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In this article, a driving cycle was developed based on acquired data
from a hybrid gasoline-electric vehicle on two routes in Tehran city,
using the K-mean algorithm. For this objective, speed data and the
geographical locations of the vehicle were acquired with a mobile
application and results were validated by data in the vehicle monitor
on two different routes in Tehran city. Then, using the K-mean
algorithm, two driving cycles were extracted and their characteristics
compared to those of big data. Obtained results demonstrated that
for the developed software, data acquisition was accurate and of
appropriate quality. Final introduced driving cycles had relative
errors below 10%, which indicated their appropriate selection from
acquired big data. Moreover, compared to extracted cycles by
gasoline vehicles in Tehran city, it could be claimed that the vehicle
type had impact on vehicle driving; however, this impact was more
related to the driving culture and the roughness of the roads in this
city. This is because these cycles all record figure of more than 80%
and approximately 30 km / h for the percentage of driving time and
average travel speed, respectively. Another interesting result
obtained from the analysis of big data is that the stop time in cycles
was less than 10% and therefore, drivers in Tehran had low
tendency to stop. Thus, for controlling the vehicle speed under traffic
conditions, high variations in speed was needed. This led to
approximately 40% of the variations from the average speed
compared to other cycles, which were alittle higher.
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EXTENDED ABSTRACT

Introduction

Today, driving cycles are focused on by design engineers in automotive industries. This
issue is based on new regulations for vehicle emissions due to environmental problems,
fuel consumption and cost. Another application of driving cycles is to use for designing
different components of the vehicle, entitled the duty cycle. It means to consider the
loading cycle of a vehicle part as an optimized process of designing and manufacturing.

Various factors could affect the driving cycle or the duty cycle in a country. These
factors are similar to traffic conditions, vehicle type, driving behavior, weather status, route
type for the data acquisition, road characteristics, gearbox type, fuel type, geographical
climate, and driving skills of the driver. However; the final driving cycle includes a vehicle
speed versus the time under all conditions.

In the literature, different driving cycles have been presented. As a claim on the novelty
of this work, considering a hybrid vehicle could be an innovation. Works on hybrid vehicles
are still rare. In this article, a driving cycle was developed based on acquired data from a
hybrid gasoline-electric vehicle on two routes in Tehran city, using the K-mean algorithm.

Methodology

For the objective in the present work, two different routes in Tehran city, the speed data
and the geographical locations of the vehicle were acquired with a mobile application, and
then, their results validated by data in the vehicle monitor.

The vehicle type was Toyota-Prius (2017) and the data acquisition type was onboard
with GPS-logger software. The accuracy of GPS was approximately 3 (2-5) meters and the
frequency of the data acquisition was 1 second. The route selection was based on Figure 1
in Tehran city and experiment was carried out for 2 and 3 hours on both routes.

Then, using the K-mean algorithm, two driving cycles were extracted and their
characteristics compared to those of big data. The clustering method was undertaken
based on four groups including congested, urban, sub-urban, and highway conditions.
Driving cycles were considered as follows:

e SDC1 cycle: Acceleration vs. Velocity, Group center: Average
e SDC2 cycle: Acceleration vs. Velocity, Group center: Median
e SDC3 cycle: Idle Time vs. Velocity, Group center: Median
e SDC4 cycle: Idle Time vs. Velocity, Group center: Average
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Figure 1. The route selection for the present study in Tehran City.

In Table 1, the time percentage is presented for congested, urban, sub-urban, and
highway conditions. This table illustrates the data for two types of configurations,
including the average speed versus the average acceleration and also, the idle time versus
the average speed.

Table 1. The time percentage for different conditions.

Traffic status Highway Sub-urban Urban Congested
Average speed versus average acceleration 23.5 22.0 30.0 24.5
Idle time versus average speed 445 8.8 36.2 10.5
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Results and discussion

As an example, Figure 2 depicts the final driving cycle for the second route of this study.
Moreover, Figure 3 shows the related micro-trips obtained from the K-means technique.

Obtained results demonstrated that for the developed software, data acquiring was
accurate and was of appropriate quality. Final introduced driving cycles had relative errors
lower than 10%, which indicated their appropriate selection from acquired big data.
Moreover, compared to extracted cycles by gasoline vehicles in Tehran city, it could be
claimed that the vehicle type had an impact on vehicle driving; however, this influence was
greater on the driving culture and the roughness of the road in this city. These cycles
included data of more than 80% and approximately 30 km for the driving time percentage
and the average travel speed, respectively.
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Figure 2. The final driving cycle in the second route of Tehran City.
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Figure 3. The micro-trips in the second route of Tehran City.
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Another interesting result obtained from the analysis of big data was that the stop time
in cycles was less than 10% and therefore, drivers in Tehran had a low tendency to stop.
Thus, for controlling the vehicle speed in traffic conditions, high variations in speed were
required. This led to approximately 40% of the variations from the average speed
compared to other cycles, which was lightly greater.

Conclusion

In this article, a driving cycle was developed according to data recorded from an
electric-gasoline hybrid vehicle (Toyota-Prius) for two routes in Tehran city by the K-
means algorithm. Obtained results could be summarized as follows,

- Thedeveloped driving cycle for Tehran city was similar to world driving cycles
and there were no large differences between the data.

- In SDC1 and SDC3, only 25% of the total time was due to idle condition (or
zero acceleration).

- The average speed of 100 km/h was approximately obtained, which was
similar to the driving cycles of other Asian countries.

- From the standard deviation for the acceleration in SDC1 and SDC3, it could be
concluded that the driver repeatably changed the vehicle speed with a drastic
change. The related value was 2 compared to less than unity in the literature
for the average acceleration.

