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1. IDENTITAS ARTIKEL DAN PROFIL JURNAL

1.1. Profil Jurnal

Artikel berjudul “Modeling Fuel Consumption of Heavy-duty Trucks Using Telematics Data” telah diterbitkan pada
jurnal Periodica Polytechnica Transportation Engineering, Vol. 54 No. 1 Tahun 2026, him. 41-48. Artikel ini ditulis
oleh Pradhana Wahyu Nariendra sebagai penulis pertama sekaligus penulis korespondensi, bersama Wimpy
Santosa dan Anastasia Caroline Sutandi, dengan afiliasi pada Department of Civil Engineering, Faculty of

Engineering, Parahyangan Catholic University.

Artikel ini relevan dengan bidang Teknik/Rekayasa Transportasi karena membahas pemodelan konsumsi bahan
bakar truk berat berbasis data telematika pada truk Euro-3 dan Euro-4 di jalan tol Indonesia. Substansi artikel
mencakup pengaruh kecepatan operasi rata-rata, berat kendaraan, gradient jalan, dan tipe truk terhadap
konsumsi bahan bakar, serta berkaitan dengan kinerja angkutan barang, efisiensi energi, biaya operasi

kendaraan, emisi, dan keberlanjutan transportasi.
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1.2. Relevansi Karya limiah dengan Bidang limu

Bagian Aim and Scope jurnal Periodica Polytechnica Transportation Engineering menunjukkan bahwa cakupan
jurnal meliputi bidang transportation, logistics, vehicle engineering, pemodelan dan pengukuran sistem kompleks,
isu lingkungan dan perkotaan, serta analisis kendaraan dan mesin. Cakupan tersebut relevan dengan artikel
“Modeling Fuel Consumption of Heavy-duty Trucks Using Telematics Data” karena artikel membahas pemodelan
konsumsi bahan bakar truk berat berbasis data telematika pada operasi angkutan barang di jalan tol Indonesia.
Kesesuaian ini diperkuat oleh objek kajian artikel, yaitu heavy-duty trucks, serta variabel yang dianalisis, meliputi
kecepatan operasi rata-rata, berat kendaraan, gradient jalan, dan tipe truk. Dengan demikian, artikel ini berada
dalam lingkup Aim and Scope jurnal dan mendukung kesesuaian bidang ilmu Teknik/Rekayasa Transportasi.
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problems just as much as the economic and social questions of transport (e.g.: travel or driver behavior). Handling and modeling
of large networks, the analysis of vehicles and engines are also considered. Special attention is paid to the future emerging

technologles (autonomous vehicles and alternative propulsion mobility) within the transport sector.
Abstracting and Indexing

Perlodica Polytechnica Transportation Engineering is indexed and abstracted

e in SCOPUS, Scimago

« in Google Schalar

s in ProQuest Englneering Collection
+ in TRID

« in El Compendex

Reviewing

We implement a strict peer reviewing process and use CrossrefliThenlicate for plagarism checking. In ethical issues the COPE
guidelines are followed. The peer reviewing and editing process Is short, the publication may appear in average within 3-4

months in the journal's “Online First® page after submisslon of the manuscript.

Publishing

The Journal is electronically published four times per year. This is a diamond open access journal: publishing and
downloading articles are both free of charge. The journal does not charge authors any arlicle processing charges (APCs),
submisslon, or publication fees. Users have the right to read, download, copy, distribute, print, search, or link to the full text of

these articles.

The Journal is recommended to researchers, faculty professors, and PhD students active in its field.



1.3. Bukti Indeksasi Scopus Q2

Berdasarkan Scopus Preview, jurnal Periodica Polytechnica Transportation Engineering masih tercakup dalam
indeks Scopus hingga tahun 2026, diterbitkan oleh Budapest University of Technology and Economics, serta
memiliki subject area yang relevan, yaitu Engineering: Automotive Engineering, Mathematics: Modeling and
Simulation, Engineering: Aerospace Engineering, dan Engineering: Mechanical Engineering. Pada CiteScore
Rank 2024, jurnal ini berada pada kategori Engineering: Automotive Engineering dengan peringkat #67/133 dan
percentile 50th, yang menunjukkan posisi Q2 pada kategori tersebut. Selanjutnya, tampilan SINTA Executive
juga menunjukkan bahwa artikel “Modeling Fuel Consumption of Heavy-duty Trucks Using Telematics Data”
tercatat sebagai publikasi Scopus dengan label Q2. Dengan demikian, bukti Scopus Preview dan SINTA
Executive memperkuat bahwa artikel ini relevan dengan bidang Teknik/Rekayasa Transportasi dan memenuhi
kualifikasi sebagai publikasi pada jurnal internasional bereputasi terindeks Scopus.

https://www.scopus.com/sourceid/21101038528
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3. TAHAP SUBMISSION
3.1. Bukti Submission Confirmation

Artikel diajukan melalui sistem OJS Periodica Polytechnica Transportation Engineering dengan nomor
submission 38337. Pada tahap awal, naskah diunggah sebagai file Journal_PPTR_PWN.pdf pada tanggal 17
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Abstract

Road transport, particularly heavy-duty trucks, is a significant contributor to CO, and NOx emissions, especially in developing nations
such as Indonesia. This research introduces a novel fuel consumption model for trucks compliant with Euro-3 and Euro-4 emission
standards, leveraging real-time telematics data to enhance fuel efficiency and mitigate emissions. The two main approaches are
multiple linear regression with Box-Cox transformation and Generalized Linear Models (GLM), with independent variables including
average operation speed, gross vehicle weight, and road gradient, collected from major logistics corridors in Indonesia. Empirical
results indicate that the Box-Cox transformation model outperforms the GLM, exhibiting lower deviance and Root Mean Square Error
(RMSE). The analysis reveals that average operation speed and truck type positively influence fuel consumption, while gross weight
and road gradient negatively impact it. Euro-4 trucks demonstrate higher fuel efficiency and lower emissions compared to Euro-3
trucks, though further refinement of the predictive model for Euro-4 trucks is warranted. This study underscores the critical role of
enhancing fuel efficiency in reducing emissions, with Euro-4 technology not only boosting efficiency but also substantially cutting
greenhouse gas emissions. Moreover, the integration of telematics technology facilitates precise data acquisition, fostering energy
optimization and emission reduction initiatives within the transportation sector. Future research should explore the integration of

machine learning techniques to capture more complex patterns and extend model applicability across diverse operating conditions,

particularly within the context of developing countries.
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fuel consumption model, emission reduction, euro-4 truck, telematics data, heavy-duty truck
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(gS SLF 05 2@E : e%r) (Qa(3 e%ali 2DOEKGThe 4a%
-o(k-%0( wa) -o(4/-%4 / (4er -o( %o(k4. 4,)%a- %o( Bree
-0(4,%() w,% -o(),)%( % avera3e )peed) a(4 road
-0(4,%() (Zha(3 e%a05 2DYKG Da% preBro-¢)),(3
,(-0'4e4 o/ %er re: ovalv,a He ZB-ore : e%ho4 (/),(3 a
%re)ho0t 05h3 )%y 4ard 4ev,a%e( )Fa(4 Q( ear ,( %rpotr%e(
% addre)) : ,)),(3 4a%a(4: a,(%,( 4a%)e%( %3r,%%G

Two : o4e() were e: pbled Sor a(all),)i S ode0 O
/ %)acd 8 r4,(arl Lea)¥81/ are) (8 LSFre3re)),o( % : 04e0
%e rer%o( )h,p 6e%ee( )peed. 3ro)) veh,-& we,3h%a(4
roa4 3rad,e(%o( Y e0-o()/: p%(GA))/: p%e() o5Q(ear
re3re)),o(. )/-h a) re),4/a0 (or: aQ% a(4
ho: 0)-eda)% ,%. were %)%A4Pwhere v,0%0() o--/rre4.
-orre-%o() were : ade /),(3 ro6/ )% %( 4ar4 error) a( 4 %he
Uo; B o; %a()%r: a%( (e ,(3 a(4 gober% 2DO4PS a02 %
a(G 2DOTHG AG%r( a%vell. S 04e0 2 appQed4 Ke(eraQaed
L,(ear S o4e( (KLS Fw,% a Ka: : a 4,)%6/ %( a(4 ®3
Q(2) % addre)) )2ew(e)) ,( Ye0 -o()/: p%e( 4a%.
prov,4,(3 a ro6/)%)o0 %e( Sor he%ro)-e4a)%,% ,))/e)
(Do6)o( a(4 Uar( e%2DOIFG

S 04e0 vaQ4a%( wa) -o(4/-%4 /),(3 %he A2a,2e
Hbr: a%( 7r1,%r,0( (AHF a(4 Uale),a( H5r: a%o(
7 1,%r,0( (UH F% ,4e( %1 %e op% a0: o4eQ 60% oSwh,-h
oS%r adva( %3e) over %e %ad,%(a0gj )% % Sor : 04el
)ele-%0( (Dob)o( a(4 Uar(e%0 2DOIKGTo e()/re : o4e0
reQa6,0%. pred,- %4 val e) were -o: pare4 w,% o6)erved
Ye0-o() : p%( 4a%. a(4 a (/M hlpo%e),) %)%wa)
peror: e4 % a))e)) whether %e 4,5%ere(-e¢) were
%% % all ),3(,5-a( %The Q,00; o( S,3(ed4Rra(2 %)%a
(o(para: e%- : e%hod %a%d4doe) (0%rell o (or: aQ%
a))/: p% (). wa) /%aed % %)% %e ),: ,Gr,% 6e%vee(
pa,re4 o6)erva%o()GThe (/M hlpo%e),) (CKF po),%4 (o
),3(,5-a( %4, 5%re( -e 6e%vee( pred,-%4 a(4 o6)erved § el
-o()/: p%e(. ,: pOl,(3 %ha%he 4,)-repa(-1 6e%vee( %e
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%0 wo/ 04 6e aero (De)hpa( 4e e%alG2DOERB1 rebe- % 3 or
a--ep% 3 %e (/ Mhlpo%e),). %e a--/ra-1 o5%e : o0de0,(
-apY%r,(3 reaBvor®t YeO -o()/: p%e( 4a% -a( 6¢
r,3oro/ )0l eJa( a%#4 (De)hpa(4e ¢%a0G2DOERG

3 Data and R. sult

Se-%o( 3 proJ,4c) a 4e%, (4 a( all),) 05%e 4a% pro-¢)),(3
a(4: 04eQ(3)%p) / (der%d2e( ,( %h,) re)ear-h(Be-%o( 3@
ehoora%) o( %he 4a% : a(a3e: e( Ypro-ed/re). ,(-04,(3
)e3: e(%%o(. -0 )%, (3. a(4 o/ Mer 4% %o (. w,%,( %e
-o(%x%05 % -2 ¥ e0-o0()/: p%( : o4eQ(3GThe pro-¢))
e()/ re) %ha%he 4a%)e%,) -Ca( a(4 )/,%6® Sor ¥ ro%er
a(all),)Be-%( 3@ pre)e( Ya-o: prehe(),Jeexa: ,(a%o(
05%e %a-%r) (0 e(-,(3 5 e0-0() : p%e(.oWbwed 61 %e
4eJep: e(%o05 a Ye0 -o()/: p%( : odel )pe-,5-a@l
4e),3(e4 Sor L/roB a(4 L/roBl e: ,)),0( )% 4ard % -2)G
La)%. Se-%( 3G eJal a%) %he a--/ra-1 a(4 pred,-%e
perSor: a(-e o05%e propo)ed % -2 5 e0-0()/: p%o( : ode(G
1 ar,0/) JaQ4a%0( : e%-). )/-h a) %he Al7 a(4 BI7. are
e: pbled % a))e)) %e : odeln ro6/ )%e)) a(4 aQ3(: e(%
w,% o6)er] e4 4a%G

3.1 Data Proc. ssinl

Da% : a(a3e: e(%,( %h,) )%41 6e3,() w,% %e
)e3: e(%%o( oS5road )e-% () 6a)ed o road 3rad,e( Ya(4
Jeh,-@ )peed / (4er (o( Bo(3e)%# or SeeBbw -o(4,%()G
Th,) )e3: e(%@%o( ,) ,(%(4e4 % 1,e04 : ore ho: o3e(eo/)
a( 4 repre)e( %%d e o6)erJa%o( )e3: e(% %a-,0%°%% 3 a: ore
a--/ra%a(a0ll),) o5%e ,: pa-%o5road 3rad,e(%o( Jeh,-&
perSor: a(-e¢ a(4 Ye0-o()/ : p%(GThe )%A41 -(r)),5¢)
road4 3rad,e(% ,(% %hree -a%3or,e)i Sw% h,Ml. a(4
: o/ (%, (0/) %rra,(). wh,-h were ,4e( %6 e4 So: @ road
)e3: e(% o %e Na2ar%aly ,2a: pe2. 7,p/ (ra(3. a(4
P/ r6a/ (1, To®goa4)GThe Sh%ira,( )e3: e(%,(-04e
)e3: e(% SERA a(4 SEB. w,% : ax,: /: 3rad,e(% o5
DBO% a( 4 DEEY%. re)pe-%J e0lGThe h,M a(4 : o/ (%, (0o/)
)e3: e(%,(-04e)e3: e( UDIBA. w,% a 3rad,e( Y%054E2%.
a(4)e3: e(%92B. w,% a 3rad,e( %05 c@%GThe )pe-,5-
4¢%,0 o5 %e 3rad,e(% ,( ea-h o6)erJa%e( )e3: e(%Yare
proJ,4ed4 ,( Ta6(k OGA %°%0 05 QY4 )peed o6)er]a%o()
were -o(k-%4 4/r1,(3 Feor/arl a(4 Sar-h 2[24.
-0: pr,),(3 4E4 4a% po,( % Sor L/ roB} % -2) a(4 c2D4a%
po,(%5or L/ roB %4 -2)GThe)e 4a% were -a%3or,ae4 6a)ed
o( Jeh,-G )peed. 3ro)) Jeh,- & we,3h%a( 4 road 3rad,e( %o
Speed wa) 4,],4e4 ,(% %hree -a%3or,e)i bw (6elw 2D
2: thE : e4,/: (2DBID2: fthE a(4 h,3h (a6oJe 4D2: thKG
Gro)) Jeh,- (& we,3h%mad - %rFwa) - (&)),5¢e4 ,( % %hree
-a%3or,e)i w (6ew 3DE : ed,/: (3DES%E a(4 h,3h
(: ore %ha( E5%KGgoa4 3rad,e(%wa) -a%3or,ac4 a) S0%

(: ax,: /: 4%E h,0 (: ax,: /:
(: ax,: /: c%IG

Fig. 1 The road sections classified based on road gradient

S5%FE a(4 : o/ (%,(0/)

A

The re)/ @%b a) )how( ,( Ta6®k Q ,(4,-a% ),3(,5,—a(‘%

Jar,a% () ,( )peed 6e%ee( L/ roBt a(4 L/ roB % -2)Glhe
h,3he)%e-orded )peed wa) o6)erJed o( )e3: e( YSEBRA Sor
L/roBt % -2). w,% a( aJera3e 054cdT2: tha(4a)%(4ard
4el,a%0( oSEETA( -o0: par,)o(.L/roB % -2) re-orded a(
aJera3e 0542@2 2: tha(4 a)%(4ard 4eJ,a%( 05cGcGlhe
we)%)peed Sor L/ roBt % -2) wa) re-orded o( )e3: e(%
92B. aJera3,(3 30WO 2: th a(4 a )%(4ard 4el,a%( o5
TS 2: thE wherea) L/ roB % -2) re-orde4 a( aJera3e o5
2¢(G9 2: tha(4 a)%(4ard 4eJ,a%( oSTEOGThe)e 5(4,(3)
4e: o) %% %ha%d./ roBt % -2) 3e( era®l opera% a%h,3her
)peed) %ha( L/roB % -2). par%/ G0l o( )e3: e(% w,%
Ih%( 4 h,®l 3rad,e( %G

S,3(,5-a( %#,5%ere(-¢) were aQo ob)erJed ,( %r: ) o5
3ro)) Jeh,-G we,3h%8 ( )e3: e(%92B. L/roB % -2)
re-orded4 %e h,3he)%3ro)) Jeh,- G we,3h%al era3,(3 334
%() a(4 a )% 4ard 4el,a%( oSOEBS. wh,® L/ roB} % -2)
ha4 a( alera3e we,3h%o05 2TG3 %() a(4 a )%(4ard
4el ,a%0( 05SDQDOG7 o( Jer)ell. %tie dwe)%3ro)) we,3h%6or
L/roB % -2) wa) re-orded o( )e3: e( %4R4B. aJera3,(3
230E %() a(4 a )%(4ard 4elJ,a%( o5 DE3cGI( -o( %a)%
L/roB % -2) re-orded4 %he,r (bwe)%3ro)) we,3h%o(
)e3: e( %SEm. w,% a( aJera3e oS3DET %( ) a( 4 a )%y 4ard
4el,a%0( o5 QRE2GTh,) 4,5ere(-¢ )/ 33e)% %a%lL/ roBt
% -2) are : ore Sel/e(% opera%4 w,% Q3h%r (bad)
-0: pare4 % L/ roB %/ -2). wh,-h Q2e0l - o( %6/ %) % %e,r
)/ per,or ¥ e0e55-,e(-1G

ge3ard, (3 Ye0-o()/ : p%(. L/roBt % -2) exh,6,%4
),3(,5-a( % h,3her e55-,e(-1 o( )e3: e( Y6EB. re-or4,(3
a( aJera3e -o()/: p%( o5 c@QT 2: f0 a(4 a )%(4ard
4el,a%0( 0520c. wh,( L/ roB % -2) re-orded 3Ec 2: f0
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a(4 a )ta(4ard4 4ev,at,o( o5 OA5GH )teeper 3rad,e(t
)e3me(t). )/-h a) )e3me(t 92B3. ¥eO -o()/ mpt,o(
4e-rea)ed Sor 6oth tr/ -2 tlpe)GCowever. E/roBt tr/ -2)
ma,( ta,(e4 6etter e55-,e(- 1. w,th a( avera3e -o( )/ mpt,o(
050@9 2mf0a( 4 a )ta(4ard 4ev,at,o( 050Q@E. -ompare4 to
E/roB tr/-2). wh,-h -0o()/ me4 06O2mf0a(4 a )ta(4ard
4ev,at,0( 050@9GThe h,3her (a4 05 E/ roB tr/ -2) (2e0l
-o(tr,6/ te4 to the,r dwer e55-,e(-1. wh,& E/roB} tr/ -2)
exh,6,te4 3reater re),Qe(-e ,( ma,(ta,(,(3 perSorma(-e
/ (4er )teeper 3rad,e(t-o(4,t,0()G

