toa, Oea ripe3eMEeHU MEPKH 3a
CIpOBEJlyBatbe MCTPAKYBAIHE 38 MEPEHE HA coobpakajHHOT 06eM BO TIlaBHATAa Mpexa Ha OBOj
permoH 3a mocrojHata cuTyauuja. IlpnOupawero noparony 3a cooOpakajuuor o0eM Ha
nocTojHara cocrojba Bo 2016 roauHa BO riaBHaTa MpeXKa Ha permoHOT Oetiie CrIpOBEJIEHO CO
noMom Ha cTyAeHTH kou Gea moanpxkanu on Kocosckara MOJIMLMja Ha CeJIyM pasJiMuHu,
npeTXxojHo AeduHupany nokaluy. Taka ce 00e36e/11ja MOJATOLM 32 ABUIKCHETO HA BO3N/IATA BO
pOK O eieH pabOTeH JIeH M €leH AeH OJi BUKCH/IOT BO Hacoka Ha B/I€3/M3/Ie3 Of PErHOHOT,
TPaH3UT W pa3MeHa BO ONINTHHCKMTE PAMKH Ha CaMHOT PErhOH. [Totoa, oBHe Mepema ce
obpaboTyBaa u ce M3eqHAYYyBaa MPEKy COOABETHHUTE Koe(pULMEHTH, TpaHCHOPMHUPAJKH I KaKo
[poceueH, JHEBEH W TOJMIIeH coobpakaj MI'JIC, Taka wTo A0OMEHUTE pe3ylaTaTH Of
KpeMpameTo MOJIE] 01 MOJIE/IMPambeTo ke 0roBapa Ha peanHocTa. :

OBMe noaTOIN 32 06EMOT Ha coobpakaj ke MocTyKaT Kako [10j10BHa TOUKa 3a M3rpajda Ha
Mozen 3a coobpakajua nobapypauka, KaJe WTO M0T0A CO HUBHO HHKOPNOpHUPARE BO coTBEpOT
PTV Visum cTanyBa BO3MOYHA IPOCTOpHATa pacrpe/enta Ha 00eMoT Ha coobpakaj Ha Lenara
matHa Mpeka 3eMeHa 3a aHanusa. Ilpen ma ce ymoTpedu MOJENOT 3a MPEABMAYBARE 34
pedepenTHara roxuHa, NpBuH Gele KanuOpUpaH NpeKy TEXHMKa Ha alropuTMOT . TFlow
Fuzzy*, xoj e pynkumonasien Bo codreepor PTV Visum.

Co 1en 7a ce OBO3MOYKHM MOCTHIHYBarbe€ Ha TJlaBHaTa LEJ, IPaucHe MeToJIoNioruja 3a
npe/iBuyBame Ha cooOpakaeH MpPOTOK, cTyaujata € Mpoio/ukeHa co uaeHTugUKamja M
coGHpame CTATMCTUYKW [OJATOLM 3a Bapujabiure KoM HMaar BJMjaHHe Ha HEroBOTO
reHepHupame 3a NPETXOHUOT MEepPHOL. [TepuomoT KOj € ondareH 3a aHanu3a ¢ oJi 2004 no 2016,
LITO € YC/IOBEHO 0/1 06€30e/1yBarbeTo Ha MOJATOLUTE O]l PA3INYHH JIOKATHH HHCTHTYLHH KOU €€
O/IFOBOPHM 32 HUBHO 4YyBarbe U PErHCTPUPAKE.

Bp3 ocHoBa Ha JOMallHaTa M MelyHapoJHaTa JIMTEparypa, felie BO3MOXKHO Ja Ce
upentudukysaar 13 Hezasucuu (Xi) nemorpad)cku u COUMOCKOHOMCKH sapujabnu. I[lojgarouure
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3a Bapujabnute ce Oj MaKpoTHr, OWaejKM THE KOpPECrnoHAupaaT coO HMBOTO Ha 3eMjata M
pernonoT. Mcrospemeno tpebaie jia cobepar nojaTouu 3a 00emMoT Ha coobpakaj Kako 3aBHCHA
paprjabna (Y) 3a uctuor nepuog. OBa Gewe OBO3MOKEHO €O oGesbeiyBame MOAATOLH 01
JIupeKImjaTa Ha KOCOBCKM MATHINTA, KOja € 0JIFOBOPHA 32 PErMCTPUPAIbE MOJATOLH 33 06eMOT
Ha cooOpakajoT Ha TABHATA KOCOBCKA MAaTHa MpeXka IpeKy aBToMarcku coolpakajuu Opojaun
(ATC). Bo paMkuWrte Ha [JlaBHaTa naTtHa Mpexka Ha AHaMOPaBCKMOT PErdOHOT nocrojar
aBTOMaTCKi OGpojayn KoM BpLIAT HEMpeKHHaTo Opoeme Ha cooOpakajoT Ha YETHPH JIOKAlMH:
CnusoBa, Cojesa, Panunyr u INacjan. Co Toa ce 0BO3MOXKH H3rpajda Ha 3aBUCHOCT Mery oBHE
BapujabM MpeKy BPEMEHCKa Cepuja, ITO Pe3yNTHpalle CO HEKOH W3IPALeHH MOJCIH Cropejl
pa3IMYHH TMPUCTANN U METO M.

