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Preface

Special Issue on Cognitive Mobility

One of the cornerstones of $2Century globalsociety is our eveexpanding
mobility. Its sustainability within the current framework is increasingly
questionable. Rapid digital development is giving us new tools to reduce the
environmental footprint of our mobility system by increasing its efficieitcis
called cognitive mobility.

The articles of this special edition cover the most relevant areas of cognitive
mobility. One of the pillars of understanding leetmobility is the use of smarter
sensors. fie paper “Data acquisition as basic of cognitive approach” shows a
tangible example. The measured and collected data is the basigthodr fu
evaluations; one is presented in the paper “Investigating the energetics af electr
vehicles based on real measuremé&ms one of the main aims of the cognitive
mobility approach is to develop mobility to be more sustaindideenergy use of
vehicles is a key topic. Engines will playrole in the next decadepapers dal

with increased efficiency of enginesud as ‘Costefficient training method for
artificial neural networks based on engine measurements” or “Research on the
Quantification of Exhaust Emission Volumes in an Opted Road Section.”
The main energy converter could beedectric “Competition vs. Cooperation: Do
Subsidies with GovernmefRet Eligibility Threshold Values Behave as Focal
Points on the Hungarian BEV Market?” or partially at least partially internal
combustion engine with liquid fuel “Evaluation of an Oil Refining Tower by
Numerical Simultion”. Using cognitive tools for improving the drivetraia
essential as well, as presented in “Integrated Torque Vectoring Control Using
Vehicle Yaw Rate and Sideslip Angle for Improving Steering and Stability of All
Off-WheelMotor Drive Electric Vehicles” or in Energy condition measurement
of gear shifting under load in commercial vehicles.

One of the rapidly developing areas of cognitive mobility is the safety and security
of the system. Understanding the challenges and research for the soluti@yis a k
topic is in authentication “Investigating the safety effect of PKI authentication in
automotive systems”, in environment perception “Neural netaded multi

class traffiesign classification with the German Traffic Sign Recognition
Benchmark” and relation with vulnerable participants as well, like i
“Assessability of road accidents a methodology for exploring the effect of
accident type and data recording technotogy

Handling the more wider aspects wittterdisciplinary approach is as well paft o
cognitive mobility. Sustainability across generations epresented in “Who
should communicate to make the world a greener place?”. Environment and
pollution questions are appearing in “Adapting to climate change in the digital era
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—a new dimension of regional sustainability?” and “Eye tracking study of visual
pollution”. Transport management and Covid 19 challenges are touched as well
with the cognitive mobility aspect in “Prediction of transport performance
development due to the impact of COVID measures in the context of
sustainable mobility in railway passenger transport”

It is time to express our special gratitude to Anna Sudéar, Marianna Markus, and
Janka Patko for giving technical background for this special issue. We are grateful
to all the writers and cauthors for their dedication to developing contributions
for this special issue and sharing their findings with the journal. Last but gt lea
we would like to thank the editorial board of the rjual Acta Polytechnica
Hungarica, Ms. Anikd Szakal, Prof. Imre J. Rudas, and Prof. Levente Kovécs, for
their help in publishing this Special Issue.

Prof.Dr.M &té Zéldy Prof.Dr.Péter Baranyi

Guest editor Guest editor
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Research on the Quantification of Exhaust
Emission Volumes in an Opted Road Section

Branislav Sarkan?, Jozef Pal’d, Michal Loman?,
Ondrej Stopka?”, Jacek Cabas .DUROLQD YHKIiNRYi
'RMFLHFK *R4 EQBZWML3HpPDQ

18QLYHUVLW\ RI 4aLOLQD DYDPG&GXPRQRALFISHRED WLRQVSRUW I
&RPPXQLFDWLRQV 'HSDUWPHQW RI 5RDG DQG B8UEDQ 7U

aLoOLQD 6ORYDNLD EUDQLVODY VDUNDQ#ISHGDV XQ
MR]JHI SDOR#ISHGDV XQL]D VN - 3 ORPDQ#VWXG XQL]D
FHKDNRYD#VWNXG XQL]D

,QVWLWXWH RI THFKQRORJ\ DQG %XVLQHVV LQ YyHVNpP %
7THFKQRORJ\ 'HSDUWPHQW RI 7UDQVSRUW DQG /RJLVWLF
YyHVNp %XG MRYLFH &]JHFK 5HSXEOLF VWRSND#PDLO YVV
SHFPDQ#PDLO YVWHFE F] - 3H

/IXEOLQ 8QLYHUVLW\ RI THFKQRORJ\ )DFXOW\ RI OHFKDC(
'"HSDUWPHQW RI $XWRPDWLRQ 1DGE\WWU]J\FND /X
M FDEDQ#SROOXE SO - &

48QLYHUVLW\ RI /LIH 6FLHQFHV LQ /XEOQQ )DFXOW\ RI 3
'HSDUWPHQW RI 3RZHU (QJLQHHULQJ DQG XEMDMIAVSRUWDV
3RODQG ZRMFLHFK JROHELRZVNL#XS OXEOLQ SO : *

&RUUHVSRQGHQFH VWRSND#PDLO YVWHFE F]

Abstract:The air quality in the urban zorginfluenced by many factorsf which transport

plays a significant role. Air quality has an impact on the health of inhabitants, demographic

urbanizdion processesas well as a whole mobilitygnd is currently one of the most

important challenges faced by municigalthorities. The article focuses on analyzing the

impact of exhaust gases and their emissions produced by motor vehicles orirtmeremt

LQ WKH RSWHG WHUULWRU\ QDPHON GDDL p6/ANR Y6IMNLLHDH WQ LY®1 WWAKLE
andquantifiedemissions in the context of vehi¢tkasbility comply with a number of vehicles
UHJLVWHUHG 7lKH 680 RRPDNNLDWDVN RI WKH UHVHDUFK LV WR G#t
produced emissions in the researched area without the use of mea®ith KQRORJ\ W LV D
process of modeling emission coefficients on the basis of which it is pdssielably

determine the level of pollution in the monitored afEl@e researclper seis based upon a

traf I LF VXUYH\ FDUULHG RXW ROttdher RORIFoI®WibpLtRRGN&lYySS WHPEHU
obtainedYDOXHV ZHUH FODVVLILHG LQWR FHUBDRYDXHRLFIOH ADW F
observingthe relevant EU Regulations. The research involved measuring the volume of

exhaust emissions produced by vehicles whemotionthrough theexamined transport
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section. We further compared the resulting exhaust emissions with eméagiomstically

recorded by the national weather station. The levels of individual harmfulasgest
UHJLVWHUHG E\ WKH 60RYDN +\GURPHWHRKHRIRWKE DO ,QVWLW
achieved by thesurveyitself, as the weather station records emissions from multigleility
DFWLYLWLHY ,Q UHJDUG WR HPLVVLRYMGREWOD@YWHG E\DOXH V!
indicators as follows: CO, HC, NQand PM. The category of passenger cars topped the list,

as automobiles produced 90.17% pollutants of all the recorded vehicles. Beeseapped

NOx emission production. The highest emission rates were detected between 2 and 3 pm due

tothe pHDN WUDIILF LQ WK Hh& &slysid Yias Qroved Kignificantly lower
emissionvolumes produced by haulage quared to other vehicle categories.

Keywords: road transport; mobility; exhaust emissigrexhaust gasesveather station

1 Introduction

7TKDQNV WR LWV IOH[LELOLW\ URDGSWR®P®HEEOLWWKH PR
UDQJLQWHIBRPRI OLIKW YHKLFOHVY WR KHDY\ XWLOLW\ FR
7TKHVH HQJLQHY DUH SRZHUHG E\ IRVWID@ FXHNOD/QHEP { R/GMLG
SDUWLFOHV SXWWLQJ WKH URDG WUDQVSRBEWOVHFWR
HQYLURQPHQWDKO HDOMEY K BDWW MJRP JUHHQKRXVH JDVI
HPLVVLRQV LOYROYH HYDSRUDWLYH DQG@GIJRGRB RXNUHPLYV
EUDNH OLQIDRIG RARDWEIDY ZHDURII RU ®&H KL RGIHF HHRW UR V
GUDPDWLF SRSXODSMI&R YHRHRERREMK GHYHORSPHQW XUED
UHVXOWLQJ H[SRQHQWLDO LQFUHDVH LQ PEW®RPRWLYH
KHDOWK- UVNW[ENFWHG WKDW E\ WKH QXPEHU RI L
QHDUO\ KDYH GRXEOHG XS WR ELO $QRWHKIRDGSURJQR
YHKLFOHYV ZLOO KDYH UHDFKHG RUWKBMD WKH PDMRU LV
RI WKLV PDVVLYH XSSOMWXAH H  [$&/Q DWDRNRXQWULHY HVSHF
,QGLD JLYHQ WR WKH UDSLG HFRQRPLF GHYHORSPHQ
SRSXODWLRQ JURZWK $ FRQVLGHUDEDIH DOFRIRIDW HVIK® *
GHPDQG IRU PRWRU YHKLFOHVOOQROKBXQJ WHHRWHR QU RY
WKHUHE\ IRUHVHHQ WKDW HPLVVLRQEHDINNY QSURGQG X¥KIB
JOREDO VFDOH WKURXJK WKH IROORZLQJ \HDUV > @

7UDIILF LQ JHQHUDO LV UHVSRQVLEOPLMVL PRV H VWEE

HOWLUH (8 EHLQJ WKH ODUJHVW FRQAQWQUEGRRQY RMR Wk
YHKLFOH HPLVVLRQV LV WKHUHE\ YIHWWDB\ IRU WHDFKLQ.
VWLSXODWHG-LRUBWWORYWHILHY > @ &XUUHQWO\ VR
PRGHOV DUH XVHG ZLWKLQ ODUJH FLWIKBXWWR GBWHUP
HPLVVLRQV (VWLPDWHG OHYHOV RI HMLYXWIORQXOIUWRP U
DVVHVVLQJ WKH RYHXYDEDQ@DUHKXDOLWRW RI XUEDQ SUR
RQ PRGHOLQJ PHWKRGYV WR REWDLQ GLURKFWOWHWXOWYV
YHKLFOH FHUWLILFDWLRQ (PLVVLR@®RHDBVOOQAP KHQMQI DQ
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FKDVVLV G\QDPRPHWHU DV SURGXFHWRKPOHZWWKSURY |
HPLVVLRQ VWDQGDUGYV WKH DS S@ RYOWWHKDVVSHPYRE W
YHKLFOHY DUH H[HPSW IURP DSUHYXODBHE SHWULRG WH W\
H[SLUDWLRQ RI WKLV WLPH OLPLW DQQWSHHKAWORY WBY
HQVXUH WKDW WKH YHKLFOH HPLVVLRQV GLG QRW H[FHE

,Q WKH 60RYDN 5HSXEOLF WKH LVVXH RQ RNUHSIRIGO X WL
WLYHO\ WDFNOHG E\ WKH 60RYDN +\GURP HW\WBHRQURORJILFL
reSRUWV RQ WKH DLU TXDOLW)\ DQGVHPHFWHRE® QDRI W C
7KH LWOXWH IXUWKHU SURYLGHV LQIRUPDWLRK RQ WKH
ZHDWKHU VWDWLRQV $FFRUGLQJ WR WKIHVQWXG\R> @

PRQLWRULQJ DVYHQWDDQWT KN HYWWLWXWH IXUWKHU SUR
DLU WADWHFHLYHG IURP WKH ZHDWKHRXWAVWWUR R YK RX\M
WK 60RYDN 5HSXEOLF UHJXODUO\ UHFRUGIMXH GDWD R
VWDWLRQV DUH YHU\ XQHYHQO\ GLVWULEKWWGU®MQG LV
WHUULWRU\ 7KH UHVXOWV IURP WKHV¥H SPHIDE X B UQW KHV
DUHD WKDW LV LQ WKH PRPNGURW B WWBMDLRQ RIKW KPHH D V)
LQIRUP DERXW WKH DLIWLFT $DOEW \>L (@ WKBIH\PSHFDQDIW HIGH

RXW LQ WKHH&6®H VHY®IDVM)R DLAQMVIKHRPRQLWRUHG YDOXHV

WKH DLU TXDOLW\ GHWHULRUDWLRQ >LV@P BIHYBGI\D BB KV H C
LQYROYHG D GDWD DQDO\VLV IURP WKRQQB\WWHRRIDW ZH
TXDOLW\ LQ WKH PRQLWRUHG URDG VHFWLRQ

5HVHDUFK LV DLPHG DW PHDVXULQJ HDPKILXVWXHPHVVLRGQ
7KH H[DPLQDWLRQ LQ YHRROLWHG R DX QW BXIDER UY HIQIGALOH
FDWHIRAHMVLQ PRWLRQ 6XEVH VXK W DU QEMGORRYP ZD WHKG
WKH OSHRYEGKMXH ZHDWKH U DRIXDWF RRBR/JRHGI LXV DERXW
HPLVVLRQV SURGXFIHGF EYHRLRACSHIHED WGUQU\ PRELOLW\
7KH REBDU\ RXQWWROBBMUMHGERPSDULVRQ RI WKH UHFRI
7KH UHVHDUFK RRENLHIDLOW GERIMDBQN SRUW ODUJHO\ FRQW
WKH DLU SROOXWLRK® G 8 UNKHD RARDIGAVEREW RROW ULEXWLRQ
LGHQWLILFDWLRQ RI HPLVVLRQV IURRH/GHRELIDLEG RDWDIQF
DUHD ZKLFK FDQ EH LPSRUW RQapriseRW RWRDQILLW RRID Q Q GH |
PDQDJH HPLVVLRQV LQ D JLYHQ DUHMR GHELGKE PQ WRK P
GHYHORSPHQW DQG GHSOR\PHQWDRIGDRORGHORWWLYH FRF
LQ WKH FLW\DJRKQIHULHQJ FA W\ ELNH V\VWHP HWF

7KH FRQGXFWHG UHVHDUFK ZDV DLPHG DWJD&HQWLI\LQ
HPLVVLRQV E\ URDG WUDQVSRUW 7KW RIHSRDOKN ISRQ Q
GHSHQGLQJ RQ WKH FDWHJRU\ DQG QXPEKU RIKWHKLFOH
UHVHDUFKO\ & XWKH BWRYDN 5HSXEOLF GRHV QRW KDYH
PRQLWRULQJ DLU TXDOLW\ LQ XUEDQ HUHMDIVR QMW KIKH B H
LV R/ XG\ DYDLODE OWMRRIQDIQRZ HW® ® RQWH DLU TXDOLW\ LG
,Q WKH QHDIW ISWXQEHGWVR FUHDWH PHDVXULQJ SRLQW
ZLOO FRQWLQXRXVO\ PRQLWRU DLU TXIDOLW\WRRID URIY X C
GHFLNDRQQJRQ @RFBRN LIRHDVXULQJ GHYLFHV WR SHUPDQ
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WKH FDWHJRUL]DWQ RRWERH Ir xIBMAHD D O XH RI WKH HPLV\
SWXFHG %DVHG RQ WKH UHVXOWYV RI PHDVKONMRHWYV D (
FDQ EH LQWURGXFHG HQWU\ EDQ UHWHKLFWHES HQW!
DOWHWPREWDEWURDRIGHWYR IRUWK ZLWK WKH DLP RI SHUP
HPLVVLRQV LQ WKH XUEDQ HQYLURQPHGW VXXSERUWHDUI
IRU SODQQLQJ WKH RSWLPL]DWLRQ RIUBGE W K M OFQJ IHVID WHIR@)I
RI VXVWDLQDEOH FLWLHV 2Q WKH WHMH WLWWRWL QRO W R HWEG
IRU SUHYHQWLQJ BIKWHWVPARYHBHQWXRLEFUHD WVRKH EWLEBW 7|
ODUJH H[WHQW WKH VWXG\ FRXOG EH EHQHILFLDO L
SHUPDQKWXWIOQUHPLVVLRQV GXH WR WUDIILF ZLWKLQ FLV

7KH PHDVXUHG GDWD ZHUH FRPSDUHG JZVWB WLKRHQ URH VX B
6ORYDN +\GURPHWHRURORJLFDO ,QVWLWXWHKHXH WR
WHUULWRU\ VKIDRRKZ O WDQU RFKEODW BMHIHG RQ WKH LQIRUPD
RQ DLU TXDOLW\ LW LV QRW SRVVLEOHDWSRWIRR SWKHP H Q"
LPSURYHPHQW RPREKIDLMXAUVEHWMWOWLRQ LQ WKH WHUUL
5HSXEOLF 7KH UHVHDUFK UHVXOWYV UBBSURK/ MW D XQ
LQWHQVLW\ RI DLU SROOXWLRQ FRIQLEN VOBHSLEWHG ZL
PHDVXUGBRAMOMHY 7KFRQBXHBEKLY WKH RQO\ RQH RI LW\
RQ WKH PHWKRGRORJ\ UKD WPRBX GWQRT ORQYWSRODOXWLR
DWD &RPSDUHG WR DQ DLU TXDOLW\DRHDSIIRRDFK WDWL
LPSURYLQJ DLU TXDOLW\ ZKHUHYHU LW LV SODFHG

2 Data and Methods

7KH SUHUHTXLVLWH IRU WKH FRUUHARWQRD @BXOWWHRQ
LGHEWWLRQ RI WKH QXPEHU DQG FDWHJRU\ RI YHKLFO
7R REWDLQ GDWD IURP D VSHFLILF DWHDQSWE&BMMVILF VXU
URDG QR +DVLpVNI 6WUHHW LQ 7UHQPt@YUDBORKDN 5t
VXUYH\ VHUYHVY DV WKH SULPDU\ VRXUFHLRQ ®RDWD ED
H[KDXVW JDV HPLVVLRQV IURP WUDIILFUDRWEZDIW\ ZDYV
FROQOGXFWIKG&V WRIKHAEXOHY LQ ERWK WUDIILF GLUHFWLRQV
VXUYH\ FDQ EH VHHQ LQ )LJXUH

7KH VXUYH\ UHVXOWYV )LJXUH LQGLHIOMN SDWWUIQULH)
WKURXJK WKH PRQLWRUHG VHFWLRQ 7K@V®/ILNXIM PQV XJ
WKH ODUJHVW QXPMEKHBOHY ZKLOH 1 FRPSIL'VWE XWKN
VPDOOHVW DFRXDMOHY 7KH WRWDO FRQWULEXWLRQ RI ¢
SROOXWDQWYV DARXQWDJUDP UHG FXUYH VKRZV WKDW V
Rl YHKLFOHV L H WKH KHDYLHVW URBMNE®RD®GIRHV W
SP IROORZHG E\ DQG DP ZKLFK LV REYKRYXVO\ UHOL
ORFDOLW\
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Number of vehicles on the tracking section
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YJLIXUH
1XPEHU RI YHKLFOHV LQ WK I3 FPIRVGHLGV RQHIE WH B WL R @ %DXAM IGR U

2Q WKH RWKHU KDQG WKH ILJXUHV IHO2HWR BQ@QVDRXJK
VOLGH DJDLQ DV RI SP ‘:H FDQ WKHHHWL BQ HG OFRONVVW K L
LQFUHDVHG H[KDXVW HPLVVLRQ UDWHYV GXULQJ WKH UX\

,Q WKH YLFLQLW\ RI WKH H[DPLQHG VHGWIHDW KIHW FDQ
VWDWLRQ )LIJXUH > @ %DVHG RQ WERO®XWD RV W K
UHFHLYHG IURP WKH K\GURPHWHRUR O RWILKAD @ XLLOAVHN L W X V
ZH FDQ H[SORWGWAMKR BKLFK URDG WUDIILF LV UHVSRQVL]
WKH VSHFLILF URDG VHFWLRQ

7KH VXUYH\ WRRN SODFH LQ WKH WLPH L@WHMR DO RI
SP RQ YHKLFOH FDWHJRULHYV DV IROORZYV

-SDVVHQJHU FDUV

-1 FDWHJRU\ ZLWK WKH PD[LPXP SHUPLVVLEOH ORDG QF
-1 FDWHJRU\ ZLWK WKH PD[LPXP SHUPLVVLEOH ORDG IU
-1 FDWHJRU\ ZLWK WKH PD[LPXP SHUPLYVDEOHUORDG H|[
- EXVHYV

OHDVXUHG HPLVVLRQV ZHUH VXEVHTXHG®WOURK DV\KADWHC
ZHDWMWMDWLRQ 7KH VXUYH\ FRYHUHDQ 6 RO XMKBIQW YV &
KDUPIXO VXEVWDQFHVY ZHUH HPLWWHG HURRLBIOO WKH
DOORZLQJ XV WR GUDZ D FORVH FRPSDULVRQ
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YJLIXUH
OHDVXUHG VHFWLRQ DQG ORFDWLRQURSILW K W RHIRE KAHIUSVWIDWLRQ L

3DVVHQJHU FDU FDWHJRU\ LQPOKIEHWCHUY HKWRQH R U WXKLH/ \
5HMXEOLF DFFRUGLQJ WR WKH LQWHWRHD QQGMHWDRRDYV HHR
IXUWKHWH® DWVKH YHKLFOHVY DFFRUGLQJ WR WKH W\SH
FDWHJRULHV

. SHWSRZBHUHG YHKLFOHYV UHSUHVHQWLQJ R1 DOO U
. GLHYRDHUHG YHKLFOHV UHSUHVHQWLQJ R1 DOO U

7TKH QH[W VWHS LQYROYHG WKH DQDO\®LE\RD GLIIHUF
FODVVLILFDWLRQ DFFRUGLQJ WR (XUHRISFHYIL@EZHPHLVVLRQ
DVVLIQHG HPRVGVRIQQMDIQQRP (XUR WR (XUR 9HKLFO
VWDQGDUG RU OHVV ZHUH PDUNHG DV 3®ROGHU" VHH 7DE

7DEOH
SHUFHQWDJH RI Y H KeLOFROY-DINQMBIH UNDWB B UGIBWIDQ RI WKH OLQLVWU\ RI WKH

JHWURC 'LHVHO

ROG}

(852 14
(852

(852

(852

7KH WDEOH VKRZV WKH KLJK SURSRUWLIRRQRMWDBEGPOIKBV

IRU HDFK W\SH RI IXHO ,Q DHXRWRHWY EDWHK WISHWHP LV
VWDQG (XUR IRU SHWURO DQG Rl YHKLFOHV FRPSC
VWDQGDURUYXWIRHVHO DUH UHJLVWHUHG LQ WKH GDWDED
UHJDUGOHVV RI IXHO ROGHU YHKLRK®&HVRWIEQ IQWKHP @G W UWLK
6ORYDNLD )RU WKLVOBWHWRRRO DLW MK BRVWEKEH LQWURGX
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PHDVXUHV IRU HQWU\ LQWR VHOHWWRG BDUHBWVVUDREQW KU
QHFHVVDU\ IRU WKH WHUULWRU\ RI 60RYDNLD

7KH WUDIILF VXUYH\ LGHQWLILHG KW KW UDY HLUFD IOFOP B/RIDL W IE
ZLWKLQ WKH PRQLWRUHG VHFWLRQ VYHKKLSEORSRLMWARLHGC
FDOPWLQJ HIKDXVW HPLVVLRQV LQ WKH HRDNH@GHG VHJF
FDWHJRULHV RI YDQV DQG ORUULHV LQFQ&GILQJ 1 FO
UHSUHVHQWHG E\ 7KH DFTXLUHG GDWONDEDN K BRFHV'
7KH OLQLVWU\ RI WKH ,QWHUWIFRW RFDWKHHI R OR F R R SBUH.YXE
WUDLOHUV -g6QJIJWWHFROMOHYJWRULHY 1 1 DQG 1 ZHUH FO
WR UHOHYDQW HPLVVLRQ VWDQGDUG@BBO|NH(&E82WKH HYH
,9 (852 9 (852 9, bDbQG ROGHU

9DULRXV PHWKRGYVY ZHUH LQYROYHG LQ FROHRKOQWLQJ H
PXOWLSOH ZD\V RI DSSOLFDWLRQ 7K H RAULDLH UWAWRQHY RV
RXUVHMBUFK DOORZHG XV WR FODVVLI\ WHKHDLYWKLFOH)
7KH GDWDEDVH RI WKH OLQLVWU\ RAWKK-H WRW B OLQ X PREIH &
RI UHJLVWHUHG YHKLFOHV LQ WHKHRWHUQHWRWX HR | GOWR
SURFHVYIQOG GLYLGLQIFOHVLVMWMWRH®WHKRULHY DFFRUGL
W\SH SHWURO GLHVHO

%DVHG RQ WKH FODVVLILFDWLRQ DQG VYIGHDWMIVILRFID W LR (
LQGLYLGXDO FDWHJRULHYV LW LV SRXVWEODH WWR I[F@ WD
PRQLWRUHG VHFWLRQ (DFK YHKLFOH WWH @HG 52 HF
HPLVVLRQ WORQVWHLEKDXVW HPLVVLRQV WKURXJK ZKLF
GHWHUPLQH WKH WRWDO YROXPH RI HFIWIVR® Q% DBVUHRGSE X |
RQ WKH DYHUDJH YDWXIFVWH G RQRQVWKRQVYHBHFOH W\SH DS
J NP ZH GHFLGHG RQ WKH HPLVVLRQVUHEGR G PMIGHE S|
WHUULWRU\ RI WKH 60RYDN 5HSXEOUHR HKPO¥X D@ HRB HA DLS
SODQQHU 0DS *XLGH 7KH VFKHGXOHU LVHDEDXVWR VLP)>
HPLVVLRQV ZLWK KLJK DWRXWXH BHWXLUHBSHFMVVLRQ
7KH YDOXHV HPLVVLRQ FRHIILFLH@WWUWDH @B O XWX DWRI
WKH PDS SODQQHU HQWHU WKH UHVHDUERB VHAKGGHRIRY HUD J|
WKH FDOFXODWLRQ RI VHYHUDO FRQGLWIHRQRDL® ZKLFK
OHDMHPHQWY RI EXV HPLVVLRQV ZHUH IODWBE K ONAWEOSM H G
RQ UHJXODWHG SROOXWDQWYVY IURP GLHWWOODWGF &1*

UHGXFWLRQ LQ WKH (852 ',(6(/ HPLVVLRQ FODVV > @

7KH IRO QIRIZAUDH SUHVHQWY DQ LOOXVWUDWLYH VFKHPI
FRQGXFWHG UHVHDUFK 7KH SLFWXUH WKRZVHWKIHDUBK LY

,Q7IDEOHV WKH YDOXHV RI WKH HPLVD/Q W Q@IHHEHKI IDBHHQ WV
IXUWKHU LQFOXGHG LQ WKH FDOFXODRGEREHRB I BA KHKW R W
reVSHFWLYH FDWHJRU\ RI YHKLFOHYV
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Traffic
survey

Division of
vehicles | =l

Paszg::ger Van Lorry Semi trailer Bus
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The process of calculating the amount of emissions produced on the basis of specific methods

Registration
Research

Passenger
car

¥

Semi trailer

Lorry ‘
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l Exhaust gas emission projection in the monitored section I

YJLIXUH
6FKHPH DQG SURFHGXUHsS® WKH UHVHDUFK >DXWKRU

7DEOH
9DOXHV RI HPLVVLRQ FRHIILFLHQVQWIHRWASHWKHR 6 DEIRXHIW HRIQY HE& D B
OLQLVWU\ RI WKH ,QWHUL RN\ R DABISH) AV @WYV RI YHKLFOH

3DVVHQJBHWDRO >J NP@
co +& +& 12 12 30
20GHU -
(XUR -
(XUR -
(XUR -
(XUR -
3DVVHQJHIH¥BO >J NP@
co +& +& 12 12 30

20GHU
(XUR
(XUR
(XUR
(XUR

7KH GDWEAQAMERYH UHSUHVHQW WKH DYSURGXFWDRRRHYV |
GXULQJ W\SH DSSURYDO RI LQGLYLGXDO HWYLVVLRQ F
7KH YDOXHV DUH H[SUHVVHG LQ J NP 7RKHWWMMUDIILF VXUY
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VHFWLRQ 7KH UHVXOWLQJ YDOXHV DUH WKHUHE\ FRQY
PHWIHRIQJ VHFWLRQ

TDEOMGHSLHFRMLVVLRQ YDOXHV IRU SDVVHQJHU FDUV 7K
EDFNJURXQG WR FDOFXODWLQJ H[KDXVW HRKMVLRQV L!
IROORMDIEDH.W LV SRVVLEOH WR PRQLWRU WKH GDWD RQ
IRU YHKLFOHV RI FDWHJRULHYV 1 DEOCHDBUH W BN HYD OXR
tKkH 0ODS *XLGH SODQQHGBHYKDFEHWRLOHG GHVFULSWLR
SURGXFWLRQ (DFK YHKLFOH FDWHHRW\HABWY LYAHKOLFW H G
ORDGHG YHKLFOH 7KH UHVXOWLQJKHHDOXH WKRYZ Y OLQXW K
Rl VHYHUDO VLPXODWLRQYV

7TDEOH
(PLVVLRQ FRHIILFLHQWYV IRU WKHMW Q&IDYW GHQDNMOHBBVE HYRH LAHDORX OB WU R
WKH VLPXODWLRQ LQ WKH URXWH SODQQHU@

9DQ »J NP@

co +& 12 30

(XUR
(XUR
(XUR
(XUR

/RUU\ 1 >J NP@
co +& 12 30

(XUR
(XUR
(XUR
(XUR

6HPL 7UDLOHU 1 >J NP@
co +& 12 30

(XUR
(XUR
(XUR
(XUR

7TDEOH LOOXVWUDWHY HPLVVLRQ YDOGHRUR X URKHIL HV
FDOFXODWLRQV 7KH H[DPLQHG YHKLFOHV FRPSULVHG W

,Q 7TDEOH WKH GDWD RQ WH®WSHIR.GXIFMQ\R R WK H FFLDVO/AF
VXPPDUI%B®HG RQ WKH DQDO\VLV RI WKHWHKPURXLRQ FOD
WKH PHDVXULQJ SRLQW LW ZDV IRXQG MADWLRQO YHK
VWDQGDUG )RU WKLV UHDVRQ RQO\ZKQHAKHPLO®ULRQ

SDUWLFLSDWH Q@ R/IKW KFHD QVFRVOIO SRIRGXFWLRQ RI HPLVV
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7DEOH
(PLVVLRQ FRHIILFLHQWYV IRU EXVH® WKDW HQWHUHG WKH F

%XVLHVHO >J NP@
co +& 12 30

(XUR

7TDEOHQIRUPV DERXW H[KDXVW HPLVVLRQV UHSUHVHQWL
(852 ',(6(/ 7KH SUHVHQWHG ILIXUHV HE WWWGWNHBHURP
GDWD UHSUHVHQWY WKH DYHUDJH YD®XHGHRIQW[KDNMGW .
EDVHG RQ WKH PHDVXUHPHQW LQ UHDO ¥FR@GLWLRQV LQ

3 Results

7KH FRQGXFWHG VXUYH\ \LHOGHG UHVXDpWYGCWR GHWHUP
LQ WKH PRQLWRUHG VHFWISRQ EHKB RELEG W KHDWW X O P K (
HIKDXVWLRRWVVRI SDVVLQJ YHKLFOHVY 7KH WRWDO DPRXC
FRQILQHG WR WKH URDG WUDIILF ZLWKLQ WKH PRQLWRU

Production of CO emissions

394.71 397.37

29880 507 36 301.6
275.29 27879 5601
253.91 251.64

emission production [g / 300 meters]

0 | | | - - - | — = = |

7 8 9 10 11 12 13 14 15 16 17 18

— VAN s LORRY time [hours]
SEMI TRAILER PASSENGER CAR
mm BUS mmmm PA SSENGER CAR - petrol

=== Total value of production

JLIXUH
3URGXFWLRQ RI &2 HPLVVLRQ¥DIXQ@WRH PRQLWRUHG VHFWL

J)LIXUH SRUWUD\V &2 HPLVVLRQV LQWMKHKH[PHDRHG

EHWZHHQ SP DQG SP ZKHQ H[KDXVW HPLYWVYWQV UHDF
DPRXQW RI &2 HPLVVLRQV ZBRZHURIGX¥FHEKLEDISWHWQREO E
7KH FKDUW KLWV WKH WURXJK DW WSPB HKIH®D MWW IR ITWIU D |
FDWHJRU\ 9DQ LQGLFDWHG WKH ORZHVW HPLVVLRQ OH®
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Production of HC emissions

5274 54.45

3936 39.28 4138

37.07 37.98

emission production [g/ 300 meters]
s

0 - - - | | - = = = | | |

7 8 9 10 11 12 13 14 15 16 17 18

— VAN = LORRY time [hours]
SEMITRAILER PASSENGER CAR - diesel
= BUS . PASSENGER CAR - petrol

=== Total value of production

JLIXUH
BURGXFWLRQ RI +& HPLVVLRQ¥DXQ@WRWB PRQLWRUHG VHFWL

J)LIXUH GHPRQVWUDWHY WKDW WKH SSHRIENK EW WRZG RRQ + &
SP DQG SP DV LQ WKH HYHQW RI &2 ZRM RYHUDOO HI
J P DW WKDW WLPH 7KH ODUJHVW YSRWOEKPW LRIQSRI\O XV
SURGEFRHSDVVHQJHU FDUV P 7KH ORZHVW HPLVVLRQ UL
UHFRUGHG LQ 1 FDWHJRU\ /RUU\ QDPHO\ J P

Production of NOx emissions
400

335.89
350

301.54

300 26857 271.14

248.94
250
200 176.16
150
100

50

., A 0 0 = B s E S DO
g 9

7 10 1 12 13 14 15 16 17 13

emission production [g/ 300 meters]

— AN s LORRY . time [hours]
SEMI TRAILER PASSENGER CAR - diesel
mmm BUS mmmm PASSENGER CAR - petrol

=== Total value of production

YJLIXUH
BURGXFWLROLRVLRQV LQ WKH PRE@WRUHG VHFWLRQ >DXWKk

7KH VDPH VFHQDULR XQIRGMEPYMMVL RKH AKH@EWMIRMXIPHG H
JDVHV WRSSHG WKH KLIJKHVW YDROXIHQ/GDWDWERJ EXVHYV |
ELIJHVW WB\R BYXMRQWUDVWHG WIRWSHUHIYQ RM M CADH/G W YH L
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YHKLFOH FDWHJRULHV 7KH WRWDO YIXKQOKBHM BURGXFW
FDWHJRU\ /RUU\ VKRZHG-WKH XNPDGOHRRW MNH BPHBEBWV X G H
FRPSDULVRQ WKH GLIITHUHQFH EHWZHHQ HMMWVLRQV S
DPRXQWV WR J P 7KLV YDULDWLR@OZDV FDOI
SROOXWDQWY SURGXGEHGWIKYRXJKRXW D RQH

Production of PM emissions
30

24.72
25 23.67

20 1859

1500 1639  16.58

emission production [g/ 300 meters]

0 - —_— = — | —_— — — = = | |

7 8 9 10 11 12 13 14 15 16 17 18
VAN LORRY SEMI TRAILER time [hours]
PASSENGER CAR - diesel mmsmBUS mmmm PASSENGER CAR - petrol
=== Total value of production

YJLIXUH
3URGXFWLRQ RI 30 HPLVVLRQV¥DDG®KRH PRQLWRUHG VHFWL

JLIXUH VXIJIHVWY D VLWXDWLRQ VERVUDRQW RUWIKHK & GH
WKH SHDN J P DW SP :KDW WRWUQNMWMONKB UHH\ KV K Y
KLIJKHVW LQ SDVVHQJHUSRYWHWHIKBY SHRLBOBYV SHRWHUBORG .
RWKHWHRHRULHY LV DOPRVWB/DQ NXQULHHEGHWHKFNVRGHNVKH R®
YDOXH J PIRUDOO YHKLFOH FDWHQRULHY ZLWK
J P 7KLV YDOXH UHSUHVHQWYV I[URXWBRERWWRWDO I

3.1 SurveyResultsCompared to theWeather Station

JRU D ODUJHU FRQWULEXWLRQ WR WKHWEKLHQGXHVZH F
UHFRUGHG E\ WKH ZHDWKHU VWDWLRQ 1UOBRQH ORFDWHG
PD\ WKHUFRENH WKXDW UHVXOWYV L H UHFR UGRIGS GDWD
$QDO\]ILQJ WKH SURGXFHG VWDWLVW IKA\FKZW KFHD Q RHDVGNV L |
WUPIUY LPSDFWIXO WQ WHKWHAWLOYIDWKH DPRXQW RI UHO
OXOWY®XiELHV® >DUJXHKRXDWWKHWVURDG WUDIILF LV QRW
SROOXW@RIWULBWXYWHRQ WREMUWKH KLIKHVW QXP

7KH ILUVW VWHS LQYROYHG WX H7 KHD \¥ B DINKIH@N\ WAW D IW IRFP
RSHUDWHG E\ WKH 60RYDN +\GURPHWHRPRWRRFDO ,Q\
SURYLGHG XV ZLWK YDOXHV UHFRUGHG E\ RXWH ZHDWKHF
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VXUYH\ 7KH VWDWLVWLFV RQ WKH DHWXEBBTWO\ ZHUH X
FRPSDUHG WKH GDWD RQ HPLVVLRQV UWKHYDPBG&HWRP V
DFKHBYE\ RXU VXUYH\FRWHWL @ PRRUUHO/DWLRQ ([KDXVV
SURGXFHG GXULQJ WKH VXUYH\ DUH H[SGHRAVWEKEHLQ J
ZHDWKHU VW DBWWRHEG DOOWRKRIIK WKH SUHVHQWHG XQLW)
FRPSDUHG ZH FDQHHAR W HAPSWLRQ DEOHWLIZIKHM VLQGL®
7KH FRPSLOHG VWDWL DWIRMIRFRRARIDUDEOH RAO\ LI WKH
ZLWK WKH UHVHDUFK DQG YDOXHV KHHROGRGLENIWIOH @ H
FRQWDLQV WKH UHVXOW RI FRPSDULQJ LQ SDLUV ZLWK

7DEOH
7KH UHVXOWRIQFBRPEDVIZLWK WKH ILQDO UHVXOW

Weather station [ug/m?] Emission calculation [g/300 meters]
PM CO NOx PM CcO NOx
10
11 44

14

7KH GDWD GHWHUPLQHG E\ WKH FDOFXBPRULRHG ZEH\UH F R
WKH PHDVXULQJ VWDWLRQ 7KH UHVMXQYWECOFBWQHIHUVHHQ |

FRUUHODWLRQ EHWZHHQ WKH REVHUYG&HP RDQUWHND WHKGE V
JUDSKLFDROMVYQ )LJ

7TDEOH
$VVHVVPHQW Rl GHSHQGHQFHFRHNWHEBDBDQ PRQ IFMRRUHELE QWD

30 0
CO 0
1% 0

7TDEOMKRZV WKH YDOXHV RI WKH FRUUHODOWIHRWRARHIILFL
SROOXWDQWYV W LV DQ REVHUYDWLRQ RIZDMH GHSHC
PRQLWRUHG E\ WKH DLU TXDOLW\ VWDWLRQVBRGFWKH GI
7TKH YDOXMHWORD WIRRIQ FRHIILFLHQWY FRUUHVSRQG WR Gl
30 SDUWLFOHV WKH YDOXH RI VAKKHOHRYUHWOH®ID WL R QZKR K K
UHSUHVHQWY D KLJK GHJUHH RI GHSHQGAOQBB\EHRMMZHHQ
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&2 HPLVVLRQV WKH YDOXH RI WKHOHR'WHWHRDWLRQ)RRHI

1% HPLVVLRQV WKH YDOXH RI WKH FRHOHRIODWLRQ FRHI
ZKLFK UHSUHVHQWY D VOLJKW GISRNYGHQHHV R OWVR XP® W
WKHx ¥ OXHV DUH LQIOXHQFHG E\ WKH SDVVDJH RI UR
SRVVLEOH WKDW WKH YDOXHV GHFOD UEHG \DWKIFWHG V X
E\ SROOXWLRQ RWKHU WKDQ MXVW WKH LQIOXHQFH RI U

Comparison of CO emissions production
1200 1200

1000 _____________._-—-—---—-—--———’/”’a‘\‘\-~—---—- 1000
800 800
600 600

400 S 400

emissions production [g/m3]

200 T 200

emissions production [g/300 meters]

0 0
7 8 9 0 11 12 13 14 15 16 17 18

time [hours]
——weather station data research data

JLIXUH
&RPSDULVRQ RI &2 HPLVAHBRWKHIL VWD WDRBARY UHVHDUFK >DXW

JLIXUH SRUWUD\V WKH FRXUVH RIRMSKPILY LRQU HJ W& H
GDWD UHFRUGHG E\ WKH ZHDW KM D Q/QV B R/Q R/ @ LLEXWRLOQVIHI B
JHHUDO YDOXH RXU UHVHDUFK LV GRIIUQ A GKRE HAYBIDJI | L
VXJIJHVWV WKDW ERWK FXUYHV UH IROIHG W/ VD PILLG DLW W ¥ BiH)C
LPSDFWIXO RQ WKH DLU TXDOLW)\ 7 K$IHDHND BVHKW ZHV\@D W L |
pP DQG SP ZKHUHDV WKH FXUYH WUDRMHY RXR VXUYH
DQGP

&RXUFVHVFULEHRILIVVLRQY GHSLFWHG LQ )LIJXUH FOHDU
FKDQJH@ YIHYV WIDIDXHVG ,Q JHQHUDO ZH PD\ DUJXH WKDW

YDOXHVY UHFRUGHG E\ WKH ZHDWKHU VWRUWLHR\QKD@8 |LJX
FRPSHOOLQJ UHDVRQV 7KH VXUYH\ FDOMfO\L\QURWKHDU

DYHUDJH FLW\ GULWHOQKSPLXMDRQY\EABDVKH SUIURGXFHG H
H[SUHVVHG LQKHVWHHPUFK RQO\ GHDOV ZLWK HPLVVLRQ
PRQLWRUHG YHKLFOHV ZKHUHDV WKV ISBO®NMKW VMW LHR
FKLPQH\ I XPHVHMVRVGXWWYI Fr@V LD WKH FRPSDUHG YDOX

LQYROYH FKDQJHDEOH ZHDWKHU FRQGHX\PLRQW\TDQ®\ W
KHDW WULRIRIOQFN HRIDGO RW K ML RQM DMERWWQVULWEKD DLU TXEC
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Comparison of PM emissions production
80 80

70 70
60 60
50 50
40 40
30 30

20 S S T T — 20

emissions production [g/m?]

10 10

emissions production [g/300 meters]

7 8 9 10 11 12 13 14 15 16 17 18

time [hours]
—— weather station data research data

YJLIXUH
(VVH@RPBOULVRQ RI 30 HPLVVZIHDOWKE UWVWULEXREO@Q UHVHDUFK >D.

Comparison of NOy emissions production

400 400

=

5350 350 _
2 %

7 B

= 300 / 300 5
20250 S~ 250 3
2 200 200 2
T 150 150 =
= £
Z 100 v—/‘_& 100 2
£ =
Z 50 50 ©
g

Pl

0 0

time [hours]
—weather station data  ———research data

YLIXOH
&RPSDULVRKPRVIRRQV SEMWWKEXWLMRRWLRGE@Y UHVHDUFK >DXV

4 Discussion

ORVW FLWLHVY DOO RYHU WKHW®RHWOWGE XD YHD JIHF KQWDQ LE
OXQLFLSDOLWLHY DUH PDNLQJ JUHD®RMMWRIUM UDR/ \M VY WHDW X
WR FRPSO\ ZLWK UDSLG XUEDQ DQG HFRQ® WMIWDGHYHOR.
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KHDYLO\ GHSHQGVY RQ JRRG PRELOLW\ L HDQX®RZ HDV\ L
VHUYLFHV XVLQJ DQ HIILEL HED W EAGXOOQOUGHEAD\D B4\ N B/ FREX W
LGHQWLFDO UHVHDUFK RQ URDG WUMPDIQRG\HPLYNHRDV LLQD
WKH FLW\ RI .\RWR -DSDQ LQYROYLQJ &3 BWLFRQSURJIU
7KH WUDIILF VXUYH\ UHYHDOHG WEHVKHDYQE@WY WUDIILF
DP ZKHUHDV SDVVHQJHU FDUV KLW W RK HBWDOOL QY WK HLP |
IORZ WROWKH WURXJK DURXQG SP 7KH QXPEHU RI SDV!
UHDFK WKH WRS DJDLQ XQWLO SP IROORDHA E\ D VW
LQWHQVLW\ GLG QRW LQFUHDVH DJDLQ XQWMXH SP DQC
WUDIILF VSHHG WKH DXWKRUV IR XQ GGR® R\VXD WQRERHUH V
NP K 7KH JURZLQJ WUDIILF YROXPH ORID ®\UBMRLB VOR
GLVUXSWLRQ &R QWOIRZGRAQ VISGNHINXSH O\ DIIHFWV WKH W
KXJHO\ LQFUHDVLQJ UHOHDVHG HPLVVLRQDOWZA357 ,9
UHYHDOHG WKDW KHDY\ WUDIILF DW GRZRV SEME SURG X
VXEVWDQFHY GHWHFWLQJ SROOXWDQWYV 7WNKARYORZV
SURGXFHG KLJKHU DPRX@®W SPIUBIG DARG SIZVVHQJHU FDUYV
HQJLQHV ZHUH ZRUNLQJ WR WKH PD[LPXP+GXEHWR WKH
HPLVVLRQV FUHDWH URDG GXVW FORXGNRIIQ& FDXVH EUD
EHQJHQH FRQVWLWXWHG RI W R R QY\RULEXW RQ JS WW U\
LQWDVHG HPLVVLRQV RI SDVVHQJHU FDWYH &2VSRMIOXW D
SDVVHQJHU FDUV ZKLFK FRQVWLWRWG® IECWKHEOPWH KM \AW (
7KH VXUYH\ LQYROYLQJ EXVHV PLJKW KBDI EHMLF ELD VI
RQOYHW 7KH LPSDFW RI WKH FULVLV RIQHWKULEXW R €\ YZLHU
DQDO\]HG E\ &]RG|URYORHWRNGIO\WNL @BW QOHVWLIDWHG
WKH UHGXFW L-RI@ GRD WHD QYERIMOOXWLRQ DQG WKH LPS
SDQGHPLF RQ WHIHP IOHMHRMRILO2RQH RI WKH ELJ FLWLHV

ORVWDHBW D@ H{DPLQHG SR O ORIWLWRIN LIQQWHKHBQ-LTWKH DXW
HBORUHG WKH LPSDFW RI LQGXVWULP B DUWUPI X R OOEW WK
UDWHVY IRFXVLQJ RQ SROOXWDDRWE LOFOXGIQQ X D20 U
LQGXVWULDO VHFWRUV YHKLFOH GDMRP SWUWDHIG FWIKOR Z
FRQFHSWXDO IUDPHZRUN RI WKH DQDO\VIWM VXCHVY X WK R
ZLWK UHDO VWDWLVWLFV UHFRUGHG §X ¥ HOIWKBI U ¥ Y\RDOA L

W\SHV L QIRYPIHUIPDMHQW DQG WHPSRUDU\ VRXUFHYV
ZHDWKHU UHFRUGYV WRSRJUDSKLFDO GBWWKPRXQ®/ DLQ
VSHHG DQG GLUHFWLRQ WHPSHUDWXUHKDWGURRBLGLW
WUDIILF LV WKH ODUJHZW&RRDQE VH U QAKFHODVEIRIFKDQ.
XQIDYRUDEOH VLWXDWLRQ ZRXOG LQY ROIHHDHFIRWIVFL Q.
YHKLFOHYV DQG ELF\FOHV LPSRVLQJFAQBIHIUFRIHE WILQ.G Q
KLJKZD\V ,QGXVWULDO FRPSDQLHV ORQ JARO\ORR R BUH. E X \
WR EH UHORFDWHG@VNR WKH RXWVNLUWV >

,QFUHDVHG H[KDXVW HPLVVLRQV RFEDO SXDWHFRIO DK\
FRPEXVWLRQ HQJLQH RSHUDWLRQ ZKLFK KBWLHWHQ SRL!
>- @ )RU H[DPSOH -D\DaJDHYRHR UHE IMOW RBOIGHW IJLQHV
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7KH DXWHKRWWHGEHVKDW FROG VWDUWYV RHPHWWIRA¥DUV S
ODVWLQJ H&AGH NDORPHIWWHUY 7KH KLIK SROOXWLRQ OHY
WKH QLJKW ZKHQ WKH RXWHUPRVW DWPRKIKKHWLF OD\H
FORVHU WR WKH (DUWK '"ULYLQJX$SHKOQBOGMVZNWKRZHXQD
UHODWLYHO\ ORZ &2 HPLVVLRQV OHDKYHQLWR KRXKHWU S
O9HKLFOHV ZLWK-X$0PQIAMWHPHGRLQI WR WKH FLW\ FHQ
PHDVXUHG VHFWLRQO® @QBDWHKHWKR HRLWH ¥ L WK XR QG GIKD V L
PRUH HPLVVGLR@XKHE LROSOCPWIRUWK RQ HRIPAMAIROQWW QG
WKHRU\ PD\ EH GHYHORSHG LQ IXUWKHU UHVHDUFK

X 7KH VXUYH\ UHYHDOHG WKDW URDGH Q/tRQI AFVLQRWMKH |
re VSRQVLEOH IRU WKH DLU SROOXWLWRQ@DWRDWKR H[W
SURYHG WKDW SDVVHQJHU FDUV DUH WRWLRQ@JHVW F
JLYHQ WKHLU ODUJHVW UHSUKHNHMHWBWURR ERQW®XHW
LQYHVWILKDWHH®VVHQJHU FDUV KDG WKH VWURQJHVW
H[SHULPHQW 2WKHU FDWRX®RURHYKAFRKSWKWHDWHJIRU
FRQVWLWXWHY WKH VP DO O HKMX GIDXIRE W O HD VB O WIKR
HPLVVLRQV WKDQ SDVVHQJHU WUD®WS RAUM QFISBWWL
PXVW EH LPSRVHG WR HQVXUH VDIHW)\ YOHXG AOHRLG W
FDWHJRULHV DUH SULPDULO\ UHVSRQVRE@OGHDQRU H[FF
iNFUHDVHG QRLVH OHYHO ZLIDKEQMY K X VAR QR @AR UM\G H
7LPHV 5RPDQ &(

X KHQ LW FRPHV WR UHGXFLQJ HPLVVLRQIMRRQG WKH ¢
OLPLWLQJ WKH SKHQRPHQRQ RI WUDQVSRUW FRQJ*F
PHWURSROLVHYV RQH RI WKH GLUHFWEKRB®HRU DG W DRG
VIVWHP DV QRWHG@LA UIKM WRHNXUWKHU SHUVSHFW
GHYHORSPHQW VKDUHG DXWRQRPRXV YHKLFOHV 6$9
OHDG WR D FRPSOHWHO\ GLIIHUHQW SHQ FHBWHRQ DQ
7KH ILUVW Rl WKHP DVVXPHV @R ®ZQHDWKLS HRIIl WK H G
LQ WKH XVH RI UHQWDO YHKLFOH\D QQ A @ LSFOLWRM. QWK H
ORWV 7KH VHFRQG FRQFHSW JRHV HYHQ GXUWKHU EF
LQ WKH ILUVW FRQFHSW LW HQDEOIMY¥ DOGRERPDWLF G
WKXV WKH FDSDFLW\ RI URXWHV WKURXIKQERPPXQL
LQIUDVWUXFWXBH WWQE IUAPRQLWRULQJ ZKLFK UHGXI
%RWK VROXWLRQW I\ @OVKHPRRHR. RIGI AXFG WKHUHIRUH H
ORUHRYHU W KIHX ARRIARPSRK WIX R K VFW KDWY Q HOHFWUL!
ZLOO EH XVHG WR SR®BW LK/HVWH NMHKLF HWDW LW LV
FRQWURO WKH HOHFWULF PRWRU WKDQHWKFHOHQW H U G
41@ DQG WKH FRPSXWLQJ SRZHU VPRGN U® ONWIK\WH Z D
YHKLFOH BIQ@WDWNVRRUW@ WKH ILHOG

Conclusions

7KH SUHVHQWHG UHVHDUFK VKRZV WK WBRWHDRDYWEDO R
FROYHQWLRQDO GULYLQJ YHKLFOHV WR GJHQMYWHRH WKH. V V I

A5 A



B.Sarkaret al. Research on the Quantification of Exhaust Emission Volumes in
an Opted Road Section: a Case Study

LGHQWLILFDWLRQ RI WKH RYHUDOO OKUYEHDQRD GHRD O QW L
DGGLWLRQ RWKHU GLUHFWLRQV RI UHG XBHQ@D WFIGY Q RR\C
RQO\ WR WKH GHYHORSPHQW Rl HOHFWWW LYHRKKKHY L
I XV XUH

7KH H[SHULPHQWDO UHVXOWYV Rl WK® WKSDAQYYRUBRPEQ
LQ WKH VW FODVV URDG +DVLpVNi 6QVUSHOHRW DLIRLD DLQRG W
FRPSOH[ HPXDQMR@ERYWHRQKDW SDVVHQJHU FDUV DUH
FDWHJRU\ FRQWULEXWLQJ WR WKH DLU BRG&2XWLRQ UHJ
+& 1LDQG 30

5RDG KDXODJH FRPSUIBYQLQU5B P WHKIRW \WIKH URDG PRVWO\
ODWH PRUQLQJ KRXUV DUJXDEO\ VXSSO\LUWNW PRFDO VW
WUPRWYWLQJ JRRGV 2XU VXUYH\ LQGLFDSARRH® XWKIBW REID Wt
DOO WRQHG IUHLJKW WLHUV UHJDU GIHYXB EW H+KDDYQ Q@ J3 WV K
VPDOOHWMQWHDSWIHRQ LQ RXU H[SHULPHQW

7KH FLW\ Rl 7UHQpPtQ DQG LWV VXUURKRB &MWRWHKRXNHHYW
DQG FHQWHUV LQFOXGLNP BZMDERRS HQH@PptQ /RILVWLF
- NP DZD\ DQG 6LKRW 3DUN &&KIB F K\RPORQZ M\RILLR/RV WK A H Q
H[DPLQME DM VXSSRVH WKDW YHKLFOHV RI 1 FDWHJIRU
VWRUHKRXVHV RU RWKHU ORJLVWLF DQG GLVWULEXW
WUDQVSRWRW TWHHQpL QY R U\

$V IRU WKH IXUWKHU UHVHDUFEWEHS WX J DIQ\DWD \ WIK\D \R | VAX
LEDFWRDPG WBEBELEPWVVLRQV RQ WKH HQQWHW POQW VEk
LQYROYH WUDIILF FRQIJBMWVY RQ VW HKLSFHO\HY FO DMMLILHG |
VSHFLILF NWIDLQYGEBQGY LQFOXGLQJ WKH LQIOXHQFH RI Z
SUHVVXUH RQ WKH DLU SROOXWLRQ LQ WKH DUHD

7KH UHVXOWY RI WKH UHVHDUFK GIHF WXWHPW RDW RVUKIIS BL
LV SUHFLVHO\ SDVVHQJHU YHKLFOHVNQXREWWUWBISUHHWR Q/

RI WKH WRWDO QXPEHU RI YHKLFOHV \&OOMWHAEAQ W LV
ODUJH DPRXQW RI SROOXWDQWYV WP LW WHIG H QWORJ WW R DH
RQ zD\V WR UHGXFH WKHVH HPLVVLRDW LI HVKIHWKH & R
RI HOHFWULF FDUV DQG YHKLFOHY SRZHUHG E\ DQ DOWH

7KLV LV SULPDULO\ DERXW UHGXFLQJ RPIDWWLARY GLUH
HPLVVLRQ JRQHV LQ FLWLHV KDYH QRVWEH H® RQMNUR G X
5HSXEOLF 7KH UHVXOWV Rl WKH UHVHDRRR FRQ EH W
PRQLWRULQJ SROOXWLRQ F DX G WK LOR W & HWRILDV L F7 FOHD \
FOHDUO\ SRLQW WR WKH IDFW WK DWL. & YWIQHSDWR FHQUW R IY
DLU SROOXWLRQ

$FNQRZOHGJHPHQW

7KLV UHXDBDIYXWQFRXHG E\ WKH 9(*$ SURMHFW 4XDQW
LPSDFW Rl URDG WUDQVSRUW RQ WKH HQYLURQPHQW LG
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7KLV UHVHDUFK ZDV DOVR IXQGHG E\ WKH .(*$ SU
,PSOHPHQWDWLRQ RI VWXGHQWYV LQ WKEWDH\DLFKQ RJ SUF
SUDFWLFDO PHDVXUHPHQWY LQ WK IRIUPRDIGGH K ILRQ HD/
XVLQJ PXOWLPHGLD WRROV

7KLV UHVHDUFK ZDV DOVR IXQGHG E\ WKH WKH SURMHF
OLQLVWU\N RI (GXFDWLRQ <RXWK DQG 6SRUWV &]JHFK 5H
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Assessability ofRoad Accidents —a
M ethodology for Exploring the Effect of
Accident Type andData Recording Technology

Vida Géabor!, Wenszky Nor&, Torok Arpad?

1'HSDUWPHQW Rl $XWRPRWLYH 7HFKQRORJLHM )DFXOW\
DQG 9HKLFOH (QJLQHHULQJ %XGDSHVW S8RMYHUVLW\ RI
6WRF]JHN XWFD %XGDSHVW +XQJDU\

e-PDLYALGD JDERU#N WR UERNNIIERE Bl GkX

2&HQWUH RI ORGHUQ /DQJXDJHV )DFXOW\ RI (FRQRPLF D
%XGDSHVW 8QLYHUVLW\ Rl 7THFKQRORJ\ DQG (FRQRPLFV
(JU\ -y]VHI XWFD %XGDSHVW +XQJDU\

e-PDLO ZHQV]N\ QRUD#JWN EPH KX

Abstract: Road accidents are reconstructed by forensic experts to reveal the causes of
accidents and help authorities determine liability. However, how well andewciis
assessable depends on various factors. The databdspendent methodology proposed
here makes it possible to explore the relationship between assessabilitignadgpe and

data recording technology. A combination of statistical tests (Mafinithney U Test,
Wilcoxon Signedank Test, Kruskawallis Test with Bonferroni Correctiorgre to be
applied to a database of road accidents. As a result of these tests, it canrbréradetdow

the assessability of various accident types can be improved by the development in data
recording technologies hiswidely applicable, novebol of the Cognitive Mobility realm is

in practice a methodology for exploring the assessability of various types of roderatsci

It can help decisioimakers determine the development directions of new technologies

Keywords: accident reconstructiprassessability statistical methods data recording
technology forensic expert

1 Introduction

5RDG DFFLGHQW UHFRQVWUXFWLRQ DW IRNVQIDP KRS
RSSRVLWH GLUHFWLRQ DV GHVLJQLQJ D Q\GH FRK®WW UXFW
FRXOG KDSSHQ LI IRUFHV DUH H[HUWHNG R @ DWWHW UXG W X
IRUHQVLF H[SHUWVY GHWHUPLQH ZKDW SRBFHV\PHD\ PD\ K
KDYH EHHQ H[HUWHG LI WKH JLYHQ DF FUIGFHRW WD X$MWQ H
DQ DFFLGHQW DQG WKXV GHWHUPLQHFRDXIVWED B REXOIED |
EH REWDLQHG DERXW WKH FDVH DV S RWVFREOM WXKHWLRQ.
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SURFHVV LV ZLGH %HLQJ VWDWLFKVRPHQEGRWHED WURMRY
WKH WHUUDLQ RI WKH DFFLGHQW VLRMHWWHKHVRDNIH R U W
YDOLG DW WKH JLYHQ VHFWLRQ RI WBEHVHRDWKRVKRO H5 |
SURFHVV HJ WKH SRVLWLRQ RI WKHWYXHKGHD®HDMH VNLC
FDXVHG

+RZHYHU WKH VXFFHVV RI DFFLGHQW UHQRWKWUXFWLF
DPRXQW RI GDWD FROOHFWHG 7KKRXYHUODW K& LSWARFIHD
FDQ EH UHFRQVWUXFWHG DQG KRZ PXFKRQLDEWORXW FDQ
RWKHU IDFWRUVY DV ZHOO LQFRRXRCGAROODLNEIREGHQYW @O MHDH L
WUDFN GDWD TXDOLW\ HJ DFFXUDH\JD(XZ CPDWRVHFF
SKRWRJUDSKHG YV VSHHG GDWD UHFRUIGHGS (BR 2KH YHI
KRZ WKHWHQWIIDFWRUV DIIHFW OHYHO RI DVWNVVDELOL
FDQ EH GHYHORSHG LQ D ZzD\ WKDW FRXDGWDANWHFFLG
QRW RQO\ IRU DOO DFFLGHQW W\SHVLI EXMWFHRUYDD\VSHI
ORUHRYHU EDVHG RQ VXFK D TXDQWLILFDONZRODWP HWKR G
GDWD UHFRUGLQJ WHFKQRORJ\ LV UMRXEN HD& VRV VIH G HOWN
WKH KLIJKHVW SRVVLEOH OHYHO &RQYHWWHEA\QJILI ZH N
WHFKQRIOFDQ SUHGLFIZVWKWV®HEEPOVIRFFLGHQW W\SH

'LWK WKH HPHUJHQFH Rl KLJKO\ RU HX®OFRIXQWWR D W H
PXOWDPRWUDQVSRQWZVWAN\SHF RIGDFFLGHQWY DUH H[SHF\
RUGHU WR EH DEOH WR UHFRQVWUXFWQBQ®\BMVHVV W
SUREDEO\ QHZ GDWD UHFRUGLQJ WHFKQRORJLHV QHH!
SUHVHQWHG KHUH LV IUHHO\ H [GW QUEDFERAMG LIQ Bl WHHRHKUQIR. G
DQG DFFLGHQW W\SHW R Z§LYOMR EWKHGIBHIBFWLYHQHVV
WHFKQROROFR\W’ AD@GOWREH PHWKRGRORJ\ FDQ EH FXVWF
QHHGV RIPOYHRYV D FHUWDLQ GDWDEDVH PRUH DFFLGHQ
HVWDEOLVKHG RU PRUH OHYHOV RI GDWORWHFRUGLQJ W

,Q RUGHU WR EH DEOH WR GHYDHORGGDBGYRSR QB WOIWHDI
IULHQGO\ PRELOLW\ VI\VWHPV DQG Y HRKLE QB HQMWIWA R UWNH
IDFWRUV WKDW LQIOXHQFH WKH RSHUR®WR Q' RH WRID I R
XQFRQVEURRWLRQDO IDFWRPDW L@ WBKRFENFLDERXW PR
QHWZRUNV PD\ EAKI® IDQIPPRJHEKLY DUWLFOH LV WR VKRZ K
LGHQWLI\ WKH GDWD WKDW VKRXOG E® ©RQMNWH FMWKHDGV VOR |
WR DFFLGG WEWMVEHVW ZD\

7KLV VWXG\ SUHVHQWY D QRYHO PHWKRGRQRD\ EDVHG |
TXDQWLI\LQJ KRZ DFFLGHQW W\SH DQG GDWD UHFRL
DVVHVVDELOLW\ Rl URDG DFFLGHQW\W QEHEWYRRBZV PO L
UHOHYDQW Q@ BWHW DREWHKRERORJIJLFDO W HSHWDWID G\WMK R U
VWDWLVWLFDO PHWKRGY WR H[SORUHHWKHWBWYLEQB G
GDWD UHFRUGLQJ WHFKQRORJLHV DUH SUFR®HQWHG 6
7KH PHWKRGRORJ\ SUHVHQWHG KHUH ZDWHBRBEBORSHG E
DFFLEE WYV >
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2 Background
7KH EDVLF FRQFHSWV XVHG LQ WKLV VWXG\ DUH GHILQH

X 7 Kébsessability of an accidlentV WKH GHJUHH WR ZKLFK WKH F
DFFLGHQW DQG OLDELOLW\ FDQ EH GHRXWPLQHG EI|
FDWHJRULHV RI DVVHVVDELOLW\ DUH VHW XS KHUH

7TDEOH
$FFLGHQW DVVHVVDELOLW\ OHYHOV
1\\\\ Accident cause
: Liability Not determinable Determinable

: \
Accident .
process

Not or partly

determinable Level 1 Level 3

Fully

determinable Level 2 Level 4

X Traditional data recording technology 4 LV WKH WHFKQRORJ\ W|
DSSOLHG E\ WKH SROLFHFEQGWMIQN FDW 1D RMUD IUIRM 6 U
H[DPSOH LQ +XQJDU\ WKH WHFKQRORJ\ LV GHILQ!
'"HFUH@& >

x EDR data recording technology 7 LV GHILQHG DV WUDGLWLR
UHFRUGLQJ WHFKQRORJ\ FRPSOHPHQWHG E\ DFFL(
(YHQW 'DWD 5HFRUGHU PRGXOHV RI WKHHQYHKLFOH"
DFFLGHQW DV GHILQHG E\ W&H UHJXODWRU\ IUDPH

x EDR+ data recording technology 4 LV GHILQHG DV ('5 GDWD UHF
WHFKQRORJ\ FRPSOHPHQWHG E\ GDWD UHFRUGHG 1
DXWRPDWHG YHKLFOHY 7KHVH H[WUD GDWD PD\ LQ
WLPH YLGHR UHFRUGLQJV RI WKH DFFLGGH QW HQY|
WKH WHOMLURQPHQW DQG WKHLU GLVWDQFH IURP W

x Accidenttype LV WKH FDWHJRU\ RI D JLYHQ DFFLGHQW S|
WKH PRVW SURPLQHQW SURSHUW\ Rl MOOHWBFFLGHQ!
DQG OLDELOLW\ 7KH VHY+HQ RDWG LRUWHKY V GHQFEN
VHW XS EDVHG RQ WKH IROORZLQJ SURSHWBNLHY U
YHKLFOHedr HQG RU WKH FRQDQFWFKDHL®IJJI RU Wi
WUDIILF HQYLDRQWHQWLEH QLJKWV >
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EDR+ data recording technology

EDR data recording technology

Traditional data recording technology

&ROXPQ

WA\SH &ROXWEWRZ DVVHVVDELOLW)\

YJLIXUH

'‘DWD UHFRUGLQDSEBEKGQGRARWKHLYW VWXG\

,Q RUGHU WR EH DEOH WR H[SORUH UHGBGRWORQVNKYSV E
DFFLGHQW W\SH DQG DVVHVVDELOLWKHDVWDWD¥WVHDP
FDOFXMMMWLWRVBH. HG RXW RQ WKV MV GOXWDNEWNWH G KLLE K7 D
LV WKH UHJLVWU\GRRRPKU mRIQWR & HD/F MLKGH Q AWF

OHYHOV DFFRUGLQ.