3.2 Fu.l consumption mod. ling

Th,) )t/41 mode() 5e0 -o()/mpt,o( (WF a) the
4epe(4e(t var,a6. w,th ,(4epe(4e(t var,a6lk) ,(-04,(3
avera3e operat,(3 )peed (1 E 3ro)) veh,-& we,3ht (WE
po),t,ve roa4 3rad,e(t (KE a(4 tr/-2 tlpe a) a 4/ mml
var,a6( (THGAvera3e operat,(3 )pee4 reSer) to the mea(

)peed o5 a veh,-@& over a )pe-,5¢e4 per,04. (X e(-e4 61

trass,- -o(4,t,0(). road 3rad,e(t). a(4 ,(tera-t,0() 6etwee(

veh,- (). where 3rad,e(t re),)ta( -e red/ -e) )pee4 o( / ph,M
road) (8402, a(4 eera. 200cKGKro)) veh,-G we,3ht
e(-ompa))e) the totaOwe,3ht o5 the veh,-®. ,(-0'4,(3 the

-ar3o0. tr/-2 -rew. -ompo(e(t). a(4 veh,-G el/,pme(t.

wh,-h ,( heavl -ar3o tr/-2) tlp,-all ex-ee4) GOE94 23

(Be((ett. 2020KGH,t,a0 ),mpC Q( ear re3re)),o( a(all),)

revea®4 that 1 exh,6,te4 a ),3(,5-a(t (o(B)(ear
rett,o( )h,p w,th ¥ €0-o0( )/ mpt,o( . w,th a( g2 050G09 a(4

a( WBtat,)t,- 05 TSc@®cIGW )howe4d a (o( B)(ear @3,)t,-

a( 4 expo( e(t,a0rett,o( )h,p. w,th a( g2 050G49 a(4 a( WB
)tat,)t,- 05442@22@S aQo had a),3(,5-a(t,(H e(-e. w,th
a( g? 05 0G5c a(4 a( WBtat,)t,- o5 22T@TGK,ve( the

)tat,)t,-a0 ),3(,5-a(-e¢ o5 a® var,a6®). the a(all),)

pro-eeded w,th m/ @,pG Q( ear re3re)),0( G

Table 1234 4 a% o/ )6ee( 71%)) 8 e,1ht7a- ( /3e. co-)34 6t,0- (ata 05 %a( 1%( ,e-t

9 oa( T9%ck Data Ale%le 06e%t,0- )6ee( (B) G%)) Aeh,c.e Ce,1ht (C) D3e. co-)34 6t,0- (DE)
2el4 e-t Cj%(,e-t T56e co3-t F ea- B 2ta- (2% Fea- C 2ta- (2% F ea- DE 2ta- (a%
(%) (k4 Gad ) DeAat,o- (to-) DeAat,o- (k4 G DeAat,o-

E3%-4 44 46MR TNIR STNIO SMI7 SMR 1M1
57-A oMt

E3%-S 54 41T 66 ST™d7 TMR SNi6 ONT7

E3%-4 S7 47NI6 RNIS TRMIT RMIT 6MR ™6
57-V o7

E3%-S 51 46MIT 7ML SONMR 10MT SNI6 1NIS

E3%-4 S7 4oM4 780 ToMR oMl 6MR ™6
69-V 1MI0

E3%-S 5T 46NI5 6NI6 Sonu 10M7 SMR IN¢

E3%-4 44 4107 oMr7 T7MdT 9N SNIT 16T
R4-V 4MT

E3%-S 54 S4MS OMS SINRR 11NI6 1M OMR

E3%-4 47 SOMAT 10MIS T7M1 oMS 187 ON7
R6-V S5NH4

E3%-S 58 S1M6 11NIT SINIS 1168 1M6 0MS

E3%-4 S9 NIl RMS TRMS oMl 0MO ONIT7
9T-V 6NIS

E3%-S 59 ToNO R¥IL SSu 1085 0M1 ONIO

E3%-4 44 S5Ml6 104 TONDO 10M1 T™O 1NIS
97-V 4MiL

E3%-S 51 SSNIO oN4 SINIT 10MT 14 ON&S

E3%-4 S9 SR 10MR ToML R4 4MT 1N11
10T-V T¥I6

E3%-S 50 SSxu 1S SIMT 10M1 TN 18T

E3%-4 4T TRMS 9NII6 SOMAL S5MI6 1IN0 OMR
10R-A 4NIT

E3%-S 5T ToMIS 7MS SsMIT TNIT 1NI1 OMIS

E3%-4 SR 41NO IMR SoMT 9NR SM9 1MI7
1TV ™S

E3%-S 55 SRMIR 10MO STN# 10MIS TMR 0MO

E3%-4 S4 4SNI6 RMO TRMS ONIT SO 1NIS
115-V SMR

E3%-S 50 SoM5 oM5 SIMR 10NI0 ™1 (U2
1TV o7 E3%-4 S1 45M1S 6MT TSM7 76 SMIS IN¢

E3%-S S9 40NIS RMIO S04 9MR TN ON#4
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A%Me (ex%%3e. S 04e01 wa) a(allaed /),(3 : / Ople
Q(ear redre)),o( w,% %he appQ-a%( o5 a BoxH ox
%a()5r: a%( (n o D3=F% ad4re)) ,))/e) o5 (o(Kor: a0
re),4/ a0 4,)%6/ %o()GVWlbw,(3 %e %a()%r: a% (. %e
e oQ o3orovEs: ,r(ov %)%1,e0tc4 a pBale o5 DBP=
,(4,-a%3 %ha% %he re),4/aQ) approa-he4d a (or: a0
4)%6/ %(G S / ®pol(ecar,% %)% revea®k4 1 ar,a(-e
I( 5% 0( Wa-%r (1 TWFva0 e) ra(3,(3 So: 1@B13 % 1GET.
-o(5r: ,(3 %e ab)e(-e 05: / O o(( ear,%bGA44,%e( all.
e D/ 16,( BVa%o( %)%prod/ -e4 a val e 051G=3. -(b)e %
%e ,4ea0 vaOe o5 2. )/33e)%3 (o ),3(,5-a(%
a/ %-orre% (G Wh,&& %he KGber %)% ,4e(%Sed
he%ro)-e4a)% ,% ,( %e W a(4 T var,a6®). %e Bre/ )-hB
Pa3a( %)%p o DGc=F,(4,-a%4 %ha%ve),4/ a0var,a( -e wa)
-0() % %

The : /OpGk Q(ear re3re)),o( re)/ @b Sor S o0del 1
4e: o() %% %%a% a® ,(4epe(4e(% var,a6e) have a
)%%% all  ),3(,5-a(% ,: pa-%o( Ye0 -o()/: p%e(G
Avera3e opera% 3 )pee4 (1 F,) po),%ell -orrer%4 w,%
Ye0-o()/: p%e(.w,% ,(-rea)ed )peed) re)/ 04 3 ,( h,3her
Ye0-o()/ : p%(G7o(ver)ell. 3ro)) veh,-G we,3h%WF
a(4 po),%e road 3rad,e(% (KF exh,6,% a (e3a%e
-orre%o(. where ,(-rea)e) ,( we,3h%or 3rad,e( %oare
a))o-,a%#4 w,% 4e-rea)ed 5 e0-o()/: p%o(GA44,%(all.
L/roBt % -2) were S0/ (4 % 6¢ : ore ¥ e®55,-,e( Yo'kha(
L/roB % -2). a) ev,4e(-e4 61 %he ),3(,5-a( Y%e0e55-,e( %6(
%e % -2 %pe 4/ : : 1 var,a6(e. ,(4,-a% 3 %e )/ per,or ¥ e0
e5-,e(-1 o5 L/roBl % -2)G Ta6k 2 pre)e(% %e
-0e55-,e(% Wale). a(4 pBale) Sor ea-h var,a6(.
-o(5r: ,(3 %a%a® var,a6) are )%% % al®l ),3(,5-a( %a%
%e =% ),3(,5-a(-e¢ GkveQ w,% %e -1,% a0 ‘Bal e 6¢e,(3
1G4EG

Table 2 Mode. 1 6ara4 eter est,4 at,o-

9 003st
Wira4 eter Eoeff,c,e-t 2ta- dard t-va.3e 6-va.3¢
Error
I- terce6t 1MS9 0NI09 17RPRY <0MI01
VT 6MPE-0T TMSE-0S  TRAPT <0MI01
C -0NI09 0NI00 -66PR6 <0MI01
-ONIPR 0N01 -IPB71 <0MI01
T 0NOR 0NI0S SIPIS <0NI01
A) a( aldr(a%e approa-h. So4e0 2 e: pll)

Ke(eraQae4 L,(ear Sod4e) (KLSF w,% a Ka: : a
4)%6/ %o( a(4 103 Q(2) % : o4e0%e rer%o( )h,p 6e%ee(
%e )a: e)e%S5var,a6()Glhe Kood( e)) 05 W) %( 4,-a%#4
a )%0o(3 5%or %e : odeQ w,% a 4ev,a(-e o5STA2E a(4 a

4ev,a( -efd5 ra% o5 DB 1GI( -o( %)% %e Pear)o( 7h,B
SI/ are %)%l,eHte4 a val e 05 TlE— w,% a Pear)o( 7h,B
SI/ arefd5 ra% o5 D®I1. ¥ r%er -o(S5r: ,(3 %e : odeln
adel/a-1G

The re)/ @%b o5 %e KLS para: e%r ¢)% a%e( ,(4,-2%
%a%bo% avera3e opera% 3 )peed (1 Fa(4 % -2 %pe (TF
exh,6,%a )%% % all ),3(,5-a(%po),%e eSe-%o( el
-o()/: p%e(. a) 4e: o()%a%4 61 %e,r re)pe-%ve
-0e55-,e(% o5 DBIT a(4 D31cGT7 o( ver)ell. 3ro)) veh,- &
we,3h%WFa( 4 po),%ve road 3rad,e( YKFare S/ (4 % have
a )% %all ),3(,5-a(% (e3a%e ,(Ve(-e of YelO
-o()/: p%(. w,% -o0e55-,e(% o5 BXEBD a(4 BXF4T.
re)pe-%ve0lGThe -o: p&k% para: e%r ¢)% a%o( re)/ Op
,(-0°4,(3 4e%, (k4 -0e35,-,e(Y%val e). -a( 6e 5o/ (4 ,( Table
3G

Table 3 Mode. T 6ara4 eter est,4 at,o-

9 003st C a.d Eh,-
Wira4 eter Eoeff,c,e-t 2ta-dard  2q3are p-va.3e
Error Va.3e
Intercept 199 0MIS60 1107MIL S <MINI01
A\ OMIR 0MI006 10TIM7T <MINI01
C -0NISO oMooP PPSIMOT <01
G -OMPR OMIOTI SPSSML7 <01
T 0M16 OMORT 1P61 NI79 <01

A -o0: para%e a(all),) 6e%ee( S o4e01 a(4 S 04e02
4e: o) %a%) %%a% o04e01 o/ YperSor: ) S 04e02 ,( %r: ) o5
pre4,-%ve a--/ra-1 a(4 : 04e05%B o04e01 exh,6,%a bwer
4ev,a(-e val e 05DOQ4E -o0: pare4 % TA2E Sor S 04¢02. a)
we a) ): alkr goo%sS ea( SI/are4 Lrror) (gS SL)F o5
D@83 a(4 D39c. re)pe- %veOlGW r'lier: ore. %e adb )%4 g B
) /ared vaOe o5 D= )/33e)% %ha% %he ,(4epe(4e(%
var,ab®) ,( %,) : odeOexph,( =% o5 %he var,a6,0% ,(
Ye0-o0() : p%(GThe AI7 Sor S 04e0 1 ,) B.24c@2=
wh,-h,) )/ 6)%( %Wl ®wer %a( %ha%SS 04e02.,(4,-a% 3
ared/ -e4 pred,-%eo( error a( 4 )/ per,or : odeOperdor: a(-eG

Ba)e4 o( %he -o: para%ve a(all),) oS5 perSor: a(-e

: e%-) )how( ,( Ta6k 3. %e : / ®@pk Q(ear re3re)),o(
: 04e0w,% BoxB ox %a( )5or: a%e( ,) re-o: : e(4ed a) %he
6e)% o4e0%r pred,-% 3 Ye0-o()/: p%( ,( L/roB a(4
L/roBt % -2). a) ,%05%r) 3rea%r a--/ra-1 a(4 a 6e%ér
a6,0% % exp,( %he var,a6,0% ,( ¥ e0-o()/: p%(GThe
5(a0re3re)),o( el/a%o( 4er,ved Jo: S 04e01 )i

FC°%?5 = 1,539 + 0,000066V? — 0,009W — 0,048G +
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wherei

W o We0-o0()/: p%o( (2: fiF

1 o Avera3e opera% 3 )pee4 (2: fta: F

W o Gro)) veh,-® we,3h%%( F

G o0 Zo),%ve roa4 3rad,e( %A%F

T o Tr/-2 %pe (L/ roBloO4a( L/ roBolF
Table 4 Eo4 6ar,so- of 4 ode. 6erfor4 a-ce 4 etr,cs

1- d,cator Mode. 1 Mode. 2
Deviance LMP7 RM27
Pearso- Eh,-2q3are LMP7 RMII
Lol L,ke.,hood 1529M1S 7NIP1
AIE -S2PoN21 -2MIRS
AIEE -S2PONRS -2MRL
BIE -S21RM11 21 MS2
EAIE -S212M11 SINES2
IM2E LMISS LNI96
MAE INDR7 L§I17
922 LMIP7 72MI1L

3.3 Comparison of mod. l. d pr. dictions and obs. rv.d

outcom. s
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%a( DB= ,: pOl,(3 (o )%%%al®l ),3(,5-a( %A, Sere(-¢
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The)e 5(4,(3) )/ 33e)%ha%wh,& %he : odeln pred,-%o()
are 3e(era@ -M)e % %e o6)erva%e(). %here are )Q3h%
4,)-repa(-,e) %ha%: al 6e-o: e re@va(%,( opera%e(al
-0( %x% po%( %Ml 4/ ¢ % Sa-%r) )/ -h a) %ira,( var,a%e(
or o%er ex%r( a0-o(4,%()G

H %e -a)e o5L/roB % -2). %he Z val e wa) -a0/ (h%4
a) BXBE2. a(4 %e A)1: p%% S,3(,5-a(-e (2B4,®4Fval e
05DG43 ,(4,-2%) %a%le 4,5cre( -¢ 6e%ee( ob6)erved a(4
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: 04e0%r L/ roB % -2) : ore a--/ ra%0l reSk-%a-%a0y ¢0
-o()/: p%e(. o5%r,(3 a h,3her Gve0 o5 -o(54e(-¢ ,( ,%
reQa6,0% Sor pre4,- % 3 5e( perdor: a(-eG

8 veral Sor 60% L/roBt a(4 L/ roB % -2). %ere were
(o ),3(,5-a(%4,5%re(-¢) 6e%ee( %e pred,-%4 a(4
o6)erved re)/ O w,% %e L/ roB : 04e0)how,(3 a h,3her

(eveOo5a--/ra- 1GThe)e 5(4,(3) )/ ppor%8lie vaQ4,% o5 %e

pre4,-%ve : o4e0/)ed ,( %HB,) )%A41. par%/ GrOl Sor reaB
wor appQ-a%e()G The)e re)/ ®p aQ3( w,% prev,o/)
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6a)ed o %k: a% ) 4a% -a( red/ -e pred,-%o( error) Sor
% -2) w,%% Gwer e: ,)),0( )% 4ard)GCowever. %e ): ald
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4 Conclusion
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h,3her e: ,)),o( )%(4ar4). )/-h a) L/roB-a(4 L/roR. ,)
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eff,-,en-y ,mprovement targets. Future resear-h should also
-ons,der ,ntegrat,ng add,t,onal var,ables. su-h as weather
-ond,t,ons and dr,versmbehav,or wh,le ,nvest,gat,ng the
long-term ,mpa-t of telemat,-s and ma-h,ne learn,ng
te-hnolog,es on operat,onal -ost sav,ngs and energy
eff,-,en-y. F,nally. the adaptat,on of these te-hnolog,es for

small-s-ale transportat,on -ompan,es ,n develop,ng

-ountr,es represents an ,mportant avenue for explorat,on to
ensure broader and more susta,nable adopt,on.
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4. TAHAP REVIEW & REVISI

4.1. Tahap Review Round 1

Setelah proses submission, artikel masuk ke tahap Review Round 1. Tahap ini menunjukkan bahwa naskah
tidak langsung diterima, tetapi melalui proses telaah editorial dan reviewer dalam sistem jurnal.