Bo oaa aucepraumja, Gea MpUMEHETH arperaTHAOT M JI€3arperaTHUOT TpUCTar Mpu
KpeupamweTo Mozenn. Bo arperaTHMOT mpucTarn, CHUTE TOAATOLM 3a YETHPHUTE JOKALMK ce
aHAM3UpaHH KaKo LeMHa, a CrIOpe/]l JIe3arperaTHIOT 3a CeKoja Jlokaluja ce u3rpaauja noceGHU
mozmenu. Ilopagu Toa ce mNpHMEHYBAaaT pasiMyHM METOAM W TEXHHMKHM, Kako WWTO Cce
TpajMiLMoHanHuTe MeTonu (Ajraxo, TpeH[, NOBEKEKpaTHa JuHeapHa perpecuja, e1acTU4YHOCT) U
nerpagummonanud (ANN co nerosute noapapvjanth MLP u RBF) u HuBHata KoMOuHaLKja
(PCA - MLP u PCA - RBF) 3a ga ce jnobue mozen co noJo0pn KapakTepUCTHKH 32
npeiBUYBambe.

MMajkit ro 3a 1le Mpeno3HaBameTo Ha 3HAYEHETO HAa HE3aBUCHMTE Bapujabiu BKIyYeHH BO
MOJIENIOT, KAKO M KOJIKY € MOYKHO TIOTIPELM3HO MpeBHyBare Ha 00eMOT Ha coobpaKkajoT Bp3
OCHOBA Ha OBME MPHUCTANH U METO/H, Gea cOOpaHH YeTHUPH XUTOTE3H KOU Tpeda Jja ce MOTBpaT.
Co oBaa jJeTajiHa aHAJIN3a ce MOCTHIHA [a Ce Jajie OAroBOp Ha CeKoja Oj1 YETHPUTE XUIOTE3H,
notBpayBajkn ro onobpysamero Ha HO Bo cnopenda co anrepuatushute HI. 3a HuBHa
pepuduKaipja 6ea KOPUCTEHW Pa3IM4YHM TPaAULUUOHATHM M HETPAJMIMOHAIHH CTATHCTHYIKH
METOIH U TEXHHUKH.

Bp3 ocHOBa Ha nojieTanHa paspaboTKa Ha aHanM3a M JIMCKyCHja Ha pesyrartire, 300raTeHu
CO pasiIMueH ancolyTeH M peaTHBeH Mokasare] Ha mepdopmancata, ce OBOMOXKH H300p Ha
Hajno6ap mozen 3a mepuon ,,2004-2016%, kazne ce u3bpa KOMOMHUPAHUOT MOJIEII MO3HAT KAKO
xuopuaen mojen PCA - RBF* criopen nesarperupat npucrar.

Ilpu mpenBuayBame Ha OBO] XMOpPMIOEH MOJEN .PCA - RBF*“ ce 3emaar npensun 12
HesaBHCHM BapujaGiy (ocBeH Bapujabna X1 koja ru npercraByBa roAMHNUTE) pelyllMpaHy Ha JBa
dakropn GrarojapeHde Ha TEXHMKATa HA TNABHUTE KOMIIOHEHTH. 3HaUM MPEKy TEXHMKaTa Ha
MpYMeHa Ha TJIABHUTE KOMIIOHEHTH CE OBO3MOXKYBa CJIMMWHHMpaHm€ Ha BHCOKa Kopenauuja
npukakana Mefy Bapujabiaute (MyNTHKOJMHEApHOCT) Koja momara Ja ce noaoopu
npeaBUUIMBaTA CIIOCOOHOCT Ha MOJENOT, OJIHOCHO HamalyBame Ha IpEllKaTa, Kaae riaBHuTe
rxomrioHeHTH (PC) ce KopHcTaT Kako BJIE30BH.
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[ToToa, mpUMeHYBajkH ja METOAONIOTHjaTa Ha NPe/IBUAYBae Ha MoceOeH HAauKH, 3a cexoja o1
12 He3aBHCHM BapujabIM BO COMJIACHOCT CO METOJOT HA TPEH]L CTAHA MOKHO IPOHAOIame Ha
NpeABHACHNITE BPEAHOCTH TO ce A00uBaaT 3a 2022 rojwHa. 3a npe/iBu/yBare Ha Bapujadmnre
ce npoHajje jeKka THe pearnpaar Ha pasiMuHM (QYHKIHH BO R?, kako WTO Ce NIMHEeapHH,
KBaApaTHH, JOTapUTAMCKH, KYOHM M TaKa HaTtamy.