7KH PHWKRGROEHORIM WHIQWWHHSG DIJDLQVW DOBMEOLF GDV
URDG DFF@GHQWNKH RYHUZKHOPLQJ PDMRULW\ Rl WKHVH
E\ WUDGLWLRQDO PHWKRGY DQG ('5@OVEDB Z HRU HF IR\VQHOX D

&ROXPQV

DQG

JLYH WKH DVVHVVDELRHWANHERHYWROM FD

PRGHUQ GDWD UHFRUGLQJ WHFKQRORJ\ ZHUH SUHVHQW

7DEOH
'DWDEDVH VWUXFWXUH

No.

Accident type
[An]

Data recording technology

To ‘ T: ‘ iy

Assessability
(1-4]

3 3 4

6WDWLVWLFDO PHWKRGV KDYH EHHQ DSSKWQHG VXFFH
PHDVXUDEOH FKDUDFWHULVWLFV RI

H[DPSOH 6KDD@ XY HHGVVWHKHWORQR7HVW WR UHYHDO WKH F

EHWZHHQ WKH JHQGHU RI

URDG RAFLGHQWYV

DFFLGHQW SMURMLADSMD®WYV D

DFFLGHQWY DQG DOVR EHWZHHQ WKH DFRLKGIHIDNMWLFLS

7KH WRSLF RI WKH SUHVHQW VW XNeN AW VF &/ K'YD MW HVIRPWE IR
SK\WVLFDO SDUDPHWHUV RI-URDW QCHFLIS\H) \WWTXEY BHK H BEQ

THVW ZDV DSSOLAHGED®ODINHJOXVLYV RI

FRUUHODWLRQV E

RI WKH FUDVK DQG WKH VHYHULW\ RI E®\DIQ HW DI H FD
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¥@ DSSOLHGI WKHH&KHVW WR UHYHDO WKH FRUUHODWLR(
DQG W\SHV HQYLURQPRRD® DQ GDFWREYOHW\ FRQGLWLRC
VHYHULW\

&RQFHUQLQJ WKH ODWHVW VGHRKQR O FDU D ZAHUGH g WPX BT
8@ KAHROOLVLRQ UHFRQILIXUDWLRQ V\VWRMPNRESO\LQJ W
VWUDWHJILHY ZDV WHVWHG WKH GHJIUG\HHRE XWIUQ R MAKQH \
UXVNDOOLV 7HVW

+RZHYHU WR WKH EHVW RI RXU NQRZ®HK®M QRWENMDEL
DQDO\VHG ZLWK WKH KHOSWR IL VHWERI\G H\DW/L REKD \R HWK/RIG/W T
WKXV WKH VXFFHVV RI UHFRQVWUXFW DR BLEBMOQLVF OEMM DG H
,Q JHQHUDO WKH KLJKHU WKH DPRXQWHYHODRDLODEO
DVVHVVDELOLW\ FDQ EH UHDFKHG +R ZHWHMV DERPRWG L Q
OHYHOV DOVR GHSHQG RQ DFFLGHQW W\SH D,@G WKH DS
RUGHU WR UHYHDO W KWK HEFDRMHIRQEHV BEHWIXWMHOWLFDO P
EH XWLOL]HG 7KH PHWKRGRORJ\ DQG W BN I BULVREXU\L /K@D
LQ GHWDLO LQ 6HFWLRQ

3 Methodology

7KH VA\VWHP SUHVHQW®WWG® KK$ PHHWX RO MRWHSUHYHDOLQJ E
VWDWLVWLFDO DQDO\WHV KRZ IDFWRUVWHFQDBHQY DFF!
WHFKQRORJ\ DIIHFW WKH DVVHVVDEL®WKW\ VRISHR®IG DF
VWDWLVWLFDQ WHHDWSOLKGWVYR D JLYHQ GDWDVHW GHSH
RI WKH VHWV SULPDULO\ RQ WKHE6NWW WIKEHWKHRID WRK 5 [B
LQ WKH DS GHVWULEXWHREU PBFBRGEGIGLWY XKMERW L\WROH H J
6DSKLILURN 7HV W >

.1 WKH H[DPLQHG VDPSOH KDV D QRUPBDBLYWGE LJERWBR C
FDQ EH FRPSI/UIMBDBVVIQW Rl YDULD@F HNK PHWB A S
DFWXDOO\ EH GHILQHG D V\WH YN®IFRSD O L [TDIWR RQHRW KX W
VDPSQWVLY LPSRUWDQW WR HPSKPMNLYS$U WEKOMI MK M 15 S O
GLVWULEXWLRQ RD P/SKHEW QORIUPD®UGLQJ WKH LQYHVWI
YDULDKHOQM DSSO\LQJ WKH $129% PHWKRG WKH YDULDQFF
E\ WKH IROORZLQJ IRUPXOD

1.

Cﬁ—mlu(TUF‘l@
U

ZKHUH

G- PHDQ VTXDUH

J-QXPEHU Rl HOHPHQWYV LQ WKH VDPSOH

T- YDULDEOH YH{IOHPRQWKH

TSPHDQ YDOXH Rl WKH LQYHVWLJDWHG YDULDEOH
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%DVHG RQ WKH L QW KRUWF R GaXPBEWIPLXGHQ WAL LIHHY MUKW H H
YDULDQFH PHWULFV

D WRWDO MFULPQEHHA GHULYHG IURP WKH GHYLDWLR
PHDQ DQG WKH YDULDEGH YDOXHV RI WKH HOHPHQWYV

DQ HUURU KORKLEQR@HEH.GHULYHG IURP WKH GHYLDWLRC
YDOXHV RI WKH HOHPHQWY DQG WKHLU DSSURSULDWH W

D WUHDWPHQW YDULDQFH

7DEOH
&RPSUHKHQVLYH RYHUYLHZ RI WKH PHWKRGRORJ\
Samples
Data Samples s
No. | recording ::;;st Independent (1) | Comparison Sta‘t:st;cal
technology 1 2 Connected (C)
1 T, A a) comp. set (UWA)
: b) total set (U) Assessability
a) comp. set (UA) ’ ?;;:em Mann-
Z Ty A b total set (U) according fo pairwise | Whitney U
i Test
data recording
3 T A a) comp. set (UA) | technology
: b} total set (U)
Change in
& e Ale AT assessability Wilcoxon
according to C pairwise Signed
5. To-T AT ATz type of Renk Test
change
0 a) Ao a)AiTo h%bf(;llr;k'a[;t
6. Ty b) A Ty b) A T groupwise ;
Assessability Bonferroni
Tz ATz c)A Tz o !
ranks within Correction
T AT AT data recording Ve
[} ATy a)A To technology o . nn—
7. T b) A T by AT pairwise | Whitney U
T2 AT c)A Tz Test
T @AT-TiA A TTiA W’fm"?;t
8. T BATe-T2A  b)AT-T:A | Assessabiliy groupwise | o C
T  AT-TzA  AT-T:4 | changeof :
accident types Correction
according to
To a) A To-Th A a) A To—Tz A type of Mann-
9. Ts b) A To-Tz A b) A To-Tz A change pairwise | Whitney U
Tz ATi-Tz A c)ATi-T2 A Test
To, T4, T2—data recording technologies Ai, A;— assessability of accidents in a given accident type
A—change in assessability of accidents for a given accident type
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+RZHYHW P XWWWP SKHHWLKHDW LQ WKHQRD® BIRVWIRE XWHG
YDULDEERDWDPHWULF VWBWYWWAH DG PHIWHICR G V

%DVHG RQ eEQFHW[BERIBGWKH SHUIRUPHG LQYHVWLJIJDWLRQ'
YDULDEOHV FKDUDFWHUL]LQJ URBG HDRRRBEHPWMW DUH QR
VWDWRNWEKRIHM DSSOLHG LQ IXVVWKHAR UGHMHIGDY F K 5 K OP\HHV K
SUHVHQWHG KHUH ZHUH VHOHFWHG EHFDXYPBONVKH H[DP.
GLVWULEXWLRQ )XUWKHUPRUH WKHUMVNV®@ESWB HQGLHD\WY
Rl HDFK RWKHU DV WKH DVVHVVDELOLQW RO DNVEKHYHQ L
DVVHVVDELOLW\ RI DQRWKHU DFFLGHQW

,Q WKLV DQIOWEEHDRWH WKH GDWD U HFIRW BIKGI WHFK
EDVHOLQH WHFKQRORJ\ LQ RXAD GNDW DERNVHK HW UDIGY. W
GHYHORSPHQW LW LQF® XBMY DRMHWHAKH DCYHWEE T RQ |
GDWDEDVH WKLV FDWHJRUG HFRRWHVSWRRIG\K WRHVN THY
FDVH ('5 ZKLFK PHDQV WKDW LQ DGGAMMQ&®JT WR DOO ¢
IXUWKHU GDWD UHFRUGLQJ WHFKQLTXW¥R DRMHWHIRILQ BIEO
GHQRMSHGQIG DVVHVVDELOLW)\ KDG |RKMLQH WHION KPR DRI
OHYHO

3.1 Comparison of Accident Types

,Q WKH ILUVW URXQG RI DQDO\WHV SBLUQLRYGHRUP S\IRUL
H[SORUH ZKHWKHU WKHUH DUH DQ\ DFV¥L&GHQ W VQSHOX Z |
GLITHUHQW IURP WKDW RI RWKHU D PRBIEBEHIOW W\S8HY )RU
THVW ZSOLBG & ZKLFK FRPSDUHV WZR VDPSOHV 6DPSOU
ZKLFK DUH WKH YDOXHYV -RUIQNW K LWDPMHV 8D UbY RHWYANDE L O L V
FDOFXODWHY WKH SUREDELOLW\ IBR®P GDREEORP O\EVMHQH F
JUHDWHU WKDQGRIP@XH/ HOHFWHG IURP 6DPSOH 7KH FD
(TXDW2-RQV

Jf Js+1
7o= 30 S ey ?

Jd Jgt+1
7om su3pr B g

J5 e
7 P58

§J5J6( Js+ Js+1)
12

<=
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ZKHUH

J— QXPEHU RI HOHPHQWYV LQ 6DPSOH

Jo~ QXPEHU Rl HOHPHQWYV LQ 6DPSOH

45— VXP RI WKH UDQNV LQ 6DPSOH

44— VXP RI WKH UDQNV LQ 6DPSOH

7s— WHVW IXQFWLRQ YDOXH IRU 6DPSOH

76— WHVW IXQFWAMRRS®BOXH IRU

<~ YDOXH RI IXQFWLRQ DSSURDFKLQJ WKH QRUPDO GLVW

JRU RXU GDWDEDVH IRU HDFK WH\DW YLHQO WRK LW KU RR § QW
"KLWQH\ 8 7THVW ZDV 2KHWWKVBRWKHVHY ZHUH LGHQWLILF
WKH IROORZLQJ,DRWNHGHOMHVRR Q@D QG RE@IINVH® HFWHG Y
Xeppsdd RP WZR GLIIHUH@W H B REDELRIHIVY RODUJIJHU RU
HT X®opsdiV ODUJHU WK D QXW K458 U R E DDEXSIFE\ R K D Q

+ XepprsdXKeprPsoH

+ XeprsoKeDPSoOH

7KLV PHDQV WKH WHVW LQYHVWLJDIWHRW WMHFSWREDE L O |
FRUUHFW + UHODWHG WR WKH FRPSBHHG DMMHVFWLELO |
D FRQUXIOKRMRWKHVLV L¥DORMRRHSK ZH $FPRYVGLRZOY LI

WKDQ WKH SURBBSHLOHWUYMRU LV WROHUDEO\ ORZ VR W
+ FDQ EH UHMHFWHG D@®& H DMV HD\FFBISMOHGV\LRH DFFLG
H[DPLQHG W\SH LV VLIJQLILFDQWO\ EBRPSEHNK MRXWKDW F
UHVXOW HQWDLOV WKDW ZLWK WKHHJDPH Q HGD WHF UGHFQ W
W\SH FDQQRW EH DVVHVVHG DV ZHOO DV WKH RWKHU DF

7TKHUH DUH WZR UXQV ZLWKLQ HDWKYVWBHEIW MN S F DIOX HWK I
JLYHQ DFFLGHQW W\SH 6DPSOH DIHRFEOGBPHR® DWR VX
VHW 7KH DLP RI WKLV LV WR VHRM Y RHWKHUWAK KN @6 YOHT L
t\SH LV GLIITHUHQW IURP WKDW Rl WKH BWKHULW\SHYV
FRPSDUHG WR WKH WRWDO VHW

3.1.1 Test 1-Baseline

7KH DLP RI WKH ILUVW WHVW LV WKHWKHIRWKIBDEK DVH
VLIQLILFDQW GLIIHUHQFH LQ DVVHVVBHELOEWLGEIQYWHOV
FDWHJRULHY DQG WR WKH DYHUDJH RI?AWWKH WRWDO VDP¢

,Q WKLV WHVW 6DPSOH LV FRPORMMGARR) WWKHYBI\QVE WL
W\V\SH )LJIXUH JRWHVRASIOHWWN UXQ WKH DVVHVVDELOL
DFFLGHQW W\SH DUH FRPSDUHG WR WKHQDWIVB\VBBLOL\
6DPSOH WKIRWH RI DOO WKH RWKHU BRFLGEQWMW\SHV

QH[W UXQ 6DPSOH LV ODUJHU W KOL LLOH @ KHRM ULHW U X G
FDVH DVVHVVDELOLW\ YDOX&YV IRU DOO DFFLGHQW W\SH

A8 A
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ToTo

YJLIXUH
7HVMDVVHVVDELOLW\ Rl 6DPSOH UHG \ARPRIZU HEGDWR, W KBRUBIHEDE'S ©

3.1.2 Test 2—Higher LevelData Recording (Ty)

7THVvwW DLPV WR UHYHDO ZKHWKHU WKNMHMWD/E DOLW\Q LR UF
JLYHQ DFFLGHQW FDWHJRU\ ZIOMMME® WERWHRR UG BPIRBHD\ O
FRPSDUHG WR RWKHU DFFLGHQW W\BHWKHLDXVHYVV DELHOUWI
Rl D JLYHQ DFFLGH@MDWW\BHFRWEKH. Q7 5HVXOWY DUH FI
FRPSDULVRQ ZLWK WKH EDVHOLQH FDWHRERUGLBRJIG DOV
FDWHJRU\

&RQVHTXHQWO\ LQ 7HVW D DVVHVRPEDOHW\ WB ONKKIH/ |
DYHUDJH DVVHVVDELOLW\ RI WKH FRPWR HPKIK\EDWVMH®HOW
OHYHO GDWD UHFRUGQQMHWWFEQKRKBRHYHAHU YDOXHV LQ ¢
FRPSDUHG WR YDOXHV LQ WKH FRPSOHRHMHIFRU\GBQGE W K
h

YJLIXUH
7HVMWDVVHVVIDIEADRSOH GDUFRBSBEHBG WR WKDW-RIDBMDPSOH \HOOHF
UHFRUGHGHEW? D OHIW DQG WR 6DPSOH 7 QMW EUHHQK®WDWD UHF

A9 A
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3.1.3 Test 3—HighestL evelData Recording (T2)

6LPLOWROYHVW WKH DLP RI 7THVW LW W R LUHFDHOW ZK|
GLIITHUHQFH LQ DVVHVVDELOLW\ IRW DJUHERHWG HDE FH\GW R MV
KLIKBNWHFKQRORJ)Y BRRPPHDUHG WR RWKHU DFFLGHQW W
7TKHUHIRUH 6DPSOH LV WKH DVVHVVLRAMKGIDMADRI D JL)
UHFRUGLQJ 5HVXOWY DUH FDOFXO QWH®»WHI@WRR/P SD UL\
DOVR IRU WKH VDPH GDWD UHFRUGLQJ FDWHJRU\

To' T2 Tz' Tz

YJLIXUH
7HVMWDVVHVVDELOLW\ RI 6P PFSROAS D UGISU W FE @)KHD W-FEIDBMP SOH \HOOR
UHFRUGHBGHEW? D OHIW DQG WR 6DPSOH, 7TOINMKWEEOKHKVEDWD UH|

$V D UH¥EK\OMW IRW FDQ EH VHHQ ZKLFK DFFLGHQW W\SHYV
ORZHU DVVHVVDELOLW\ WKDQ WKH RWKHUV IRU HDFK GELC

3.2 Comparison of Data Rcording Technologies

7KH VHFRQG URXQG RI DQDO\WHV IRFXVHLRQVGWR D UHF
WHVW ZKHWKHU WKH GHYHORSPHQW RIWVGDWIDQUHFRUGL
DFWXDOO\ LPSURYH WKH DVVHVVDELGRWAHRHI WKIHV G IMKHHL
DVVHVVDELOLW\ OHYHOV DFFRUGLQJQNRFE D&/HDQWH WREIE L
ZHUH FRPSDUHG )LJXUH

7KH :LOFR[RQ BQNQHE®/ MDY DSSOLHG WR FRPSDUH WKH FF
ZKLFK KD@MUORQ GLVWULEXWLRQ ,Q HDFK JURXS WKH
DQG DQ DVVHVVDELOLW\ YDOXH ZDV D&NWIQHB PR R GILDFXK
WHFKQRIORWHVWHG K\SRWKHVHVY DUH DV IROORZV

+ 7KH PHGLDQ GLIIHUHQFH LV JHUR
+ 7KH PHGLDQ GLIIHUHQFH LV QRW JHUR

3DLUZLVH GLIIHUHQFHYV LQ DVVHYVYVDHLEMRQ XDANUH YUIDANH
DQG UDQNYV DUH DVVLIJQHG ,Q WKH QUHWD V WIHISI) HIZR WIRW L
WKHMDQNVY GHSHQGLQJ RQ ZKHWKHU WKH FOMUOU¥Y@DO GLII

Ao A
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7KH@HVW(R)IRONRUUHVSRQB:)@DIUBDLXYRPHG VHSDUDWHO\
SRVLWLYM)YD @V QHIDWMHH YIDWHWKH QHIDWLYH VX
VXEWUDFWHG IURPTWKH SRVLWLYH VXP

9= i 4 U
A No1 4
97%= i 4 U
0 s 4
9=9>F97 7

$IWHU LGHQWLINLQWY WHVKD YW DWRLWWERBDHBLWWFDO YDO)
depedGLQJ RQ VDPSOH VL]H DQG VLJQLILFDQFH OHYHO

To Ty To T,

YJLIXUH
$VVHVVDELOLW\ RI D J&PRODIF§F LBHERY GURXSVR GDWD UHFRUGLQJ WI
7THVW - ®BIWD UHFRUG LQJUWHHIOK Q ROVE\D WIDL DKHWRUGLRQJ WHFKQRORJ\

EOXH

3.2.1 Test4-Baseline (To) vs. T1

,Q WKLV WHVW IRU HDFK GDWD UHFRUGBLQRUNHBRRRO
DFFLGHQW DUH FRPSDUHG 6DPSOH RPWQEHYBSRYGH WR )

WRGDWD UHFRUGLQJ WHFKQRORJ\ 7KH WIHFW/QWHYHDO
FKDQJH LQ DVVHVVDELOLWWHRMKQ RE R JL QRW RGXF NLLYRI@® R
W\SH

3.2.2 Test 5—Baseline (To) vs. T2

7KH DLP Rl WKLV WHVW LV WR UHYHD®O &RYHWKRI LGDWDR
UHFRUGLQJ WHFKQRORJLHV DIIHFW DVAKKWY DR UOHMWRKFRP
GDWD UHFRUGLQJ WHFKQRORJ\ DVVHVVFREBOUWG YDOXH

M1 A



G.Videet al. Assessability RbadAccidents-a Methodology fBxploring thgffect
of AccidenType andataRecordingechnology

6DPSOH FRUUHVSRQGYV WRQYD 6XPFYOBDWWIRUAHGE RR G L7Q J
WHFKQRORJ\

3.3 Ranking by Assessability

7KH SUHYLRXV VZKWWMKHIDHELWRYUHHQFH LQ DVVHVVDELOL
GLIIHUHQW DFFLGHQW W\SHV ZLWK G L+RZHYGW GDKWD Ul
DERYH WHVWV FDQQRW UDQN WKH DFRFIZ&HOLHAY MD S HW KBIF F
UDQNLQJ EHWZHHQ DFFLGHQW W\SH VD PRLGHQM EW OSLHANA
ZHUH FRPSDUHG ZLWKLQ HDFK GDWD -VYMWHSUBQQ O \W HF K C
ZDV FDUULHG RXW ,QDBUW 7MAKM ZUWKNBRQIHUURQL &F
DSSOLHG WR FRPSDUH PXOWLSDWVHY @B EHDIGHQWH YUR)
DFFLGHQMSVW\LSWRLY FDRWHIRS LZMVIAVW WKRVH SDLUV LQ Z

VWRFKDVWLF GRPLQDQEHUH FRIFRSYDHIH G \ZKMWR/MOMK H 0D QQ
7THVW

3.3.1 Test 6—Comparison of All PossiblePairs

,Q WKLV WHVW 6DPSOH LV PDGMXBRRI| DVKLIHY MQ COHEFL GR
W\SH IRU D FHUWDLQ GDWD & HF RAWD@IS@H W HVK RRROFRIY HE
Rl YDOXHV IRU DVVHVVDELOLW\ IRUHDGRWRHWHBRBIGEG&KQ
WHFKQROR$\v¥H OO0 SRVVLEOH SDLUV DUH WHVWHG IRL
WHFKQRORJY [RJWGUHVSHFWLYHO\ VHBRPRXRBIOO\ 7KXV

GLVWULEXWHG LQGHSHQGHQW JURXS VIDPRCE@MHNV 7TBIVM FR P ¢
> @

YJLIXUH
7HVW DVVHVVDELOLMRFRIUGEBLUGW R VE DWRXSNFRUGHLQORZHFKQRORJ\
7HVW, BURHQ T7H¥WXH 7

JRU WKLV WHVW WKH IROORZLQJ K\SRWKHVHYV DUH IRUP
+ WKH PHGLDQV RI 6DPSOHY DUH HTXDO
+ VRPH RI WKH PHGLDQV RI WKH 6DPSOHYV DUH QR\
7KH IROORZLQJ IRUPXOD LV XVHG IRHW XOWNXODWLQJ WK

A2 A
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A o3 NE NG 8
*= (0 Fl) =@
O PR BN F W

ZKHUH

J-LV WKH QXPEHU RI"MDPPBIRWYV LQ WKH

Ny LV WKH UDQN DPRQJjBOO@H G QRMA/DIY SWKRI W K H

0-LV WKH QXPEHU RI HOHPHQWYV DFURVV DOO JURXSV
NSLV WKH DYHUDYHDWPBOM RI WKH

NSLV WKH DYHUDJH UDQN RI DOO VDPSOHV LQ WKH XQLIL
C-LV WKH QXPEHU RI VDPSOHV

,Q RUGHU WR PLQLPL]H 7\SH , (UUR UL VL DHO VWHKIRNM-IRKWLLW® JL V
DFWXDOO\ WUXH WKH %RQIHUURQL &RBEBHEWERQRZ®D V. \D
WR GLPLQLVK WKH XQIDYRU DEQRUKIL FHF IWQ RU HDR/HH V7 \ BHKiH
FRPSDULQJS5@RXEN EDVLF SULQFLSOH LV WKWW WKH VI
ORZHUHG SURSRUWLRQDOO\ WR (i K B RQXMHETHKW RW &\ S R |

QXOO K\SRWKHVLV LV GURM 8HG SR WR Y WL K HWVHD/OWX BURY H
WUXH

7KH IROORZLQIVXGIBRUWM WKH DSSOLFDELOLW\ RI WKH
> @, WKLVMyPWOWRIMNODWKH QXPEHU RI WUXH QXOO K\SRWK

a, U él,’ U U N 9
(= 2P @Ry QID2@Q AE I, QU
U@s v@s

7HVW  VKRZV IRU ZKLFK SDLUV WKH UHI\DHNGHDGE LODL W\
VWRFKDVWLFDOO\ GR P daaDUH¥F RALG\LIQLIQ WHRK®RQRJ\ JUR
H[DPSOH LI IRU WKH DFELBKIDWURVNBIEDIHVY KDV D
VLIQLpLFDQXH IREDWOHUHFRUGLQJ WHFKQRORJ\ LW PHD
DVVHVVDELOLWWUIRY HLVDHHIWFH QW O\ KLIJKHU WKDQ IRU W
WKH SDLU +RZHYHU WKLV WHVW GRHV GQQRHWW GMWHUPL
KLIKHU

3.3.2 Test 7—Pairwise Comparison

7R GHWHUPLQH IRU ZKLFK PHPEHU RI WKW BSPUH WKH

VLIQLILFDQW D SDLUZLVH FRPSDULWRGEHVPDBHXEUWEGH?7
ODRXKXKLWQH\ 8 THVW IRU HDFK SDLU EQO%MAVRIVRHQS D L U\
DUH WR EH WHVWHG LQ ZKLFK WKHFHHVWIXUGIGLFDWHG

A3 A
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YJLIXUH
&RPSDULVRQ RI DFFLGHQW JURXSV HMWWK VWRWWNOOWIF GRPWQEQFH IU
% JUHHQ T7HEWXWE 7

,Q WKLV WHVW 6DPSOH LV FRPSRVDH G LRIHW KOHF BIVE H @ WI
W\SH IRU D JLYHQ GDWD UHFRUGEQ J6 WMMFEID R OR IVK HR VUHW
Rl DVVHVVDELOLW\ YDOXHV IRU DQRWHWHFRALGHIIW
WHFKQRORJ\ IRY H[DPSOH %

$V D UHVXHODMWVRI DQG LW FDQ EH GHWHUPB@HGVIRU WKH
ZKLRQKIDVY D VLIQLILFDQWO\ KLJKHU DVVHVVRIELOLW\ YD
WIKSHDLU 7KXV D SDUWLDO RUGHULQJ FDQ EH VHW XS

3.4 Change inAssessability

,Q RUGHU WR VHH WR ZKDW H[WHQW D& KNFWDE QOR WP RFU
DQG PRUH GHYHORSHG GDWD UHFRUGLQUWNHKIOD@REGRJLH
IRU HDFK DFFE&HQWHVWSRHESH FRPSDUHG WR WKRVH RI HD
WKH VDPH PHWKRG WKVWDOWG IRCBRZRIGOE\GAIHMAWHQFH L)\
GHSHQGHQW YDULDEOH LV WKH FKDQJW\IS® BEVWWIARMDELO
WZR GDWD UHFRUGLQJ WHFKQRORJLHYV

3.4.1 Test 8—Comparison of All PossiblePairs

,Q WKLV WHVW 6DPSOH LV PDGHVXE KO QN KHI R @XHW HR
DFFLGHQW W\SH IRU D FHUWDLQ GHYHORSPISQW LQ GC
GHYHORSRHQ@DASOH LV FRPSRVHG RI YDOXHV IRU DVV
DQRWKHU DFFLGHQW W\SH IRU WKH VIO@RORHYHORBSPHQ\
$ GHYHORSPHRWO7SRVVLEOH SDLUV DUH WHVWHG IRU H
L Hi- 7 o % #- 3 VHH )LIXUH $V WKHUH DUH IRXU DV
- WKH YDOXHV H[DPLQHG KHUH UDQJH KIRPIJH QR FKD
IURP WR

Aaa A
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TJ _Tz.

YJLIXUH
7HVW  FRPSDULVRQ RI DVVHVVOELBOWREKDQ JHHGW HBHORZ D 7
EOXH 7HVAWJFHHQXH

7HVW  VKRZV IRU ZKLFK SDLUV WKH DV&HNVDELOLW\
VWRFKDVWLFDOO\ GRPLQDQW IRU D GHYWWHE KD\BGIRRL F
L W o#?7 Eo-73RU F- 3 )RU H[DPSOH LI IRU WKH DFFLGF
$-$ WKH 7HVW KDNYD O/XHQIRM ABRMW HFORSPHQW LQ GD\
UHFRUGLQJ LW LPSOLHV WKDW W KRHUsBWVHIVNQLE L PR QW 6K L
KLJKHU WKDQ IRU WKH RWKHU PHPEIRHRIQRKH GHDWH UPRC
IRU ZKLFK JURXS WKH YDOXHV DUH KLJKHU

3.4.2 Test 9— Pairwise Comparison

7R GHWHUPLQH IRU ZKLFK PHPEHU RI WKW FEFDUH WKH

VLIQLILFDQW D SDLUZLVH FRPSDULWRGEHVPDBHXEUWEGH7
ODR@XLWQH\ 8 7THVW IRU HDFK SDELU EQO%MRVRIVRHQS D L UN\F
DUH WR EH WHVWHG LQ ZKLFK WKHFHVWJIXUBIGLFDWHG

To—T; T;—T;

-

JLIXUH

THVW FRPSDULVRQ RI VLIQLILFDQWYYVHVWR-HBL OMWWAW KD QJIJH 0 7H
h—"

,Q WKLV WHVW 6DPSOH LV FRPSRVHG IRUWKBLBMQHVV
DFFLGHQW W\SH IRU D JLYHQ GDWD UHFRUBLQJ WHFKQTF
% 6DPSOH LV PDGH XS RI DVVHVVDEEOGW® WKW BH IRDO
WKH VDPH GDWD UHFRUGLQJ WHFEJRORJ\ FKDQJH IRU

7KH UHVXOW Rl WKH WHVW VKRZV IRU HEWF R | DEB W®H Q W
UHFRUGLQJ WHFKQRORJ\ UHVXOWHG LBELDLWLVUQLILFDQW

Aas A
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Conclusions

7KLV VWXG\ SUHVHQWHG D GHWDLOHG PHAMMIORERURI FR
IRU HISORULQJ KRZ WKH GHYHORSPHQW RI WDSMD UHFR U (
LQIOXHQFH WKH DVVHVVDELOLW\ RIFDRDEH ODPFQ GRHQ WVQ¥\ 7
GDWDEDVH FRPSRVHG RI UHDO RU VLPXOGMISHROCRDW DF
YDULDEOHY DUH DFFLGHQW W\SH DQG GOIMBBIQMAFRUGL
YDULDEOH LV WKH OHYHO RI DVVHVVDELOLW\ IRU HDFK I

7KH DQDO\VLV GHVFULEHG KHUH LV D WRPEML GDWLRIK) R
DSSOLHG WR VDPRORD (Z IGA K WOLRLGE: XW WRP! \ \§ KHH O WQ @ K H
'LOFR[RQ -GIDIMNMHG’HVW DQG:DWIOH V. UDHWNAD ZLWK %RQIHL
&RUUHFWLRQ $WKBVHHWXHOWWILW FDQ EH GHWHUPLQHG
WHFKQRORJLHYV LPSURYH WKH DVVHVVDE H)WMQRI WKALC
DVVHVVDEKOEW\DRFLGHQW W\SHV LPSURYHV GXH WR D
6XFK UHVXOWV FDQ EH XWLOL]JHG E\ WKHNDR@ RARWLY
GHYHORSPHQW IRU GDWD UHFRUGLQJ WHFKQRORJ\

7KLY PHWKRGRORJ\ ZDV WHVWHG DJDMWWWQD+EQWDIORDVH
2@ +RZHYHU WKH OLVW RI DFFLGHQW WWTHY BHQG GDV
HIWHQGHG ZLWKRXW D PRGLILWRMW IFRHWRRGRKMHRPRGHRSR
KHUH FDQ EH DSSOLHG WR GDWDEDVHVXR@YWBYU WKBQ W
HITHFWV RI IXWXUH GHYHORSPHQWYV LH) RKaDGWHZ (RHFRUGL
GLIITHUHQW DFFLGHQWHWVSIBVERDIQKDO \PRHWKRGRORJ\
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Eye Tracking Sudy of Visual Pollution in the
City of Zilina

5DGRYDQ ODXGFHDNIDGOHODNRIYWD ODMHUpPINRY
Roman Chinoracky

8QLYHUVLW\ RI =LOLQD 8QL¥HUOlQWE@PORDDNLD
UDGRYDQ PDGOH@DMAX @ DJ®OWN DINRYD#XQL]D V
PDUJLWD PDMHU NNRPDI¥KRLYPRVUNFN\#XQL]D V

Abstract: 7KLV SDSHU H[DPLQHV WKH LVVXH RUOYLIQ/X DIR RALQXW L F
VSHFLILFDOO\ RQ RXWGRRU DGYHUWLVL®JR $ QrX-DQMLLID VW LW K
GHQVLW\ RI RXWGRRU DGYHUWLVLQJ RQ PORBURVRPIGY LQ W
DGYHUWLVHPHQWY 7KH UH Vé$pBriihErk inBoBriatidn foRu0IGyMERMEH G SURYLG F
DQG PDUNHWLQJ ILUPV WR FRQVLGHU ZKUHIQ VEBRRMDIWERQL FIL
HQYLURQPHQW DQG RXWGRRU DGYHUWLWQIG W KHK HV | N PWX'G \RL V
YLVXDO SROOXWLRQ RQ WKH FRIQLWIRD BREZRHWL @®G LGQIVY R
WKLV VWXG\ VXJIJHVW WKDW RXWG R P [DFGAW HROW K R ZQG UKLLY W LDV
SHUFHLYH WKHLU HQYLURQPHQW D QIGUHYWE WINVFRV B K U\WVER G
be used to create mdH HIIHFWLYH SROLFLHV UHODWHGIWW®W\RXWGRRU D«

. H\@rds: visual pollution eye WU D F N L RIX WM R®\U DrGad bty LV L QJ

1 Intr oduction

7KH WXUQ RI WKH WKLUG PLOOHQQLXP KD$LOHHIQUPRELO
RXU VRFLHW\ 7KH UDSLG DGYDQFHPHQWWED RWHFKQROF
FRIJQLWLYH FDSDFLW\ LQ D YDULHW\RRWI M.OGVILFRBDMO\
LPSDFWRBLOLW\ KDV EHFRPH D PXOWLIDFHWW® FRQFHS
UHOHYDQFH LQ W U DRDVSIR H W\ WG R@ KADKWH DBOLMRW DO UHDO
&RQVHTXHQWO\ WKH SRWHQWLDO RILFRED®LW) KWV BHEE
WR EULQJ DERXW SRVLWLFW KKDQUHMN WO ®XEY % REFLHW\

7TKH FRQFHSW RI PRELOLW\ LV LQKHWHQW @Q UW DIMW/IHYGH
'"HFLVLRQV DUH LQWHJUDO WR PRELDEWLYDW\WKH P I&SHIVOH
RORWHDIGEH WDNHQ PXOWLSOH WLPHV WKURXJKRXW 7
XVHG DQG WKH TXDOLW\ RI VXFK KBB®YQD\SURIFKHWQFF
UHVRXUFH UHTXLUHPHQWY DQG XOWIKRHDMRURMHXWHERPH

DGGLWLRQ WR WKH LQIUDVWUXFWXUHYDHHBWEG RPRELC
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UHVRXUFHV VXFK DV PRQH\ WIiFPHFKRQG H QWU I\ DFKH SKOXC
YLWDO UROH DQG RIIHUV D EURDG VSHFAWIXWP BUWSWLI
PDSV -WHIBFNLQJ LQWHUIDFHY DQG VLPXODWLRQ VRIWZ]

'"HFLVPPQLQJ LV H[WUHPHO\ LPSRUWDQW QRW RQO\ IR
YHKLFOHV EXW DOVR IRU GULYHU YRSERUWKLQWHEDLWF
LOQYHVWLIDWH WKH LPSOLFDWLRQV RIGRUQDLWLFK H2ZRBHPRL
H[FHOOHQW H[DPSOH LV FR@MWVQIKRXWK GRFDIR LVF KUHR XQVHD
FRIQLWLYH YDULDEOHV ZKLFK KDV ERHQUDRXKWG WKRLVLJ
VXJIJHVWY WKDW YHKLFOHY DUH FDSDYORSRNQRBPDUQLQJ
SRVVLEX@QMWXSRUYLVHG OHDUQLQJ WR PDNH VHQVLEOH \
WR >@ LW LV ZRUWK PHQWLRQLQJ WKDWHW®&BWHG QLWL
GHFLVLRQ PDNLQJ EHDUV UHVHPEODQFH WRQWKDW RI
FODVVLILFDWLRQ LV OLQNHG WR SDWHWGHUQV WKDW KDY+

7KH GHPDWIR)X) RI GUZRWOG IRROBDWLRQV LV RIWHQ LPSEC
RI H{IWHUQDO VWLPXOL 7KHVH FDQ LQRKGIXBEMNWRWVSK\V
ZKLFK SRSEPMRVUIG LI WR@UHYVGIDOHKQJ DQG GHWHFWLQJ
GULYHU EHKDYLRRUGGGHRQGHWORQVY FDQ SURYLGH YD
DXWRQRPRXV YHRDMQLIDJIGHRALYXDBGUVWDQGLQI WKH LQV
KXPDQV PDFKLQHV DQG WKH HQYLURQPHQW

$ VSHFLILF H[DPSOH RI REMHFWV IRXQWH LRXWE&RRWLFLC
DGYHUWLVLQJ REMHFWY 7KLV LOOXVWWLLPDX\OHYZWH® LP ¢
GHWHUPLQLQJ GULYHU EHKDYLRU DQG RRIRMAR RRXW LPSF
YHKLFOH BBINFLPXWGQGRRU DGYHUWLVLQJ -RRR/MHQDWLY H(
22+ DGYHUWLVLQJ LYKLFRUP RIQRMHHEL®HG WR UHDFK FR
DUH DZD\ IURP WKHLU GZHOOLQJV 7PBINGYQBPQEGRIW KEHD
IRUPV Rl DGYHUWLVLQJ ZKLFK DUH VLWXPOWHEVLQ SXEC
VLGHZDONV DQG SXEOLF WUDQVLW VWWAHRXWGERRUDQ
DGYHUWLVLQJ FRQWULEXWHV WR YLVXSDFBRRQXMKHRQ L
VDIHW\ Rl GULYHUV5DBPKQ ¥H GHVHAMXN®ENK D@G 6LSRV

3HPHOHWEV® DQG ¥yREURGHRW MBI IRFXVHG RQ DQDO\]LQJ
GULYHUV EHKDYLRU DQG SUHGLFWLQUQW KHV® MNH/OWLKFDR
PRGHOXHLU UHVHIMKBKUN KRZVQGDQFH RI RXWGRRU DGYH
SRWHQWLDO WR FDXVH GLVWUDFWLRIQQ B QGDRRY QKW LY HV I
RI DFFLGHHUMYRUH LW LV LPSRUWDQW WRUMRQVIQEHU WK
RQ URDG VDIHW\ ZKHQ GHVLJQLQJ DQG LPSOHPHQWLQJ I

7KH WHUP YLVXDO SROOXWLRQ ZDV LQKWYDOO\ XVHG |
SXEOLFDWLRQ 7KH 6RFLDO /LF@RR GRHD/FO LEHE WX H6 TOFH
LPSDFWV RI WKH YLVXDO HQYLURQPHQW RQ/KXPDQ SHU
PDMRU FRQWULEXWRU WR WKLV SKHQ@®PH @RE BMIEM FC
FRYHUV ODUJH SXEOLF DUHDV PDNLQBULWK®LHFARPROUW W
VKDSHVY DQG IRQWV LQ RXWGRRU DGYHURLVWRXWDQ EH
GLVUXSWLQJ WKH QDWXUDO DHVWKHKW. IS RH \CH Q BI® RV F D
RXWGRRU DGYHUWLVLQJ LQ HOHYDWKME DRGIOXWIDRQ OHD
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7KH SUHVHQFH RI DHVWKHWLFDO O\CRY.E /HMDDMBIR R ENDH\F
URXWHY FRQVWLWXWHYV YLVXDO SRCEOXVMWLR @RW O UMDLQWIE
WR ELOOERDUGY DQG RWKHU IRY AW LFIOBY QW LR WEH UON
RI XUEDQ GHGOMQEN DQG 8 DEBROHEOMNRY® D VWXG\ RQ Y
SROOXWLRQ LQ URDG LQIUDVWUXFWXUH \WULUK®LIKWLQ
DGYHUWLVLQJ DQG Y:\V@&QDOFGDGWWHKH L¥RXRVRI YLVXDC
FDXVHGYBUWGVLQJ VLIQERDUGYV LQ $QNDUD HPSKDVL]LC
DQG JXLGHOLQHV WR PDQDJH RXWGRRRQDEFWHWLULQJ
SRVLWLRQLQJ DQDO\VLV Rl XUEDQ RXWGRRURDGYHUWLYV
ORFDWLRQ LQ PD[LPL]LQJ WKH HIIHFWHYHRWRYLBH DGY
LQVLIJKW LQWR WKH LPSDFW Rl RXWGRR @ DY HRWLVLQJ
UHJXODWLRQV DQG VWUDMKILGT SROGNWHANW RO DVGM QV S
GHOHWHULRXV FRQVHTXHQFH VERIQ QUKRIl RIQGW DIOG K 1D D® DK
WKH TXDOLW\ RI OLIH (ZRK\KAHDE DD BRW R BEQHW \WKH HIIHFWV
YLVXDO SROOXWLRQ RQ WKH SHRSOH RI I6PXGIDQ®GDELD

QHJDWLYH FRQVHTXHQFEV @RSHVIVOIG SXWNVRIBLRO [UDPF
DGGUHVVLQJ IRUJRWWHQ SROOXWLRQ E@ROXGLQJ QR
OH[LFR /DWVSB®YOBRQGXFWHG D VWXG\ RQ YLVXDO JDUEI
HFRORJ\ SHUVSHFWLYH SURYLGLQJ LQVLJKWV LQWR |
ORUHRWIHMXDO SFOMOEM IDRQYRXUFH Rl GLVWUDFWLRQ IRU G
FRQWULEXWRU\ IDFWRU WR WUDIILF DFFLGHQWV

9LVXDO SROOXWLRQ LQ WUDQVSRUWDMWLR@PSQDAD QGG H V
SHRSOH V DELOLW\ WR HQMR\ WKH DUWHMRUDWXDW LV ERYV
SROOXWLRQ KDV D QHJDWLYH LPSDFW RQ WKH HQYLURC(
VSDFHV $BWDBOBYDOXDWHG YLVXDO SROOXWLRQ LQ X
6:27 $+3 DQG 4630 WHFKQLBXHW RSKFPLH® DZVNVRYLVW D
9R[HO DSSURDFK IRU WKH DVVHVVPH@W FEIL®DERDY GP S
ZKLOH &KPLH@VAHAWDQJIJHQWLDO YLHZ ODQGVFDSH PHW
SROOXWLRQ BKPPO®RDGKIFWHG LQWHUYLVLELOLW\ DQEL
VXUYH\V WR PHDVXUH WKH YLVXDO SROOXNWLERDQRFDXVHG
streets 6XFK SROOXWLRQ FDQ DOVR UHGXFH DEW TXDOLW
GULYHUV WKXV OHDGLQJ WR&RBQIHGRXKXVRBDG WRBGL
WURXEOHG UHODWLRQVKLS EHWZHHQ YLVXDWLYRIOOXWL]
HITHFWV Rl WKHVH SROOXWDQWY RQ W OHI MHQDELURQPHQ\
H[DPLQH WKH LPSDFW RI YLVXDO SROOXWLRQFRQ WKH S
UHGXFH DLU TXDOLW\ DQG REVWUXFW YLHYVVXDGOHQDN
SROOXWLRQ RI URDG LQIUDVWUXFWXUH ISQOQRWRYDNLD C
YLVXDO SROOXWLRQ RQ GULYHUV OHDGDLQILMAR GDQJH
FROMHFAH O\ VXJIJHVW WKDW YLVXDO SROOXWLKRQ FDQ OHI
WKH HQYLURQPH®W DIQJEHRELHIRGULIXH XR@WRLV DQ
UHGXFLQJ YLVXDO SROOXWLRQ LQ WUDQWSRHW V\VWFE
HQYLURQPHQW HQKDQFH WKH DHVWKRDVG D FRD®H QW R \
W LV LPSHUDWLYH WR SULRULWL]H VW WDUMDHMSR/UW K D W
LQIUDVWSIRGRW X XH &RPWRL\@ OO G FAMIEFNI/RKDOW WV WHPV
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DUH YLWDO FRPSRQHQWYV RI PRGHUQ VRDAMMWWALHWXBERQV
DQG YHKLFOHV WKDW HQDEOH WKH PRYHPWHHQQWRI SHRS
ORFDWLRQV 7KHVH V\VWHPV HQFRERDNIWVWD ZQGHUNMDQUC
FRQGLWLRQ LQFOXGLQJ URDGY UDLXXZDWASEADWRHUZD\!
SXEOLF WUDQVSRUWDWLRXY \LX\FK\D G HXPH\E D@ G QV D) DD
7/UIN DQG &VHW@&E VIBRHWUFH HQW IXQFWLRQLQJ RI WU
FUXFLDO IRU HFRQRPLF GHYHORSPHQW VRFLDO LQV
VXVWDLQDELOLW\ +RZHYHU WKH Q@MJD/WEKHDNVPSDWFX\D ® |
SROOXWLRQ QRLVH SROOXWLRQ DQG FDUERQ HPLVVLR

9LVXDO SROOXWLRQ LV NQRZQ WR KDYHHBWVWEULPHQWD
UHGXFLQJ YLVLELOLW\ LQFUHDVLQJUWRW LSQUIR B DKER\DW WO
HQYLURQPHQW IRU SHGHVWULDQVQDR GG H FRIHDAMWY L QUWWIK|
DHVWKHOXIHF R WKH VXUURXQGLQJV WKXV UHGXFLQJ W
WUDQVSRUW DQIGHOBOM\PRGHYQRI WUDQVSRUW DQG QH.
WRXULVP 6WBRWWIOBDYH VXJIJHVWHG WKDW DXWRQRPRX
SURYLGH D VROXWLRQ WR WKH LVVXH RIWKMXWDLO/$ROO X
RI DFFLGHQWY DQG SRWHQWLDOO\ FUHDMH\QN UL PRWH S
DQG F\FOLVWV 7KLV GHYHORSPHQW FRIROYGI ® HEDB OLR/ L Q
RI OLIH IRU DOO FRPPXWHUV ZKLFKQ®&RWO B QWIRUMD W Q
VIVWHP ,Q DGGLWLRQ YLVXDO SROOXWRRQXFDR®EVFXL
DQG IXUWKHU ULVNV WR VDIHW\

9LVXDO SROOXWLRQ FDQ DOVR LQHFWH MR QR I2ADH HDWH DA
DPSOLI\ QRLVH LQ WKH DUHD 7KLV ED@ PHUHVMESHEKBOA\
QRLVH SROOXWLRQ LV DOUHDG\ KLJK $GWGKW DPRXQ®A Y
RVXQOLJKW WKDW LV DOORZHG WR UHIHKUBDMHGE @ IDWH
FLUFXODWLRQ DQG KLJKHU WHPSHUDS®HKRFVH RLCRN WD YW
LQ WKH DUHD

9LVXDO SROOXWLRQ FDQ KDYH GLYHUVH BIQIGI FAWKH RQ WK
HFRQRP\ $SDUW IURP LWV QHJDWLYH L®» DIVEW ROVWKH D
WUDQVSRUWDWLRQ LW PD\ UHGXFH SEMSHHNV\ N OXHY

LQGLY LEGOXDAN >D @@HYHDOHG WKDW YLVXDO SROOXWLRQ P
RI D SODFH DQG ORZHU WKH HIITHFVOLY NQWXNORS RGO KW W
PD\ LQGXFH OLWWHULQJ DQG YDULRXVHRGPYJRWV R QWKL R
GHWHULRUDWLRQ Rl WKH DUHD V QDWXUDO UHVRXUFHYV

9LVXDO SROOXWLRQ UHIHUV WR WKHQS UWH.WHK® PH VRV LIPXW L
WKH HQYLURQPHQW ZKLFK FDQ Q+EMMIWVOLUYBQG FIRH 6 WWLQC
SURFHVVHV HWDUDNGREZYXHVWLIDWHG WKH SRWHQWLDO Lt
GLVWUDFWLRQ RQ WKH H[WHQVLRQHRU BK D®W HRDXW KRK
IRXQG WKDW YLVXDO GLVWUDFWLRQV KBQHWLFY@DUO\
VLIJQLILFDQWO\ LQFUHDVH GW LLQH UW DY H DIFQV URIQ APWLLFRQ W
KLJKHU ULVN RI DFFLGHQWY DV GHOMD\WKG UG ISRIQQIH V
SHUIRUPDQFH DQG UHGROHEXRY 6 G HORMYGNFMH@ D WUDIIL
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VXUYH\ DQDO\VLV LQ 1LJHULD WR L GUHRODAGL IW WOUQM SLRFU W
SODQQLQJ 7KHLU VWXG\ UHYHDOHG WHQD WDWWDNEWXKBB.
DUH PDMRU FKDOOHQJHV WKDW LPSHGHJMRIBVHLQFLHQW
1LJHUKB SUHVHQFH RI YLVXDO SROOXWLRQ VXFK DV SR
H[FHVVLYH ELOOERDUGY FDQ FRQWULEXVEWLWRUWUDIIL
DWWHQWLRQ DQG LQFUHDVLQJ FRIJQLWLYH ORDG

/JLAEHWLQ DQGSBMRBERNB G DAURXQGDERXW VROXWLRQ IR
RSHUDWLRQ WR UHGXFH FRQJHVWLRQ DQKGLWRDMDWIK H/ D
LPSOHPHQWDWIGRHY LRIQBGZHB®QGDERXW FDQ HIIHFWLYH
GHOD\V DQG LQFUHDKH WEW HFDSHDFWWR ®I %\ UHGXFLQJ Y
DV FRQIXVLQJ VLIJQDJH RU H[FHVVLYH URDGHEDWNRIQDIV
PRUH HDVLO\ HQKDQFLQJ WKHLU GULSRWHBVBHLQHRBH
DFFLGHQRWINL DQG 6REMHMNORS®G D G\QDPLF DXWRH
LGHQWLILFDWLRQ DQG LQWHOOLJHQW OLVKRWFIGU W\VWH F
JODUH OLPLWDWLRQ 7KHLU UHVHDUFK DKPFIG PDR PLQL
RFFXU ZKHQ GULYHUV DUH H[SRVHGKWRVEXIGAKWKRZHGW \
WKDW WKH LPSOHPHQWHG V\VWHP HEZIKHFWHL ¥ POV RIHLEXIF H
YLVLELOLW\ RI PRYLQJ REMHFWYV %\ PUWHVDUWLH) RY LV XL
SRRUO\ GLUHFWHG OLJKWLQHUGIRIFXNU D QFD Q) HODAVQIRML
FRQWULEXWLQJ WR VDIHU GULYLQJ FRQGLWLRQV

‘DQHW>DA@QYHVWLIDWHG WKH HIIHFW RI SDUWLFXODWH
RI RXWGRRU RULJLQ LQ D FDVH VWXG\ ERGERIWHG LQ
UHYHDOHG WKDW SDUWLFXODWH LURQQRDRRWVHWYH DV D
RULJLQDWLQJ IURP RXWGRRU VRXUFHV 7XKDOLNQRZOHG
PDQDJHPHQW DOORZLQJ IRU WKH GHY HD IS RPOHXWY LRR Q/ W |
FDXVHG E\ RXWGRRU SDUWLFXODWH PDUOWGWBUHREWLFK P
GULYHUV UHVSSUMWRW\ SKO@MOSVK HG DQ HPLVVLRQ VW
PHWKRGRORJ\ WR FRPSDUH D VSHFLIIDRQUBROMD\7BHQH Z
UHVHDUFK GHPRQVWUDWHG WKDW UDWO ER\P SIMDHG/ SARRJ \\
URDG WUDQVSRUW VXJIJHVWLQJ WKLCHVIRW BBGXEHQDQ
HPLVVLRQV %\ UHGXFLQJ WKH YLVXDPLYROREWLRXQFRV V|
DV VPRJ RU H[KDXVW IXPHV UDLOZD\ W DDQ VISFOWNLVED Q |
DQG D PRUH SOHDVDQW WGHMYD @LMEOXYVYRG PHIQWLP SRUW
RI DOWHUQDWLYH GULYH YHKLFOHV D@ ® RDEG WWKDHQ V' S|
(XURSHDQ 8QLRQ 7KH DXWKRUV KLJKOLJKMVBGLWKH SRW
YHKLFOHV LQFOXGLQJ UHGXFHG HPLVVLRBAGOLBRG LQFL
LQFHQWLYHV ZHUH LGHQWLILHG DV FKIK¥HDYOHKQF®OUWRPR)
ZKLFK FDQ FRQWULEXWH WR D GHFUHDVH LQ YLVXDO ¢
YHKLFOHV VXFK DV VPRNH RU QRLVH SROOXWLRQ

,Q FRQFOXVLRQ WKH UHYLHZHG OLWHUDVRXQU AD®HR BRQI \
VLIJQLILFDQW LPSOLFDWLRQV IRUQAULWUHDM L § DFRAQRIBIW W K
SRRUO\ GHVLJQHG LQIUDVWUXFWXUH GLVPR®IRUW JO
FRQWULEXWH WR YLVXDO SROOXWLRQ D®G VDGO WHIDWL
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DQG RYHUDOO GULYLQJ H[SHULHQFH 6GXIDMRHQILWXFBLP F
DV LPSURYHG URDG GHVLJQ LQWHOOLJHQW OLJKWLQ
DOWHUQDWLYH GULYH YHKLFOHV DUH HWWAWHQMLIQEDE OR{U

W UDQVSQRUQGWILWRR PHQW

2 Methodology

7KH FLW\ RI 4LOLQD ORFDWHG LQ 1RUWKWMHQREDB®YDNL
FRPSUHKHQVLYH UHVHDUFK SURMHFWRZ KYLLRKX D DPHBERW R [
RQ GULYHUV LQ WKH FLW\ 9LVXDO- IRRODWWRRWGRRUW
DGYHUWLVLQJ ZDV WKH SULPDU\ IRFXV ZRIWKKR WWXG\
FLW\ OLPLWV RI 4LOLQD ZHUH VHOHRWMHGS\ RG RYWHGS IDU
VFLHQWLILF DSSURDBRFXMWQOMWHGKQRBRJIJ\ WR PHDVXUH
YLVXDO VPRJ RQ GULYHUV 7KH UHVXOWY ROXWDEIDH WXG
LQVLIKWY LQWR WKH LPSDFW RI YLVXHOG RPUCQNR WE& HRUI
FLWLHVY ZLWK VLPLODU FKDUDFWHULVWLFV

7KH LQGLYLGXDO URXWHV DQG WKH DGYHUM/LVHPHQW
PHWLFXORXVO\ SURFHVVHG DQG UHJLVWHUHICRQQ WKH C
VHH )LIXUKLY LQWHUDFWLYH PDSSLQJ DSSOLFDWLRQ
UHSRVLWRU\ RI DOO UHJLVWHUHG DG YH OWEDMAHRQ@W V
GLVWU LEX®/ RRWMKHU SHUWLQHQW LQGLFDWRWKH 7KH FRO
SURSULHWRU RI WKH DGYHUWLVLQJ PHGLRP WWKH W\SH
DGYHUWLVHPHQMD OHR WIEDHUIMKH GDWD UHFRKBHG DOVF
DGYHUWLVHU WKH SUHHFQORBHRD GYRBWEWHPHHQUANLFH DQC
UHSUHVHQWDWLRQ RI WKH DGYHUWLVHPHQW

JROORZLQJ WKH DQDO\VLV RI YLVXDO SRQOXRQPLRQU WKH
GULYHUV ZDV PHDVXUHG &0/, L\Q-MHDD FNTXQQBE PERQWHY 7KH
WASH RI HTXLSPHQW ZDV XVHG LQ D VWX@®Q BEA\BDYOHQN
WUDFNLQJ LQ WKH VWXG\ RI FRIQLWLYHRSUWRKHVVHYV
TXDQWLILFDWLRQ RI WKH HIITHFWV RI RXWGRRW DGYHU
GHPRQVWUDWHG LQ WKH VWXG\ FRQGXFWBQGE\ %R]RP
SRWDUERXQ WKH GHYHORSPHGEDRH ®-@ERAPEBQVWHDUF NDAVWIHUID F
IRU-WH.PG DSSOLFDWLRQV

7KH 60, (7* :-RREQWHGBUBWNLQJ JODVVHV LQ FRQMXQF
LOLHZ(7* YHUVLRQ VRIWZDUH ZHUH FKR&BI\GDDV Wt
DFTXLVLWLRQ 7KLV VSHFLILF GHYLFB®ZIDPH GHWIXBYHG V
EHKDYLRU RI VXEMHEWYHDQQ@WFBRWDUW V-\RSHMBUHH KLJ
FDPHUDV WZR RI ZKLFK DUH LQIUDUHGFRDBHWRN XWL:
PRYHPHQW DQG SRVLWLRQLQJ RI WKH VXEMHFWYV SXSLC
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Vyhliadkova &
vezana Dubni

5RXWHV DQG RXWGRRU DGYHUWRKWLIHW LSO BEGIPGQW LQ VHOHF

7KH WKLUG FD-RAHIDQUWDRDRQ MFHQH FDPHUD ZLWK D UHVR
S # ISV FDSWXULQJ WKH VXUURXQGLQJ HEDIMURQPHQW
EHHQ SUHYLRXVO\ HPS® R@PGCDEY WXE BXOWKBBYLPHQWDO
YHKLiGFOHYHU LQWHUD®WWDREQ MDKUWRKBKQ@RBRJIJ\ LQ ODERUD

$GGLWLRQDOO\ D QRWHERRN ZDV FR QB FMF & WER QUK H
VHH )LJ 7KH 60, (7* : LV FDSDEOH \RH DRGY UG DQ D B OKH.
H\H WUDFNLQJ GDWD VHW ZLWK D WDW 8QGHG | WHKTHRKQ KR K
WHKHWLUH ILHOG RI YLHZ 7KLV H\H \DODK NGLHML Y QHGEH W R<
HQVXUH D WUDFNLQJ UDQJH RI f KRWIRQWDOFNQGJ |
DFFXUDF\ WKDW GRHV QRW YDU\ RYHU fGD¥WOWQIFAH DFKLF

7KH 6HQVRORWRULF ,QVWUXPHQWYV 60, ZBWHIDOH]IMBIWZD L
IRUD FRPSUHKHQVLYH DQDO\VLV RI WKH GDWD FROOHF\

7TKH GULYHURVIRRE&PESPDOHKBWDQBY DJHG EHRQHH@ & ZHQ W\
WKANMHMHQ \HDUVY FRPSOHWHG WHVW GUIRYHR VDFUURVYV W,
WKH DFFXUDF\ RIL YR WXIVHPRHIGWY ZHUH WDNHQ RQ 5RX
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FLUFRUBDQJH PDUMNNWHWDMRAGBHPHQWY ZHUH WDNHQ RQ 5RXW
URXWHIOORZ PDUNYV 7KH WHVW GULYHV ZHUH FRQGXFW
VXFK DV ZHDWKHU DQG WUDIILF WR SWRKGX BH\DX © R/R/S U H
7TKHVH FRQGLWLRQV LORGXGHIGQF ZHDW KHQUR XN ZHOO DV
ZLWKRXW WUDIILF

YJLIXUH
OHDVXUHPHQW XVLQJ DQ H\H WUDFNHU LQ =LOLQD

3 Results

,Q WKWUBIDHENLQJ UHVHDUFK WKH SULPDU\@REMRFWLYH Z
YLVXDO VPRJ RQ WKH DWWHQWLRQDO B WCRANVLYEIV TR PR\
GR WKLV ZH DQDO\JHG D YDULHW\ RIWVBKKHVQRRPRHUFDO YI
ILIDWLRQV VDFFDGHW DRQG \EVBLAYM St NIVEX IGL V
SURYLGHG XV ZLWK D FRPSUHKHQVLYH XQGHUVWDQGLQ
XVHG E\ GULYHUV ZKLOH WKH\ DUH BHXX Q\GDWK/IR ZKREKH QW
WR LQYHVWLIJDWH WKH DELOLW\ RI GRY M HURLWIKRHQWRR\DLG +
RUGHU WR GLVFRYHU WKH HITHFWD\WRILWLXYXD ® N@W L R@H
LQ WKHDAWNEW @7 KH WHUP VDFFDGH GHULYHG IURP WK
MHUN ZDV XVHG IRU WKH ILUVWEW{IPYHDO® R @ MWKFHULEH H
W LV XVHG WR GHVLJQDWH WKH UDSLGJ WREWIODWH Z
DFWLRQ PRYHPHOWVYRBHOWDRB RKHQR¥YHDO UHJLRQ WR
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ORFDWLRQ WKH DYHUDJH UDWH RI VDFFDBBWOLY WKUHHI
LGHQWLILHG DV EDOOLVWLF PRYHPABQWRW HEH MWL MK
RQFH LQLWLDWHG $GGLWLRQDOO\ LMW LY HR BMIFQPMHVVHU
HIIHFMO\ BOEOBGHY FKDUDFWHUL]HG E\ UDSLG H\H PRY
SUHFHGHG DQG IROORZHG E\ IL[DWLRIWL YZK VAKL OB SUIN
GXULQJ ZKLFK YLVXDO LQIRUPDWLRQ HWHRURFBIWVRGV 7K
DQG VDFFRGMMW BRPSOH[ UXOHV DQG DOJRULWKPV HPS
eye WUDFNLQJ VRHW DO&+HMEDO@ DQG ;XIJXDQJ -LDQSLC
> @KH GXUDWLRQ RI IL[DWLRQV XVXDOO\EUMIQHV IURP

EH HLWKHU VKB G®HW LRMKMHROVYHUDJH IL[DWLRQ GXUDWLF
XSRQ WKH FRQWH[W LQ ZKLFK LW LV RREEHWRIHEKRRW HUD
GXUDWLRQ ZKHQ UHDGLQJ WKDQ ZKHQ YVMZDIH VFHQF
IL[DWLRQV DUH RI SDUWLFXODU L QBVHUHW BHWQ JUXWH® DF
D SUR[\ IRU uDWWHQWLRQT

%OLQNV DOWKRXJK QRW DFWXDO PRYHRHQWRUHRLQVKH
HITHFWLYH H\H WUDFNLQJ GXH WR VHDMNUTHQ WHRQRGVL @
WKH VWXG\ ENW@HELYHWRDW JD]JH FDQQRW EH PRQLWRUH
YLVLEOH ,Q WKHLU YDOLGLW\ VWXG\ YO\V& X@®LY LW KiQ H WHN
RI VHOHFWHG FRQWDFW VSRUWV WKHN DRQWHKRDVH®X®DG
FRQFXVVHG \RXA\LKQPWRKOBWHWUXSW IL[DWLRQV OHDGLG
WZR VHSDUDWH IL[DWLRQV ZL:-WKDFNWIQH GDRWD D § 6 & KLRX )
PD\ QRW SRVH D VLJQLILFDQW LVVXH LQRP® @I WKHQDUL]
IL[DWLRQV DUHWR ¥R@\OL GIHAUW R U V

3.1 Route 1 —hner Circle

5RXWH RI WKH FLW\ Rl aLOLQD LV DIXHGOH®D @ WX FOLRFHD W E
LQ WKH FHQWHU RI WKHSEUWR\[ DROIGNVIHWY OHQBWWHUYV 7KH
NQRZQ WR H[SHULHQFH KHDY\ WUDIILF GXULQJ SHDN K
DIWHUQRRQ UXVK KRXUV )XUWKHUPRUMKHWHKREMKWHI ODW
SURYLGLQJ DGHTXDWH YLVLELOLW\ IRU GGLWIRUWH 1RW F
YLILODQW RI LOQOWHUVHFWLRQV ZLWKWXWMHVEDILIQ URDIQ D
,Q WRWDO VHYHQ WUDIILF OLIKWYV FDQ EH IRXQG DORQ.