633



514.9,: 9 GI.S ol uo..l.ﬁ aollad
UYA-T0Y ) oylows V4 0y90 NV EY Yo
https://karafan.tvuacir/ :a; pis o,

J:ol.-,{):ra_.—,‘-;,
Rzt gl

- :10.48301/KSSA.2022.315133.184

G909 S 3l samhans gbaodly wlwly Sl dd s SO drwg
S e 03 395 b ()] RS et 51 g 93 53 (S S — (g g 2 g

;@)9 ‘_J& 3 agj‘)ﬁ ).Q‘o)bb ¢ \CL;)lAL» L«o):l.c ¢ de Lo)al.C ¢ YULJL)J D}iw ¢ #\d.)l)] Joro

oyl eliows ¢ ylioms o1l (SlSo i 028ty ylutils =)

oyl elioms ¢liows oK1 (SilSe L witige 018l )] wlisyS ggmmiils =Y

el g (ol Canio g ple oKl 5y otige 038l ¢ uwlis S ooy -V

ol ealyg Jlesd ol g oty oMol olT oK1 ¢ putigee (16 02Suisl> sl wlis )8 ¥
Oyl o938 siwed plol Madlp o1l (SilSo owiigo 01Kl oidy) ol S gomeitily -0
Ol (0 S el inio ol ¢ FgmaalS pwtige 038l ¢ oulid)S ggmriiy -7

R dlis OleY|

Qed ($9,095 Syl eashas glacols ululy (Sl 45 e S alas opl o g dllie saJleo 85"

tnss (K-MEANS) 5 file iz, L old e e 39 5o S0 i
5 ey Gools (103 b )0 Sgliie s 90 0 jolate cpl (sl cenl oad eols
Lol @l s ud baed olyan il 3805 o b ploj o 9,095 2ldliizr S
o8l 5l eolaul b aalsl jo a8 5 (6 li8 ams 9,045 Kisled jo Laools 51 eolail

bl sladasuin 5 ab gl5cal 398 jeme g0 sl Soil) 452 90 (S il

VEeefeqe Y dllie by
VE N IVA e (6,5650
VECNYNE llie g dy

Sidley ly a8 ol lis sawelassa =l w8 anlie bosls IS sbhaasise

Sy otz el oy orolie Gk 5 B o)l pesls aiildnmy RUSIE
Sl 5l Gl 45w doys Vel jreS o gl Ll ol oad B yme Suly 8
oadady slaas > b awslio ;o pizmad aiil o oabilacs ool (IS o Ll caslie b (6959

2 4l aless g5 SISl i a5 05 Lol Bl oo (IS B )3 (S slegyees b oA R
A ol ) ool slagslgenl 5 g (Sasly Ko d wil fH5e 5,095 S Cumdy o ke oS
FoghS Yo 0gam g o0 Al i golasl (Ken s > ol |5 o )I..\f,ub Sl Shcudse wluw

S5 les Sl e sy (ke g (Sl loy oy Gl cs g ) cele

Gy a azgi b oaS cal ol wadlacs ools (DS sl edelcasoa oo LI
4 o5 bled Glus yo el e wod Ve S Ses a5 bas > Gy ol
20wl Sl olol atejls WS )0 9,093 Sy S35 gy 1) g a3l aBys

d-’lj Joxe 3 W‘ X Wwe) y’
S S o

m_azadi@semnan.ac.ir

Sk 3l asly Feosgas GBlsul cud o Bl e a5 Wigd e 9,085 Sy
el iy (Sailbas > plo b awslice [0 a5 058 0 Sy

’ @ (3) & | ©2022 the authors. Published by Technical and Vocational — YAYA-¥FY. : Suig,SIl Ll
Lt University, Tehran, Iran. This article is an open-access article . .
distributed under the terms and conditions of the Creative TYAY-AVA2 il sLLS

Commons Attribution-Noncommercial 4.0 International (CC BY-
NC License) (https://creativecommons.org/licenses/by-nc/4.0/)



https://creativecommons.org/licenses/by-nc/4.0/
https://portal.issn.org/resource/ISSN/2538-4430
https://portal.issn.org/resource/ISSN/2382-9796
https://karafan.tvu.ac.ir/
https://www.doi.org/10.48301/KSSA.2022.315133.1840
mailto:m_azadi@semnan.ac.ir
https://orcid.org/0000-0001-8686-8705
https://orcid.org/0000-0003-3729-2812
https://orcid.org/0000-0001-7359-0177
https://orcid.org/0000-0003-3181-7585
https://orcid.org/0000-0003-0313-7371
https://orcid.org/0000-0002-2439-8493

FYA-FAY 1) ol ((1F+1) 14 (0315 ode aolibiad i) ool ol bl p Sy 45 o Sy drung

dodlo

o )ul) 555 9 oo o o iand slacSgus 3l 03Il s ooliiul g Lis jo slemg] &l yass Lo 4
sl Gl 99 el (FaVT (1alS aomiiys 5 Cope Bpas (25 0550 o Cdle
3 oolil amstiys ol g 095 9 Jaig Joz flwg y3 Sgu Bpan & by o lo Sogll (ol osee Ao (o)
Sogll Sals ( FoVT alS y ogdle lag 055 £98 cal ol 4135 18 4z i 0 50 B slog 05 5 ey
IV 6)ls oo & 35 1) Co g Cyan g S0

Ssiss 45,2 ol 3 eolinad b el js Sy b ey ey A sy S Sy o S, a5
Cansddy S5 )00 A Along 0 1) O D g S pr Dk (e Ao 5 4o LD iy 5 aeS S
OlFise (ized S oo CSgu Bpan 5 (SanVl el ane) 0 bbb 4 Gbls SWS a3z ol ol
S5 st |y @iz gble jo Saul, Kinyd g S8l slooayny 5 Lyl