OHOBO ce TIOBTOPYBA TEXHHKATa HA IPajiebe Ha HOBMOT MOJEIN CHOpea KOMOMHMPAHUOT
meton ..PCA + RBF“. IlocTurHaTtute pe3y/iTaTd 3a Npe/BHIYBaHETO, CHOPEN OBOj METOM, 3a
MPOCEYHHOT TOJMINCH MopacT Ha 06eMoT Ha coobpakaj 3a mepuojot 2017-2022 Gea semeHu
JIOKALMK KOM Ce aHalIM3MpaaT M ce KOpUCTaT 3a mpeasuiypame. [lo kanubpauuja Ha Mojenor,
MpHUMeHa Ha TPOCeUeH pacT 3a coobpakajHHOT 00eM Ha rilaBHaTa NaTHa MpeKa BO OBOj PETHOH,
oyHocHO Ha Tpu Nokauuu (CiusoBo, CojeBo, Pannnyk) m n3dopoT Ha MOJENIOT €O Morojema
npeasuanBa cnocobHoct ,PCA - RBF* 3a nperxoannot nepuop 2004-2016 npexy co(reepor
PTV Visum ce 0BO3MOXKH MpenuliyBambe Ha coo0pakajoT, Herosata pacrpe/enba u oleHyBambe
Ha 0beMOT Ha coobpaKkaj 3a pedepentnara 2022 roauna.

[lpexy OBaa METOJOJOIMja CTaHa MOXKHO Ja Ce MPOLIEHH MOMEHTajHaTa CHTyauuja |
npeiBMyBakbe Ha MobapyBaukaTa, OHOCHO 06eMOT Ha coobpakaj BO 3aBMCHOCT OJ1 OpojoT Ha
posunia, npukaxkanu kako I1I'JIC u rpaduuku npeseHTHMpaH co OOMTe KOM OJroBapaar Ha
natHara Kareropuja BO paMKUTE Ha IJlaBHaTa naTHa Mpe)ka BO AHAMOPABCKHOT PErHOH.

PesyntaTuTe 0 OBaa JucepTalMja Ke MM Ce€ J0CTaBaT Ha pacrojiarame Ha HaJIeKHUTE
WHCTUTYLIAM 33 Ja TM 3eMaT MpeJBUi Pe3yITaTuTe J00MEeHH OJl 0Baa METOJOIIOrHja Co Hay4eH
NPHCTAN 3a CO3/aBarbe HAa TEXHUYKH M aJMMHUCTPATHBEH WHCTPYMEHT, KOj Ke WM CIYXH Ha
HOCHTEJNTE Ha OJUIYKH 3a MOMCIpaBHAa OpHEHTalHMja U e()UKACHO MHBECTUPaH-¢ BO OJHOC Ha
TPaHCTIOPTHUOT CHCTEM BO LENHMHA, 32 KOPUCTEHETO Ha TPAHCIOPTHH M MH(PPACTPYKTYpHH
KanaluTeTH, Kako ¥ 3a MIaHUPambe Ha TPAHCTIOPTOT Criope pa3iuuHu MHppacTpykTypu. CeBo
0Ba Ce OJHECYBa MPBEHCTBEHO 3a PErHOHOT AHAMOpaBa, HO MCTO Taka W Ha HMBO Ha KocoBo
NOMIUPOKO.

Ha kpajoT, majieny ce orpaHuvyBamata W MPenopakuTe 3a OpUEHTalja Ha OHATAMOLIHK
CTYIUN.

Knyunu 36oposu: modenupare, npedsudysarse, obem Ha coodparaj, mpaouyuoOHWIHU U
HeMpaouyUoHaIHu Mooeu, AHAMOPABCKU pecUuoH UMH.

Xil




ABSTRACT

The key goal of this disertation thesis is to identify the methodology for setting up a suitable
model by application of traditional and non-traditional approaches and models as well as their
combination which could be used for determination of expected traffic volumes expressed by
AADT on the main road network of Anamorava region.

Apart from this, the other one goal is to construct the Origin-Destination matrix to assess
traffic volumes and their spatial distribution. In order to achieve this, given current situation
several measures have been undertaken to accomplish a research on measurement of traffic
volumes on the main road network in this region.