Pada tanggal 8 Mei 2025, editor menyampaikan hasil review kepada penulis. Editor meminta agar penulis
mengunggah naskah yang telah diperbaiki dalam format DOCX dan file gambar secara terpisah dalam format
JPG.
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One or more reviewers missed thelr deadline. The editorlal team has been notifled and will take actlon to ensure reviews are
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Review Discussions Add discussion
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4.2. Komentar Reviewer

Komentar reviewer mencakup masukan substansial terhadap kualitas akademik artikel. Reviewer memberikan
catatan pada bagian pendahuluan, novelty, tujuan penelitian, nomenclature, struktur bahasa, hasil humerik
pada abstrak dan kesimpulan, kontribusi ilmiah, serta potensi penggunaan metode lanjutan seperti Artificial
Neural Networks dan Decision Trees.



Review

Participants

Adam Torék (tr)

Adam Toérek (atorok)

Pradhana Wahyu Nariendra (pradhananariendra)

Messages
Note Fram
Dear Author, tr

2025-05-08 03:36

Please find below the results of reviews,

PM

Please upload the modified paper in DOCX version, and each separate IMAGE file in

JPG.

Many thanks:

Editor in Chief

RW1:

Please add the co-authors' name, e-mail address and affiliation in the List of

Contributors of Publication in the Open Journal System.

The Figure 1 and Table 4 are missing from the text. Please add themn.

Please refer to each item of the text in the reference list: King and Roberts 2014

Please cite every source correctly in the text; King and Roberts 2015

RW2:

This manuscript is within the scope of the journal. The topic is interesting. However,

some problems still need to be clarified and revised. I would recommend for a major

revision of the manuscript after addressing the significant improvement

requirements.

The points of concern are as follows:

. The introduction is disordered and aimless. Author/ Authors just simply list the

lows of literature reviews. However, the important information, such as
innovations, focused issues, methods, and value of this article, are missing or
oversimplified. It is necessary to rewrite the introduction. The literature review
has been how written which leads to misunderstanding.

. The novelty of the work must be clearly addressed and discussed, compare

your research with existing research findings, and highlight novelty, (compare
your work with existing research findings and highlight novelty).

. The main objective of the work must be written more clearly. Also, you should

have a subsection on the strengths and limitations of your study.

. Nomenclature section is also missing. Add completely in the table.

. There is a strong need to improve the manuscript's language as it is

inappropriate for the Journal of Periodica Polytechnica Transportation
Engineering. The text has lots of grammatical errors. Most of the sections
cannot be read well.

. There are some typos in the text, refine them. According to the journal

template, edit the text completely.

. Author/ Authors need to add more results in the abstract and the conclusion

section and abstract section (especially numerical results) to thoroughly
support the main findings. The results are not clear and complete and must be
more. The abstract and the conclusion section should be rewritten with the
complete data.

. Itis suggested to include a paragraph at the end of the conclusion section that

should describe the applications of the present work, recommendations, and

future scope to other researchers.

. Explain how your research has moved the body of scientific knowledge

forward.

. why were more advanced modeling techniques like Artificial Neural Networks

or Decision Trees not considered, given their potential to capture complex
patterns? Was there any comparative evaluation between these models and
more sophisticated approaches?

. How can the findings of this study be applied to other countries or different

geographical conditions? Have there been any efforts to validate the model in
diverse environments to ensure broader applicability?




4.3. Response to Reviewer

Pada tanggal 12 Mei 2025, penulis mengunggah naskah revisi dan menyampaikan tanggapan formal
kepada editor. Dalam tanggapan tersebut, penulis menjelaskan bahwa naskah telah diperbaiki sesuai
komentar reviewer. Perbaikan mencakup penambahan data kontributor, penyisipan Figure 1 dan Table 4,
perbaikan referensi, penguatan pendahuluan, pengembangan novelty, perbaikan tujuan penelitian,
penyempurnaan abstrak dan kesimpulan, serta penjelasan kontribusi ilmiah artikel.

b

Dear Editor in Chief,
Thank you for your detailed review and valuable feedback.

We have revised the manuscript as per the reviewers’ comments and
incorporated the requested modifications. The updated manuscript in
DOCX format and the separate image files in JPG format (300 DPI) have
been uploaded to the system.

We have thoroughly revised the manuscript based on the reviewers’
comments. The following modifications have been implemented:

RW1:

1. The authors’ names, affiliations, and email addresses have been
added to the List of Contributors of Publication in the Open Journal
System to ensure complete and accurate author information.

2. Figure 1 and Table 4 have been inserted in the appropriate sections
of the manuscript, in line with the article structure. The image file for
Figure 1 has been uploaded in JPG format (300 DPI) as specified by
the reviewer.

3. All references have been reviewed for consistency, and the missing
citation for King and Roberts (2015) has been added in the
methodology section to reinforce the theoretical basis for multiple
linear regression and GLM.

4. The reference list has been fully revised to ensure accuracy and
consistency in citations throughout the manuscript. King and
Roberts (2015) is now appropriately cited in the methodology
section.

RW2:

1. The introduction section has been revised to clearly present the
innovation, focus, methodology, and noveltyof the study. The study
introduces a real-time telematics-based predictive model for Euro-3
and Euro-4 trucks, using operational speed, vehicle weight, and road
gradient data as a simpler alternative to the parameter-heavy HDM-4
model. The focus is on fuel efficiency for trucks in Indonesia, given
that fuel costs account for 28-32% of VOC. The methodology includes
multiple linear regression, GLM, and the Wilcoxon Signed-Rank Test
to assess model accuracy. The contributions and applications of the
model, particularly for 5-axle trucks on toll roads, are now clearly
outlined, setting the stage for potential testing in non-toll roads and
extreme terrains.

2. The novelty section has been expanded in both the introduction and
discussion to emphasize the transition from HDM-4 to a simpler,
telematics-based model, which eliminates the need for complex
parameter calibration and aligns with Euro-4 emission reduction
targets.

3. The research objectives have been clearly stated in the introduction,
focusing on developing a telematics-based predictive model for
Euro-4 and Euro-3 trucks and evaluating its accuracy. A new
subsection on strengths and limitations has been added to highlight
the use of real-time telematics data as a key strength, while noting
the model’s current application is limited to toll roads and 5-axle
trucks.

4. The manuscript has been thoroughly edited for grammar, sentence
structure, and clarity, aligning the academic tone with the standards
of Periodica Polytechnica Transportation Engineering.

5. Typographical errors have been corrected, and the paragraph
structure and formatting have been adjusted to align with the
journal template.

6. The abstract and conclusion have been revised to include specific
findings, such as deviance, RMSE, AIC values, and Wilcoxon Signed-
Rank Test results for both Euro-3 and Euro-4 trucks. These data
points have been added to reinforce the model's predictive accuracy.

pradhananariendra
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7. Aclosing paragraph in the conclusion has been added to outline the
application of the predictive model for fleet management in Euro-4
trucks, along with recommendations for future research focusing on
machine learning integration and testing on non-toll routes. The
model contributes a new telematics-based framework for 5-axle
truck fuel consumption prediction, aligning with Euro-4 policies and
having potential applications in regions with similar road and
transport conditions.

8. The research contribution section in the conclusion has been added
to explain how the study developed a more practical and accurate
telematics-based predictive model for Euro-4 and Euro-3 trucks,
replacing the HDM-4 model and supporting Euro-4 emission
reduction policies. Additionally, the model opens opportunities for
further studies involving machine learning techniques, testing on
non-toll routes, and the inclusion of additional variables such as
weather, fuel type, and driver behavior.

9. The choice of multiple linear regression and GLM was based on data
availability and interpretability. However, for future studies, machine
learning techniques (ANN, Decision Trees) will be considered to
capture more complex patterns and enhance model accuracy across
different operational settings. Testing on non-toll roads, urban
routes, and regions with extreme weather will also be prioritized,
along with the inclusion of variables like weather, traffic density, and
driver behavior to broaden the model's applicability.

10. The model is currently applicable to operational conditions similar to
those in the study, particularly on toll roads with comparable terrain
and vehicle characteristics. Future research will focus on testing in
non-toll routes, urban roads, and incorporating additional variables
to expand the model’s applicability under more diverse operational
scenarios.

Please let us know if further modifications or clarifications are needed. We
appreciate your continued guidance and look forward to your feedback.

Thank you for your time and consideration.

Sincerely,

Pradhana W. Nariendra
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Abstract
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.mpro3.(0) e(er0D eff.c.e(cD) re6Cc.(0) em.--.o(-) a(6) Ioo-t.(0) (at.o(a9 DO0.-t.c-)
compet.t.3e( e--.)

KeDwor6-:)fCe9co( -Cmpt.o( ;JHDME ;)te®emat.c-;)hea3 D6 CtDitrCc5-;)aero6 ) am.c-.)

Automotive Expe-ience0 plB3N56615166: 6 e133N5661516636 1



[a—

© 0 9 SN n B~ W

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

revised paper

Calibration of HDM-4 Model for Fuel Consumption in Heavy-Duty

Trucks: Integration of Telematics, Engine Speed, and Aerodynamics

1. Introduction
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ha3e) eNp®%6) HD/ ) ca9l %t.o( ).( ) 6.ffe%( t) coC( t%e-) to) e( ha( ce) mobe9) accC4cD) Bo%
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t9c5- Ja( 6 )hea3 DtUc5- )%-ea%he%)co( -.6e%6 ffacto%)A5e)e( 0.( e)poGeZW%R( 0)%-.ta( cel)
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2. Method
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trCc5.( 0)compa( .e-)to)e( -Cre)-mooth)6ata)collect.o( )aVdh)avsh)Follow.( 0)th.-,)a)l.teratCre)
re3.ew)a( 6)metho6olo0Dpla( ( .( 0)are)o( 6 Cete6 )to)( 6er-ta( 6 )fCeljco( -Cmpt.o( Jmoéel-,xhe)
C-e)of)telemat.c-)ata,a( 6 JHDMHE)cal.I rat.o( Jtech( .1 Ce-.)

, he)6ata) collect.o( ) for) th.-)-tC6 D). ( corporate-)I oth)pr.marD)a( 6)-eco( 6arD)-oCrce-.)
Ar.marDpb ata).( clC6e)mea-Creme( t-)of)3eh.cle)6.me( -.o( -)a( 6 )wheel)6.ameter,)wh.ch)were)
ol ta.( €6)C-.( 0)ma( Cal)tool-.), he)3eh.cle)-electe6 )for)th.-)-tC6 D).-)a)MMVH. ( 0)5FaNe)trCc5,)
-pec.£.callDja)MaNe)hea6 )trCe5)pa.re6 )w. th)a)3FaNe)-em. Rra.ler.)c ccor6.( 0)to)the)l( 60( e-.a( )
, 1Cc5.( 0)c --oc.at.o( )(c A, RINDO),)th.-)co( £.0Crat.o( ).-)the)mo-t)commo( )for)hea3 Dk CtD)
trCc5-) .() I( 60( e-.a.) Are3.0C-) -tC6.e-) ha3e) h.0hl.Ohte6) that) roll.( 0) re-.-ta( ce) ca( ) 3arD)
-.0( .f.ca( tID) I etwee( ) 3eh.cle-,) .( flGe( ce6) 1D) factor-) -Cch) a-) t.re) -pec.f.cat.o( -,) loa6)
6.-tr.I Ct.o( ,)a( 6)roa6)co( 6.t.0( -)aVIh), o)e( ha( ce)the)mobel’-YaccCracD)emp.r.cal)cal.I rat.o( )
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factor-)Ea3e)l ee( ).( corporate61).( c906.( 0)commo( D) C-eb)t.re)-pec.f.cat.o( -)3arD( 0)Dab)
co( 6.t.0( -Da( 6)6.3er-e)roab cEaracter.-t.c-.)i E.%)6.ffere( ce-)I etGee( ).( 6.3.6Ca9trCek-)are)
.( e3.tal ®1tEe)metEo6 000 Dappleb ).( XE.- )} tC6 De( - Cre- )tEat)tEe)mo6 e9accCratedDrepre-e( t-)
rea¥Gor%) trCek.( 0) operat.o( -1) offer.( 0) a) more) prec.-e) ref®ct.o( ) of) actCa9 co( 6.t.0( -.)
geco( 6arD)6ata)Gere)co%ecte6 )ad( 0-.6e)e( 0.( e)a( 6)3eE.ck)-pee6 )6 ata)from)tEe)O( B oar6 )
D.a0( o-t.c-) (O7 DE)) - D-tem) aW) aMH) . ( <906 0) actCa9) fCGe9) co( -Cmpt.o( 1) 3eE.c%)-pee6 1)
po-.t.o( Ja( 6)0ro--)3eE.c®)Ge.0Et (] fi ).)i E.%)pre3.0C )-tC6.e-JEa3e)( oteb)tEat)Rc NH C-)
3eE.c®)Ge.0Et)ata)ca( Jofte( )l e)C( reQal )Ge)took) pec.f.c)-tep-)to)e( - Cre)pata)accCracDl), o)
a66re--)pote( t.a9.(accCrac.e-] f i Jrea6.(0-)Gere)3a96ate6)ala.( -t)Ge.0EI r.60e)recor6- Jat)
tEe)portha( 6)( ece--arD)a6 @- tme( t-)Gere)mabe)a830h)BCrtEermorel).( )MIMH. ( 0)Motor-)reF
cert.f.e6) tEe.r) Re NH C) -Dtem]) e9m. ( at.( 0) tEe) (ee6) for) ca9l rat.o( ) mo6.f.cat.o( -) a( 6)
.mpro3.( 0)mea-Creme( t)reQal .9tD)c -)tEe)3eE.c%-).( )tE.-)-tC6 Dare)MMJH. ( 0)mo6e9 DtEe)
co%ecte6 Jpata)l e( ef.t-)from)tEe)ate- thmore)accCrate)mo( .tor.( 0)-D-tem.), Ee-eeffort-)e( -Cre)
tEat)tEe)Rc NH C-)6ata)C-e6 ).( tE.-)-tC6D).-reQal %)a( 6 JaccCrateDyref%ct- rea¥Gor® 3eE.c%)
operat.o( -)31h)

, Be)6ata)Gere)0atEere6 Jo3er)a)o( efno( tE)per.o6)a®( 0)tEe), a( @ 0)Ar.ok)to)7a( 6C( 0)
roCte]) a) cr.t.ca9) corr.6or) for) co( ta.( er) -em.Rra.%r) trCck) operat.o( -) .() § 60( e-.a.) Soa6)
OeometrDa( 6)0ra6.e( t)6ata)from)] 0o0%)kartE)remote)-e( -.( 0)pro3.6e6)-Ctf.c.e( t)accCracD)
for)ra( -portat.o( Ja( ad>.-G.tEja( Mc k)of)l.3Mmeter-)a( 6 )a( )5 Mgk of MM )meter- x3Mb)OtEer)
-eco( 6arDb ata)Gere) oCrce6 Jfrom)o3er( me( tale( c.e- )} CcE)a- tEe)M. ( .-trDof)ACT 9c)i ork-)
a(6) HoC-.( 0) a( 6) tEe) Re( tra9 gtat.-t.c-) ¢ Oe( cD), Ee-e) 6ata-et-) pro3.6e) .( format.o( ) o( )
§ ter( at.o( 295 0QE( e-- )} 6eN(& 8 Ta( 6 )roab )y Crface)teNCre)b eptE)aW)aMiih))

2 -.(0) te®mat.c-) 6ata) offer-) -.0( .f.ca( t) ab3a( tale-) I ecaC-e) pa--.3e) 6ata) co%ect.o( )
metEo6-)pro3.6e)E.0E)-pat.a9a( 6)tempora9re-o9Ct.o( )at)a) DG )co-t)aWih) De3.ce-)- CcE) a-)
AEotocEem.ca9c --e--me( t)Mo( .tor.( 0)gtat.o( - )(Ac Mg)D)] Dl a9Ao-.t.o( .( 0)gDtem-)(] Ag)])
a( 6)ceCr) etGork- fac.9tate)readht. me)3eE.c®)act.3.tDmoy( .tor.( 0.)Mo6 er( JtrCek-)el C.ppe6)
G.tE)-e( -or-)recor6 operat.o( a9parameter-)9ke)fCe9co( - Cmpt.o( 13eE.c%)pee6 Ja( 6 tErottd)
po-.t.o( ) GE.cE) are) tEe( ) tra( -m.tte6) 3.a) tEe) k%ctro( .c) Ro( tro92 ( .t) (kR2 )) for) a( adD>.-.)
¢ %EoQDE)ma( CfactCrerFpro3.6 e6 )teemat.c-)-D-tem- )are)( ot)eNp9c.t)6 e-.0( e6)for) HDMEL)
ca9l rat.o( JtEe)6 ata)tEeD)0e( erate)are)reQal X)a( 6 )ref®ct)reaiGor® )6r.3.( 0)co( 6.t.0( - )alj H)
avih)