JURP WKH SHUVSHFWLYH RI WKH GUKMHUK W MWQIH\G LFPCS¥W D
ZKHQ WUDYHUVLQJ 5RXWH GXH WR WRHRSAVHQHQFH RI
DQG EXV VWRSV WKDW FDQ VLJQLILFRQWRYHUPISHGH Wi
FRQGLWLRQV RI 5RXWH YDU\ DFFRUGLQJ WRXWKH GD\ F
WKH GULYHU PXVW EH SUHSDUHG WR DGMXQVIVOWR S/RKKHV A

VHUYHV DV D SRWHQWLDO GULY L QDQUARX\WIHG W K B W LIQH TV
FKDQJIQGLRAR RQV

7KH PDLQ WKRURXJKIDUH RI 5RXWH ERMONQYH WRWDC
DGYHUWLVLQJ GLVSOD\V WKDW DUHRMIW. ERG@LYR RPIRWIRH
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DGYHUWLVLQJ FDUULHUYV DORQJ WKLSW URW R/BHV LR | BAHIQHH
FDUULHUVY DQG WKH FRPSDQLHV D&K@ WWLXRERHE UWKIHE D UM
SHGHVWULDQV DQG F\FOLVWYV WUDYHUVH WKH URXWH RC

'"HVSLWH EHLQJ ORFDWHG LQ D KLIJKO\ RIRXAODCNVWE XUE]
KDYH D VLIJQLILFDQWO\ KLJKHU WKDQ DYJHARDIWHGWRQFHQ\
7KLV LV HVSHFLDOO\ HYLGHQW ZKHQ ¥XU YIi&\LL@IV VDANUD W
intersHFWLRQV ZKHUH GULYHUV FDQ PRUHXHDWIROWEHUWBHL)
FRQVSLFXRXY SODFHPHQW $V PXFK DVGH®RILQOMKWKH D
DUHD DUH LQ WKH IRUP RI ELOOERDUGY DQG ELJERDUGYV

7DEOH
5RXWRBK\VLRORJLFDO FKDUDFWHULVWLFV RI WKH GULYH!I

IXPEHUWRIW1IXPEHU RI |1XPEHU R|'ULYH GX
>SHU PLQ >SHU PLQ >SHU PLQXWH@Q (¢
'"ULYH 171

'ULYH 82 7
'ULYH 88 5
'ULYH 15
'ULYH
$YHUD

'DWD LQ WKH WDEORIPBEBUVWRAG@RW GULYLQJ FKDUDFWHUL
GLIITHUHQW GULYHUV RQ WKH URXWH L[DWYRQV RRG WK
VDFFDGLF PRYHPHQWY DQG WKH KLIKWMNW QKPEMNIKRI E(
ORZHVW QXPEHU RI ILIDWLRQV DQG VDFFEHEWRPRYHPH(
EOLQNV SHU PLQXWH ‘'ULYHU DQRG 'ULWHRQVKD@E VLP
VDFFDGLF PRYHPHQWY EXW '"ULYHUWKHDVHHRRBG KQLIQMW
QXPEHUV RI ILIDWLRQV DQG VDFFDGLF PRYHRRHQWY DQ
EOLQNV $00O ILYH GULYHUV KDYH VLPLODU GULYLQJ GXI

&RQFHSWXDOO\ 'ULYHU REWDLQHG WKKHHPRYW HMQHVL
HVVHQWLDO WR EH DZDUH WKDW DQ H[FAHDIY LY BPRXQW
IHHOLQJV RI DQ[LHW\ RU XQHDVH ZKLONMIWELRIOM. @QHU7KH
PLOXWHWVIRH GULYHUV WKDW WRRN SDUWDU® WHBEXHWVXG\
Rl VDFFDGHVY EHLQJ HTXDOLQJ DSSUR[RRDMOHE\ WZR
GULYHU SHU VHFRQG

3.2 Route 2 — Qter Bypass

5RXWH ZDV WKH VHFRQG URXWH XQGHWRRQVWLRXWB WLF
ZDV GHWHUPLQHG WR EH PRUH DGYDQWDJH®XV DV LW
VWUHWFKHY RI URDGZD\ ITUHTXHQW OQ RALMRKY MZ RWKDHQ H \
URXWH ZBRYHRRPBKUHH H[WHQGHG VWUDLJKW VWUHWEFK
DFFRXQWHG IRU DSSUR[LPDWHO\ RI WKH WRWDO OHC
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JURP WKH GULYHU V SRIRQVHRGNVYWY LORH QRPEHQJIV DQG
LV URXJKO\ WKH VDPH ,Q FRPSDULVRHW®WRVBRXDMHDV WK
PXFK DWWHQWLRQ ZKLOH GULYLQJ 2Q 5RHWH WKHKH PR
ODQHV GLYHUJH RU FRQYRQJHYMWUWR RKQHY RKHOB VW WHR G
WKH GULYHU WKH RSSRUWXQLW\ WK WBIRVH. WQRI) PRU R | (
WKH ELOOERDUGYV LV VWUDWHILFDOOHB®YRQWDWHRXV
DUH FOHDUO\ YLVLEOH 'ULYWHOREBW H® RRXYWH R £%ROLE
WKH URDG PD\ KRZHYHU H[SHULHQFH D VOLJKW GHFUH

$QDOVWLV RI 5RXWH \LHOGHG WKH KLIKRXW WROPWHWY RI
VW X GLRHWER © WR 7KH PDMRULW\ RI WKHYH ®OBWHGWLVH
ZLWK ELOOERDUGY DQG ELJERDUGVPRINNL QX KXIBUWRKWY VI
FDWHJRULHY UHVSHFWLYHO\

'ULYHU KDV WKH KLJKHVW QXPEHU RIHARDG LRIQK HV WS }
QXPEHU Rl VDFFDGLF PRYHPHQWYV SHUEMUWQRWH DQG
EOLQNV SHU PLQXWH 'ULYHU KDVWWR®&W VHFRHQUG ORZ
PLOXWH/ HRRCHG ORZHVW QXPEHU RI VDFFDGLF PRYHPHQ
WKH KLIJIKHVW QXPEHU RI EOLQNV SHUW RQRWHU 'ULYF
RI IL[DWLRQYV SHU PLQXWH WKH WKRLHGWMWLIKHVW QX
SHU PLOQXWH Q@® GLWKHWWHRRXPEHU Rl EOLQNYV SHU PL
WKH VHFRQG KLJKHVW QXPEHU RI IL[RWLKRHQMW QXBHHLUW L
RI VDFFDGLF PRYHPHQWYV SHU PLQXWED LI WKH WK
SHU PLQXWH 'ULYHU KDV WKH IRXUWSK W LRIKGXWHQ XP E
WKH ILIWK KLJKHVW QXPEHU RI VDFFDGWK P RRMBWEW V

KLIJIKHVW QXPEHU RI EOLQNV SHU PLQXWRI 'ULYHU
IL[DWLRQYV SHU PLQXWH WKH ORZHVW SHXPEHU RI
PLOQXWH DQG WKH VHFRQG ORZHVW QXPEHU RI EOLQNV
7TDEOH
5RXWBK\VLRORJLFDO FKDUDFWHULVWLFV RI WKH GULYH!I
IXPEHULFOW1XPEHU RI [1XPEHU R| 'ULYH GX
>SHU PLQ >SHU PLQ >SHU PLQXWH®@Q ¢
"ULYH 15
"ULYH 115 21
"ULYH 128 21
"ULYH 178 155 22
"ULYH
"ULYH 18
$YHUD

'ULYHU GHPRQVWUDWHG WKH PRVW QRWHARWWK\ UHV)
WKLV PD\ EH DQ LQGLFDWLRQ RI KLV X@HKBVRHMHEHUFXULC
Rl WKH GULYLQJ JURXS H[KLELWHG ILIDWLRQV SH
PRYHPHQWY 7KLV \LHOGV WR D JUHDMRMHPHDRD®YW\WRISHUDW
VHFRQG RI WKH GULYHUV GXULQJ WKH FRXUVH LQ FRPSI
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3.3 Visibility of Outdoor Advertising by Driver

7KH PRVW HVVHQWLDO LQIRUPDWLRQ WIEM D@ MG R QRRI W
GULYHUV H\HV RQ WHWKH) HPWQHMIE@DG NCHGN ZDV XWLOL]JHG W
JDJHV GLUHFWRIGPDW SODRBRWLRQDO VXUGDEMWUOWRFDWH
YLVXDO UDQJH

YJLIXUH
‘ULYHU IL[DWLRQ IRU ODUJH IRUPDW DGYHUWLVLQJ RQ 51

7DEOH
5RXWHLVLELOLW\ RI 2XWGRRU DGV IRUPDWYV E\ GULYHUYV

5RXWH | 1XPEHU RI 2X| 2XWGRRU [ $GV VHHQ WR

'ULYHU 25 12%

'ULYHU 25

'ULYHU 25 2 8%

'ULYHU 25

'ULYHU 25 1

$Q DJJUHIDWHRUPDOYDINGHUHHUWLVHPHQWY ZHUH HYDOXDW
RQ 5RXWH 'ULYHUV RQ WKHVH WZRQWLIRQNRY WEKUHHDG V|
5RXWH KDG RQO\ ILIDWLRQV LQ WRWDG YHHXD/WLQJ W
6HH 7DEOH 5RXWH ZDV PRUH FRP SHH@GO IPPIN LAAIV K
XS RI WKH RYHUDOO DG YLHZV VHH 7DEOH

7KH ILQDO VWDJH RI WKH UHVHDUFKUWRXUKW RURY BVR XKV
DZDUH Rl YLVXDO VPRJ RXWGRRU DGYHUADMWM®R ZKLO
GHWHUPLQH ZKHWKHU GULYHUV SHUFHLYH RXWGRRU DG
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7TDEOH
5RXWHLVLELOLW\ RI 2XWGRRU DGV IRUPDWYV E\ GULYHUYV

5RXWH | 1XPEHU RI 2X| 2XWGRRU [ $GV VHHQ WR
'ULYHU 18%
'ULYHU 7%
'ULYHU 7 5%
'ULYHU 22

'ULYHU

'ULYHU 15%

$GYHUWLVLQJ VSDFHV LQFOXGHG ELO O B\RDUWIIDVWX O RGVELJ
DQG RWKHU VLIJQV ORFDWHG QHDU WK WKHGVRUWHRI W
QLQH UHSRUWHG EHLQJ DZDUH RI YDULRIXYGIRADPNVLRW Y LV
W KOSV W R RI UHVSRQGHQWY DUH FRQVFLRXWO\ DZDUH
)LJ

7KLV ILQGLQJ LV LQ FRQWUDVWUDIEW KQW KHH SIHHMOPBIW@W RE
GHPRQVWUDWHG WKDW RXW RI RXWGRRUHDNGYHUWLVI
REVHUYHG E\ GULYHUV 7KLV GLVFUHSDQF\ EHWZHHQ W
SHUFHSWLRQV RI RXWGRRU DGYHUWLVIQWKISWOD FBW K HDU
FRQVFLRXV SHUFHSWLRQ LV EDVHG RQ WKH BKNCGRQVHYV
VXEFRQVFLRXV SHUFHSWLRQUIDWNDRQH UGWHWEDIURP WKH H\F

W LV LPSRUWDQW WR QRWH WKDW WKHFRMXVEFRP W IRH W K
DPRXQW RI WUDIILF GXULQJ WKH PHDWOVXBERIE@G QWL REBQW ZRHI(
WKH URDG LQ TXHVWLRQ

—

JLIXUH
2YHUDHOUFHSWLR @ RY RKWWIGRRU GXULQJ WKH GULYLQJ

7TKH ILQGLQJV RI WKLWHDHYHQU ER XOLYAHDWURQV IRU WKH |
RXWGRRU DGYHUWLVLQJ ,W FDQ EH DU¥FRHF M. REW WKH
DQG VXEFRQVFLRXV SHUFHSWLRQ RI RXWGBRWHDGYHUW
GXH WR WKH IDFW WKDW GULYHUV DWH RPIBDMHQRSWHRFF X
DEOH WR GHYRWH WKHLU IXO0O DWWHQW LR RMY REXAWHS R
WKDW RXWGRRU DGYHUW{LAMDWBKQRQOYH GRUWROPH HPR UL RRU
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ORFDWLRQV LQ RUGHU WR EH PRUHHBUHKWKRKO$GEHW
FROQGXFWHG WR GHWHUPLQH ZKHWKHU WKHIAR@YWIGLR XV
E\IDFWRUV VXFK DV WKH GULYHU V DI®W\RGWRWEH VWR\SH R/
LWbP EH SRVVLEOH WR GHYHORS PRUH HIGRRWLYH VWL
DGYHUWLVLQJ

Discussion

7KH VWXG\ DLPHG WR LQYHVWLJDWH WHK®GOLQRRWIBRRHW R
DGYHUWLVLQJ RQ WKH DWWHQWLRQDIOWVEURFRFXW\R®| F
WKH UROH RI FRJQLWLYH PRELOLW\ &R JEK WMKIHWORELO
FRQVIERNMK/DUWLILFLDO DQG QDWXUDRQFRIQUWDQIE LD W
PRELOLW\ FRPSUHKHQVLYHO\ ,Q RUGHWDURKBUWVHVV \
DQDO\]HG SK\WLRORJLFDO YDULDEOHV VXFNMFRDV IL[DW
XQGHUVWDQGKRRZFO WIHY WKW IDU DWWHQWLRQ ZKLOH GULY

7R FRQGXFW WKH 1VQYBIWNWLQDWHREBDUKHK ZDV SHUIRUPHC
5RXWH DQG 5RXWH WR H[DPLQH WKH GQUYHUV SHU
5RXWH VLWXDWHG LQ WKH FLW\ RHRMXW HLQ MHNIK/ KD IYR C
H[KLELKMH&HM FRQFHQWUDWLRQ RI ELOOERDUGY DQG EL
ZKLFK RITHUHG ORQJHU DQG PRUH HYHQ®RGQI\D/OWLE X W H
WKH G GiLesHRQV5RXWH GLVSOD\HG WKH KLIKHVW QXPEHL
DQG EOLQNV SHU PLQXWH LQGLFDWMD I\K BRURWKHQRI\G LR
WKDW H[FHVVLYH IL[DWLRQV DQG VD F BDXXHVDR B\ ZKQLEXF H
GULYZ@BRXWH GULYHUV H[KLELWHG D KLSKHU PHDQ R
VHFRQG LQ FRPSDULVRQ WR 5RXWH 7KLV URXWH
DGYHUWLVHPHQWY DQG GULYHUV G H PIRGW WRIDINDHIG & L J K
WR 5RXWH RYHUDOO IL[DWLRQ UDWHV RQ RXWGRRU DG\
ERWK URWWMHWVWLQJO\ D GLVFUHSDQF\ HPHUJHG EHWZ}
UHSRUWHG E\ UHVSRQGHQWY DQG VXEF-RQMFALNRXQYISHUF
GDWD RI RXWGRRU DGYHUWLVLQJ :KLOHZDWH WKH UHV
YLVXDO VPRWUWRNLBYHH[SHULPWQRWQOHYHDORHGRWW GRR!
DGYHUWLVLQJ VSDFHV ZHUH REVHUY KB VE\GEUYHHWWYVP DK L
QRW IXO0O\ DWWHQG WR RXWGRRU DGYHUWIQAQJ GXH
GLVWUDFWLRQV ZKLOH GULYLQJ

7KH UHVXOWV LPSO\ WKDW RXWGRRU -FOWHFKWQYLRU PD
SRVLWLRQHG LQ PRUH YLVLEOH ORFDWRLRRYVW&HEH | B FIW |
VXFK DV GULYHU DJH DQG YHKLFOH W\SKWQRQQRIHUVWL
YLVXDRY V%DVHG RQ WKH UHVXOWYV RI WKLVLEWXG\ WKEF
UHFRPPHQGDWLRPDNRWYGRHF IWKR BODFHPHQW RI DGYHU
IRFXV RQ HQVXULQJ WKH VDIHW\ Rl ERW K KLFIKY BHIUX/OD Q G
EH WKH VREMHKWWHKHIGGHWHREBWROH UHVHDUFK VKRXO
LQWR WKHVH IDFWRUMIIHE®/ LMY MOR S WHRILH Y IRU WDU
DGYHUWLVLQJ
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Conclusions

,Q FRQFOXVLRQ WKLV VWXG\ KLJKOLJKWY WKH LQHII
DGYHUWLVLQJ DOVR NQRZQ DV YLVXDQO FRWRUWQ/WRZQW
(PSLULFDO HYLGHQFH LQGLFDWHYV WEQ W L\¥BQWH LIPG D i UMW
RQ WKHLW DO®WUHQFH SURYLGLQJ D UDWLRQDO EDVLYV
UHFRQVLGHU WKH SUDNWDPH RIL¥XBOWPRI QQUGHQVHO!
XUEDQ DUHDV ORUHRYHU WKH ILQGLQJV VXJIHVW WK
VLIJQLILFDQWO\ LQIOKBINEGI WSKIHR FFHAALVRIRGULYHUV 7KH
FUXFLDO WR FRQVLGHU WKH FRQFHSW RIVFRXBLWLYH
LPSRUWDQFH RI GULYHUV FRJQLWLYH FDSPERBQWDKV L
DQG VLWXDWLRQDO IDFWRU\QJSOREIHUWA Y 8 GPLREL D D\ \ LU
GHVLJQ DQG LPSOHPHQWDWLRQ RI RXWGRRRUBGYHUWL
HIITHFWLYH DQG LPSDFWIXO VWUDWHJILHYV LQ WDUJHWLQJ
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UHJUHVVLRQ DQDO\VLY DQG IX]]\ DSSURDFK ,QW - ,(

\
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@:K\WH : + 7KH 6RFLDO /LIH RI 6PDOO HRMEDRUG6SDFH\

3XEOLF 6SDFHV 1HZ <RUN 1<

@O0ODGOHQDN 5 ODGIOWXPOIONBRODOXWLRQ RI WKH URDG L

HG (',6 aLoLQD

@7RURV 6 9LVXDO 3ROOXWLRQ LQ $QNDUD $Q $C

6LIQERDWAN\H gOHWLGLP $UDITWONPWDIODIHY LHDJRV L
FRPPXQLFDWLRQ VWXGLH®S -
KWWSV GRL RUJ WXUFRP

@LX % /LX) 3RVLWLRQLQJ $QDO\VLV@RI<XHEDQ 2XW
© OF$OHHU 0 HGV 1RUWKH D V&K LIRQWP B 0QBOWLLYRQIVA
&RQIHWEGFRQRBGFODQDIHPHQW, &Q@,RY DORORQV

1 VVXH 1 SsS
KWWSV GRL RUJ LEHPL
@RKDPHG 0 ,EUDKLP $ 'RGR <  %DVKLU ) 9L

PDQLIHVWDWLRQV QHJDWLYH LPSDRWMHRQDVWKIROBRS
-RXUQRO $GYDQMBRG $SSOLHG 6FLHQFHV
KWWSV GRL RUJ LMDDV

@RSH] 7 &XVIWRGHR ®PHOOV $QG 9LVXDO ,PSDFWV ¢
JUDPHZRUN )RU 3)RUJRWWHQ $BREDRWER® -XQUDGILE
$PELHQWDSS -57

@DW\SRYD $ /IHQNHYLFK $ .ROHVQLNRYD 2FKHI
9LVXDO *DUEDJH DV 9LVXDO (FRORJI'\RXURVBBGFWLYH
OHGLD 6WX®IGHODNWLNBKXYHGDD ,68QL®$1,-

-172 KWWSV  GRL RUJ JPG Y L

@OODK\DUL + 1DVHKL 6 6DOHKL RI ¥HEDL®GDVW
SROOXWLRQ LQ XUEDQ VTXDUHV XVLQJ 6:27 $+3 DQ
VWXG\ 7HKUDQ VTXDUHV RIRMOKWORE-DQG 9DQDN
KWWSV GRL RUJ SROO

@KPLHOHZVNL 6 7RZDUGYV 0DQDJLQJ 9LVXDO 3ROOX
9R[HO $SSURDFK WR $GYHUWLVHPHQW @WOOERDUG
,QWHUQDWLRQDO R -RXHRORUPDWLRQ

KWWSV GRL RUJ LMJL
@ KPLHOHZVNL 6 &KDRV LQ ORWLRQ OHDVXULQJ 9
7DQJHQWLDO 9LHZ /IDQGVFDSH OHWULFV /9
KWWSV GRL RUJ ODQG
@KPLHOHZVNL 6 /HH ' 7RPSDOVNL 33 &KPLHOHZ

OHDVXULQJ YLVXDO SROOXWLRQ E\ RXWGRRU DGYH
XVLQJ LQWHUYLVLELOW\ DQDO\WLYV DQGRSXEOLF VX
*HRJUDSKLFDO ,QIRUPDWLRQ 6FL8L®FH

KWWSV GRL RUJ
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@& RGDWR 0 9LVXDO SROOXWLRQ DQG QRLVH $ WUF
HQYLURQPHQW DHYA VWRCF LMW BIRQ/IDFRD (6XFDFDR
THFQRORJLD $PELHQWDO -

KWWSV GRL RUJ

@RUUHD 9 OHMLD $ 9LVXDO 3ROWYX\RQRIR SXELOAMD MRRYU
(1)248( 87( -

@DGOHQDN 5 +XGDN O 7KH 5HVHDURBGRI 9LVXD!
,QIUDVWUXFWXUH LQ 60ORYDNLD ,@Q DO LENOIOVNHQ-JHH G
R WUDQVSRUW WGHOHPDWLFV -

KWWSV GRL RUJ - - B

@ODG + &RXQWU\ FOXWWHU 9LVXDO SROIMOXWLRQ DQ
tKkKH $PHULFDQR$ERGHFERPODO 6FLHQFH-

@RGUL-BXH&RP/RIBOWDFN % 7KH *HRJUDSK\ RI 7UDQVS
2°HG 5RXWOHGJH /RQGRQ 1HZ <RUN

@DDO *RDMK (RWR &VHWH 0 $QDO\WLV RI SXEOLF
SHUIRUPDQFH LQ %XGDSHVW +XQJDU\ 3HULRG 3RO\
-7

@WRPD XG]LDN&BHEDQUR(GILHEH IXWXUH RI DXWRQRF
YHKLFOHV LQ WKH RSLQLRQ RI DXWRPRWLYH PDUNH\

@ KXDQJ 0+ &KHQ &(\H OWUPFNLQJ DQDO\VLV RI U
SVIFKRORJLFDO LQWHUDFWLRQ ZLWK PDUNHWLQJ ¥
&RPPXQ &RPSXW ,QIR 6FIKWWSV GRL RUJ
- -B

@ DUNRZVNL 6 &DERDVNL OLHILHRF]\P $ =DUDMF]

'"ULYHUYV GLVWUDFWLRQ DQG LWV SRWHRMWDRQLQIO

WLPH 7KH $UFKLYHV RI $XWRIFRWZ XM R WRIH HLUANML
78 KWWSV GRL RUJ $0

@DOLVX 8 2 222HVUMXILF 6XUYH\ $QDO\VLV ,PSOLFDYV
7UDQVSRUW3ODEQLREFI*HQWLILF -RXUQDO RQ 7UDQ

/IRILVWLFV 22 KWWSV GRL RUJ - ORJL
@UEHWLQ - B6WRSND 2 3URSRVDO RI D 5RXQGDERXW
7UDIILF 2SHUDWLRQ 2SHQ (QJLQHHULQJ
KWWSV GRL RUJ - HQJ

@RemMVYNL 6 6REDV]IHN 0 '"\QDPLF DXWRQRPRXV LC
LOQWHOOLJHQW OLJKWLQJ RI PRYLQJ REMHFWYV ZLW
(QHUJLHYV KWWSV GRL RUJ HQ

@DQJ = /LX & +XD 4 =KHQWFEW RU SDUMKF®O D\
LURQ RQ WUDFNLQJ LQGRRU 30 Rl RXWGRRU RULJI
&KLQD ,QGRRU DQG %XLOW (QYLURQPHQW
KWWSV GRL RUJ :
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@\ELFND , 26AMXEBND &KRDDQFRE]LHOBSSOLFDWLRQ
Rl WKH PHWKRGRORJ\ UHODWHG WR WHKHOHLRI/VLRQ
LQ FRPSDULVRQ ZLWK SDUDOOHO UR(EG:MEDQVSRUW
RI &RQIHUHQFHWS @QRORYDWLYH 7HFKQRORJLHV LQ (

BURGXFWLRQ ,7(3 % RMQHFWHRPRHWNLD &RGH
KWWSV GRL RUJ PDWHFFRQI
@QUHM *UDEVND FKH6XFPRWUNWD GPFH RI $OWHUQDYV

9HKLFOHYV LQ 5RDG 7UDQVSRUW LQ 3ROBQG DQG WI
6FLHQWLILF -RXUQDO RQ 7UDQVSRUW77DQG /RJLV\
KWWSV GRL RUJ - ORJL

@DYOHQN®RKDBDPDQLQD 7 (\H 7UDFNLQJ LQ WKH 6WX
BURFHVVHV &(85 :RUNVKRS9BRORPHHES Q IV

@RIRPLXBEUDK TWQLFHURBRWDULX & 'HYHORSPHQW
H\H WUBBNH®@J-KRPBAWHU LQW-RULIPH HD $B O LFBIVA R Q \
6HQVRUV KWWSV GRL RUJ \%

@DGOHQDMHRXWDGOHQDNRYD / ([SHULPHQWDO 7H)\

9HKEBOHYHU ,QWHUDWFWILARRNY QB\ IMFKQRORJ\ LQ /DE

&RQGLWLRQV 7UBQRBRMWGLQHD®I WKH ,QWHUQDWLR
ss -

@UJHSLRWNDB LO ONODFKRQLRXHOPDQ0W7D\ORU -
ODPFDU] 3 3V\FKRPHWULF SURSHUWLHWo®BI WKH 'ULY
DPREROLVK GULYHUV 7UDQVS 5HV 3DUW ) 7UDIILF 3V

KWWSV GRL RUJ M WUI

@DLQ] ZHUD ®HWLNMDFKDOK\PEDOD®MNDBDPSHQLN
5 (QKDQFLQJ $WWHQWLRQ WKURXJK WKH, (M 7UDENL
,QWHUQDWLRQDO &RQIHUHQFH RQ (PHUJLQJ H/HD

$SSOLFDWLRQV SBURFHHGL@&V -271

KWWSV GRL RUJ & (79

@HQJ 7=KDR #LDQ ; 'ULYHUVY 9LVXDO &KDUDFWHUI

([SUHVVZD\ %DVHG RQ (\H 7UDFNHU /HFW 1RWHV (O
KWWSV GRL RUJ- - - B

@X + &KHQJIJ*®R §KHQJ=KHQJ 5 'ULYHUYV SUHYLHZ PF
EDVHG RQ YLVXDO FKDUDFWHULVWLFVRWKURXJK D
- KWWSV GRL RUJ \%

@XJIJXDQJ-£DQSLQJ * 5HVHDUFK RQ WKH IL[DWLRQ W
GULYHUV RQ H[SUHVVZD\ LQ IRJJ\ HQWYEURQPHQW
KWWSV GRL RUJ M VVFL

@QHJLUHYBUPDQ 3DWULFLHRO/PPQ . %OLQN GXUDWLR

LQFUHDVHG LQ FRQFXVVHG \RXWK DWKQHW®Y $ YDO

PDOH \RXWK DQG DGXOW DWKOHWHY RHDWHOHFWHG
KWWSV GRL RUJ DF E
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Energy Condition of Gear Shifting under Load
in Commercial Vehicles

Attila Szegedi

'HSDUWPHQW IRU 9HKLFOH DQG $JULFXHWYWUH ODFKLQHYV
YWDMLIL~W 1\VtUHJI\KNDRIDWHIHGL DWWLOD#Q\H KX

Imre Zsombok

'"HSDUWPHQW $XWRPRWLYH 7THFKQRORJLHW @ XGDSHVW ¢
(FRQRPLFV %0( 6WRFPHXNGOWHADW +XQJDU\
LPUH JVRPERN#DXWR EPH KX

Abstract:In the fight against global warming, all increase in energy efficiency contributes
to reaching the target numbers. This is especially true for agriculture, whergeartumber

of large vehicles work. Currentlyused modern tractors are equipped with powershift
transmissions, which allow for shifting underload. In the case of tractors, awihg large
traction force and low speed of tractors, kinetic energy loss during shiftinghs Witjch
reduces efficienc The traction test presented here aimedunalysethe shifting process of

a tractor from an energetic perspective. It was a challenging task to deéeappropriate
measuring devices and to create a measurement system for this purpose, dudrentiedyex
short (0.30.5 s) shifting time. In order tcelable toanalysethe parameter changes and the
causeand-effectrelationships between speed and engine revolution, and between traction
force and slip in the shifting process. Two scenarios were examinedsfired and fixed
traction force. Data characterizing shifting while high traction force igtexkwasanalysed

by methods of mathematical statistitfie unit changes of traction force and slip and the
required time wereanalysed Traction force increased after shifting (+ 5 kN), which
indicates that extra traction force is needed to make up for speed lost durimggslaiftd
because oivhich slip is considerably increased, typically by more than 10%. After shifting,
traction force vacillates at a frequency around 2 Hz, similarly to the vacillatiomgihe
revolution. When changing down, the process starts with a decrease in sliplfist 0.15

s, traction force plummets by 15 kN at the beginning of shifting. At the same finadscli
decreases, for a short time it can also exhibit negative vallnesanalysis proved that slip
continuously causes considerable losses to various degrees during shifting. In order to
minimize these losses, recommendations are given both for driving technique &mal for
parameter settings of the controlling software.

Keywords: transmissiongear shiftirg; agricultural vehicles

Ae7 A



A.Szegedit & EnergyCondition @®earshifting undéoad irCommercidlehicles

1 Introduction

(IILFLHQW RIQWXBSWLRQ LV D FUXFLDO IDFWRU LQ WKH C
RI DJULFXOWXUDO HQJLQHV $FFRUGFIDQNLWR RW XGLHW F D
LQIOXHQFH WKH IXHO FRQVXPSWLRQ DQG RPHYMURQ RI F
LUUHVSHFWLYHGRIXMOHPDBSOUH WKH DLP LV WR PD[LPL]
HQHUJ\ FRQYHUVLRQ LQ WKH SRZHUWUDLQ > @

JXUWKHUPRUH WKH QHHG LV JURZLQJ WHRQHBSURYH W
FRQVXPSWLRQ > @ DQG WKH FRPSOLDQFH RWR/ HQYLURG
&RQVHTXHQWO\ EHVLGHV WKH FRQVWDQW GHYHORSPH
YDULRXV ELRIXWONONR DLUHTXLUHP H-QWI V¥R HLQGFR URMID V H
WUDFWRU SRZHUWUDLQV (IILFLHQ F\KMHQYGSHKEIOW\FIDRAQL B Q VA
VXUYH\HG WKH DLU SROOXWDQW HPLBVUIRYM ® IMDKIDW F¥ R M
RSWLPDO ORDIE RIHWRHVHYJIDQ/LJQLILFDQW HIIHFW RQ G
PDWWHU 30 HPLVVLRQ RI GLHVHW®W K FDYHVR IVP RINLHF X O O
KHDEXW\ YHKLFOHV WKH RSWLPDO ORDG FDQ EH DFK
WUDQVPLVVLRQ % DX\QMGHHUA U IOVAIFVWHHK LDM ZMOO DV HQHU
DJULFXOWXUH EXW LW KDV VHYHUDO EDUULHUV > @

'XULQJ WKH RSHUDWLRQ RI D WUDBWRNMKIWWH HRRELIFAGRI
WKH DFWXDO WUDQVPLVVLRQ UDWH LERWKQ RIUQD & MHRE MBHA
HQJLQH ORDG $V D UHVXOW GXULQJ GHYHORSPHQW LC
WUDFWRWW EH H[DPLQHG DV RQH V\VWHPXOMNMWP WX W KH) J L
ILHOG RI HQHUJHWLFYV DQG RSHUDWLRQLFQQ R@®\ EH !
GHYHORSPHQWY RI WKH YDULRXY HOHPRRWGELRDWHKEB WU
7KLV GHYHQRFAMHRW GROORZV RQH RI WKH PDMRU WUHQC
LOQFUHDVLQJ DUWLILFLDO DQG KXPDQ FRJIMLQWHZYH OHYH
SRZAWOLQJIPKHAEBKIIRQLFDO FRQWLQXRXVO\ YDULDEOH WUD
VIA\VWHP LV SURSRVHG WR VROYH LW > @

$IWHU WKH FUHDWLRQ RI SRZHUVKLIWVOQ®Q G&PRQ WHKHKR XV
DLP ZzDV WR FUHDWH WKH VLPSOHVWZERYN LNEFDHHS WQ.D QY XKL
SRVVLELOLW\ RI VKLIWLQJ XQGHUORDBRBI >G HY HXR ®MH QDU
ZHUH RSWLPL]LQJ WKH XWLOL]DWLRQ RI BQIYQMH SRZHL
FRPIRUW WRGD\ WKH PDMRU DLP LVHVDRLRUL@LUPMWKHSRZ
FKDUDFWHULVWLFV RI WUBRWRUV& V VP X @/HW VRW K U R WJ K
WKDW WUDFWRBEDRQEM\XWHE® LQ D ZLGHU UDQJH RI ILHOG
ORZHVW VSHFLILF IXHO FRQVXPSWLRQ RZEQ®WR WKH |
$ GHHSHU DQDO\WVLV > @ SURW3HIGELWVKDW QRWH®K H D3J
WUDQVPLVVLRQ ,97 V\VWHPV DSSOUHW® ULDR WUNFNVFWRQY V
HITLFLHQF\ - LV ZLWQHVVHG LI WKH LQILQLWHO\ Y
WUDQVPLVVLRQ RV LQ -WKH7KB QJIWUXPVEXBD® DB OG

SURGXFH&KSRWHE&E97 VI\IVWHPYV DQG WKH UHOHYDQW WUI
FRPSDUHGIURBRBR¥MG WUDFWRUV > @ 7KH SRZHU GLVVL
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SUHOLPLQDU\ FDOFXOBWHRQVNVDZ&LEKDI®YH LPSRUWDQYV
WKH HYDOXDWLRQ RI SRZHU ORVV RI GLIITHUHQW FRQVW!

$OWKRXJK K\GURVWDWLF WUDQVPLVVLRQVRIR®WUY WKH
YHKLFOHV PRYLQJ LQ WKH ILHOGV LWPHFAKDLEFLHDF\ LV
WUDQVPLVV@RDKHUHIRUH K\GURVWDWLF WORQVPLVVLRC
KDUYHVWHUV RU DV WK-NSOL\FHPRZAHURKISRZMWWHPV LQ
HQJLQHHULQJ ,Q D VWXG\ RQ SRZHU ®HWHISMAMA RVK RW \
HVSHFLDOO\ MG K V1KIWINEBDQW SRZHU ORVV LV GXH WI
OXEULFDQW DQG WKH RSHUDWLRQ RIHRKIERWVLG®VPWKWLF
IULFWLRQ RI WKH SDUWV Rl WKH PIHF PDY RFPOQWMURQWRL W
WKH HYHQ WKH XQORDGHG SRZHUVKLIW WHIDQHMWP LV VLR G
WKH [ULFWLR QWY DYV DIQFHU WIKRBEK DUH DOWRJHWKHU U
ORVVHV LQ WKH SRZHUWUDLQ )XUWK® WSRWWN KHVRI @R W
G\QDPLF YLVFRVLW\ Rl WKH RLO $FFRUGRQVPWRVWKRE U
WHVWV D GHF UHDV R IL R LWOKIHQDWRH VIVWHP UHVXOWH{C
LQ IULFWLRQDO UHVLVWDQFH ,Q @®LOJHEMMK HVO\RW V K R ZHG
K\GUDXOLF VIVWHP DURVH LQ WKH L QUKH EHG®XNFHWS @ QW
WKDW DUH VXEPHUJHG LQ RLO

JRU WKH RSHUDWLRQ DQG FRQWURO RI SOKMHAKHHW LW
SUHVHQW LQ WKH RSHUDWLQJ V\VWHP WOLR®WNO>FM@OF X O
SURYHG WKDW GXULQJ WKH RSWLPL]DWLRQPRWWKH FRQW
FRQWURWHRXIKW LQ D PV GHOD\ 7KH\ H[DPLQHG WKH
RI WKH SQHXPDWLF FOXWFK LQ VHYHUDO @§RWHBDOLRV |
RSHUDWLRQ WDNLQJ LQWR FRQVLGHUDWLRRHWKH RSH
ILOOLQJ DQG HPSW\LQJ Rl WKH RSHUDWLQJ F\OLQGHUV

SHVHDUFK > @ SUHVHQWYVY UHVXOW VIRWQP D QFHFRQWXQ DO
DVSKDOW URDG 8QGHU W\SLFDO ZRWNLFQLFHUHR X P ¥ WHDQF
GHSHQGV RQ LWV UROOLQJ HIILFLHHU ZKGI® GWHKIHYE D AR/
LW HOILLFLHQF\ ZKHQ WKH WUDFWLYH RIHFRILWOQBUJHU
FRHIILFLHQW WXUQV WR EH PLQRU [FQ @& QWK I HFIRPPLHOW L |
XQGHUVWDQGDEOH ZKHQ WKH JHDUER[ RIWRKKLWKDFWR L

&RQVLGHUDEOH ORV VEK HHHROH UQ M/ WD AN HROR DU ZWHKOHL &
VXUYH\ Rl UROOLQJ UHVLVWDQFH V SHFR DQ@DMRRIQD RLV
ZRUN QHFHVVDU\ IRU WKH @@ IRUPDWLRQ RI WKH VRLO >

'KHQ D@RO\WKH VKLIWLQJ SURFHVVHV LW LV LPSRUWD
HQHUJ\ ORVVHV Rl WKH PDFKLQH JURRKIIN WK U\R XLIKI OWKHHQ
ORZHULQJ Rl ZRUN VSHHG @(DHY HDW® WG X\&KIDHY WKH PDF k
WKDW KDG VORZHG GRZQ GXULQJ JHDUQVKZKWEIKQJ KDG
LQFUHDVHG XQLW HQHUJ\ FRQVXPSWLRQ DQGRWBHU WR
RSWLPL]H SHUIRUPDQFH WUDQVPLVVRR@ BX FUQWBKHDD \
DQG VROXWLRQV KDYH DULVHQ L@@VKW GBVLSADRRH® BDQ
WKDW WKH DFWXDO VSHHG RI WKH WRDFWRU WKNW E|
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SURJUDPPLQJ RI WKHNR®&VMXW HGC XMKIHWERQWLQXLW\ Rl S|
WUDQVPLVVLRQ GXULQJ VKLIWLQJ

%HVLGHY FODVVLF ILHOGHW&EX WM KIIRAWD DV UL & OMRGIHDMDMV |
VLPXODWLRQV URDG DFFHOHU®@WPRER QD 9FY WY IDGVIRHHA
FRQVWUXFWLI\RCOQVYWR WIDAMPLVVLRQY WKH WUDFWLRQ SH
GHWHUP@QH® SXEOLF URDG WUDFWLRQ WHWQYWVRVKH\ DOV
WKH SRZHUWUDLQ DQG WKH ORVVHV GXHRIWRQUX@QHLQJ

PDSSLQJ FXUYHV 2QH RI WKH WKUHHW/VWDPWR B VVN[IDRPQ C
ZKLOH WKHZARWKHMHTWEZRSHG ZLWK &97 SRZHUVKLIW WUDC(
SHUIRUPDQFH ZzDV FRPSDUDEOH 7KH EHVW RHIWRKHHQF\ Z
&97 WUDQVPLVVLRQY ZKLOH WKH RWKHU WZR W\SHV SU

7KH FKDQJHV LQ WKH WRUTXH FKDUDRMDHNURY WLFIVF R/IR B |
ZHUH H[DPLQHG@. QHG B WMLLIDO® \ F-REHSHUQUELHQ WV 8 H ULRIGA. F
RI WKH PRWRU WRUTXH ORDG ZKLFK LLQVK XW#KQH HAO MSK H
JURZLQJ WKH VKLIWLQJ SURFHVV LV DFFRWXDMQLHG E\
WUDFWRU WUDLOHU FHFEREIDYMHMLER BRIONPIEHBVEH WKLV OR'
LI WKH HQJLQHYV UHYROXWLRQ JHWV WX®JRWRWKEH HQ
FKDQJH PLOWW. Q@ HAKLIWLQJ ,W LV RQO\ SRVVLEOH WR IX
WRWDO LQHUWLD WRUTXH LV PLQLP WRO\TEHPUDYWBL YV
LW LV DGYLVDEOH WR FKDQJH WKBIUW U B GPRMEYORG UDW
DQG VLPXODWLRQ RI SDUWLDO SRZWUZ BMER@WUWQDQVPLVV
WKH UHVHDUFK LW ZDV REVHUYHG WKR® ZHUH HEQ LLHOFHNVOR
SURSRUWLRQDO WR WKH HQJLQH ORDI SHRMBE WRIZWYWM
ZDV QR VLJQLILFDQW GLIIHUHQFH EH\MBDH HQHWKR UTLXRHX O
DQG IXHO FRQVXPSWLRQ DW HDFK ORDG OHYHO

7KH SUHVHQW VWXG\ GHVFULEHV D VHHGHRQRID ILHOG
WUDFWRU WUDLOHU FRPELQDWLRQ ZLWEGUHYSHBWWWR \
FKDUDFWHUVKWIWMIBPOR®HIYV WKH FRQQHFWLRQV EHWZHI
IDFWRUV 7KH DERYH UHIHUHQFHVRRUWRYPH Q@ JWKDR\F HR U H\X
ZLWK KLJK WUDFWLRQ SRZHU WKH WUDGR® IRRQIDO FKRR
UDUHO\ EH DFKLHYHG :KHQ WKH PDFKLQWLIWRYEKWORZV
DULVLQJ HQHUJ\ ORVV PXVW EH FRPSMQMDWUHS IRHUH KL
Rl WKH ZRUN SURFHVV 7KLV VWXG\ H[S@RUHRDKRZRP X FK
SRZHUVKLIW WUDQVPLVVLRQV ZKLFK FDQFRIQ\WRSRODWHG
RI WKH WUDQVPLVVLRQ RI WKH H[DP L\W B G W XGXWHQWL RAQWE
DQG FRQVDDQ AUSWHHIFBWAERRVW KZREWK P BEROBWLRQ 3:0
GLUHFWLRQDO FRQWURO YDOYH '®PSORKH IXKIRZ FRISWK R DX
WKHVH SDUDPHWHUV DUH ZKROWHHFERRGLRQ GNWH HVBDR B W
7KH SUHVHQW DUWLFOH GLVFXVVHW WIK®F ODHIL® JWW B AW
PHDVXUHPHQW WHFKQLTXHV WKH WHVW UHVXOWYV DQG \
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2 Materials and Methods

7TUDFWRU VSHHG FKRLFH GHSHQGY RQ DJURQWRHF RSHULI
VL]H RI WKH SRVVLEOH WUDFWLRQWRUYPFWHR LZXK RI\QH X\ULHD/Q W
RSWLPDO LPSOHPHQWDWLRQ RI DJULFXQWXWDHOU RERI UD \
RSWLRHHMMWLFLHQF\ RI WKH HQJLQHYV SHWEZMRMOFH DQ
VSHHG FRUUHVSRQGLQJ WR KLJK WUDPRSHRQ ZIRMWKH PF
SRZHUVKLIW WUDQVPLVVLRQV ZKLFWHHVUMVVWKIDWH @/ ZNH (
HOQHUJHWLF EHKDYLRXU RI WKH WUDFWRW MWRWERHMRHIMLLGE]
WKH RSWLPDO VSHHG DQG-ZKHMHFONLAW HBDFW LIR®D VW KW KV |
DIJURWHFKQLFDO DWWDFKPHQWYV

7TUDFWRU WHVWV VKRXOG EH FDUULH&HIHNVUIHY IDVW R QY HHF
DULVLQJ IURP VORSHVY DFFHOHUDWLRQWD®G (D HQR®R QD
DFFRXQW 7KHUHIRUH WKHVH WHWHVVRULE VXQ XBRDWXRIH.]
KXPLGLW\ DQG VRLO FRKHVLRQ DUH KRPRJHQRXV $HUR
VLIQLILFDQW UROH LQ WKH ZRUW IDFMHR Fb@J B HR Q WIIDHF

YLIXUH
7KH WUDIFIWNRHJFDUW FRPELQDWLRQ XVHG LQ WKH ILHOG W

'"HFHOHUDWLRQ DULVLQJ LQ WKH ILUVIW XHQAHEG REIN JHD L
KRUL]JRQWDO IRUFHV )LJXUH 7 K HURHU RJURHQ VWEIDOY HIBUR @ W
WKH GHFHOHUDWLRQ YDOXH RI WKH ILUVW SKDVH FDQ E|

,Q WKH VHFRQG SKDVH RI JHDU VKLIWHQRI PMRRWLRMEGO P I
FKDQJH LQ WKUHH zD\V K\SRWKHVL]LQWWRMW WIKHWI HY |

L LW FRQWLQXHY GHFHOHUDWLRQHVYLWKDQBHQJ GRZQ
LL VSHHG VWD\V FRQVWDQW LI FKDQJLQJ GRZQ DW KL
LLL WKH PDFKLQH JURXS DFFHOHUDWHY LI FKDQJLQJ X

2XU ILHOG H[SHUEEHOWKN RDUWWDBWRY® IRFXVHG RQ WUDI
PD[LPDO HQJLQH ORDG *HDU VKLIWLQNYDRQGRWYNHPD S
JRUFH WHVWYV GHWHUPLQHG WKH Y KQXMVORIDIDQWDLAWLRQ |
Rl ZKLFK KHOBHG WKH HQHUJHWLF FKDUDFWHULVWLFV R

7KH WUDFWLRQ WHVWY ZHUH FDUWHKIHG SR&KDMIWHIEN B UK HD W
DUHD RI-3WKWW' DB J\HL OH] JD]GDViJL =UW +XQJDU\ $IW
ODQG ZDV FXOWLYRPMIHYG BELVDFFA@GEKPWK 6RLO KXPLGLW)\
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- ZKLOH VRLO FRKHVLRQ ZDV PHGLXRPVKH) N RALRDQWK I
FRPSDFWLRQ ZDV DOVR PHGLXP 7KK OMRXBKQIEQBUHDY LW

SODLQ DQG WKH OHQJIJWK RI WKH P HDZKIUAKP H\Q WGHDINO P R
IURP WIOH WHVWSHFWLYH

2.1 Tractor Characteristics

$ &/$%$6 $5,21 WUDFWRU ZDV XVHG LRWHBVHLIWULPH
WUDQVPLVVLRQ V\VWHP ZLWK JHBUV IZQWISRSHRZHU VI
VKLIW UBP®BOHYV 6KLIWHQYZBIBIQIH¥%C-$ LV RQO\ SRVVLEOH
ZKHQ XQORDGHG ZKLtOH JHDSR\NKULIWORIZKHQ ORDGHG 7|

IRUFH RI WKH WHVWHG WUDFWRU UXQQLQIJWKHWRVNIRILHOC
NP K VSHHG UDQJH

7KH PDMRU WHFKQLFDO SDUDPHWHUDROMKH WHVWHG W

7DEOH
THFKQLFDO VSHFLILFDWLRQV RI &/$%$6 $ULRQ

1DPH Data
7\SH &/$%6 $5,21 ‘36
9HKLFOH LGHQWLILFD] $ '$ /==

<HDU Rl SURGXFWLRQ
(QJLQH LGHQWLILFDW/| &'/

'LVSODFHPHQW FP
BURGXFHU -RKQ '"HHUH
SHUIRUPDQFH N : I PLQ
"HLIKW NJ

%DFN WLUHYV

2.2 Trailer Characteristics

,Q RUGHU WR GHWHUPLQH WKH WUD RWIHFQ OF& EEWDRAVIAHRJD
GHYHORSHGOE\ Z2BY. XVHG LQ ZKLFK GLIIHUHQW ORDG S|
VHW $ VLPLODU DWWDFKPHQW -ZDV OOBHRUBEWWRHHLQ/DOL
> @KH GDWD FKDUDREHDNH & DWW H WRXSF WHRWH GHWHUP
PHDVXUHPHQWY VHH )LIJXUH 7KH PHDXXHHPHIDMW V\VYV
RSHUDWHG DQG WKH GDWD ZDV FROOGWWH G CEH GWIKGIWRD
WKH EUDNH FDUW 7KH PDMRU FKDUDFWE@ JIDBAOLHYV RI WK
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7DEOH
7THFKQLFDO VSHFLHOFDWURAM RDWWH $

THFKQLFDO SDUDPHWH| 9DOXH

(QJLQH SHUIRUPDQFH N:
%UDNLQJ WUDFWLRQ SH N:
OD[LPDO EUDNLQJ WUD N 1

2SHUDWLRQDO VSHHG [0- NP K

'XULQJ ILHOG WHVWY WKH FKDQJH LOWVUIRHORGIGH YLIYRII | F
WKH EUDNH FDUW 7KH UHJXODWLQJIDBHBRUVUIFWMRFHRQIBYUYV
WKH RSHUDWRU

L PHDVXUHPHQWY DW FRQVWDQW VSHHG UHJXODWHG |
LL PHDVXUHPHQWY DW FRQVWDQWRWURBRWHRQ IRUFH U

7KH FRQQHFWLRQ RI WKH-E8 RN HWKBHURMH D Q@ )X6UW R H QBX QA B!
VKRZQ LQ )LIJXUH 7TUDFWLRQ IRUFHL@DNVGH BNANKHUW K ZH\QL
EDU ZKLFK VHQW WKH GDWD WR WKH GDWD FROOHFWRU

;:!J
! Fuel cons. meas 5%

Data "0 ...
ofiector Hydrostatic!
Engine

Dynamometer towing load Sth wheel
T bar O

A

— —_—

Fy Fy

YJLIXUH
6NHWFK Rl WKH PHDVXUHPHQW V\VWHP

7KH IROORZLQJ WUDFWLRQ FKDUDFWHHPWWYW V\XYMHP UH
VKRZQ LQ )LIXUH 7KHSSMH YV @S RHWX®H WBIHHFAVR UV GULY
EH FDOFXODWHG |UPHIMMKHUHB YIROXKH RIBIYYROXWLRQ PHW
DQG WKH UROOLQJ UDGLXV U
(I A

R=2,8& oMy

7TKHUH LV DOZD\V VRPH VOLS EHWZHH®M W R R Y2KHHIOQ DV KSH
ILHOG ZKLFK LV UHIOHFWHG E\ WKBFWODIQOV VBN HN® LIRS Wt
PDFKLQH JURXS KDG WR EH PHDVXUHG 71MHK ZKWKDO VSH
PHDVXULQJ VA\VWHP DWWDFKHG WR WISHH BMGUBRP HU 7KLYV
WKH UROOLQJ UDGLXV DQG WKH UMMIYRIMDKXKWDRQHRU WRH IL

A73 A
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60LS SHUFHQWDJH LV FDOFXODWHG IURRAHGRHZGWIKHUHC
HTXDWLRQ

V YN Y!
Y 100

ZKHUH V XYWW®WIKSH SHULSKHUDO VSHHGVRWHKHKBIF®XDYH (

VSHHG

7KH UHYROXWLRQ RI WKH WUDFWRU ZDVVPHOPINARUHG L
WUDQVPLWWHU PRXQWHG RQ WKH 376 EHWOH MXUOCCRAMWHRG
IURP WKH IL[HG WUDQVPLVVLRQ UDWHYV

)XHO FRQVXPSWLRQ ZDV UHFRUGHG E\ DRLWI9RI3/8 I0ORZ
PHDVXUHPHQW RIKLFK ZDV PRXQWHG RQ WKH EUDNLQJ L
LOQVHUWHG LQWR WKH IXHO V\VWHRPRQRI IWKE RRIDWVX\PREW L,k
SUHFLVHO\ PHDVXUHPHQW F\FOH WLPHV PXKMW EH VHW
PHDVXORB LQ WKH IRUZDUG DQG EDFNZDUG JRLQJ EUDQ
TXDQWLW\ RI FRQVXPHG IXHO LQ D XQEWQRMXWERMH RDKH [
PHWHU ZKLFK LV HTXLSBHGERZASMQVDMWHRRAB HUDW X 7KH PH
GDWD ZDV IRUZDUGHG WR WKH FHQWUDO GDWD FROOHF\V

2.3 Data Rocessing

7KH VLIJQDOV WUDQVPLWWHG E\ WHH GHFHIUHHGNVEY LD QD C
FKDQQHO PHDVXUHU DQG GDWD FROSB E®/ RGHQVIWPZB Y,

+] 7KH FROOHFWHG GDWODKHAH&$7UHFRBOMZDUH ZLW
SUHOLPLQDU\ ILOWHULQJ 7KH GDWR@RUIR HGE&GH SR WMKG]
VDPSOLQJ GHQVLW\ ZKHUH GDWD OLQHVRBXWRREG HDF

JURP WKH PHDVXUHPHQW GDWD FRUUHOWKRRBRY KIDOF X
PDWKHPDWLFDO VWDWLVWLFV ZKLOH NXWH GHHIW UYL QXI5 |
DXWRPDWLFDOO\ E\ WKH DSSOLHG VRIWZDUH

%DVHG RQ WKH PHDQ YDOXHV DQG WKH YIMODX¥HV RI VWI
FRUUHFWHG RXWOLHUV ZHUH HOLPL @OHW HDW LIRNDK RW KRMLR/H
PHDQ YDOXH ZDV UHGXFHG ,Q D VHFRQ@® XIRX@E& RNV KHD OF
VWDQGDUG GHYLDWLRQ ZDV GHWHUPLQH®IDHIDYLQ IRU
7KH QHZ YDOXHV ZHUH XVHG |RUWIKH WIKHWHREBIGF %O DM E
UHSUHVHQWHG WKH PHDVXUHG GDWD SWRSHUO\ ZLWK D

"XULQJ WKH H[SHULPHQW WKH QXHEMDRX WHHPVHAD W XZDWN | |
GHWHUPLQHG LQ WKH IROORZLQJ ZD\WV XQWKQR X0Q UWIK®F H
UHTXLUHG VDPSOH VL]H FDQ EH FDOFXODWHG E\ &KHE\V/
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V V-
k>=¢PK k~= tl L
n Jni

,Q WKH FDVH RI VLPSOH UDQGRP FKRIHG WRKH IRUPXOD
Mx& " 1 L

P=

© %

ATEFAperd=1Fd X

Il HTXDWLRQ LV UHDUUDQJHG WKH UHTXLUHG VDPSO
¢
n Sk
J= 28 '
ﬁ.
ZKHUH

n-UHTXLUHG VDPSOH VL]H

t—-SUREDELOLW\ FRQVWDQW

V- FRUUHFWHG HPSLULFDO VWDQGDUG GHYLDWLRQ
G- DFFXUDF\ UDQJH

'LWK WKH KHOS RI HTXDWLRQ WKH @PPBHKW RI WHYV
SHUVSHFWLYH Rl WKH SURSHU UDQFHXRIDNWDRGDHG (
7KH DFFHSWDEOH DFFXUDF\ UDQJH IRU DDJUYMBQSDUDP}
VHWXS ZDV GHWHUPLQHG EDVHG RQ MKIP GRWB UWWKQW
DQG WR PLQLPL]H WKH QXPEHU RI LQIOXH\RZHYHIDFWR L
WDNHQ

$ WHVW VLWH ZLWK UHODWLYHO\ KRPHROHRWN & ¥ XWIKOLKH W
ODUJHU WHVW DUHD DV IDU DV THW UX BWR Y M UEHOWHISH @
VR WKDW D QHZ UXQ ZRXOG VWDUW RQ XQDIIHFWHG XQ!

7THVWYV ZHUH FDUULHG RXW ZLWK WKH WUDFWRUTV DFFH!

$W WKH ILUVW URXQG RI WKH WHV WYH WK R REGUHD NIHQ FROWGM
WR NHHSYWWHYSHHG WUDFWLRQ IRUFH ZDVWRKBQILHG ,
IRUFH ZDV IL[HG ‘H KDYH QR NQRZOHGJIJKKRLIRWRHU GHY
WUDFWLRQ IRUFH PRUH DFFXUDWHO\ WKDQ WKLV GHYLFt

ORUH WKDQ VHFRQGV ZHUH OHIWWEHWVUZ H HXQO 0 KMR WL € UF ¢
RI WKH EUDNLQJ FDUW FRXOG VVDBIRXZLGIWKDLRFWILRD WF
SODFH IURP WKLY EDODQFHG VWDWH

$ WHVW F\FOH ODYWHXRZIRQJIJ WR WKH +] VDPSOLQJ Gt
SDUDPHWHU SLHFHV RI GDWD ZHUMNHUSDPR®HAHRGZHHWH |
WHVWHG L 7/7 UHYROXWLRQ LL ZIKHDOFRWEKE® SW LR QL
SHUXKR Y DFWXDO WUDFWLRQ IRUFH 7RO RXWXMHW HRES H U
IURP WKH PHDVXUHG GDWD YL DVGE 8 KKHRP FW/KHD @ KVEHHMH &
DQG YLL SHULSKHUDO VSHHG RI WKGE MWRPFWRHIV G
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UHYROXWLRQ L DQG WKH UROOLQJ UBGLXOWG KMKHLYH F
WZR FDOFXOBWHG P@RYX QYL WR SLHFHV RI GDWD SH

$V DQ LOOXWKNHUDWNYRQWIEGE DW D URHT DEFYOHD L Q

7DEOH
30DQQHG DQG DFWXDO QXPEHU RI PHDVXUHPHQWYV

VH[{ VFD]|t a Q >S

7TUDFWLRQ Il N1
60LS
6KLIWLQJ G] V
)XHO FRQVX J N:K
Vils HISHULHRFHBBFWHG HPSLULFDO VWDQGDUG GHYLDW
VpopoF DOFXODWHG FRUUHFWHG HPSLULFDO VWDQGDUG (
WSUREDELOLW\ FRQVWDQW

0- DFFXUDF\ UDQJH

Q@ UHTXLUHG VDPSOH VL]H

2.4 MeasurementProcess

7KH WUDFWLRQ WHVW ZYBNOPNURVHG RHNWEUWRQNWZRDUW ZD°
IL[IHG VSHHG RU LQ WKH IL[HG WUDFWLRQ IRUFH PRGH R

1 J)LIHG WUDFWLRQ IRUFH 7UDFWLRQ IRWIFNMHZBPNUWHW \
7KH DFFHOHUDWRU ZDV DOVR IL[H® PWL ®®& RNV PN W PP DIJRN
JHDU % 'KHQ WKH WUDFWLRQ IRUFH ZBIW WML L]IHG
GULYHU VKLIWHG WR % WKHQ WR % VB QG WKLDOWH VWR
WIKHJLYHU FKDQ3I#HSUWGSRZQ7 KK WLPH EHWZHHQ JHDU FKDQ
ZKLFK WKH WUDFWLRQ MUBW NVWHEHYMBG\ 2BV WKH GLV
WKH WUDFWLRQ IRUFH GXULQJ VKLIWILQGRDY PHWBXUHC
ZHUH UHFRUPRHIDG-ERRIBIHFWRU VI\VWHP

JLIHG VSHHG 6SHHB ¥ INP \KHWZWWMRK WKH DFFHOHUDWRU
PD[LPXP SRVLWLRQ $JDLQ WKH WUDMNHNLRY MNEHVOW]DWDR
WKH GULYHU VKLIWHG WR % WKHQ WD HIRQGNIKIQOD OO
WHWWH GULYHU FKPRIH&G GRXWD % H UWED W HDRAKGWHKLIWLQJ

,Q RQH WHVW F\FOH FKDQJLQJ XS IRXU JHDUV DQG |
DSSUR[LPDWHO\ SLHFHV RI GDWODVYWHRHIHUBXFRWGRGEH !
LQ D SORXJKODQG DQG WKH KLJK VHQWWDL@LCWURI WK
GHYLDWLR@® RIIRPAUFHFWQG VOLS YDOXHV ZHUH FRQVLGHI
RXWOLHUV
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'XULQJ SURFHVVLQJ GDWD VHULHV ZHWHFRMXW QXS LQ\
FRUUHVSRQGLQJ WR VWHDG\ WUDFWLRQ BEGDVRHIV LQ W
PDWKHPDWLFDO VWDWLVWLFV ZHUH BSO0ORHW K HD WD/ M D
VHFWLRQ E\ PRUH WKDQ * ZHUH UHSODFH&LHFWWYH PHDC
Rl GDWWKH BYHUDJH RI SLHFHV RI GDWD VHNRUGHU WI
WKH UbDzZ GDWD VHULHYV ZDV DQDO\]JHG WORNVEHID\DEOH WR 1|

$Q HIDFW PHWKRGRORJ\ KDG WR EH HDHK WHBWILR (5 HIARHPL
WKH GDWD VHULHV ,Q DOO FDVHV WWKKLIQHHG IRKHQUD |
DIWHU WKH PDFKLQH JURXS DFFHOHUIDADK® \EDH IXDO®GY WE
WKH VSHHG WUDFWLRQ IRUFH VWDUWWG UVMR. Q.5 SRR QMK
RI D VWDEOH WUDFWLRQ VHFWLRQ ZDWG®DIEW HREQDNR WHKH
ILUVW JHWV-X8®HYDWKH STKHH HOGSRLQW RI WKH VWDEO
tKkH VWDUWLQJ SRLQW RI VKLIWLQJ

3 Test Results

TKHUHTXBP@W®WOLQJ GXULQJ WKH WHVWY DOQRYHBQRU WK
RI WKH WUDFWLRQ IRUFH GXULQJ VIRIQWRQ FH7KRIXBID DR I
GHSLFWHG 7KH KLJK VWDQGDUG GHYLDWXBRPRRQRWKH G
FLUFXPVWDQFHV EXW WUHQGV FRXOG EH GHWHFWHG DQC

OHDVXUHG GDWDLZHWHE RO SRDVWHYVG $W ILUVW FKDUDFWHL
WUDFWLRQ SKDVHV ZHUH GHVFULEHG GBHFRBEGBDQJWKH ¢
VKLIWLQJ ZHUH FRPSDUHG

3.1 Fixed SpeedScenario

'‘DWD UHFRUGHG E\ WKH EUDNLQJ FDUW KN WKWHD AAWH & Q/
SDUDPHWHUV FRXOG EH VW DHIDIL]MAKHMW H DIPW WRIQ \WR U@ HA
YDOXHVY UHFRUGHG GXULQJ WKH WHVW DUH VKRZQ LQ )L

GEAR
3

sl Bl ):3] B3

s[v] 407

]

35

30 M% e
N T L A 7

15
—— Traction force N
10 ‘ W
5 = Slip
0 T T T T 1 ts)
50 100 150 200 250 300

B4 B3 B2 Bl

JLIXUH
&KDQJHV RIRWFBIFWQBQ/ OLS GXULQJ VKIHWGQUFEIQHDWICRRDGHG IL[
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'XULQJ WKH WUDFWLRQ WHVW WKH YDIOXMWRH WRIQ MAUD |
- N1 ZLWK WKH H[FHSWLRQ RI WKH % QIJWDDFW)L RMXH C
IRUFH ZzDV VWDELOL]JHG WKH VWDQGDUWA &S HKDWHRQ FF
UHIOHFW WKH FKDQJHV RI WKH WUWBWGC®Q G RWH XL DEAXIMR
7KH VSHHG ZDV -NHS$WP BVEWWKHS8M LQ WKH EUDNH FDUW
GHYLDWLRQ 6' WHVW SURYHG WKDW L6S ZRXWNVKIHDKOLA KHHR
SDUDPHWHUYV

7TDEOH 7DEOH
OHDQ YDOXHV RI WUDFWLRQ SDUDPW WHY Y DO WMKHUY GXULQJ VKL
FRUUHVSRQGLQJ VWDQGDUG GHYLDWLRQ LQ WKH IL[HG
VSHHG VFHQDULR

0 6WDEOH WUDFWLR SDUDPHW
SsKUWE?ﬁV g)Nl Vi V@ >VE| o Q

@ L#mean 6'F Mean 6'V

>N1{ >Nl > @| > @

%—
%—
%4
%—
%h— %

%

%

%

%-1 %

%

FrneamPHDQ WUDFWLRQ IRO¥VOLS FKDQJH SHU VHFRQG
SD-VWDQGDUG GHYLDWIO0) - WUDFWLRQ IRRRHHFKDQJH
Smean— PHDQ VOLS VHFRQG

SDs— VW D QGHYU® W LR Q RIa—FOXWFK GLVHQJDJHPHQW GHC(
t- WRWDO VKLIWLQJ

‘LWK UHVSHFW WR WKH GDWD VHURLBY EW KGH VIVDIHGWD Q JW
ILUVW SRLQW LQ WLPH DIWHU VWD E IORLZB W MRCD @ MHKD W K
WKH VWDEOH VHFWLRQ DW OHDVW EZAKHH O @® WK 16 (SRISI\L ¢
7KH HQGSRLQW RI VKLIWLQJ LV ZKHNU WKHIWIL\DH UG DVFKKHH
LWV PD[LPXP 7KLV SURFHVV LV LOGHWWNBBWF® EN YL\ X
VWUHWFKHG IRU EHWWHU YLVLELOLW\

,Q RUGHU WHR @GBIODER® HGWRPLF FKDQJHYV RI WKH PHDVXL
DFFXUDWHO\ WKRVH SDUDPHWHUV PXV¥ DEHO V\HKOLHWW H G
FKDQJHV LQ D XQLIRUP PDQQHU $V WKHORERY MWDIXWW V
ZLWK WKH FKDQJH RI VOLS ZKLFK LV FROORXIBG QEWKID
FKDQJH LQ WKH WUDFWLRQ IRUFH
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M) * %)

35 1

30 +

25 1

10 — Traction force
|
5 — Slip [

1546 1548 155 1552 1554 1556 1558 t[s]

YJLIXUH
&KDQJLQJ Rl WUDFWLRQ IRUFH DQ® RS WIRODWLYH WR WLPH

7KH GHOD\ LVNEQUNBXGCUBY WQG 7DEOH 7KH GHOD\ FDQ
WKH FKDUDFWHULVWLFV RI-ZKKHH ORUGWW WDIVAW LR Q D$W WVIK
ZKHHO UROOV RYHU WKH VXUIDFMWKIHWXWIWKHWWRXREK G
GHIRUPDWLRQ UHMMXUVHW UHIDRGHRI WKH ZKHHO FDQ DGKHU
HIHUW WUDFWLRQ IRUFH

7KH VL]H RI WKH FKDQJHV LQ WUDFWLRYYISHD GFEPIQWHI UV F
RI WUDFWLRQ IRW M@ NGRVKHLRH LM KH VL]IH RI WKH FKDQ
EH GLYLGHG E\ WKH UHTXLUHG WLPH

7KH WRWDO OHQJWK RI WLPH QHHGHG IRRWZKILH QY VQKIH \B|
VWDUWLQJ SRLQW DQG WKH HQGSRLQWRRIVOKISIWRMEIJ LQ
WUDFWLRQ IRUFH FKDQJHY DQG WKH FRUBHMYR@GLQJ W
7DEOH DERVYH

3.2 Fixed Traction Force Scenario

JRU WKH IL[HG WUDFWLRQ IRUFH V ESHDQDWHRNV HNUKR/H URHKDBW |
WR WLPH DUH LOOXVWUDWHG LQ XUMNIJI ,\§ UDIKM IVRUD ER
VWD\V DURXGGNLKHDOXH 7KH VOLS FKDQJHV FRPSDUHG
FRUUHVSRQG WR WKH FKDQJHV LQ W&HRWW R ANP HOMHJ H&
VOLS YOAHXWVPLODU WR WKDW RI WUDFWLRQVODO XNV EX!
KLIJIKHU $IWHU VKLIWLQJ WKH WWDWW HRW UIIRFM R UL ¥ ROQCF
DFFHOHUDWHG EDFN WR WKH VSHHBUHDIRRIG WE&LSWLA X A