b sols abowl (6 3lae addii blog (slp sind e (Sl a5 2 5590 50 anlllae S V] e 5 '
$lp S 5Sila g 9 5S> sl stelly 3l an 28l sl (PCA) Lol slaailse Juloxs 5 2525 51 oslied
g a3 ol gt | (8ly slis o (Suily I Gl il sad eslit] Silei oty sanadl
2 I en 5 T S e sl GiBs o Slae b 1y b —en 53 (s iles 4l log b3
Wl alowy (Sadly @z Giod ol o Sy (Swly s cle Gl g Gy, 4 slaallas
(s gools Ll oals aslllas solasd anilee g Julodiga i b Bolar ol @ 0 BoS Lo a4,y lawg
ey ol 45O L gl el ool oo 4 Jlazsl sl siSTas b Lol slaesls Jlil Jlazs e il
(Sl 452 g olyie Cod ctagh & [F] en 5 TS0l (i By, 4 Sl (6 (Sunles
a5z &5 el (1 gy ool SR pamia Sy aiiBley ain j5iS 0 by (60,50 anlllae b a8l slis o
93555 S e 25 WLl o ps (i LS — ey hlag Sl mee Sl iy 85 B e L (Sl
il (Keal (S35 L8, Sl 6 oleiilh 0)50g, (ol a5 09, o0 AL e pl ply il oals aSlusangie L s

sl o (aeas alaly als (Sadl) 5z Sl p 9 Jelo 4 [0] ol 5 Kir
[F] o SKaw g 83 ol 00 ol bbas o 505 b dvslie o atdlanwg Soul, a5 o asu il allie o
a2 s ol s oniisslaer oadly sboools 3 ool b Fasl, 4> ansie sloyell alie
CS o o ]y Grite by Sl 5 s b 9353 4 cedl ] 5 Sl gl sl 4l 1, Sl st
Dgls Geires ol iy 3 bl slaas 12 05 5l 2B BB jsboay o antin S g 035 (5 s
a Ly 6,558 S codd ol 5 Sl o kil sloas 2 b callie ol jo Sl a5 sla gl by ppolie 1]
500 slaas > 5l ool g oo 1) 093 4 aite (Sasly glaas > ¢ olgpgo] o Kimj ( oldl e liatie
bl b camgy o [V] e g (blo il )5 ol 598 (sl Wil ood & ilin] &gty i Lo ygtS

YLiu

2 K-means

3 Shi

4 Kamble

5 Jing

6 Linear discriminant analysis

Yo



Ol 9 6051 wosmo FYA-FOY ) oylodds (1F+1) 18 (81,5 cole anbibas

LT ooy (Fasl) as 2 drwg 4 60 (Sl Sledlbol 3l oolatanl b o)) a5 5 o (5 00 podls iy yanne
305 Ol ey T aihate o wiols (Las g )l GbLe (295 5 59505 Sl el (o abmssar
Aoy YO (2,355 pnlas 10 (650 (59,0 Gy il 3l oo ,0 DO izman . ol)d 1) (5 lom (slog 055
25 o0 ool (28 Slaphls 53 003 VY 5 (ol slagbls )

S5 Bran dalllns 0 ey (Foil) oz e Cuoal & [A] iSen 5 Bl (550 gy
5 Sl ole o e 3 5,093 Gl s Brae Wb Wbl S (Sl wiSly 6 lse slag 09
J3] 502 5 Shgesse ol aily sloas 1 5 5 il sloas > 5l oniiarnlone yolis (pus azsi W LS
oMl b ho® 2 59590 b (59,095 slr Q8 b (2% 00gamme (Faill) a5 2 gl (g b dagh 4
Jsb 4 4l VPV sgu> oS Sudly 4z al 0 g ol @lS 0 Sy jhwn; analss )
oy ele p ZaglS ¥V 5 KO YR sg0> T ih 65505 5 SRS )05 Sy Lagle walxl o
S 3 590 b By o 1) (Sadly ey S5 51 0o )3 V0 sgus ondgl Sl a3 2 ol )5 9955 Geimes
il 3 3005 dnsgs 1) (S eSilee b 3l eoliial b 5 e (Sl a5z [V o] (g laiie 5 (ol o0 8
Gl ;5 5iashS FYAY Luusio oy b el ali VOPY (o) (6o Sy ol aidliannsgs Sl a5 2 callie
il (S, gloas o 51 Ko S b anslio 5 Soiil, a5 > glo g eplonl s saslS VEF) cilos
sl aily 424530 -1 g EUDC ECE « FTP-YD ez jl 0,530 (sl )05 o onlitianls g0 Sious 4l

Sbas > 5 Bl Cools Jlsdsn 25 3,90 50 G plyre Cod otagy (W] ) Ken 5 ' o8
Sl stalel 5 (55555 sboac 3l (Sodil, a5 > BsS Lo (S dllia ol 4o ol &)1 €T 5,5 S
s sokiieds SIS ige sy 4 (Sl; a5 e Gl cov idios (W] (50, el oad Ll
e sl (s, ol 983 ge L (bt 5| Lol sllas el ool ) €T (6,5 L 5p055 el
5 Sk e o Sl ao, VY U 1) Old aiiny st gl g aoy0 AU Ce g aiiy g 0 Skee
saiologl 45,2 sl il b augliie 10308 s o (S, a5 o o o 4 pladl ( aagi ,o VY] eoly &
ol i e DL e Gl a3 ol 45 0B aseiie ki glaas > |

S5 5l GPS olfiws 5l aslanal 1] 5Lis 0 (sbaosls dSoM y gizr a5 > ads o [VE] oS ¢ M5l
OF dglio 31 50,5 o (6 SLLd g Cupmdg o 1) 055 o) ey S 2 (al i S Clo (5 g (53,995
Sy (Slen oS IS o ples & Cars 2l IS b ontisln] 45 > 45 0h (et bbas > s b
V5l oolital L s e (slog 055 (sl 1y comhsd s (oBly 452 o mgyy (b VOl T Ssalegl 5 (g0l e
4o 5 GPS 5l aslizl b ozl baools s> ol adgi 55 in,S sbowl FMIEV Jae ciwseine (55,055
5 A 095 99 5 LVQ Jig il oslital b jisyy & (0d oo 3l my 5 Spsleezr (CAN) laml S8
snislonl 45 2 oS oS Lasiie Sl o bial soas 2 b oadobul 45 > alie 5ol sandias )55
3 955 VIS e Bly as > [VF] Tl o losT .ol 009y baas > Lo sdgaome 4o b zal )b soles L 5