Automotive Expe-ience0 pIB3N56615166: 6 eIB3N5661516636 5



O© o0 N N W»n B~ W =

W W N N NN N N N N N N e e e e e e e
—_— O O 0 N N N R WND =, O 0NN N W N = O

revised paper

, Ee)ca9l %t.o().-)co( 6 Ccte6)at)tEe)wEoXR%p) X3 e9to)captClh) %aFwo%b )opeat.o( a9
3a%at.o(-1).( cX6.( 0)t%3e96.-ta( ce)a3e%le)-peeb )3eE.c)we.0EtD)a( 6)%a6)0%6.¢e( t.), 0)
e(-Clh)I a%( ceb)bata)%pe-e( tat.o( DtEe)6ata).-)-pat).( to)j Oe )fo%ca9l %t.o( )a( 6)30e )fo%
3a%6at.o( ) C-.(0)-t%t.f.e6) %( 6om)-amp9(0.), Ee) mo6eJ-)accClacD) .-)a--e--e6)C-.(0)S2)
SMgk1a( 6)Mc Ak)to)e3a%ate).t-)al .9tDto)exp%.( )tEe)6 atal)mea-Clke)p%6.ct.o( )e%6%Da( 6)
a--e--)pe%e( tale)6.-c%pa( c.e-.JOCt9e%)tEat)%f%ct)actCa9opetat.o( a9co( 6.t.0( -)a%)5ept)to)
e(-Clk)tEe) mo6e9-) %%®3a( ce.), E.-) metEo6) e( -Clk-)tEat) tEe) mobe9) .-) I otE) accClate) a( 6)
appQcal ®)to)%aFvo 9% )-ce( a%o-)a33bl)a3: h)

, Ee) (ext)-tep).(30Be-)ca9l %t.( 0)3eE.c®) pa%amete%)I D) mo6e9( 0)tEe) %%t.o( -E.p)
Ietwee( )e( 0.( e)-peeb)a( 6)3eE.c®)-peeb.), E.-)%%t.o( -E.p).-)c%t.ca9l ecaC-e)E.0Ee%3eE.c®)
-pee6-)%l1 C.%)E.0Ee%e( 0.( e)-pee6 - IWE.cE)6 . %ctdD). mpact- )fCe9eff.c.e( cDa35h), o)maSe)tEe)
HDME )mo6e9mo%)%%k3a( t)to)mobe% )3eE.c%®)tecE( 000Dl cadl %t.o( ).-)e--e( t.a9a-)tEe)
mob6e9-)6efaCx)3a%e-)a%) I a-e6)o()0be%e( 0.(e)6e-.0(-)al: b), E.-) pce--)-ta%-) w.tE)
OatEe%( 0)te%®emat.c-)6ata)o( )3eE.c®)-peeb)a( 6)S AMfoFowe6)I Df.Ge%( 0)to) %mo3e)a( D)
a( oma9e-.), Ee( Da)tE.% be0%e)poIN om.a9%0%--.0( ).-)apple6)to)captClh)tEe)( o( F2(ea%
%%t.o( -E.p)l etwee( )tEe-e)two)3a%al %-Da-)oCta( e6).( )kl Cat.o( )] ).) Ee)%-Cx.( 0)ca9l %ate6)
pa%amete%)%pce)tEe)6 efaCt)HDME )3a%Ce- De( - C%( 0)tEe)mo6e9a90( -)I ette%w.tE)mobe% )
e( 0.( e-DwE.cE)featClk)commo( Pa.9fCe9.( @ct.o( )-D-tem-)a( 6)ab63a( ce6)em.--.0( )co( t%%.)
, 0)co( f.9m)tEe)accClacDiof)tEe)mo6 edtEe)coeff.c.e( t)of)6 etetm.( at.o( )(52)).-)C-e6 De( -C¥i( 0)
tEe) mo6e9 captCl-) tEe) t%e) 61X am.c-) of) -pee6) a( 6) SAMI) Crt.mateD) .mp%3.(0) fCe9
co( -Cmpt.o( )p%6.ct.o( -.)

Bo%ow.( 0) tE.-1) ae%6 am.c) a( ad>.-) .-) co( 6Ccte6) C-.(0) RompCtat.o( a9 BIL.6)
DI am.c-) (RBD)).()go26i 0%-)B%w)g.mCt.o( ) 836bl) a3j h), E.-)-oftwa%)appQe-)tEe)5Hn)
tCh Ce( ce)mob eNWE.cE).-)-C.tal ®)fo%-teab DE tate)fw)-.mCt.o( -)I Ct)Ea-)9m.tat.o( -).()
captCyy( 0)comp®ex)tCh C( t)6 X am.c-)-CcE)a-)wabe)fomat.o( )a( 6)30%ex)-Ee66.(0.)g.( ce)
tEe)focC-)of)tE.-)%-ea%E).- )o( )tEe)mac%-cop.c)ca9l %t.o( Jof)ae%6 I am.c)pa%amete%).( )tEe)
HDME )mo6 eMtE.-)appP%acE).-)co( -.6e%6)-Ctf.c.e( t)a3VB)a39h), Ee)pce--).( cXbe-)tE%e)
ma.( }-taOe-p%Fp%ce--.( 0Dpce--.( 0Da( 6 )po-thpl%ce--.( 0.)DCU%( 0)p%Epl%ce--.( 0JaBeE.c®)
mob6e9l a-e6 o( JactCad6.me( -.0( -).- x%ate6 IBa96 ate6 Ja( 6 )me-Ee6.)7 oC( 6 I)co( 6.t.0( -)-CcE)
a- fw )tDpe1)0%3.tDIf9C.6 )tDpela( 6 ))te-t)-peeb )a%)o ef.( e6.)¥ )tEe)pPce--.( 0)-talel( Cme%ca9
-.mCt.o( -)a%) %k )to)caxChate)f%( ta%a%a)(c B)a( 6 tEe)6 %a0)coeff.c.e( tR6).) Ee)xaCt.o()
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tolloG-) k1 Cat.o( ) (1).) I( ) tEe) po-tFproce--.( 0) -ta0e]) -.mClat.o( ) re-Clt-) are) .( terprete6) to)
e3alCate)tEe)3eE.cle’-Jaero6 [ am.c)e+c.e( cD)GEere)a)loGer)6ra0)coe+c.e( t).( 6.cate-)a)more)
-treaml.( e6)a( 6 fCellet+:c.e( t)oe-.0( )atObljat1bl)aAMb)

2FA

cd =2 MMM ) ) ML)

GEere)R6 )repre-e( t-)tEe)6ra0)coe+:c.e( t)(6.me( -.o( le--))Fc ).-)tEe)aero6 I am.c)6ra0)+orce)

(N)) p)6e( ote-)tEe)a.r)6e( -.tD)(50dmn))f )corre-po( 6-)to)tEe)relat.3e)3eloc.tD)] etGee( )tEe)
3eE.cle)a( 6)a.r)(md)Da( 6)c F).-)tEe)+ro( tal)area)o4)tEe)3eE.cle)(m?).)O( ce)tEe)calcClat.o( ).-)
complete6 1) tEe) po-thproce--.( 0)-ta0e) .- ) co( 6 Ccte6 ) to). ( terpret)tEe)-.mClat.o )re-Clt-)a( 6)
e3alCate)tEe)3eE. cle’- aero6 I am.cle+c.e( cD)Ro( -el Ce( tID)tEe)loGer)tEe)R6 BalCeltEe)more)
aero6 Y am.ca( 6 yiCelFe+c.e( titEe)3eE.cle)se-.0( )l ecome- )atOhlat1)adNe)

1( )a66.t.0( ) to) tEe) aero6 I am.c)a( alD.-) HD/ B)mobel)cal.l rat.o( ).-)pertorme6)I D)
co( -.6er.( 0)3ar.oC-)+actor-)-CcE)a-)3eE.cle)Ge.0Et])- pee6 a( 6)roa6)0ra6.e( t)aMh), Ee)+Cel)
co( -Cmpt.o( Je-t.mat.o( Jproce--)I 0.( - )l D6 eterm.( .( 0)tEe)total)re-.-ta( ce)orce)act.( 0)o( )tEe)
3eE.cle)GE.cE).- JcalcClate6 )C-.( 0)k1 Cat.o( J(ML)

E, Sy)Fc Jo)F] Jo)FS)o)ERf ) ) ) ) ) ) ) ) DM

GEere)Fc )repre-e( t-)tEe)aero6 ) am.c)6ra0)torce)(N)DF] ).-)tEe)0ra6.e( t)re-.-ta( ceHorce)(N)])
ES).- tEe)roll.( O)re-.-ta( ceporce)N)Tla( 6 )FRf )reter-)to)Ee)Cr3atCre)re-.-ta( ce)torce)N).) +ter)
calcClat.( 0)tEe)total)re-.-ta( ce)torcel)tEe)tract.o( )poGer)rel C.re6 )to)o3ercome)tE.-)re-.-ta( ce)

~Yoeterm.( e6)C-.( 0)kl Cat.o( )(3).)

_ FTRxV

=00 ) ) ) ) ) ) ) ) ) ) N3))
GEere)A S)e( ote-)tEe)tract.o( JpoGer)5i ))a( 6)f ).-)tEe)3eE.cle)-pee6 \md).JO( ce)tEe)tract.o( )
poGer).-)ol ta.( e6 DtEe)total)e( 0.( e)poGer).- )calcClate6 )C-.( 0)kl Cat.o( )(4).)

PTR

PTR

PTOT = (ﬁ + PENGACCS))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))(4))
GEere) A, O, )repre-e( t-)tEe) total)e( 0.( e) poGer) (5i ))kD, )corre-po( 6-)to) tEe)61.3etra.( )
e+t.c.e( cDla( 6)AKN] ¢ RRg)-XEe)poGer)rel C.re6 yorke( 0.( efcce--or.e-X5i ).) Eeltotal)e( 0.( e)
poGer) .-) a) crCe.al) 4actor) .( ) 6eterm.( .( 0) tEe) 3eE.cle’-) 4Cel) co( -Cmpt.o( ) C( 6er) 6.+ere( t)
operat.o( al)co( 6.t.0( - JFolloG.( O)tE.- )tEe).( -ta( ta( eoC-)iCel)co( -Cmpt.o( ).-Je-t.mate6 )C-.( 0)
kI Cat.o( ¥=).)

IFC = max [ID_FUEL, ZETA x PTOT x (1 + dFUEL)])) ) ) ) ) )
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wEere) &R) repre-e( t-) tEe) .(-ta( ta( eoC) #Ce9 co( -Cmpt.o( ) (mA ) DTF2 k4) .-) tEe) 1Ce9
co(-Cmpt.o( )at).62)pk, c )reter-)to)tEe)e( 0.( e)e+c.e( cD)a( 6)6F2 k4).-)a( )a66.t.o( a9+Ce9
co( -Cmpt.o( ) tactor) 6Ce) to) -peeb) 3ar.at.o( -.) ¢ #er) 6eterm.(.(0) tEe) .(-ta( ta( eoC) +Ce9
co( -Cmpt.o( DtEe)-pec.+cHCe9co( -Cmpt.o( ).- )caxChte6 )C-.( 0)k1 Cat.o( )(6L)

__IFC

FC ==7) ) ) ) ) ) ) ) ) ) ) ))6D
wEere)FR)re‘er-)to)tEe)- pec.+c)1Ce9co( -Cmpt.o( )(mI&kmI)a( 6)&FR).-)tEe).( -ta( ta( eoC-)4Ce9
co( -Cmpt.o( Xm&L), E.-)a%Ct.o( je( - Cre- )\Eat)tEe)mob eJaccCratedDre%ct- readiword }Ce9
co( -Cmpt.o( )1 eEa3.or.), o)e( -Cre)tEat)tEe)+Ce9 co( -Cmpt.o( ) pre6.ct.o( -)a90( )w.tE)actCa9
operat.o( a9 co( 6.t.0( -1 ca9l rat.o( ) .-) appQe6 ) to) -e3erad e( 0.( e) parameter-.) O( e) o4) tEe-e)
parameter-).-)tEe)e( 0.( e} pee6 (S A/ IIWE.cE).-)6eterm.( e6)C-.( 0)kl Cat.o( )j L)

RPM = RPM_a0 + RPM_alxV + RPM_a2x V2 + RPM_a3 x V)M D
wEere)S A/ Ta01S A/ TallSA/ TaMa(6)SA/ Tad)are)e( 0.( e)-pee6)mobeYparameter-ol ta.( e6)
tEroQE)adl rat.o( Jk( 0.( e)-pee6 ).-ya)keDBar.al ®)a+ect. ( 0}Ce9co( -Cmpt.o( Ja-).t).( 49Ce( ce-)
1 otE)power)oCtpCtia( 6 )mecEa( .ca9e+c.e( cD))

) S0%( O)re-.-ta( ce).-)r.t.ca%actor)a+ect. ( 0)3eE.c%}Ce9co( -Cmpt.o( Jpart.cCrdDyor)
Eea3 D CtD) trCck-) operat.( 0) of ) 6.3er-e€) roa6) - Créace-.) , 0) accoC( t) +or) tE.- ) tEe) ro®( 0)
re-.-ta( ce)tactor).- )6 eterm. ( e6)C-.( 0)kl Cat.o( )(VL)

RSNMUKcrMg(RSTRS Ma0oRSTRS Malg, DoRSTRS MaMS D)V
wEere)KcrMrepre-e( t-)tEe)ro®( 0)re-.-ta( ce)tactor]), D)6e( ote-)tEe)roab )textCre)6eptE)(mml))
a( 6)S8reder-)to)tEe)a3erale)roa6 )roQDE( e--)3a%Ce)(mckmI)wE.%)RS TRS Ma0)RS TRS Mal])
RSTRS MaMare)ro®( 0)re-.-ta( ce)coe+c.e( t-)cadl rate6 )l a-e6)o( Y-e% Yoata.)5 0B ( O)re-.-ta( ce)
p%D-)a)-.0( .+ca( Hro%).( )#Ce9e+c.e( cDle-pec.a¥D)or)Eea3Dib CtD)3eE. c%- operat. ( 0)C( 6er)
3arD( 0)roab Jo( 6.t.0( -.JFCrtEermoreltEe)e( 0.( e)power)actor).- ja6 @- te6 YC-.( 0)k1 Cat.o( )(9L))

(PACS_a0—-PACCS_a1)() PM—) PM _IDLE)

() PM100-) PM _IDLE) ]))))))))))))))))))))))))))))X9D

PENGACCS = Kpea x PRAT X [PACCS_al +

wEere)Kpea).-)tEe)cadl rat.o( Jtactor)ASc , ).-)tEe)max.mCm)e( 0.( e)power)(ki 1S4/ TD4k)
-)tEe)e( 0.( e)-pee6 Jat).6%)(re3dn.( 115 A/ 100).-)tEe)e( 0.( e)-pee6)at)100)kmdE)re3dn.( 1S A/ )
-)tEe)e( 0.( e)-peeb)at) operat.o( a9-peeb) (re3dn.( 1)) Ac RRgTa0).-)tEe)rat.o)of)e( 0.(e)a( 6)
acce--orDyre- - ta( ce)to)tEe)e( 0.( e)power)at)100)kmdEDa( 6)Ac RRgTal).-Ja)mo6 eYparameter.)

, Ee)ompar.-o( )l etwee( )tEe)adl rate6)HD/ Emobe9pre6.ct.o( -)a( 6 )tEe)ol -er3e6 )iCe9
co( -Cmpt.o( )6ata).-)a( adxe6)C-.( 0)tEe)i .%oxo()g.0( e6Ta(k-), e-t.), E.-)( o Fparametr.c)

Automotive Expe-ience0 pIB3N56685166: 6 eIB3N5668516636 8



O© o0 N N W»n B~ W =

W W N N NN N N N N N N e e e e e e e
—_— O O 0 N N N R WND =, O 0NN N W N = O

revised paper

metE06).-).6ea9+0%pa. %6 )-ampS-)tEat)60)( ot)meet)( 0%ma9tDa--Cmpt.o( -)a 3h), Ee)( P
EDpotEe- .- )(Hr))-tate- )tEat)tEe)me6.a( )6.+e%( ce).- X2%IWE. ®)tEe)a%e% at.3e)EDpotEe-.- )(Hs))
-00e-t-)a)-.0( .+ca( t)6.He%( ce.), Ee)p)3aXle).- )compa%6 )to)tEe)c%t.cadp)3a¥e)oht 1.96)at)a)
0.05)-.0( .+ca( ce)®3e9), Ee)%-Cx-)a%)%pose6 )l Dcompa%y 0)tEe)( Cml e%o+)( eDat.3e)%( 5-1)
po-.t.3e)%( 5-Da( 6)t.e-)a-).( 6.cato%)oHtEe)mobeJ-)-tal .9tD)§ )%+( .( 0)tEe)mobedwe)C-e6)
a( )emp.%ca9t%aa( 6 )e%o%ca9l %at.o( Japp%acE)wEe%)we)a6jC-te6 )KcDI %R ( 0)%-.-ta( ce)
tacto%)a( 6 )Kpea)e( 0.( e)e+c.e( cDracto%aD( 0)w.tE)ae%6 I am.c)acto%)R6)a( 6)c F).), Ee-e)
a6jC-tme( t-) e( -C6) tEat) tEe) mo6 e9 e+ect.3ed) %%ct-) %aFwo%b ) opeat.o( a9 -ce( a%o-1)
e( Ea( c.( 0).t-)al .9tDito)p%6 .ct)#Ce9co( - Cmpt.o( )w.tE)0%ate%accClacD), Ee)ca9l %at.o( )wa-)
co( 6Ccte6).( )tE%e)-ce( a%o-[)(1))-ce( a%0)1[)2 -.( 0)tEe)6e+taCx)HD/ E )pa%amete%)w.tEoCt)
a6jC-tme( t-1) wE.cE) -Eoweb) a) -.0( .+ca( t) 6.+He%( ce) I etwee( ) p%6.cte6) a( 6) actCa9 +Ce9)
co( -Cmpt.o( D(M)-ce( a%0)M) 30B.( 0)ae%6 X am.c)ca9l %t.o( )w.tE)a6jC-tme( t-)to)tEe)6 %a0)
coettc.e( t)(R6))a( 6)1%( ta%a%a)(c F)Da-)wePa-)e( 0.(e)SA )a6jC-tme( t-Da( 6)(3))-ce( a%0)3])
¢ 66.( 0) tEe) ca9l %at.o( ) tacto%) KcBDla( 6) Kpea) tE%QDE) a) t%a9 a( 6) e%6% pP%ce--.)i .tE)
a6jC-tme( t-).( )aPtE%e)-ce( a%o- ) tEe)mobe9( ow)%p%-e( t-) %aFwo%b )+Ce9co( -Cmpt.o( )
mo%)accClatedDw.tE)gce( a%0)3)p%3.6.( 0)tEe)cD-e-t)%-Cx-.)