7REH DEOH WR FRPSDUH WKH WZR VFHQDUR®WIREMHFW
PHDVXUHG YDOXHVY KDG WR EH GHWHUEBHQIRZ VKRZGDWD
WKDW WKH VWDQGDUG GHYLDWLRQLPDORH VL& | WKWHD WX R
VFHQDULRWXHIHKIBYHDWKH ORZHVW 6' ZKLOH VOLS YDO?
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GEAR

ns B2 B3 B4 B3 B2 B1
40 = -

—— Traction force

NN N N NS\ L\
rﬂ\,n Hy M\ M@ Nt h \ \“\”"]
i W)

200 25 300) 350

tis]

YJLIXUH
&KDQJHV RI WUDFWLRQ IRUFH DQG YI& SNEPEFMALR YKIRWLH ¥ ZKG QU |

'DWDTab®5SURYH WKDW WKH SDUDPHWHU FKDQJHV DUH G
IURP WKRVH ZKHQ FKDQJLQJ GRZQ 6' YDOKRYDWKRZ WKL
SDUDPHWHUV ZHUH UHFRUGHG LQ JHDW R RRRHUBWRILQYJ
DQG RZLQHOMERWAKAD XOLF RSHUDWLRQ V\VWHP VKLIWLQJ
OHVV WKDQ KDOI D VHFRQG 'HVSLWWHWKHFRRORUGHWDEE
FKDQJH LQ WKLV LQWHUYDO ,Q RUG®BIKOW RLWHL D EZQRH W/IR
HQODUJLQJ WKH JUDSK GHSLFWLQJ WKH GDWD IRU WKH

7DEOH 7DEOH
6WDQGDUG GHYLDWLRQ RI WUDFWDFW SR SHHWRHWBOXKBKULQJ VKL
LQ WKH IL[HG WUDFWLRQ IRUFH VFHQDULR

&KDUDFWHULVWLFV 0 a) 5
6KLIW b\i/ tn>\
lJ:mealn 6') \bHDRQ 6'V L> >N1 év

"HDOUSN >N1 > @ > @ | % _ Z
% %% 1
% %4
% %o
% %o
% %1

%
FreemrPHDQ WUDFWLRQ 110V VOLS FKDQJH SHU VHFRQG

SDr - VWDQGDUG GHYLDGO)-WUDFWLRQ IRUFH FKDQJH SHL
IRUFH tt— FOXWFK GLVHQJDJHPHQW GHO|

Smean— PHDQ VOLS ti- WRWDO VKLIWLQJ WLPH
SDs- VWDQGDUG GHYLDWLRQ RI VOLS

JLIXUWKRZYV WKH GDWD UHFRUGH ® RG %U L QQ WHIH WIKQ J W U«
SURFHVV WKH WUDFWLRQ IRMEH /VXG GHQ-D\FRQBUMBRA)
LQFUHDVH LQ VOLS LV ,Q VRPH VRBRB GAMVD UMHU WK
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YDFLOODWHHZLYHQ F+ D URXR ¥ LPLODU PDQQHU WR WKH YL
HQJLQHTV UHYROXWLRQ

F s
[C0 R

—— Traction force

el — Slip

ts]

YJLIXUH
&KDQJHV Rl WUDFWLRQ SDUDPHWHWPV% HOPWLYH WR WLPH ZKH

7KH JUDSK VKRZLQJ WKH SDUDPHWHU FKDQYIWKBWULQJ V
VOERDQSHMFHGH FKDQJHV LQ WKH WUDFWLRQ IRUFH +]
VKLIWLQJ IRU VRPH PLOOLVHFRQGWDNMNOHSE WHRUKXBIVBY G
WUDFWLRQ IRUFH WUDQVPLVVLRQ

$IWHU VKLWIOX®IFJGBGIIDS/H EXW DIWHU VRPH VHFRQGV D (
7KLV VKRZV WKH H[FHVV QHHG |RUQWRIDFMNU RVMR | RJLFH @F
VSHHG 7KH LQFUHDVHG VOLS LV WK&6LPHOYNXBWRHLQFUH
RWKHU VFHQDULR FKDQJHV GXULQJ VKDWWLQUHEHBUWHKERP
LQ 7TDEOH DERYH

BURFHVVHYV GXULQJ FKDQJLQJ GRZQ LIPHHVGE B O HF WBIE DX V |
UHFRUGHG GXULQJ VKLIWLQJ IURP % \WRWXKHDRDH HOROXYV
FKDQJLQJ GRZQ WKH SURFHVV VWDUWVDZIWWK WKH GHFL
WUDHRWURIY SOXPPHWYV ENIPBWHWWKDEHJILQQLQJ RI VKLIW
VDPH WLPH VOLS GHFUHDVHV 'XH WRNWHK H IPRIPRXPW XP F
WUDFWLRQ IRUFH LV DOPRNKW MURFWRUFVUH@MOWLRI W
EHFRPHYV QHIJDWLYH IRU WKH EDFN ZKHIO®ZYURU I YHU\
WKH WUDFWRU

$V WKH GDWD SURYH WKH UHYROXWLRQ BRI MV/KH HQJLC
UHGXFHG 7KH ORDG DULVLQJ DW WK HUHBGXRW WVRIQH RYK L |
UHYROXWLRQ BA FRRPSDUHG WR WKH PHDQ RI WKH YDFL
7KLV IDOROXQNVURQ GRHV QRW H[FHHG WKH UVHKXRW XWLRQ
QR UHDFWLRQ IROORZV 7KH LQFQHDWHGXH WWRD WW HRH)[ F F
WUDFWLRQ IRUFH HITHUWHG IRU DFF HOWHWUDIWIQUIWDEMN DI\
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Gear shift

AT NN Ene e 8
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B 1Bl
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YJLIXUH
7UDFWLRQ SDUDPHWHKUM QH BB MW LK WIRI RFLPH WR %

$V WKH PDSSLQJ FXUYH IRU WKH WUDFWVRY HRBRHVRKR .
W K H V3HIWH N1 ZLWHKHRQ GV

Conclusions, suggestions

7KH PHDVXUHPHQW WHFKQLTXH GHVFUIREHG RWHWIRLLY DL
WHVWLQJ WKH WUDFWLRQ SDUDPHWRDGE GXUWQDFWRUY
7KH PHWKRGY DQG GHYLFHV DSSOLHSRVUVPLERKH M/RORBODR
WKH FKDQJHV RI WUDFWLRQ IRUFH DWMPHD O/ NISHKIKG@HD QG
DPRXQW RI GDWD REWDLQHG RZLQJ WR WRKRHKKLIK VDP.
GHWDIQIHGB VLV RI WKH VKLIWLQJ SURFHVV

7KH PHDVXUHG GDWD SURYHV WKDW LQIKMUPIHVLR® DER?>
WUDFWLRQ SDUDPHWHUV LV FUXFLDWKIRW YHKH. FRCBHHW 2 WM
FRQVWDQW ORDG 7KH DQDO\WVLV SUHVHRWWHIO KZUW K/ KF
FKDQYLQO®V FRQVWDQWO\ FDXVHV FRQVLGHUNEOH WUDF
YDULHG

,Q RUGHU WR GHFUHDVH WUDFWLRQ ORWWGH VWV KMKFIXWD DH L\
SULPDULO\N FDXVHG E\ WKH LQFUHDVL@RRQVOADBQ WKH IRC
PDGH EDVHG RQ RXU WUDFWLRQ WHVW

,Q WKH ILHOG RI RSHUDWLRQ RI PDFKM QW W X1 WK S/RIGHW ¥
WXUQ RIl WKH IL[HG HQJLQH UHYROXW.IQRQ VR DW KD BV KA
RSHUDWRU FDQ PDNH WKH IROORZLQJDERUUHFWLRQV ZL\

"KHQ FKDQJLQJ XS LQ WKH PRPHQW RIKRKIOI® LEHI WKH
UHWUDFWHG GHSHQGLQJ RQ WKH DFWXDO ORDG $IWHU
VKRXOG EH FRQWLQXRXV LQ RUGHU WR VSIHHG XS WKH P

'KHQ FKDQJLQJ GRZQ LW LV ZRUWK VORZLQJ GRZQ JU
WUDFWLRQ IRUFH FRXOG VORZ GRZQ WKH PROUFNXLQH JUR)
2WKHUZLVH WKH GULYHQ ZKHHOV VORZ GWRZQY WKH PD
G\QDPLF ORDG DREFRIPSLIRIDUMHAEOEN QHIDWLYH VOLS YDOXH
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7KHVH DFWLRQV UHTXLUH DWWHQWLRQWRQ@G HYSWKHHQF
VDPH WLPH WKH\ HQKDQFH WKH HIIKH. BQ VS DRS R U WK H
SDUWV RI WKH FOXWFK

,Q WKH VRIWZDUH GHYHORSPHQWURUDP SBUHGVWRIW KNHJC
VLPSOH-K@CHMXWRF FRQWURO PRUH UHILQHG UHJXODW
GXULQJ VKLIWLQJ 7KH IROORZLQJ VKRXOG EH WDNHQ L(

x KHQ FKDQJLQJ GRZQ WKH FOXWFK GLVHQJDJHP
SURORQJHG LQ RUGHU WR DYRLG QHJDWLYH VOLS
HQJLQH DQG WKH FKRVHQ JHDU WKH V\EWHP FDOF X
W RQO\ VKLIWV LQWR WKKH PIXFRKMHDQH AR RS KB UD DIl
VORZHG GRZQ DSSURSULDWHO\ ,Q SORXJKODQG FL
ODVWV IRU VRPH GHFLVHFRQGYV

Xx KHQ FKDQJLQJ XS LUUHVSHFWLYH RI WKH SRVLWI
WKH SHUIRUPDQFH RI WKH HQJLQH WKRRND-GIHEB UHVYV
WKHVFHIMWH OLPLW H J LQ RUGHU WR DYRLG WKH

7KH DERYH VXJIJHVWLRQV DUH LPSRUWD@®WIWRWN RQO\ |
DIJURWHFKQLFDO DQG HQYLURQPHQW MDA WBRHWN BKE@MWAD/® V
RSHUDWLRQV LW OHDGV WR KLJKHU RFIR8 BBBEWLQD FANIVW K
DQG WKXV WKH PLFURVWUXFWXUH RI WKH VRLO LV GDPD
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Integrated Torque Vectoring Control Using
Vehicle Yaw Rate and Sideslip Angle for
Improving Steering and Stability of All Off -
Wheel-Motor Drive Electric Vehicles

Mahmoud Said Jneid Péter Harth

%XGDSHVW 8QLYHUVLW\ RI 7THFKQRORJLHWWQRBGH(FRQRPL
THFKQRORJLHV %XGDSHVW +XQJDU\
(-PDLPVMK MQHLG#HEBERUEPK KKWHU#NMN EPH KX

Abstract: Recently electric vehicles with independent wineaiordrive showedgreat
potential for advanced chassis active control integration leading to high driving
performance, ensured safety, and compact packaging. Advanced motor drives andlpowerf
power electronics enable highly sophisticated vehicle control systetms &pplied and
integrated using minimurhardware This paper proposesn integrated torque vectoring
control using vehicle yaw rate and sideslip angledaectsteering andmprovestability of

all off-wheetmotor drive electric vehicles. The control system is suggested with threel contr
layers: the higher, medium, and low&he main contribution of this work is implementing
torque vectoring based on regenerative bralamgthe wheels allocated to develop braking
force The proposed torque vectoring control is implemented @D&®F electric vehicle
model in MATLAB/Simulinknd verified by a doublene change manoeuvr8imulation
resultsshow explicit improvement irehicle heading and stability

Keywords:integratedtorque vectoringyaw rate sideslip angle; electric vehicles; effheet
motor; regenerative braking; vehicle stability; steering correction

1 Introduction

(OHFWULF YHKLFOHV (9V KDYH PDQ\ DGYQWWWDQB® FRP
FRPEXVWLRQ HQJLQH ,&( YHKLFOHVUNMXG&ODV KEHKQJ
HIILFLHKDFXLQJ D VLPSOH OD\RXW PLQLPL]JHG GULYH!
PDLQWHQDQFH LPSURFRBS®BENNIHIISQUHVHQW WUHQGV L
WUDQVSRUWDWLRQ VHFWRU VXJJHOW W@ HBY UHSODF
PRWRU GULYH VWKIDKWFWULF PRWRU FDQ EH VGVWDOOHG
NQRZQ-DRHE®WRU ,:0 RU RIIVLGH WKH ZKHHO DV LV FR(
E\ RZKHPARWRUW 2LWK IRXU HOHFWULF WRWRW FIV& HE A K H
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SUHFLVHO\ FRQWUROOHG DOORZLQJDBYDQKH ® FXO VD W |
DVVLVWDQFH VA\VWHPV $&%6 DQG DGYB@BHIY GULYHU LC
KROLVWLF LQWHJUDWHG VA\VWHPV > @

7KDQNV WR HOHFWULF PRWR UVDIDQ 8 WIW/HIPW H/ R S\KW YWV F [
FDQ EH LPSOHPHQWHG D WRID\@KHIT WIFFKURIYLD X HUDIORGULY
EAZLUH '%: DQBAZHAWMNH®%: FRQWUKRY W GOIEY \@

LQFOX&BQWRFN EUDN Le@ % &/ DWVHIOMH FWURQLF VWDELOLW)\
H(63 BAQPLWHGLVIGIUSYOWLD®FRUTXH YeHBWRA LY 1@

&XUUHQWO\ U B\ NE BKFWD Q B DIDWMMHIADAKWHYWLRQ DQG
FRPSDQQMMARMAYI LQ WKH GRPDLQ RI HOHFWULILHG Y

7KH SULQFLSDO EHKLQG WKH 79DIZVPW R HIQ\W) HDUWRX D ® W R
YHKLWFOHUWLFDO D[LV WR FRUUHFW WKH YHIQUFOH KHDG
PDQRH>YHIHILQJ WR LPSURYHG YHKEF@ KHV S/DHEEIOLM\ DC
WRUTXH FROMFWRO(RY RWBZILG H UD Q J HL B IR WEHIHGWL R Q
DQG E UDINLHFMOLRRZNV WKH JHQHUDWLRQ RI XQOLPLWHG F
DQG EUDNLQJ GLIIHUHQWLDO IRUFH FRXSOK\G ZKLFK F
VWDELOLW\ XQGMWUWR@WLRXV FRQG

'LWK9 WKH YHKLFOH EHRDYH®KHL G HQMXG NIBZ UDWH UH
LV JHQHUDWH G WXAH FEW 6 LROIH WRSKW. AMRP P F®M W LFDO VDI
FRQGLWLRQVVHBHPUWGHUVWHHULQJ DQG RYHUVWHHULQ
LQSHWEWH LQ PDLQWDLQLRQU DHARHKSHAUD B®! BYWKQIEROUHY W H H U
EHKDYL®RXWKHQFH VWDELOLW\ OHYHO

,Q XQGHUWKHHUMKLREQW ZKHHOV UHDRER LMKFRIWLRQP XP
WKXV 79 LV H[SHFWHG WR FRUUHFW W\OH PHRIPIHOM KHDG
RQ WKH UHDU ZKHHOWXQQW®H G LRYHEUNMBMHBQR QJ WKH L
ZKHHQRWMH. FW LR QJ I RMEHIVKIWHK 9 J79 WRa SWRBRPHQW
DFWLQJ RSSRVLWH WR WKH@ LY@ WLRQ Rl RYHUWXUQLG

,QKLV SDSHU DQ LQWHJUDWH G7 MEPWHGH RYH MW R UEQH  FIRZ
UDWH DQG VLGHVOLS [DHJIOW HWH S URRRERGWRIGDHYIW H H U L
DQG LPSURYH VW-ZKIHFRWRRI ®OIOY IR HOTHKFHWER 6 WHKQ F O H
VWUXFWXUH LQF OX & HXMBHDOHU OWKHJVQWHKHPHGLDWH OL
ORZHU OD\HU ,Q W/KKHH KNKIEFED @DWHJ DQG VLGHVOLS DQ.
RFFXU EDVHG RQ WUDFNLQJ WKH GHVLUH G LLFN FIOWH Q F H
PRGHO LQWHURHOHBRBUELR® OD\HU ZKHAIHY W KBIZFRU U
PRPHQWV\RAHERWK DQG VLGHVOLS DQJOH DUH DOORFDWF
DFFRUGLQJ WE DW\MDRWIEH DR 00g O H- DR WITWBOR1 WUDFWL
EUDNLQJ FRXSWBH Y KBW GON NWAQIDEXW L RQVODKHUO REM U
FRQWURO LV LPSOHPHCRVWHGE QEVHGI GFRRONVURHOG)2& WR
LQGLYLBXORPOIWHG WRUTXHV

7KH UHPDLQGHU RI WKH IROW BF&/H UY WHQUAXYF W KK HBOBIVO L
DOQWBXEV\\WPREBPEI¥F VSRWOLIJKWY WKH-EDRBRVIHGNAHKH B W HE
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YHKLFOH \DZ UDWH DQG VLGEMWOLISQWQRGHKFHV RAROWXO
GHPRQR®OLEON HVWD OBWLRRQFOXGHYV WKH ZRUN

2 VehicleLayout and Subsystem Models

7R YDOLGDWH WKH SURBRWHKIFOGH BRQMWRIRFOPRGHO 9
GHYHORSHG LQ 0%$7/$3% 6LPXOLQN 7KH (9 OD\RXW LQFC
FRQWUROOHUYV [ URGXFWLRYLYBRGY EDWWHU\ PRGHO
7KH YHKLFOHALWRUIXRNVGOBEFWLRQV DQEHARMR\Q WHRBPUQEGQBYV
LQ ) LZKLFK LV UHSULQWHG IURP > @

YLJIXWUH
6FKHPMWWBPGRI WKH VXJIJHVWHG (9 VIMMURR@WURORU WKH SURSF

1.1 Vehicle Dynamic Model

JRU DFFXUDWH YDOLG,DW ERQt!\WRB MO N ISTURISRHV/EH G R UHIOH |
WKHKLFOH SODQDU EHKDYLRXUSD®GRQ¥WHOW R ZHKHBO G\Q
'2) (99'0 LV VXIMWRVEHE FULEH WKH ORQJLWXGLQDO ODW

DV ZHOO D& WRW DAKHRI@DY &WQRYRL AYKBHLHTXDWLRQ RI
PRWIWRK®W GMK/IFFIKEDHV VLY SODQDUW EHKDYURRORXVILYHQ

= (§+ @ 1
== g+ G
KHUH LV WKH YHKEFGH YRHIK6CWVEORT OR QJLVWOGULHILD3D

DFFHOHDWLURQQWIDRQJLWXGLQ RO IRR@MBDWHUD O

IRUFHOMH YHKLFOH \DZ UDWH DQG VL &HYDEBQMQIFOM DUH
LOQWHJIDOQ® IDRHQLYBY IROORZV

+06/ §+1 £+ 1)+ 14

Ag9 A



M.Said Jneidt al. Integrate@orque Vectoring Control Using Vehicle Yaw Rate and Sideslip Angle for
Improving Steering and Stability of&hé&afiotor Drive Electric Vehicles

U= p=2F (ei&;A

'LWRSHKER®HM \[DZF FH O H{UDHKILRQH \DZ PRPHQW RI LQHUWL
IURQWDIIZ PRPHOWXOUWRIFQ ®RQJL W X/G L/Q D OU REBB KV

\DZ PRPHQWYV U ®DXN\RUHBENHKRLE OH VL GH R O I $i KOLFJa0H

&R* ORQJLUX\GURIDOGEKLFOH SDUDPHWHUY DUH SURYLGH(¢

YLIXUH
6FKHPD@QXVW UDWLRQORILWK H KHHOVX®\@\W PWE HV

7DEOH
9HKLFOH SDUDPHWHUYV

SDUDPHWHWPBWLR( 9DOXH3DUDPHWHUHVBEWLRQ 9DOXH

IURQW D[OH G

P YHKLFOH PPVV NJ U W EEHQR JUD Y L WR
YHKLFOH I YHKUBE®) W WU

s DUHD P T ZLGWK P
Y HK L F @HR IF BIQD

&G | GUDJ FRHIILFLHQW  Kg- KHLJKW P

UHDU D[OH
/1 IURWKH FRIIQ W P N
JUDYLW\

YHKLP@HQHUWLD
DURXNK®I[LV | NJ P
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1.2 Tyre Model

7LUHV UHSUHVHQW WKH LOWHUIDFHRRIPW&W YDKIGL PQHH W
UHTXHMWRVHEIE GHVFULEHG ZLWK HQRXJK DFFXUPF\ WR UHIC
OLWHUDWHXURRSHONUDWH WKRURXEK®F UWOQEIHVWILHED® HE& H
G\QDPLFV IRU GLIITHUHQW SXUSRVHV VWERQVDRGDO\V
VLPXODWLRQ 7KH PDMRU/KXKRGH OWLIF WSHORRQ RBABHH W K H
'XJRIlI PRGHRO @QWKH EUXY K@P RAPH)@G IIVFADMNDIF IRUPXOD

0) PRGH@ @Q WKLV ZRUN WKH 0) PRGHO LV
SHUIRURMQKHURPHRKRPELQHG G\QDPLFV DQG FRQWURO
WUDFWLRQ IRUFHV XQGHU VOLS UHJXOBWRRQ@J DMWKH R U C
VLPXODWLRQ RI WKH GRXEOH ODQH FKDQJNHQ®Q& PDQRH
DFFRUGLQ@J WR

U= &0 ="K $TF '($TF P ="RABx))}]

'KHUH \ LQGINBBWWXRKIWKKI FDQ & R (H [ WK 8 UH\KHHGW V
ORQJIJLWXGLQDO RUBORWHUP® (VDUBE HRELULWFBODWFRHIILF]
GHQWWH VWVYKIMRSHI¥N DQG RXWKHWXUWREXSHRWLYHO\
TKHUBRQJLWXGLQDO VOLS XQGHU EUDNH@L@QG WUDF\V

a= &7k 2 -PN=GEJC
é3

a_gbé?% Q

e -RO NEREJ

a

7KH ODWHUDO VOLS RUURIQGHWVLQLCS WDHDWO ZERHDMOK/HDUH JL
IROORZV
= U+ —NF U

€a
7KH HOHFWURG\QDPLF EHKDYLRXU RI ZWKHHQWHKFQ@Q EH Gl
VHFRQGJIOFE®VYQ
+ 6= 6, F &F Y(e
:KHUIJﬂ Lg GHQRWAOVYQWRMKHUR QWD U Z&\HHO Y N K\IDRZO H
DQIJOHKHWO/WHHU IRK [BQ YWD QIFUHR @ W\ KIMHRU& R *
WKH ZKRHRHFHQW RIS YHUBWAKDHHIOKODU 6 MWORIBHWW UL F

PRWRU VZKHHWRQHEXNHMHR WD O EUDN LW B AMRJA XEH) DB RIF/
DOMWKKHHHO IHFWLYH UDGLXV

JLOQODO MR WHKIHO ORDG RI ZKHHOV LQ WHUPWY BLYMDPWLF D(
DFFRUGLQIRORR Z@
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. eﬁu
(ds &>m@§*'|'|Q)u-e
KHU@R ({2 (g da LQGLFDWH W KMHK E HQHRKQWY RIQROQ\G
UHOHUWHDMWI KMHHOVSHFOLIVYWE®H JUDYLWDWLRQDO DFFHO
LV WKH VY MKIZE BM K

5 A

3 Integrated Torque Vectoring Control ITV

7KH PDLQ SXUSRVH RI 79 LV WR FRU U H FDAQ & HKOLLFQ@WM DKLHDD G
KLJK VWDELOLW\ WKURXJK JHEQUIDWERYEQY GKLFHK BEW LIDWD \
YHKEFORY WR SUHYHQW XQGHVLUHG XQGHUVWHHULQJ C
7KH GLIITHUHQWLDO URVMKIBWRUR P ZW HYIO VD Z RIRFAH QW Y H F\
LV JHQHUDWHG E\ WKH HKDDNG LTUH PRYBIRAQHR/BIEHHK W FOOHG
WXUQLQ

ODLQON9 FRQWURO FRQVLVWVYV RI DW OHDD/Q\G WZKRH FRQ W |
GLVWULEXWLRQ 7KH FRUUHFWLYH \D<ZHPRRPGM)WR O HO 1B UHHLE
E\ WUDFNL®RWRQ IS DRID® HWHHWPAN R O D WHWDLAR ¢ WIDVEDLVD H W \
LQFOXGH WKW X HiIBV@dD- @ Z UDDMMELGHVOUS B@JOH

> @Z UDDVHG VLGHVG@LY KD QEBHFO-@ O@BBSWHUZDUGY WKH
UHVXOWLQJ \DZ PRPHQW YHFWRU LV EURNH®R LQWR U]
DOORFDWLRQ VWUDWHJ\ DQG FRPMPRQLRD WHER WRRQQG L
OLWHUDWXUH GLIIHUHQW Q7oH ¥ W Q ZWDUNRHDG D\SXSHKR DK 15 U R
LOQOWHEWDHOUHQW-LD@® RHXUDO QHVWARWBN3, @ELQHDU
TXRBWYXUH UHIJXODWRWO@6LQJ PRGH PR@WUR®@ 60&@
IX]]\ ORJLF FROGW@RO)/I@OLNH>3@DQG PRGHO SUHGLFWL!
FRQWURO® -@38&2

,Q WKLV ZRUNL @QWSHMBBWHGS Y HFMRROUULQR O RI1IVWKH YHKLF
\DZ UDDMHG VLGHVUDV S PRI OPKH WRBUHFWLYH \DZ PRPHQW
LGLVWULEXWHG LQWR WKRORZU RKIGHDMIRETS RN G \RHD
SDIRUVGULYLQJ EUDNDRQU ¥FRRIBEEQREMIVDP Rl WKH SURSR\
79 FRQWURO
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YLIXUH
%ORFN GLDJUDP RI WKH SUR®RWH® )L 6 RVGIWWER\G NG KHRALHT XD Y H F
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3.2 Integrated Yaw Rate and Sideslip Angle Controller

,Q WKLV ZRUN WKH AR@WWERQGBHUDWNBHWWEG W\SH 7K
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TKNHVXBORQPWWRO ODZFWKKINWWHKHEHRXU HOHFWULF PRWR
UHSUHVR®EF W@ DWLRQVMRHPVUYRO RSWLPDO LYHUIRUPDQ
DOORPPWRHGCWRHRMFRHDOY G UWABKWV-RTIROIWWIB WHJ\
JLUVNWLYV GLVWULE XYW H BIEWSWIZHHIHD R[Q H YK HEHDQY RUBGD/W L F
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luF @AISOECY
lyeE F @A IS,0ECY
I sF @A IBOECY
/ 4a= F @A I3,0ECY

' KHUHY /% LV WKH |URKDW PR P HQW/ SR YWLRB
\DZ PRPHQW SRUWDRQURODMW IOMY/GLRQWWKH \DZ PRPHQW
SRUWLRQHRIHWMBUIEMHHOV

4 Simulation Results And Discussion

7R YDOLGDWH WKH SURSRVHG ,79 D GRXEQ& ODQH FKD
DWNPKVSHHG LV SHUIRUPHG LQ 0$7/$% 6LPXOLQN 5HVX
K\WWWHUHVLV B&RQMV)IVRHGECRHRP ®DBWHG WR FODVVLFDO 79 ZLW
RQO\ \DZ UDWH F RDMRUIREH VX QBOBHHRGEX MHHGWAH R |

Y HK’E P@KE Z'KEHHHKODA LRKKHU UHV X OWYV GLVFXVVISSOD ORVYHUV W
SRVLWLRQ \PRZQ WDRREIDMBRGHY®LS DQJOH ODWHUDO I
UHVSR®&WHDR/Q J L WXIEW @O PRG WWER Y TXEHHG DQG HQHUJ\
UHFRYHU\

)L VKREKH YHKLFOH XV HUDWK$RYURER@PSDUHEGRQWU
ZLWK \DEDMHMIGHDQERTI$ VEMDH WUDMHFWRU\ LV FRQILQHG
ULJKW FRQH ERMQTG@EMHR/X QR I[URP WKH YHKLFOH FHQWI
‘LWK ,79 FROQWHKRGQWKMY DQG H[LWV WKH WUDFN DW
PDLQWDHQR®JK PQVIGOIVWKWHRQQHQAVS WRIHD @ UDMHFWR U\
LYDLQWIDQWIHEH WKH ER S SHRIFWOKLH KOW OW DRRRIX W BW W K H
HIJUHMWH ZRUVW FDWHRILYZKERMQH YHKSPOWKM WUDFN

ERXQGDULHV GXULQ 1l ERMFIOWDMHRHKRNQI H V

)L VKRZV WKHYD XY HKOWB XQGHU , 7DD 1R IXQAVENG TEXQYERH
UHVSRQVH WR WKH GHVLUHG \DZ UDWIW®V, WXED/@® EBVWHH
WUDFNLQJ RI WKH UHIHUHQFH \DZ UDWBVRLWHKKDHARVW
VLPLODUO\ ZLWK D VOLJKW RYHUEBERRW MWXERWRK QM QK
WKHKLFOH UHWXWYRXYHWRUW KRHPWEBH YHKLFOH EHKDYHYV
DJJUHVVLYHO\ FKDQJLQJ ERWK ODQHVUBW D HIHIKHDFZHUD
YDOXH ZLWK XAKXK®ENUDNAWHHYL ZLWK D SRWHQWLDO WHQGH
HVSHFLDOO\ DW WKH HQG RI WKH '/& PDQRMHXYWWVHYAKHUH
ODQH GHSDUWXUH
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)L GHPRQVWUDWHYV WKH YHKLFOH VLGHV@LWKQJIOH RI
WKRVH RI FRIDQGKHOIUHDOLVDWLRQ RI VLGHVOLS DQJOH |
WKLV ILIXUH ZKHUH WKH YHBARQHQYHG HDVQAEL X MLQ RO HRC
,Q DGGLWLRQ LW FDQ EH QRWLFHOYWEDW WXFHURDEKYVO
JHUR PRUH TXLFNO\ WKDQ WKDW ZLWKRNXWDEHROQWUY RQY 7
PDLQWDLQHG DQG WKH HITHFWLYHQHRVURIFWK®JSWRISR
YHKIWBHDGLQJ +RWKMRU XMKHKYHKLFOH LV DW WKH VWI
DGGLWLRQ WKH YHKLFOH KDV QR WUDMHFRWRIU\ DGM:
FRO@DLMRLOLVE\PDWRHXYHIHY HVSHFLDOO\ DW WKH H[LW R
WKH YHKLFOH LV DVVXPHG WR UHWXUQLWRO\WY LQLWLDC

Double Lane Change: Lateral Displacement
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JLIXUH
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YJLIXUH
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YJLIXUH
9HKLFOH VLGHVOLS DQJOH XQGHU ,7RIFRQWURO FRPSDUHG W

)L GO\ WKH YHKLFOH ODWHUDARR QWRHR®H D WAWRRWV X RGH
79RIl $JDLQ VWDEOH YHKLFOH EHKDYLRDRDFDQ EH WK
ODWHUDO DFFHOHUIXWLRR RV DERXIQG\ ORZHU WKDQ WKF
OLPLWIIRIH+RZHYHU-RALWWKAH YHKLFOH TXLWV WKH SDWK D
ZLWK SRRU XQGHWMWIHWHWILEN FKDUDF

YJLIXUH
9HKLFOH ODWHUDO DFFHOHUDWLRQ XQ8HU ,79 FRQWURO FRPS

7KH SRWHQWLDO SHUIRUPDQFH RI WKHORQ JHADNX & HQRDEO/ H
VOLS DV VKRZQNLQV)EOHDU 'WIORLLYW MM R DAKHMDIMOHG DQG
ZLWKLQ WKH RSWWHDO WwOQRHB BOO IURQW DQG UHDU ZzZKI
WKDW WKHD WI\WHFWLRQ LV RSWLPDOO\ XWLOLVHG ZKHU
EUDNLQJ WUDFWLRQ IRUFHV ,Q FRQW® UBIVWeIHKHHOV VO
WKH HITHFWLYH OLPLW 7R WKLV HQXEMMEMW KR DOV RXQG
XS FDVH DRLGFHKDRE WR YHKVY¥OHYVSWPIEDOQWDW ODQH FKD(
KLIJIK ODWHUDO DFFHOHUDWLRQ
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YJLIXUH
:KHHOV ORQJLWXGLQDO VOLS XQGHU-RI9 FRQWURO FRPSDUHG

‘KHHOV VOLS DQJOH UHJXODWLRQ LV BPHQRWKHH®V LQGLL
ORQJLWXGLQDO VOLS UHJXODWLRQ DFERWGILQFWIRR @ KH
FLUFOHGHRRQVWUDWHY WKH VOLS D QJDW KRV WEEL QLRDW
FRQWURO DQG ZLWKRXW FRQWURO 7KH NOODSHDQJOH F
FRQILQHG ZLWKLQ WRH UBQIKEOH LW H[FHRIGY WKH UD
7KLV LV KRZ WKH ZKHHOV VOLS DQJOWR/OMGIG K QG M HOFDV
ZKHQ ,79 LV LQ DFWLRQ OHDGLQJ WR PDLQWDLQLQJ YHKI

,Q UHVSRQVH WR ,79’' MRROUWXRIOD VXK N ZHKHHB OWH DGMXV W
WKH UHIHUHQFH YDOXH IURP ,PRQOGV,VG HYLFWHIULWYKDLW
ZKHH®O\WDPLFY DUH IDVWHU XRGH WD QERAY, 7ORZKPRUN KR VI
WKH IDVWVERKBHWHIOR/ XU FDQ EH DWWULEXWHG WR WKH UHD
K\V&WHVY FROQWUROOHU ,QWROQWKBDY®YGC WEHHEXRZHBHK 79 P
VOLIJKWOWUZKEO HQMIGHX QFK-RQUEB® YKWEXKQ7RBQ WKH JLYHQ |

7KH ODVRWEDUWLVFXVVLR@IOWWHUG LFRQWHIGVNLRQV SRZH
HOHFWULF PRVBRBYHRPWY WKH EDWWHU\ VWDWH RI FKD
FRQWURO 79 FRREWURW FD@QGEHS REVHUYHG WKDW WKH
GLVFKDUJHG ZLWK ,79 62& FRPSRUHG RLF WBQVEHRI 7
DWWULEXWHG WR WKH H@HUWIYHGEHHFXEWU D MW LERXD NBIXH) WRR
DOORFDWHG WR JHQHUDWH D EUDNH WRDUXH WKHUH EU
EDWWHU\ +RZHYHU ZLWWROYOHVGHN BODUVWHG\DQG 62& GH

ZLWKRXW UHIJHQHUDWLYH EUDNLQJ SAKLFOMH WKH |
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RFFXUUHGRALWK B2 & ZDV REVHUYHG DV WKHUH LV Q
DQG ZKWMROVXH RU VSHHG XQPRGXODWHG
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YLIXUH
‘:KHHOV DGMXVWHG YHORFLW\ XQGHU-RI9 FRQWURO FRPSDUHG

YLIXUH
%DWWHU\ 62& XQGHU ,79 FRQW-RRIO FRPSDUHG WR 79 DQG °

Conclusion

,QKWV ZRUN DQ LQWHJUDWHG EUDNI9QJFEBQWURD MM U
SURSRVHG EDVID® R &\ G B WDIFHI QQOH7KH REMHFWLYH RI
YHFWRULQJ FRQWUROOHU LV WR FRUUHBFWH®KKH XWMKQBO
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WZRHFWRUVFRUWKMKH ZD\ PR BHYWUDNEKIWIUHN XOWDQW \D.
PRPHRRVWKH LQGLYLGXDO PRWRUV WR PDLQWDLQ VWDEL
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DQG WKH KLJK SHUIRUPDQFH RI WKH SURSROUH G VWDEL
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Abstract: This article aims to investigate the so&iconomic nature of car brand loyalty.
The hypothesis is that brand loyalty is a complex structure with a complicated socio
ewonomic background. Nowadaysmassive researchis focused mainly on the
psychograplt background of the brand loyslphenomenon. However, a seeiconomic
aspect of consumers is also entering into brand loyalty creation. It is supposed that brands
with loyal consumers have more educative strength than brands where brand loyalty is
missihg. As it is challenging to idéfy consumers with a psychographic profile suitable for
loyal brands, the changes in consumer behaviour are hard to reach. However, ifithe so
economic profile of Iyl consumers is dected, environmental education cae tocused
precisely and with higer effectiveness. Some preliminary data have been collected in
Slovakia to investigate the soaconomic background of car brand loyalty. Gollect

these data, a questionnaire survey has been used. It was realiseddsttfearter of the

year 2021 onthe sample of 2035 Slovak inhabitants older than 15 years. Statistical
analysis has been provided via a decision tree approach. It has baad that two
relevant faabrs significantlyinfluence brand loyalty respondentsage and income. Based

on thesefindings, it can be stated that, in general, brands with the higher pro
environmental communication potential in the case of the Slovak Republic are Skoda, Audi
and BMW. An approach that includes the strength ofemnarommental orientation of
consumergfocusing on age categories) confirms this order. However, in the case of the
income perspective, Peugeot's list of car brands should bedextenvhich has been
surprisngly identified & a car brand with the potential to be used widely in the scope of
pro-environmental education in specific ateaonditions in the Slovak Republic.
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1 Introduction

The need for sustainable development should be the imperative of terpora
existence in contemporary markets [1]. Corporate mature sustainableydwivia
positive effect on resilience or financial performance amdures protection
againsteconomic downturnsaused by various types of crises [2]. Among other
things, even dture industry 6.0 focuses on sustainability [3]. Thus, even though
many companies who own reputable brands across a variety of sectors invest
much money to the socially responsible projects focused on changing the
consumer behaviour in favour of greendgwds and preenvironmentally oriented
technologies, the situation worldwide remains without any significant change if
the legislative stimulusof such behaviour is not pied [4].

Although the perspective of sustainable activity of enterprises is mpasasnistic

it has used to be [5], the shiift pro-environmental orientation is still more formal
than real [6]. It means thadespite the cqorate effort (corporate st
responsibility) and changes in consumer behaviour (personal social respgisibilit
the real effect is still low or at least slower in progress than it would be required
[7, 8].

One of the possible reasons for such a sanatan be the absence ofoection

and relationship between sender and relevant receiver of the messagsilln de
even if the message is well formulated, the communication with educational
background is not effective if the receivertbé message isoh perceptive to the
messageOne of the factors which can positively affect the perceptiveness of the
receiver of the message is brand loyal{g]. There are two fundamental
dimensions of the relationship between the sender and the receiver of educational
messages: 1) receivers avling to be influenced by the brands to which they are
loyal, and 2) only brands i loyal consumers are prospective efficient message
senders. Thus, there is a close relationship between the brand andalts loy
consumer in positions of educator and educated. Although contemporary scientific
literature states this relationship, the marefound analysis of relevariirand
educators with a significant impact on consumer buying behaviour in
environmentally harmful sectors is missing [10]. Individual transpddrigs to

the category of environmentally most harmful sectors [11] due thetHfacthe
transportation sector is one of the largest emitters of CO2 [12] and is growing
steadily [13].

There are two main iddogical flows fa@wused on the environmenthbarming
effect of passenger car usage: 1) emissions and 2) urban factors. Whdeotitk s
focuses on excluding inddual passenger cars from the city centres, the first one
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has a less ambitious goaif the left of car usagesiimpossible, then at ledsiss
harmful fuel technologies should be used [14].

Although consumers are aware thé preaenvironmental benefits of abandoning
traditional combustion fuels and preferring public transport, respectively, car
sharing, their reabuying decisions still dominate existing patterns, and new fuel
technologies are accepted with suspicion [Hktainable buying behaviour is
traditionally discussed in the scope of 1) food consumption and 2) packdge an
recycling [16, 17].

The situationis that while many typesfaesearch focus on the psychological
background of the buying behaviour (trying twegise preenvironmental buying
decisions e)post) [18], the exante analysis would be much highly appreciated to
predict the bying behaviour iad to create a more effexdi platform to influence it

in the required way. As a consequence of this need rtfikeppf green consumers

is aralysed. Contemporary, mainly: 1) generational and 2) national approaches are
used [19, 20]. However, the sectoradysis is quite fragmented luxury goods,
services and physical products {24]. Surprisingly, such an appiais not
massively used in the most polluting sectors [25].

Most of these analyses apply the psychographic approach [26]. On the one hand,
sud a fact is entirely undeestdable as the motivation to peavironmental
behaviour is more behavioural thangative, on the other hand, the strong
potential of the soci@conomic perspective is missing. Thus, the phenomenon of
green persona is mdynconnected with psychogrhje characteristics, which are
problematic to be detected when any communicatioivigctwith educational
potential is planned [27].

Many car bands focus their innovative activities on achieving sustainable goals
and being environmentally oriented [28, 29]. Although many car producers are
aware of the need to act peovironmentally asa sign of thé corporate
citizenship, their effort is enormous, and their investmentqaraurning back.

The reason is that consumers arepsic, and they are still preferring traditional
technological solutions. In this situation, car producersingitr and extrinsic
motivation decreases, and their effort #&imulated mainly by national
governments and international peavironmental leglation. Thus, a shift in
buying behaviour patterns is required. It has been highlighted that a possible way
to reach goals &t on the platform of sustainable development is systematic
education of consumers and legal stimulation of companieSZB0Thus the

only possible way toeach this status is to educate the consumers and act
strategically. However, this adation should not lie on the shoulders of the
educational sstems, and there should be an active, practical approach to the
corporate spheresielf [33-35].

The strong edeative potential of valuable brands has been already detected [36
37]. On the othehand, the edecative potential of brands with loyal consumer
platforms has been just slightly indicated [38]. Traditionally, brand loyialty
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discussed in the scope of itglividual value sources mainly relevant factors of
brand attributes, attitudes,etefits and imageries [39]. The so&gonomic
analysis of the profile of loyal consumers is rather exceptional. Thus, it is not
essential to idntify brand loyalty sources (in the case of branding, yes, it is), but
the socieeconomic profile of loyal consners. And nobnly this. Also, the status

of the brand has loyal consumers. Unfortunately, not each brand considered
valuable also has a religbconsumer platform. This phains shifts in brand value
ranking and its sensitivity to changes in the maamdgronment.

Therefore, the study presented in this paper aims to investigate the socio
economic nature of car brand loyalty. Thus, significanicatbrs and edated

can be dtermined to achieve higher environmental engagement of consumers.
The article is suctured as dllows: the methodology is described after the
introduction and literature review that forms the research question. In the
methoddogy section, the detailed adistical tools of survey assessment are
written. The results are being analysed eompared with contemporary scientific
literature in the results and discussion part. Finally, the conclusion is drawa whe
the managerial imjzations, limits and barrierof the research and possible future
research directions in this area are hightdh

2 Methodology

The questionnaire survewhich is the elementary data source for the own
analysishas been reatd via the CAWI methodin the last quarter othe year
2021 on the sample of 2035 respondenBovak inhabitants older than 15 years.
Suchan age limit has been datcauséhe survey has been widely focused on four
specific product categorieswhich representquadratic concept of buying
behaviour patterns (complex buying behaviour, dissonafreglucing buying
behaviour, habitual buyingehaiour and varietyseeking behaviour)The kasic
presumption for statistic sample creation was thereamous buying behaviour of
respondentsThis can be assumed from 15 years of age in the Slovak Repablic
this is the legal limit for entering int@atbou law relations. Car brands have been
chosen as adequate representatives for complex buying behaviour where the
consumer's involvemerig highand the diffeences betweehrands are lowFor
such a large sample sizgmple distributiorapproximates aormal distribution,
which a central limit theorem can pravEhe questionnaire has been compased
two parts: (1) socialemographic profile of respondents and (2) individwaind
value sources perception in selected categories of representatives 0§ buyi
behaviour patterns.

Statistical analysis has been provided asidecision tree approacbecision trees
are widely used machine learning metisodhat find their applicationin
classification and regression tasks. In principle, it is a hierarchicatj-stade
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binary decisiormaking system in which the fulfilment / ndualfilm ent (if / else)

of decision criteria or conditions is gradually evahahtuntil it is reachedan
acepted class or solution. The decisimaking process proceeds from tihee's
root gradually through the individual nodes, which fobrancheswith leaves.
Although there are several different types of decision trees, theooredttree
structuresis mainly governed by the fact that the decision criteria in the individual
nodes are arrged according to information importance. The flag or criterion that
has the most weight and allows you to best separate the input datadrtimary
classes (yesno) becomes the root of the tree. The otiuetes are gradually made
up of the remainingriteria with less weight, with each node creating two binary
descendants. The decisioraking process follows the individual branches of the
tree until we each theequired class or solution (leaf).

The decision tree is a structure used to divide a large set of cases (cases are
statistical units, in our consumer analysis) in a database into smaller satesf ¢
with the gradual application of simple decision rulEse deision tree consists of
rules - rules (rules are relationships between variables) to divide a large
heterogeneous population into smaller, more homogeneous groups (aofroup
cases is called a nodedncerningthe relevant outt variable. When créiag a
decision tree, the criteria divided into individual nodesaitical. The criterion
based orwhich the variable to be used at the appropriate branch level is selected
depends on the nature of the output variable. The basic idea of tree growth is
relatedto the theory of data purity. The criterion for selecting a branch is to
increase theurity of the child nodes (a net node is consideredotatain only

cases of one clasg output character).

Decisiontrees are used to idéfly groups discover relationships between them.
It features visual classification to categorise the results and more clepi&jne
the analysis. Create classification models for segmentation, stratificatite, da
reduction and variable screening. Instldase an ordinarytop-down auto-scale
decision tree was used, where the decigiarametersvere sex, age catego
education levelsize of the city number of members dhe household and the
depemlent variable was cdrand. A statistical mukivay tree algorithm wsused

to ensure that every combination of predictor variablasinvestigated and only
the effedive combination vas visualised The CHAID (Chi-Square Automatic
Interaction Detectionglgorithm checked thecrosscorrelation between predar
variables to examinall possible splits for each predictor (independent) variable
category CHAID creates allpossible crossabulations for each categorical
predictor until the best outcome is @led and no furtherspliting can be
performed.

We wsed entropy as a branching criterion in the case of decision trees, which we
created on data sets from market aesk The entropyconceptis often applied
objective weighting method, whicliorks based orrecognisingthe bestsplitting
attribute [40-42]. The entropy model is often used as a typical method of
quantifying contamination while the randomness or impudfydata sets is
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qualified by the decision trdd3]. When defining entropy, we consideftraining
set of n caes.The value of input characté describes each casend he value
output characteY. Let the input character take the valaeg=1,2,...k)and letthe
output characterm have different values- classesyj (j=1,2,...m) Let the
probabilities of occurrence of the clags(j=1,2,...m)of the output character
denotepj (j=1,2,...m).The entropy of the output charac¥rcan be expressdd
the Equatin (1):

1)

where pj is the probability of occuence of clasg of the output character.

The pobabilitiespj can be estimated usimglativeabundancg , wherenj is the
absolute abundanogf classyj (j=1,2,...m)in a set of training cases. We then
adjustEquationl to Equation(2):

(2)

Entropy is measured between 0 andEhtrqpy is a measure of disorder or
uncertainty When branching, the variable with the lowest entropy védttebute
information value ratejs used therefore finally, the combination othe lowest
entrqpy variables leads tihe lowest entropy model. Beca&ui$ it is known how to
measue disorder,it was evident that the reduction of disorder (RD) in our
dependent variable due to the additional information (independent variable) ca
also bemeasuredee Equatioli3):

3)

This can be easily deed from ChiSquare Automatitnteraction Detection

3 Results andDiscussion

In the questionnairg there were2035 respondest countrywide. Of all the
respondents, 49% were maleand 50,% were femaleTheir age distributioris
shownin Figure1.

Detailed analysis ofhe questionnaireshoweda significant spatial differencie
passengercar brand preference, but choosing no car was insignifictt
strengtheadthe status symbol ided@he detailed systematic dpsis showed that
spatialsocioeconomic parameters haasignificart effecton the chosen brand of
passenger cafFigure 2).
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Figure 1
Age distribution in surey

Basedon the decision tree analg two significantfactors could be determined:
the respondent's age and incomeuld significantly influence brand loyalty
The Raretosolutionof thedecision treean be seen iRigure3.

Based on the research riisuage and income are significant paranwetdrbrand
value recognition in thease of Slovak consumers. Thus, the educationalitgctiv
of car brands should be resd following the finding that the brand loyalty
phenomenon irthe case of consumers undeb @ears aranfluenced simply by
this charateristic In comparisonincome isanother relevant characteristic in the
case of consumers above 35 years. In other wadndshe case of wunger
consumers, their loyaltis not connected with their financiatatus. This fact is
significant inthe caseof prospective pr@nvironmental oentation studying. As it
has been already stated that typical green consumer is from Generation Z (those
born since 1997) or fronthe generation ofso-called Millennials (those born
between 1981 and 1996), the futurepad-environmental orientation ofggsenger
car consumers is gre¢86]. It declares the generational approactvafsiehpour

et al. [19]. Consumers are not influenced by their income when considering brand
loyalty. It means that: 1) their price sensitivity less and 2) if there is no
disposable income, the branded product would not be purchmgeatie consumer
would remain still loyalFromthe point of view of the passger car brands (and
their sales goals), whehégher prices manifest the pemvironmental innovatios,

the incomeparameter is stiltrucial, while from the point of view of general pro
environmental attitude, this situatias beneficiary.In this aspectSilvestre &
Tirca theoryhas been wiied [28]. They have stated thatany car bands focus
their innovative activities on achieving sustainable goals and being
environmentally oriented.
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Figure2
Visualisation of decision tree
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General order in Slovakia

Skoda 21,5%
Audi
BMW
Volkswagen
Kia
Mercedes
Opel
I do not know
Ford
Peugeot
Toyota
Renault
Most favourable brand in Most favourable brand in Most favourable brand in age
age 1524 age 2534 35-unlimited
Audi 14,9% Skoda 19,3% Skoda 24,4%
BMW 14,7% Audi 12,5% BMW 8,4%
Skoda 14,1% BMW 11,2% Volkswagen 8,0%
Kia Volkswagen Audi
Volkswagen Kia Kia
Mercedes Mercedes Mercedes
1 do not know! | do not know Opel
Ford Peugeot Ford
Peugeot Ford Peugeot
Tesla Opel Toyota

The nost favourable brand
with low incomén age 35+

The nost favourable brand
with midtincomein age 35+

The nost favourable brand witt
high incomeén age 35+

Skoda 23,5% Skoda 22,2% Skoda 25,2%
Peugeot 8,9% Peugeot 8,9% Audi 8,7%
Audi 6,7% Audi 5,9% BMW 8,6%
BMW BMW Kia
Volkswagen Volkswagen Volkswagen
Opel Opel Mercedes
Kia Kia Opel
I do not know, I do not know, I do not know
Ford Ford Toyota
Volvo Volvo Ford
Figure3

Node components of decision tree based on surveysesult
*Please note that as Pareto solutjamly 80% & cumulativerelativefrequencywere shown

Consumers from younger generatiof@eneration Z and Millennialsnder 35
years) are surprisingly loyal to brands sold for prices aboge tlisposale.

It means thaéven thoughhe purchasing experience of such consumers is missing
in many cases, the brands are deteasgighly valuable from the point of view

of this category of consumers. Thus,simultaneous speciaéffect could be
observed- asthese consumers are not loyal based oir firevious purchasing
experience, a possible source of loyalty lies in the convergence qgbrthe
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environmental orientation of éise brands and tlgeenerational green orientation.

Such loyalty can be consideredgecialsymbolic relationship between consumer

and brand. From this point of view, Audi, BMW and Skoda are socially beneficia

as they haveolid educativepotential toward consumers und@&5 years andtan

be consideredittitude makers irthe broaler perspective. That means that the
trends they set are accepted by loyal consumers and transmitted to their consumer
behaviour inthe scope of otheproduct categories. Howevdhe environmental

load of passenger car usage is not solved in suesa At leasnot by switching

to the usage of environmentally innovative cars produced by these brands.

On the other hand, possible side=ffects can increasecar sharing or public
transport usage. While the situation inseaof consumers und8b years isquite
clear — this category of consumers tends to -privironmental purchasing
behaviour and car brands with whose they are loyal to, strengthen ifuideatt
generally (regardlessf real purchasing decisions in favour of these brands), in
case of age ¢agory above35, the situation is different. Her&come is also a
significant phenomenon of brand loyalty, and thus, the spectrum diraads
where caonsumer loyalty could be detedtés broader. Therefore, if the consn

is above35, also the income atters andristead of BMW, for this category of
consumers from low or middi@come class, Peugeot & car brand witha
significant prospectivémpact onthe preenvironmental purchasy and consumer
attitudes.This potential has not been significantly recegdi andused so far.
Thus, the Peugeot car brand coulsolve environmental damages caused by
traditional combustion engine passenger usge by foausing more on eco
innovations and educatinipyal consumers in favouof higher environmental
engagement of their purchasing behavi@ummarsing theabovementioned, for

the consumers unde35 years, the most relevant car brands with educative
potentialare Audi, BMW and Skoda regdedsof their income categories, while
for the consumers abo&s years, the incomeategory is relevantThus, the
identified loyal car brands Audi, BMW and Skoda are capaiflinfluencingthe
pro-environmental prchasing kehaviour ofa high-income categry of consumers
while in the case oflow and middleincome categories, BMW is replacedtire
scope of loyalty ranking by Peugeot. In this aspect, the importance of Peugeot is
evenmore remarkabl®ecause this category adrisumers does nbklong to the
category of green consumers and thus, as Peugeot is considered a valuable brand,
its loyal consumers are willing to buy it regardledsts eco orientationThus, it

has been extendelde theory 6Xiao et al.hasjust slichtly indicated the educative
potential of brands witleliableconsuner platforns [38].

While the managerial immations are apparent some limitationsshoutl be
accepted. Thus, the results are not generally applicable withoarigidering the
specifics of the national environmentEven thoughit has been detected that
psychographic specifics are not taken into aotoinstead of themattention is
paid to the socieconomic nature of brand loyalty, tpsychographic nature of
the market cannot be abamgal primarly because of diffent levels of eco
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awareness and digiution of capital in the society. In otherovds,the research
results should be revisetefore applying them in specific national metrk
conditions. In this aspect, tradition and the brand's-teng image in society can
be considered an essential pillar of brand loyaltythe case qfthe Slovak
Republic, it is visible in the case of the Skoda car brand, which is still corgsidere
a former national brand due to the common sqmititical development of the
Czech andslovak Republic duringhe 20" Century.

Similarly, from the psychographic pointf wiew, this brand has a robugive
brand status because thfe very dominant position ofhis car brand in Slovak
families in the past. Hower, this phenomenon Bvidentmainly in the case of
older consumers3g years and more)n the futue, the aimof the study could be
extendedanda deeper analysis of car brand innowatand educatioal activities
should be readed. In such a casd,would be confirmed whether the innovative
and educational activities are homogeneous across the age and iatpgoties
as i thecase of Audi, BMW and Skoda for consumers urgfeor Audi, Peugeot
and Skoda for low and middiacome consumers abows. If not, it would be
helpful to be detected because thie theory and practice of eeducational
activities oriented to consumersSo far, it has been mainly stated then
effectiveness of certain e@aucation in general and notanbroaer perspectie
that should explaithe irternal variability of eceeducationbactivities.

Conclusiors

This paper aimedo investigate the socieconomic nature of car brand loyalty.

It has been supposed that brands with loyal consumersrhase considerable
educatie strength than brandscking brand loyalty The data for the research has
been collected in Slovakia tovestigate the socieeconomic background of car
brand loyalty. To cdéct these data, a questionnaire survey has been used. It was
realised in the lat quarter ofthe year 2021 onthe sample of 2035 Slovak
inhabitants older than 15 years. Statistical asayhasbeen provided via a
decision tree approach. Itdbeen detected two significant parameteegge and
income.

Based on these findings, it cha stated thdbr the consumers und8b years, the
most relevant car brands with educative potential are Audi, BMW and Skoda
regardles®f their income categories, while fthre consumers abos5 years the
income category is relevanthis, the identified loyal car brands Audi, BMAid
Skoda can influenceonly the pro-environmental purchasing behaviourtiogé high-
income category of consumers. In contrasthe case of low and middisacome
categories, BMW is replaced ithe scope ofconsumerloyalty ranking by
Peugeot.In the scope of the abovementioned, Audi, BMW and Skoda are
socially beneficial as they havsolid educative potential towards consumers under
35 years and can be considered attitude makers in the broadpeqi®e. That
means thathe trends they set are aptad by the platform of loyal conswars and
transmitted by them to their consumer behaviour alsbbeéscope of other product
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categories. On the other hand, the importance of Peugeot is even more significant
because consumemver 35 years do not belongotthe category ofgreen
consumers and thus, as Peugeot is considered a valuabledprigm loyal
consumers are willing to buy it regardledsts eco orientation. Her@ot only the
educative but econovative potential is equally important.
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The atrtificial intelligenceis an accuratepredictive tool for different kirglof internal
combustion engie (ICE) applications However, the trainingrocess can bexpensive due
to thehigh computationband measurement cost$his work aims to describe general
methodologythat can be appliedo costefficiently train multilayer percepton type
artificial neural networkswith measurement data frof€Es. The ceated methodologig
based omanalysesof a highresolution dataseineasured on a commercial diesel engine.
Different methods ancecommendationare presented for thenodelcreation, evaluation
training method slection,input feature selectiomnd architecture selectionin addition, a
method is described in order to select thppropriate measurement resolution that
providesproper information for trainingvith minimal fuel consuption. The investagion
showed hat the presented workflow can reducealculation timeand fuel consumption
while maintaininggood modehbccuracy The method can be applied for any ICE related
artificial neural networkproblems but it can #&sobe an ai@ for other researcHields.

Keywords: Artificial Neural Networks Internal Combustion Enging$lethodology Cost
Reducing

1 Introduction

The ambitbus goals of théParis Agreement has a major effect on the climate
policy of the European tion (EU). In order to keep the gled warming well
below 2°C, the EU is devoted taachieveclimate neutrality by 280 [1]. The Fit

for 55 package isa set of propsals that is dedicated to cut grheunsegas
emissionauntil 2030 by at least 55% compared to the 1990 Ig4e3, 4] To meet
these climate targetstiremendous efforts and investmei® required in many
sectors,including the transport sectofhe first provisional agreementf the Fit

for 55 package wamadein 2022 This indicats carbon neutrality for the new
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passenger cars ardjht commercial ehicles by 2035. The original proposal
consides tailpipe CO, emissionsonly, thusthis can beconsidereda ban for
internal combustion engingfCE) for these vehicle type$5]. This proposaket
off mary argumentssince a more hobktic view is required toproperly define
carbon neutralit [6]. Besides the local G@mission the CO, emission of the full
lifecycle and the Welto-Wheel (WTW) CQ emission also has to be considered
which means that the internal combustion enginesabgawith efuels @an also
be climate neutralCurrently the political situatiorchangesdynamically At this
point, theEU dected topermit the registration ofew|CE carsafter 2035f they
are operated with-els.

From a technical pat of view, the electrification isthe best sdéution for
applicationswhere the local pollutant emission has to be minifikrefoe, the
rapid electrificatioris a goodsolution for mosof the passenger carse caseqd7].
Since people have most of theipersonalexpeience with passengecars the
simpest political messge for campaigningis to provoke electrification in all
segments of transpiation. From engineering pegpective this is an inadequate
solution to achieve licnate neutral transportatiorbecause thereare many
segments Were the cuentmaturity of the battery technology is insufficief&].
Among other technologieshe sustainableadvanced fuelsire crucial to aclieve
true carbomeutralmobility. For applications, wher¢ghe mass and volume of the
enggy storage systenis critical, the low enegy density of the batteries
problematic. This means thaefuels can be the besthort and mediumterm
solution for aviation heavyduty vehicles and road public transportFor
applications whie high amount ofstored eney is required,suchas siling, the
high demand for lithium and othexxpensiverare materialsalso limits the
usability of batteriesThefull elimination of ICE from passenger cars will also be
a slow process, especially if thentire wortl’'s vehicle fleet § considezd.
The adranced fuels carhelp to achieve clite neutralityof passengecarsin this
transition peed, ard they can also redudbe pollutant emisfon by realizing
cleanercombustion.

The aspects described above suppoe tingent needo dewlop chep and
sustinable advanced fueld9]. However, it is challenging tocreating new
advancedfuel compositions[10, 11]. Usudly, time-consuming and complex
simulations are necsary to modelthe fuels’ effect on the combustion and
emission. Theapplied tools are expensive ad deep knowledge- therefore
expensive laboris necessaryto build and use thesimulation models[9].
The artficial intelligence(Al) could provide anlgernativeapproactto efficienty
develop newclimate neutal fuels The Al does not equire anyknowledge on tke
real physical or chemical processes due to its empirical nature. Once a
representatig training datasetis available with the properinput and output
features, the Al can learn the pesses Then it can accurately préct the
behaviorof theinvestigaeéd system.
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The atificial neural networks (ANN) aramongthe most common Al methods.
The structue of this algorithm is similar to the tman brain The inpus of the
biological neurons are thdendrites and the output othem isthe axon. @ce the
sum ofthe in@ming electric signaldrom other neurons reach a certéimeshold
the neuron discharges through its axon towards other neurongefibeiorof a
neuron can be modelled withageighted adde. Each cainection betwen atificial
neurors has a waght, anda neuron calculas theweightedsum of the incoming
signals Then the outputof a neurornwill be modfied by an activation function,
and the next neuron will gehis activation as its inpuANNSs are trained with
back popagation (BP)lgorithms These are itetove methods that modify the
weights (and biases) of the network in order to redthe error between the
desired and actual output valu&se most conventional ANN typeifICE related
tasksis the multilayer peceptron (MLP)type neurahetwork.This network hasn
input layerwith the defined input featuresind an output layer witheurons that
calculatethe final values of theoutput features.Between the input and output
layer thereis at least one hiknlayer with a certan numberof neurons Every
neuron of a layer is connected a8 of the neurons of the next laye/An MLP
network with at leasone hidden layer is a universal approximator, thus it can be
applied to nonlinear pidems asvell.

Many articles demonstratedthe high acuracy of MLP networks for ICE
parameter predictions[12] successfullyused an ANN model toaccuraely
estimate soot concentrations in laminar diffusion flameghors of[13] traineda
MLP network with steadystate NQ emission measurements dnthen they
validaied it with transient data. Ehcreated model performed extremely well on
the steadistatedataset with a correlatioroefficient (R) above 0.99The overall

R values of thenetwak with the trarsient NO data were0.93 ard 0.88in two
differentoperating pomts, which isa moderate auracy However it is still a
good result considerinthat tke transient dathes far from the range of the steady
state measurement points.[14] ANN models wee used to predict thignition
delay (ID) while different n-heptane, isctane and toluenmixtures were used.
The ID could be predictefiom theambent conditions and theolar fraction of
the components witta correlation coefficient ab@v0.99. Theauhorscould also
accuately predict the reseach octane numbeand motor octam numberof the
mixtures

The developnent of a predictive tol that is able to estimatdifferent engine
parameters accurately in a widange of operatingpoints with different fuels
requires a proger training dataset However, the creation of highesolution
datasets is costly, especially with special fuels @&gdensive compounds.
The ANN creation method also have to be effective in order to ireceEazIracy
and reduce traing time and camputing costs. This means tha a proper
methodology is required to redeicostsandensurehigh accuracy. As a first step
of the methodology creation, a higésolution dataset is needed that cauged
in different andysesand optimization processesin our previous stidy [15] we
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createdsuchadataset with 6278ampleghat coveed most of the engihguseful
operating rangeWe were able to accurately predict 10 different emission and
combustion related parametefrom the engine speed, torque axthalst gas
redrculation (EGR) vdve positon. Now this highresolution dataset can be used
to edablish a methoddogy for cost é#icient training of ANNs with ICE
measurement data.

This paper presents a workflowat can b appliedfor the ANN nodel creéion
processof ICE related problens. Several investigation is presentidselectgood
methodsfor the differentANN creation stepsA measurement grid resolution
selection technique is also described to minémfuel costsof measurements
while maintaining gmd modé accurmy. Setion 32 — 3.6 presents the
investigationsrelated to efficientANN creation Section 3.7 describes the
measurement resolution selection method. fllevorkflow is summarized in the
conclusionsection.

2 Experimental Apparatus and Methods

2.1 Measurement Systan and DatasetCreation

The highresolution dataset was measured an Cummins ISBe 170 30
turbocharged, mediwduty commercial diesel engin€his article builds on our
previouswork [15], thereforethe precise desiption of themeasuement gstem,
the calalation method, and theorocess ohigh-resolution dataset creati@an be
found there. This section only descrilmsthods related tilve currenstudy.

2.2 GeneralMethodology d the Investigations

The aimis to aeate amethalology that pravides accurate modeladt The speed
of the methodsis described by the calculation times. The algorithms run in
standardized enditions, where the only load of the computethis investigated
algorithm, thus the calculath tmes can be ampared To sinplify the
investigation the model accuracy isnly described with the determination
coefficient (R2) of the modelssince this isone of the most illustrativindicabrs.
A train (70%), a validation(20%)and a tes{10%)dataset isusedfor theanalyses
Usually, the validation R2 isised to describthe model performancéiowever,
there are somanalysesvhere the validation data algtfluencethe createdANN
modeb. An example for this is the architectuedection, whee thefinal topdogy
of the network is selectely investigating the validation R2In these cases, the
validation R2 cannot be used for the finahkiation of theperformanceso the
testR2 is reported.
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Most of the investigations use 3 ANN mod#isit were created irour previous
study [15]. Thelndicated Mean Effective PressuttEP) model had the highest
accuracy inthat work, so this is used as the representation of excellent models.
The Particulate Matter RM) emissiom had an average perfornmege, so tis
represerg modek with average accuracy, and thgnition Delay (D) modelwas
highly inaccurate, so this demonstrates models with bad pexfmenTherefore

the evaluation ofthe methods become marealistic Most investigations use the
sametopdogy and input faturesthat wereused in[15]. If there is adiffererce, it

is described in th given section

3 Establishing BestPracticesto Efficiently Train
ANNSs with ICE Measurement Data

3.1 Identifying Parameters of Interestfor Optimi zations

Every problem tha can be sdved with an MLP retwork is different in many
aspectsand there is lotof ways to achieve a saty@hig solution to each problem
The expeience of theAl researchershows that there is no general bestfica

for ANN model cration andthe beg possilbe soluion cannever be discovered
However manygood solutios can be foun@ndresearches cancreae guidelines
for specific problemso identify these easier. The goal of the presented work is t
establishsuch a guideline toeducecomputig efforts and measirement cet in
case of ANN developmentkatfocus on a widéCE operation range.