L Shi

2 Galgamuwa

% Brady, O'Mahony
4 Anida, Salisa

1414



FYA-FAY 1) ol ((1F+1) 14 (0315 ode aolibiad i) ool ol bl p Sy 45 o Sy drung

A b 55l Slmbo Gz 0 plS e oS 55095 aw 5l e S sl (oS lagyeg ol 1) sl
Gy LS &8 o Cundg j0 a5z oy o ey a5 ol LS Bdod S bS8 oolail wingy Dglae
w‘dﬂuwt‘Si)fsﬂdj)é?xdl.\mwsmd).mu;wsou\m

S9:955 I 502031 sy 4 5 Slgms Soy095 S bl ez 50 Shopd b a3,z (W] o iSen 5 '3
5 233l plal «ud GPS 5 e Y Lo e55 aS P-DOX Sl anlaial b 1) (508 pools by is S adg5 a0
Oy A5 A adedin 45 2 gl 5l 00 ST guisaiis S xSk oS! 5l eslaul b 1) cleMl puns
e Ay as > P-DOX a5 4 bl g0 3 (sl posls b DVAL o Kaa g gl .ol sy anlns Ja0
b oozl el a5 > (gly oads jaseine (gl ol )l duslie § dlore b .aio S slonl adss ilug ol slp 1) ol
Sy b &8 > lo) Qo j0 (p S g g8 o) (e @i cpl aF Al asie o laibinl gleas > sl
5 oy sleoa¥T liae 40,8 35515 solateas VAl ()5 5 Liclowsl g0 .ol o0ls bzl g5 4 1, <l
S bls 10 (5)law (59,095 S5 5l (5,0 pools o GPS ookl b 1) aguie jpuds 28ly a5 1> (5 )lgus (slog 05>
S5 e S g 45 ey ol i 3 ol a5 45 o i lt5 oS sl bl o
(S g Slog,095 5 Frdw slbygige dadSiuygige 5l syl penls b V-] iKen o T Swg ool axsls
5 S plid ( By slayle) o yd dunlie 5 dulone | e 20,5 Sloul wis o | jlagoly el 0 1) S e sloas o
S)F9e 457 5 BBF (p s (Sl 9)395 43 &5 AD atie calolnl et Gl Cepe a8
A Lo 1) e malS g mal 8l e o s Fodu

a5 Cewl S5 Lli cal 3§ O jg0 s b (Sl as >zl jslaiedy (gl posls iaghy ol jo
leal s cnl (5y9lg Olyiet Slg oo (i 3 o Solaw slogg> blis 10 (53 pmp (59,095 5l ooliciud
93 &l oadizlpiinl a2 wadlais gleosls gumaiws Jold bl (308 (g, 7 5l ey b dalol 000 F

X ISITTY)
oo e g p Uoags o Sy S glinl 5 )10 p00ls jolaredy gy cnl 5 oolails 9 (59,09
9 o3be e 53 Vb S5 o2 0929 (Ol D (BT 2l b b e (IS LA Lalyd 3l
& &S pboled (hg) (nl 4 U0l Az g cages Jiig e e 9 Cnoz i ST 4 JLail g ool Lo
55 5 b sS L |, les sloel, oSl IS Ll lsty g 50 e dul el o ol [14]
UL'“ \ J&w )o) as )#ul—é—b Jsl D sl WLA u,«.‘bs).a U”‘ Lg)b).}oé‘é LS‘J" B ol 50 L‘b(;)"ﬁ u;‘

1 Zhou
2 Boski

Y



o) So 9 g913T ae FYA-FBY ) o5l ((1F+1) 18 (031,15 ole anlilad

ol SLEIY JS8 Bl j pgd jme 9 ST p g C8) Spgot g gz 4 Jlad 5l sl oad ool
el Jlodb & 3850 5l g S 0 08 Sleosf @ 350 510 a4 Jled

Sl 615008 i b s i, 99 1 52 & il Sl 457 gl sling L o
BaB (59,095 ol (gl oS o fegil S Ghg)y (nl 50 00 (el Cudgazme S e i )
35 el Ghgy 4 S (5503l (sl sl oad ool o390 (slp petas bo) I cnlply el LS
aile oolsl (slapiuns Jl Olgin b 0,5 (Ahb b 5l ) s pled Glgice )0 292y (gousie slagy,
GPS- b b (Usbse (riaSobl) ol jor (50l f38le 5 51 g lo posls (gly gty ol 4o 05 solatwl AVL-PEMS
2 dglel eols S Al j2) 4l ) e 4 55 38 J38le s 0 (o)l pesls By el sas eolanl LOgger
0ols 34 Jolis a5 el ol (gl)lo (gloponls gy cpl &Sl SO Lli .l olicosdge sl e ¥ oogas
i ool 5 il el oozl b blie b (5,68 (sla i 5 GPS sl g s 4 JUm b
Sl SamS 55 (el b 5 ol 09 (6l e 0aald 3929 4 e (al (it g il yene ST L &
Sloads Bis Gy sboosls g g lsie a4y o s O g0t (GPS aileles b 0aidS gloosls 51 oS