)
3. Result and Discussion

, Ee)ca9l %t.o( )wa-)60( e)at)tEe)wEo®R%p)%®3e9.( -teab )ot)- Eo%e%%ab)-eOme( t-Da-)
eacE)6ata)e( t%) %+%ct-)5eD)opefat.o( a9palamete%)-CcE)a-)t%3e96.-ta( cel)a3e%le)-pee6])
3eE.c®)we.0EtDa( 6)%a6)0%6.e( thw.tE)9: )t%p-).( c<Xbeb.), o)pP%3e( t).Ho( 6.t.0( .(0).--Ce-1)
we)e( -C%6 tEat)oCp ata-et)co3e%6 Ja)w.6e)7a( Oe)otopeat.o( a9co( 6.t.o( -1.( cI6.( 0)3eE.c®)
we.0Et- 11%m)15.M)to)3WL6)to( - Dopeat.( 0)- pee6-)+%m)5.1)to)5MB)5mdEDa( 6)%ab )0%6 .e( t-)
Ietwee()o: e )a(6)B.je .), E.-)6.3e%.tD).().( pCt)pa%amete%)mea( -)tEat)tEe)mo6e9.-)( ot)
%-t%cte6)to)a)-.( 0%)tDpe)oht%p)l Ct)ca( )ab apt)to)3a%oC-)%aFwo%b )-ce( a%o-Ima.( ta.(.( 0)a)
E.OE)®3eYo+HaccClacDw.tEoCt) e.( 0)l .a-e6)l Do3eD)-.m. Q%6 ata.), Ee)%-Cx-)-Eowe6)-t%( 0)
p%6.ct.3e)al .9tD)w.tE)S 43a%e-)o+)0.V8)+0%tEe)t%.( .( 0)-et)a( 6)0.j 9)+0%tEe)te-t)-et.)S/ gk)
3a%e- )oH0.39 5 mdo%Ee)t%.(.(0)etya( 6)0.: 3pmdro%tEe)te-t)-ethadD( 0-.6ey) c Ak)o+9.5e )
co( +9m)tEat)tEe)mo6e9r%ma.( -)%9al E)e3e( )w.tE)( ew)6ata.)c 66.t.o( a¥Dla( JoCte%a( a®D .-)
C-.(0)tEe)§ te% Ca%.%®)Sa( 0e)(8u S ))metEo6 )wa- )pe%o%me6 I)%ta. ( .( 0)ext%me)3aXe-)a- )tEeD)
accClatedD)%ep%-e( t)%aFwo%b Jopeat.o( a9co( 6.t.0( -.)

Automotive Expe-ience0 pIB3N56619166: 6 eIB3N5661916636 9



O© o0 N N W»n B~ W =

W NN N N N N N N N N o e e b ek e e e
S O X N9 N B R WD = OO NN Y R WD = O

revised paper

3.1.  Calibration of 1nGne SEeed Model Parameters

, he-e 6.fference- can I e a&.I C&6 & a6 3ancemené .n en0.ne &chno®0Dl par&eCardD
.n mobern en0.ne- el Cppe6 w.& common-ra.9 .n@c&on -D-&m- an6 a63ance6 em.--.on
con&o%1wh.ch enal & 9wer en0.ne SAM- a&&e -ame -pee6- 6Ce & .mpro3e6 &rl Ce an6
fCe9eff.c.encD g.nce &e HDM-4 mo6e9wa- 6e3eDpebd I a-e6 on o%er enl.ne characder.-&e-1
.&fen6- & o3ere-&made S AM a&ower -pee6- anb6 Cnbere-&maée .&a&h.Oher -pee6-. ¢ Bao(Dh
&e paal ar v Rha& mob6e9offer- a more recen&per-pec&3el.& &Pexh.l .& a -harp .ncrea-e .n
SAM a&h.Oher -pee6-1wh.ch 60e- no&fCID ref%®c&&e rea%wor® con6.&on- ol-er3e6 .n
&n6one-.a al4h

, he-e 6.fference- ref®c&ab63ancemené .n en0.ne &&chno%®0Dan6 how &eD.mpac&&Cc5
performance an6 fCe9con-Cmpé&on., he 6efaC®&en0.ne S AM parameéer- .n &ae HDM-4 mo6e9
are SAMTa0 = 19001 S AMTal = -10.1j 81S AMTaM= 0.1=M1an6 SAMTa3 = 0.00004 ah , he-e
3a%e- repre-enéfhe characéer.-&c- of con3en&ona9&Cc5 enl.ne- G-e6 6 Cr.n0 &adper.o06. c -
a re-C& &e HDM-4 mo6e9 &nb6- & o3ere-&maée enl.ne SAM a&Dw & me6.Cm -pee6-1
%a6.n0 & h.Oher pre6.cé&e6 fCe9con-Cmpé&on &an wha&ac&a¥D occCr-. On &e oéner han61
a&h.Oher -pee6-1&e HDM-4 mo6e9Cnbere-&maée- en0.ne SAM an6 60e- no&fCID accoCn&
for &e .ncrea-e6 aero6Dham.c re-.-&nce an6 h.0her power 6eman6-. & compar.-onl &e
-&bDIDpaal ar v Rha& mob6e9pre-en& more mo6ern en0.ne SAM parameéer- w.& 3a%e-
of SAMTa0 = 833.j1SAMTal = -1j.j1j 1 SAMTaM= 0.96j 11 an6 SAMTa3 = -0.00==. , he-e
parameéer- refS®c&.mpro3emen& .n coml CG-&on eff.c.encDl {Ce9 .n@c&on prec.-.onl an6
em.--.on con&o9 ¢ Fno(Dh &.- mobe9offer- a more accCrade pre6.c&on &an HDM-41.& &P
fa® -hor&te-pec.a¥Da&h.0h -pee6- where &e pre6.cé&6 en0.ne S AM .ncrea-e- more -harpD
&an ol -er3e6 .nrea%wor® conb.&on-., h.- .n6.cade- &haka®oCOh &e mob6eP C-e6 are I a-eb
on more a6 3ance6 &chno%®0Dl&eD-&P6 0 no&tCIDref%ecé&e opera&ona9con6 . &on- of &Cc5-
.n &bone-.a. & 9ne w.& pre3.oC re-earchl6.fference- .n 3eh.c® characéer.-&c- .nc46.n0
roPn0 re-.-&nce an6 enl.ne re-pon-e are .nfLlence6 ID 61.3e&a.n conf.0Cra&onl con&o9
-&a&(.e-1an6 Dca9&polraphDaVih & &.- - &6 Dléne =-ax% &Cc5 w.& a manCa9&an-m.--.on
-howe6 &a&61.3.n0 pa&kern-1-Cch a- &e Ce of enl.ne Ira5.n0 on 6ownh.9® -%pe-1
-.0n.f.can&affec& AM I eha3.or., hereforelca9l ra&on I a-e6 on ca9an6 Cp-&o-6ad 6ada .-
e--en&a9& .mpro3e &e mobe9J- accCracD

Automotive Expe-ience0 pIB3N56615166: 6 eIB3N5661516636 1:
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, Ee cCGren&-&6D pro3.6e- parameéer- &a&are more &.Dre6 & &e rea¥word
con6.&on- o+ 8&nbone-.an &Cc5-. , Ee parameder- 6er.3e6 are RAMTa0 = 6W.111RAMTal = F
:.90311 RAMTaM= 0.3W¥W an6 RAMTa3 = H0.00MV, Ee-e 3a%e- a90n w.& kCroE en0.ne
&cEnoD0DIWE.cE .ncorporade- commonlka.9.njec&on -D &m- an6 mo6ern em.--.on con&o%
a:bla=h, E.- &Eno®0Da%w- &Cc5- & prob Cce op&ma9power a&ower RAM-1.mpro3.n0
4Ce9e+.c.encDan6 re6 Cc.n0 em.--.on-., Ee-e re-C% E.0EQ0E&Ee e+.c.encDo+kCroE en(.ne-
.nma.né&.n.n0 -&I * RAM- acro-- 6.Heren& pee6- compare6 & oPber en(.ne &&cEno®0.e-., o
Ie&er (nber-&n6 &e reh&on-E.p [edween -pee6 an6 enl.ne RAM1&.- -&6DC-e6 a &.16F
6e0ree poPnom.a9mo6e? , Ee el Ca&on 6er.3e6 +rom &e 6ada .-[ D= 10.00MNx® o 0.3WWx? F
:.9031 x 0 6W.11.1 .& a coe+.c.en&+b6e&erm.na&on R2=0.9V8W,, E.- E.OE R?23a%e .n6.caée-
&a&&e mobe9+& &e ol -er3e6 6ada 3erDweR , Ee mobe96e3eDpeb .n &.- -&bD capdere-
&e Ora6Ca9.ncrea-e .n RAM a- 3eE.c%® -peeb r.-e-1pro3.6.n0 a more accCrad repre-enda&on
o+ #Ce9 con-Cmp&on &en6- compare6 & &ke HDME an6 paalar v REa& mo6e%. BD
reca9lra&n0 5eD parameéer-1 &e mobe9 a90n- w.& mobern &Cc5 enl.ne &cEno%®0D1
.ncorpora&én0 commonka.9 .njec&on an6 a63ance6 em.--.on con&o%. , Ee-e retnemen&
enEance &e accCracD o++(e9 con-Cmp&on pre6.c&on- wE.% -Cppor&n0 e+or& & op&m.ze
3eE.c® pertormance an6 re6 Cce em.--.on-.
, Ee 6.Herence- Iedween &e HDME mo6edl &e paalar v REa& mobedl an6 acd&a9
ol -er3a&on- are c®ar®D .PC-&a&6 .n B.0Cre 1 an6 -Cppor&b 1D, al%® 1. , Ee I e 60&
repre-en&ol -er3e6 &%Pmad&e- 6a&alwE.cE -Eow a Ora6Ca9an6 con-.-&néncrea-e .n enl.ne
RAM a- 3eE.c® -pee6 r.-e-. & con&a-& &e oranle 60& +wom &e HDME mob6e9 &n6 &
o3ere-&made RAM a&Dwer -pee6- an6 (nbere-&made .&a&E.OEer -pee6-. MeanwE.%®1 &e
Oreen 60& +rom &e paal ar v REa& mo6e9-Eow a m(CcE -Earper .ncrea-e .n RAM aé&k.OEer
-pee6-16.3er0.n0 +rom ac&a9opera&nl con6.&on-., Ee re6 6a-Ee6 9ne 6er.3e6 4rom a &.r6F
6e0ree podnom.a9relre--.on 6e3eDpe6 .n &.- -&HD cD-eD +0%ow- &e ol -er3e6 &en61
oter.n0 a more accCra& re+®ec&on o+ mobern enl.ne pertormance. , Ee cGr3e -Eown .n &e
OrapE repre-ené &e a3erale en0.ne RAM .n re%h&on & 3eE.c%® -peeb6 lcakx(Chée6 rom +CH&.p
&Pmade- 6ada. ¢ 3erale RAM 3a%e- were ol &.ne6 1 Da00re0a&n0 aPRAM 6ad po.n& anb
pa.r.n0 &em w.& &e corre-pon6.n0 a3erale -peeb +or eacE &.p., E.- approacE pro3.6e- a
repre-enéaé&3e p.c&re o+ &p.cad 3eE.c® opera&on-. BGr&ermorel &e a3erale RAM 3a%e-
were 3a%6a&6 ala.n-&pre6.c&on- +wom &&e HDME mo6e9 an6 pr.or -&b.e-1 w.& &e

Automotive Expe-ience0 plB3N56615166: 6 e133N5661516636 11
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re-C%.( 0)podX om.a9relre--.0( )acE.e3.( 0)a)coeff.c.e( t)of)6eterm.( at.o( )(52))o£)0.9838.), E.-)
.( 6.cate-) tEe) mo6e9 captCre-) (earD) aP) 3ar.at.o( ) .( ) tEe) ob-er3e6) 6ata.) De-p.te) .( Eere( t)
fXctCat.o( -).( )e( 0.( e)-pee6)6 Ce)to)-E.ft.( O)patter( -)a( 6 )terra.( IC-.( 0)a3erale6 BaXe- )pro3e-)
to)be)a)re9ab®)metEob Yfor)mo6e9 ( 0)S PM)a( 6 form-)a)-096 )ba-.-))for)fCrtEer)a( ad>.-.)

3.000

»”
2.500 ..
[ J
/ T
2.000 @ @ ®
»” .
E e S0 op @0 ou®
E © @00 mse s euscmen
z ¢ @ Obsenation (2024)
2
; 1.500 ® HDM-4(2006)
2 1s
g / @  Zabbar &Chatti(2010)
w
@ ’ =) o oo e Poly. (Obsenation (2024))
£ o ab
= P ." Poly. (HDM-4 (2006))
: ° pow

1.000 ’.l. P © e o o Poly. (Zabbar & Chatti(2010) )
".f =-0,0028x> + 0,3858x2 - 4,9031x + 680,11

3.‘8?‘: R* = 0,9838
0 000

10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0 90,0
Speed (km/h)

F.0Cre)l.)Ra9brat.o( Jof)k( 0.( e)gpee6 )Mob6e9Parameter-)

)
, ab%®)1.)Rompar.-o( Jof)e( 0.( e)- pee6 )mo6 e9parameter- for)Eea3 D6 CtDitrCck-)

Model& RPM_a0& RPM_al& RPM_a-& RPM_a3&

HO0 M2& 89:: .. & 18: .878& :.8968& A 4&

3aadar&&hatti& 833.7& 187.787& :.9778& L..:99

Current&tudy& 78 .88& 14.9: 38& :.3898& L..:68&
)

3.2. Aalibration of Aerodynamic Parameters

, Ee)aero6 ) am.c)-.mCt.o( Jre-Cx-)for)Eea3 D6 CtD3eE.c%- Joffer)a)c®ar)p.ctCre)of)Eow)
a.r)fw-)aro(( 6 tEe)3eE.c®tEe)6 ra0)forcela( 6 )tEe)o ral)coeff.c.e( t.), Ee)a.rfw)6.-tr.bCt.o( J)
-Eow( )tEro(DE)-tream9( e-)w.tE)co%r)0rab.e( t-Jre3ead )tEat)a.r)mo3e-)-mootEd)o3er)tEe)
cab.( )a( 6)bo6 Dof)tEe)3eE.c®.)Howe3erla-)tEe)3eE.c%®)-pee6).( crea-e-1-.0( .f.ca( t{tCrbC( ce)
form-)beE.( 6)tEe)3eE.c®Dk( ow( )a-)tEe)wake)re0.o( .), E.-)tCGrbC%( ce)create-)a)owlpre--Cre)
zo( e)wE.cE).()tCr().( crea-e-)6ra0)force)adbh)From)tEe)-. mCt.o( )tEe)a3erale)6ral)force)
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recor6e6 .- )1 455.j INN1G. thja)m. (.mCm)of)1 #55.556)N)a( 6 )a)maNmCm)of)l #55.851)N.), he-e)
3a%Ce-)h.0h90ht)that)a.r)re- .- ta( ce)o( Y)hea3 Dl CtD)3eh.c%-).-)l C.te)-(l - ta( t.a9e- pec.a%D)at)
h.Oher) pee6-Yd6h), he).mCt.o( a%o).( 6.cate-)a) ra0)oeff.c.e( t(C6)0H1.05561)G.thya)a( Oe)
I etGee( )1.0551)a( 6)1.0558Da( 6)a)fro( ta9area)(c F))of)8.Mm2)& )co( tra-t]the)6 efaCt)3a%Ce-)
C-e6).(the)HD/ B)mo6e9a--Cme)a)p ra0)coeff.c.e( t)(C6))of)0.80)a( 6)a)ro( ta9area)(Fc ))of)9.0)
m2)a\bh)

, he)p ffere( ce- ) etGee( Jthe).mCt.o( Jre-C%-)a( 6 the)HD/ B efaCt-)ea( )l eleNo%.( e6)
I Dthe)tCrl C( ce)create6).( )the)Gabe)re0.o( JGh.ch)®a6-)to).( crea-e6)pre--Cre)6ral.), h.-)
mea( - the)e( 0.( e) ee6- Yo)Gor5harberko)ma. ( ta.( ypee6.) 66.t.0( adDithe)Crl C( ce)l eh.( 6)
the)3eh.c®)ra.-e-)6ra0)force)a( 6)fCe9co( -Cmpt.o( .)c *hoQDh)the)6 ra0)coeff.c.e( t)from)the)
-.mCt.o( ).-)h.Oher)tha( )the)6 efaCHHD/ B)3a%Celaero6 ) am.c)6ral)-t.Hp%hD Ja)major)rok)
.(fCe9eff.c.e( cDpart.cCardDI ecaC-e)a.r)re- .- ta( ce).( crea-e-)eNpo( e( t.a¥D)G.th) peeb )atbh)