The output of a MLP networkdepends on manyarameters such as the
architectureand the used calculation methods. Tieeessy input featureshave

to be stected to hawe theproperinformationto accuratelycalculate the output
features Then, this informaton has to go through thenetwork that need to have
the poper numberof hiddenlayers and numdr of neurons inside the layers.
The neurms reed to havean appropiate adivation function andinitializing
methods. Thenthe created network has to Iined with one of the many
existing trainingmetods Once the network isdined, its performance is needed
to be evaluateavith data thatwas nat present inthe traning pracess Although
this is not a trivial taskince thecalculation depends on randdactors as well.

In the followingsulsectons, someageneralgood practieswill be presenteadn the
selection of activation functions anditializing mettods. Then the 2 most
common evaluation method will benalyzed After this, the performance of 6
comnonly used training alyithm will be comp@red. Thenceforth the input
feature selectiomnd architecture selectianethodswill be discusgd. Finally, a

new method & desdbed to identify the necessary resolution of a measurement
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grid to achieve good accusacwith minimal fuel consumptionduring the
measurement. The workflow is summarized in the conclasiection.

3.2 Activation Functions and Initializatio n

The acivation function is a vital element of neural networkmce it bings
nonlinearity inthe equ#ons. Without this nonlinearity, a single layer could
represent the whole networéind the representation ofore complexfunctions
would not be possile. Originally the sigmoidfunction was the most common
activation functionfor hidden layers.Later the tangent hyprbolic activation
functionalso become commoasit provided easier &ining and better pdictive
ability. However, both othesefunctiorns havea probem the saturation. When the
weighted sum is todigh, the gadient of these activatiomuictions converge to
zero, which leads to the ®alled vanishing gradients probleMowadays, the
rectified linear unit (ReLU) is thetate-of-art actvation function The ReLU is a
piecewise linear function thajives a constnt gradient for positive wehted
sums. Thisactivation function solves the vanishing gradient problem, tlitss
usagein the hidden layers is a good ptige for MLP networks.For the ouput
layer, a pure linear activation function khato be usedsince the current
mathematical plglemis aregression[16]

Besides the activation functions, the initial value of tiewvork's weight also
nees to be deternmed in ader to start thecalculatons. The weights are
initialized to small randm numbersand thenitialization method dependm the
used activation functionsFor sigmoid tangent hyperbolicand pure linear
activation functions usally Xavier initialization is used[17]. This methal is nd
ideal for ReLU activation function, sble initialization is used for tha{18].

The netvorks not only have weights, but biases as well. These also have to be
initialized, butusually itis a good practice to stteir initial values to zeo.

The taining of the ANN can startafter theinitializations. During thigprocess, a
loss functionthat representthe networks erroris minimized For regression
problems theneansquarederror (MSE) meansquared logarithmierror (MS_E)
and the meaalsoluteerror (MAE) can beusedas a loss functianThe MSLE is
usually used when the output values bareally high, andhe MAE is usually
used wherextreme outliers are expecte@eneally, the useof MSE is the best
practie for scéed data, therefe, thisis usedn our methodology

3.3 Performance Evaluation

The performancef the ANNs have to be evalied in order to demonsteather
predictive ability. The outpu features hee a rardom nature due to the applied
random faabrs duing calculation.This rardomresshas to be treatefbr proper
and consistent results. Then2ost commonmethodsfor this are therepeated
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evaluation and the-fold crossvalidation. The repeaability of the resulk and the
evduation time hghly depend®n the usedtiechnigues This stepaffects alllater
analyse®f thiswork; hencethe performancevaluation method istudiedfirst.

During repeatd training, the network is trainedith the training dataseand
evaluatedwith thevalidation datasebr multiple times. Then, the remrted esuts
are the average of eadhainingevaluationpairs Here the parameter of the
method is the number of evalibns (eva). The other méiod is the Kold cross
validation. This technique divideshe full dataseinto k folds. The network is
trained and evaluatedor k times and a different fold is chosenas a validation
hold-out datasetor eachtrainingand evaluation pair§hus the network ialways
validatedwith a differentfold, and the remaining-1 folds are wsedto train tre
network.The final result is the averagof thek evaluation.The parameteof this
method is thek number of folds.This sectioncompare these methodsvith
different settings

Figure 1
Standad deviations of RX with repeated evaluath and k-fold crossvalidation

The standarddeviation (STD) of the R2 shows a dereasing tedency for
increasingneval and k values,but the ®aluation time increas The goal is to
identify the method tht can achieve smaller ST({Ehus better repeatalil) within
the sane calculaton time. This analysisinvestigateghe neva betweenl and 20
and thek betweer? and 10. Theevaludion with eachneva andk valueis repeated
15 timesto getthe STD of the validation R2and the mean evadtion time of
them The investigatin is dore with the IMEP, PM and ID model® investigate
the effect oidifferent accuracies
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Figure2
Comparing thetandarddeviations of Rz with the 25% limit

The resultsare preseted on Figurel. In case of the IMERnode| the repeated
evaludion shows anearly constan8TD as a function of calculationnie The k-
fold cross walidation has a much highe8TD until 400 seonds, then it haseary
the same STDTherefore in case of accurate models, the reépdavduation is
better, howeverthe magnitudeof STD is really smih for both method On the
PM model it is discanible that the STD with the kfold crossvalidation is higher
for most of tle calculation timesThis means thahe repated evaluation is also
the better methd in case of avageaccuracy models,dwever,the difference is
not marginake. For the ID mald, the two mehod has a similar pgormance.
The crossvalidation becomeslightly better between400 and 50 seconds.
Overall, thee is not much difference between tiweo mettod' s performancet
any modekccuracy levelsalthoughtherepeated evaluatin appeas to beslightly
better The implementation of this method is alsimnpler, so this is selected for
the wakflow.

Next, the optimal number of evaluations hawéne determinedOn Figue 2, the

STD o R2's are presenteak a function ofievar A moving average as applied to

the curves with a window of & smootttheir characteristis Thevalue of STDis
acceptedafter it reaches the 25% of thdifference betwenthe maximal and
minimal STD value The STD reaches this limit after 15 evaluation refaathe
IMEP model,6 in case of the PMnodel, andr in case of théD model. The STD

is really low in case of the highly accurate models, thus the 15 repeating is
unrecessary. Theesults sbw that 8 repeating ensures a good repeatability even
for inaccuratenodds, thus thissalue is choserfor Neya
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3.4 Training Alg orithm

As the next ®p of the general workflowreation,a training algrithm has tobe
selectedDuring training,the weidits and biasesof the network aremodified in
order to minimize the error betwedhe desired and actualipus. The most
comnon training method isthe stochastic gradient descent (SE@D§]. This
algorithm is used tfind a setof input parametes that ealtsin a minimum of a
target function. In case of neural network trainings,inipet variables of the SGD
are the weights and biases, and the tard@enction is the loss function that
descrbes theaverageprediction erroifor a subsd (batch)of the training dataset
The SGDiteration follows the negativgradiens of the loss funtion in order to
find the minmum. The gradients are calculated with the back propagation
algorithm.The dgree of the change in the direction bé gradient $ descriled by
the step sizé€or learningrate) However, the selection of thisyperparaeteris
difficult because too large valuessut oscillations and the minimumannot be
found, while too low valuegause slow corergenceln addition the keaning rate
should bemodfied duringthe optimizatiorbecausahe step sig shoulddecrease
as the minimum is appached. Threfore the best pactice is to use adaptive
techniques that automaticatthange tfs hypeparameteduring training.

In this section,six different adptive traning mettods are invest@ted the
AdaGrad, RMSprop, Adadelta, Adam, Adamax and Nawl algorithns.
The Adaptive Gadents AdaGrad) algorithm is a simple SGD based method that
uses an adaptive leang rate with respet to previows graderts [19].
The AdaGrad needs an initilarning rateand later it céculates a step size for
each dinension inthe seech space. fie method is not that sensitive to the initial
learning rate, thu®.001 is used irthis paper, whichs a common defut value.
The Root Mean Squared PropagatioRMSprop) algorithm is based on the
AdaGrad algorithn{20]. The problem of AdaGrad is that @an result too small
step sizes at the end of the training. The RMSpigp catulates the step size
from the preious gradients, lut it uses a decaying average in ordeeliminate
the effecs of early gradierg sothe leaming rateis mostly influenced by recent
gradientsA gradientmovingaveragedecay factor () with a value etween 0 and
1 is requred to deternine the etent d the decay Experienceof researchers
shows that the RMSprop is very ef@at, and this is one of the besaining
algorithms for deep neural networks6]. The Adadelta algorithm isdsed on the
AdaGrad and RMSprop algoritis [21]. It also usesa gradient moving average
decay factor tamprove the influencefdhe recent graeéns comparedo the early
ones like the RMSprop, but the step size is calculated differenfiyjother
difference is thatthis method does not requir@n initial leaming rae.
The Adapive Movement Estimation (Adam) algorithm #@so a successor of
AdaGrad and RMSprog22]. This methoduses aacond decay factothus it has
three hyperparametershe commonly used default valuémitial learning rate:
0.001, decayfactor pr first momentum0.9; deay factor for infinity norm0.999
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usually provide good results, thudstiwork operates witlhese.The Adam isa
widely usedANN training methoddue to its good performance. In Adam, the
weights are updetl with the suared nom of past gradierg The AdaMax
algorithm which is based on Adanprovides a more eneraized approactasit
uses the infinite norm opast gadients. The Nesterovaccelerated Adaptive
Moment Estimatior(Nadam) is another method bdsen Adam[23]. The man
difference between the two algoritiris thatNadam useblesteov’'s Accelerated
Gradientfor the calcuhtions. This means that the weight updates are performed
with the gradient of the projected updatistead of thectualgradier. The defaul
hyperpaametevaluesalsoprovide good results fohdamax and Nadam.

Similarly, to the previous section, the pemhance of théraining algorithms will

be represert by thevalidationR2 of the IMEP, PM and ID modela repeated
evaluationis used wilh 8 nevai and thefull evaluation time is recordedrirstly, a

good value for the/ of RMSprop and Adadelta selectedFigure 3 presents the
validation R2 for RMSprop and Adadelta with 9 differehvalues.The decay
factor of 0.95 shows a good compromise between the calculation time and the
accuracyfor both algorihmsfor all models, thus this selected.

Now the performance of the six algoriterman be compared with each otladr
Figure 4. It isdiscerniblethat the fastest and ntasccurate rathods are the Adam

and the RMSprogor all models.The Nadm and Adamax models also have a
good performance, buhey are a bit skwer. The investigated models have the
same architecture for all six methods. The architecture can also have influences on
the performance of the different methotdhais thisalso ha to be considered.
However,this investigation dmonstated the superiority of Adam and RMSprop,
henceonly these methods are investigated next.

To study the performance of the Adam and RMSpoopdifferent architectures,
90 models were anatgd with1 and 2 hidden layerdhenumber of neurons in
the layers was varied between 40 and 80, with meGron step, anctach
combinationwasevaluate with repeated evaluation. The average calculatioa tim
and validation R2 ofboth method are presented at Tablée. The average
calculation timedecreasedby 29.7% with the RMSprop methgdwhile the
accuracy remained the sariiée PM model could be calculat&8.4% faster with
the RMSprop, but the average aliion R2 dropped by 0.6%. For the ID madel
theachieved calculation time improvement with the RMSprop was 22.3%, and the
accuracy decrease was 4.5@verall, the RM®rop can notably accelerate the
training for the cost of a smalflrop in accuracy. Sinceultiple iterations are
necessaryto produce le final ANN model, the RMSprofs a better choice
becausdt is also accurate enougHowever, the Adam can also be used witen
calculation time is not a limiting factor.
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Figure3

Performance of RMSprop and Adadelta with differmotvingaveragedecay factos

Tablel
Averagetime and accuracy results for Adam and RMSprop algorithms
Adam gvg. RMSprop Adamavg. RMSprop avg.
calc. time avg. calc.
[sec] time [sed val. R2 [-] val. R2 [-]
IMEP 506.36 390.46 0.999 0.99
PM 690.20 598.13 0.980 0.974
ID 890.2 728.66 0.7% 0.762
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AdaGrad ) Adam
RMSprop Adamax
) Adadelta Y Nadam
Figure4

Comparison ofhe perbrmane of six adaptive training methods

The tainingis an iterative method, lwere the samples of thining dataseare
going through the networ&nd theerror of the result is used to update the weights
of the model. The periodthen al sample participated in the weight update is
called an epoch. Multiple epochs are necessary to create accurate ANN, models
thus this is also a hyperparameter thag ftabe considered. If the number of
epocls is small, the modekill not be accuate enagh (underfit. More epochs
lead to more accurate modelshowever overfitting can occur if this
hyperparameter is too high. An ofided model performs well in the training
dataset, but it has a bad performance on the validation dataset. Moréwer
incressed number of epochs leads to longemingi time,soa good compromise
has to be found. The early stopping method provides a good approaethe
proper number of epochs during training.mfaximumepoch number is defined
and when this isreached,the training stops. The traininglso stop if the
validation MSE starts to increas@he stopping is nohecessarilimmediate a
patience parameter can be used, and the tramihgstogs if the validation MSE
increasexcontinuouslyfor a predefined nunber of epodis. This method avoids
overfitting and reduces the training time. this section the optimal maximum
number of epoché@ay and the patiece (p) hyperparameter is alsovestigated.

-134-



ActaPolytechniddungarica Vol.21, No7, 24

Figure5
Performance oAdam andRMSpropwith differentpatience valuegnax.number ofepochs500)

The combination oB differentp and 13 @Qax hyperparameterare investigate.
First, a goodp is selected Higher patienceresults longer calculation time
However, theincrease of accuracgtopswhen the ANN reaches a good. fi
Therefore the validation R2 convergés acertainlevel at each diagram of Figure
5. This figure siows thatp=50 is a good choice for both Adam and RMSpribys
value usually provides theastest trainingto reach the converged maximal
accuracy level. There are some cases where lpveeuld be enoughhut these
lower values canngtrovidegood resuk for all models Notethat Figure 5 only
preents the resultsvith @.,=500, which vill be laterchosen as the be$ax
value. All 13 @ax was investigated and the results were similar for epsh0
showed the best compromiskus only one@axis preseried here.

Next, the necessary@.ax is determined The training can be stppd by two
criteria:accuracy dop and reaching of.ax Usually, thebest caeif the trainng is
stopped by the accuracy drdgecause this means theatgood fit was foundral
further training leads to ovetting. However, there can be some models that has
too slow convergence, thus the training has to be stdpgfedereaching te best

fit to reduce calculation time.
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Figure6
Performance oAdam andRMSpropwith differentmaximum number of epoclfgatience 50 epoch}

Here, the aim is to find the lowest value f@ythat provides enough epochs to
developgood ft modek for most cases. Figure 6 investigates the validation
accuracy of the IMEP, PM and ID models when the patience is setapdads.
The resultof each diagranshows separate clustensith similar acuraciesand
training times. In these clusters good fit model was reached and tlaning was
stopped by the accuradrop. From here on, the@ax has no influence otthe
calculdion time andaccuracyand the differencecome from the randomness of
the processNote that the clusters of Adam algorithm are smaller, thus it#sesu
are more stable thathe RMSpropThe best@.axvalueis 500 epobsbecase this

is the lowesthatis present in aktlusters

To sum upthe outcome of this sectionthe RMSprop algorithm is the befbm
the investigatednethods,f the training time is the bottleneck. Adam algorithm
can also be used, when a littnger calculation time is acceptable and further
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increasein accuracy is required. It is recommended totlsetAdam algorithns
hyperparameter® ther defaultvalues and the/ of RMSpropto 0.95.Regarding
early stopping, th600 epoch@axand the 50 epodhis suiteble for both methods

3.5 Input Feature Selection

Another importat aspect of b ANN model creation is the selection mfoper
input featuresSufficient input informationis neede to mapa systems behavio
However too much information can also worsee ticcuracince irrelevantata
can lead the training into false patfThe two main approach fanput feature
selection are the supervised and unsupervisesdection methods.
The unsupervised methods ignore the outcome of the mekiéd, the supervisa
methods use target variables to remove unnecessary fefdiesSupervied
methodssuch as wrappefilter or intrinsic methods usually provide better résu
Wrapper methods createuttiple models with differeninput featuresand select
theusefil ones. Ths providesreally goodresults, but the computational costn
rise. Filter methodschose the importanbputs with statistical sores between the
inputand output featuresntrinsic methods are buiih feature selectiomethods
of some training algorithms. From thgsessibilities the wapper methods fit the
best for our purpose, sintggh accuracy is required and tbempuational cost
remain low die to the lownumber ofavalable input features

The reommended wdflow is as bllows. First the possible influencing
parameters have to be identified manudigsed on thavailableinformation of

the systemThenthe quas-constantfeatures have tbe removed, because these
have no relevardata for the trainingThen the redunds featuresalso needed to

be eliminated Here, the priority of each featurarc be predined manually ard

the higher priority can be heid the inputs. Next a wrapper thed have to be
performed. Theecursve featureelimination (RFE) is such a method, wher¢ a
first amachine learning algorithm creates modeith all input features, and then
the methodstarts to remove them.n this paper,sich an RFE method is
implemented to ®lect the necessary input features from the preselected ones.
The RFE also creates AMNto select input features, thus the results include
randomnessTherebre the RFE proess is alsoepeated 8 timesand theinputs
that wereamong the resuligtleast 50% of the repetitiorse seledd

This workflow was implemented fohé IMEP, PM and ID models. Since a new
input feature sefjenerates modified behavig a new architecture was selected
using a grid search algorithiwith the settings destx&d in [15]. The investigated
output featuresre combustion and emission relevaparametersTherefore the
two main sebf manually selectethput features for th&FEare

x themeasurednlet properties pressue, temperaturemasslow rate
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x the measumd mixture compositiorand brmation relevant grameters
EGR valve positionengine speedair-fuel equivalenceratio, inlet and
outlet oxygen congceration fuel dose start of injection number of
injections ratio of main injection compared to prgection

The RFE algorithm selected 4, 6, and 8 input featurestfernew IMEP,PM and
ID modelsrespectivey. This behavio is logical because the harder theodelled
problem, the more information is neededproperly map the system. Talle
compares theeg R2 and thetestroot meansquare error (RMSE) of the new
models with theoriginal ones. The IMEP shows a decrease in acgutat it still

has an excellent performand&e PM model has slightly bettperformance with
the new input set. The ID modghows a drastimprovement Theoriginal model
was unacceptably &tcuate, but the new input featurdsveloped it into avell

performing one Overall, theusedinput feature selection method performeselll,

and can be included in our workflow.

Table2
Compaing the performance of theMEP, PM and D modelswith the original and new inputdéures

IMEP PM ID
Original New Original New Original New
inputs inputs inputs inputs inputs inputs
R2est 0.9995 | 0.9929 0.9874 0.9882 0.8303 0.9782
RMSEext 0.078 0.3@ 0.1 0.120 1.103 0.413
bar bar g/kWh g/kwh °CA °CA

3.6 Architecture Selection

The architecture of an ANNighly affectsits performance The capacity of a
network describs the ability of learning compleproblems. Generaljythe more
neurons andayers the netwik has, he higher itscapaciy. Too low capacities
resultunderfitwhile too high capacitieslead to overfif hence a good architecture
have to be identified The gridsearch algorithm isa common architecture
selection methadwhere a laer and a higher boundary for the numberlafers,
and for the number ofheurons in a layer is selectedThen d possible
combinations are investigated between these kmiexwih a certain step size
and the architecture with the bestcuracyis seleted This method is popular
becauseof its simgicity andaccuracyhowever, the calculatian time can be too
high. We usedthis methodin our previousresearchbut now faser have @ be
found due to its slow speed’he constructive architecture selectisra common
techniqueto identify a good network tapogy [25]. This method uses an initial
architecture thatlefinitely provides too small capacity for the problefhen it
adds new neurons and layers to the network to achieve a fijip@lch a simple
condructive nethod was created in this work teplace the previoutechnique
First, it generates a model with a single layleat has an initial neuron number
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Then it startsto increasehis numbewith a defined stepntil it reaches an upper
boundry. Next, it createsa new layerwith an numberof neurons corresponding
to the step sizeand it continues to increase this layer. The iteration stops thiben
defined maximal number oflayersreached However, the iteration usuallgoes
not last this longsince it has an accuracy criterium that stops pihecess when
fulfilled. This criteriuminvestigates the validation R2, andhen it reaches 08
the model is considered accurat@egh[26]. If this accuracy cannot be readnhe
with thedefined topological tundaies, then the most accurate model is setecte

Table3
Comparingthe performance ofthe constructivarchitecture selection arie grid-search algoritm
IMEP PM ID
Original New Original New Original New
method | method | method | method | method method
R2test[-] 0.98 0.98 0977 0.980 0.759 0.740
tarchopt [N] 6.66 0.12 8.50 2.49 7.71 2.26

Table3 demonstratethe architecture selectidg calculationtimes (krchop) andthe
achievedest R2of the new constructive algorithoompared tahe previous grid
search algathm. The newtest R2 dd not change notably compared to tHd o
method, but the improvement in calculation timesiismerse The excellent
models an fit really fast, sohe necessary time for architece selecton becomes
small. The average anthd models also show about 70ftprovement in the
calculation timethus the new ntbod contributes to lower computing costs.

3.7 MeasurementGrid ResolutionSelection

The experimental investigation of new advanced fuels is a major cost of
develpment due to the high price of special compountkis can ao misethe
expenses of ANNlevelopmensince the dataset is created by measurements. To
reduce thee costsa measunment grid resolution selection methodalsocreated

in this paper The meaurement grid nees high enough resolution torquide
sufficient data for the ANN training, but necessaly densemeasurements have

to be avoided to reduce fuel coskore complex problems require denser
measurement to ppely map the systems béiavior. The correlation coefficient
can desgbe the complexy of an inputoutput relationshipWwhenR is close td0

the two parameters are not relatadienit’'s closeto 1 the relationshipis linear,
while the intermediate alues rpresent a nonlire behavior. To identify the
properresolution, theR between thevaried grid parameterand the target values

of the investigatn have to be determinemhd compared with the aelvicble
accuracie®f multiple modelsreated with diférent resolution dataset
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To establish a best practice for resolution selectibe, originalhigh resolution
datasef15] is usedthat has 3 varied parameteénsthe measurement gridhis
investigation examire the 10 target variable of [15] to identify optimal
resolutions fo different compleities. First, the complexity of the 30 inptdutput
relationshipis needed to be determined, and the correlation coefficient between
these pairs will describe {Rpair). This can be done with a parameter sensitivity
measurementhat reqiresa small amount of fueto measureat leastl0 sample
pervariedgrid parameterThis 10 sample is recorded for each varied parameter in
the predefined measuremeaninge.The othervaried parameterseed to have a
fixed value during theneasuremento guaranee that the only influencer of the
investigated outpstwill be the investigated input featureh&e fixed values are
selected as theniddle valus inthe range of the giveinput parametersThen,the
Rpairs can be calculated from the sampl&his study calculated30 Rpairs for the
investigated 30 inpubutput relationship. Note, that he absolute valuebave to

be used to describé¢he complexity of the relationshi@ Now, a optimal
resolutionhasto be found for thesgRai| values.

In the rext gep 72 datases with different resolutins were created from the
origind high-resolutiondatasetAn ANN model wascreated with thevorkflow
described in this paper fahe 10 output feature with each datasetThen a
prediction was made witthe created 720 ANN modelsfor the 6618 samplesf
the originalhigh-resolutiondataset, therebthe performanceof the modelsvas
exploredwith the most detailethformation available on the systeirhe repoted
accuracy measure ke determination coefficierfor the full datase{R2ui). After
the calculationsthere are 7R2qy valuesfor the 10 output featuresnd the best
modelhave to be @ectedfor each outputA model is considered acceptablét#
R2u is at least 0.98If there are multiplemodels for an output feature that
satisfies this criterium, thene thatwas created with the smallest dataset is
selectedas he best, since this requirtree least fuel Now, theoptimal resolution
of the 3 varied parameter of the measurengd is known for each output
feature.However, only 6 models provided results with{g2above 0.98, sonly
18 data points can be used to ddserthe r&ationshipbetweencomplexity and
necessary resolution.

Figure 7 shows th#&8 optimal resolution- |Roaiff data pints. Here the resolution
means the number of grid pointstire measurementange of avaried parameter.
Three main parts can be separat#fd.|Rpaif is lower than 04, then the
investigatedinput feature does not have a significant effect on the iigatsi
target vaiable, therefee, a lower resolution is enoughlhe aveage resolution in
this area is 6.5, thusefjudistantvalueis enoud for thevaried parameter.
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Figure7
The optimal resolution ahputoutput @irsof different complexity

If |Rpair is alobve 0.9, the correlation is strong between the varied parameter and
the target variable, tlus a higherresolutionis needed to map thbehaviour.

The average i§0.625 so 1lvariationis neededn this case. Thin-betweenarea
needs an even higher residm because here thelationship is highly nonlinear.
The average selution here is12.87 so13 equidistant value is necessary in the
grid. This simplepractice carcreatedatasets wit good resolutions to minimize
fuel consumption while accuate models are providedHowever, more
investgation is needed to establish armprecise method for resolution selection.

3.8 Summary of the Created Methodology

The final wakflow can be generatedbased on the previously presented
investigatons. Figure 8 summarizes the methods tcefficiently crede
representative datasets from engine measurements, dodd@ccurateand fast
ANN models fromthem The upper part describ&se methods relatedtthe first
goal. A proper measurement resolution can be dedidginat provides enough
information to train the networks, while the fuel costs are minimized. This is
based on a parameter sensitivity measurement, where thpleodty of the
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relationship between the varied grid parameters and the target variables are
deermined in order to select the proper measurement grid resolutions (Section
3.7). After the measurementhe createddatasetis used to create a MLP type
ANN. The lower part of Figure 8 demonstrates the workflow for this task with the
steps and methods detbed previously (Section 3.2— 3.6). The investigations
proved that this workflow is able to reduce calculation time, fuel costs and provide
accurate restd.

Figure8
Final workflow to costefficiently createANN modek fromengine measurements

Conclusions

This paper presentdtie investigatios that led to the creation of a workflow for
cost efficient ANN creation from enge measurement#\ high reslution dataset
was used to test multiplmethoddor the different steps ofnodel generation.
The resilts showed that the RFE method candpplied to select the necasg
input features from a datasenhd theconstructive architecture selection as
efficient methodto determineproper network structure. Regarding the training
algorithms, the Adam anché RMSprop had the best performandeom the
investigated 6 methodThe RMSprop is the recommended algorithiifi the
calculation time is the bottlenk However the Adam algorithnmgenerate more
accuate models Therefore this has to be appliedif the sped of the taining
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process is not importanfthe random nature of the resulitss to be teated with
repeatedevaluation.The methodology also aids the deteration of the proper
measurement grid resolutioAfter a simple parameter sensitly measuremetn
the complexiy of the inpt-output relatbnships can be datmined Then, the
resolutionof the varied parameters can be selected.

The methodlogy ensurs thecostefficient creaton of representative datasets and
accurateANN models therefoe, it contibutes tohelp thedevelopmenbf our Al
basedefuel designer toolThe achieved accurate resyttiove that theAl is an
important toolto enhance sustaable mobility.Besides our purposeg, déan be
applied tosimilar mathematicalproblans of differert resarch fields as well
However, note tht there ino general best practice for ANN creation, thus other
researchrs should cons@t thespecialtief their mathematial problems.
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AdaGrad, Adaptive Gradiesit Adam, Adaptive Movement EstimatignAl,
Artificial Intelligence; ANN, Artificial Neural Network;BP, Back Propagation;
EGR, ExhausGas RecirculationEU, Euopean Uhion; ICE, InternalCombustion
Engine; ID, Ignition Delay; MEP, Indicated Mean Effective PressuMAE,
Mean Absolute Eor; MLP, Multilayer Perceptron; MSE, Mean Squared Error;
MSLE, Mean Squared Logarithmic Error; Nadaiesterovacceleragd Adgtive
Moment EstimationPM, Particulate Matter; ReLU, Refitid Linear Unit; RFE,
Recursive FeaturElimination; RMSE, Root Mean Square Error; RMSprémot
Mean Squared PropagatioBGD, Stochastic Gradiemescent STD, Standat
Deviation; WTW, Wd -to-wheel;
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Digitalization and Adaptation, from a Regional
Perspective -a Hungarian Case Study

Méaria Szalméné Csete

%XGDSHVWBRLYHFKQRORJI\ DQG (FRQRPLFV )DFXOW\ R

6RFLDO 6FLHQFHV 'HSDUWPRQRPRFVYQQG FRRARMDPWOQDELO
M&HIJ\VHWHPHINS %XGDSHVWFWIXWBDRDULD#IJWN EPH KX

Abstract:Currently, digital transition and innovation are significant dimensions of transition
processes and development policies. These are becoming increasingly fimpertaore
diverse and complex social, economic and environmental problems and challenggs. emer
The achievement of digital transition and the promotion of sustainable developraent
crucial elements of the European development pdb@ital transformation can bring new
challenges and many new opportunities and solutions for individual stakeholders,
companies, sectors, and regions. However, little is known abouttéresiations between
mobility, sustainability, digitalization and climate change, especially from a regional
perspective.This research aims to explore ways to make the interrelations between
sustainability, climate change and digitalization more tangible, measurable aceatrle

To investigate this question, (i) the spatial interpretation of the inttiods between
mobility, sustainability, digitalization and climate change was formulated, (ii) an atdie
based database was developed, and (iii) a methodology for assessing the digitalizhtion an
adaptation by the regional level was formulated. The analysis exploring thdatimms
between digitalization and adaptation was carried out in 2021 and focused on thefleve
districts (LAU 1 level in Hungary). Based on the digitalization and ategt parameters,

the Spatial Digitalization Index and the Spatial Adaptation Indexewconceptualized.
The dynamic regression analysis proved that digitalization is increasing at the LAU 1 in
Hungary, and digitalization can support and strengthen adaptation to an increasing degree
in different sectors such as transportation enhancing sustainability. The fintiggght

the important role of different stakeholders and the challdvaged regional or local
planning perspectives.

Keywords: digitalization; sustainability;adaptation;climate changemaobility

1 Introduction

5HVHDUFK RQ WKH LQWHUUHODWLRQV H@MZAHHD VXVWD
PRELOLW)\ SOD\V LPSRUWDQW UROH DRSURDIEKMHW HD BIGD Q.
LQWHJUDWHG VROXWLRQV mRZOINQ GV RW WDKM GIL VIFQ S € UG
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FKDUDFWHULVWLFV & RGIFH TDRORW DR R BFAFQSRH F W V
DQG QBWXUDRQPHQWDO IDFWRUV KDYH FRPUXWR WKH IR
RI DQDO\VHVY RQ FRQQHFWLRQV DQG LQ® IBGDISODWLR@V
EULGJH D JDS ERWK DW WKH UHJLR QL& @ QREUWIQH WD W R
DQG WKH\ LPSURYH WKH SODQQDELOLW\ RHLUHOHYDQ
LPSOHPHQWDWLRQ DQG JHQHUDO OLYDELOLW\

2QH Rl WKH PRVW VLJQLILFDQW DQG FRPSGBLBDOWEDO F
FKDQJH DQG RXU NQRZOHGJH DERXW LMNZSRBWOLEQH HII
GDLO\ > @ ,Q DGGLWLRQ WR LQW BUWQIR L R Q@ X ME MBI HRA
SURIHVVLRQDOV IURP WKH VFLHQW EIRK USB® MWHIGAD IOR Q QW
WKH YDULRXV SUHSDUDWRU\ DQG SJIHW H QWKLHY H | PHHIDW X LR
WKLY SKHQRPHQRQ &OLPDWH FKDQJH LVJIDROQMIROJIDLQLG
GHYHORSPHOWLQRIHKDOOHQJHYV PD\ EH UHJDUGHG DV SR
UHJLRQV FRQFHUQLQJ HPSOR\PHQW DQG LQQRYDWLYH F

7KH IXWXUH SKHQRPHQD DQG HIIHFWWRRS FI®G P PW H LPK B
KLIJK FHUWD@QWIXV @FKDOOHQJHV FRQFHUQLQJ HFRORJL
WUDQVSRUWDWLRQ VI\VWHPV DQG WE&WLDUWHHN LSHAHVQHFG I
EH HYHQ PRUH VLJQLILFDQW > @ 3WKIS BIYDIFVRIQGI RIUI DR
RI FOLPDW H{ FRKFOWQ LW RODWHG WDVNV EXW WKH\ FRQVWL)
UHTXLUHV FRRSHUDWLRQ DW WKH VREDDOOHRDAWLFD
7KH SULPDU\ DLP Rl SUHSDUDWLRQ YIDW MRRX . GH{'S H B WHH GV
HITHFWV DQG WR HQKDQFH WKH VXVWBLODDELRUW\ RKLWH
LV DFKLHYHG E\ VKLIWLQJ WKH IRFXV IWRPWSKWHH ¥ EIQMWMLI\H
WRLYH WRJHWKHU ZLWK WKH FRQVWDQWO\ FKDQJLQ.
HQYLURQPHQW $GDSWDWLRQ WR FOLPION B LAKHDWHG W D Q
PHWKRGV UHTXLUH GLIIHUHQW SUHSDUSBWRUD PA\DV X UF
FRQVLGHULQJ E\WBIURQ@I/V@ FRKEFBR RPLF SURFHVVHY WDNH
D JLYHQ DUHD DQG LQ -DZKHQ Q SHDMN QIKDERXW WKH ¢
LPSOHPHQWDWLRQ -RD WHX WRP BQBIPH@MWHG E\ WKH IDFW
SURFHVVHVY DUH HPEHGGHG LQ LWKWMK ) DEALRWSGHHEY L
7KH DGDSWDWLRQ WR DQG SUHSDUDWURQ O R &X QVIRY RVLKGH!
FRQFHSW RI VXVWDLQDELOLW\ &RQVHTRMRWDSDWKBOFR
DQG VHFWRUDO ORFDO UHJLRQDOUBYSHFILLYRQPIOEHER
sXVWDLQDELOLW\ FOLPDWH RU DG DG W PSMIFRVH & WHU DHVE WM
DQG PLWLIJDWH SRW@& Q&R Q PHEMRMIHUHILRQDO OLYDELOL
WHQGV WR IRFXV RQ PHDVXUDELOLW)\ [7® HDWGHI RWHR Q WV R
LV VKRZQ KRZ S{HFRQRPAFVRERRHVVHY DQG LQWHUYHQ
GHWHULRUDWLRQ RI HQYLURQPHQWD®URREQOVWY DNKXV
FOLPDWH FKDQJH DUH UHYHDOHG W®&JWWHKHW IZEWKFDN®&
UHDOL]DWLRQ Rl VXVWDLQDELOLW\ DQGI WKKWLU HIIHFW
,Q UHODWLRQ WR FRJQLWLYH PRELOLVQWROWVHRSI BHW®&HU |
LQFOXGLQJ FRJQLWLYH VXVWDLQDELOLW\ WKHKDW FDQ
XQGHUVWDQGLQJ RI PRELOLWHODWG G ALROQ\R-PUGS F B/UL R DH/V )
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JURP WKLV SHUVSHFWLYH LW LV ZROQWVEKQH DRAMI\YD VE KR
IURP D UHJLRQDO SHUVSHFWLYH FRORRWXMWODILQW R LIDQ WA\ |
6RFLHVDWYHV DOZD\V KDG WR UHVSRQG WR FOMBDWH YDUL
HYHQWNVPDWH KDV DOZD\V H[LVWHG LWWKHVASHBQGE GW |
HIITHFWV RlI FOLPDWH FKDQJH DQG SRVVGEIDHUV FDA)GNW K € \
LQIOXHQFH WKH PRWLYDWLRQ IRU WXUQHBJ $WRWKH/ WD L
FRQQHFWLRQV EHWZHHQ VXVWDLQDELODWY D Q& \FOQP DW
LV RQH RI WKH PRVW VLJQLILFDQW KLQGEHOL®J IDFWR
7KH SUHVHQW VWXG\ GLVFXVVHV WKH FRRMYHEWHRQRFDC
EHWZHHQ GDUHYBIREADO SURFHVVHV ZLWK D VSHFLDO IF
VXVWDELGDEPDWW\GRKDWDL]IDWLRQ &RQFHUQLQJ WKH
VXVWDLQDEOH UHJLRQDO GHYHORSPHQW RWHK[IS QRYH VWL
KRZ WKH FRQQHFWLRQV EHWZHHQ DGDSWHDMIIRE®D QG GL
DW WKH ORFDO OHYHO

1.1 SustainableRegional Development andAdaptation

7KH HIITHFWV RI FOLPDWH FKDQJH FDQ FEGDG LD 8 BEWOK LIS
WUHQG ZLOO QRW FKDQJH &RQVHTXHYWO\R QHHSIWRPHG |
WKH PRVW YXOQHUDEOH VRFLDO JURXB®LWAWWRIHN DQ@
> @ 7KH (XURSHDQ 8QLRQ LV SUHBDMHYOHRBMOEKH H[SH
JURZLQJ IUHTXHQF\ DQG LQWHQVLW\ R IL @& WHWSRHH B HTGW
DW WKH ORFDO OHYHO-P®HWHMKLVKRKDHO S GHFDVHRGR K
SUREOHPV LQ ZKLFK WKH VXEVLGLDULWWSWLIQQFXSOH D
PLWIWRU\ SUHSDUDWRU\ DQG DGDSWLYHPHDNVXUHV S
LQ KDUPRQ\ ZLWK WKH SUHFDXWLRQ R GHWGQRLPLMH WK |
H[WHQW RI LQWHUYHQWLRQ E\ WKRVH FROGHWQWEH IR U
SDVW RWDGMFDGHV VKRXOG EH XVHG DV JXLGHOLQHV 7
IROORZLQJ TXHVWLRQV@L@ E:H VW FXKDWHE \V>DUH H[SHFW
JLYHQ UHJLRQ RU VHFWRU" :LOO WKH SODQQHG OHYF
VDWLVIDFWRU\ LQ ILJKWLQJ RIl WKH H[SHFWHG FKDOOH (

6 XVWDLQDELOLW\ DQG FOLPDWH FKDKQLRARK DDWHUIHQOM FWH &
LQ VHYHUDO UH¥HBUFKHKHHMES8WWHG GLUHFWLRQ DQG F
GHYHORSPHQW FDQ IXQGDPHQWDOO\ LOQKRXHQHY WKH F
FOLPDWH FKDQJH DOVR DIIHFWV WKH &KW Q FEHRAWRKI IRJIRRYPL Q
D PLWLIJDWRU\ DQG DGDSWLYH SHUVSHFWLYH JREXV
GHYHORSPHQW DGDSWDWLRQ WR FOLPDWHRREKDQJIJH DQ
IRFXV WRIDWROWIMWXLF HIITHFWV-IDRRQG G OVRDWHW LRQ
WRROV PHWKRGRORJLHV DQG SROLFLG® D RGH WHWUHLIDWAE U
ORFDWHG LQ WKH &DUSDWKLDQ EDVLQ XQWHRI\HEMPLQHC
+XQJDU\ ZKHUH WKH UDWER\RQ GXWPRK (B@HDRHIICRKY W L O O
UHVXOWY LQ KLJKHU H[SRVXUH DQG YXOQHM®ELOLW\

+XQJDY RQH RI WKH PRVW Y X0 QH WREGO/H GHRXL.MW UW K ¥
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SRVVLEOH HIIHFW RI FOLPDWHKD G RN \RLE EH RGLSYDHWWAL
FOLPDWH FKDQJH RQ WKH HQYLURQPHQW @MUHWDNXFLDO
WUDQVIRUPDWLRQ DQG VXVWDLQDEOHQW®UDWGW EWRRY RQ
IHUWLOL]DWLRQ HIIHFW RQ PREIDUW\VIHYG MDD QS RDWF
DQG VWXGLHV KDYH SXEOLVKHG SURJQIRAVKD/GR®E WKH H[S
> @ 6XFK SURJQRVHV DUH EHFRPLQJ PRM Hi D\FHF@QWDRNY H R
WKH HIIHFW DQG WKH SUREDELOLW\ R@G URVNDQRI LW
SUHYHQWLRQ RI H[SHFWHG HIIHFWV DQNV WKH PAKH JDW
IXQGDPHQQWD® RQWI®O WKRVH FRQFHUQHG GRIB WR WKH
WKH IDFW WKDW WKLV U@ L@ LISGFRUIGLGURIRWREBD HD ¥ [
NQRZOHGJH DQG UHVHDUFK UHVXOWY FOWRBWH FKDQJ
GHJUHH ERWK RQ WKH JOREDO DQG WKN RIURBHDQ VF
FRXQWU\ DUH WR EH DIIHFWHG GLIIK@B H)MWWEQBEHNARFILR S
HFRQRPLF GLIIHUHQFHVY DQG UHJLRQ DG HA | IGIHHEMLID W
WR VLJQLILFDQW QRY H@VREQDPDMIHFXKDQUW LFHV KW LQI
HYHU\ GLPHQVLRQ RI VXVWDLQDELOLW)\ ODQGYL®@J IXQGI
FRQGLWLRQV LQFRPHV KHDOWK VWMBRNMIQHHWHE R QKL RK
VXVWDLQDEOH UHJLRQDO GHYHORSORBQWH>WE H, ¥ VRGGIL
RI OLYLQJ DQG OLYDELOLW\ LW LV IVGY PWDEGH HVRDRIHH
FRUWHFWLYH DQAWHMQWRQ PNQAWUWKHU SRVLWLYH H[WH
DOVR KHOS WR HQKDQFH OLYLQJ VWDRIBDEBN WRKH KHD
EHWWHU DLU TXDOLW\ PLJKW SURGLBAWRBE\DI& U LYR/D
WKH ORFDOHRRQRP\WR FUHDWH D VROLG EDVLV IRU WKI
Rl ORFDO FRPPXQLWLHY LW LV LQGHJSHPWDRQR QWRI RS
IRUPLQJ D JHQHUDO FRQFHSW ,Q +XQWRURWRMRAFRDWKH
DPELWWRPNLQV WKH ODFN RI ILODIQFENQY\HR &G PI$SW DAVKIHR
FOLPDWH FKDQJHV VKRXOG IRFXWY RIDRBEBO G HSD WRFRU
DGDSWLYH PHDVXUHV VKRXOG EH HFRQRPWRDOO\ SUF
FRQVHUYDWLRQ RU VXVWDLQDELOLW\

7KH UHJLRQDO RU ORFDO SHUVS HDRWLONHR QWD R F W WPRY W |
EHWZHHQ FOLPDWH FKDQJH DQG VX\RWDW® B ERMIORZ LZQ W
IDFWYV

X &OLPDWH FKDQJH LV JHQHUDOO\ LIJQRURIG LQ WKH
VXVWDLQDELOLW\ PHDVXUHYV

X 7TKH HISORUDWLRQ RI KRZHO®RMHG VDOAWDLIDQNDLENHOM. W Q G
FRQQHFWHG WR UHJLRQDO VWUDWHVYMWMXGLHWWI\SLFDO

x 5GHDFKLQJ VXVWDLQDELOLW\ ZKLOH FRQOHGHULQJ F
ZLWKRXW H[SORULQJ ORFDO HFRQRP LFJDOFR\FIDYA. W L H V
OLYLQJ FRQGLWLRQV DQG LQWHUHVWV

X 7KH SULPDUYH@FRPWLQJ VHFWRM]MREXWLEH RQ
FOLPDWH FKDQJH DQG ORFDO DGDSWD¥NLSRVVLELOI
ERWK DW WKH GRPHVWLF DQG WKH LQWHUQDWLRQD(
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Xx 7TKH UROH RI GLJLWDOL]DWLRQ LQ VXVWIOLQDEOH U]
WKH SRVVLEOH LPSDFWV RI FOLPDWH FKDQJH

'KLOH H[SORULQJ WKH LQWHUFRQQHFWLRQVDEX3NWZHHQ
DGDSWDWLRQ LW ZDV SURYHQ WKDW HRQ®RQH QRN [DF\
PDLQ PRWLYDWLQJ IRUFHV LQ WKH W DNQNVQWR RV R AGL
WKDW WKH VXEVLGLDULW)\ SULQFLSOIWILIRIQVRD WRIOH |
WUDQVLWLRQ ,W FDQ EH VWDWHGDWLRW PQIGP D® B SAAKD\Y
SROLFLHV DQG SROLWLFDO GHFLVLRQV KORH.FR®SOH]
HITHFWV ZEW KVBHW)SHWDLQDEOH PRELOLW\ ,Q WKH *QRU
WKH PDUNHW HFRQRP\ RI WRGD\ DQG WHHVSGHBWL®W XU F
VXVWDLQDELOLW\ YDOXHV RQO\ WR D OWRQWHGWIHI UHH
LQWHUHVWY FDQ RQO\ EH WDNHQ LQWR @ RQQHGBEUWMK LR
VWUDWHJLF SR @L $31@EYE H PEQY LW\ WR DGDSW VKRXOG
LQWHUSUHWHG DV UHVLVWDQFH WR \WRXR/IHW KH | YA PAMAM PU W
DGDSW IOH[LEO\ WR WKH FKDQJLQJ FRQGGWRAQYR HVSH
EH LQFOXGHG LQ WKLV FRQFHSW 0R UKHHR YWHID QBDLWH®R @ G
WRZDUGV VXVWDLQDELOLW\ DQG WKH DICDGWHDWIHRQ WR
FDQ EH PRVW HIIHEWEY WEH IBAVOWEDWHWLFHY RI VXVW
GHYHORSBHRYWD EODEOH DQG IXWXUH DGDSWLYH WRROV
ERWK ZLWKLQ UHJLRQV DQG VHFWRUVUSHSHQOBXSJIRRQ W
DGDSWLYH PHDVXUHV D @& YWKD ® SO FMUHEDUBWX O FW R |
FRQVLGHUHG ZKHQ SODQQLQJ SUHSD UD WRUR GPLHPIDWKXK H V
FKDQJH DQG LWV H[SHFWHG HIIHFWV BRFWEWBLQW\ PD\

X $YDLODEOH EQNRHPOMWINRQI LQIRUPDWLRQ RU LQIRUP
PLIKW EH VHYHUH KLQGUDQFHY GXULQIXQ®KH SODQC
WKH PDQDJHPHQW RI FKDOOHQJHYV

X LLPLWDWLRQV RI SUHGLFWLRQV

x 7TKH LPSRVVLELOLW\ RI HVWLPDWLQJ WWKEXNXMWXUH HII
WKH SUHSDUDWRU\ DQG DGDSWLYH SURFHVVHYV

x 7TKH UHVSRQVHV RI WKH JLYHQ VRFLHWKHNMRG WKH X
UHVSRQVHYV

$GDSWDWLRQ PHDQV WKH UHDFWLRQV D& SWRHAHNVH\
RXWFRPHV ZKLFK DLP WR PDNH WKH W FXYHPWDFGEYV W R
PRUH HDVLO\ DQG@H | THKFHWHY HQFOXGH WKH PLWLJDWLRC
UHFRQVWUXFWLRQ DIWHU SUHVHQW HYRHQ RN | X\MKHJ IS UH-
HYHQWY DQG DOVR WKH HQKDQFHPHRBQDRILRW VL VHIQH |
DGDSWDWLRQ SURFHVV WK RGWQW LRLFDUNLPRQ \RLP\ERR \
ZKR ZLVKHV WRWXERSYWFLHW\ LQGLYLGXDOV FRPPXQL
VHFWRUV UHJLRQV VHWWOHPHQWAM JBRGPLQJ ZWBW WK
LQFUHDVLQJ IUHTXHQF\ DQG LQWHQVLW\RRIOZHOWKHU H"
WKH LGHQWLILFDWLRQ RI WKHVH WZIR DYPW & D E OMKDML 0D
DELOLWLHVY SRVVLELOLWLHV DQG WKH GRWUPWLDO G|
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GHSHQGLQJ RQ LWV GXUDWLRQ FKDUKHWHAWRWY BUHBWYV
7KH DGDSWLYH FDSDFLW\ RI D JLYHQ UHUHRRRONR GHS
PLIJKW EH UHSODFHG E\ VRPHWKLQJ HOVH DQG LI \HV D

(QYLURQPHQWBPRD®E LFRFKROOHQJHV RI FOLPDWH FKDQ
DV SULPDU\ WKUHDWV WR WKH UHDOL®WLRZID KRG VXVW
VXVWDLQDELOLW\ PLJKW DOVR VHUYH WRHUFX®WDUDWLR
UHODWLRQ WX \SWEHWDHEHQLW\ DQG FOLPDWH FKDQJH LV D
GHYHORSPHQW GLUHFWLRQV 5HJLRQDOHNGIISVQIRMA SURT
RQO\ VHUYH WKH SUHSDUDWLRQ IRU WKIRUHMKRAWHG H
PLWLJDWLRQ RI EXMVEQMWP SODRDVUBJ ORFDO OLYLQJ FRQG
DOVR IDFLOLWDWH WKH WUDQVLWLRQ WRZDUG VXVWDLQ

1.2 Spatial Aspects oDigitalization and Climate Innovation
Initiatives

7KH DFKLHYHPHQW RI GLJLWDO WUD QVEMMHRQRBE®E QUK H S
DUH FUXFLDO HOHPHQWY Rl WKH (XURSHBQHVHYBID\R S P HC
D NH\ UROH LQ HQKDQFLQJ WKH HFRQRP\ QHVN.FLHQF\

7KH (XUIR® &RPPLVVLRQ LQFHQWLYL]HV WKHDGQHDOL]DWLF
UHJLRQDO GHYHORSPHQW ZKLFK WKH (KHRSHDWQ DUHHQ
QHHG IRU IXUWKHU UHVHDUFK KRZ PHQWRILDQ WIDVOLLR QWD G
ZKDW H[WHQW VORX®LRVWKEOLVKHG RQ WKLV WRSLF IRF
>3 @RU VRFLDO GLPHQVLRQ ®MWKHWHDL QI BLELWHG H[DP
PXOWLGLPHQVLRQDO DQG LQW BUIGLLAKF LKSIOMH) VKR DO VIHD
LQFUHDVLQJ WUHQG RQO\ LQ UHFXQM $D WWK H QH /& HR M
YHEUXDU\ WKH QHZ (XURSHD @ BE DSXEIW VR & G5 WIKD. W
GRFXPHQW IRFXVHVY RQ WKH DFKLH YRH PRHIQLW CRW HJ HF X DA@LIHHQ
LQ WKH (XURSHDQ 8QLRQ ZK LFH VLV UHH @ LHAR @R MK D\@
VXVWDLQDELOLW\ DPELWLRQV 7KH PRRW DRSRWMKH Q8N JF
D VRFLHW\ UHVLOLHQW WR WKH HIIHFMAK IFROHFD®H F
FOLPDWH LQQRYWEDLR QVHRVORIIKW SOD\ D VLIQLILFDQW
ORFDO VROXWLRQV WR JOREDO FKDOQF @BBWRDFKOLVQJ
LQGLVSHQVDEOH ZLWK VSHFLDO IRFXV RQFYSBDWLGLDUL)\

7RGD\ LQ ERWK VHFWRUDO DQG UHJLRQ®W RQOORMV |
WKH PLWLIJDWLRQ RI FOLPDWH FKDQJHHFW/ WEXWD GO @RV L
RQ WKH FKDOOHQJHY DQG HIIHFWNORIHWQK H VG U BT DOHWMUR
VROXWLRQV QRYHO SWRBEGHWVRKDIDO RRRHIFRVEWWDW LY H
GLVFLSOLQDU\ SHUVSHRAEKW INHH VWIRQ GRVOR'Q W MR SUREOH
FOLPDWH FKDQJH OLHV DPRQJ RWKH W Q& LLGUWYR Y. QWA K H
VEKWLRQV DQG LQ LPSOHPHQWLQJ UHOBKQMG 3O PSR/ D O\
WHFKQRORJLFDO LQQRYDWLRQV PD\ VLJRQVRFDmRWO\ FR
FKDOOHQJHV WKH\ PD\ DOVR EULQJ DERXWEHRFLDO
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FRQVLGHUHG ERWK LQ WKH GHVLJQ SKDVH DQG GXULQJ
EDVHG SODQQLQEDWKIE BIODMIMH@IHFDQ SOD\ D SLYRWDO
GHYHORSPHQW SHUVSHFWLYH GRMW HWR HGDWMRIL]E M
VXVWDLQDELOLW\ GLJLWDOL]DWLRQ DQG JRUQRYDWLRQ
IURBUHJLBBODWSHFWLYH

6' 'LIJILWDOL]DWLRQ SURFHVVHV DQG GHYHORSPHQV

6& SXVWDLQDEOHRDQGBBQFMOHEG BBWHRFHVVHY DQG GHYHO

&' OLPRPBWHHQWHG GLIJLWDOL]DWLRQ SURFHVVHV DI

6&" &OLPBWHHQWHG GLJLWDOL]DWLRQ SURFHVVHV DI
VHUYLQJ VXVWDLQDELOLW\

7KLV UHVHDUFK DLPV WR H[SORUH ZD\\VZHMR PDNH W
VXVWDLQDELOLW\ FOLPDWH FKDQJH DQUDEQHLW@®L]DW
WUDFHREBOM LW LV ZLGHO\ DFFHSWHG WKDW LQWHOOLJ
GLJLWDOL]DWLRQ DUH UHTXLUHG WRNRLRVILBIDWHS AT K P DAM
VRFHHRRQRPLF VSDWLDO DQG VHFWRUDODWROXWILRQV IRL
WKH IXWX@HKH SUHVHQW QDWLRQDO JRYHUQPHQWY WHC
PLWLJDWLRQ DRRRAD ®ISSVPRAWLIR @V D SRVVLELOLW\ UDWK
HFRQRPLF ZHOTBRHHFRQFHSW Rl LQQRYDWLRQ ZDV LQW
BFKXPSHWHU RQH RI WKH IRXQGLQJ IDWKHUV Rl PRGHU
ERRN HQWLWOHG 37KH WKHRU\ RI HFRQRPEDGIHYHORSP}
FDWHJRULHV RI LQQRYDWLE&WHQBEZO BURIGK FELW 6W K M F
LQWURGXFWLRQ Rl QHZ SURGXFWLRQ WHFEQRORJ\ RU

PDUNHW D QHZ UHVRXUFH RQ WKH LQRSUIMDPWULRIW HVW
WRGD\ VLQQRYDWLRQ LW D@IXBKVEM EBEGHAU FREHFG\SWHVH
OLWHUDWXUH RQ WKH FRQQHFWLRQ ENWMAZFHKDQUE QRY DW
VFDUFH &XUUHQWO\ RQO\ WZR PDMRQ RRYYDWLRQONVDR GV
WKH LQWHUSUHWDWLRQ Rl WKH EDHFN,JURRQBDMRDFHSWV
.QRZOHGJH DQG ,QQRYDWLRQ &REPDMQRWH RIREIRON SRIN
VLIJQLILFDQW LQQRYDWLRQ FROODERUDWXR®SHLWK ER\
ZKLFK IRFXOHMPDRMH LQQRYDWLRQ WR PLWLJDWH FOLPDYV
7KHUH DUH RWKHU VLPLODU ILHOGWXRYMFK U VFOXKDAMDHQ
LQQRYDWLRQ LV D PXFK QDUURZHU FB®W FHHISO\Q RIYRDWHIOR QG
DUH W\SLFDOO\ FIPDWRLAWHG WRLWLWY DOWKRXJK WKH\ |
DFWBR@VKH V\VWHPDWLF DSSURDFK IRQMRZIE®G E\ WKH

FDWHJRUL]JHV FOLPDWH LQQRYDWLRQV DMFRO&EWJ WR

GLVUXSWLYH ORUHRYHU UW QDO DR GH OW RH GWDDRWHH VI GRF
RI SURGXFWYV DQG SURFHVVHV WR WKH DHWHIO RIKEKDQJ
DSSURDFK ODFNV WKH UHFRJQLWLRQ DROFNS$DWQGO DV
FKDUDFWHULVWLFV $V IDURMN HGWIHIEQGEHLWDHQ |FWLR D
DQG GHYHORSPHQWY VHUYLQJ VXVW DLQMPIBLHQ W 'S DFW L &'
FOLPDWH LQQRYDWLRQ LQLWLDWLYHV D@ EBQOD @MWR WK H
EH LQWHUSUHWHG DV D XQHEH XHVNRQ®BIREKQ® YROXWILRQ
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SURGXFW D SURFHXRKLFK\FDWYPEW HWWH WKH H[SHFWHG
RI FOLPDWH FKDQJH WR VRPH H[WHQWDRU*@®Q DLG SUF
7KH FRQFHSW RI FOLPDWH LQQRYDWLRQ VFOIDF WH YLHOMW H U
LQFOXGLQJ VSDWLDO DQG VHFWRUDO R@WWLRO®RG HPL
YLHZSRL@®WN@

,Q RUGHU WR LQFOXG HS WWK\HS A E W\LLYQHE DDAM EREBLBOWR U

ZDV FRQGXFWHG WR H[DPLQH WKH VSDWALDDQMVQAWHBGHS
DQG FOLPDWH FKDQJH %DVHG RQ W KIH LAKHWRKGDUF WK R Q H/
LV D FRUUHODWLRQ EHWZHHQ GLJLWDOL]DWLRQ DQG DG

2 Methodology

JRU WKH VWDWLVWLFDO WHVWV RQ GALUILWGOIY R W LVRIQH
DYDLODEOH GDWDEDVHV 'LIIHUHQW G DVWDEBNG 2 IRLPMK H
ZHUH XVHG 70(5 7,0($ 7H,8SDULRRUHWHPSRUDO DQG
GLVWULEXWLRQV FKDUDFWHUL]HG SDUDPHWBUV ,Q
$GPLQLVWUDWURGQY LBROLWO\ 1876  O+HYDHOD HWBMNUH G W VO WX H O
SMiUIV' LQ +XQJDULDQ 7KKRBA® FODWWUMEWWRURRO XQ
IRU VWDWLVW KEW UDW BPK VB DW KBOYXHR SHOMX 8 Q HRQV
(XURVWDW 1876 OLVW ZKLFK LV YHXOR® VURWHYSVGFR QWD L
UHJLRDBZ 6 OHYHO DQBJILRMXUME76 OHYHO

2QH RI WKH ERWWOHQHFNV RI WKGDMNWID 2HWULH ZRW W& D
DYDLODEOH 5HJDUGLQJ WKH GDWD R QLDLGHE WD W IKR Q
YDULRXV VSDWLDO DQG WHPSRUDO GLHLYQYDNOBXWWREGYV 7

- SHULRG ZDV FRQVLGHUHG IRU ERWK GLVWULEF)
DGDSWDWLRQ SDUDPHWHUV &RQFHU@MID WWKH G, WULF
LQGH[ 'LJLWDO (FRQRP\ DQG 6RFLHW\ QGH[RVHUKH G D\
FROOHFWLRWLRIQDGDEW DGDSW B@®LRQZHWFDFR QYV [PGRHEIHHOG
DV WKH PHWKRGRORJLFDO EDVLV

,Q WKH FRQWH[W RI WKLV UHVHDUWNK GMW ILW BQCHH B V\LRQ\ [
FOLPDWH FKDQJH DGDSWLYH FDSDFLW\ RONH &3 [LO MYH O
XQWLO QRZ RQ WKLV VSDWLDO OHYHO E®YW H XHW WKV $ XW
IRUPXODWH D PHWKRGRORJ\ IRU DVVHVUBEQF WKHRGQLJILW
/$8 VSDWLDO OHYHO 7KH SXUSRVHWRIRWIRPS QHHFKQL'
HVWLPDWHYV
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7DEIOH

/LVW RI LQGLFDWRUV
Name of indicator on LAU-1 level Dimension Star;ir;(rj end
,QWHUQHW DFFHVV S >SFV FO -
1XPEHU RI RIILFIZDG
LOQWHUQHW DFFHVV |[SHWBFV FODFOLSALBV D@
SXEOLF HGXFDWLRQI
1XPEHU RI LQWHUQH >SFV@ -
I1XPEHU RI RSHUDWLQJ HQWHUSUILVHV LQ
WKH LQIRUPDWLRQ DQG BRFRY@LFDWLRQ
EUDQFK RI WKH QDW
el Teheety  ssrve |
BURSRUWLRQ RI SUR
HQWHUSULVHV ZLWKLQ WK@& RSEHUDWLQJ
HQWHUSULVHV
1HW LQFRPH SHU FDS >+8) FDSL -
8QHPSOR\PHQW UDW > @ -
S3RSXODWLRQ GHQVL >FDSL\WD -
3RSXODWLRQ >SFDSLWI -
3DVVHQJHU FDUV >SFV@ -
$YHUDJH VL]H RI UHD >PUHDO H -
JRUHVW FRYHUHG DU >N @ -
8UEDQ JUHHQ VSDFH N P@ -
(OHFWULFLW\ FRQVX| > N:K FDS -
9ROXPH RI JDV VXSSOLHG oGV
SHU FDSLWD e V%'BFBQE(X’B@R'
B3URSRUWLRQ RI UHD > @ )
WR D SXEOLF VHZHU
3URSRUWLRQ RI UHD
WR WKH SXEOLF GULQNLsz@)WHJ QHWZRUN
$PRXQW RI WRWDO SW@ )
ZDVWH WUDQVSRUWH
I1XPEHUURIQWHG SDW >SFV@ -
5DWLR RI WKH H[WH > @ )
QDWXUDO DUHDV WR
+RVSLWDO EHGV SHU >SFV FDSL -

%DVHG RQ WKH DERYH GLJLWDOL]DWLRQ DG DGDSV
'LJLWDOL]DWLRQ ,QGH[ DQG WKH 6SDWLHD® .$GDSWDWLRC
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YLJIXIWUH
&RQFHSWXDO IUDPHZRUN RI DVVHVVPHQW

JLUVWO\ WKH LQGH[ FRPSRQHQWY QHWGRIG DVMRDBMVGW IL
ZDV PDGH WR ILOWHU RXW WKH PXOWLFROOLQHDU SDUD
A g (Vaor? ¥ Vo 6,078

§AG 5( vaon? 8 (o 6,679 -

MNep>s=

50 < <
Ax 8( ° >,<r3? “&( ©x 6,-B?§‘§
§ASB( ° >,<B?m§ (°x 6,-E7m§ :

: KHUH

Ner>g=

OXOWLFROOLQHDULW\ LV D SKHQRPHQRQPXQWKSEGK RQH
UHJUHVVLRQ PRGHO FDQ EH OLQHDKDY SUWGEDMNIR® | W
FRHIILFLHQW HVWLPDWHY RI WKH PX®W DS QK WHHMBHRVQALHR
WR VEFEOQJHV 2UGLQDU\ OHDVW VTXDUHV PHWKRG U
PXOWLFROOLQHDULW\ 7KH UHPDLQLKQH SODRDPHWHUV ZH
DQG

A 1A

&= k_v{g@a}
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A _ 0@3

#1’9 k_vi(°&
. KHUH

max{(&Ug)}—PD[LPXBiBW tHDU

max{(#ug}— PD[LPR®R DW YHDU
7KH ILOWHUHG SDUDPHWHUV KDG UWIHODHJH@ W FZIHOHK\M B F
GLVWUDNWLIQWG D UDQN IURP WR IRU BdDFKH\HDU )RL
SUREOHP DQG HVWDEOLVKHG D PHPEHUVKMSKHXQFWLRC

DVVLIQPHQW 7KH PHPEHUVKLS IXQFWLRQ XPV EDVHG R
YDOXH RI SDUDPHWHUYVY DQG DXWRPDWIHFDOO\ FDOFXODW

9LVXDOR|DMHREHUVKLS IXQFWLRQV

JRU IDVWHU FDOFXODWLRQ FRUH R H® IDEHI ERIXS) GOYUR W |
RI PHPEHUVKLS IXQFWLRQ ZHUH PLQLIPDPKGS ) UDPHIN H U7 K
IRU HDFK RI WKH WZR LQGLFHV ZHUH ®MBBUFRLDHG E\
SULQFLSDO FR®\SRYHQRVVDIH -QRGPBOIQEBQ W LEHIW D

3 Results— Local Adaptation in the Digital Era

7KH 6L[WK $VVHVVPHQW 5HSRUW RQ LPSWKMY,3R&DSWDW
,QWHUJRYHUQPHQWDO 3DQHO RQ &OLPDMHE UXDQUH ZD)\
>@ ,Q DGGLWLRQ WR D ZLGH UDQUHHRRY DGDSWDW |
DGDSWDWLRQ W\SHV DQG PDMRU KL QGW D DQURIO®¥W RRIYVDI
PHDQV IRU HQKDQFLQJ WKH HIILFLHGRUMN DS DISWDWWRE |
LUUHVSHFWLYH RI WKH DUHD RI DGDS\WRDWIKRQPRW RUK H
REMHFWMWKH RHZ $GDSWDWLRQ 6WUDWHJ\ RI WKH (8
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8QLRQ VKRXOG EHFRPH D VRFLHW\ UH\OLOLICH/QNW P R QN KIH
L HD VRFLHW\ ZKLFK LV FDSDEOH RI SURYPOMWQRF LQWHO(
DQVZHUV DQG FDQ FDUU\ RXW7WHH XHWVWLE B G VWRZVWR
WKLY REMHFWLYH LQ WKH HUD RI WRHP®WH W BO QM bl DIUY/LLY
LQ GLIITHUHQW IRUPV LQ YDULRXVLOUHKDAM IVVRRG XWLRODLY H
SRWHQWLDOV DW Y D WLRQW VZ3A WKL G OI ICHHUMHHON ERQUGH W L R (
H[SORUHV KRZ WKH FRUUHODWLRQV EHWZHHQ GLJLWL
FRQVLGHUHG DW WKH ORFDO OHYHW WRLWDDWRYHN ALNJK
GLJLWDO WUDQVLWLRQ