12
—
161
1
NN
7 s
oo S)h
Jas>
Sa\l 2 AR oD s | .
Scale =\ 217K ASb)lex T \ \ e

Ny g 32 U8 695995 51 6510 20010 (512 ) 0)lods oo ) JSC0

Sk %

Th\
Scale 24 217K

e a8 5 Uaaad (695095 31 (51030015 (61 ¥ o loudd pnn .Y JSClo

YA



FYA-FAY 1) ol ((1F+1) 14 (0315 ode aolibiad i) ool ol bl p Sy 45 o Sy drung

el 3 Gy je sl)lo als )b ldle
ol 00y o0l GPS-LOGQEr ol b (s 13810 5 oolel oS S 5l g 0840 Hao jlaS adgl > b -)
5 00l s dle Jolis a8 sl ool b8l 1) T slacalB ¢lidle 5 ol &y ouls adlal SbISl -Y
S oo )1 (Rt Somdge (polo )15 odle )5 L (slajlagel ma i g 9p095 LB
el oy 59,995
i)l o oldlae Cumdae Joli ool G il o o el 4l Y i Sl cpl g (glepesle F50 Y
Sz ge (sl SV 5l (0 b awoliia 10 (510 p08ls £ (nl 0900 (§ilwe b (loj g 9,095 ey
Al el 4l 1.0 dg02 ;0 39250 (slo SYLGS 15 (g)ls posls &5 a8 .ol e 55 5L o 15 s
4 (6dm d)lae 1o aS ol elie CBS fgemme o Lol wil TV s jlade 4 Wilgi ced l58le 5 B
el 00 o)Ll ]
Sy oo i canlin Z85 a5 Sl (G BB Y) jio Y ogas l58la 5 Sbusdee s -F
o b oo JuST LB 4 o LB oS cul CSV & yg0y 0,55 BB IXE L1 LJB o gilwe s -0
5 as hlge b ooy ol pools byl slacdlos jo plgi e calply )10 55 (ooS s
Bl all ! il ools slas S a (saieils g
Solel 0olo Yoo dgum 5l in olaws ) (5,0 posls el ¥ dga gl o)leds yums (5lp ()18 pools gz
3gaz 3l i olawi 4 (g ko posls sl ¥ g pg o (gl g (B 5 Ll e CusBas (o pu ojlo))
yekaieds «2d, b 30 gl e slol o el (Bl 5 oLdlax Camdge e o (o)) (s lol ool Voo e
Ol Jolis bosls pl g ol 00l ool g (69,095 o,5uiils Kinles gloosls 51V Ko jo (g T ams
(Sl e po 5 Cdlunn y0 o (o o pd el 53 bl el ool ¥ S [0 0dds b Cdlue 9 e po
g oads &l gleosls § GPS ailolus 3l oals 33 sloools (s (comd llas 1l el 0o ) ¥ 5 VA s Sy
ol 0l Zewddy w0 yglmez ooy 5l adsl laadsl (glyy (0, gubls Kinled 10) (wsrp (59,955 FgeelS
ol 5l Gl el osls isls gy g o als e (gl posls alxil g e Sl 51
2 0530 Gl 4 dzgi bl gl 5 e ol il el 0y oy ilize lalidle
y Jedos ()lg5 o 00ls ST S cypils by sl ool Sl aosls (o3l (gl eyl b iy olisl g Cdie )38l 5
G (gl canlie ool jasid 4 Cug lydle s el askie bl plosl l8le g cpl 5l eolatl b
Ol V dsoz Jl il 485 O g0 it slahy) G slalie VB lagaz 10 e e jh
O > s SVMY Ol Sy edle oty ,55! ‘YJ'E’L; L gamaiws glaghy, ol 5l a5 285 ams

SP 5 CP sl zial b i ls | sasaioss > s 5Vl (K-MeaNS) 5 cuSiloo o5l LU 0y slapi 550

1 External Ram

2 Supervised

3 Support Vector Machine
4 Unsupervised

#Ya



o) So 9 g913T ae FYA-FBY ) o5l ((1F+1) 18 (031,15 ole anlilad

5 505 CP ol pls o Tlaaius (slaosls sl g Yais K gbosls Sopid Byro i gy ¥ Jgd o

ool ¥ Jgaz ,o o )5S 4l ax 81 IVV] g wales somatis i cudS samaslis iy SP

a5 Dgd 0 i ¥ Jgdz 50 ol plodl dglie jo J ) b wits (S 0 Ske 4 s SVM Sl 55 5
A5 o Joe SVM gy 5 (e 550 sl 5 sli] Sl ol ol oo

LYYI ANN g SVM b gucoaid cds ) Jgus

aéu.’o'.wb),.o QS"“L;") SVM ANN
K-means LRRwA A
LDA AN~ . AY .

I SVM g K-means b 4,5y s guasuaiws 51y SP 9 CP awslic ¥ Jgus

odliwld yg0 sl g9 ) K-means SVM
CP yyay Y XY
SpP f.a0fF OYFY

vy vl O3990 G g9y dylin ¥ Jous

Jue oled cds Gpdypmend wilyd Clgpuw (BTl co oy oS

s - Lasgie g SAPM
e - ol oS K-means
e e b bge SVM
S o S SYsb ANN

| After Reset J

Elapsed Time 52:41

Average Speed 43
EV Dnvmg Ratio 22

{rmr Sefect

Date Distance Average

m L/100m
Dec : ’
9/ Dec 0.0 0.0
8/ Dec 0.0 0.0
7/ Dec 0.0 0.0
114605, Daily ® Select

Y oyloudh (S8 )) pumno L) 50 Wy wge 9 U g9 (595095 iy lod ¥ Ul
(ol ool (b cdlune Joldd cymly 5 9uai § ca o (yaRilno Jold WUy gucid)

! Compactness
2 Separation

€.



FYA-FAY 1) ol ((1F+1) 14 (0315 ode aolibiad i) ool ol bl p Sy 45 o Sy drung

LS gy cnl 4 ool (gusaiws gl g el LU a0y gg8 51 K-MEANS (12 56X yulsl 00l ailsgs oS

o) ) eoliiul gl astie 50 )3 aog S o leeols wb la] wluly oS woly> g baiws olass b
5 0l 40 (9T dd o 4 e 90 @ AT higel gleesls 4 il 3L g o1 5l eslaiil (Sl s 4y ey ;6!
R O s cmlie S804 dxg b pizmen Sl 4104l Wigdioe )l pedls sladnje
Gl do e gl D] 55 ol oammn Sl aiojls a5 ol —ce o Jlool L le gzmed oo,
Pl g oad iy (Jlgte B 90 G saes) @Bjhn; S cnl ly Cenlposls gl dmosls il
OoSile b Dbl 5Sike g S (Kl il Wy, S Al se )0 el W3S Djg0 3lon e,
Sz 5l eolaul cde 85,8 o 18 Calie (slrog I 0 K-MEANS 5,681 Jawgs «ciBys oy o yd g i puu
S irdas (i Sl Candy ez 5o (Sodl, S s Fas], Veere a5l ) anaius gly alde>
D elsline 5 (o8 tagy Gszmen 6500 Slalllae o dlass ol 4l 1,8 g0l S 5 Semstas
el o o @l B e ann, 8L ly deann; gauaies 5l e el oad sl el
oad plasl [V 51T a2 se 50 a5 (gunl3 (ygmen) wlarils atas 3550 b ) alols (5 Soo5 a5 glosiuny
eSole 9 Ao 5l g3y (nl 53 el oo ool ek JroSS (SN Cundg o Sloj pre &5 Sl b (S
a2 adg 30 hd 2,0 4 Glabre 5509, )z 9y cnl 5 sl oal ool baaiws SThe (lgisa baosls