, he-e) £.(6.(0-) a90( ) G.th) ear9er) re-earchl) Gh.ch) -hoG-) that) aero6 ) am.c) 6ra0)
-.0( .f.ca( tD)affect-)the)performa( ce)of)hea3 Dl CtD)3eh.c%- De- pec.a9D)at)h.Oh)- pee6 -)ahbh)
, herefore])th.-)-.mCt.o( ) 6 er-core-)the). mporta( ce)of)cadl rat.( 0)the)HD/ B)mo6e9to)
match)the)rea9aero6 Y am.c)co( 6.t.0( -)of)moé er( Yhea3 D CtD)3eh.c%-.)gCch)ca9l rat.o( ).-)
crCe.a9to). mpro3e)the)accCracDof)fCe9eo( -Cmpt.o( pre6 .ct.o( - Je( -Cr.( 0)theDrefSct)eCrre( t)
3eh.c®)tech( 0®0D)a( 6)rea¥Gor% )operat.o( -)aldb)alj b)] .3e( )the-e)-.0( .f.ca( t)6.ffere( ce-)
I etGee( )the)-.mCat.o( )re-C-)a( 6)the)6 efaCt)HD/ Et)3a9Ce-1).t).- )c%ar)that)mo6er( )3eh.c%)
6e-.0( -)ha3e)e30Beb)aero6 0 am.cadD), hereforel) a6jC-t.( 0) parameter-)-Cch)a-) the) 6ra0)
coeff.c.e( t(C6))a( 6 )fro( ta9area)(c F)).-Je--e( t.a9to).mpro3e)the)accCracDof)fCeYco( -Cmpt.o( )
pre6.ct.o( -.)c -)pre-e( te6).( ), al ®)Mjthe)6.ffere( ce-)I etGee( )the)6efaCt)HD/ Bt)3a%e-)a( 6)
the)ca9l rate6 )mo6e9empha-.ze)the)-.0( .f.ca( t)ro%)of)aero6 D am.c)re-.-ta( ce).( ).( f9Ce( c.( 0)
3eh.c®)eff.c.e( cD), he)aero6 ) am.c).mCt.o( }hoG( ).( JF.0Cre)M 9C-trate- jthe)format.o( )of)
( te( -e)Ga5e)tCrl C( ce)l eh.( 6)the)co( ta.( er)G.th)a.rf®G)-pee6 - Jreach.( 0)31.3M)md )a( 6)a)
pre--Cre) 6rop) to) 6j B68.1j ) Aa) .( 6.cat.( 0) f0G) -eparat.o( ) I eh.( 6) the) 3eh.c®)106D), h.-)
tCrl C%( ce)0e( erate-)a)0G Fpre--Cre)zo( e)at)the)rear]).( crea-.( 0)aero6 ) am.c)6ra0fre6 Ce.( 0)
e( er0Deff.c.e( cDla( 6)Ck.matedDra.-.( 0§Ce9co( -Cmpt.o( 6k hxe hoQh)th.-)GaSe)effect)
=) ot)3.-Ca9Dprom. ( e( t).( JF.0Cre)Mythe)a.rfOG)I eha3.or).-)co( - .-te( t)G.th)pre3.oC-)-tC6.e-)
o( )hea3 DI CtD)3eh.c%-.)g. ( ce)th.-)re-earch)pr.mar. D)focC-e-)o( )e-t.mat.( 0)C6)a( 6)c F)for)
HD/ B)ca9l rat.o( )pCrpo-e- 16 eta. 26 )tCrl Co( ce)3.-Ca9zat.o( }fa® JoCt-.6 e)the)-tC6 D- ) cope.)
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Howe3er]) fCtCre) re-earch) .-) e( coCra0e6) to) appdD) a63a( ce6) RFD) too%) for) a) more)
comprehe( -.3e)a( ad>.-Jof)wadbe)o ) am.c-.)

)
, al 2)MRompar.-o( )of)aero6 X am.c)parameter- )for)hea3 D CtDtrCc5-)
Drag CoeffiAent Drontal Area (ADC
Model (CdC FnH
HDM-4 1.8 9.:
Current Study 8.:9 8.6
)

lteration = 85
18.242
15,698
13.155
10612
8.068
5525
2981
0438
2105
-4649
7192

Velocity (9 [mis]

Global Coordinate System

Flow Trajectories 1

Delta Criteria

Value Minimum Value  Maximum Value

Goal Name  Unit Use In Convergence
Drag Force  [N] 1455.936 1455.792 1454.868 1456.853 100 Yes 1.985 124.813

CcD [] 1.0557363  1.0556319 1.0549621 1.0564018 100 Yes 0.0014397  0.0905049

Averaged Value Progress [%]

F.0Gre)M) ero6 ) am.c)g. mCt.o( )Se-CKX-)

3.3. Calibration of th- HDMH Mod-1

, h.-) a(a®D.-) expOre-) fCe9 co(-Cmpt.o() pre6.ct.o(-) C-.(0) the) HDME) mo6e9l)
compar.( O)three).ffere( tapproache-. ) )gce( ar.o)l Jthe)moberee-)o( 6 efaCtlHDMHE B aXe-)
w.thoCt) a( D) a6jC-tme( t-.) Mo3.( 0) to) gce( ar.o) M) the) approach).( corporate-)aero6 [ am.c)
ca9l rat.o( I Drett.( O)the)oraO)coeff.c.e( t(R6))to)1.05)a( 6 )the)fro( ta9area)(c F))to)WNMmZAa%( 0)
w.th)a6jC-tme( t-)to)the)e( 0.( e)rotat.o( )mo6e9)§ )gce( ar.o3Dthe)a66.t.0( Jof)correct.o( Yfactor-)
Kpea)a( 6)KcrMC-.( 0)a)tr.a%a( 6 Ferror)approach)-.0( .f.ca( t).mpro3e6)the)accCracD)of)fCe9)
co( -Cmpt.o( )pre6.ct.o( -Dre-Cx.( 0).( )6.ffere( ce-)that)were)( 0)%( Oer)-tat.-t.ca¥D)-.0( .f.ca( t)
compare6 )to)actCa9ol -er3at.o( -.))

§ )gce( ar.o)l theyre-CA- )} how)that)VB)oCtyofP1)ca-e- faP).( tolhe) elat.3e)ra( 5-)ateOorD)
w.th)a( )a3eraOe)ra( 5)ofdWs1)a( 6 )a)tota9ra( 5)of Y1IMNB.00.)§ )co( tra-tho( Db)ca-e- )faP).( to)the)
po-.t.3e)ra( 5-)cateOorDlw.th)a( Ja3eraOe)ra( 5)of)10.50.), he)i .%oxo( )te-t)pro6 Cee-)a)pBaLle)
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of -W03= an6 a -.0n.f.cance ®3e90f p w0.00<1c%®ardD .n6.cat.n0 a -.0n.f.cant Oap I etween the
mob6eY pre6.ct.on- an6 readwor% ol -er3at.on- aMh , h.- -(D0e-t- that the 6efaC* HDM-4
3a%le- (nbere-t.mate fCe9 con-Cmpt.onl 95eD I ecaC-e theD 60 not con-.6er the 3eh.c®’-
aero6 Dham.c propert.e- or the Cn.l Ce operat.ona9 con6.t.on- on the OroCné6. & gecenar.o M
after ca9lrat.n0 the aero6Dham.c parameter- an6 a6@-t.n0 the en0.ne rotat.on mo6e9l
pre6.ct.on accCracD .mpro3e-. , he nCmler of ne0at.3e ran5- 6rop- to j9 ca-e-1w.th an
a3erale ran5 of =0.=31wh.% the po-.t.3e ran5- .ncrea-e to <Mca-e-1w.th an a3era0e ran5 of
<6.M. De-p.te th.- . mpro3ementlthei .%oxon te-t-t.PDe%- a p-3a¥e of -j .=<4 an6 p w0.00<1
.n6.cat.n0 that the 6.fference- I etween pre6.cte6 an6 ol-er3e6 6ata rema.n -.0n.f.cant. &
gecenar.o 31.ntro6 Cc.n0 the correct.on factor- Kpea an6 KcrMI oth -et at 0.61fCrther enhance-
pre6.ct.on accCracD, he ne0at.3e ran5- 6rop -.0n.f.cantDto =0 ca-e-1w.th an a3eraOe ran5 of
4W==1wh.% the po-.t.3e ran5- r.-e to 4< ca-e-1a3era0.n0 4MW., hei .%oxon te-t retCrn- a p-
3a%e of -<.3M anb6 a -.0n.f.cance ®3e90f p U0.<W81.n6.cat.n0 that the 6.fference I etween the
pre6.ct.on- an6 the ol-er3e6 6ata .- no Bn0er -tat.-t.ca¥D -.0n.f.cant. ¢ -CmmarD of the
ca9l rat.on parameter- an6 -tat.-t.ca9re-(%- .- pre-ente6 .n, al%® 3.

, he-e re-Cx- a90n w.th earQer re-earch compar.n0 HDM-4 {fCe9 con-Cmpt.on
pre6.ct.on- w.th te®mat.c- 6ata from the 2 K. g.0n.f.cant 6.-crepanc.e- .n f{Ce9 con-Cmpt.on
e-t.mate- for hea3D-6 CtDtrCc5- Cn6er the 7a-e Ca-e were foCn6 1a%ho(h Cpé6ate- to 3eh.c®
we.Oht an6 fronta9 area .n the 2 p6ate Ca-e .mpro3e6 pre6.ct.on-. Howe3erl notal ®
6.fference- -t.Pper-.-te6 a<j b O3eraPlth.- -tC6Dre.nforce- that 6efaCt HDM-4 3a%e- often
fa®-hort .n pre6.ct.n0 fCe9 con-Cmpt.on for hea3D6 CtD trCc5- TecaC-e theD 60 not ref%ct
rea%wor% operat.ona9 we.0Oht an6 aero6Dham.c factor- aNdbl 4V i h.% caQlrat.n0 the-e
parameter- .n gcenar.o Menhance- pre6.ct.on accCracDl .t 6oe- not fCID re-oBe the
6.-crepanc.e-. Howe3erlthe a6 @-tment- .ntro6 Cce6 .n gcenar.o 3 -(I -tant.a%Dm.n.m.ze6 the
6.-crepanc.e-1a- .n6.cate6 I Dthe -tat.-t.ca¥D.n-.0n.f.cant oCtcome.

De-p.te the-e .mpro3ement-1-ome 6.-crepanc.e- rema.n e3en after Cp6at.n0 3eh.c®
we.0Oht an6 fronta9area. , he-e 6.fference- are 95e96 Ce to recent techno®0.ca9ab 3ancement-
.n hea3D6CtDtrCe5 6e-.0n an6 performance aMbl a49h , hereforelfCrther ca9l rat.on- of the
HDM-4 mo6e9 at 4e3e9 &8 are e--ent.a9 to accCratedD ref%ct the operat.ona9 coné.t.on- of
to6aD)- hea3D-6 CtDtrCc5- aNdh
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, al'le)3.)Ral.I rat.o( Jof)HDMHE)fCel)co( - Cmpt.o( )model)parameter- )for)Eea3 DRACtDtrCck-)

Drag Drontal
SAenario CoeffiAient Area (ADC KA- KKea Kivalue
(CdC Fn?]
1 1.8 9.: DefluBE=8 DefluH =8 <:.:8
- 8.:9 8.6 DefluE=8 Deflul =8 <:.::8
3 8.:9 8.6 1.6 1.6 : .886

4. Concludion

, E.-)-tCdD)a.med)to)e( Ea( ce)tEe)accCracD)of)fCel)co( -Cmpt.o( )pred.ct.o( -)for)Eea3DF
dCtDtrCek-)I Dcal.I rat.( g)tEe)HDME)model)to)l etter)reflect)moder( )e( g.( e)tecE( ologDa( d)
realBvorld)operat.( g)co( d.t.o( -).( )I( do( e-.a.), Ee)re-Clt-)clearlDy- Eow)tEat)tEe)defaClt)HDMF
4)parameter-)( o)lo( ger)matcE)tEe)cEaracter.-t.c-)of)todaD-)trCck-.), Eerefore,).t).-)crCe.al)to)
Cpdate) tEe-e) parameter-)I D) co( -.der.( g) cCrre( t) e( g.( e) tecE( ologD) a( d)local) operat.o( al)
factor-.) B.r-tlD) cal.Irat.( g) tEe) e( g.(e) -peed) model) re3ealed) tEat) tEe) defaClt) HDMEt)
parameter-) te( d) to) o3ere-t.mate) fCel) co( -Cmpt.o() at) low) to) med.Cm) -peed-,) wE.le)
(( dere-t.mat.( g).t)at)E.gEer)-peed-.), Ee)( ew)parameter-)der.3ed)for)kCroE)e( g.( e-)captCre)
tEe)etf.c.e( cDof)moder( e( g.( e-,wE.cE)el.3er)opt. mal)power)atjower)s AM-,Jead.( g)to)more)
accCrate)fCel)co( -Cmpt.o( )pred.ct.o( -.)geco( dID)tEe)cal.I rat.o( Jof)aerodX am.c)parameter-)
foC( d)tEat)tEe)defaClt)drag)coeff.c.e( t)(Rd))a( d)fro( tal)area)(c B))3alCe-).( ) HDMHK)do)( ot)
reflect) realBwvorld) trCck) co( f.gCrat.o( -.) , Ee) -.mClat.o( ) re-Clt-) tEC) pro3.de) a) I etter)
repre-e( tat.o( ) of) actCal) aerod am.c) performa( ce.) I( ) add.t.o(,) cal.Irat.( g) tEe) roll.( g)
re-.-ta( ce)a( d)e( g.( e)eff.c.e( cDfactor- fCrtEer). mpro3ed)tEe)model’- JaccCracDacro--)3ar.oC-)
road)co( d.t.o( -)a( d)3eE.cle)load-.))

Moreover, calibrating the HDM-4 model through three different scenarios showed a
steady improvement in prediction accuracy. In Scenario 1, the default HDM-4 parameters
significantly underestimated fuel consumption. In Scenario 2, incorporating aerodynamic
calibration and engine RPM adjustments improved accuracy, though some differences
remained. Finally, in Scenario 3, adding technical correction factors (Kpea and Kcr2) resulted
in predictions that closely matched real-world data, with no significant statistical difference.
The most significant finding of this study is that Scenario 3 incorporating aerodynamic
calibration and technical correction factors yielded fuel consumption predictions that were
statistically consistent with observed values (p = 0.186), confirming the robustness and

reliability of the calibrated HDM-4 model.)BDdel.3er.( g)Cpdated)HDME)parameter- )ta.lored)
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5. Aubhor's'declara5ion'

Aubhors” conribuSons'and'responsibiliSes'
We-ite tl e co. t-ibutio. of eacl autl o- I e-eAo- ma-k tl e foHdOwi. g colim. .

N e autl o-0 made OubOta. tiaEco. t-ibutio. Oto tl e co. ce, tio. a. d delig. of tl e Otudy.
N e autl 0-0took -e0, o. Oibikity fo- data a. aF/0i0A. te-, -etatio. a. d diOcuO0io. of -eCuEO.

The a. thors read and approved the final man. script.

)

)
Availabili5y'of'da5a'and'maberials'

AHdata a-e available f-om tI e autl o-0.
Aompe&inCin5eres'
N e autl o-Odeck-e . o com, eti. gi. te-e(t.

Addi5ional'informa5ion'
W-ite additio. aEi. fo-matio. -elted to tIi0-eQea-cl Af a. y.
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5. TAHAP ACCEPTANCE
5.1. Bukti Status Round 2: Submission Accepted

Pada tanggal 3 Agustus 2025, editor menyampaikan keputusan Accept Submission untuk artikel berjudul
“Modeling Fuel Consumption of Heavy-duty Trucks Using Telematics Data”. Keputusan ini menunjukkan bahwa
artikel telah melalui proses review dan revisi, dinilai layak oleh editor, serta dilanjutkan ke tahap copyediting.
Status pada sistem OJS juga menunjukkan Round 2 Status: Submission accepted, yang memperkuat bukti
bahwa artikel telah resmi diterima oleh jurnal.

38337 |/ PradhanaWahyu Nariendra, Wimpy Santosa , Anastasia Caroline Sutandi / Modeling Fuel Consumption of Heavy-duty Trur  Library

Workflow Publication

Submission Review Copyediting Production

|
Round1 | Round2

Round 2 Status —p Keputusan Editor

Submission accepted.

Notifications

[TR] Editor Decision: 38337 2025-08-03 09:33 AM

[TR] Editor Decision 2025-11-04 10:30 AM
Reviewer's Attachments Q Search

No Files
Revisions Q Search  Upload File
> [ 231653 38337 fin.docx August Article Text Source
3,2025
Notifications X

[TR] Editor Decision: 38337

2025-08-03 09:33 AM

Dear Pradhana Wahyu Nariendra, Wimpy Santosa , Anastasia Caroline Sutandi,

We have reached a decision regarding your submission to Periodica Polytechnica Transportation Engineering,
"Modeling Fuel Consumption of Heavy-Duty Trucks Using Telematics Data".