7KH SUHPLVH Rl WKH DQDO\VLV LV WK BPRWG HIODWWDHGE | P\R UR
GLIJLWDOO\ GHYHORSHG UHJLRQV DGDBKD®RHWHKH M [SHF
TXLENO\ ,1 D JLYHQ UHJLRQ KDV QR VXINM¥QE@BWDEGHSW
UMXOWLQJ LQ UHGXFHG OLYDELOLW\ DQG® RSEHRIMDLVKHC
SRWHQWLDO ,W LV D IXQGDPHQWDO GXHWWILER @/ ZRBW KW L
PLJKW LQIOXHQFH WKLV SURFHVV DQG IDEWH WARRZIBDW
JLYHQ UHJLRQ LV UHODWHG WR WKH OHYRRVRK OLYLQJ
DGDSWDWLRQ DQG GLJLWDOL]DWLRQ@WQU®JFWRHDE WHBH)
DQG PHDVXUDELOLW\ )URP DQ HFROWRDFIDO WERQ KPIOF ¥}
LQWHG SDHWHWRRO | Rb FIRODRWPLGFI PKDALKRY DQG  WKXV D
FRQWULEXWLQJ WR WKH WUDQVLWLRQFWRDBIYED WKW DV
ZHUH YLVXDOL]HG FRy@eBDXR Z4* WKH DYHUDJH YDOXHV RI
'LILWDOLQBWLR®U HDFK GLVWU LFgite B.QG HSQB W\ WXKKIL O H
DYHUDJH GLVWULFW OHYHO YDOXHV Rl WKH 6SDWLDO $C

YLIXUH
9LVXDOL]DWLRQ RI GLJLWDOL]DWLRQ SDUDPHWHUV EDVHG RQ \
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JLIXUH
9LVXDOL]DGDL.RYDMILRQ SDUDPHWHUY EDVHG RQ WKH DYHUDJH |

4 Analysis

7KH DQDO\VLV H[SORULQJ WKH FRUUHR® V8IURIYW RW G J L
KHUH ZDV FDUULHG RXW LQ DQG 1BRF&V KOG RHOWIQH OF
+XQJDU\ 7KH G\QDPLF UHJUHVVLRQ DQO@MULNDSALRYHYV
DW WKWWULFW OHYHO LQ +XQJDU\ DQG GUWWKWHIOL]DWL
DGDSWDWLRQ WR DQ LQFUHDVLQJ GHJUHH

PLQH: $=RBA:%H

ZKHUH
% LVGRSWLRQ UWDQN DW \HDU
'LV GLJLWDOL]DWLRQ UDQN DW \HDU
DLV VORSH Rl OLQHDU UHJUHVVLRQ
HLY WKH HUURtU WHUP LQ \HDU

,Q WKH H[DPLQHG SHULRG WKH OHYH®@ PIG®ISM DAV DR D W
WKXV WKH H[FHVV RI VXSSRUW DOVR JWJHRWIZR Q JRW R UW K
WLPH )LJXUH

A159 A



M. Szalméné Csete Digitalization and Adaptation, from a Regional Perapdatigarian Case Study

YLIXUH
7KH FKDQJH Rl WKH FRUUHODWLR Q LIRKOWRZIHHXQQG D ULL\P QOG. [ B W UR B\
EHWZHHOQ DQG

7KH WHVWV SURYH WKDW WKH ZHLJWW VRLRQ WD DO HANH L
LV GLIIHUHQW 7KLV DQDO\VLV SURMHIMBWEKRYDB®EE W LR Q
WKH 'LJLWDOL]DWLRQ ,QGH[ DQG WKH GBSWD W LRRY HY G |
LWKH LQWHJUDWHG DSSURDFK WR DGD SKMD W/ILRQVII&EH G|
LQIUDVWUXFWXUH RI +XQJDULDQ GLWWKWH. PW B W DIWRR Q&
GLVWULFWV WR D KLJKHU H[WHQW 2ZKDGW REDIQLBQYR F
WUDQVLWLRQ WR VXVWDLQDELOLW\

6 XVWDLQDELOLW\ LV WKH GHYHORSPHQW DQG D SRVYV
GHYHORSPHQW FDQ EH LOQWHUSUHWHG DVWK® LPSURY!
SHUVSHFWLYH RI UHJLRQDO GHYHORS&SPWR YW LWRLXKEBKF
FOLPDWH FKD@WRIBOQRXWWH® HI[RIHQRXV IDFWRUV DQG
LQWHUSUHWHG LQ WKH HUD RI GLIJLWDOL]DWLRQ

7KH SUHVHQW VWXG\ ZLVKHV WR H[SORNGGKRIDWHKIBD Q@ QW
FKDUDFWHULVWLFVY FDQ EH LOWHUSUHRWFNUBLIQRR® WKNMW
FKDOOHQJHV SRVHG E\ FOLPDWH FKDQJHHWHQRIWKHU U
FRUUHODWHRIRXFOQEHWZHHQ GLIJLWDOL]DWLRQ DQG DC
SHUVSHFWLYH 2ZLQJ WR WKH VWURQJFOR P D WIHWR KRDI QY K
ORFDO VROXWLRQV ZLOO EH UHTXLUHGLR&HDRHEWLRQ
LQWHUSUHWHG FRQFHUQLQJ VXVWDLQDEORDUHJLRQDO
LQIOXHQFH WKH IOH[LELOLW\ RI DGDS®/DMMNVREY BERRYWMULF
WKDW WKH H[SORUDWLRQ RI FRUUH CIDDBIVRIONH BFHDVE DI H QY \ (
DQG WKH VWUHQJIJWKHQLQJ RI SRWHQWHR®GDWRIHJYILF HI
OLYDELOLW\ DW WKH ORFDO OHYHO DQG VWUHQJIJWKHQLC
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Conclusions

6XVWDLQDELOLW\ DQG FOLPDWH FKDQJH[DWM FRQQHFW
FLUFXODU UHODWLRQVKLS 7KH GLUHFWRLBQ\ RREHFOLPD)
DIlHFWHG E\ WKH GLUHFWLRQ DQG FRWUBBWHWLRWDOW R
WKH RFFXUUHQFH RI WKH H[SHFWHG HMWHHWNVKRQFBYPDW
RI PRWRIDUGY VXVWDLQDELOLW\ HYHQ DRWWRH ORFDO
DQ DGDSWLYH SHUVSHFWLYH ORUHRYWUR®WIOH) ® AKKHYH
SURPRWLRQ RI WHORGIPHMBEMMHDWGH FHQWUDO HOHPHQYV
GHYHORSPHQW SROLFLHV

7KLV VWXG\ LQWHUSUHWHG WKH LQWE UJDWMAIRWYLRIQVKRD \
VSHFLDO IRFXV RQ WKH SKHQRPHQRQ DQG FRQFHSW R
FOLPDWH LQQRYDWLRQ DPELWLRQV PLLRW MDREZDUWD W H
VXVWDLQIOFEL QHWVRQ IRU WKLV LV WKDW YEKUERXV LQQR’
PLJKW VHUYH DV HIIHFWLYH WRROV ROR KD\ S GFH DAQKIHH F k
PD\ DOVR FRQWULEXWH WR WKH FKBDQSHFRDOGD SMWIX¥HHIR
WKH SRRVHILWLWOO WUDQVLWLRQ ZKLFK I[8 @ROUHRGY XSSR!
LQ WKLV VWXG\ EHWHHH® 'WKHVG OLWOMERQ ,QGH[ DQG $
DQG E\ WKH PXWXDO VWUHQJIJWKHQLQJLHDMIERQ RD QS RF L
DGDSWDWLRQ

7KH PDMRU IRFXV Rl WKLV VWXG\ ZDV RQ DG DS@WIVLRQ
GLPHQVLRQ RI VXVWDLQDEOH UHJLRQDO RIHOREWY GHY!
RQ FRQQHFWLRQV EHWZHHQ GLJLWDOL]DW IGRQ HDFQWG DG
DWWHQWLRQ WR WKH LQWHUUHODWLRQV DRIGWKH WUI
VXVWDLQDELOLW\ LQ WKH HUD Rl FOLPDWH FKDQJH

7DNLQJ LQWR DFFRXMWSHMDKH) ERD RGMQROY FDQ EH SLYR\
VXVWDLQDEOH GHYHORSPHQW SHUVSHFWLYRIV 7KLV D
VXVWDLQDEOH UHJLRQDO GHYHORSPHQW ZKLWFK PLJKW
H[SHUWV GHVLJQHUV SROLPPODMHWY DQG ORFDO GHFL)\
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>0@ 0XQDVLQJKH O DQG 6ZDUW 5 &OLPDMWH FKDQJ
GHYHORSPHQW HTXLW\ DQG VXVWDLQDEHY&BGW\ 1HW
IURES/ KWWSV 727ZZ RVWL JRY HWGHZHE ELEOLR

\%

\Y

\Y

\%

> @OXQDVLQJKH 0 ([SORULQJ WKH OL@MDJHV EHW,;
VXVWDLQDEOH GHYHORSPHQW $ FKDOOHQJH IRU
&RQVHUYDWLRQ (FRORJ\ 855HWULHYHG

KWWS Z2ZZ FRQVHFRO RUJ YRO LVV DUW

> @%HJ 1 ORORDWEGVRQ -2NHMVUIDQH 7\DQL / 'HQWR
) B6RNRQD < FKR®DBWH /D 5RYHUH ( 3DULNK -

5DKPDQ $ /ILQNDJHV EHWZHHQ FOLPDWH FKI
GHYHORSPHQW &OGLPDWH 3REBEMWAWSY GRL RUJ GPI |
> @2(&' 5XUDCEHD@J *HRJUDSK\ RI RSSRUWXQLWLHYV

+XQJDU\ SHWULBSHIGWWWBRP ZZZ RHFG RUJ UHJLRQI
"HOO%HXQJIJDU\ SGI

>3@/iQJ , &VHWH / -ROPONREIDO FOLPDWH FKDQJH GF
LPSDFWV DQG> UHPSROMHI REIiOLY NOtPDYiOWRI]iV |
KDWiVRN p\@WK B DMRM$ UHIR W WQ BD B$DKD $
M H O @BQdappst, 6 % 1
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@1le6 : 1IDWLRQDO $V$HFRQWG 'HFLVLI
1IDWLRQDO &OLPDW H> L&X DD CBLIDIW H I\ 2 * <
+DWiUR]DW OiVRGLN 1HP]JHWL éd KDMODWYiOWR]iVL 6

@7DNi6EMQWD $ ,QWHUQDWLRQDO H[SHULHQFH RI PX
SURJUD-PBHVVRQV IRU GRPHVWLF $DFMWOPBL>LQ +XQ
NOtPSURJUDPRN QHP]JHWN|]WDWRSDMRWD ODW KID]DL
LOQWp]NH@OMRBKHHWHN - SS

@%X]ivVL $ &VLIRYVIBWVWWDLQDELOLW\ DQG FOLPDWH
XUEDQ GHY-HORBP HQMDO\VLY WKURXJK WKH H[DPSO|
GLVWULFW RI| %QTDEHQQWDRQWKDWYyViJ pV NOtPDDG
YiURVIHMOHYRERVEBGRBP]pY %XGDSHVW ;9,, NHU<OHW
NHUH@S\DPH DQG>bRFLXQOFPULPW 7iURDGDORP
91 '2, KWWSV GRL RUJ NK

@6]OiYLN - 3UHSDUH D,QG @®BES®W eds 7HPSHUDWH
FOLPDWHSHRORQVLEAQRUDAWHRQLYH FOLARMWH SURW
+XQJDULDQ )HONpV]+OpV pV DONDOPD]NRGiV 6iJL
OpUVPNHOW |Y" JHOHO V FVHOHNYpVL LUIQ\RN D K
$VVRFLDWLRQ RI &OLPDWH>LQL HE G OD WX F LG IPOEDL
7HOHS+0pVHNBOIaEtWNIPU H @-000 - SS-

>8@'X 3LVDQL - 6XVWDLQREWDWMRG HF DO RSPRVOW R |
FRQFHSW (QYLURQPHQWDX BMIWMSFHGRL RUJ E EMZ(

>0@3XSSLP GH 20LYHLUD - % 7KH KPRQOHPHQWDW
UHODWHG SROLFLHV DW WKH VXEQDRMXMGRBRWODOHWHYHO
+DELWDW ,QWHUQDWPRR®WWSY GRL RUJ EVNTNU

80@5HFNLHQ (OLVDYHWD 3 3HWNRYD 3 ( ‘KR LV U
FOLPDWH FKDQJH DGDSWDWLRQ" (QYLURQPHQWDO
'2, KWWSV GRL RUJJT |

81@6LSRV 7 6]DEy = 7|U|IN E UBBERWGBO HFRQF
WUDIILF DQDO\VLV I[R&XQIDVYYBPQIHSHDUNQFH 3U
7UDIILF 7UDQVSRUWDW2RRWWSY GRL RUJ JT |

> @6]DOPiIiQp &VHWH 0 9%X]iVL $ + XQYRZDIUBEY UHJLR

DQ DGDSWLLGIDIXWKVYHRI FOLPDWH FKDQJH VWUDWHJL

OHYHOV ,G MiUiV 4XDUWHUO\ -RXJL®@DO BHWKLHHXQ.
SS- ‘2, KWWSV GRL RUJ K] T

>3@6]DOPiQp &VHWH 0 {PWR'$HMDQ DQG QDWLRQDO WUHQ
FKDQJH DGDEWDON|OJ\L 7 6HOPRIFQHGIHHWEDULQJ
DGDSWDWLRQ DQG FOLPDWH FKDQJH 5KWHDUFK DQ
+XQJDULDQ *HRORJLFDO DQG *HRSK\VLFVEHQVWLWX
1IDWLRQDO $GDSWDWLRQ *HRLQIRUPDWLFV 6\VWWHP
*HRSK\VLFDO >Q@WLWRWHULDQtPDYiOWR]iIVKR] YDO
DONDOPD]NRGiV HXUySDL pV KD]DL LUIQ\]DWDL ,Q

\%

\Y

\%
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VIHUN 7XGiVPHJRV]WiV DONDOPD]NRGiV pV pJKD
)JOGWDQL pV *HRIL]LNDHLMOGHVIWHIY LNKWB@RYQ\HL D
$ONDOPD]NRGiVL 7pULQIRUPDWLNDL 5HQGV]HU OpWL
pV *HRIL]LN® % XGBD[S|HWAN ,-6%308 SS-

> @6PLW % :DQGHO - $GDSWDWLRQLWGEDSWLYH |
*OREDO (QYLURQPHQWDO KKWWSYVY GRL RUJ E 1]z

> @*RXYHD.DSHOLDQLMVYVYLFLHK 6 $VVHVVLQJ WKH
VXVWDLQDELOLW\ DQG LQIRUPDWLRQ FRPPXQLFDWL
JRUHFDVWLQJ DQG A@BFLDO &8DQJH '2,
KWWSV GRL RUJ NK

> @,VHQVHH & 7HXWHBEHUJRSL*®LHVYKH UHODWLRQVKL:
EHWZHHQ RUJDQL]DWLRQDO FXOWXUH (WXWMWDLQDELC
VIVWHPDWLF UHYLHZ -RXUQDO RI &OHDQHU 3URC
'2, KWWSV GRL RUJ JJ YI[K

> @'HO 5tR &DVWUR ' 0 & *RQJ]iOH] )HUQRYGBH] B & ¢
8QOHDVKLQJ WKH FRQYHUJHQFH DPLG GLJLWD!
WRZDUGV SXUVXLQJ WKH 6XVWDLQDEOHNILHFYHORSPH

UHYLHZ -RXUQDO R &OHDQHU SURGXFWLRQ
'2, KWWSV GRL RUJ JN QUT
>8@ $[HOVVRQ . OHOLQ 8 DQG /LQGJUH@WDQFH ([SO

RI &LWL]JHQ 3DUWLFLSDWLRQRDBGQ PGNRAD YHRMHNF W
3UDFWLFH ,QFHQWLYHY DQG 2UJDQL]IRBIORQ 7UDQV
3URFHVV DQG 3ROLF2, KWWSV GRL RUJ EEPQVF

>9@ 3DUN 6 'LILWDO LQHTXDOLWHHWHRG DUKXG\DRI $ X\
UHPRWHQHVY DQG VRFLDO H[FOXVLRQ@ -RXUQDO RI
'2, KWWSV GRL RUJ JJW

> @=DYUDWQLN 9 3RGMHG ' 7UL®BMRMP HQERIYEDHFXKL .
( 6XVWDLQDEOHFBIQ® FRGPKH)LMORSPHQW RI VP
DQG YLOODJHV 6XVWDLDDEW®ISW\ GRL RUJ NK

> @%UHQQHU % +DUWO % TKHZBHQFHLYHG
GLJLWDOL]DWLRQ DQG HFRORJLFDO HGRQRPILF DQG
&OHDQHU BURGXFWILREXWWSYVY GRL RUJ JUVS

> @(VVHV ' &VHWH 0 6 I1pPHWK ®QG 'LIJIBWBW@DLQ
7TUDQVIRUPDWLRQ LQ WKH 9LVHJUDG *URXS Rl &HC
6XVWDLQDELOLW\3, $*'2, KWWSV GRL RUJ KEN]

>3@ )RURGRBPOHYV & /-3pBi®8[BER ODJD 7HUULWRU
LQWHOOLJHQFH LQ UXUDO DSUWHD VW 7KWVRIFLIDML R @YV RN
VRFLDO PHGLD 7HFKQRORJ\ LQ 6RFLHW\-9ROXPH
. "2, KWWSV GRL RUJ NK
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@OXEDUDN ) 6XRPL 5-DQG .DQRRRBRADNPBQI WKH OLC(
EHWZHHQHRARFRRLF YDULDEOHV DQG GLJLWDOL]IDW
XQVHWWOHG GHEDWH RQ GLJLWDO GLYLGH -RXUQD

DQG (WKLFYV LQ 6RFLHW\ 9RO - 1R S
'2, KWWSV GRL RUJJT PZM
> @&20 ILQDO &RPPXQLFDWLRQ IURP WKH &RPPLV)

3DUOLDPHQW WKH &RXQFLO WKH (XURDHIEQ (FRQRP
WKH &RPPLWWHH Rl WKH 5HUHR QO L HRWK(ERWRZAOLP D\
(8 6WUDWHJ\ RQ $GDSWDWLRQ WR &OL8BSDWH &KDQJH
KWWSWHHNXURSDBRQWOIQM Q1 7:7 3') "XUL &(/(;

'& IURP (1

@6FKLHIHUGHFNHU ODWWDXFKHY ,QQRE%DWRUYHPI
6ROXWLRQV LQ WKH 3XEOLF 6SDFH R&7XWRLLR @R/DILQV & |
WKH 3XEOLF 6SDFH ,Q =DQGHU - OXPWBUWDQ 3 -
,QIRUPDWLRQ 7HFKQRORJ\ WR $GYDQFH 6RFLHW\
11& S

@%LEUL 6 2Q WKH VXVWDLQDELOLW\ RH WRDUW DQG
Rl ELJ GDWD DQ LQWHUGLVFLSOLQDWLBRG WUDQV
-RXUQDO RI %LJ 'DRAMDW SV GRL RUJ JI IIM

>8@ 7UDVF/ '6WHIDQ 6DKOUDQ+RLQDUX 5 2S USHWFED Q
* 'LJLWDOL]DWLRQ DQG %XVLQHWFK$SES/LYLW\
LQ &(( &RXQWULHV 6XVWDK@DMEIWLWRL RUJ J2V Q

>9@ 6KNDUOHW 6 'XE\QD 0 6KW\UNKXQ . 9HUE
7UDQVIRUPDWLRQ Rl WKH 3DUDGLJP RI WIH (FRQRP
'LJLWDO (FRQRP\ :6($6 75%$16$&7,216 RQ (19,5210(1"
"(9(/230(17 - '2, KWWSV GRL RUJ JS M]

> @ODWWKHVV 0 . XQNHO 6 6 W UMNRRRUID® FKDOC
GHYHORSLQJ FRXQWULHV &RQFHSWXDOO\ OLQNLQ
7HEFKQRORJ\ LQ VRFERHWWWSY GRL RUJ IJMZTZ

\%

\

> @2(&' 2(&" (FRQRPLF 2XWORRN 9ROXPH ,VVXH
YHUVLRQ 2(R' 3IXEOLVKLQJ K/ WWEV 'BRL RUJ JSMZI
> @6FKXPSHWHU -  $ %XVLQHVV RWAHDW HFEHRU

6WDWLVWLEDO $QDO\VLV RI WHKHOD SARRNO& R AISDUR F +
1HZ <RURURQR®GRQ

>3@ ::) (QDEOLQJ WKH 7UDQVLWLRQ &OLPDWH ,QQl
/IRZ &DUERQ )XWXUH ::) 5HSRUW ::) 6ZHGHQ B6WRFN
-19-

> @(,7&OLPD®H 6\WWHP &OLPDWH ,QQRYDWLRQ IRU I
,PSDRWLPDWH ,QQRYDWLRQ ,QVLJEWYV S8BHULHV &
KWWSV ZZKIERDRREBROWHQW XSORDGYV ,QVLJIKW
3URRI SGlI
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> @6]DOPiQp &VHWH 0 %DUQD 2 $VVHVVPHQW R
,QQRYDWLRQ 3RWHQWLDO LQ +XQJDU\ LQWHUQDWLR
- 389 3DSHU ,-*:B KWa¥SV GRL RUJ NK

> @&U $ &VHWHRGHOLQJ PHWKRGRORJLHV RI VIQHUJL
WR FOLPDWH FKDQJH DQG VXVWDIHWDWHRIEHFBQHUJ
BRO\WHFKQLFD 6RFLDO DQG ODQDJHRBQW 6FLHQF
'2, KWWSV GRL RUJ KENZ

> @%LUy . 6]DOPiIQp &VHWH 0 &RUSRUNDNWHXWRRIHD/& UH
FOLPODMODWHG HPSLULFDO ILQGLQJV IURP +XQJDU\
- '2, KWWSV GRL RUJ JMK

>8@-XKROD 6 3HOWRQHQ / 1LHPL 3 FRXQWWHHNEWAL)
DGDSW WR FOLPDWH FKDQJH DVVHVVLQHODGDSWLYF
JRFDO (QYLURQPHQW '2, KWWSV GRL RUJ JJ S

>9@ -XKROD 6 .UXVH 6 $ IUDPHZRUSIWIRWHDQDO\V
FDSDFLW\ DVVHVVPHQWY FKDOOHQJHV IRU PHWKR
OLWLJDWLRQ DQG $GDSWDWLRQ 6WUBWHJILHV IRU
'2, KWWSV GRL RUJ NK
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Competition vs. Cooperation: DoSubsidies with
Government-Set Eligibility Threshold Values
Produce Lower Battery Electric Vehicle Prices?

Wengritzky Zsuzsanna

Faculty RI (FRQRPLFV DQG %XVL@®B¥% RGVLOQ & § WYUDUVILRQ
7HRGRU OLKFBOL B2WUHHWODDMSRFD 5RPDQLD
]JVX]VDQQD ZHQJULW]N\#HFRQ XEEFOXM UR

Abstract: The present work is related to a subsidy progratith governmenset eligibility
threshold valuesfor BatteryElectric Vehicles BEVs), based on the tender of the Hungarian
Ministry of Economics and Technology related to the Climate Action pl&er. dscribing

the program, theHungarian BEV market in this periods presentedusing aggregate
registration data available from 2016 to 2021. The paper has a methodological contribution
by showing the relevant breakpoints of illustrated profit functions with iethtweshold
values for subsidy eligibility in a monopolistic framen s basis, therogranis effects on

the prices’behaviorfor threeselectedBEV modelss analyzel and the extent to which the
threshold values impact the firms’ cooperation in an oligopoly maskataluatel. Results
show thatthe programwas inefficient upon its launching since the threshold value was too
high, and thus firms coulgartially capture benefits of the subsidy. On the other hérisl,
shownin the third cycle of therogramthat a threshold value chosen from the optimal price
interval gathers pricesigher than thehreshold to the focal point given by the threshold,
and thus it has a priedecreasing effect. In the last cycle of ginegram a lower threshold
value could have been more effective; however, data on these models show-tdimom
thresholds create competition, and thus prices decrease until a certdindgaedless

Keywords: BEV: batteryelectric vehiclesgovernment subsigyocal point price contro|
equilibrium price

1 Introduction

7KH REMHFWLYH RI WKBQ®POBVHWSHWF ARBE N XEFVWR\ W\SH R
+XQJDEDW@WOGIHNEWULF DXWRPRWLYH PDUNHW ZKHUH ILUP
EHORZ D JRYHUWQWKHQWVKROG YDOXH LQ RUGHU WR EH
7KH DLP ®RURIKHDY WR VSUHDG WKH VWULFWO\ HOHFWULF
WKH WLPH SHULRG RI DQG 7KH PRWW FRQVWU
HOLJLELOLW\ ZBWIVPBRNRHG WKRHHIWWMWROG YDOXH RU YDOXF
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SULFH OLPHWDWIRR®DU WR D SUILMH IPH DRV F RIFP [FHSBWAR WA
ILUPV WR SULFH WKHLU SURGXFWYV EHORY WKHPL®®RR YV H
JDLQ HOLJLELOLW\ 7KXV DQ H[SHFRWHMGJKFWEWLRD WK RNV |
SULFLQJ VA\VWHP RQ WKH PDUNHW VRHMWHMHGHQPVY RIKRARC
WKUHVKROG E\ D VPDOO DPRXQW ZLDIOLWH Q\XK RN\RHUHGKHF
LW ZLOO WHQG WR LQFUHDVH WKHP

7KH ILUVW DVVXPSWLRQ KDV DO U HDH HEUHDHIQ PFRREH D PZHHRU
UHGXFHG XSRQ WKH D Q QRXQAEHPIRA W RY W\KQHF M X DY ERW G L
WKH 3RUWIROLR KX RQOLQH +XQJDULDQ PEDNV]LQH WK
UHGXFHG VOLJKWO\ EHORZ WKH WKRUHSKROG IURP +8)
J)XUWKHUPRUH SULFH UHGXFWLRQV KRYBWREBEG WHKSHOHP
1LVVDQ /HDI PRGHOV DV ZHOO ORURRY HRX\E DWKHDGV RUQK W
SULFHV RI VHY H U DO XREHMLO VR Q/ILXTF EZE® HLYOHMW MXVW EHOF
WKH WKUHVKROG Rl HOLJLELOLW\ 7KH D& ®WHYWHER LQV
JLUWME ZKDW H[WHQW GRHV WKH YDOXHWRBMDION]WE&UH VKR
PRGHOV LQ RUGHU WR PHHWWFRRIE HOLOOEW® UW V KR OW H/DLI
IRFDO SRLQWV RU ZLOO FRPSHWLWLREHR UYH QL PRW KW
EHORZ WKH HOLJLELOLW\ WKUHVKROG"

7KH SUHVHQW SDSHU XQHZ¢® UHIH YD D 5 IDRMDR BRQ+ X Q J D U

W R DQG DGRSWV WKH HTXDWLRQV LQFOXGHG LQ
%HUU\ /HYLQVRKQ PBQWR3BNRYLGH D JUDSKLFDO LOOXYV
UHVXQSWHVVLRQV GHULYHG IURP WKHDGHPD\QHG DIQRG VX
LOOXVWUDWH SURILW |I%®RAWLREWHMRARKO G RY ®I G QWPXEMN C
DVVXPLQJ WKH FRRUGLQDWL®AQORIKEH KD RILRYKRHWEGHU W R
IXQFWLRQV 7KH DVVXPSRQRQ RO RWKHY FIRIRWIGH. @ X\ U V K
ZLWK D JUHDW DGYDQWDJH VLQFHADWKEN ZO DXQ\EWRIDRSHR®
WKXV WKH WRROV IRU DSSURDFKLQDUWKBLYIHQPVY] ¢
7KH PHWKRGRORJ\ ZLOO EH SUHVHQWHG LQ PRUH GHW
GUDSKLFDO UHSUHWMR W R R/Z RA\GKW B ¥ BIKXWKBW WKH SURILW
FRQWLQXRXV DV WKHLU EUHDNSRLQW ORFMW{HRQV GHS
VXEVLG\ DPRWRM WP SLULFD®IDRP®NDIWD WK VHIOHFWHG C
WKH :LDUR +\XQGDL .RQB DPRERURQUWBIVR UHSUHVHQW \
IXQFWLRQV D WRWDO FRVW YDOXH LDWYRRBEHG EDVHG
[13 DQG IXUWKHU DVVXPSWLRQV DUH PDGWLEY W&B YDO
HUURU WHUPYV

S5HVXOWWRKSBIRKIEDY WKH PRVW HIILFLHQW LQ WKH Wl
DQDONMMBY SULFHG WKHLU SURGXFWV DWRWHKHKHRFDO SF
WKUHVKROG YDOXH ,Q WKH IRXUWK F\FOWMLRXX K DGR WK
PRUH SXOOLQJ SRZHU WKDQ BRPRSHK|HWIBWVLEB QL AHEG ZWW K V
URXJKO\ EHORZ WKH WKUHVKROG 7KLVIRMMHIDOV WZ
F\FOH ZLWK D ORZHU WKUHVKROG SULFEHXW RRO®& KDYH
LQ DQ ROLJRSRO\ ZKHQ WKH WKUHVKROGSHWV®LRKQNO\ K
ZLOO GHFUHDVH SULFHV XQWLO D CAM UIARDQMQU DEXW BV UWN R
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OLWHUDWXUH RQ IRFDO SRLQWYV E\ VKR ZMKH OVRKDHNW WKH
WKH SUREDELOLW*ORD QVBKFH. W HWRWOXNHRQ LY WKH IRFDO S
WR KDSSHQ 7KH VHFRQG F\FOH ZDV TXLWNKRMGILFLHQ
YDOXH ZKLFK SUREDEO\ KDG DQ XQGWMIOUHG HIIHFW RQ

7KH SUHVHQW HQULFKHMWIWKHHDQW N H B WRXQHHRIQK DA & D V
ULFK LQ WKH UHFRQWO G MIBHG MGRSLR-BDACDAJ LW\ R1 JUHH
WUDQVSBQW®WDROLRQSWUIR NFIPORQ@ JKHU DQG OXHKOHJJHUT\
[14] SDSHMURQH RI WKH HDUOLHVW ZRONFWWKB W XWKBGR EIL
PDUNHW LQ WKH 86 DQG LW FRQF®MKGM\ WHK DAD ONHK/H WAD\
LQFRPH WHWDRUW @FRHOWLYH KDV WKH VDPH LPSRUWDQF!
ODWHU 'LDPR@®DO\VHV WKH LPSDFW Rl JRYHUQPHQW
DGRSWLRQ Rl WKUHH VHOHFWHG +%]9 DRFOCOHDING GHWD Q G U D
WD[ UHEDWH RQ +(9V LQ ILYH SURYLQFHVQEQ HRM\QDE D D
LQ WKH SURYLQFLDO VDOHV WD[ UHEDWGE Y8R UFHDNW\E W
31- $QDO\MWRB LQFLGHQFH RI H[LVWLQJ VXEVLGLHV IR
>3] GHWHUPLQHG WKH EHQHILWY IURP WD[ LQFHQWLY
WKDW FRQVXPHUV KDG FDSWXUHG WKH EHQMKILWV Rl WK
WR IDFH ORQJ TXHXHV EHFDXVH Rl WKH KLJK GHPDQG |
[ @DGH DQRWKHU FRQWULEXWLRQ WR @& RH V@K R/G WADRV X U
HVWLPDWH DQ HTXLOLEULXP PRGHO |RUWKKDB IlREWY LRD 86
JDVROLQH SULFISW DR@Q+ (PWDR@®@ PSOHPHQW D PRGHO Wt
LV DEOH WR QHJOHFW WKH LQF RHD DG R §WLIRIH U O/ @RWH
WR JRYHUQPHQW LQFHQWLYHV DQG WKXWRQWHKRHEWDLC
HITHFWLYHGMRVYWRIPNVKHKH SUHVHQW ZRUN DLPV WR FRQ\
OLWHUDWXUH DV LW DQ DO WHKIWHWW K® ¢8RI VYV IQ® W H J
ILQGY WKDW WKH YDOXH RI WKH HOLJLWLORW \WWHKUHVK
DFKLHYHPHQW RI SULFH GHBURHDUIMHMRQ WKH WDUJHWH

YXUWWKH OLWHUDWXUH RQ WKH LPSOHPHQMWIPWIYRQ RI IR
FRRSHUDWLRQ YV FRPSHWLWLRQ SU RALDRPHWQIWUHH \
LV LQWURGXFHG ELVWHGIDERWHINMDHRE@®A@WQ IURP WKH WKHRL
SRLQWY WKDW WKHUH H[LVWV VRPH N.IQQ G DRV XIIDEIWK HRIADA
SR L GIWIV ZKLFK PD\ OHDG WOR WD¥ LW BRZODQWRRG X |
D JRYHUOQHPM BWLFH FHLOLQJ ,W LV H[SHFWHOGL®KDW SU]
DQG VR LW LV UHDOLVWLF IRU FHEZQWXR XWOXHNHWWRDDE!
LQYROYLQJ WDGLWRROQORVQBRQKLY UHVXOW UHVXOWV
VKREZKDW LQ FHUWDLQ PAXDWIVGRA WEHFDODUHHGKH SULFH
SURGXFWV WR WKH IRFDO SRLQW JLYHQ B\SWKFRHWKUHYV
FHLOLQJ LQ WKLV FDVH $QRWKHU LW S\RUDMD (VD O \HSOHFHWVET
HTXDO LW EHFRPHV PRUH BROQKXQRQWRY WXK MW DR B D\WDF
>0] 7KH XQGHUO\LQJ ORJLF LV VWUDLJKWWRKI DRIFSD ON K H
SRLQW DQG WKH HTXLOLEULXP SRLQW GV WHK HK IPIRKUWHHI W K F
ZLOO SURILWV ULVH ZLWK ORZHIRSHREGW\K KD G ZS WK F\R
LEFRQWBMKDW WKH KLIKHU WKH WKUHVKROG YDOXH WK
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IRFDO SRLQW SKHQRPHQD WR RFFXU @QKHWDOOLUPV WKH
[ ] ZKR DUJXH WKDW D ORZHU SULFH FHLRQ QZKIRXONG UH
D KLJKHU SULFH FHLOLQJ ZRXOG UH G YPHRH-Q WSKH. FS{U REWD E L
WKH IRFDO SRLQW RQ WKH &K LD JDD/RHOUL GGHJ FANHIDWM
H[DPSOH RI WDP QW CFRIGIIX FHRRHLOLQJ RQ WKH &KLQHVH .
PDUNHW DQG RXWOLQLQJ VRPH VLWXDWMR®WQGE&Q ZKLF
FRRUGLQDWFDWRS RIKWW DW WKH SULFH FHLOLQJ WKXV |
WKDW SULFH FHLOLQJV VHUYH WKH SXUSRWQH RI SUHY
FRQVXPHUSA@USOXV

7KH SDSHU VLJQHG E\ ) DR 6 L=XKAL@D VLQFH WR P\ NQF
LW LV WKH RQO\ ZRUN WKDWZ D\Q R O\ W\8 KER/IL & U ISRIR F|
VHW E\ WKH JRYCHQDQOPVEW L GKHRUP KDV VLPLODU DVSHF
H[DPLQHG LQ WKLV SDSHU H[FHSW WKDWUWRDFRURAKBW K
LW ZDV FRQVWUDLQHG WR SULFH LW EHFORZHWK W IZR Q @ IDY
UHTXLUHG IRU HOLJLEROQW\ WIKGI® UN KR X®REED QRW KROG F
FHLOLQHVYGDIIHUHG ERWK RQ WKHIIS§DBHUWQIDS HRQGQKGFW O
VHHNV WR ILQG DQVZHUV WR WKH VDP H\>XCLGIHRIH@MWD O -
VFHQDULR XVLQJ D GLIIHUHQW DSYUIRFBDIO ZROQWWKD g ¥
UHVXOW LQ GHFUHDVHG SULFHV" ,V DWVKHUK HULD WSW LW K (
ORZHVW SUDRIDWRPRUGWW KXY LQFUHDVLQJ WKH FRQVXPHU
VSUHPE@WRLQ WKH FRXQWU\"

2 Background and Data

7KH +XQJDULDQ OLQLVWU\ RI (FRQRPLFV DQG 7HFKQRORY:
WKH &OLPDSWHR $BVIIPR\Q DLPV WR VWLPXODWH WKH SXUFK
YHKLFOIBVYRINBPDUWHG LQ WKH \HDU DQG WKH ODVW
LQ ‘LWKLQ WKLV WLPH IUDPH HWKRISW RBWDEARXU G LI
KDYLQJ WKHLU VSHFLILF VXEVLG\ EH\QKREQae® QG HOLJL
1 7KH GDWD FRPHV IURP W¥7H$ <2816 W HFRRPBSOQMFWYV DQ
SURFHVVHV GDWD RQLQHZXPDRHIE URWW G EFR QRIJY IDED V H

LQIRUPDWLRQ RQ LPXRUWRPR® LDVHG YHKQEOHV [URP W
FRYHUV D ZLGHR®EXEW DRFIVDPGIOMW (PYVHILVWUDWLRQV IUR
2FWREHU WR 2FQVRBHY SHULRG D%®RWIH HR |

UHJLVWHUHG

8QIRUWXQDWHO\ ZH GR QRW KIDQE BRGHK G NVWDBKRIV VRHA
WKHUHIRUH WKHVH REVHUYDWLRQV ZHKWHZUHHPRG HXG& IURP
ZLWK N MROIQ WKLV SHULRG

AL72A



Acta Polytechnidangarica

Vol.21, No7, 24

%HQHILWY DQG UHTXLUHPHQWSURU BEK®M ZHYMH U Q PBIQG®Y VXESYUGKHYV DQG

7DEOH

YDOXHV LQ +8)

Il 1 \Y
Application — —
Period
Value
PD[ O PD[ O o/ of 0
Threshold 150 0 11 0 0/15 0
Budget % % % %

Table2 SUHVHQWY WKH FHQWUDO WHQGHQ¥V BQEFHDURDELO
UHJLVWHWHGWK GHDOHU GLVFRXQWY RWKHWHKHKDQ WKH
SURJUDP 1RWH WKDW GXH WR VORZ DGPRP{QLVWUDWLY
VXEVLGL]HG LQ WKH ILUVW F\FOH ZHUH BERMDODAM\ UHJL
UHJLVWUDWLRQV IURP WKH VHFRQG F\FOH +DHUK) JGUDJJ|
LQIRUPDWLRQ RQ DFWXDO SXUFKDVHW W Q WrRGRQWN H D F K
[10] [11] [16-18] WKH GDWD FRPSDQ\ GHOLPLW®\G AMKH F\FOH ¢
DFWXDOO\ UHJLVWHUHG DFFXPXODWLQYWURWDRQV LL@®
HDFK F\FOH ,Q WKLV VHQVH%W KH JLVWW IFWAL.GRK) Y Q BARG H
DQG WKH UHPDLQLQJ VXEVLGL]HG UHJLVWUDWLRQV
UHVSHFWLYHO\ 7KH VHFRQG WKH WIOLUGEJLD/Q\GU WK HR IR\
IURP )HEUXDU\ WR 0D\ IURP -XQH WR -XO\
WR 2FWREHU UHVSHFWLYHO\

JLUVWO\ LW LV WR EH REVHUYHG WKWKHFRIGLBRB\ WR
YDOXMMW\RIGLG QRW LQFUHDVH UHPDUNDEORKOWHKK) PRVW +
WKH ODVW F\FOH EHLQJ DOPRVW WEKPWW GEUKBDYHVK® C
SULFHV RHQYGEH RRHK DORQJ ZLWK WHBVZBQOOGNZKEBW VSL
WKH DSSHDUDQFH RI OX[XU\ HOHFW UL FDYQHX DEGIHR/RW KD W
H[SHQVLYH WRUSURGW&REHWKE PD[LPXP YDOXHV IRU

FRUUHVSR @G WRRWKH $$QG OHUFHGHV (46 VSRUWYV FD
ERWK KDYLQJ D N: SRZHU Y, WOX\H LYW B WHWWW®&D QYR QR W
ILUVW F\FOH HYHQ WKH SULFH R{BEW R GDRIRF BVH HWKHD@V L Y H
WKDW LW DSSHDUV IURP LPSRUW GDHV{FRMK®M)J LQRI WK
WKH VHFRQG F\FOH XQWLO WKHKHQ & Rl QWK HX B 5 L DIWHLU
TXHVWLRQ DERXW WKH PHDQLQJ RI WWH MW WKH V KRR 6 OHD
WKH PRGH YDOXH IZKI+BR LV VOLIJKWO\ EHORZ WKH HOLJI
7KLV VXJIJHVWY WKDW WKHUH PLJKW E® DRIDWKG K ILLEIH B |
E\ WKH WKUHVKROG YDOXH LQ WKH WKLUG F\FOH

7KH PHSUDMHULKRDHYWY YDOXH LQ WRBORWULWKV\FOH L\
DKLJK DV LQ WKH ILUVW RQH ZK Lt® B}88 Wi PP-DV LKALIR KW L F
YDOXH LQ WKH VDPH SHULRG
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7TDEOH
'"HVFULSWLYH VWDWLVWLFV PHDVXUHRNVRRO\V WAV VSWHBHG ZIQWHKX Q HIDW\F
GXULQJ WKH IRXW b OWVDHEYIRERWUSHPLFHY LQ PLOOLRQ +8)

I. Cycle Il. Cycle lIl. Cycle 1IV. Cycle
Total Obs. 5460
Minimum
Maximum
Mean
Mode
Median
Std. dev.

)XUWWKY PHDQ SULFH LGRUHQY H\GK H\IRKLLF K\EWD DV DL Q
KLIKHU WRBQHDKH RIYWRONHPNERZQQJ WKDW HYHQ WKRX
%9VY VFDOH RI GLYHUVLW\ DQG SURFHW KHO¥HK KBPOVHWL D H
SULFHG ORZHU WKDQ WKH DYHUD DK ® PEGCIDWRE REO\ WD
FRQVXPHUV )LQDOO\ WKI®PHDWDQH\D U SHXEBWLRQFU
VLIQLILFDQWOWI[BKIEMKHG WDNLQJ LQWRHOWERRQ®E WK FH
ZLGHQLQJ Rl WKH SULFH UDQJH

3 lllustration of Profit Functions with Thresholds
Required for Subsidy Eligibility Following a
Cooperative Strategy

7KLY SDSHU PDNHV XVH RI WKH HTXDWLRKKDPWIERPOGK/H PH
RQ D UDF®@GRRFLHQWY ORJLW PRGHO $IWHU VKRUWO\ &
VXSSO\ VLGHV RHWKULKOP RIBHH@D U L RWR Z\LIORDZ B K$HU SIR W € '@ W
HTXLOLEULXP SULFHV RI FRRSHUDWLQJ ILURW FRQVLGH
LPSRVHG WKUHVKROG YDOXHNVVEGR/H R W HIOUWR VERRR SH U BN
ZH FDQ LPSOHPHQW D PRQRSRO\ PDUNHWPW® B WHWQIW\S5 O L
VHYHUDO DGYDQMADHIGIW HVGROBDHWBU RQ 7KH DVVXPSWLR(
PDUNHW VWUXFWXUH PD\ VHHP KDKMK/RBNVILGA\VINOV 00K WO L
DV FDUU\LQJ D KLJKHU PDUNHW SRZHU VWKDWRFRR®HWLW
SULFHV DW WKH IRFDO SRLQW WK HPRQIRSRIOL RWHF DSS|

3.1 Demand

7KH XWLOLW)\ WRKEDWD E R § VIXIRHPUF R QMKLPYLH)Y BURGXFWLR Q

Qvg =uvat Ka>ut Lvat Byva 1
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ZKHEHY WKH LQSHWLOEXDEORHIILELWQWKRI SSWLWHHH R1 SURG X
LQ PDWNHW D YHFWRWLRH QRQVULEXW HVDR NEWR G XFW
DQ LQGIWWBIHFXDICF YHFWRU Ry, WK RV K R-HE SIFFGN W X WL O LW\
LQ PDWNHAKADW LV XQREVHUYHG E\ WKH UKYHDUFKHU C
7KH SURGQGFWQOMYHEBEIXIDD LGLRV\QBYWR WY FDNV X RHGWMR P
EH DQ LLG W\SH , H{TWUHPH YDOXH UDQGRP YDULDEOH

H FDQ GHFRPSRWHI UARKPH HW MID PDIVRFQ=+ PR, UDQGRP
YDULDEOH ZLWK WK#+HDR[G N P\W RGQWHD X,H) RUKLY PRGHO
VSHFLILFDWLRQ WKH SUREDELOLW\ WKOWRBDODVWQ GRP O\ |
PDUNHWLYHQ E\ HTXDWLRQ

7 e B@> é@dééégyé@@ >0&> 5P
5>A% 5 BEE@> €6 favp>bvd >0 &> vop

9a= e 0KBRP @BAR
7KH SUREDELOLW\ WKDW D UDQGRPO\ FKRAHNQV AR VXPH
PDUMHWLYHQ E\ HTXDWLRQ
5 ..
= J. — 0kRR 1IR@ 3
< E5>Ay 5 068@> 60 favg> & d >06)> vop Bfe @BOR
6LQFH WKH LQWHJUDO LQ HTXDWLRQ LV POXQRW\EH F
DSSUR[LPDWHG E\ WKH O0RRYWHR & UHOX VWRRQDWLRQ

BEB@> ¢ 6o 85 0 0> [ 6> T o

Crxpra— . — 4
>Ay g B EE@> ¢ éo vy > & d > [ € > H g

5~
@%:EAS

3.2 Supply

‘H DVVXPH WKDW ILUPV HQJDJH IFQLN B®1FLEJ JDPH 7Kt
DQG ZH VXSSRVH WKH\ VROYH D VWD @QKXWVG RAH WWPQ G
VHWV LWV SULFHV JLYHQ RWKHUWKBPSY LUFHW IRIOF B B 5 FRWA
ILUPVY SURGXF®& WKH PDUJLQDQ ¢ P\DW BRNEUR G X FW

‘H GHQRWH WKH S URGXPDH\ERHEW RTKHUPURIEWVRI ILUP
GHILRWG

+p) =M Ay pp 1P nk FMChi@niPawPoad

ZKHLWKHLY WKH YHFWRU RI DDQGVLWKY QX PHRWMN BRW FRQV X F
LQ PDIUNRMWQRWDWLRQ SXUSRVHVY ZH GHQRVRH) WKH PDUN
BM(PaeP2q) 7KH 1DVK HTXLOLEULXP LV JLYHQ E\ WKH )

OLQHDU VA\VWHP RI HTXDWLRQV

]/4a'k
Yn

(P)=0,f=1,...,F
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ZKLFK LV HTXLYDOHQW WR

#thc —
. (P) =0

ship) + A,k Fmeyy)

7KLY HTXDWLRQ VWDQGV IRU WKH VWWQ®LQEGEVH ZKt
WKUHVKROG YDOXH IRU HOLJLELOLW\ LFRIZB@BUD GMRVN E
EHQHILWLQJ IURP WKH VXEVLG\ FKD @&RYGWKRY VITXDMILVR
ZLOUHBBERUDWHG LQ WKH QH[W VHFWLRQIEG WIRVFXVVLC
GLITHUHQW HTXLOLEULXP SULFHV RQ WKH PDUNHW

3.3 lllustration of Equilibrium Prices with Government-Set
Threshold Values for Subsidy Eligibility in Cooperation

$VVXPLQJ WKDW ILUPVY FRRSHUDWH ZRUO@GD®UGAW D PD
WKEHHKDRLRWKH SURILW IXQFWLRQV ZLWK LPSRVHG WKUL
SURGXFWY DUH QRW HOLJLEOH IRU WZH MV K XVEK/H GKHG@EBHRD (
D JUDSKLFDO UHSUHVHQWDWLRQ RRWWHKDBWKIDYWHIEQ¥WL
SURRDW.PQJLSULFH RXWFRPHV GXH WRXB\K R IGW K b H WIQR\VAA
DQG VXEVLG\ DPRXQW YDOXHV )RU L OGXOHWMUDHULML®R @ XU
RI HTXDWLARAKHUH ZH GHILQH WKH PDUNHW VKDUH DV EHI
DQG JDWKHU DOO RWKHWO YDULDEOHYV LQ D SDUDPHWHU

cva?n>h

5>cPn>hp

s(p) =

,Q WKH VWDQGDUG FDVH ZKWRWVKXBEWL GV DRD ILRDHDEP H\
IXQFWLRQ WDNHV WKH IROORZLQJ IRUP

Np) = (p Fc)s(p)
DQG WKH ILUP ZDQWV WR PD[LPL]JH LWV SURILW

cvha?n>p

max , Kp Fc)—5>cmn>b

,Q RUGHU WR LOOXVWUDWH WKH SURIQXHMKRFWDRQL QZIHO
FRVW SURGXFW FKDUDFWHURMWLEGE 2.D)XE VWKHIIRUZWHU P
LOQOWURGXFH D JRYMOUQPKRXAMHVYNKBVLRGY QRZ ZH DVVXPH WK
WKUHVKROG IRU HOLJLELOLW\ 7KXVQWKRUFURILW IXQFW

Np) = (p Fo)s(p Faq)
DQG WKH ILUP ZDQWV WR PD[LPL]H LWV SURILW

cva2AAn?9>h

maXn @ FC) 5>cv(r(n?9>1

Asuchthatc=1,d=2,9=0.5

Figurel FRQWDLQV WKH JUDSKLFDO UHSUHVHQWDWLRQ RI
ZLWKRXW VXEVLG\ ZKLFK DV H[SHFWHG ®UH FRQFDYH
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SBURILW IXQFWLRQV IRU PRQRSROT ZL W K DIRQIEG ZZ MWAKKRROWV HVOXLBEJZV. E L O L W\

‘H FDQ HDVLOFi®REYMKHHSLQA FLQJ VWUDWHJI\ PHFKDQLVP
ZLWKRXW DQ\ SULFH OLPLWDWLRQ LRUIDRMGCVU LFIH MWE EW
JHQHUDWHY D SRVLWLYH SURILW WKW KSHU R QLHV ZIXVD ik RV (
VXEVLG\ DQG WKXV ¥BOoDH) RMHHUW K DWLW KH. JKHU IRU DQ
WKDQORQGHRYHU WKH SURILW IXQFWLRQ ZLWK VXEVLG\
KLIJIKHU SULFH DQG WKXV WKH PRQRUORGXNFW ZQORU GBUW
LQFUHKOWWE S WRGXFHU VXUSOXV DQG SDUWLDOO\ FDSWXIL
2EYLRXVO\ WKH DLP RI VXFK LQFHQWLYHDPQV® WKKWSUH
SURGXFHUV LQFUHDVLQJ SULFHV DQG EHQHILWLQJ |
FRXQWHUSURGXFWLYH

$ VROXWLRQ WR WKLV LVVXH LV WKH DISLSFKLEDRGRBRWM D
GR QRW EHQHILW IURP WKH VXEViE®GQGCGHOBMOREH WKH W
WKXV WKH SURILW IXQFWLRQ WDNHV WKH IROORZLQJ IR

\(p Fc)s(p Faq) if p<gh
(p Fc)s(p) if pR®

'"HSHQGLQJ RQ WKH WKUHVKROG YDOXH DQCGQ@WH VXEVL(
VFHQDULRYV WKDW P Xrigwe E H O®XMWLUDIW HYKWG&HVH IRXU F
GLITHUHQW WKUHVKROG YDOXH YV DBQDGOWBHERL U G\ IDHFFRX Q @ V
WKH SPORLIPW]LQJ)BUYAWHOM LW LV WR EH QRWHG WKDW Wi
QRW FRQWLQXRXV WKHLU EUHDNSRLQWHWWEHLWKDDW WK
WKHUH DUH FDVHV-PQ[ERLHAKQWBKH LFHRLVWKLIKHU WKDQ
)JXUWKHU@ RWKIH ODVW -PDYIHP LWMIKH) SWRIAMW LY EHORZ WKH
EXW QRWH WKDW WKLV VFHQDULR JHQHUDWHY WKH KLJK

7KH ILUVW FDVH LV WKH RQOG\DRPH]ILQJ ZXKW IEKH WLK/H DS\U F
WKUHVKROG ,Q WKH VHFRQG FD\W#§1.8V KDH) &/ RIUKDRAK RVKE Y
YDOXH RI SURILMD DLW L\WMKH SWRIAMW ZLWKRXW VXEVLG\ LV
RWKHU YDOXH Rl SURHLRXYIMVARER W )XREWLKENM WKLUG FDVH LV
WKH GLITHUHQFH LV LQ WKH VXEWBG2 DPRXQW ZKLFK LV
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*UDSKILEORVWUDWLRQ RI PRQRSKQ@LNAW QW IHW LIXERW L RVQ W KDUFH\KIR O
VXEVLG\ DPRXQWYV

$JDLQ GXH WR WKH ORZ VXEDLELRPR XWNA F W KN KU RKHW
WKH WKUHVKROG YDOXH /DVWO\ LQ WKHQFRMLUDNVK G DNVR
LS3. ,Q WKLV FDVH WKHUH LV QR SRLQWMDWIQR QWAKLHY WHK U
WKH SR LIPL]LQJ SRLQW LV EHORZ LW 7R FRBFOXGH Wk
LV WKH VDPH DV LI WKHUH KDG QR WNVKHHIR DWW K/ ¥BWIHG L \
DV KHUM KDG QRW EHHQ DQ\ SULFH OH®VYWDWEKR QP RR/W H
HIILFLHQW VFHQDULR LV WKH ILUVW RIDWH @ K\HRJ MW KHK IR GHU
ZLWKRXW VXEVLG\ 7KLV VWUXFWXUH \RSRROL WK DLW QIRWK
HTXDO WR WKH WKUHVKROG WKHQ DVEHEW WG\UDWPHRW Q/WQ J
SUREDEO\ H[LVWV ,Q -POGLPLIRQ@J BUWHKH LSURHIORZ WKH
WKH ILUP LV SDUWLDOO\ EHQHILWL@WKUHRRRWKHZRXBGL
JHQHUDWH D ORZHU SULFH

4 lllustration of Profit Functions with Thresholds
Required for Subsidy Eligibility following a
Cooperative Strategy

&RQVLGHULQJ WKH LOGNNFWUROQ RQWKISHBDVHEWMEG LQ

PRGHOV DQG REVHUYH LI WKH GDWD FRUUNWIRQG WR [
IUDPH 7KXV ZH FDQ FRQILUP ZKHWKH Ul R\FKOHD CORWLQPVYS W L
LV VWURQJHU WKDQ WKDW RKUH#P PHRGBMDMRQHDMRQ/H G U F
VSHFLILFPOQ\R.LB\XQGDL .ROQD TKHY HPRGBHI OV ZHUH VHO
IRU VHYHUDO UHDVRQV )LUVW RI DOBFW&HVGIGLE B VDHPR (
SULFH GHFWHHDQHWKRDLQWHUHVW Rl VXEVIGZ\KHQLJLELOL\
LV D FUXFLDO DGYDQWDJH VLQFH WKY\VZHDM L) GNHNQR 2
SULFHG DQG VROG L Q SVURH UDHFPRIZ®&®ND HRF WMIRHQ ZDV PDGFH
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VR VOKIDOPIRGHOV EPDRRID AR RPHGL IFR XEHYAW /DV WO\

E\ RSWLQJ IRU WKLV VHO HFWRLIFB@H®H DFQBKRRIWK R 8 U\
YDULDWLRQV FDQ EH H[DPLQHGL O® WOIMKHHR OWHRZ\. @1 W\ F
SULFHV RI WKWORHQMWLRQHFRXQWY RWKHU WKDQ WKH
LOOXVWUDWH WKHLU SURILW IXQFWLRQV EDVHG RQ WKH

4.1 Evolutionof BEV Salesand Pricesof the Analyzed Models

7 K HL UD/Q\D ORJRIGH O LV -WIKUHR . ZD WHK N: SRZHU ,W FDQ EH
Table3 WKDW WKH KLJKHVW SULFH RI WKLV PRE®HO ZDV L
WKUHVKROG YDOXH ZDV YHU\ KLJK FRPSDUWRY WR WKH
HQJDJHG LQ DQ XQFRQVWUDLQHG SULFH FRPSHWLWLRQ |
RI WKH FRQVXPHU VXUSOXV GXH WR WKH VXEVLG\

7DEOH
BULFH DQG QXPEWR RI MPOWUHILVWHUHG LQ +XQJDU\ SULFHV LQ WK

Il. Cycle lll. Cycle IV. Cycle
Sales Price 10,999 10,899 11,499
Sold no. 150 3 151

,Q WKH WKLUG F\FOH WKH KLIKHVWRXWPEOO RII WADKHH W 2
HILUR PRGHOV SULFHG DW WKH WKUHQKREOGHUYXH® KB W
VHFRQG KLIJKHVW QXPEHU RI VDOHV FRPEKDHG LALWK W
EHORZ WKH WKRIHAMBRROG YDOXH

7KH VHFRRQORRIGHO LV WKH +\XQGDL .RQD ZLWK N: SRZ
VLPLODU WR WKH SUHYLRXV RQH FRQNDLDGHUQ QW H WYVRPU L
Table4 WKDW RI WKH WRWDO VDOHV ULQ UVWK LW KRRIGH O
F\FOH DQG SULFHG VOLJKWOMEHORZ WKH WKUHVKROG R

7DEOH
3ULFH DQG QXPEHU RI +\)XQBOUHBRIQWNVHUMG LQ +XQJDU\ SULFHV LQ W
1. Cycle lll. Cycle IV. Cycle
Sales Price 10,999 14,469 10,699
Sold no. 15 4 3 1

$OVR ZH FDQ VHH WKDW ZLWKLQ{WKEZW FNFOWHLEHGLIRE W |
WKUHVKROG YDOXH 1RWH WKDW LQ WKH VHWFRQG F\F
DSSUR[LPDW® O\ +8)KLIJKHU WKDQ LQ WKH WKLUG F\FOH
WKH IRXUWK F\FOH WKH VDOHV RI WKWMKH &RIGHON ZZHHNHH
DERYH WKH WKUHVKROG YDOXHH WRDMYHQFWMDWVWYGNR RE
PHQWLRQHG WKDW WKHVH PRGHOV ZHUH DW®&LYHJILVWH
GUDPDWLF SULFH L@XHHDK MKW QRRWRQIODW WKHUH ZDV
EXW DOVR WR LQFUHDVHG SURGXFWLR WKRVMQHEDX DG
ubz PDWHULDO VHFWRUV ORUH W KI2BQNW KDK\D VW W K § RRAJ LU
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OLVW SULFH YDOXH IRU VLI[1R,65V.KHXWPW&HO Y /DN H 8H QW X
VROG IRU D KLIJIKHU SULFH

TKWKDQ®OWB ®RGHO WHKHZAHRWQQGRW D YHU\ SRSXODU FKR
FRQVXPHUV DV LWhEDYWKEHVVWKEB WRWDO QXPEHU RI UHJ
ZDV

7DEOH
BULFH DQG QXRHHU RNHRWQOGBILVWHUHG LQ +XQJDU\ SULFHV LQ WKI

Il. Cycle lll. Cycle
Sales Price 10,999 11,555
Sold no. 16 10

+RZHYHU UHJDUGLQJ WKH SULFLQJ VMBUBWRJIDQ® IROO
+\XQGDL .RQD PRGHOV VLQFH YHKLFOHWEROB SULFHC(
YDORHAHEL0 LQ WKH WKLUG F\FOH ORUHRYHUWYLRXVW OLNH
PRGHOV WKH SULFH L\W0UHWHORVZKWIKRHK WKKOUHBWBR RO G R +&
LQ WKH IRXUWK F\FOH

4.2 Assumption of BEV Production Total Cost and Consumer
Valuation of Product Characteristics

,Q RUGHU WR LPSOHPHQWWWIKHY BVEXHHRW \| RSW HARVQW B G G
FKDUDFWIDGLWWR LEN DR/N XERNVGV R %Y REXEILIXKHD WKDQ IR L
DQ LQWHUQDO FRPEXVWLRQ ,& YHKLFEBNWAYQLQO\ GXH
RUGHU WR EHFRPH FRPSHWLWLYH ZLWK %8 RXKWFOHV W
EH OHVV WKDQ URXJKI® @ QSWHHNMDPH SDSHU WKH D
FDOFXODWH ZLWK HNAKRVRWU RLRI® EDWWHULHV LQ WKH R
VFHQB@ERVHG RQ WKLV SDSHU WK HADWMLWW B UAHGH E RK/ WL

NJ LV [B@RZHYHU WHFKQRORJ\ KDV DGYDQFHG DQG
LRQ EDWWHU\ SURGXFWLRQ KDV GHFUHDVHG VLQFH W
SXEOLFDWLRQV RI IXWXUH FRVW HVVWLWRWMLHRIMAK WKH FF
SHW:K 7KLV LV LQ OLQH ZLWK WKH EDWWHUWHSDFN FRVYV
N:K PDGH [Q@EXW LW LV VWLOO KLIJKHU WKDQ WKH FRPS}
> @DOFXODWLQJ ZLWSKIND KSbhles Y IRRZV WKH HVWLPDWHG F
EDVHG RQ WKH EDWNQMHORRBISGIV IRQ WKH \HDU 7KH FI
FRQYHUWHG WR +8) RQ WKH DYHUDJH H[FKDQJH UDWH LC

7DEOH
(VWLPDWHG EDWNMHDLO %R WY RI WKH
Model Type  Capacity (kWh) Cost (US$) Cost (HUF)
.LDH URXQGDL | /E3R(C 8,400 ,
+RQGED /ELR( ,
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.QRZLQJ WKDW WKH WRWDO FRVW RI D EDVH ,& DXWRP
VXEWUDFWUGG D DWKHG , & R QW H Q¢\0- DIQGD VGIGL O B QWKHQ W E X
EDWWBIEN WKH WRW®O ERVW [R@B EDYHWKH EDWWHU\ S
FRVWY ZH JHW D WRWDOLBRMRVDRIG +\XQGDL .RQD ZKLC
+RQEDWKH WRWDO RROWHVWLQJ 86' WR +8) ZH JHW WKD
HVWLPDWHG WRVWDORFRY® RIXQGDH .RQD DWQGS8)RU
+RQGDLV +8) 7KXV ZH DVVXPH WHKHRPRMWXSWLER®OH W |
9 WR EH +8)DQG +8)0 UHVSHFWLYHO\ 7KH FRQVXPHU YDO:
LV FDSWXUHG WKURXJK WKH SURGXFW FKDVBBWGE EELV WL
SDUDRHWRIR HTXDWLRQQDORRIGHO H[FHSW WRLWRQGD
SDUDPHWHU LV DVVEPWR WRXBEKOASWKH DYHUDJH EHWZHH
SD\DEOH ZLWK DQG ZLWKIRX\W W BEWRIO O$M +RIQMGH U\ FD
VPDOOHU VL]H WKH DVVXPHG FRQV)XFOMRYDHORBRWHRBRQ RI

4.3 Simulation of the Profit Functions for the Analyzed
Models

,Q WKH VHFRQG F\FOH RI WKH VXEVLGAILWR@GGSURILW |
+\XQGDL .RQD PRGH O Yidgbrd 31 ELDO/GDGV WQ DMKHHGPIRQ RSROLV W
GHVFULBHEBWLRQ DQG WKH DVVXPSWLRQ RQ FRVW |
SDUDPHWHUV 7KH WZR FXUYHV UHSUZHWHRWWVKXESYWRNL\
GHGXFWLRQ DQG WKH YHUWLFDO OLQH VWDQGV IRU WK

YLIX3UH
L,OOXVWUDWLRQ RI WKH SURW. W XIK\DLFGN LARIQERGA WK Q43 GL Z. RWQIDR
PRGHOV LQ WKH VHFRQG F\FOH

'H FDQ REVHU¥B URDW LQ WKH VMAKRIHGE KR EREH Y\ R X H
HOLJLED®LYWHWU\ KLIJK FRPSPRMHGPWR QUKEREQMMLWKHUHIR
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EDVLFDOO\ GLG QRW KDYH DQ\ GLURAKMW HFHRW R® WRAH
EH DVVRFLDWHG ZLWK WKH IRXUWK FDWH M WKH SUHV
WKUHVYKROIGBU\ KLIJK WKH ILUP LQFUHDVHV LWKH SULFH
PD[LPL]ILQJ SRLQW EHQHILWLQJ IURP WKH VXEVLG\ 'V
FRQVXPHU VXUSOXV LQWR SURGXFHU VXGBRORW 7KLV
K\SRWKHVLVY DV WKH JDS EHWZHHQ WKUIXPREWQVBRLQW
KLJK DQG ILUPV UHI»0@HHWD @ RIRIDHEKDWBIOO\ REVHUYH W
YHUWLFDO OLQH UHSUHVHQWLQJ WHKHVWKRKR HMK RSOREL @ I OLX
WKH SULFH LQWHDYDRPXRlI YWDKHX BV RILWK DQG ZLWKRXW V)
ZRXOG EH HTXDO WR WKHDWKW K-NKIRICRAL| WOV B R QRW H WK
VXEVLG\ LV URXJKO\ DW WKH WUXH STUREBBYWBA®D XH RI WKH