WY duﬁ)f )1569

— SDC1 cycle: Acceleration vs. Velocity, Group center: Average
— SDC2 cycle: Acceleration vs. Velocity, Group center: Median
— SDC3 cycle: Idle Time vs. Velocity, Group center: Median

— SDC4 cycle: Idle Time vs. Velocity, Group center: Average

558 5 (N Sa 5 815 iags amed Ve 3l (g lams 1 o5 sl T o el ol 51 esliisl e
WLTC g 50 bl oles 45 2 oo olgieds adli YA+ lbsesl .slonds sl b el )l ol [V o] (6 ae

5 S5 Slacunidy 5 Soym Gloj e polin V¥ cd a3 8 & 00 5 250 4 )l 03l 095 oz 5o
ool 003 0315 ialed § Jgaz 10 cgaiaiins jo oolaiuwls jee (sl ol )b elulyy caz 1o sloools

— Congested
—  Urban
—  Sub-Urban
— Highway
&2 y0 $Wodls ploj J5 5l aiwd p2 (Gloj moew -F Jgur
Congested Urban Sub-Urban Highway S5 Candg
YE.0 Y. YY.- YY.0 Slid 1, Sils 5 St pus il ol
~ oy o S0y
V.0 YUY AA FF.0 OPSUIRNK < NP JEN PSSRV W

7€



o) So 9 g913T ae FYA-FBY ) o5l ((1F+1) 18 (031,15 ole anlilad

losul yaminy S plgreay Jlgte adei 90 oy alold (28,5 15 o 5 aosls ;o 0ol 35155 ey 3l oolasul b
Ol ol ;05 )b g B ploy v g e (Silie ol 2 LG e 5 Wi o0 (et o ji)
g o (Gadiwd Abg> lez 0 wdd ool Linlei B 5 F sl S jo azs] asles wolitds 1 SKileo g Cas yuo
Oimed 9 (il 5 dilo Sl bawgio S B9 oy dopd wl ez p Wl ce lajhug;
P badsl (Sadily a2z odgi ly Wisd Jlo (ke 5 alle Sl lawgie Gl —lavgie sy
b dligz 2 35150 Dlaue (ganaiws Sldes o oolatuwld,ge s yialb Kl b aile 8 5 i
@ a3 IS ooy ol o y9e aded Sloj ol a5 (Gloj b SThe cnl s lajhann; 0 FSu35 Sl s w098 o0
‘_ghbdéﬁ &> 0 sloools 4 cos 4> )'l S 2 sl Al b RIS .\Jb‘5>' solazul s 'nLeSl
Sy caload ooy (ialad ¥ g ) o)lads G ye olg 45 > Y 57 Glo o 10 aisd oo ololid el
aS el 00l c\j‘)‘ P90y 6‘)‘.’ SDCy 9 JB‘ e 6‘)‘.’ SDCh aL.: ol anss &5) )LQ) )| ‘)5]&1& U"'

Sy las oy eSS
- all
70 70
] o —60 B
Eso |+ ;E: 50 g ¢
T 40 " T 40 *
z @
S =%
v 30 v 30
o) m
© 20 o @ # 20 °
g T . @ "% o
S
< 10 %. [ ] ° q- < 10 o+ o
4 L]
°f °%ss o ® 08 0.8 o
o8 LY A TN oske @e 08 wo? °tic » T %o ame b oo
0 20 40 60 80 100 0 20 40 60 80 100
. )
% ldle Time % Idle Time
@ Congested @ Urban @ Sub-Urban @ Highway # Group Center ® Congested @ Urban ®Sub-Urban @ Highway + Group Center
2 o
6 6
. o ®
g - .
b
E 4 .,
5 =
= 3 )
5 [ ) + 2 3 [ ]
5 d
3 2 3 2 +
3 1 3
P & s
&9 o*o o, L ot z o*o S, o0 oke
Q 1 20 40 60 80 S 10 20 30 40 50 60 70
- -1
< e .
-2 -2
Average Speed (Km/h) Average Speed (Km/h)
® Congested @ Urban @ Sub-Urban @ Highway # Group Center ® Congested @ Urban @ Sub-Urban @ Highway # Group Center

10 opSilen w35 0 (BBgi lo) w00 g G g oSileo (AN Y o lodh o 50 R, PSS
AW ;)o ‘ulu.o (,-&Lm 9 Sy ,.oSJ’L.n T ad.il.ﬁ.o tAwd )S}o mﬁ.ﬁy QLo) Qo0 g S g (’.»SJ,LM

€Y



FYA-FBY ) o lous ((1F+1) 14 (31,15 oke anlibal i) ool ol bl p Sy 45 o Sy drung

- =l
80 80
70 @ 700
= =
EE_ 60 P T 0 °
x
< 50 + X 59
T e T ot
a4 @ 240 @
Ll ()
w3 @ e ©3 @ e
g <
v o
2 20 » z 20 b
10 0. . se ° 10 ‘.. ‘.... °
o [
o B RGP gy pedotee e o B IR RN %o g  pedtnat me
0 20 40 60 80 100 0 20 40 60 80 100
% Idle Time % Idle Time

® Congested @®Urban @ Sub-Urban ® Highway < Group Center ® Congested @ Urban ® Sub-Urban @ Highway # Group Center

z
z

o0/6 o6

' °
— 0/a = 0/4
ks ! 4 o )
£ on2 { % 0/2 {
5 £
® 0 ° o —+eoo * 4+ o g 0 e o+ oo L
= 20 40 60 80 g 20 40 60 80
3 -0 |Ye g -0/2
b P 3 :o
2o ® @ -0/4
= @
E Z o/ le
< 0/6 |@ )
0/8 -0/8