Our decision is: Accept Submission —' Keputusan Editor

It means that your paper has been checked and found suitable for starting the copy editing phase. The copy
editor will use the linguistically proofread version of your revised final version. If problems occur during copy
editing, you will be contacted by the copy editor. You are expected to be cooperative and respond to the copy
editor as soon as possible and within one week.

Should the submitted final version not meet the requirements and the copy editor is not helped by you
to resolve these issues, or if you do not meet the deadlines we may reject the publication of your paper
even in the Copyediting and Production phase of the procedure.

As soon as typesetting is ready, you will be asked to check it within a few days. Then, your paper will appear in

the "online first" section of the journal and will immediately receive a DOL

Thanks for your cooperation and best regards

Periodica Polytechnica Transportation Engineering
https://pp.bme.hu/ftr



6. BUKTI TAHAP COPYEDITING & PRODUCTION
6.1. Editor Decision: Editing Completed / Sent to Production

Pada tanggal 4 November 2025, editor menyampaikan bahwa proses editing telah selesai dan artikel dikirim ke
tahap production. Hal ini menunjukkan bahwa naskah telah melewati proses pasca-acceptance dan siap
diproses untuk publikasi akhir.

Notifications X

[TR] Editor Decision

2025-11-04 10:30 AM

Pradhana Wahyu Nariendra, Wimpy Santosa , Anastasia Caroline Sutandi:

The editing of your submission, "Modeling Fuel Consumption of Heavy-Duty Trucks Using Telematics Data," is

complete. We are now sending it to production.

Submission URL: https://pp.bme.hu/tr/autharDashboard/submission /38337

Periodica Polytechnica Transportation Engineering
https://pp.bme.hu/tr

6.2. Bukti Tahap Production

Pada tahap production, artikel diproses dalam bentuk typeset proof untuk diperiksa kembali oleh penulis. Tahap
ini mencakup pemeriksaan layout, format, referensi, dan kesalahan tipografi sebelum artikel diterbitkan.

38337 | Pradhana Wahyu Nariendra, Wimpy Santosa , Anastasia Caroline Sutandi |/ Modeling Fuel Consumption of Heavy-duty Trui  Library

Workflow Publication

Submission Review Copyediting Production
Production Discussions Add discussion
Name From Last Reply Replies Closed
Praofreading request b_eniko pradhananariendra 1
2025-11-04 10:31 2025-11-05 07:59
AM AM
» Proof Correction Response - Manuscript Return pradhananariendra 0
2025-11-05 08:03
AM
Proofreading request 2 b_enlko 0
2025-11-06 01:28
PM
»  Proof 2 Corrections Submitted pradhananariendra 0
2025-11-06 02:17
PM
Your Article was published b_eniko 0

2025-11-07 12:56
PM



6.3. Proofread

ing Request

Pada tanggal 4 November 2025, editor mengirimkan proofreading request kepada penulis. Penulis diminta
memeriksa typeset proof secara cermat dan memberikan koreksi apabila terdapat kesalahan minor. Editor juga
menegaskan bahwa koreksi pada tahap proof harus dibatasi pada kesalahan minor, seperti kesalahan
pengetikan atau format, dan tidak mencakup perubahan besar pada nama penulis, afiliasi, judul, atau substansi

artikel.

Proofreading request

Participants

Alma Véghsed (aveghseo)

Anna Schubertné Dobaczi (adoboczi)

Pradhana Wahyu Nariendra (pradhananariendra)

En

ik6 Boczké-Balla (b_eniko)

Messages
Note
Dear Pradhana Wahyu Nariendra,

please check your typeset proof carefully. Please mark any corrections in
the margin of the proof (scan the corrected pages of the proofs and then
upload them) or annotate the attached pdf.

Corrections should be restricted to minor corrections (like typesetting
errors, etc.). Extensive or important changes on page proofs, including
changes to the list of authors, authors’ affiliation or major changes to the
title, are subject to editorial review.

Please return any necessary corrections until 7th November.
Yours sincerely,
Enik6 Boczko-Balla

[} PPTR_38337_Proof.pdf

6.4. Proof Correction Response

From

b e

niko

2025-11-04 10:31

AM

Pada tanggal 5 November 2025, penulis mengirimkan Proof Correction Response — Manuscript Return. Penulis
menyatakan bahwa dokumen telah diperiksa dan koreksi minor telah diberikan langsung pada file PDF. Koreksi
tersebut mencakup konsistensi format referensi, penambahan tanggal akses, terjemahan judul berbahasa
Indonesia, dan penyesuaian tipografi minor. Penulis juga menegaskan bahwa tidak ada perubahan mayor
terhadap nama penulis, afiliasi, judul artikel, gambar, maupun substansi utama naskah.

»

Dear Eniké Boczko-Balla
Thank you very much for sending the typeset proof.

1 have carefully reviewed the document and annotated all necessary
minor corrections directly in the PDF, according to the instructions
provided. The corrections mainly concern reference formatting
consistency, addition of accessed dates, English translations for
Indonesian titles, and minor typographical adjustments.

No major revisions were made, and no changes were made to the
authors’ names, affiliations, article title, figures, or core content of the
manuscript.

The corrected proof has now been uploaded within the requested
timeframe.

Please let me know if any further clarification is needed.
Thank you for your time and assistance throughout the publication
process.

Yours sincerely,
Pradhana Wahyu Nariendra

[ 38337_PPTR 38337 Proof Comment.pdf

pradhananariendra
2025-11-05 07:59
AM



6.5. Proofreading Request 2

Pada tanggal 6 November 2025, editor mengirimkan proofreading request kedua. Penulis diminta kembali
memeriksa proof 2 dan mengunggah koreksi apabila masih diperlukan.

Proofreading request 2 X

Participants

Alma Véghse6 (aveghseo)

Anna Schubertné Dobéczi (adoboczi)

Pradhana Wahyu Nariendra (pradhananariendra)

Eniké Boczké-Balla (b_eniko)

Messages
Note From
Dear Pradhana Wahyu Nariendra, b_eniko
2025-11-06 01:28
thank you for your work and corretions. oM

Please check your typeset proof_2 carefully. Please mark any corrections in
the margin of the proof (scan the corrected pages of the proofs and then
upload them) or annotate the attached pdf.

Corrections should be restricted to minor corrections (like typesetting
errors, etc.). Extensive or important changes on page proofs, including
changes to the list of authors, authors' affiliation or major changes to the
title, are subject to editorial review.

Please return any necessary corrections until 11th November.

Yours sincerely,
Eniko Boczko-Balla

[ PPTR_38337_Proof_2.pdf

6.6. Proof 2 Corrections Submitted

Pada tanggal 6 November 2025, penulis mengirimkan koreksi kedua melalui fitur Proof 2 Corrections
Submitted. Penulis menyatakan bahwa proof kedua telah diperiksa dan seluruh koreksi minor yang diperlukan
telah diselesaikan.

Proof 2 Corrections Submitted X

Participants Edit

Alma Véghsed (aveghseo)

Anna Schubertné Dobéczi (adoboczi)

Bogi Banyai (banyaibogi)

Pradhana Wahyu Nariendra (pradhananariendra)

Enikd Boczké-Balla (b_eniko)

Messages
Note From
Dear Eniké Boczké-Balla, pradhananariendra
2025-11-06 02:17
Thank you for sending the updated typeset proof (proof_2). PM

I have reviewed the document carefully and completed all necessary
minor corrections as instructed.
The corrected proof has now been uploaded.

Please let me know if any further clarification is needed.

Yours sincerely,
Pradhana Wahyu Nariendra

[} 38337_PPTR_38337_Proof 2 Comment.pdf



7. TAHAP PUBLISHED
7.1. Bukti Artikel Published Online

Pada tanggal 7 November 2025, editor menyampaikan bahwa artikel telah dipublikasikan secara online.
Pesan tersebut menyertakan tautan DOI artikel sebagai bukti bahwa artikel telah terbit secara resmi.

Your Article was published X

Participants
Pradhana Wahyu Nariendra (pradhananariendra)

Eniké Boczko-Balla (b_eniko)

Messages
Note Fram
Dear Pradhana Wahyu Nariendra, b_eniko
2025-11-07 12:56
Thank you for your work, your article was published online: M

https://doi.org/10.3311/PPtr.38337

Best regards,

Enikd Boczké-Balla

7.2. Bukti Artikel Terbit dengan DOI

BArtikel telah diterbitkan pada Periodica Polytechnica Transportation Engineering, Vol. 54 No. 1,
halaman 41-48, tahun 2026, dengan DOI 10.3311/PPtr.38337. Status published online pada tanggal 7
November 2025 menunjukkan bahwa artikel telah menyelesaikan seluruh proses editorial, review, revisi,
acceptance, copyediting, production, proofreading, dan publikasi.
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Abstract

Fuel is the largest cost component in Vehicle Operating Costs (VOC) and a significant contributor to greenhouse gas (GHG) emissions in
the trucking sector. This study developed a real-time telematics-based fuel consumption model for Euro-3 and Euro-4 trucks operating
on toll roads in Indonesia, focusing on 5-axle heavy-duty trucks. The model utilizes telematics data, including average speed, gross
vehicle weight, and road gradient under free-flow conditions, a novel aspect of this research. Two modeling approaches were applied:
Model 1 employed multiple linear regression with Box-Cox transformation, while Model 2 utilized Generalized Linear Models (GLM) with
a Gamma distribution and log link. Model 1 performed better, explaining 85.8% of the variability in fuel consumption (adjusted R? = 0.858)
with a deviance of 0.947, RMSE of 0.033, and AIC of -3.246.625. Conversely, Model 2 recorded a deviance of 8.827, RMSE of 0.296, and
AIC of -2.483. The Wilcoxon Signed Ranks Test indicated no significant differences between predicted and observed fuel consumption
for both truck types, with a Z value of -=1.700 (p = 0.089) for Euro-4 and -0.038 (p = 0.970) for Euro-3, supporting the model's reliability.
Beyond optimizing fuel consumption, the model offers practical recommendations for truck operators considering conversion to Euro-4

and provides valuable insights for policymakers developing energy efficiency strategies in the transportation sector. Further research is

recommended to expand the model's application to non-toll routes and integrate machine learning for more complex patterns.
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1 Introduction

Logistics plays a significant role in economic growth.
However, the high logistics costs remain a major challenge
to Indonesia's economic competitiveness (Kanungo, 2014;
Wirabrata and Silalahi, 2012). Transportation expenses
contribute 46.4% of the total national logistics costs, with
road transport dominating at 67.13% (Santoso et al., 2021).
In Indonesia, trucking constitutes 80-90% of road transpor-
tation, making it a crucial sector within the national logistics
system (Ministry of Transportation, 2021; Yang et al., 2021).
Economically, fuel represents the largest component of truck
Vehicle Operating Costs (VOC). In the United States, fuel
accounts for approximately 21% of truck VOC (Leslie and
Murray, 2022), while in Indonesia, this figure is higher,
reaching 28% (Brasukra and Hergesell, 2008). In the regions
of DKI Jakarta and West Java, fuel's share in truck VOC
further increases to 32% (Burhanudzaky and Nariendra,
2022). An even more severe scenario occurs on non-
toll roads in South Sumatra, where fuel costs constitute

between 44.3% and 49.3% of total VOC (Kadarsa et al.,
2019). On the Kanci-Pemalang route, fuel costs for 5-axle
trucks range from 40.76% to 46.87% of the total trip cost,
emphasizing the significant role of fuel in logistics costs
(Nariendra, 2024). High fuel consumption affects not only
transport expenses but also has broader implications for
local and national economies (Posada-Henao et al., 2023).

Several studies indicate that vehicle fuel consumption is
influenced by both vehicle and road conditions (Ahn et al.,
2002; Zhou et al., 2016). Gross weight and road gradient have
a more pronounced impact than speed, particularly under
overloaded conditions (Wang et al., 2017a; Posada-Henao
et al, 2023). In Indonesia, inclines significantly increase
operational costs, while reducing gradients can decrease
these costs by up to 13% (Sudjana, 2011). Flat routes can
save between 5% and 20% in fuel consumption compared
to hilly routes (Zaabar and Chatti, 2014; Zhou et al., 2016).
Implementing eco-driving systems on hilly terrain can

Cite this article as: Nariendra, P. W., Santosa, W., Sutandi, A. C. (2026) "Modeling Fuel Consumption of Heavy-duty Trucks Using Telematics Data",
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enhance efficiency by approximately 7% (Kamal et al.,
2011), whereas low gradients can save up to 9% for fully
loaded trucks (Carrese et al., 2013; Zaabar and Chatti,
2014). Mathematical models have demonstrated that road
gradients significantly affect engine power, fuel consump-
tion, and exhaust emissions (Gao et al., 2019; Posada-
Henao et al., 2023). Within the VOC context, vehicle speed
and gross weight are critical factors differentiating oper-
ational costs between normal and overloaded conditions
(Setiawan and Tjahjono, 2020).

In addition to affecting operational costs, trucking sig-
nificantly contributes to greenhouse gas (GHG) emissions.
Each increase of 1 liter/100 km in fuel consumption corre-
sponds to an increase of 26.4 g/km of CO, emissions (Yang
et al., 2021; Department for Energy Security & Net Zero,
2023). Heavy-duty trucks are major emitters of CO, and NOx,
emitting higher levels compared to other vehicles (Mahalana
etal., 2022). To address rising emissions, the Indonesian gov-
ernment has implemented Euro-4 emission standards aligned
with the Paris Agreement and Sustainable Development
Goals (Ministry of Environment and Forestry, 2017). Euro-4
standards provide fuel efficiency improvements of 10-15%
over Euro-3 trucks, reducing CO, and NOx emissions by up
to 30% (Erkkild and Nylund, 2007; Maulidya, 2019).

The HDM-4 model has been widely applied to predict
fuel consumption through local calibration in various coun-
tries. However, its complexity due to the need for calibrating
engine parameters, frontal area, and rolling resistance renders
it less effective for rapid applications in the transport industry
and less accurate for heavy-duty trucks (Jiao and Bienvenu,
2015; Perrotta et al., 2019; Nariendra and Lestiani, 2025).

The novelty of this research lies in the development of
a new, practical, and simplified real-time telematics-based
fuel consumption model for 5-axle Euro-4 and Euro-3
trucks, utilizing data on average operational speed, gross
vehicle weight, and road gradient. This approach eliminates
the need for complex parameter calibration as required in
the HDM-4 model, thereby enhancing implementation effi-
ciency and relevance to operational conditions on Indonesian
toll roads. Additionally, the model aligns with Euro-4 GHG
reduction policies (Ministry of Environment and Forestry,
2017) by developing a model more suited to modern heavy
vehicles and road conditions in Indonesia.

The objective of this research is to develop a real-time
telematics-based fuel consumption model for Euro-4 and
Euro-3 trucks operating on toll roads in Indonesia and
to compare predictive and observed fuel consumption to
assess the model's effectiveness. Linear regression analysis

was employed to construct the model, while the Wilcoxon
Signed-Rank Test was applied to evaluate its accuracy in
reflecting operational conditions.

The main advantage of this research lies in the use of
real-time telematics data, which offers higher accuracy
because it can collect large datasets. However, its current
application is limited to toll roads and 5-axle trucks, indi-
cating the need for further studies to expand its applicabil-
ity. Additionally, the model's effectiveness heavily relies on
the quality of the collected data, particularly under extreme
operational conditions.

Overall, this research makes a significant contribution by
replacing the Euro-1 parameter-based truck model in the Bina
Marga method (Iskandar et al., 2000) with a telematics-based
approach for Euro-3 and Euro-4 trucks. By integrating real-
time data on speed, gross weight, and road gradient, the pro-
posed model not only enhances accuracy but also increases
its relevance to current operational conditions. This approach
also provides a methodological framework for future studies
related to the implementation of emission standards.

2 Methodology
Thisresearch focuses on 5-axle semi-trailer trucks transporting
containers with Euro-3 and Euro-4 emission standards,
operating along the primary logistics route between Tanjung
Priok Port and Bandung. This route features varying road
gradients and pavement conditions representative of toll roads
in Indonesia. The research objects are the Hino FG 260 TH
(Euro-4) and UD Quester GKE (Euro-3) trucks, selected due
to their prevalent use by companies, similar comprehensive
telematics systems, and nearly equivalent weight-power
ratios of 5.6 kW/ton and 5.7 kW/ton, respectively, ensuring
consistent truck performance

Data collection occurred over two months (February-
March 2024) through manufacturer-integrated telematics
systems linked with GPS, including Hino Connect, My UD
Fleet, and Transport Management System (TMS), capturing
average operational speed, gross vehicle weight, fuel con-
sumption, and road gradient. Telematics data were obtained
from vehicle sensors such as GPS, On-Board Diagnostics
(OBD-II), and IoT networks, subsequently transmit-
ted through the Electronic Control Unit (ECU) for analy-
sis to evaluate heavy-duty vehicle operational efficiency
under real-world conditions (Farzaneh et al., 2020; SAE
International Technical Standard, 2022; Perrotta et al., 2019).

Road gradients were calculated using elevation data
from Google Earth with an accuracy of MAE 1.32 meters
and RMSE 2.27 meters, deemed adequate for transportation



applications (Wang et al., 2017b). Road gradient catego-
rization followed the Indonesian Geometric Road Design
Guidelines, classifying gradients into flat, hilly, and moun-
tainous categories (Directorate General of Highways, 2020).
Data were specifically focused on uninterrupted operations
with stable speeds and curve radii greater than 550 meters,
as fuel consumption on such curves closely matches straight
roads, minimizing impacts on fuel usage and CO: emis-
sions (Zhang et al., 2019). The data pre-processing involved
identifying and removing outliers using the Z-score method
(threshold +3 standard deviations) and linear interpolation to
handle missing data, maintaining dataset consistency.