$V WKH SURGXPYOIV\R DRIV BWFRPH FKHDSHU RYHU WLPH
UHGXFWLRQ RI EDW\WHUAHS DR B R FWDRX FRUWYHGXFH WK
WRWDO FRVW HVWLPDWLR @ KH MURM Y OE %BVHD ERVW R T
UHDFKHG - . WKLV LV H[SHFWHG W-R GHFBWDVH WR
GXH WR LPSURYHPHQWY LQ EDWWH S\DAN LFRWWF\ U
LQFUHDVH LQ YROXPH DQE FPWHULDIO/ \PHD/QWL \I X RA\RD
UHGXFWLRQ RI RQ DYHUDUW UMNGX FHIGXVWERPUDPHW H |
IRU WKHLUP QG +\XQGDL .RQD PR®HROV DQG IURP
IRU WKHH+RRGHWO 2Q WKH RWKHU KDQG WKH H[FKDQJH
FRQWLQXHG WR GHFOLQH FRPSDUHG WR WKHG86 GROO
LQGLUHFWO\ &RQYHUWHG WR +8) DW WHK W IDFf WXEBEYH G\ |
SURJODY DYDLODEOH +8) WKH FRWW \S B8&)D0P B QG U
+8)80 UHVSHFWLYHO\ ORUHRYHU WKHUH ZHR® PLQRU L
WKH VDPH PRGHOWRBHYLW&H THDWVRQVX®HONVVY] YDOXDYV
JUHZ DV ZHOO GXH WR KLJK SRSXODWKNS DEDWPRIVNH W L
LQFUHDVHG IWORWR+88) 0 IRU WKHLUR BQG +\XQGDL .RQD
PRGHOV +RZHMHID YLRIGDRZHU EDWWHU\ FDSDFLW\ DQG
QHFHVVDU\ WR DVVLJQ D ORZHU SDUD®BWIHQI ¥BPXH RI S
0 IRU WKLV PRGHO 7KKMVDNXEBVLEK D RRIOOWYD®XH RI +8)
WKH WKL U@GuRYF @H FRQ VE B XWKNHU DSVWIRR QW RX QWKMLRQV R1
LDHUR +\XQGDL .ROHADQBLWKQBOG ZLWKRXW WKH JR
VXEVLG\

! ,W PD\ KDYH KDG VRPH SV\FKRORJLFDO B WNKHN LPXV WI IKDFY\HV
SHUFHLYHG WKH UHDO SULFH DV D JRR&V&HBOKRHOL&AQJ DOPRY
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YLJI XU H
,OO0OXVWUDWLRQ R| SOURDDWHEIE QEWKRIQPSRVMWEKHKOLILEL®O LW\ WKUHVKR
F\FOH

,Q WKH WKLUG F\FOH WKH OR YHELORAMNQ WV KIBI YA K RIGGVWK RI
DQG ZH FDQue#H WKW WKRDBI[SRIRLIQM SULFH IRU DOO PRGHC
WKUHWKRGEE -HRE®N D ORZHU WRWDO FRVW DQG D ORZ
FKDUDFWHULVWHRYV FRPCGROH L-@D [WKIHLRURSIRKQWY ZLWK
ZLWKRXW VXEVLG\ WKH DEVROXWH GLIRHUHRRFGDLQ WKH
WKDQ IRUDMQHOMRMABHMNU KDSY KDG LW ORZHUHG WKH SUL
KDYH VROG PRUH PRGHOV EXW ZLWK @ WREZW LS BUIRR GW |

RI WK ORRH&GHOV ZHUH SULFHG VOLJKRLO\WEHHOREWAKH
WHHURDWH RI WKH PROBIBROLKRVAW D JDWKHULQJ RI WKH\
SULFHVY DW WKH IRFDO BWRRQ®W WKDW LLQ/GDWDWHKM WKDW
YDOXH ZDV VHW WR RSWLPXP IRU WKHYH PRGXOWHOWQ |
WDFLW FROOXVLRQO@MXZKB KHDKHRN GRIHAH YDOXH ZRXOG
SUREDEO\ LJQRUHG E\ .LD DQG +\XQGDL DV WKH SURILYV
WKDW ZLWK#BVX¥BYLGD IRU

7KH IRXUWK F\FOH LV WKH RQH LQ Z®OF K R\QKWM UDREQ K $IR/OW
UHDOLW\ ,Q WKH LO CGFM#6U IXW L RDQS VN HQRADHG LRH H T X
SULFH VKRXOG EH DW WKH WKUHVKREBG. EMQWRIZQLWHD O LV
|RD®@ D ORJRHEH O V

1RWH WKDW WKH FRVW SDUDWHRWHU. WRAD VLDURYG&HU UHGXF
+\XQGDL .RQD PRGHOV ZKLOH SDUDPHWHQ G WEM LQFUHDYV
DYHUDJH 86' +8) H[FKDQJH UDWH ZDV +8/) +8) 0 VR SDUDP
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YLIXBU H
L,OOXVWUDWLRQ RI WKH SURW W XIK\DLFGA LERIQNRKELQ\GOHHOGGDLLW. IRR) D
PRGHOV

7KLV UMNRRQVLVWHQW ZLWK WKH I[LQ GYKR ZRIQ3 KW QD W W
WKH KLIJKHU WKH SULFH FHLOLQJ WRK® GRZHHFWE BIWSLUYRE
UHDVRQ LQ WKLV W\SLFDO FDVH V XISG RIUKMHIED &HWRK H LDD
MILUR ZRXOG EH D KLJKHU JDS EHWZHHQQWKMKFHRRSHUL
LQLWLDO PDUNHW HTXLOLEULXP ZLWKSQRPHAVEVQGRRBB G
RI KLJKHU VDOHV LQ DQ ROLJRSRO\ PDUNMWGLE VKRXO!
QRWUGBBNFH LWV SULFHV LQ WKH WKLUG HF\IRFD G ISREQWH W
DQG WKH LQLWLDO HTXLOLEULXP DQ G OHWXV QH QG B GWLSR DI
QRWH WKDW DV D UXOH SURILW YDOXIW VRBZDDQ XSZ
%9V DQ REVHUYDWLRQ WKDW PLJKW MXVWLI\ WKH FRPS

, igure6 ZH FDQ REVHUYH D FRXQWHUIDFWXZIKHWVHPXODWL
DOO YDOXHV UHPDLQ XQFKDQJHG H[FHNSWHIRU MK W R/ KU
+8)110 :H FDQ VHH WKDW LQ WKLV VLWXDWLRMDQKWKH QHZ I
RULJLQDO RQH GXH WR WKH ORZHU WKUHVIQRWEKHYDOXH
PRQRSROLVWIFRUGDRH WR WKLY FRXQWHUIDFWXDO LOOX
LQ UHDWIKWHWKROG EH WKH HTXLOLEULXP VLQFH WKH SLU
WKH VDPWKIR WZR IXQFWLRQV DQG WKH ORHEMWYV SULFH Z
LQ DQ RO+tBRBERBU LW ZDV UDWLRQDO IURP WKH JRYHI
WKUHVKRDGGYDORHG D VFHQDULR LQ ZKLFK ILUPV UHIX
HOLJLELOLW\ LQWR DFFRXQW ORUH WWKKDUH WKRDA\G X B O X@l!
ZDV VOLJKWO\ KLIKHU WKDQ WKH RSWLPXARJWHFLW FRC(
WKUHVKROG VLQFH SULFHV ZHUH UHGXFROG LR SAWRKCH KRS
PDUNHW
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YLJIXBU H
&RXQWHUWDRKWWLOWLRQ RI WKH SURWLWXBZKB®LRQV ZLWK DQG ZLV

Conclusions

‘H FDQ FRQFOXGH WYDBEW MGKHS BRBBODNRO® X QFKHG E\ WKH
+XQJDULDQ OLQLVWU\ RI (FRQRPLFV DQG 7HFKQRORJ
FRQVLGHULQJ ERWK WKH LQFUHDV HAOY GDWDLHMI DVKE GHF
SURJBBBLRG 7KH VD-GQHVYRRP RGKHIO. IZH BIH WLPHV KLJK}
FRPSDUHG WR DQG WKH SULFH Rl WKIHQPRGKID GHF
WKUHVKROG LQ WKH VDPH SHULRG PBRGW & HUPFRUHD VWM G+
IURP -DQXDU\ ZKHQ QR VXEVLG\ ZDVKBIYIRXQUMEOH W
F\FOH ZDV DQQRXQFHG E\ ZKLOH WRKUHHBYHBH GHFL

Rdll +\XQGDL .RQD PRGHOV ZHUH VROG LQ WKH WKL
SHULRG-RI DQG DW WKH ORRBWN WKDMH QO PRGHOV \
WKLUGZAHBBHSULFWE& UMHW KRIOK IRLJQBORQLEQOUWDVH LQ S
FRXOG EH REVHUYHG VXEVHTXHQWO\ $OO0/MHRYV WKW KH JKH\
DQDORRGHOV ZHUH LQ SHULRGV ZKHQO®R VXEVLG\ F\FOH

,Q WKH VHFRGGRIABDW LQ¥KH L F WKQUW VB @K MORGRX KL J K

FRQVLGHULGQIDWHH ]S QRIS VM{PNVRRI WKHH PDUNHW 7KLV UF
LQ LQFUHDVHG 0653V DQG SURGXFHU VXBRIXWLYRZHYH
PDUNHWLQJ HIITHFW RQ WKH SHUFHSWWRB RWYBOHWSGLF
WKH FKRLFMKRHWKRDOVYRIOXKO\ DSSURSULDWH LQ WKH
FRQILUPHG E\ ERWK WKH UDZ GDWD DPRBQRKR OLL\PW DD UL
IUDPH &RQFHWURAKJILWKENQ EH FRQFOXGHG WKDW FRRSH
ZDV VWURQJHU WKDQ FRPSHWLWLRQ WBAG WRXYGVEH PR
DSSOLHG ,Q WKH IRXUWK WKV KREBG/LXIBAMHR QD R | WK F
DFFRUGLQJ WR WKHV B RGSRIARERIARAX QWKHY GHFLVLRQ WK
KDYH EHHQ D ULVN RI |L4PPDVLIRPIWLAI S B UFW KZH. \§ KW R KWW WK |

$OWKRXJK KHUH WKH PRQRSROLVWLF IUDPHNVRRXOG QR
XQGHUVWDQG WKDW ZKHQN YHL ZWKIWHOW K U HHKIR QUK Y @ QKK
ILUPV ZLOO HQJDJH LQ D FRPSHWLWLRKDPRGQUWL QB ZOR Z
HTXLOLEULXP SRLQW
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Abstract: Cognitive mobility framework has developed in the year 2022. The first
international scientific congress (1st IEEE Cognitive Mobility at ddo8udapest
Innovation Center- CogMob Conference) was organised to create a space for sharing
thoughts and starting conversations about the topic. This paper aims to swseniaadi
evaluate the main tendencies of coigritmobility. After reviewing the pserted papers,
there were evaluated according éssentialelements of cognitive mobiljtand statistical
analysis vas carried outto evaluate the papers. In our worthe five core topics of
cognitive mobility in 2022 were defined and evaluated accorditiget@ssentiagélements.
The similarity measure and proximity indeased evaluation of the abstracts and the
keywords showhat sustainabilityrelated topics energy sourcg andtheir utilisation area

are the most frequentetihe tendency is expectedcmrtinue, buttheinternational military
situation could influence the weight of the topics.

Keywords: cognitive mobility elements of @md; statistical evaluation

1 Introduction

This paperaims to provide an overviewf the actualfocal points of cognive
mobility based on the CogMob Conferen2822 key topics and evaluate the
interdependencacientifically. The conference's papers covered braadearch
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areasof mobility, from intelligert and sustainable mobility systentsthe safety
and security of TSrelated (ITS-Intelligent Transportation Systemspgnitive
systemsandadvanced fuels and drivetrains.

Mobility is a crucialdimensionof our society.The efficiengy and sustairtaility of

our life areheavily dependent on mobiligndsimilar factos. "Cognitive Mobility
(CogMoh investigateshe entangled combination of the research areas ssch
mobility, transportation, vehicle engineering, social sciences, artificial
intelligence, and cognitive infocommunications. The key aim of CogMob is to
provide aholistic view of how mobility, in a baaler aspect, can be understood,
described, and optired as the blended combination of artificial and
natural/lhuman cognitivesystems. It awsiders the whole combination as one
inseparable CogMob system and investg what kind of new cotive
capabilies of this CogMob system are emerdifij. Mobility as one of the most
important pillars of our society has several dimensions. Developing transportati
sectors aremerging with the increasing cognitivity level2[ 3 and cognitive
mobility can be arendler to make our cities more sustainableq, 6]. Deeper
understanding of mobility with the help of cognitiapproach7] is the way to
reduce the overall impact of mobility¢he environmen{8, 9, 10].

Based on itsiature, one of the CogMob focus areas is engineering applications in
the mobility domain.

This paper firdy summarses the relevant areas of cognitive mapiliy analysing

the papers presented the conference. In the swal partthese areas arelaed

to theessentialomains The hird chater evaluates the fields GogMob2022 in

the elements of cognitive mobility and in the fourth part presents a statistical
analysisto examinethe interdepedencies.

2 Trends inCogMob Area Analysis

The trends ofcognitive mobility coverthe canected cogtive vehicles, safety
and securityof ITS-relevant cognitive systemspgnitive aspects of orientation
and navigation, advanced electviehiclesand augmeted corventional drives.

2.1 Cognitive ConnectedVehicles

Raising the cognitive level of vehicles is one of ttritical drivers of cognitive
mobility. One direction is the development of methods to provide objective
indicators for the complex tasks of road transport. &frthe leys is to define an
evaluation frameork that can be applied in developing aehluatingnew Al-
based modelsThe aim is to define the metricsed in the development process
and to facilitate the qualitative duation and compason of algorithms. One of
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the proposed methodaims at broad applicability by choosing only metrics
obtained from sensors already installed in vehifld$.

With the prdiferation of selfdriving vehicles, motorcydis, representinga
vulnerable group of road users, require cifie solutions. Their risk of sesre
injuries and fatalities is higher thanethaverage and therefore requires the
development of assiséwvsystems to improve driving safety. Two proimés
methods are also being introduced, called-aga and dynamic frame rate
evaluation, to rduce the cmputational effort from raw video data toriver
posture informatior12].

One of the keys to théraffic Sign Recognition and Detection System (TSIR)

its high-speed operation, which can be derifean the highspeed ofvehicles
Through computer vismand humammachine communication, these sgsshelp
vehicles navigate. Improving and speeding up traffic sign recognition is one of the
areas of development that will continue to drive future devedops[13].

Demand Responsive Transp{DRT) servicesare gaining ground with the ability

to configure mobility to individual needs. Alternatives tdlei transport systems
and the increasingly popular shared mobility systems. Their develoginesnto
improvetheir ®rvice quality furtherOne innovative fom is the implementation

of autonomous fleet systems. Research is investigating the challenges of
deploying lowspeed selfiriving minibuses (tracking) in DRT and theirpary
tasks thatmust be carriedout o prepare for the futurentroduction of such a
savice. A systematic processiented approdt will be used to investigate the
specific parametsy conditions and options for the vehicle and the operational
options (for DRT). As a malt, system intdaces will be identified and the
conditions forestalishing such a service will be analysgtH].

Cognitive measuresare incrasingy necessaryfor all mobility modes from
motorbikes to urban lses. Different vehicle categories haliferentchallengs,
but using Al for predictiongnvironmentperceptiondata acquisition improved
humanmachine inerfaces and systemlevel vehicle controloffers cogitive
mobility solutions[15].

2.2 Safety and ®curity of ITS-related Cognitive Systems

The mobility systems growing autonomy increasingly requires system s$gcur
and cybesecurity improvementsSoftwaredevelopmenfor modern vehicles is
increasingly based on a servogented approach. Building softwasystems
from software componentsdd specific capabities to the system and allofne-
tuning details. Mé¢hods are beilg developed to implement flexibl software
vehicle architectures based adioptingout-of-the-box software. One development
direction follows the dynamic changeéthe ®t parameters andqvides easily
extensible interfaces to new parameter requirements. The concept further
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introduces a priority metric that desceib the impact of services in the systzmal
models how this metric is inherited through dependerjtigls

One area of uraistanding vehicle behaviour is accident istgation, where
vehicle data is downloaded using tarpardware and expert forensic software.
Research is investigating the process of analysing the extractecartththe
conclusionsdrawn based on a growingatabase of modern cognitive vehicles

[17].

The relaibonship betweenvehicles and infrastructure idsa at the forefront of
cognitive mobility security research. Its impact on vehicle safety has irtipfisa

for the further develoment of V2X-based (vehicleto-everything) design
processes.The rsearch premts a novel methodological background for
charactesing the safety imgact of network performance metrics on \\BAsed
automotive aplications. The results are used to identify the safe operating range
of a given V2Xbased apptation[18].

Cognitive molility system cormponents are also increasingly becoming victims of
cybemttacks The application and implementation of Attack Graph, a commonly
used IT security tool, is undevay in vehicks. Cognitive mobility systems are
basedon autonomous decisiomaking by the participants. To trust vehicles to
make the right decisions, weedto make them immune taifures and malicious
manipulation. A general model is proposed to automate the generation and
analysis of attack paths in TAR Several use cases of thmdel ae discussed,
including the enumeration of possible attack pathes,aitomatic assessment of

the feasibility and risk of each path, and the construction of a protectiommiagr

to ensure system securiy].

The fusiora handling of safety ad ecuity aspectsis a typical example of
emerging cognitive mobtly. An increasingnumber ofsensaos and activatorss

followed byintensive communication thabn the one sideis an opportunity to
increase safgtbut on the ober handis a threato security risks.

2.3 Cognitive Aspects ofOrientation and Navigation

In the ara of humarmachine communication, CogMats-manages human and
machine capabilities in mobility, and this regard, it should aim to help humans
to preserveheir spatial ability eenwhenproviding navigational aidZq].

GPS is a key element of current oildy systems. It iss humammachine interface
that is mainly usedto provide turn-by-turn navigational aid to human drivers.
From oneperspective, the useould save cognitive capidy by relying on this
turn-by-turn navigational assist. Thus, they gaay more attention tahe driving
itself. On the other hand, frequemsée of GPSGlobal Pogtioning System)can
erode human navigational abilitie1]. Thatis an often overlookedut crucial
human skill in everyday ki and special areasResearchers provide design
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principles to spport and noteplacehuman cognitive skills. Such a method can
raise awareness of the phenomend®?][ [23]. Another is to initiateactive
encodingas iftheuser haso deal with spatial information actilye it can achieve
better knowledge Z4]. A third possible way is tanodify GPS software to
encourageusers to pay more attention to the environment by referring to
landmarks in the instruction%]. For more detailsplease beeferredto [20].

2.4 AdvancedElectric Vehicles

Electric vehicles are characterised by excellent energy efficiency and local zero
CO; (carbondioxide) emissions, but overalt is necessary to assess production
and reuse together witlise. The gowing amount of data that can be collected on
vehicles will allow a more accurate understandingtled whole life cycle.

A detailed analysis of these issues has bemmuctedto propose solutions to
accelerate the patioward climate neutralif. Based o this extensive analysis, a
forecast offuture tren@ in ekctric vehicle technologies and beyond for other
CO,-neutral solutions will be made6).

One of theelectric vehické powertrain'§fundamentadynamics and sustainability
aspectss theanalysis of inverters and their power transistors. There igxaiing
transition in the type of circultreake's used in inverters. In addition to technical
and safety aspects, inclugj lifetime, reliability and possible failure modes, other
aspectssich ascod, market needs arabailability, are also considerej@7]

Accuratebattery temprature predictionn electric vehicles isritical for efficient
themal managemenof the battery systemThe research uses a nonlinear
autoregressive exogenougwerk to model the complex thermal behaviour of the
battery cell. Using conventional drivindata, the modelsi trained and its
accuracy is proven over a wide temperature range, demonstratiapgt@ach's
simple, general and robust applicabilif28]

Synchronow reluctance motors are becoming an increasingly important player in
electric mobility due to the gwing need to reduce the amount of raegth
metak in electre vehicle components. Novel pgstocessing methods are being
developed based onffrental inductances of finite element analysis inductance
tensor maps. A force method based on the numbeotor displacement rises
coupled with the coefficient of coercivity determines the required inductance map
resolution. Reduction of nonlinearffects by modifying the current profiles
through motor control can only be achieved with a defined tensomapping
method. A adequaty defined motor modetogether withan appropriate control
compensation method, can further improve the efficiency sgfchronas
reluctance motors and provide the required performance in the low speed and part
load range wheréhe real operating points of an average used vehicle are found
[29].
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A critical dimension of anobility is the battery and its degradation dgrimse.
Consddering the typical use of electric vehicles, a test track has been ddsign
from which detailed data can be collected from highly sesebriehiclesResults
showed thatbatteries lose 4% of their capacity over@D@km and almost 14%
over 45000 km[30Q].

Hybrid propulsion technology is one of the mostical research areas today, as
these technolies can impove fuel consumption through energy recovery.
Laboratory measurements of the drives are carried out on test benchesrist the fi
development phase to keep the pameters constant. In addition to the
conventional combustion engiséectric drive hybrid sysems, otler combined
systems are also ing developedsuch as an electric motor and a hydraulic
pump/motor unit (HPM). The experimiah hybrd power source is dégned to
achieve the highest efficiency during vehicle starting, acceleration
regenerativéraking[31].

Electric vehicles have different noise, vibration and harshness (NVH)
characteristics than convérial powertrain viicles. hcareasingly accurate data
collection and evaluation requiring higtomputgional power allow complex
tests. In a comparative study of electric drive catsation andnoise have been
measured atifferent speeds at several locations on the drigeandin the
passenger compartment. The results show tiatation intensity ad noise
primarily dependon vehicle speed32]. During the acceleration phase, the gear
shift coormands dominating the vehicle exterior were almost inaufi@de

The market laund o electric vehicles is one of the answeosthe improved
demandfor sustainable mobilityElectric drives standalonemultiplied or usd
with a combinatin of internalcombustion eginesaremore accessibleo contrd
and could enablea more @mplex optimisaion field during thecontrol. Is
elemens, suchasthe battery, invertersand eleatic motors are the developments'
focus. Connected to thighe noise and vibration questions aatso heavily
investigated

2.5 AugmentedConventional Vehicle Drives

The electrification of mobility is one of thesignificant trends, but the
technological and supply constraints mean that conventional powertrains have a
long future ahead fothem. Extended conventionabwertrains are and will be part

of mobility in the coning decades. On the one hand, diesel powertrains are
branded as the enemy of the environmantion the other hand, there is still no
alternative in somepplication areas.

One of the main objectivesf diesel engine development is to keep overal
emissons and fuel consumption low. The complexity of turbocharged diesel
engines with low and highressureexhaust gas recirculation poses a technical
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control dallenge, requing multiple determinations athe recirculated exhaust
gas mass flowThis is only possible through complex system monitoring, data
collection and a complex control system. Experimemtathods are being
developed to estimate the recirculated exhaust n@gsif high and lowpressure
systemq34].

Other research included a nunwoal studyon integratinga gasair mixer into the
heating mantle housing to reduce fuel consumption. Inrttédod, a heating
mantle was fixed to the outer wall of the gais mixer. The gasair mixture and

the heatig mediumused a reverse flow metho@/ater at castant temperature

and with different flow rates depending on the engine speed was used as the
heatng fluid. The results of the CFD analysis confirm a significant increasein th
temperature of thgasair mixture & the outlet of the mixer. Ténefore, tle new
integrated preheatenixer design can be used in internal combustion engines for
gasair mixture and temperature contf@5].

The development of new advanced fuetéquires more efficient cestduction
methods. Artificial neural netwoskcanbe ugd in fuel design but creating data
sets can be costly. A new line of research ainsréate higtprecision, multt
layer, perceptrotike artificial neural network modeldfor predicting the
combustion and emission characteristics of a nmegiaformance commercial
diesel engine. It was found that the higisolution dataset resulted in truly

accurateanodds thatcan be used to pursgest optimsation researcfi36].

Lubricants play a crucial role in the energy loss of an engine. Seeehalical
solutons exist to reduce friction and wear losses caused by lubsicatith the
proliferation of lowfriction engine oils such as G®0 and below, the importance

of tribological lubricant additives is increasing. This research investigates the
tribological pdential of selected nanecale ceramic particles (zirconia, copper
oxide and yttria) as lubricant additives and compares thenerimst of their
financial impact. Theresults show that additives with the best tribological
propertiesare not alwagthe besfor massproduced lubricantg37].

The physical and chemical condition of the lubricant also playsucial role in

the longterm performance foengineering systems. Knowlegl@f the lubricant
condition allows optimisation of conditiemased d changes,which can help
reduce wastage by extding the life of engine oils. A study presents a
methodobgy for processing FIR data that simplifieglecisionmaking onthe
extendedshelf life of used engine oil. The presented methodology can be
implemented as a phned maintenance step durincheduled service in the
workshop and during regular inspectidnsfleet operator§3g].

The cognitive mobility approach enablésditional drve developmets finer
control andmore efficientutilisation Developmentslike EGR controlsolutions
or aternative fuelscould suport further diesel techrdogy in areas whre the
current béery ekctric technology cannaiffer real advantages. Reseaiichthe
lubricant domairhelps to decreaséuel consumption, i.eoverallenegy demand.
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3 Evaluation according to Cogmolds BasicElements

Basic elements of cognitive mobylitvere first desdbed with the following five
dimensions [15]: triggering necessity, decision, tool/vdeiguality,
infrastructure/resources érmumanmachne interface.This chapter evaluates the
five CogMob areas accordirtg thesdive dimensions.

The "Cognitive connected vehiclésareainvolvesnearly all the areas. Triggering
the necessity afmobility is not aheavy aspect here, but thther fou play a rde
with a cente of gravity in decisiorassistance and humamachine interfaces.

Safday and ®curity ofITS-related cognitive systems affect the tool/vehicle/quality
dimension as the safety and security demt@igtier complexity of theystemslt

is closey connected withtriggering necessity, as safety aspects could increase
entry limits,thuspostponing or everancelingmobility.

Cognitive aspects obrientation and navigatiorare heavily connected with
decision and HMlas thg improvethe eavironment grceptioncapabilities

Advanced electric vehicleand augmented conventional vdaidrives focuson
the vehicle itselfbut secondarilythey affect theresourceshrough fuel economy
and alternative energy sources.

Tablel
Evduation of 2022 key arasaccordingo Cogmob basic elements
triggering | decision | tool/vehicle/ | infrastruct| human
necessity qualty ure/ machine
resources| interface
cognitive connected focal area linked linked focal area
vehicles
Safety and security o focal area focal area
ITSrelated cogitive
systems
cognitive aspects 0 focal ara focal area
orientation and
navigation
advanced eledt focal area linked
vehicles
augmented focal area linked
conventional vehiclg
drives
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4 Statistical Evaluation

The am of the statistical evaluation of thgesentegapers of Cogmob2022 was
to understand deeper tlmterde@ndencies between the domains. The analysis
was carried out wih the WosViewer software VOSviewer uses a similarity
measure known asssocigbn stength [39, 40]. This similarity measure is
sometimesreferred to as the proximity index [41] or the probiabd affinity
index[42]. Udng the association strength, the similarifyisscalculatedbetween
two wordsi andj as(1):

* 1)

wherec; denotes the number of eaccurrences of @msi andj and wherew; and

w; denote either the total number of ogemces of itmmsi andj or the total
number of ceoccurrences of these items. It can be shown that the sigilari
between itensi andj calculate using (1) is proportional to the rati@tweenon
the one handhe otserved number of eoccurrences oivordsi andj ard, on the
other handthe expected number of -wxcurrences ofvords i andj under the
assumptionthat ocarrenes of iemsi andj are statistically independent.

The abstracanalysis results are presata Fig 1. It showsthat energy sawes
environrental effects, artificial intelligenc@nd ADAS elements are therimary
nodesand further pripheral aeas ag also linked

Figurel
Analysis of the abstracts of CogMol22D

-197-



M.Zoly et al. Trendsn gnitivévobilityn 2022

Keywords analysis is presented in Fiy According to this elogcal foatprint,
electric vehicles, electric mobility, NVHand edrives are the mosmportant
intersectio points

Figure 2
Analysis of the keywords of CogMob2022

If the two analys results arecompared the outcome are the fothwing:
sustainallity aspects of mobility appeam both evaluations ehvironmental
effects andecdogical footgint). As this is oneof the strongestriving force of
mobility developmentnowadays its shortage wouldhave been unexpected.
The elements ofig 2.mainly could be incorporated into the energy sounueke.
The other nodes related to autormus nobility do not appeawithin the keyword
analysis's focal poist

Conclusions

Cognitive mobility is one of the emergindomains d the 215t Century. Analysing
thethemesthe followingcan k& summased The topics of the papec®verfive

domains: connected cogitive vehicles safety and security of ITSrelated
cognitive systms cognitive aspects of orientation and navigatiaavanced
electric vehicles and augmented conventional vehicle drivé®ur elements of
cognitive mobility are inthe focal areg and the fifth is linked as presated in
Table 1. The imilarity measire and proximity indexbasedevaluationof the
abstrats and the &ywords showhat sustainabilityrelated topicsenergy source
and their utilisation area are the most frequashtlt is expected that iwill be

continued and asa function of the military situation the defencerelateddomairis

roleincrease is expeetl.
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Neural Network-based Multi-ClassT raffic -Sign
Classification with the German Traffic Sign
Recognition Benchmark

Csanad Ferencz, Mate Zoldy

'"HSDUWPHQW RI $XWRPRWLYH 7THFKQRORBIKH¥OMFXOW\ |
(QJLQHHULQJ %XGDSHVW 8QLYHUVLW\ Rl 7THFKQRORJ\ D
%XGDSHVWE-POQRDDRJADGIHUHQF ] #RGE\ EFFPIHWKDENMN EPH KX

Abstract Traffic-sign detection has an essential role in the field of computer vision, having
many realworld applications more and more object recognition and classification task is
being solved by using Convolutional Neuxatworks (CNNs or ConvNets), especially in the
field of intelligent transportatiorin the present article, we offer an implementation chosen
from several CNMbased traffiesign recognition and classification algorithm architectures,
using a ConvNet classifying 43 different types of road traffic signs in the TémworF
framework, as partof the German Traffic Sign Recognition Benchmark (GTSRB)
competition.A Deep ConvNet was trained etwend, aiming to improve the prediction
performance of a DCNidased autonomous driving system equipped with a-femirig
digital camera, with as input a sequence of images, as output directly the mredestults.

The results obtained on hetait data demonstrated the high accuracy of the model, matching
the stateof-the-art multi-class recognition and classification accuracies, as well as related
humanlevel recognition performances.

Keywords: convolutional neural networks; eftd-endclassificationmodel; German traffic
sign recognition benchmafks TSRB) traffic-sign recognition cognitive mobility

1 Introduction

$V D UHWKBMW RDVW H[HFXWLRQ DQG KLJK UHFRJQLWLR
IHXUDO 1HWZRWUWNWVY&IEHHQ SRLQWHG RXW-RQ UHFHQW
WHOHUW WUDIILF VLIQ FODVVLILFDWLRK BHAR RSO DWKHIG EF
E\ IRUPHBWWHOWRHWKRGV

7KH HPHUJHQFH Rl PRGHUQ GLVFRYHULHV DQO/BHYHORS
WR SRV L\RIMHBHYW DWHMXOWY IRU WUDIILF VLJQ FODVVLILFI
PRVW RI WKH UHVHDUFK IRFXVLQJ RQ GHVLMQLQJ DQG (
VXFK' &M-VIRU HQKDQFHG UHFRDQIWWHR QHDOPX RDFPRELOL
FRIJQLWLYH PHWKRGYV FDQ DLG S RDK\H @ R PR © WG IQDHVD K @\
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Rl WKHRDWBPWGRHWZRUN DUFKLWIDF AVMXHWL IRRDWURQ LIFU H
&RQYROXWLRQDO 1HXUDO[IMH®MZRUNY RU &RQY1IHWYV

,Q WKH SUHVHQW DUWLFOH WK H WEKMWX RWUD ILOQR VR GX F
GHWHFWLRQ DQG UHFRJQLWLRQ VA\VWHP DKQ®H WKRUF
GHYHORSPHQW SURFHVVHV RI WKHWIRRHY SHWFMKMYRXJIKRE
LPDJHV DV ZHOO DV FODVVLILFDWLRQ2R®@ ORFDOL]HG RE

7KH SUHVHORGG FRRLWLYHYMHPSOUHRD BK VXEVWDQWLDO
GHFUHDVH GXULQJ WHVWLQJ DQG GHYHIORBPHRW RRU W
URDG VLJQV LQ UHDO FRQGLWLRQV LBDWALIPRE® HD G\IHRRIS GVIK
ZDV QRW DEOH WIRXDEKWHN YUH KRIGX W LRR OHRXOMG/ VHW
SUHGHILQHG WHPSODWHVY DQJOH ROURVEDWUR QL F R/Q W)
RU WRR LQWHQVH YDULDWLRQV LQ WKW UBPRPQOWMA® Q
SHUIRUPDQEKWHDVRRWWLRQ PLJKW EH WKDW WKHVH ZLGH!
QHXUDO QHWZRUNV FRXOG EH FRPELQHIGDXLWKRW®H ORF
JRRG UHVXOWQ > @

7KH H[SHULPHQWV FRQGXFWHG GHPRQVWUDWH WKDW
SURPLVLQJ SHUIRUPDQFH UHVXOWGHDE 6 WLIQH PQIBVVR L
WKH YDULRXV VLJQV SURSHUO\ HQRXJK UHIDUGOHVYV

7KH ZRUN VKRZV SURPLVLQJ UHVXOWVY WKDW SXVK WKH
QDYLJDWEAQUYVENMPBERYQLWLYH WRROBR[@VKURXJIK WRZQ

7KH ILQDO PRGHO ZDV PRUH WKDQ FD ¥IVE OLHF IRW DRQPRR W
D VLIQLILFDQW QXPEHU RI WUDIILF VLIPRJBDWWKRE® *HL
%HQFKPDUN *765% GDWDVHW ZLWK DQ BIRFXUDF\ D\
DSSURDFKLQJ WK+D WWHOD WHERKRRWQRQ SHUIRUPDQFH |
LOQWHUHVWLQJ WR QRWH WKDW WKH ErFBRBSHWHWEZRQNV
DOO XVH &11V ZLWK D FODVVLILFDWLRQPIEHMAOPDQFH |
DFFXUDF\ LV RXWSHUIRUPHG E\ Rl WKHWHKHLBBVRDWLC
FRPPRQO\ %RMECMMDWUHDQIIFFODVVLILFDWLRQ PHWKRG

,Q WKH IROORZLQJ SDUWYV FRecivieH D/ V@ KB/\DEBP HIQQ QHY F ZILS
ZLOO EH JLYHQ UHJDUGLQJ WKH FOBVWRIFIHV¥FUWQRRQLE D\
Section3 WKH OD\HU DUFKLWHFWXUH GHRUWKW LRRRG HEXLOG L
SURYLGEGONEQ DQG ODVW BEMONRRQEABRBWQJ ZLWK UHYV
YDOLGDWLRQ DQG GLVFXVVLRQ

2 Traffic Sign Classification Task, DatasetPre-
Processing and.oading

&1tV DUH IUHTXHQWO\ XVHG IRU GLIITHUHXFMK BSXUSRVHV
VHIPHQWDWLRQ FODVVIHLEDKH RBYDRIQ FEE8 WWHFIWLRDW LR
SUREOHP KDV EHHQ DGGUNQYRE®@ PIHWKK R OGVLRR V¥ ADHIOL@ J
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QHWZRUNV 1*YHFANWNREBRPDWKLQH PRGHO DUFKLWHFWXUL
%D\HV FODVODROQLFDSWWIRRD FKHV-XVHE URBRYBMDWHERQ DUH
RQOLGLQJ ZLQGRZ PHWKRGV ZKLFK UHVR®RYH WKH FC
SUREOHPV VLPXXWD QHRXVYOH XQIHDVLEOH FRPSXWDW
+RZHYHU VHYHUDO U HRMWGDAU VO LW WM W BIWX UMH ¥YDUWDDWWH U H
IURP FODVVLILFDWLRQ )LUVWO\ ZH LARK GEMHIDR ZLWK
FRPSXWDWLRQDOO\ LQH[SHQVLYH PHWKRGWKHJI FROR
FODVVLILFDWLRQ ZLOO EH FRQGXFWHWKRPY WRMLHIWHF'
KLIKHU DFFXUDF\

7UDIVLBQ UHFRJQLWLRQ LV D UDWKHU FRQUWDO®LQHG S
ZRUOG DSSOLFDWLRQV URDG VLJQV EBSGDXQQFKH ZLV
ILIHG DQG LOWHQGHG WR EH GLVSOD\HG WRWNKWY GULY
H[FOXVLYHO\ FODVVLILFDWLRQ ZKHQ RBEWNHFWILIQH RIFOL
GHWHFWIWRQRSWLPL]H ERWK HILMA H® P\RL QW KIWAHRXKRDFG L (
YDULRXV KRYULYWVMWBIRBNMW GHWHFW VLIQ MKXID\EHYV IROOF
11 FOD¥DWLRQ IRU HDFK W\SH RI WUDIILF ¥HIQ RXWHU
DGYDQWDJH RI IDVW WUDLQLQJ UHGXKND® FABBWGFH RI RY
W LY JUHDW IRU ORFDO LQIRUPDWLRQ RDBOWIXYH@®J DQG
PRGHO > @

7KH *HUPDQ WUDIILF VLJQ GHWHFW LLFPQ® JGID WIDF/$IOWH ¥ R Q
FRUUHVSRQGLQJ WR  GLIIHUHQW FODVWH VUDIMLQJ IL
KDYLQJ LWV IROGHU RI GLIITHUHQW LVPDDHQWLYH\G DWW B VHK
PDGH XS RILPDJHV WKH YDOLG DMPIRI \G DINDG/ HW VESIH FW L
WKH WHVW VHMD RHY %HFDXVH VDPSOHV DUH GLYLGHG X
UHODWHG FODVVHV RXU PRGHO FR XKOLG KSHIH G EFWU\DER H
WKDQ RWKHUV 7KHRVBRGSYOLHE\H R UHH FRPGFH IUDPHV RI >
WKH FDPHUD DSSURDFKHWVRUOG WD FE0® SDRIGXYHDO V
LQFUHDVLQJ :tQ@ HEROXWLR@®WDO QXPEHU RI VDPSOHV !
GDWDVHW H[AHHDGW V

7KXV ZH ZLOO FDWHJIRUL]JH 1 5*% SLBHRVWLSEDCFHH LQS
WUDIILF VLJQ PHWHJRULMY ™ 1RWH WKDWFBRRUVR WKH
FKDQQHOV ZH KDYH D -BGLPHQVLRQDO LQSXW ,Q WK
FRQYROXWLRQDO QHXWDGVRBEWERWBNHWIRUR DW DURXQ
DFFXUDB\ ® @@ H ZLOO WU\ WR WUDLQ D QHWZRUN WKDV
KXPDQV RQ WKH RULJLQDO *HUPDQ 7UDIILF 6LJQ 5HF
*765%

ODQMPDJIKHRP WKH VDPSOH VHW JLYHQ E\ WKH *765% FRPS
GLIILFXOW FKDOOHQJHV VRPH RI WKBWHNLLDUH YHQ | KW U G
D KXPDQFROQRZUDVW YLHZSRLQWOXUD UIISKKWLRED/LO BRWDR |
RFFOXVLRQV FRORUV IDGLQJ RU LQSXW UMHVRDAWLRQ D
DVVXPH WKDW WKH JURXQG WUXWK WKDW ZH KDYH LV H|
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%YHFDXVH WKH LPDJH VDPSOHV SUHVHQMHWZHMWHKQHDG DW D
ZLGH UDQJH RI GLPHQVLRQV IURP 7 T EWR WRT 7
SDVV WKHP GLUHFWO\ WR WKH &11 PRIEHGLKHQH®WKL
LPDJH GLPHRWLRDWOVR QHHG WR DYRLG VWUHWFKLQJ W
FRPSUHVVLQJ WKHP WR D VLQJOH GLPHQXVRQD@OO WK
DOUHDSUBRHVVHG YHUVLRQ JRIGWKRI LADJHYV UH

JXUWKHUPRUH EHFDXVH WKH SUH YV HQBEX \SW RINHHFRW Q\L RIEM
H[FOXGLQJ WHPSRUDO HYLGHQFH DFFXPROBW LR® OURDC
EH DYDLODEOH DVDWQ&MRHFERX¥BQFHYIRUPDWLRQ ZLOO (
GDWDVHWE> ® @RUHRYHU ZH ZLOO SRSXODWH DQG GLY
VHW Rl GDWD DV ZHOO ZLWK YDULRXWRRDDW LARRQG/L | FLRIR!
GLVWRUWLRQV DQG EOXUDMQW MHFKQDUXHZH DKHU S HRIU R
D X J P BAQL\R [FigufeHlH

YLJIXIWU H
DDWD DXJPHQWDWLRQ FUHDWLQJ PRGLILHG LQSXW VDPSOH

YLJI XU H
/IDEHOHG LQSXW GDWDVHW E H I-FSWHR PH\GY DOW HW) BIXIR U BOVDIWD RQR Q L

'LWK WKLY VROXWLRQ EDVLFDOO\ ZH WU HEOW ZL@IK RR WH
FROOHFWLQJ DQ\ QHZ RQH 7KH VDPSOBVYURREBURIZQQ®J GD
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DQG QRUPDOL]DWLRQ ZLO GigdrRBR Ns OO Nl DWK 8 UG-DAM QWHHAG L
VDPSOHV ZHUH QRUPDOL]JHG LQ RUGHWWR RNHO-S GADKMD
KDYLQJ D PHDQ RI JHUR DQG HTXDO YDULDQFH

$IWHU ILQGLQJ RXW WKH PRGHO V BBEWXDYD O F&GEXW D FH BA
WKH QH[W VWHS E\ DGGLQJ HYHQ PRUH GDONBPKBE®R HYHC
WKH DFFXUDFYKH BXQJ SR®@H RI WKH WHVW VHW ZRXOG |
WUDLQLQJ WKDW WKH PRGHO KDV RDHO\NYWRES DQG @&/R
RU VRPH RWKHU PHWKRG WR FRPSHQVDWHH@ QWK HVKH F
YDOLGDWLRQ VHW QHHGY WR EH VLPSOQUHBSHRQUWHKHGEGRXJIK W
RUGHU WRHKNMWHGBQMNGED KHWKWHU SUHGLFWLRQ SHUIRUPDQF
ZH ZLOO H[WUDFW UDQGRPO\ RQH VEPSORI PHL GO MO IF
LPDJHY UDQGRPO\ DQG VHSDUDWLQJ GOWRVBEWNVCDU WU

3 Network Layer Architecture

*HQHUDOO\ VSHDNLQJ VLPLODUO\ WR ZRUXODNOVR FRQ
FRQVLVWY RI QHXURQV KDYLQJ OHDUQDHEHQOHUWLDVHV D
&RQWUDU\ WR UHJXODU QHXUDO QHWZRWKNHV | DKFRAZ NWKHDUN &
WKH\ FRBEWWLBSXQVW U FKLWHFWXUH FRPSRVHG RI LPDJH\
LQ SDUWLFXODU KDYLQJ OD\HUV ZLWK QHXU®BRQV DUUDQ.

+RZHYHU D &RQY1HWGZPOIQWBRB® LWDPRH DQG SURJUH
SURFHVV LW ZLWK WKH FRQYROXWDREDIQ FDIWHRQ , %W DV K
LQSXW YROXPH VDPSOHV RI DFWLYDWLROQ\GWKYLQJ WKH
-KHLJKFWORU FKDQQHOV LQ WKH ILUVW KLGGHQ OD\HU
ZRXOG KDYH 0 IZHLJKWV 7KLV YROXPH VWLOO ORR
KRZHYHU WKLV VWUXFWXUH FHUWD/L QDY ZVD]J® @RW VIFD

i LQ WKH FDVH RI UHJXODU QHXUDBOWRIWARURQVEH
WKDW KDYHHLJKWV DQG EHFDXVH ZH JHQHUDOO\ ZDQW
RI WKHVH QHXURQV WKH SDUDPHWHUVDZRWEG W G)GORS
FRQQHFWLYLW\ ZRXOG QRW EH SDUWLEX® DPRXBMLFRHQ
SDUDPHWHUV ZRXOG VZLIWO\ JLYH ULVH WR RYHUILWWL(

$\Figure 3LOOXVWUDWHY HDFK RI WKH &RQYH#W V OD\HU
GLPHQVLRQDO LQSXWGYRBRXRNHRWBODRWWSHKMW YROXPH 2
DFWLYDWLRQV ,Q WKH FDVH RI W KH KOH VMK W [D® S OZH. GWVIK
ZLOO EH WKH LPZXH GH PMHIQY GRA{BWK ZLOO FRUUHVSRQG W
EOXH FKDQQHOV 7KH ULJKW ILJXUH LODXWUDWHV DQ
LPDJH DQG WKH YROXPH RI QHXURQ\W VKWK H D NHIV W K IRQ
DUH QHXURQV DORQJ WKH GHSWK FRQQHAWHGHWR RU
LQSXW YROXPH 7KHVH QHXURQV GR QRWHURGOHVHQW
DVVRFLDWHG ZLWK GLIIHUHQW ILB®GI@Y VKDULQJ WKH
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YLIXUH
-OD\HU QH&IZIRUNDYM ]LQJ QHXURQV>L@WKUHH GLPHQVLRQV

WKH@HDOLQJ ZLWK GHHS &11 QRUPDO &11VUMHQHUDOO\
EXW GHHS &11V ZLOO KDYH PXOWLSOH KLIFEXGBQHOD\HUYV
XVHG WR H[WUDFW PRUH IHDWXUHYV DQG L@FUHDVH W
7TKHUHIRUH WKHZRHUHNWKKRD ® KKHR QHMODWH ZLWK WKH DP|
QHWZRUN ZLWK LQVXIILFLHQW GDWD ZLOO/VKDBGREH DQ
QHWZRUN ZLWK D ORW RI GDWD ZDRYLQRWUKRDIPY @ DD HKL JKR
OD\HU \WKHHMKWRZQSXW IHDWXUH YHFVQREUW.YVDEIIWRUPWR W
LOWR-DHKYHR IHDWXUH YHFWRU 7KH QHXHURD Q WEHU LC(
WKH FODVVLI\LQAKA@M\HYV YODERERHW RI SUREDELOLW\ RXWS.
SRVVLELOLW\ RI WKH LOQSXW YHFWRU ERCOWRXWQRIWR D |
ZHLJKWHG DGGHU LV GHVFULEHG E\

U_ ala U?%U
¥= e, 378k o

ZKHEHFOQ H X ERQD\H 5B @ELIKW RI VIQDSKH HPRUIRIHFWLQJ
LQ WKH OB 1LMUG YK UR QELFQOWKHHU $V DFWLYDWLRQ IXQF
ORJLVWLF IXQFWLRQ ZLOO EH DSSOLHG/2@HBXHQWO\ XV

,Q FODVVLILFDWLRQ SUREOHPV GYWRL@IsMMKBILDRQW SURF
IXQFWLRQ E\ JUDGLHQW GHFHQW ZLW K WPRQVYHQWRBQ P
LV WKH PRVW ZLGHO\ VNG W RYW WHEPRMUREN RI WKH
GLVWUMENWDRQYH WR PYEUVIVUISEMHY MRAWH G L Q

*(L M= FAy(Elog UE

%HFDIXYHRPSXWHU YLVLRQ &11 FEG-DWANH W FIORMMN RRIGL MR W K
SDWWHUQ UHFRJQLWLRQ RXU LPSOHPMM@EHEQ QHWZRUN
4 LV DOVR PRVWO\ EDVHG RQ FRQYROWXURIGIHG XOMD\HUYV
&RQYROXWLRGBEB/BRROLQI/INBEO\ &ERQQHFWHG )& /D\F
,PDJH FRQYROXWLRQ LV WHHNHOHFRHOHWYXPWRU LH @XPMQE O
EHWZHHQ ZHLJKWYV DQG WKH LQSXW YROXRGHBEIHDILRQ WK
VXPPLQJ RI WKH Kl R @ WWHWRDWHW Y RSHUDWH LQ WKH
ZLQGRZV DQG GR QRW UHTXLUH D IL[W&E&HWHD YH YQ]HH ZK
WKH VSDWLDO DUUDQJH-FIDQWHG DHIWLXDMW PRGNKRIUDWYR V
DOORZ XV WR GHWHFW WKH VDPH *HO@WXU®BYV LQ GLIIHUH
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YL J XU H
$SSOLHG FODVVLILFDWLRQ OD\HU VWUXFWXUH 2ZQ ZRUN

, QYXEVWDQFH WKH FRQYROXWLRQDO ®DAWULGHTXLUHYV |
QXPEHU R[(-IVORDWUNVNO- MKNMHHDRWR XQW RI JHUR SDGGLQJ DC
917*17& YROXPH VLIH $ FRPPRQ VHWWLQ@J R§ WKH K\SHL

DQG W SURGXFHV D9% R&@XiP& RIKWIUH KHLIJKWYV DQC
ZLGWKY DUH HTXDOO\ FRPSXWHG E\ VIPPHWU\ GHVFULE

99 = (DS?]¢>6)®_E1
%9 = (A5?15>6)®+E1
& = -

8VLQJ VKDULQJ RI SDUIDER HW HEHVJKRAE DR\GH Y 1

& ZHLIJKWV SHU ILOWHU ZLOO EH LQWUR®RXPREG 5HJDUGL
VLI@EGHSWK VOLFH ZLOO UHVXOW DIW@ULSHMH B ZRMXKI D

DVWULSRY RU WKH LQSXW YROXPHLRVIVHW WKHQ E\ WKH

$V D QH[W OD\HU ZH LPSOHMMRQWVBEW 6 K]8 RUWPDLIOY L] Q W DR
D VPRRWKHU K\SHUSDUDPHKMHWH WXBVYQYDGSWRFOUYV LQFU
FODVVLILFDWLRQ >SS H@KRYV RDRUFAD ®L@DWLRQ RSHUDWLRQ
HOHPH@W® SXIWV E\ FDOF X&) DW GQY DWKRENFHHDVQKH WLPH
VSDWLDO DQG REVHUYDWLRQ VEHEDN®IVRR GIVY H.D\G HISH@EGHH:
UHVSHFWLYHO\ DO VRDPDREERDODW]|HGE MAWHRYEBWLRQV DV L
f= & 2

§ 5>

’

ZKHUHFRQVWDQW LPSURYLQJ QXPHULFDO VWDELOLW\ Z}

7KLV RSHUDWLRQ DGGLWLRQDOO\ VFDIOWYFOMVHGLOISIXIWY V
ZLWK XQLW YDULDQFH DV ZHOO DR SHUR WIHDXRV WRODMRV L|
EDWFK QRUPDOL]DWLRQ XVLQJ WKKWWUDQVIRUPDWLRQ

U= OW ¢

ZKHYUHW KHVXOWLQJ QRUPD QQJHGRDFMLQY DVQLCR ® QKLDW Y D U L
U— RIITVHW-DJF®OH IDFWRU 7KHVH SDUDPHWHUYV DUH OHD

A209 A



Cs Ferenzet al. Neural Netwdnkesed MufEilass Traffisign Classification
with the German Traffic Sign Recognition Benchmark

WKH WUDLQLQJ RI WKH QHWZRUN , @ RIGCHLWD W FE PW RK
QRUPDOL]DWLRQ DVVXPHV D IL[HG PHD Q@ IDQG GYODAUR. D Q F
DIWHU RU GXULQJ WUDLQLQJ WR QRUPDOL]H GDWD > @

%HWZHRQVHFXWLYH FRQYRHD XRMDUR QDO HODMHBEMNMULRGLFD
LOQOWHUPHGLDWH SRROLQJ OD\HU ZLWK OWKRIQLYWHQWLR
LQSXW V HDFK GHSWK VOLFH DQG VXFEKREHYHB®N UHGX
SDUDPHWHUV DQG QHWZRNOWRRPEBIWDWRORQQ D WIKGILRY F
7TKH PRVW ITUHTXHQWO\ XWVH& IROWHJ WHKHVSRR®LQJ O
GRZQVDPSOLQJ HYHU\ LQSXW GHSWK VOLFIDQ@G&EWK D VW
ZLGWK GLVARKIGU®V WIZWKH DFWLYDWLRQV EXW OHDYI
GLPHQVLRQ GHVFULEHG BEKLV SRRO@GE OD\HU UHTXLU
K\SHUSDUD PHWWUNVGHWBIO®LDO HIWHQWOLZIKLOH DFFHSWL
& VLIHG YROXPH DX QUREXEIHGE PROXPH ZKHUH

92 = {2574y

oy = (A??)L+1

& = &

,W VKRXOG EH DOVR HPSKDVL]HG WKDW RQ @\DWZWR SUHG
YDULDWLRQ LV IRXQG LQ SUDFWLFHD @QWKH PRWH BRRPRQ
D FRQILIXBDWDRG RIRU WWODHODORG RYHUODSSLQJ SRROLC

VLIHV ZLWK ELJJHU UHFHSWLYH ILHOGWgERKRXOG EH WR
LOOXVWUDWHY WKH-BRRULDUGERX XWBHRBESPDLRJIJ RSHUDWLR

R 7KH 1 1 VLIHG LQSXW YROXPHWMHUSRIRBHG ZL
LQWR D 1 1 VLIHG RXWSXW YROXPH YHAKGLOH WKH
>@ > @
YLIXUH

,OOXVWUDWLRQ RI SRROLQIWOIPVREBXBRZQVDPSOLQJ WKH LQ:

,Q WKH ILQDO IRXU OD\HUV ZH ZIQOWKBARAD K B B YOW IORFDQAD/DH
OD\HU V RXWSXW D ILQDO EDWFK QR UPMALIFQWIKRQ@HDV
HQWH UL QO RRYMVFS XWK Ho-H QWKL \EBLFB H VDPH DV WKH QXPE
FODVVHV WKDW ZH KDYH 7KH SXUSRVHLAJI PO WRBURSH
JHQHUDOL]H ZKLOH DOVR LPSURYLQJ UM®UDWKGILW\ 1H
FXUUHQW OD\HU ZLOO GLVFRQQHFW UDRL®RPWK WRKB KW K F
WKH GHSWK RI WKH QHWZRUN OHDWBM@I PRUH ILOWHU\
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7UDLQLQJ GHHS QHWZRUN\a XV1RRLGHY FHW DYOD /D RHQJ VX DIEW
EH FRPSOLFDWHG EHFDXVH RI W@H @D @ R KW RIQUDHG L H G
WKLV GLIILEXOW\ ZH ZLOO V Rétfiied LIREOUDI (ReLW) WKH DFWL
ZKLFK DSIS@DHV HOHPHQWZOVYBHDWRIQV\ DFWLYDWLRQ |
WKUHVKROGIEHL QW WHKHRLQSXW WR D QHXURQ SUHVHQW

B = T=1=T0,7

8VLQJ 5ARP SDUHBWKIHWUKYLPLODU DWW E KT RQR LGQ FW LR G
IXQFWLRQ HQDEOHEXW PIROMRHDVRMLHODWUDLQLQJ SURFH
ODUJH GDWDVHWV DWWULEXWHG WR BREOSPEHXUBO DU
X Q F K DJ2P HBoftMaxFODVVLILHU LV DOV R VDRG @RG PADRD MW K HWE Hi\
RXWSXW RI WK HVESUKHY REKXWS®D\RU WKLY ZLOO FRQWDLQ V
Rl EHORQJLQJ WR D UHFRJQL]DEOH FOO®VEHVKWKHOD\H
SUHGLFWLRQ YDOXHV 7KH VWP®AD JE]AXREAN 6RIWOD][ |

1,...,- UHVSHPWILYHQY D 9LV GHILQHG E\
N _ g0
e(\yU— —Alé*g_oaé

ZKHBHVRIWRDRSXW X#FWRQGDUG H[SRQHQWLDO IXQFWL
YHRMW-RQXPEHWRBVVHV LOODKN FROWWDIQHBDUG H[SRQHQW,
IXQFWLRQ IRU RXWHSHXWL Y Bl GVRRKD MW WWKKDW MBVWDNHV D
LQSXW ZHWR QXPEHUV DQG QRUPDOL]JHV LW 7KH SUREDE
- SUREDELOLWLHV ZLOO EH SURSRUWLRQDO WR WKH LQS

$W WKH HQG RIZWKDHGQHDVPDRAUN FRQQHFWHG OD\HU DV Z
FODVV VFRUH FRPSXWLQJ OHDGLQJ WHR QRPEHUHW RUOCO
EH PDWFKHG WR RQH RI WKH FODVV FDWHMRU\ VFR
7KH QHWZRUN ZLOO OHDUQ ILOWH UMW WKO WHDMXIUYD WIHQZH
VHHQ RQ WKH ILUVW OD\HU H J HGNHORIHRPIHURUSD\QWE
RQ WKH QHWZRUNR ]V KLJKHU OD\HUYV

4 Building and Training the Model

$Q LOOXVWUDWLRQ RI WKH FOBgukelsl\ § Y JWSKULR/F B R V QLW SAUK
EXLOW QHWZRUN SURFHVVHG IURPDWWKEDWUEBLRYED R\
LWHUDWLRROOKIK VRWHUPHGLDWH DFFXUDF\ ZDV FDOFX!
ZLWK D EDWFK RI LPDIWR UHSR WWSHSAWKREINVOKVRAHIW V | X O
WUDLQLQJ WKH DFFXUDF\ LV FDOFXWRON WG \DWDMLHKW XV LQ

7TKH LQSXW LPDJH RI -GLPHQIVLRDD PRWWIL] KROGLQ.
YDOXHV KDYLQJ MXVW OLNH D WUBIBUWURRRIDX POQW U D[
KHLIJKW RI QXPEHU RI URZV DV ZUOG G *DoV LP IBIHHSWK R
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UHSUHVHQWLQJ WKH LPDJH FKDQQHO QXWIERSJOHIORWWL
LPDJHV LQ RXU GDWDVHW IRU GLXIHWId@®@W URDG WUDIILF

YLIXUH
6LPSOLILHG IXQFWLRQDO GRPHYIVP RAQVERIURODVVLI\LQJ SU

YLIXUH
+LVWRJUDP GLVWULEXWLRQ RJHVKBIWHIRPHGWH GZ\g UZRUN. QJ LP

7KH VDPSOH QXPEHUV IRU HDFK URDG WHOQFDDN VXHMH Y H (
QRW KDYLQJ WKH VDPH QXPEHU RI VDPKH KVVIR B JUDHPU\ F
GLVWULEXWLRQ OHDGLQJ WR D ELDMHME RRBHORWWEW
WUDLULFVVPRUH DFFXUDWHO\ WKDQ RWKHUWQMKXE VDPS
IRU VRPH RI WKH FODVVHV WR UHDFK BOMMYL PZXL ®H
DYRLGLQJ UHSOLFDWHV>LQ@WKH LQSXW GDWDVHW > @

$00 FRGLQJ RlI GDWD DUJXPHQWYV DDW® & AW KHK H WU D |
NotebookH QYLURQPHQW 7KH GHWDLOHG &11 ODAHG DUFKLW
EXLOWIZA \WR|G LV VXPPH®IeXIS WIQVSHFWL YFigore  KRZQ LQ
D@F@ure9> @ $PRQJ WKH W\SHV RGLEPHGVULRRDHGFR QK RODR
OD\HUV &RQY ' EDWFK-®RUHRDIRQQRMD[WSFRROLQJ
GURSRXW -XQWIGBBAWDLOHG GHVFULSWLRQV LQ WKH SU|

YLJIX8U H
,PSOHPHQWHG GHHS FRQYROXWLRQDO®ZQHZRIDND QHWZRUN OD\HU I
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YLIXUH
'"HHS FRQYROXWLRQDO QHXUDO QH\UDRUMNDDWE KW ARXIMH VSHFLILFD

7KH HQWLUH SURFHGXUH IRU PRGHO WVDQQO®RJI*BHTXLUH
WKH WRWDO QXPEHU RI SDURPHWHEK DWH WUDLQDEOH
DQG QRQUDLQDEOH WKH WUDLQLQJ SURBHWY LV FDUU

.- *% 5%$0 *+] SURFHVVRIEDW®RSHNYNQOWKQJ VI\VWHP
> @ :H ZLOOPyhHN X¥ZIQWdhsorFlow WKH VFULSWYV RQO\ UHIF
VWDQGDUG OLEUDULHY DYDLODEOH BsYiénimpyH pSLSY SDF
zipfile Rrdtplotib EDFNHQG

7R PD[LPL]H OLNHOLKRRG 0/( ZH KDYH W&APLQLPL]H V
VIXDUHG HUURU 66( 06( 506( > @ > XOW @Y RARDMIKG
ZH DGRSW WKLV 06( WKH GHIDXOW ORVSUMHRBWFWHJIUHYV
FRQWLQXRXV W DEFXOW WH® XXHAN WKB DYHUDJH RI WKH V
EHWZHHQ WK#¥ SQGRUEWMIIDXHY VKRZQ LQ

/5" = 2Ry 4N F P8

$ VXSHUYLVHG WEDVNOIGQBHWBRREGHQWXSGDWLQJ HDFK RQ
HDFK OD\HU LQ HDFK ILOWHU EDQN LORVXFIK®FWDR QKD
ZKLOH WKH ODVW VWDJH V RXWSXW RUVFOD3/ WW.RL PD AQBR'C
SUREOHPV ZH BYS9URIQPUWHGLVFUHWH FRQGLWLRQDO G
MR:0PRGHOLQJ GIVWOLEXWA RY @

7DEOH
1IHWZRUN OD\HU DUFKLWHFWXUH SDUDPHWHUV DQG VL

Layer type E:,I.ter ;i;ﬂe| Q(-ZIIV. Output shape rF])fram'
&RQY [ 5(/8 1RQH 1
%DWFKLF - - - 1RQH

&RQY [ 5(/8 1RQH

AR13A



Cs Ferenzet al. Neural Netwdnkesed MufEilass Traffisign Classification
with the German Traffic Sign Recognition Benchmark

Layer type rl?rl.ter sKit:reneI %AC(_:“V' Output shape Eﬁram.
%DWFKL1F - - - 1RQH

OD[3RRO] - [ - 1RQH 0
&RQY 128 [ 5(/8 1RQH

%DWFK1H - - - 1RQH

&RQY 128 [ 5(/8 1RQH

%DWFKL1F - - - 1RQH

OD[3RRO] - [ - 1RQH 0
YODWWH( - - - 1RQH 0
'"HQVH - 5(/8 1RQH 2408
%DWFKL1F - - - 1RQH 1
'"URSRXW, - - - 1RQH 0
'"HQVH - - 6RIWRE 1RQH

7R PD[LPL]H OLNHOLKRRG ZHHCDNHRWRRPL XLPQEHD FN RV V
JHLEOHU ./ G&YHWYJIH@PONW URS\ IRUPXOD ZKLDH WEH Q
FURVQWURS\ IRUPXOD (Y NDIRYH ) DV\PPBWG@LF> @

28] ./ 'LYHUJHQFH LV DOVR NQRZQ DV UMW LN H®D W UR
LQ &AU/M RO DV\PPHWULF

*() = FALL,HU,
(LM = FAL,HM
&AUIN = *(LMF *D

&URNW@WURS\ ORVV IXQFWDRG LV JZXMQH @H PLQLPL]H
DPRXQW RI VXUSULVH VXIIHUH/GDEXoNZHBIQE@RXU H[SHFWD'

5~ ~

6A= FZ AuALyH Mp

Lyp= W= Gy

2XU ILUVW K\SNESE2D RHVHHQX P E H W RG LFDRFFHKY KRZ PDQ\
WLPHV VKRXOG WKH QHWZRUN JR W KADR/¥J KWIX HXQ@WYZ B D N
ZLOO JR RYHU RGDJWKXHDYV ZHOO DV YDOWEBBWH RMHO | Z
H[DEWO\ WLPHV 7KH QXPEHU RI EDWHRKH R Y B UH®KHK L
EDWFK VL]H ,Q FDVH RI VHWW L Q MWMKKLVXDDW WK R LRXW P R

FRXOG GHWHULRUDWH HYHQWXDOO\ OH®PGLEBOHWWRD S|
JH@HOL]IH ZHOO RQ SUHMYMIE@RXVO\ XQVHHQ GDWD >

7KH K\SHUSDUDPHWHUYV FRQWUROOLQJUWGH- RHWEBXW Y
SDGGLQJ DQG GHSWK 6WULGH LV ZKHXBDO WR ZHZVHODLGH
PRYLQJ RQH SL[HO DW D WLPHSRGGHY®YB UKDNOCDNHR O HKI
FROQOWUROOLQJ VSDWLDO VL]HV RI RXWSXW ®ROXPHV L
FRUUHVSRQG WR WKH QXPEHU RI |l@WRWYKHWH DWSHBWD
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ZRUWK QRWLQJ LV WKH LPSUDFWLFDOLWY RO XRDQHFWL
QHXURQV UDWKHU FRQQHFWLQJ HDFK R MXUHRQS\W R/ IROQOD \
HIWHQW FDOOHG WRH RMFKBWLLWH IEBFOGHG WKH ILOWHU
IRU HDFK VSHTFablelF OD\HU LQ

7KH OHDUQLQJ UDWH GHILQHG EHWAHHQEHDWQBXU IZG WK
XSGDWH UDWWY O% g FDXKBRXJK D/D® ROHVKBIW WKH VDPH \
ZRXOG QRW EH FRPSXWDWLRQDOO\ |HDKH BEODH EVWMKHRE D W
LPDJH VDPSOHV RXU QHXUDO QHWZRUN JHUO DLO\G CGEHH W K U
FUHDWHG DV WKH $GDP RSWLPL]HW | RZK WDKH WKAHR E K D /KW
GHFD\LQJ SDUDPHWHUY- WKDWY WURH G XMW RY@ UILWWLQJ

7DEOH
7UDLQLQJ WKHNSGHWWEZRDRHWHUYV

Parameter Value [-]
/HDUQLQJ UDW
'"HFD\

% DW FK7VID]HQ L
%DWFK VL]H ¢
(SRFKV 2
9HUERVH 1

5HIJDUGLQJ EDWFK VL]HV RDHARG EDWFBRPWLLHQ SXWARPBU W
WUDLQLQJ DV ZHOO DV LQ WKH FDV MW BRD MQWH WO QGDWE RF
LQ VXFFHVVLYH RUGHU WDNLQJ LQWR DFFFRXIQW WKH
DSSOLDQFH RI WKH SUHYLRXV EDW WK HHQ IF W Z/FDOUPNS @MV KOO
WLPH ,Q WKH FDVH RI WKH K\SHUS D DImFH /G M XE/DMWV EW DL
SHU KRZ RXU VSHFLILF PRGHO SHUIRUPWENURQVRWUDL
PXVW EH WHVWHG FRQFHUQLQJ KRZ RXUVRUFKLQH LV R
XWLOL]DWLRQ > @ B6HWWLQJ WKH YHURRWHKWRP R@HO O