Average Speed (Km/h)

Average Speed (Km/h)

@ Congested ®Urban @Sub-Urban @ Highway <+ Group Center @ Congested @ Urban @ Sub-Urban @ Highway + Group Center

10 oSilen dwd 35 g0 (ABg ylo) o0 g Gt g Sl () Y ojleuds o 50 Wy, B S
1aiwd 35 po ol (Sl g Gt pw (Sl i ilie iaiwd 550 (BBg Gloj Woyd g Ly (ke
(2ilso e 35 po bl (1Sl g ko (L0 10 9 (Lo

MG& ol 00l u,u)‘)f A LJB» B SDC3 9 SDC1 6L§4>)> L g_;‘j‘)" ;MB 2 L.':"La) (e )JQLEA
el 0el Y 5V o)leds (6l s Gloodls (DS Glasia LY 5 F o ooz 10 15 bas > ol leaasio
6o e 1y [TV] 2o o b @llas (MRE) ¥ oo slas 5ils 5 (RMSE) ' o p0 uSilio aia ) slas (50

1 Root Mean Square Error
2 Mean Relative Error

411



o) So 9 g913T ae FYA-FBY ) o5l ((1F+1) 18 (031,15 ole anlilad

150
<
£ 100
<
S 50
(3]
g 0
0 200 400 600 800 1000 1200 1400 1600 1800
Time (s)
P ool (20l g e pw (2leo (il 2) ) 0)lods rmno (g2 00t ]yl (2l 45 2 F S
(eSS Lo 1w
__ 150
<
S
< 100
T 50
a
v 0
0 200 400 600 800 1000 1200 1400 1600 1800
Time (s)

P -8g5 o) w3 9 Cas (il (bl 2) ¥ 0)lods pmno g o sl (2 45 2 Y IS
(Al twd

odd Sl glaas 12 ploj 3l aiws ;o (Jloj o B Jgux

Congested Urban Sub-Urban Highway Sy Caxdyg
YE.¥ Y0 Y.y Yf.. SDC)\
H Py oy
Ve Y.y A fry  spey & TR

W Bedlo LY o)ylouds o (gl 00l Zl w2 b6 45 2 saaxin F Jus

Parameters Main SDC1 Error (%)
‘%Drive' AY.YA  AAAY £.0A
‘%Stop’ VEPY NN AY YY..Y
‘%Cruise' YY.FF YRR f.FY
‘Y%Accelerating' Yeoed YY.YQ v.5Y
‘%Decelerating' Ya.A0 YV V.9
‘Driving Mean Speed' TYVY oYYy q.AY
"Trip Mean Speed' YAAY YY) \Y.op
'‘Max Speed' VeolAe  VeelAs
'‘Mean Positive Acceleration’ Y.YO Yoo Vel ¥P

FEE



FYA-FAY 1) ol ((1F+1) 14 (0315 ode aolibiad i) ool ol bl p Sy 45 o Sy drung

Parameters Main SDC1 Error (%)
'Mean Negative Acceleration’ .Y, -v.ef Voo A
‘Standard Deviation of Speed ' YAAY YA Y.
‘Standard Deviation of Acceleration’  ¥.t# YY VYOV
Duration (s) YiYo 1VaA -
RMSE - - Y.YY
MRE - - q.yY

N Gesld LY o,lods ywmo gl g oz w2l 45 2 saaxin Y Jeus

Parameters Main SDC3 Error (%)
'%Drive' AVYY AYLDF AR
'%Stop' VALYA VYOFY £.5Y
'%Cruise’ YY.eY YR 8.
‘%Accelerating' Yo YA fY
‘%Decelerating' YA.Pe o YALY® Y.58
'Driving Mean Speed' fr.ay o YY.f. Yv.)4
Trip Mean Speed' YO.-Y  YV.OV YAVXYY
‘Max Speed' VIV.qe daLes \FLeY
‘Mean Positive Acceleration’ Y.\ Y.y Y.AY
‘Mean Negative Acceleration’ -YYY O -Y.es 9.7\
‘Standard Deviation of Speed ' fAAL YaAf VAN
‘Standard Deviation of Acceleration'  ¥.Y# Y. A.#Y
Duration (s) ARARVEER AT -
RMSE - - Yoo
MRE - — ALY

38 el 0ael A IS 10 Y g ) o)led e 99 5l (5,10 posls el 5 ool ot g glaryl polie anglio ol

LQLM:&)% » L‘b)LJ)L; o ),u.aliu ol).o.as EY SDCy 9 SDC\ LSL“"L'.’)—? LS‘):’ sdubd el LSL“)L"‘)LL A J}.\Q
el 230, 1) 5 5 ol JC-AT GWLTCT S5 Sin «NEDCT FTP-va YY-FTP' ARTEMIS

! Federal Test Procedure (FTP)

2 New European Driving Cycle (NEDC)

3 Worldwide harmonized Light vehicles Test Cycles
4 Japanese Cycle (JC)

7¥0



o) So 9 g913T ae FYA-FBY ) o5l ((1F+1) 18 (031,15 ole anlilad

ez > 5l S 4 caws SDCY 5 SDCY Lwg osdscd olael S polie 1 Jooz [0 pizren
ol o 00ld inled A j0 Oy g0 duslied jae
T o,
1619
AR A AT Lo
AN il Jolas
1500 Fa T el ) oK
B AR AR AT BIIS St
E;f 1400 B ATARR /A VAR Y- P
X A AR S
J 1300 Fe=YVY ¢ e VY el il 81/ s
- e gl YV/A il
1200
1093 e
5 10 15 20 25 318
(20 5kS) e
Y o leds pnne
1628
VOAY gl ) Bl
1500 VPl il
5 VEYA tplis ) sl
Yo -V IA ¢ %o/ s gin s
Fi 1400 % tlN ¢ VI fShas
o) Sa 308:pL ) s
~ 1300 e 8F . el Gk
l FaglS AF[Y 190 Alald § gara
1200
1111m
o
1083 %-0/9
0 10 20 30 40 50 60 652 70 30 % 96.2
(reghs) Sdluwe