Two analytical models were employed. Model 1 used
Ordinary Least Squares (OLS) to analyze the influence
of speed, gross vehicle weight, and road gradient on fuel
consumption. Before estimation, linear regression assump-
tions were validated through residual normality and
homoscedasticity tests. Violations of these assumptions
were addressed using robust standard errors and Box-
Cox transformations to correct data distribution issues
(King and Roberts, 2015; Malik et al., 2018). Alternatively,
Model 2 utilized Generalized Linear Models (GLM) with
Gamma distribution and log link function to effectively
handle skewed fuel consumption data and manage hetero-
scedasticity. Model validation involved comparing Akaike
Information Criterion (AIC) and Bayesian Information
Criterion (BIC), considered more effective than R? for opti-
mal model selection (Dobson and Barnett, 2018).

To ensure model reliability, predicted results were com-
pared with observed data. Hypothesis testing evaluated
whether significant differences existed between predicted
and observed fuel consumption. The Wilcoxon Signed-
Rank Test, a non-parametric method not reliant on normal
distribution assumptions, was employed to assess paired
averages, especially when observed data failed normal-
ity assumptions. The null hypothesis (HO) proposed no
significant differences between predictive and observed
fuel consumption, implying zero difference between them
(Deshpande et al., 2017). This test determined whether dif-
ferences between predictions and observations were suffi-
ciently significant to reject the null hypothesis or if predic-
tive data could accurately reflect observed data.

3 Data and results

The results of data processing and analysis included seg-
mentation, grouping, and outlier identification in truck
fuel consumption modeling. This analysis continued
with examining factors influencing fuel consumption and
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developing predictive models. Subsequently, the model's
accuracy was evaluated by comparing the predictive data
with observed data.

3.1 Data processing

Data management in this research began with segmenting
road sections based on gradient and vehicle speed under free-
flow conditions. This segmentation aimed to create more
homogeneous and representative observation segments,
enabling a more accurate analysis of gradient impacts on
vehicle performance and fuel consumption. Three gradient
categories were utilized: flat, hilly, and mountainous, cover-
ing 12 road segments on the Jakarta-Cikampek, Cipularang,
and Purbaleunyi Toll Roads. Segment identification codes
corresponded to kilometer markers on the toll roads, using
Code A for truck movements from Tanjung Priok to Bandung
and Code B for the opposite direction. The flat segments
included segments 57-A and 57-B, with maximum gradients
of 0.01% and 0.07%, respectively. Meanwhile, the hilly and
mountainous segments included segment 108-B with a gra-
dient of 4.72% and segment 92-A with a gradient of 6.13%.
A total of 1,094 speed data points were collected, compris-
ing 474 data points for Euro-4 trucks and 620 for Euro-3
trucks. These data were categorized based on vehicle speed,
gross vehicle weight, and road gradient. Speed was classi-
fied into three levels: low (below 20 km/h), medium (20—
40 km/h), and high (above 40 km/h). Gross vehicle weight
(load factor) was grouped into three categories: low (below
30%), medium (30—75%), and high (above 75%). Road gradi-
ents were divided into flat (maximum 4%), hilly (maximum
5%), and mountainous (maximum 6%). The map of observa-
tion segments based on road gradient is presented in Fig. 1,

Fig. 1 The road sections classified based on road gradient
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while detailed data on operational speed, gross vehicle
weight, and fuel consumption according to road gradients
are provided in Table 1.

Results in Table 1 indicate significant variations in
speed, gross vehicle weight, and fuel consumption between
Euro-4 and Euro-3 trucks across the observed segments.
The highest speed for Euro-4 trucks was recorded on seg-
ment 57-A with an average of 47.16 km/h (standard deviation
8.73 km/h), while Euro-3 trucks recorded an average speed
of 46.42 km/h (standard deviation 7.81 km/h). Conversely,
the lowest speeds were observed on segment 108-B, with
Euro-4 trucks averaging 28.63 km/h (standard deviation
9.26 km/h) and Euro-3 trucks averaging 26.43 km/h (stan-
dard deviation 7.53 km/h). Notable differences were also
observed in gross vehicle weight. On segment 92-A, Euro-3
trucks had the highest average gross weight of 33.04 tons
(standard deviation 10.35 tons), whereas Euro-4 trucks aver-
aged 28.33 tons (standard deviation 9.01 tons). The lowest
weight for Euro-4 trucks was on segment 124-A, averaging

23.87 tons (standard deviation 7.36 tons), while Euro-3
trucks averaged 30.78 tons (standard deviation 10.72 tons) on
segment 57-A. Fuel consumption demonstrated a consistent
pattern, with Euro-4 trucks generally showing greater effi-
ciency than Euro-3. On segment 57-A, Euro-4 trucks had a
fuel consumption of 6.98 km/I (standard deviation 2.86), sig-
nificantly higher than Euro-3 trucks with 3.76 km/I (standard
deviation 1.25). However, on segment 92-A, which features
steep gradients, fuel consumption dropped for both truck
types, although Euro-4 trucks remained more efficient with
0.69 km/l (standard deviation 0.27), compared to Euro-3
trucks at 0.61 km/I (standard deviation 0.29). Overall, these
findings illustrate that Euro-4 trucks not only operated with
lighter loads but were also more fuel-efficient, particularly
on flat and hilly segments, compared to Euro-3 trucks.

3.2 Fuel consumption modeling
This research models fuel consumption (FC) as the depen-
dent variable, with average vehicle operating speed (V),

Table 1 Summary of speed, gross weight, and fuel consumption data by road gradient

Average operation speed (V)

Road Gradient

Gross vehicle Weight (W)  Fuel consumption (FC)

Segment %) Truck Type  Data count Mean V Standard Mean W Standard ~ Mean FC  Standard
(km/h) Deviation (ton) Deviation (km/1) Deviation

Euro-4 44 46.88 7.78 32.09 5.57 5.38 1.41
57-B 0.01

Euro-3 54 42.92 6.36 32.67 7.48 3.16 0.77

Euro-4 37 47.16 8.73 28.42 8.72 6.98 2.86
57-A 0.07

Euro-3 51 46.42 7.81 30.78 10.72 3.76 1.25

Euro-4 37 46.44 7.50 26.58 9.01 6.88 2.96
69-A 1.00

Euro-3 52 46.05 6.26 30.04 10.67 3.58 1.14

Euro-4 44 41.07 9.97 27.62 9.79 3.12 1.32
84-A 4.32

Euro-3 54 34.63 9.85 31.18 11.16 1.99 0.88

Euro-4 47 39.82 10.03 27.51 9.63 1.97 0.87
86-A 5.24

Euro-3 53 31.36 11.22 31.23 11.33 1.36 0.63

Euro-4 39 31.01 8.85 28.33 9.01 0.69 0.27
92-A 6.13

Euro-3 59 26.59 8.71 33.04 10.35 0.61 0.29

Euro-4 44 35.96 10.04 29.79 10.01 2.69 1.23
97-A 4.41

Euro-3 51 33.29 9.84 31.12 10.82 1.84 0.85

Euro-4 39 38.54 10.68 26.81 8.84 4.32 1.71
102-A 2.76

Euro-3 50 35.54 12.35 31.52 10.61 2.19 1.02

Euro-4 42 28.63 9.26 30.81 5.96 1.80 0.48
108-B 4.72

Euro-3 52 26.43 7.53 33.02 7.12 1.21 0.43

Euro-4 38 41.79 9.48 30.02 9.08 3.59 1.47
112-A 2.85

Euro-3 55 38.98 10.49 32.14 10.53 2.48 0.99

Euro-4 34 43.56 8.69 28.35 9.22 3.09 1.25
115-A 3.68

Euro-3 50 39.65 9.65 31.88 10.20 2.01 0.74

Euro-4 31 45.53 6.82 23.87 7.36 393 1.14
124-A 3.37

Euro-3 39 40.13 8.90 30.64 9.98 2.24 0.84




gross vehicle weight (W), road gradient (S), and truck
type as a dummy variable (7) as independent variables.
Meanwhile, gross vehicle weight (/) includes the total
weight of the vehicle, cargo, truck crew, components, and
vehicle equipment. For trucks carrying heavy loads, this
total weight can reach 11.794 kg or more (Bennett, 2020).

Simple linear regression tests indicated that variable V'
has a significant non-linear relationship with fuel consump-
tion, yielding an R? of 0.509 and an F-value of 856.769.
Variable W displayed logistic and exponential non-linear
relationship patterns with an R? of 0.349 and an F-value of
442.222. Additionally, variable S significantly influenced
fuel consumption, with an R? of 0.356 and an F-value of
228.128. Given the significant effects of all variables, the
analysis proceeded with multiple linear regression.

In the subsequent stage, multiple linear regression analysis
(Model 1) applied the Box-Cox transformation (A = 0.25) to
address non-normal residual distributions. The Kolmogorov-
Smirnov test after transformation yielded a p-value of 0.095,
indicating that the residuals approximated a normal distri-
bution. Multicollinearity tests produced Variance Inflation
Factor (VIF) values ranging from 1.031 to 1.578, signifying
no multicollinearity issues. The Durbin-Watson test pro-
vided a value of 1.953, close to the ideal value of 2, indicat-
ing the absence of significant autocorrelation. Although the
Glejser test suggested heteroscedasticity in variables / and
7, the Breusch-Pagan test, with a p-value of 0.165, indicated
constant residual variance.

The multiple linear regression results from Model 1 indi-
cated significant impacts of all independent variables on
fuel consumption. Average operational speed (7) exhibited
a positive influence, meaning an increase in speed tended to
elevate fuel consumption. Conversely, gross vehicle weight
(W) and road gradient (S) showed negative impacts, indi-
cating that increased weight or gradient reduced fuel con-
sumption. Additionally, Euro-4 trucks demonstrated higher
fuel efficiency than Euro-3 trucks, with the dummy vari-
able coefficient for truck type showing significant fuel sav-
ings for Euro-4 vehicles. Detailed coefficient values, t-val-
ues, and p-values for each variable are presented in Table 2,
demonstrating significance at a 5% significance level with a
critical t-value of 1.647.

As an alternative, Model 2 utilized Generalized Linear
Models (GLM) with Gamma distribution and a log link func-
tion to model the relationships between the same variables.
Goodness-of-fit tests indicated excellent model fit, demon-
strated by a deviance of 8.827 with a deviance/df of 0.011,
and a Pearson Chi-Square value of 8.755 with a Pearson
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Table 2 Model 1 parameter estimation

Robust Standard

Parameter  Coefficient Error t-value p-value
Intercept 1.539 0.009 178.989 <0.001
2 6.64 E-02 2.33 E-03 28.542 <0.001
w -0.009 0.000 -66.986 <0.001
G -0.048 0.001 -54.371 <0.001
T 0.098 0.003 35.953 <0.001

Chi-Square/df of 0.011. Parameter estimation results from
the GLM indicated that operational speed (V) and truck type
(T) positively influenced fuel consumption, with coefficients
of 0.018 and 0.316, respectively. Conversely, gross vehicle
weight () and road gradient () showed negative impacts,
with coefficients of —0.030 and —0.148. Detailed results of
the GLM parameter estimation are provided in Table 3.

A comparison between Model 1 and Model 2 showed that
Model 1 performed better. Model 1 recorded a lower deviance
value of 0.947 compared to 8.827 in Model 2 and a smaller
RMSE value of 0.033 compared to 0.296. Additionally, the
adjusted R-squared value of 0.858 indicated that 85.8% of
the variability in fuel consumption could be explained by
the independent variables in this model. The AIC value for
Model 1 was —3.246.625, superior to Model 2, suggesting
lower prediction error levels. Based on performance indica-
tors, multiple linear regression with the Box-Cox transfor-
mation (Model 1) is recommended as the optimal model for
predicting fuel consumption in Euro-4 and Euro-3 trucks
due to its higher accuracy and greater explanatory power, as
shown in Table 4. The final regression equation derived from
Model 1 is presented in Eq. (1):

FC"® =1.539+0.000066V* —0.009%W —0.048S +0.0987 (1)

where:
FC = fuel consumption (km/l),
V' = average operating speed (km/h),
W = gross vehicle weight (ton),
G = positive road gradient (%),
T = truck type (Euro-4 = 1 and Euro-3 = 0).

Table 3 Model 2 parameter estimation

Parameter Coefficient Robust Wald Chi- p-value
Standard Error ~ Square Value

Intercept 1.399 0.0360 1.507.653 <.0.001

vV 0.018 0.0006 1.025.472 <.0.001

w -0.030 0.0004 4.435.602 <.0.001

G -0.148 0.0025 3.433.817 <.0.001

T 0.316 0.0082 1.465.779 <.0.001
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Table 4 Comparison of model performance metrics

Indicator Model 1 Model 2
Deviance 0.947 8.827
Pearson Chi-Square 0.947 8.755
Log Likelihood 1.629.313 7.241
AIC —-3.246.625 -2.483
AICC —3.246.523 -2.380
BIC -3.218.311 25.832
CAIC -3.212.311 31.832
RMSE 0.033 0.296
MAE 0.027 0.217
RSS 0.947 72.810

3.3 Comparison of modeled predictions and observed
outcomes
Based on the results of the Wilcoxon Signed Ranks Test, a
comparison between observed and predicted fuel consump-
tion was conducted for Euro-4 and Euro-3 trucks to evalu-
ate the accuracy of the predictive model. For Euro-4 trucks,
a Z value of —1.700 and an Asymp. Sig. (2-tailed) of 0.089
indicated a p-value greater than 0.05, suggesting no statisti-
cally significant difference between observed and predicted
fuel consumption. However, slight differences may still hold
operational relevance, such as variations in terrain or other
external conditions. For Euro-3 trucks, a Z value of —0.038
and an Asymp. Sig. (2-tailed) of 0.970 revealed a minimal
difference between observed and predicted results, with a
p-value significantly greater than 0.05. These results sug-
gest that the predictive model for Euro-3 trucks accurately
reflects actual fuel consumption, providing greater confi-
dence in its reliability for predicting real-world performance.
Overall, no significant differences between predicted
and observed outcomes were identified for either Euro-4 or
Euro-3 trucks, with the Euro-3 predictive model demonstrat-
ing higher accuracy. These findings support the validity of
the telematics-based predictive model used in this research,
particularly for real-world applications. The results align
with previous studies indicating that predictive models based
on telematics data can effectively reduce prediction errors
for trucks with lower emission standards. Nevertheless, the
minor discrepancies observed for Euro-4 trucks suggest
potential areas for further refinement, including additional
analysis of variables such as road surface conditions or vari-
ations in vehicle load.

4 Conclusion
This research successfully developed a novel, practical,
and accurate real-time telematics-based predictive model

for fuel consumption in Euro-4 and Euro-3 trucks operat-
ing on Indonesian highways. The contribution of this study
lies in the development of a simplified predictive model
that eliminates the need for complex parameter calibra-
tion as required in conventional models such as HDM-4.
Model 1, utilizing multiple linear regression with Box-Cox
transformation, demonstrated superior performance com-
pared to the GLM-based Model 2, indicated by lower AIC,
BIC, RMSE, and MAE values. The analysis revealed that
operational speed, gross vehicle weight, road gradient, and
truck type significantly influenced fuel consumption, with
an adjusted R? of 0.858, meaning that 85.8% of the variabil-
ity in fuel consumption could be explained by the model.
The accuracy evaluation using the Wilcoxon Signed Ranks
Test showed no significant differences between predicted
and observed values for both Euro-4 and Euro-3 trucks,
indicating that the predictive model is sufficiently accurate.

The findings suggest that telematics-based predictive
models for fuel consumption can be optimized for truck
operations on highways with similar travel characteristics,
weather conditions, vehicles, road types, traffic patterns,
and driver behavior. Furthermore, this model provides a
useful basis for fleet conversion considerations towards
Euro-4 trucks. Implementing this model enables truck oper-
ators to identify more efficient operational combinations for
Euro-4 trucks, optimizing fuel consumption and effectively
reducing greenhouse gas emissions. However, to broaden
the model's application, testing on non-toll roads, moun-
tainous terrain, and areas with extreme weather conditions
is necessary to ensure the model's effectiveness under vari-
ous operational scenarios.

Future research should focus on challenging terrains,
higher load factors, and Euro-5/Euro-6 trucks to support
global emission reduction targets. Although multiple lin-
ear regression and GLM were chosen for interpretability
and data constraints, machine learning methods such as
Atrtificial Neural Networks (ANN), or Decision Trees could
be explored to capture more complex data patterns and
strengthen the external validity of the model across differ-
ent geographic settings. Testing on non-toll routes, urban
roads, and regions with varying climatic conditions and
infrastructure will also be essential to validate the model
globally. Additionally, incorporating supplementary vari-
ables such as weather, traffic density, and driver behavior
could enhance the predictive power of the model in more
complex operational situations.

This research contributes to the development of a prac-
tical and accurate telematics-based predictive model for



fuel consumption, outperforming manually calibrated
models such as HDM-4. Thus, the model is not only rel-
evant for truck operations in Indonesia but also has the
potential to be applied in other regions with similar char-
acteristics. It also opens opportunities for further research on
the impact of additional variables such as weather, fuel type,
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