EHLQJ WUDLQHG ZLOO EH VKRZQ GXULQJ GHYHORSPHQW

5 Validation Results andOptimization

7KH UHVXOW YDOLGDWLRQ SKDVH GXULQJ GHYHORSPI
GLUHFWLRQV RQ KRZ WKH SUHFLVE§E@ ID SRXYVHERAWAR XO G
VRPHHVXOWY GXULQJ ROWREFDRSDHRQLEWY RV HD V
DFFXUDKFDORBWWKMH PRGHO

,Q WKH FDVH RI UXQQLQJ WKH QHWZRUN ZLWKRXW LI
LQGLFDWLRQV WKDW WKH PRGHO V YDOHGDWRRMKEFFXU
WUDLQLQJ DFR&X LIDROBYWUDWHY $W WKLV SRLQW ZH D
WZR OHYHOV RI GURSRXW RQH IRU FROYYRORYHRADO OI
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IXOO\ FRQQHFWHG OD\HUV ZLWK 7KH LOWRDO FRQ
PRGLILHG GXH WR REWDLQ@GB W WWHIUREBH XKW ZIPWKEH L
Figure 1 SUHVHQWY WKH FRQYROXWLRQDO ZRUNLQJ SURFI
VLIQV YLVXDOO\ UHYHDOLQJ WKH QHWZRUN V UHFRJQL\

YLJIXIOH
6DPSEHWIKIURQHRXV S GHYIHFO/RSFEBXMDEG ORVY Rl1 WKH PRGHO 2ZQ ZRU

7KH YDOXHV RI ERWK ORVV IXQFWLRQ DORGHMHFRVLRQ D

HSRFKV DUH LOOXVAU®M HE FORSKEVEODOM MKDW WKH
&11 UHGXFHV VPRRWKO\ WKH YDOXHV RMKW KHHS/RIFBW U IR U
WKHUH LV DQ DSSDUHQW HIILFLHQF\ X3! W WH{ @& DWRQ E®J
IODW DQG FRQYHUJHQW XOWLPDOMWHONOARIQURDRIQL Q J
SHUIRUPDQFH JRNEWRILQ WKH ILUVW SG®PBRHQLAWWKQD I
SHUIRUPDQFH RI
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YLIXWH
$FFXUDF\ DQG ORVV EBDIQRE HF RESYWRMPAMOIRDEVE R QN

YLIX®@H
)LQDO WUDLQLQJ DQG YDOLGPIQ RAUWUNFXUDF\ Rl WKH PRGHO

Conclusions

,Q WKLV SDSHU WKH DXWKRUV SUHVHBWXGHDZ& R/G Y\L\W /W
RWADHUW UHVXOWV RQ WKH *765% -GRWO @ HWILIEIQLYFH VW L J
UHFRJQLWLRQ DQG FODVVLILFDWLRQ SEEEOBW ZHXA®W C
DV GHYHORSHG D IOH[LEOH PHWKRG MR DWWHDW AKX OW
SURYLGHV HYLGHQFHVRH SWIHFSSIQNIFERMWARRN KLIKOLJKW
HQKDQFHG HIILF L WGEHR JEURMNYKEWPB\W KR Ga

7KH YDOLGDWLRQ RI WKH QHWZRUN VKRZH&G XS RPLVLQJ
DJDLQVW H[LVWLQJ OLWHUDWXUH ILQGLEDWHXRG RXW
FODVVLILFDWLRQ SUREOHPYVY 7KH QMM(ARIWHISW Z RHWLIQG
LPDIJHV DQG SURGXFHYV JRRG UHVXOWXHIK W-RIRMRIRZQLQJ
UHVROXWLRQ LQSXWV RU SK\VLFDOO\ OGMWILRIGHG QRW G
SRVVLEOH ZLWK MXVW D VLQJOH LPDJH LQVWDQFH
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&RQFHUQLQJ SRVVLEOH IXWXUH GHYHORSPHQW GLUHFW
SHUFHSWLRQ LQSXW WKH WUDGLWLRQ® E\&IR@GLW DUF
IHDWXUHV WR WKH FODVVLILHU RIWWODWHVWLNJHAHBOHV DE HBA
XVLQJ JUH\WVFDOH GULYLQJ LPDJHV KDYL@®U VWURQJ

FRQWLQXRXV IUDPHV LQVWHDG RI FRORARLWQGSG EA LQFUF
5HIDUGLQJ WKH FRORU LPDJH VDPSOHWRERANYEDNRDOL]LQJ
DVVXWKIDW QRUPDOL]JHG FRORU FKDQQHOV FRXOG EH PRI

JXWXUH VWXGLHV VKRXOG H[DPLQH WKHSHRHHEWRQLQSX
VSHHG DQG FODVVLILFDWLRQ DFFXBROW ILROBMGEGH WZ R QNW
ZKLFK PLIJKW IXUWKHU LPSURYH DFFXUDHHBPWG@RI)LQDOC(
X QV XSHHUGWSIH. Q L Q J- RIWIHDAKILH) VWDJHVY VKRXOG EH L
ZHOO ZKLFK FRXOG EH PRUH HDVLO\YOMBG QHNWRGQ Z
H[SOLFLWO\ ZLWK DQ LQFUHDVHG QXPEHU RI IHDWXUHYV |
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Investigating Safety Effects of PKI
Authentication, in Automotive Systems

=V R P E R U, TEédKMarton Kazar', Roland Kraudy?,
Zsolt Szalay and Arpad Torok *

! DepartmentR1 $XWRPRWLYH BNEOGRORIBAYYHUVLW\ RI 7HFK
DQG (FRQRMHIAHMWHP UNNXGDSHVW {(POQODU\

JVRPERU SHWKRNDGRUE WD KXV#MMNO BEPH/ ROW#NMN EPH K
WRURN DUSDG#NMN EPH KX

20LFURVHF 6RIWZD U H SRMDXOIWB QW QIHIDWEDQ] %UL]
%XGDSHVW {(POQORODQG NUDXG\#PLFURVHF FRP

Abstract: Our study analyses the safety effemft Public Key Infrastructure (PK|)based
authentication matedelated to certain wireless communication based automotive functions.
The first part of the article focuses on quantifying the safety effect of quality oE{€o)
parameters in the case of wireless communication based automotive functi@soBaisis
concept, the paper discusses two scenarios: in the first case, there is notiaation
process applied during the communication, and in the second case, themoation is
secured by PKI authentication. This concept allows us to evaluate the sadetyoéfthe
security overhead caused by the additional computation demand related tdtbetamation
process. Considering theesults of our research, it becomes possible to define the
requirements and expected conditipregarding the operational circumstances

Keywords: automotive safety public key infrastructure safety risk V2X network
performance

1 Introduction

2XU SDSHU DLPKRERBONMIFOXDWERIEDVMW® XHWXUHW\ VRO XW
3.,8fect FRPPXQLFDWLRQ VHUYLFH TXDOLW\Q@DRBRKS\ WKXV W
ZH QHHG WR/IOHQ BO\IHMXWKHQWLFDWLRQ SURFHVYV LQ GHYV
DYDLODEOH FRPSXWDWLRQDO UHVRXUWHWGdbleWKH DXWRP
ZH QHHG WR ILQG DRIDEHMSAMBEOHOWRBOWLQJ RXU UHVR
WKH IXQFWLRQDOLW\ DQG VDIHW\ RI WK H FRRHUGMIQDIWH G
WKH VHEXULW\ Rl &XUHOHWVWWHPRPRRXQLFDWLRQ EHWZHHQ \
RI WKH WUDQVSRUWDWLRQ VA\VWHPD® PDQMTHKIFFHOHW S
VIVWHP HWF FDQ VLJQLILFDQWO\>F RQW.QLFHX W K HWIRF MPR
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Zs 3 HWthkal. Considering P8dfetyimpact ohetworlPerformance
during V2BasedA\D/ADASunctiorbevelopmelfrocesses

RI WKH FRRSHUDWLYH LQWHOOLJHQW LW 0D RN SIREJOMWD WMR
HIFKDQJWLWPHDDQIRUPDWLRQ RQ WKHLU SRVIGNLRQV YH!
SODQQHG WUDMHFWRULHYV ,Q FHWWDLQ OFEDA/HH W RWW R H\U VD
WKH GRDWBFRWHQGYEWRQPHQW SHUFHSWLRQ PRGXOH HVS
VRPH-QE®NLIJKW VFHQDULRY ZKHUH RWKHU VHQVRU V\
RWKHU DFWRUV LQ WLPH

'LITHUHQW W\SHV RI PHVVDJHV H[LVVWVREQWR®R FPHRELW L WH
&&$OVI\VWHPV WKDW FRQWIDUHOG DLW DB RSB HND\DAN R M
$ZDUHQHVYV OHHWVDVYHD ZLGHO\ XVHG PDVVDJH W\SH W
LQIRUPDWLRQ RQ WKH YHKLFOH V SRVLWLRQ DQG G\(
7TKHUHIRUH LW LV ZHGO OHXEBWHEDFOHS RRUHV D IH W\

7RS UH YRDQON F L R X\ PFE WHRERH QIJRPPXQLFDWLRQ UHODWHG
SURFHVVHV WKHEHN\FIVSIPEOKMVRI FKHFNLQJ WKH DXWKF
SDUWL RIESHDOWVWMAVWKH 3., VHFWELMWY WROKWKREHQWLF
UHOLDEOH FRPPXQLFDWLRQ-U/SHFLDWOR F RIQQW & BUIL\G Y
IUHVKQHVV Rl WKH PHVMDDWWZRUNYV DSSO\ GLJLWDO
WLPHV WDV I X CFMAL RSYWM XGRQ\P FHUWLILFDRALWY WR VL
SURYEBWXWKHQWLFLW)\ IRU &$0XVHQUY EBKRREFGIRU WKH
LGHQWLWLHYV GR QRW FR Q.W)XLQVN KHU P BELH QHWHKGIMD I G L
DXWKRUL]DWLRQ OHYHOWVRIFE&3Y YROLAR RBXGRUPDO G U
DOVR EH. REQWBOMHK®WY LQ IXUWKHUWRRRS XOWMBE LR®DBH
SHUIREAHRQ G WKH SURFHVVHV Rl WKH FODVVLFDO DXWR

.l LW LV QRW SRVVLEOH WR DVVLJQ DGGLWLRQDO FF
DXWKHQWLFDWLRQ SURFHVV FDQ LQFUHDN@VWKH GHOD
SURFVNYHU\GD\ WUDKIExFa¥RPSRWIDRWLRQDO GHPDQG QH
the DXWKHQWLFDWLRQ GRHV QRW FDXVHLIVGXFIK IDFXOWLH
(&& (OOLSWLF &XUYH QESSWRNBWBRIQUFG ZDUH FRPSRQHQW
VXSSRUW WKH SURFHGXUH

+RZHYIIRU H[DPBSIVH RRSWXIEPDO QHW ZRWYWHRHW KRHU P D QFHW
RYHUKHDG LQWURGXFHG FEDQ3.D | CHAMWK/NWREI/G D W L RAOR
DS SURSD VB BAMOW U L W L ADXD QBR WY RL QWY L P

7KHUHIRWHBRBKPXVW EH FRQVLGHUHG GXULQJ WKH DXW
SURFHVVHV WR ILQG DQ RSWLPDO ED@D@ FH\EHHEZBBQ\V L
FRQVLGHULQJ DXWRPRWLYHUKQNVBURFW \L\DHU XVHXFKL QY K
VWHHULQJ HWF

NHWZRUN SHUIRUPDQFH FDQ EH DIIHFWBGWR UAH Y\WXUAKO H|
DV EXLOGLQJV WKH ZHDWKHU VSHHG LIFRGGMWQRQM) W k
WKH FRPPXQLFDWLRQ SURFHVV RBPQNKKHD B ®/®& HHGKDHRX L
PXVW EH HPSKDVL]HG WKDW D PDOLFLRXWRDWWRFN >
FRQVLGHUD EQDH VEHEWN DV TXDOLW\
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1RWH WKDW 3XEOLF .H\ ,QIUDVWUXF@XOHHGJDRHRERWHKNWY
GRPDLQV WR SURYLGH DQ DFFHSWDEOW KH FHXQUHUWN\ &dY H
WKH ILQDQFLBO@MHFWRWKEHU@QUHVHDUFK SDSHUV IRFXVHC
DXWKHQWLFDWLRQ RQ FRPPXQLFDWLRQ GHD®\ > @ W
ODQDJHPHQW 6\WWHPV UHODWHG @NRD @& $ O KWHR OVHW XRIQ \
RYHUKHDG RI GLIITHUHQW FRGLQJ DOJRUH&/KBRRVUNV @ )RC
ZH IRXQG WKDW 3., DXWKHQWLFDWLRRPYMWKDDI@RW HHWFW
EHHQ LQYHVWLIJDWHG LQ GHWDLO DQG QHHGV IXUWKHU

7R GHWMIQHPLWY DQG ERXQGDULHYV ZKHUH VSHFLILF &&%$0
LQ D VDIH zD\ GHYHORSHUV VKWX& GHBH FDWHWEE HQLWINR Q HA
WKH VAVWHP UHODWHG WRI SDKUHVILG XMXPOHQFRRELQBWRRY YV
WKH VAIVWHP FDQ EH RSHUDWHG LQ VWKWHRVDIH WOWHUYPO
WKH VDIH VLGH $FFRUGYRUGLREGEWFKUHDIXBO MIUQ@LILFDQ
HLWKHU EHFDXVH RI DQ DWWDFN RWDQDHWRRY RMDKH ERR
PRGLILHG WR GULYH WKH-VWWHP LQ D VDIH VWDWH

2 Methods

7KLY DUWLFOH LQYHVWLJDWHYV WKHVHI ®MMANH G GIW HFEQA F
UDQGRP HUURUV UHODWHGE®MR G WDHKOHR/A/R MRLPYRHX XLFIWMLLRE
LQWR DFFRXQW WKH VHYHULW\ DQG SUREBO®HLVHG\ RI WK
RQ WKLV WKH DSSOLHG ULVN HVWLPDW LRIU WRRIF WKW L
VHFWLRQ DQG LQ WKH QH[W VWHS GWKRUSERIESDELOLW\ F

2.1 Investigation Concept

'XULQJ WKH HYDOXDWLRQ ZH LQYHVWLIDWHHKVEQHDVH
PRYHPHQWQOOC LQYHVWLIJDWHG FDMHYVIHQYFOKGIH® WZR FLC
6 XEMHFW-%KAKHOWHHOW KIK ERHERD WK QFWLRQ PHHW DW D
GHJahHH7DEAHFOXGHV WRHWHKRRFOWYHYV

7DEIOH
,QYHVWLIDWHG FDYHO DLV WKW DSSOLHG

Test

TC1 TC2 TC3 TC4 TCS5 TC6

temiy | 20 20 20
[k‘r’ﬁ/vh] 100 | 100
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,Q RUGHU WR JXDUDQWHH WKDW WKHHW ®K H WK\LF QW i/ QD!
SRVLWLRQ Rl ERWK YHKLFOHV DUH FKRMHBXRPMRXELQJO
WKH &RKBDLPXODWLRQ IUDPHZRUN ,Q WKH-WHVW VHW:;
%RDUG 8QLWV 2%8V DUH XVHG WR | BFMWZFHIDMM KH. WHE®&H
YHKLFOHV XVLQJ &$0 9BHWWRIMAZD UMK/ LPXODWHY WKH

IROORZLQJ WKHLU UHVSHFWLY HOREW KOV1D ¥ GJ DA IR QDDHW
6\WWEBPWD VWUHDP IRU ERWK 7KLV GBOMWBDMWWHRDFEBYV W
YLD 7&37BDQVPLVVLRQ &RQWURO 3URWREGRPWDRHUQFK
7KH DUFKLWHFWXUH RI WKH WHVW V\VWHP LV VKRZQ RQ

YLJIXIWUH
7THVW VU/RKH® HBDFWXUH

7TKH WH WUFBDVREOHPHQWHG LQ WKH YLUWXDMRPRGHO RI
SURYLGH WKH SRVWHHBED®HY U RF DWKIHRQHBDIOWKH H[SHULPH
> @ EKHARZ SUHVHQWH @GDO/DERMNG® WRUR D/UHHW XSXW WKH PHI

YLIXUH
OHD VX U DRHEGRW/HWRE
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2.2 RepresentingSafety Risk

7KH EHBSQMRHAHQWHG SDUW RI WKH DUWLFOH GHVFULEH
FKDUDFWHUL]H VDIHW\ ULVN %H\RQG WE&BUDHKILWBHVIHQ
WKH GHYHORSHG 6DIHW\ 5LVN ,QGH§ SBU DPRHQWH.IGWH UWXWIK
DV SDFNHW GB®ILR -B-HRUADMGHQF\ ( ( 'XULQJ WKH DQ
VWRSSLQJ GLVWIGREH DEHOQRDMOK® WHG WR FKDUDFWHUL]JE
RI D VSHFLILF VFHQDULR

'KHQ &%$0V GR QRW DIROLOYRYVZHERIWR OH W/E$#HNRDHKKIHNO W K H
WR WKH VWRS@EKQ IWRHYORBADHZ LOO QRW KDYH HQRXJK G
GHFHOHUDWH WR D VDIH VSHHG DQG DYRLG WKH DFFLGH

,Q OLJKW RI WKH DERWWKHLIRDYESAIHDIHUEM HRW N R/KH FU |
SRLQW WKH FDU FDQ SUHYHQW WK HPFRRK®Y/LLY HRQK Dr\R ZLHAY
LV QRW DGYDQWDJHRXV LI WKH &$0WURD YHO OVRR W EW
FODVVLILHG DV D KDJDUGRXV HYHQWZD)R@IORIZSQLU WRKE V
(Rpaa LQ ZKLFK WKH &%$0 VKRXOG DUULYKLJKHKHVKSHHG
ZDUQLQJ SHULRG KDV WR EH ORQJHU

$FFRUGLQJO\ LQ WKH GHYHORSP UGN SOREMBNUH RI $
$VVLV\B\VQMRWRPDWHG 'ULDNSSQOLARBWHRQV ZH PXVW FRQ
SURSRUWLRQ RI WKH ZDUQLQJ DQG WWH FDQ WK BD O ISH U
DSSOLFDWLRQ ZLOO EHFRPH PRUH HIDISBWLFD WERW WIKOHC
DOVR EH ODUJHU

7KH LQGLFDWRU GHVFULELQJ VDIHW\ ULPNWHGGHILQH
RFFXUUHQFH DQG VHYHULW\ YDOXHWYH QVR®R KAHKK A DG/HHO®N\ VG
DUULYDO RI FRRSHUDWLYH DZDUHQHVY PDVVDJHYV

7KH RFFXUUHQFH YDOXH UHODWHG WRDWRHH®HYN\HG |
PHVVDJHV LQ D VSHFLILF VFHQDULR LBCFDQPXVYMDRGS E\
(Ri ITURP WKH FHQWHU SRLQW RIcWKH ZDUQLQJ SHULRG

$FFRUGLQJ WR RXU FRQFHSW ZH HVWLRMWHE\VHYHULW\
OLJKW RN WBQVEH GHULYHG IURPWWKHFROQH®IL® JHYHKULIA
JROORZLQJ WKHVH DVVXPSWLRQV LQ WKMHRDWH RV D C
SURSRUWLRQHDUH®RWWEHKHQGWKH VTXDUHV RI YHORFLWLH'
FDQ EH UHSUHVHQWHG E\ WKH IROORZLQJ IRUPXOD

54= kR F R v.%c9 ®@ sy

%DVHG RQ (T ZH FDOFXODWHG WKH HQWN GY WHVIW U
VFHQDULRY )ROORZLQJ WKLV theAs EE@ FQRMLORVYVHEODHVWR
IXQFWIR@DSDEOH RI HVWLPDWLQJ WKH ULVNW LQ WKH F
Rl WKH FRQVLGHUHG LQSXW YDULDEOHWY YHXKKFOW WKH
G\QDPLFVY DQG 4R6 SDUDPHWHUV
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3 Results

7KLV VHFWLRQ IRFXVHV HR® FXKWHH B XPNHADR/PXHIKD R il WML V N

RI WKH 9 9 WHYQDPEMBSSEO\LQJ WKH SUHVHQWHG VDIH
7KH E+BQRAZHQWHG ILJXUH SDLUV FRPHS IDUHH W K/H. ®H VR | X
ILJXVKRZ DOORHQF\ VFARQWARGXLWIDWHQF\ WKH ULJK
VLGH VKRZOU/DW KQFN¥ W FH® DVAEK | LER Q MVMDK I WoH VX O W V
WZRHDVXUHPHQWYV DROWK ZQWKFRWLEQ XMXEURGWELQXRXV C
DQG RQH ZLWK 3., WXUQHG. RXH B®&B BNL G.D \BRHG QRIPQB O
UHJUHVVLRRD OFK OMNPHIEOKKY UHVXOWDQW VDIHW\ ULVN
QRUPDOL]HG

3.1 TestCaseTCl1

,Q WKH ILUVWVWEMWWMRRINOH RAMHNY DRLOH WKH WDUJHW Y
PRYHRONW K 'XH WR WKH UHODWLYHO\ ORZO/M@RFLWLH\
UHODWL Y®! & RIRIORODIWHQF\ BDWM VXVQRMHIRRHIV Z K H Q
WKH 3., DXWKHQWLFDWLRQ LV VZLWFKHG RQ

6DIFBWYN I XQFWLWRVW FDVH
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7DEOH
6DIHW\ 5LVNTEDWHKWW HDOW H

PDR E2E Without PKI With PKI

0PV
10% PV
1000 P V

0PV 0.121
50% PV
1000 PV

0PV 0.022 0
100% PV
1000 P V 0.122

3.2 TestCaseTC2

,Q WKH IROORZLQJ WHVW FRYHY WKWHZYXKE MHEMHYHKLFOH
YHKLFOH PRYHV:BWDQNWPHKRJQL]H WKDW WKH VDIHW\ L
DXWKHQWLFDWIRR) FHBRIFKHWEB®IR HJUHMFH FDQ EH REVHU'®
HIWUHPHO\ ORZXQI&SIOWHYHOV

JLIXUH
6DIHWYN |XQRMAWAVW FDVH
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7TDEOH
6 DI HW\YDLO/NAC2 WRHUIVW FDVH

PDR E2E Without PKI | With PKI
0PV
10% PV
1000 PV

0PV
50% PV
1000 PV
0PV
100% PV
1000 PV

3.3 TestCaseTC3

, Q WKHVW K IWIERgétY HKLFOH PRYHV DW V XHE B KIMIOHH WKH
PRYHV DW NP K 'XH WR WKH PRUH ARRQWKEHMIDOBWHN GLI
ULVN WDNHV ODUJHU YDOXHV ZKHQ WRH ™K IRMAKRIIUV H
KDQG ZH KDYH WR HPSKDVL]H WKDW WKBQIDIFINHWVGHO |
LQIOXHQFH RQ WKH VDIHW\ ULVN &RMPSDULWEK WRB VDIl
ZLWKRXW 3., DXWKHQWLFDWLRQ WKH PD[UINB.XP YDOXH R
ODUJHU WKDQ WKDW RI WKH VA\VWHP ZLWKRXW 3.,

YLIXUH
6D HWVYN | X QFUELWBVW FDVH
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7TDEOH
6DIHW\ 5LVN YDWKWW HDOWHRA&

PDR E2E Without PKI With PKI

0PV
10% PV
1000 P V

0PV
50% PV
1000 PV

0PV
100% PV
1000 P V

3.4 TestCaseTC4

SHIDUGLQJ WKH | Rtsrgatwikd WIHAVON FPIRWHH WMIKWYV X BNNP HKEE WK L O H
PRYHV DW NP WKGHLBUBYURWMR WHVW FDVH WKH PRUH \
LQ WKH YHOHRWAOWWM LQ ODUJHU VDIHW\ ULMM\ RDOOXHV LC
VHUYLFH OHYHOV %HVLGHV WKLV ZH IFDHQUD ODR/LRREV H
FRQVLGHUDEO\ LPSDFWV WKH VDIHWWHKHVW\V&RHPSDDILW K
DQG ZLWKRXW 3., DXWKHQWLFDWLRQ KNXH IPD PLEPROPWY D O
WKH VDWPKHDMVWHP ZLWKRXW 3.,

JLIXUH
6DIHW\ 5LVN NEQAWH\RQ FRVH
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7TDEOH
6DIHW\YDLO/NHY WRHIVW& FDVH

PDR E2E Without PKI With PKI

0PV
10% PV
1000 P V

0PV 0.11
50% PV
1000 PV

0PV
100% PV
1000 P V

3.5 TestCaseTC5

$QDO\WBRE WHVW tarpef HH RMKKOH PRYHY DWVXBERHFEFWKLOH
YHKLF®HHY DW NP K ,Q WKLV WHVW FDWHKHWKH ODU
YHKLFHOWRIFQMWMUHDVHY WKH VDIHW\ ULVN VLJQLILFDQWO\
XQGHU %HVLGHY ZH FDQ DOVR REVHUYH WKDW WK
FRQVLGHUDEO\ LPSDFWV WKH VDIHWWHHVND VK H IP /KR X
VIVWHP ZLWK 3., DSSURDFKHY WKH DO HKWHRHK ©\

JLIXUH
6DIHW\ 5LVN NEQAWH\RWQ FRVH
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7TDEOH
6DIHW\ 5LVN YDWKWW HOWHRA&

PDR E2E Without PKI With PKI

0PV
10% PV
1000 P V

0PV
50% PV
1000 PV

0PV
100% PV
1000 P V

3.6 TestCaseTC6

5HIJDUGHQRRVW GDQJHURXV WHVVILRMDKNIP KVBEEGHKLFOHV
NP KQ DFFRUGDQFH ZLWK WKH DERYH ZH ¥FDQXREWHUYH
DPRQJ WKH H[DPLQHG VF H:@IDROL® \D O Y RVKR QFO\EM RMOMHN
ULVN IXQFWLRQ FKDQJHV VWHH S H VKIS IDE NHRAL \G MBIV B D
UDWLR

JLIXUH
6DIHW\ 5LVN DEQAWH\RWQ FRUVH
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7DEOH
6DIHW\ 5LVN YDOXHV IRU 7& WHVW FDVH

PDR E2E Without PKI With PKI

0PV
10% PV
1000 P V

0PV
50% PV
1000 PV

0PV
100% PV
1000 P V

Conclusions

2XU DUWLFOH LQYHVWLIJDWHV WKH LPEDEWVRIG3XEOLF
DXWKHQWLFDWIQRWKSHURPHVWHWLVYN FDXVHG E\ WKH LQFU
LQ WKH FDVH RI GLITHUHQW 4R6 SDUDPHWHU OHYHOV

7R HYDOXDWH WKH TXDQWLILHG ULWN DOIEXB®R\FH WKH L
WIEH KDRLRUKH VA\VWHP GHSHQGLQJ RQ GLIIHUHQW YHKLF
WKH UHODWLRQVKLS EH QB GRS IS FIKMHW H UNQ DADIGH W K F
OHYHO UHODWHG WR WKH WHVW FDVHYV

'KHQ WKH SDFNHW GHOLYHU\ UDWLR LVEHRRPHWKH YDC
RXWVWDQGLQJO\ KLJK DERYH I ZWIRWRWK HR@® RMKH W
ZH FDQ REVAKHG WIKKHD B/'B/ KN ORWVN YDOXHY DUH JHQHUDO
ZLWKRXWTWKHK3IWKH GLDIWKH@ETHVYPXP GLIITHUHQFH LV a

'KHQ WKH SDFNHW GHOLWYHH UDWL.RPHHYMWYVKUBROBWHG W
ZLWK DQG ZLWKRXW 3., JHW FORVHU $RFRR GVQRORVHI V
WR WKH RYHUKHDG RI WKH 3., SURFHVV EHFRPHV QF

%DVHG RQ RXU RXWFRPHV WKH VDIHW\HLESDFHW RI 3X
DXWKHQWLFDWLRQ LV LQVLJQLILFDQWQDKHUHYROMDVE G
XQVDIH FDVMMOLNMWKBIHFHIHDVHY EHORZ DQ XQDFFHSWDE

7R VROYH WKLV GLIILFXOWGHIHQBH®@ W R HHRRX/UWIGHH O GO R
PDNH IXUWKHU FRPSXWDWLRQ D& WRR¥RWIWNHPY DYDWRB E C
FDVH RI FULWLFDO VLWXDWLRQV ZKHQWRKUH HAGRGF S DW DI H
SURFHVVLQJ WLPH RI WKH DXWKHQWLFDWLRQ SURFHVYV

7R UHGXFH WKH PHQWLRQHGHQNVWWY G DV\GFOCGGIWLLYRHQ WV HAELX L
VI\VWHP OLPLWDWLRQVY FDQ EH DSSOLHGWR\DWSPRYIHP LW I
LI WKH LQYHVWLIJDWHG DSSOLFDWLRQV FOWHPH RSHUL
SDUDPHWHQVWEHKGWEIBIHHG OLPLWYV
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%DVHG RQ WKH FR @RAOXIKHH @ HRVANDRR-KH VW2 KIHF DRGD ORRZR. QO D W
NH\ PHVVDJHV

x PDFNHW XaWevief@dt RYDIHWWKDONODWHQF\
X ,Q WKH FDVH RI QW POV 4RHJIJOH Y IHEDD HH M\l HUEW NR Q

x ,I 4ARBHGXBHYV QHJIJDWLYH HIIHFW RQ VDIHW\ ULV]I
SURQRXQFWELWGDSWLYHGXKXENQI RHKBXXYGHYH
LPSOHPHQWHG DQG DSSOLHG
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Investigating the Energetics ofElectric Vehicles,
based onReal Measurements

David Tollner and Maté Zoldy

'"HSDUWPHQW RI $XWRPRWLYH 7THFKQRORJLHMG %XGDSHV
(FRQRPLFV 6WRF]HN -yAXBIDSHVW +XQJDU\
WROOQHU GDYLG#NMN EPH KX ]JROG\ PDWH#NMN EPH KX

Abstract: Electric vehicles can offer a real alternative for mobility in th& Z&ntury, but

the extent of their lonrterm wear and degradation ismknown Obviously, both traffic and
users have to adapt to the new types of drivetrains, as these cars can be driveryoptimal

a completely different style. A new measurement and evaluation methodologyehas be
developed, andgarioustests have been defined to investigate the key questions of electric
cars. We showed thagnergyconsumption can be reduced by more thanat/8ptimum
ambient temperaturesompared to 0 °C. We examined the correlation between speed and
energyconsumption on highway, and found that reducing the average speed from 105 km/h
to 85 km/h can increagherange by up to 40%rinally, we calculated that at 50,000 km of
mileage, the battery only degrades by 11%.

Keywords: sustainable mobilityelectric vehiclesrange consumptionbattery degradation

1 Introduction

ORGHUQ PRELOLW\ LV QRW VXVWDLQDEDMHWIHY Q /W LKFXU U
VROXWLRQV QHHG WR EH H[SORWRHBHUPFIHDVYSE QB VWIHHR 3(
FDQ EH DQ HVVHQWLDO WRRO IRU PREDGHWHYHKHDLOE W H
FRPPLWPHQWY UHODWHG WR WUDQVSRRW HFDANVERPQRVW ||
HPLVVLRQV VSHFLILFDOO\

5HVHDUFK IRU DOWHUQDWLYH VROXWLRQVGHADGEHMQ D
EXW WKH JOREDO JR D O) IKIDWWQ R WWEHHAHSQ Bl FARRRISIP® G H W R
HQYLURIQRHQ@HEAVU H G X F L XU VDIQHS \OHD@ FaR QMHHLQ W >

VWXGBDMSHHQ GRQH RQ WKH SRVVLELOLW\ RI IRVVLO IX
DOFRKR@VYHJIHVEDEGIG BUR@ROWIZLWK UDUH VSHFLDO EC
PDWHULD@WQ>WKH WHFKQLFDO VLGH WKH GRZQVL]LQJ RI
> @ @DQG IRU GLHVHO HQJLQHV FRPEXVWLRQ DQG HI[K
EHHQ LPSUR®H®W WKH VDPH WLPH K\EULGKLFWLRQ ZDV
KDG SURPLVLIRNUWYKXOWXHO FRQVXRBWILRQ UHGXFWLRQ
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5HIDUGOHVYV RI WKH SRZHUWUDL Q Q\R\SH D YWHKG LUR ®HKR IF @
D PRGHUQ FDU LQFOXGLQJ XS WR HOIHW W H E H\P\RDAUR U V
EHFDXVH RI WKH FRPSOH[LW\ RI GULYHWULRMWXY DQG W
VWDQGDUGY :LWK WKH GHYHORSPHQWHV FRIUHND &V WH
PRUH GDWD DERXW LWV HMHYTXLR@MMHW K& D&/ DZEUREKH VYV
> @ DUWLILFLID® GQWHO OMWIHOFMXUHVPDON@QEDIVP G GHF
FRIQLWLYH PRELOLW\

(OHFWULREYWKDFEBHEHHQ D UHDO DOWHUQDWLYH VLQFH \
+RZHYHU WKH HDUO\ YHUVLUR{PKZH UHDERHHSHIGP BUQ RAO
WKH ODVW \HDUV WKH HYROXWLRQ RI H'ULYHV KD
GHYHORSPHQW RI LQWHUQDO FRPEXVWLRQ HQJLQHV :
LQQRYDWLRQV LQ EDWWHU\ WHFKRRELRILW\H @K H Gi @ WDW
GULYHWtBe PDKQVFRPSRQHQWY WKH EDWWBUWKWKH HO
LQYHUWHU

7KH KYBOWDJH EDWWHU\ DQG LWV DVVRERDWRW®W\WDWX[LOL
RI (9V WKDW LV PXFK PRUH FRPSOH[ WKD&Y LEDUQWHUQD
7KH FULWLFDO GLPHQVLRQV RI EDWWBHURRIFNSRYMEG¥DWK
VSLQHO DQG ROLYLQH DOQRGH PDWHUHDABVWIRDSWIHWH
OLWKLXP VDOWY DQG VHSDUDWRUV b\ @F KKRLEIOWKH
UHDF W XXRIQW KROFW F D XWAKH. L W VWWMRKIHI HD WWAHD\GEWIRRIG DW LR
PDMRU DUBDFKI LMHIVHWMRIEHXUPEDWWHULHY > @

BHYHUDO W\SHV RD W KN\ G LIFQP OWRRWIR 15 WVRI®HHFE WMLR Q K|
DVLJQLILFIIDXMWYWRKH RBKLFOHTV HIILFLHOR! WEE PRDWLOLYV
SUHIHUUHG RSWLRQV LV WKH ,QWHULRU,36&0PDQHQW 0D
7KH UHVHBBRRQHWKH HIIHFWV Rl WKH VL]H DQG SODFHPH:

JRU WKH GHYHORSPHQWGRIUERY/RRWHUWY WREFHSW LV

PDLQO\ XVHG 7KLV KHOSV VSHHG X SJ KM MHRWPQ Q SH R
DQG GXUDHA OHWX\DHNF KV KM, BRZARNODWLRQ ZKLFK FDQ H!
3060 PDFKLQHV > @

6XPPDUL]JHG WKH OLWHUDWXUH UHY LHLZY HI\O HREWV IXLVEE XYUHHK L
PRELOLW\ ZKLFK DUH DOUHDG\ SDUW-RRWIK®LWUDQWDIRU
UHODWLYHO\ QHZ UHVHDUFK DUHD WK HLLHQ VDAV PRQV R S|
'LWK EDWWHULHYV DQG FKDUJLQJ HTXLSPOQMYRBUH UH
DGRSWLRQ VWLOO GHSHQGV RQ WD[ LQFHQWLYHV DQG
ILUMMPHUDWLRQ HOHFWULF FDUV DUH QRZ UHDFKLQJ W
+XQJDU\ ZKLFK LV DSSUR[LPDWHO\ , LMD UV H8AW HQM D V@
WR EH DEOH WR SUHGLFW E D W R/AXR G KWHD SWDMALRFQV IO
RWIGHHJUDGDWLRQ R IEBD WNEDNIHHE R BKILF®E GDWD

7KH THVW DQG PHWKRGV VHFWLR QRRRPMW D DQE HD/ RIUHLSIRWI W
RI WKH WHMQ/GYWKHFGBWD ORJJLQJ SURFHVYV 7KH 5HVXO
VKRZV WKH EDFNJURXQG FDOFXODW LRIXYG | EDWQHIWNI\ F
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GHJUDGDWWRQV $F#XKDREWHU LQFOXGHV WKH ILQDO RXWFR
SRVVLELOLWLHYV IRU IXUWKH UW XP®WDRYGHHNBKHWAR F KOIXWH R X
VHFWLRQ

2 Tests andMethods

7KLY DUVWRPFOHWKH UHVXOWYV RI PHDVXUHPHQWY 7DE
FRQVLVWHQWO\ UHIHUUHG WR DV DRERCPOBRQG BDROPIMBRQZLQ
FKDOOHQJH 7KH 1RUPDID PHDVXUHPHQWW FRPSDUH .
FRQVXPSWLRQ RQ WKH VDPH UWMXMI JHA KIRWH WKKIH % B BXOW
FKDOOHQJH )XUWKHUPRUH WKH EDWRVWWHKHGCHIRWDIEIHV L R
Rl WiélPHDVXUHPHQWYV

7TDEOH
7KH WHVWYV SHUIRUPHG DQG WKH VSHFLILFDWLRQV

Test Date Road type | Temperature | Repetition Focus

;'Egsv?_ &LW\ 5 XURPO f& &RQVXPSWLRQ
(I):A]IEDOODO\‘ +LJKZD\ f& 1 5DQJH
\1,';;"23 &LW\ 5XUDO f& &RQVXPSWLRQ

2.1 TestVehicles

6LHOHFWULF YHKLFOHV ZHUH XVHG IRU WWHPEDWWHU\
7KHUHIRUH YHKLFOHV ZHUH AKR VHQGZKWIKORZHU NP

PLOHDZKLFK ZHUH D&IGHVMHDPDEKRIY WR WRKHUHVW WHV'
ZDV -PRQWK JDS EHWZHHQ WKH ZLQWHU DQG VXPPHU W
VXPPHU WHVW ZDV DOUHDG\ DURXDQKHVH YMK KRLAKW Z HRIL
UHQWHG {URPULGEDBERPSDQ\ GULYHQ E\ SHRIB@®E ZLWK GL
GULYLQJ KDELWVH® R® P WHOMFKPRQEHLWLRQ Rl WKH ED
ZDV QRW PHDVXUWHKCH BHWRABRXVYOSRUWDQW WR WHVW ZLW

J)LUVW JHQH W/DWHRE HRONWKVHG LQ WKH WHVWY 7KHVH
VSHFLILFDOO\ GHVLIQH® RVWKKHOHFDWMH P CSORWHULUMARQV
FRPEXVWLRGKHQPDQKY GHWDLOV RI WKH YHKLFOHY DUH J

JRU WXSEWKHUWZBUH.YH PIRAHYG ZKHUH WKH GLIITHUHQI
EHWZHHQ WKH WZR PRGHV LV WKH UHHHQHWDKMH YH EU]
UHFXSHUDWLRQ LV PDQXDOO\ DGMPXPWHWHEBO HWKRPBHOIHWY
HQHUJ\ UHFXSHUDWLRQ ,Q 3% WKH&WWH@HWYK RI UH
FRUUHMBMMRRS® 1P RI GHFHOHUDWLRQ WRUTXH EDVHG RQ
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7TDEOH
7THVW YHKLFOH>VSBFI@QLFDWLRQV

Parameter Value

&XUE ZHLJKW NJ
B3RZHURUTXH N : 1P
I1RPLQDO HQHUJ\ N: K
1RPLQDO YROWDJH 9

%DWWHU\ FDSDFLW\ $K

%DWWHU\ FHOO FKH| /LWKLXP QLFNHO PDQJD
&RPELQHG (QHUJ\ &1 N:K NP

5DQJH :/73 N P

The YHKLF Ghree®PIMWQ XDOO\ VZLWFKDEOH GULY,LIPAGSURILOHYV

(&2 ,Q WKHVH PRGHV IXQFWLRQVRMUPDQERLWR G QYOXDE
RSWLPDO HQHUJ\ XVH 7DEOH

7DEOH
7KH LPS®¥SRRHUDWLQJ PRGHV RQ SHUIR&PDQFH DQG IXQFWLR

System/Driving profile Normal ECO ECO+

6SHHG OLPLW NP K N P NP K

MDfRUTXH 1P 1P 1P

3HDN SRZHU N : N : N :

$FFHOHUDWRG® v v -

$FFHOHUDWRU SHG 1RUPLO 5HGXF )ODW

$LU FRQGLWLRQLQ 1RUPLO 5HGXF 'HDFWL

2.2 Data Logging

TKHUHWVEZBSWLRQV IRU GDWD 4RI VHQIVRXUW\H VKW KEHK LYGIW L |
LQVWDOO VHQVRUV ORGHUQ YHKLFBRINUBUHOHHFX\LSEQ GF
IRU FRPIRUDMQG/BISHW\PDO RSHUDWLRQ )RU WKLV UHDVRQ
DV LW DYRLGMMW K W DWH/KILPFEOOH (DYKG! AV/IH@QLVERUIDW

(OHFWULF YHKLFOHY DUH FRPSOHWHGRQGYBIHUFQNVIURP |
LQ WKHLU SRZHUWARGWD BXW\WKHERY DBEHQHDWH WKH
VHYHUDO &$1 EXVHV LQ (9V IRU GLIIEBYURARQQIKRW¥MWGERQVD
*DWHZD\ 'LDJQMPDWELF X\HG WR DFFHVV WKH *DWHZD\ Yl
FRQQHFWRU

7KH 8QLILHG 'LDIJQRVWLF@6HEPERIQVLFBVMLRQ SURWRFRO
LPSOHPHQWHG IRU GDWD H[WUDFWLRQ FIKWLRORWRE RO
WKH PHVVDJH IRUPDWY EXW WKH FRAWH®PWKRY MKLH @H V
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‘H WHVWHG VHYHUDO W\SHMKHKWX® BB NGHIDX D/ OIRQDB OV
ZHUH FKRVHQ EHFDXVH RI WKHLU VWDEOH RSHUDWLRQ

7KH SDUDPHWH U W BHDKDYWKRZ FE\Q TVHEDWMLIDWH WKH YHI
HQHUJHWLFV LW ZRXOG EH VXIHOGHWQW FRRVRROWWRQ
H&RQVXPSMURRHWHUYV EXW WKH HQHUJ\ FRQVXPSWLRQ
VW\DKH FRQVXPSWLRQ DOVR GHBRIIMG W R DFKH WRRKSWH

WKHVH DUH LQGLUHFWO\ LQFOXGHG KIH) SXKIS R&/WIL RLQ J
FROOHFWLQJ ORQJLWXGLQDO BaGDPIER\GRYD LY WRHYDO
VDPH VIW®EHU GDWD ZHUH DOVR H[DPLQHG IRU IXWXUH

SRWHQWLDO SUREOHAVW ENWHWICHVDQIDWO RXWVLGH RI Wk
DUWLFOH

7DEOH
/LVW RI SDUDPHWHUY FROOHFWHG IURP WKH &%$1 EXV

Group Parameter Unit

%DWWHU\ YROWDJ} ¥ @
H&ERQVXPSW®HBLP@A/WHU\ FXUUHQV >$@

6 W-RWIHK DU JH %% @

6SHHG NP @&

ORWRU URWDWLRQ >530@
'ULYLQJ VW\DRIUTXH Nm @

%UDNH VI\VWHP SUH %% 0
$FFHOHUDWRU 3HG % @

$PELHQW WHPSHUD >f&@
2WKHUV $GDSWLYH &UXLVH| >211 2
$LU FRQGLWLRQLQ| >211 2

2.3 TestRoutes MeasurementSetup

,Q YHKLFOH OLIH F\FOH DQDO\VLV GWihee©®ODLRFOHYV DU
JURXSV FLDMG WKLURDD\ (DFK W\SH KDV GLIIHUHQW W\SI
YDOXHV DQG LQ DGGLWLRQ GLIIHHEGQOWSDBENERILEQXVH F
FLW\ RYHUW CINMEPHUQHFYD/AVRSSLQJ RQ KLJIKZD\

7KH HQHUJHWLFV RI HOHFWU LW ZERP 8 R UDAUDHQ R\R VDAF W @ ILOVX H K
WR WKH URXWH WKH VORSH DQG WKH) POJEPRPVHFMH B @ (
ZLWK YDULHG WRSRAIIHDSE\KD QKZ D\KMHKWLRQ ZHUH VHOHI

2.31 Normafa Winter and Summer

7TKH FLW\ URXWH ZDV VHOHFWHG LQ % XWRSIlRVWW DURP 0yl
KLOO DQG EDFN WR OyULF] =VLIJPRQG VVXDUHP7KH WRW
ZLWK DQ HOHYDWLRQ JDLQ RI PHWEBRVY ENMWZHHEQ WKH
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$V WKH HQWLUH URXWH ZDV LQVLGH B/NKH ANPRVK W®&H PD][
VRPH SOQWFAHDNY OLPLWHG WR NP K

YJLIXUH
(OHYDWLRQ SURILOH Rl WKH 1RUPDID UHVW URXWH

7KH WHVWV ZHUH GRQH RQ WKH VDP®YWBIRXWL B DLVQHZ W& W HHU
RI WHPSHUDWXUH RQ HQHUJ\ FRQVXPSWKRQRXWVWE&H 1}
WHPSHUDWXUH ZDV  f&L WKLOBVLQ VWP B KW LFPKO OL V
WHPSHUDWXUH IRU WKH EDWWHU\ 7DE®HRXWGRRUYRARUF
SDUN EHIRUH WKH WHVWV VR WKHQH®DW ZBOHVEIREHODW.
VDPH DV WKH DPELHQW WHPSHUDWXUH

:H GURYH LQGRUALRQIYWKH WHVWY WR HQVXUH VLPLODU G
ZHUH SHUIRUPHG LQ UHDO WUDIILFLQR WKHMHKIZLMHUH GL
WKLV HITHFW WKH WHVQGE ERWHK @/RIQ hhiBaEHIPHI MIME QH D W H (
D URZ

'ULYH PRG@BYV XVHG IRU WKH PHDVXUHPHQWY WR PD[LPL]
FKRVH WKH 1RUPDO RSHUDWLQJ PRGH EHFODJKH ZH QHH
JUDGLHQWERTDICGH W LRI Q RW & BBRMWLYH 7HPSHUDW X |
&RHIILFAMREWWWHU\ KHDWHU LV QRW PDQXDOO\ DGMXVW

2.3.2 Balaton Challenge

7KH 0 KLJKZD\ ZzDV FKRVHQ WR WHVW WRRUWIRQJW DV
DVSHFW RI WHVWLQJ HOHFWULF FDURPZRXGGSHN VZ KARV K
/IDNH %DODWRQ ZLWKRXW FKDUJLQJ MKHSMWHH WWR WARKKHN H
HOQYLURQPHQWDO FRQGLWLRQ@WKBXRD WRMKPVGRISHULNMN) DH .
DOWLWXGHeUMVRQ WHMW ) NRHVHRWMRQ NP RI WKH URXWI|
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WKH FLW\ ZLWK VSHHG OLPIQMGY RINFKMPIRFXVNADK RQ
FRPSDULQJ GLIITHUHQW RSHUDWLQJ PRGHYV

,Q WKH PHD¥MWMUHPHMPW VHYHUDO SDUDPHWHUV EHWZHHC(
HITHFW RQ FRQVXPSWLRQ VXFK DV VSHHGVDRIKBUS$& 7DE
FKRVHQ WR EH WKH KLIKHVW VSHHGYV DFKLNYZIEMOH LQ W
FRPSOHPHQWHG E\ DFWLYDWLQJ $GDSWIWHFRQ@AELVH &F
YHKLFOH

7DEOH
7KH VHWWLQJV XVHG LQ WKH WHVW YHKLFOHYV

Mode Speed limit | AC ACC
Vehicle 1 (&2 NP K 211 211
Vehicle 2 1RUP NP K 211 On
Vehicle 3 (&2 NP K 211 On
Vehicle 4 1RUP NP K On 211
Vehicle 5 (&2 NP K| On 211
Vehicle 6 (&2 NP K On On

7KH PHDVXUHPHQW ZDV SHUIRUPHG RGPS ROQFW XWHWRK LV

f& $&PDO@XDOO\ VHW WR DXWRPDWLF FRQWURO DQG
EXW WKH YHKLFOH FDQ RYHUULGH WKH $& FRPSUHVYV
7KH ZLQGRZV ZHUH UROOHG XS LQLDICFD QWKHIREGRYW MY Dy
UHVLVWDQFH 'XULQJ WKH PHDVXUHPHMUDDBWILRG PRGH 3
XVHG LQ DOO FDUV WR PDLQWDLQ WKH WDUJHW VSHHGYV

9HKLFOH EDWWHULHVY FRXOG QRW EH GUWHKWRQ@QMG WR
,Q WKH ILUVW SODFH D YHKLFOH SXPOOLGDODRYHURRY W
WUDIILF VLWXDWLRQ 6HFRQG WKH YRWWKHHOWREMWRPDW
LQFUHDVH $WKH eVMDQWH RI6GRRDWKH YHKLFOH VZLWFKHV W
PRGH ZKLFK FDQ EH PDQXDOO\ VZLWFKHG EIDFN WR 1R
VZLWFKHV WR (&2FPROHLQGHDBR®®W ZzD\ DQG DW WR (&2

3 Results andDiscussion

,Q WKH PHDVXUHPHQWY YHKLFOHV ZLMXUNRZ ZL@KDJH
9HKLFOHYKLOH YHKLFOHV ZLWK KLJK PLOHBJH ZHUH PD
7KHVH QXPEHUV DOVR LQGLFDWH WIX®WS RR/AL WLKRHQ 1LIRQ) VDU |
PHDVXUHPHQWY DV ZH ZHUH GULYLQJX QWX i B EDREWWX H
YHKLFOH ZDV LQ WKH FRQYR\ WKH ORQDHUKMWOA GULY
LQF UheDPRHQ VXPSWLRQ
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3.1 Driving Profiles

7KH FRPSDULVRQ RI GULYHUV LV RQO\ QMO/HYZIKAHWHRU W
WKH VDPH GULYLQJ VW\OH KDG WR EMW KN HGR Q XHWXK MRKDH
G\QDPLFV ZHUH LQYHVWLIJDWHGE EKIMKXHHG ZPRW RARK BMRDJ
DQG WKURWMGOGHGIRYHWLREXYQ DOVR FRQWURO KLV VSHHG
WKLV LV QRW LQFOXGHG LYH WIRIEG HoH-OMXDIW LIRIQWEHH KW RK
UHFXSHUDWLRQ OHYHO WKH EUDNH 8B8HBK @HIWDG RO EH
5- SHU PHDVXUHPHQW :KHQ FDOFXODWHQBEBMBUWDMNYV R
JUHDWHU WKDQ ZHUH FRQVLGHUHG

JLIXUH VKRZV WKH FRPSDULVRQ RI GULLYNMPFHRRU 1RUPD
W FDQ EH VHHQ WKDW WKH DYHUDJH VBHHERWEXHUH D!
PHDVXUHPHQWY ZLWK D PD[LPXP GLIIHUHQFH RI NP K

,Q WKH FDVH RI 1RUPDID ZLQWHU WKWODLYKWDJH MWK DX
EXW LW LV RQO\ 1P KLIJKHU WKDQ W KOHDWMRXUPTRXHHUR ID9 H K L
PDUJLQDOO\ ODUJHU YDULDQFH LV VHHQLRRWYW WHMXWD Y H U |
WKIDA EH GXH WR GLITHUHQW GHFHOHUBWHERWHYVWH®WHI
IRU DQ\ RI WKH SDUDPHWHUYV WKH GULYHV ZHUH FRQVLC(

YJLIXUH
&RPSDULVRQ RI GULYLQJ VW\OHV LQ 1RUPDID VXPPHU DQG 7

3.2 Energy Consumption

7KH YHKLFOH V HQHUJ\ FRQVXPSWLRQ LVP WKKHDPRXQW
EDWWHU\ 6RPH HQHUJ\ [LVQXVNRBPHRURWKWKBUSERAHU RI
FRQVXPHUV 7KH DPRXQW RI HQHUJ\ FRQVXRPMBQ@LWK WK
E\ WKH IROORZIDQJ HTXDWLRQ
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A%KIOQIEPEXP» @Pi tPU TP @P 1)

here WLV WKH LQVWDQWDQHWHRYXW & H GELRYVHWMKINY ERZHAMH U\
YROWOXEY WKH WLPH

7KH DPRXQW RI HQHUJ\ XVHG SHU WWVWRZODODEGQDWHG IL
7KH JUDSK FOHDUO\ VKREW LR R DAD \Z KOLSSH RI[&RQ WO\ VLPL
VDPH WHVWV FRQVXPSWLRQ GHFUHDVHG VLJQLILFDQWC

7KH DPRXQW RI HQHUJ\ XVHG LQ WKH WHVWYV SHU YHKLF

W FDQ EH VHHQ WKDW WKHUH LV R W RRW LIF® @ WWEAH H
FDUV ZLWK ORZ DQG KLJK PLOHDJH WKHUWPH DV XOJREE&DQRD |
RI 1IRUPDID ZLQWHU EXW WKLV PD\ EH GXH WR FDOFXQ

JRU WKH DQDO\V,LLWRLVWIKP-ES RBWBDQWVWR QRWH WKDW WK
YDOXHV ZHUH UHFRUGHG ZG&MHK VGR IWKUIHH QM WX P IV WWLIDROS R
WUDQVPLVVLRYHULRRIOLW L\WR PR LESBRKLBPEG\ UHVXOW LC
VRPH LQDFFXUDF\

7KH DYHUDthid&PRDWXWHHPHQWY IRU ZLQWHU DQG VXPPHU
'XULQJ WKH ZLQWHU WHVW WKH DYHUDJSDH@BUJ\ FRQ
WR K ITRU WKH VDPH URXWH LQ WK@PH WRI7KLMUBVXO
GHFUHDVH LQ FROQMWXEREWQROHPG@ WXPWNKNUHY DUH RSW

,Q 1RUPDID ZLQWHU FDUV ZLWK ORZ P L-DWWWD HIQ FBI\V X P H C
,Q WOWH RI WKH 1RUPDID VXPPHU FDUV ZKWXHNRUH PLO
HQHUJ\ 7KHVH UHVXOWYV LPSO\ WKDW PLREDRH GRHV
YHKLFOHYV
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7DEOH
$YHUDJH H&RQVXPSWLRQ DQG GLIIHUHQRHW EYH WAHHQVWKH 1RUPD

Normafa winter Normafa summer | Difference
Vehicle 1 , 1K 1, 'K 'K
Vehicle 2 , 'K 1, 'K 'K
Vehicle 3 , 'K 1, 'K K
Vehicle 4 , 'K 1, 'K K
Vehicle 5 , 1K 1, 'K K
Vehicle 6 , 'K 1, 'K 'K
Average , 'K 1, 'K 'K

7KH WRWDO OHQJWK RI WKH URXWH ZDVYW\ UX®DOURP
FRQVXPSWLRQ RI WKH YHKLFOHV FDQ EH GBGOFXODWHG
N: K NP LQ VXPPHU 7KH PDQXIDFWXUHU V VSHFLIL
FRQVXPSWLRQ LV  N:K NP ZKLFRhHQIFIOXGHVLKIWEQBH
LV SURSRUWLRQDO WR WWH \UTHETEXZ i BRG DWKKHH \EHHHHGG
PXOW L SIBLGHUD E \IRR) FEKHHU B\ FR Q LXPSWRRRWI R B DMK L U G
SRZHU Rl WKH Y WKIHMHRWSIH GV HOWURQVH FRQVXPSWLI
VLIQLILFRWRQGLWLRQV Rl WKH P IVQXUBFRZXQ HEUXW PHD V
LW LV ZLWKLQ RXU PHDVXUHPHQW YOFGXISWDBGHLYV WKHU

3.3 Range

'XULQJ WKH %DODWRQ FKDOOHQJH WHAMW ZMHPUDQ LQWR
DQG WKHNP VHFWLRQV ZKLFK PDGH LW LPSRVVLEOH W|
JLIXUH 7KH UHDO KLJKZD\ VSHHG ZNMKF RHFON LRV VLE
7KHUH LV DOVR D GURS LQ VSHHG DURX®OGXWHHD\ NP ¢
UHDOLVWLF WUDIIL R RADVOXD WRRIQH R/RYAHLB/LAJ RP WKH UH\
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YJLIXUH
6SHHG SURILOHV DW WKH %DODWRQ FKDOOHQJH PHDVXU

&ROXPQV DQG RI 7DEOH VKRZ WKH DIYGIGDNKHVSHHC
KLMSHHG VHFWLRQ UHVSHFWLYHO\ )RW\ERWKLERUPDO
WKDW WKH DYHUDJH VSHHG LV KLJKWMKHZDWHK USZJI R Q/ SWKHG
LV KLIJKHU ZLWKRXWSS$&H ® / MFRMHL RQJKWURP WKH SHUVSHF
FRQVXPSWLRQ DQG UDQJH WKH VHFRQGRZDY WKBHYDQ\
IXUWKHU HYDOXDWLRQ ZH OLPLW WKH URXWH WR WKLYV

7DEOH

7KH UHVXOW Rl VSHHG DQG BRHYVXPSWLRQ LQ GLIITHUHQW

Avg. Avg. speed Standard deviation | eConsumption

speed (high-speed | of speed high-speed (high-speed
Normal N P NP NP K 1K
Normal (AC) NP NP K NP K 'K
ECO N P NP NP K 1K
ECO (AC) N P NP NP K 1K
ECO+ NP NP | NP K 1K
ECO+ (AC) N P NP NP K 1K

JLIXUH VKRZV WKH FRQVXPSABHRG WHEY GRBQX OMKH KL
LQGLFDWH WKDW WKH FRQVXPSWLRQ RIQWOMKORZHV LQ
WKDQ WHKRIXBWMKKHEOHY &RQVXPSWLRQ LV ORZHU ZLWK D
ORZHU DYHUDJH VSHHG DQG ORZHU GHYLDWLRQ 7DEOH
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YJLIXUH
&RQVXPSWLRQ WUHQGV DV D IXQFWLRQ RI GLVWDQFH WULIL

7KH FRQVXPSWLRQ RI 1RUPDO DQG (&2 PRUWBDPAHKLFOHYV
DOWKRXJK WKH DYHUDJH VSHHG GLIIHURRGH KD a NP
VLIQLILFDQWO\ JUHDWHU GHYLDWLRQ LRWHKGE HPER UHR WKI
I[UHT XHQW O U HAKLH G FlRQF/XPSWLRQ

7KH UHVXOWY VKRZ WKDW WKH DYHUBJB OBHSBiE DIQKF®H
REKQVXPSWLRQ ZKLOH WKH XVH RI DLUKXBRQG WKIHRQLQJ
WHWW ZDV QRW SRVVLEOH WR SURGXKH WBRIQ MD R YWXMHX |
KLIMWSHHG VHFWLRQ FDQ EH FDOFXODWHG KIDRW WKKHH G HF L
UHPDLQLQJ FKDUJH ZRXOG GHFUHDVH DW WKH VDPH UDW

7DEOH
7KH UHODWLRQVKLS EHWZHHQ FDOFXODWHG UDQJHYV DQG \
Odometer -SoC Calculated range
Normal N P N P
Normal (AC) N P| NP
ECO N P N P
ECO (AC) N P N P
ECO+ N P N P
ECO+ (AC) N P N P

,Q h@OPRGHY ZH REWDLQHG VLIJQLILFDQWO\ ORQJHU UL
PLOHDJH WKDQ IRU WKRVH ZLWK KLJK PDOHREH FBWMHQ DY
WKGHIJUDGDWLRQ RI WKH EDWWHULHVRI)XUWRHUBRUH LI
UHGXFHG WR NP K WKH UDQJH FDQ EH LQFUHDVHG E\
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3.4 Battery Degradation

TR LOQOYHVWLIJDWH WKH GHJUDGDWLRR) RIKW KEBD WRIWHW H B D (
EH FDOFXODWHG IURP WKH PHDVXUHG HRR&EIMKPISWLRQ DC
XVLQJ WKH IROORZLQJ IRUPXOD

%=L=2ERY0A%KIOQILPEK]
(4 ‘4

7KH DYHUDJH FRQVXPSWILRE ZHWGE XYHGDIJRU WKH 1RU
PHDVXUHPHQWY 7KH YHKLFOHV ZHUH QRWEXWRWE&HG EH
FXUUHQW YDOXHV ZAKHFROARMHO B RGLVWRUW WKH FRQVX
%DODWRQ &KDOOHQJH WHVW WKWSHHBX\OHWWFRQH OLPLYV

JLIXUH VKRZV WKH YDOXHV RI W KnreeFADHDVAX @ [DVQHEG WAOHS [
DYHUDJH RI WKHVH YDOXHV ZLWK D EK®D %N GIDVREG O
&KDOOHQJH PHDVXUHPHQW DUH WKH FORPMN® DR MKH L
FRX®IGVFKDUJH WKH EDWWHULHY DOPRVWKERPSWHKMHO\
DYHUDJH |RWeaWIOH VLIMMWK ORZ PLOHDJH LV DERXW WKH
&KDOOHQJH UHVXOWYV WKH DY HUDJUGLIRKWWK B FEDHLY |RIUNI
three FDUWQH2RI WKH UHDVRQV IR UFRUKGEVWERXQQG JE HD W KW |
VZLWFKHG R Qhré® Y HWIKFHVHEVX S7 KKIDYH -YRIOWRJH $&
FRPSUMW/®RUWY HOHFWULFDO PHIROWKRH Q\Y VLN UHRAW INGUR
LV WKDW ZH JRW KLJKHU EDWW HDWUND SQ FAKLLVH ¥ H.IDV X XI PP
WKH HQHUJ\ FRQVXPSWLRQ ZDV PXFK ORHWW DXQE QRWM 6
atWKH VDPH UDWH

JLIXUH
&DOFXODWHG EDWWHU\ FDSDFLWLHV IURP PHDVXUHPHQ
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&ROXPQ Rl 7DEOH VKRZV WKH DYHUDJHVER®WMWVHU\ FD:!
WKH 2GRPHWHU WYWX®E¥BW BUW Re=DOSNIWHKRHUXVDEOH FDSDFLW
WKH EDWWHU\ LV QRW NQRZQ WKHRRLQDOXFROB3O06LW
$Q DSSUR[LPDWH YDOXH FDQ EH FDOFXODWHG IURP 7L
&RQVXPSWLRQ LV N:K NP ZKLOH WKH :/73 UDQJH LV
FDSDFLW\ RI 7TKH BHKIUDGDWLRQ LV WKH UDWLR RI WKH L
WR WKH SUHYLRXBWBBABXMAHQWDHMVHG

7DEOH
7KH FDOFXODWHG GHJUDGDWLRQ YDOXHV IRU WKH WHVW

Average Odometer | Degradation
Vehicle 1 N : K N P
Vehicle 2 N : K N P
Vehicle 3 N : K N P
Vehicle 4 N : K N P
Vehicle 5 N : K N P
Vehicle 6 N : K N P

$ VLIQLILFDQW GLIITHUHQFH LQ WKH GIHRIQ RG PWQR Q JFHD Q |
7KH DYHUDJH GHJUDGDWLRQ IRU YHKLAGHWBKWROHYV |
ZLWK NP LW LV YRU WKH | LUOAKXOW WHI G D R/ WK\
VHFRGIBLFOH KLIJKO\ LQFUHDVHY WKH DYHURWHLVXH WR
QRW SRVVLEOH WR HLWKHU LQWHU S RIKBIWH B 8 HHRW WIXFR
IXQFWX®QRZXZQ ZKLFK ZRXOG UHTXLUH PHDVXULQJ VHYHL
PLOBIHV

W LV LPSRUWDQW WR XQGHUOLQH WKDYWDMNILWRR XNMKHW K
UHVXOWY DUH RQO\ DSSUR[LPDWLRQV VI KXUHHHPBQ®Y UHD\
DFFXUDF\ LW LV QRW SRVVLEOH WRWBWS PRUNHJD\WD Z
FRPPXQLFDWLRQ WKH FXUUHQW YDOXH FIOH) 6RO QJH UD:
YDOXH LV D FDOFXODWHG YDOXH WKHYHMWWMUID B WWEEL
DITHFWV WKH UHVXOWYV

Conclusions

‘H DFKLHYHG WKH IROORZLQJ UHVXOW VHPMH @W LIVQGR U N
HYDOXDWLRQ PHWKRGRORJ\ IRU WHYWILEK Z\DKH VWHHQVHWH 8 V
ZLWKYHKLFOHV ,Q IXWXUH UHVHDUFK WKLFOFD/Q EH H[W
WR LPSURYH WKH UHVXOWV 7ZR PHDVXMHRBEWW ZHUH
ZLQWHU DW f& DQG WKH RWKHU LQ WEPPHU DW f&
FRQVXPSWLRQ GHFKNBOGMH RGWXPPOIWHPSHUDWXUH FRQ
PHDVXUHPHQW ZDV ISHWIRWU ZHKG RH) WWKK MNKHBQJR| VSHHG
ZDV LQYHVWLJIJDWHG ,| WKH, UONWG DLE BHGXKIPGKWW K H NF
FDQ EH LQFUHDVAX® EDUL]LQJ WKHrdd AMROWWHRHO@WN D
EDWWHU\ GHJUDGDWLRQ RI ZDV FD@EXODWRIG IRU FD
FDUV ZLWK NP
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