The traffic volume data of existing situation in 2016, on the main road region network were
accomplished by students assisted by Kosovo Police in the seven various locations fixed in
advance. Data gained are about daily vehicle flow on one working day as well as one weekend
day at enter and exit of the region as well as transit and the traffic with other neighbouring
municipalities of the region. Given data have been processed afterwards and converted according
to related AADT, in order so that gained results based on the model to be suitable to the reality.

Given data on traffic volumes will serve like starting point to construct model on the traffic
demand so that after they are processed by PTV Visum software it is possible to get spatial
distribution of traffic volumes for entire road network subject of analysis. The model before is
used to get forecasting for the referring year, it was firstly calibrated through algorithm technique
“TFlow Fuzzy” which comply with PTV Visum software.

With intention to fulfill the main goal, the models on traffic volumes forecating were
extended to identify and collect data on variables which have an impact on traffic ganerating on
the period past. The period subject of analysis was 2004-2016 which was conditioned on
provision of data by varios competent country intitutions to collect and maintain traffic data.
Based on local and international literature 13 demographic and social — economic independent
variables (Xi) were identified.

Variables are macro type because they correspond to be at the level of the country and
region. For the same period it was also required to collect data o traffic volumes qualified as
dependent variable (Y). This was made possible after data received by Kosovo Road Directorate
which is an competent authority to collect and maintain traffic data for entire road network of
Kosova using automatic traffic countings (ATC). Automatic counters were fixed within the main
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road network of Anamorava region which counted permanently traffic volumes in four location
such is Slivova, Sojeva, Ranilluku and Pasjani.

In this way, it was possible to establish relation between these variables in relation to the
time order from which some models resulted according to various approaches and models.

In this study, aggregate and disagregate approach is used to establish models. As regard
aggregate approach, all data for four locations were analysed and as regard the disaggregate one
for each location specific models are established.

Various techniques and methods are applied such is traditional method ( Idaho, trend, linear
multiple regression, elasticity) and non-traditional (ANN with its sub variables MLP and RBF)
as well as their combination (PCA-MLR, PCA-MLP and PCA-RBF) to a model with better
forecasting capabilities.

Having an intention to identify the significance of independent variables involved in the
model as well as the most accurate forecasting of the traffic volumes based on approach and the
method, four hypothesis are raised which required verification. Detailed analysis enable to get
answers for each specific hypothesis verifying it approval for Hy in relation to the alternative one
H,. For their verification, various traditional and non-traditional statistical techniques and
methods are used.

Having detailed elaboration, analysis and discussion of results which is followed by various
absolute and relative performance indicators it was made possible to select the best model for the
period “2004-2016” which resulted to be combined model known like “hybrid model PCA-RBF”

according to disaggregate approach.

Doing forecasting this hybrid model “PCA-RBF” takes into account 12 independent
variables (with exemption of X1 which referees to years) reduced into two factors, facilitated by
main component technique. In this regard, by application of main components technique (PCs) it
is possible to eliminate high correlation between variables (multi co-linearity feature) having an
impact in improvement of model forecasting capability, reducing errors, in which main
components (PCs) are used as inputs.

Further on, by application of forecasting methodology separately for each 12 independent
variables according to trend method it was made possible to find out forecasting values for the
referring year 2022. In order to forecast variables it was ascertained that various functions based
on specifics of R? values such is linear, square, logarithmic, cubical, exponential etc are suitable.
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Again, the technique on setting up the new model is repeated according to combined model
“PCA-RBF”. Results gained on forecasting according to this method on increase of annual
average traffic volumes for the period 2017-2022 for subjected locations are used for forecasting.

After calibration of model, application of average rate of traffic volume increase in the main
road network of this region, respectively of three locations (Slivove, Sojeva and Ranilluk) and
selection of the best forecasting capabilities model “PCA-RBF” for the past period 2004-2016
through PTV Visum software is was possible to distribute and assess traffic volumes for the
referring year 2022.

This methodology enables assessment of current situation expressed as AADT and presented
in graph way in colours and categories of roads within the main road network in Anamorava
region.

The results of this study will be provided to the competent institutions to take them into
consideration in order to get sustainable scientific approach to establish a technical and
administrative instrument to be used like decision making for a better orientation of investments
as regards transport system in general, use of transport and infrastructure capacities, transport
planning for the future for Anamorava region as well as Kosovo level or broader.

Finally limitations and recomendations for the future orientations are issued.

Key words: modelling, forecasting, traffic volumes, traditional and non-traditional models,
Anamorava region eftc.
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