X 3 0l 6l s (512 03l S 1 &l puoi A JSUS

Sl il pud g 3,laibinel onizl il cbas y2 aasive b yiol )y duslio A Joi

— —
173 =) o =]
3 S £ =% = =3
] S s S c
2 9= Q¢ ¥3 T x AaF T P 5= 8~ 52 E- &~
£ o =, o 3 o> > o o 2> c > e - > < ~ -1 = 3 > < 3
E %) ) S = = = =z —_— E —_ ; —_— X = & — © — g —_ & =
< 5] L < =] o b
o I @ =
[ 4
%Drive’ AMAY  AY.08 AY.Y AVA¥ Ya.0A AY A AY.0« AYA. ARYE AY.Y-  VEYE  AA-
%Stop’ WAY  AWFE VA AP YofY WY WY WaA- NaYF WAL YaYF Y.
p
%Cruise’ YEFA  YEXS  OY..- Yo.os YA £ Yex Wt - Y.of V.-
‘%Accelerating’ FYYL YAAS VRO ¥5.£0 Yv.os YA.-F YEe A - YUAY  aetY fe
'9%Decelerating’ ¥Ye o YA YEY vopr WY.Ye o0 YA TVA- - ¥aYa FAOY YT
Driving LAY OPEEe Yo ram FYLYE vovs ov.AY - - YAVY - o
Mean Speed
Trip YA YVaY  Yh.e- YEY Y5 0.0 5.0 YoXE O OYRAY O YEY) Yoy YAT-
Mean Speed
"Max Speed’ Ve A A%ee YLV .43 VYeq YT WAXe  PYAP AV.eF VYo SA-- 551
Mean Positive YoOr Y- .. - ¥Y ..o V.85 - ¥y B7 S VA AR 2 L %A

Acceleration’

414



FYA-FAY 1) ol ((1F+1) 14 (0315 ode aolibiad i) ool ol bl p Sy 45 o Sy drung

— S
o =) o 3
o c 1S =3 o =)
[} S a c =
g 9= Q¢ ¥3 I wx &g <= P= 5= 8- 5=z = &~
£ [a Q 3, &> > [a . o 2> c > - > - c -~ - = S > c 3~
G > > o X = = g = g = == = o g= g4 g =
< =} e i< = = o] =
a T ) =
= X
Mean Negative YY Yes -8d0 ¥ vy -1.va vy SFE ¥4 YA oS %
Acceleration
Standard Deviation ¢ 3 yq gy - o) YA YV.VY - - - -
of Speed
Standard Deviation \ \ 4 - e FA ¥ - - - - -
of Acceleration
Duration (s) WA 1VaD VOFA VAVE VA VASA VA-- Wee o AOYY AYee ey

S oy 2 e etz Ko beadady gleas iz (b ogess Wy g (Sodl, by weys anlis )
03950 ;3 SDCY 4z 1> 5l b yial,bs o ASQ—‘ pfsle Al 1B s > sl edgase jo sudoln! sleas
ol adl cudl ools plazs] g5 o ) @By loy oy i (pyieS g (Sadly ploy oy e (o iien
u‘?’s" 9 il QﬁLO.».o ol SRR ‘_;ng)a? ‘_g‘).l FLY u‘).e(\ 4.’>):> Ja.w}: 0l S C"L” La R u‘».\.».’> )ml.u
245 5550 51 SDCY a5 2 e &5 lonl 51 aidl 8l o s 5o Sy @l Simjd 4 |, sl cle
Sz Sbilee a3 52 @S gy boliel ol il 058 Lol (mls iz il o5 s Sl 4 il 9,35 o0
G J 30 ol 505 o (01551, SDCY &y (o035 Jlay (golael 55 as > cpl |5 09 dinless it o2
I¥e] el onss J50as Sl SeSums 3blio 5 ol (sl bls 51 lois )oS 0 a5 12 (55 posls prune oS
2oy O+ 5l i NEDC jl éay bas > oo lalis 5 ol e yun b iolows o) duopd gy 4o
Ol dope Vo Ghalon b agins a3 52 G (nl 5o o ilosgy Sl Cundg 0 O b o ) Gl (e
ol Wilgy oo a5 SIS 5l sl 00,8 cud 1y Coll ey b &8 o o (g oS llid Comdg 10 095 islow
BLs)l 005 o )il o) (o adly i 4 Gl so S 4z NEDC (sl 1) Sl (jg00 &8 > Sloj ot 5092
Ly 4 lPee Sb Ge Djget Gl ooy 5l weyd V(S (LA (g dgin 43 2 885 Sul L
Sogss A a5z b ez ol avoliie 5l oaliplonl (Rl )0 w0 S o)Ll 0 cnl 3 WSl (Said
Ival el osgs ply a5 2 98 1 50 el ol g oo adg K 0] o) lams (ylojlo awgs a5

(Sl Il g g 8 yIibiw] 4 Comui s il Was yo dasive byl s A Jgus

@ S 5
S
g g . o £ o c = < 2
= X2 i 8% ¥ KRE §E £z 35 £¢ &%
g 2= B 4= g% $% g% 57 I 37 §
g S u = = T o s
I [} S
= X
AN V.94 V1.5V VYT V.08 A.YO £.AY AN VA4 A
'Drive%’
P -0.Y0 Y.VE ERE -0.5% L.0F Y.V ¥F Ve fP EAY
EaRd% SYLFO R YA E U 7 £ U DL VR 0 S A'20% R O T L EAN
'Stop%'
Y. Yo.5) SVF.04 ).¥e Ya.07 YoV RAN Y.y ¥AF FAYY
‘%Cruise’ VefL e YY..v SPPAY  FPY.AA 0 -VALY. £1.0- - Veo.Y- - FYY-

7EY



o) So 9 g913T ae FYA-FBY ) o5l ((1F+1) 18 (031,15 ole anlilad

» _ —-
3 = 2 3 o
@ o — S — —_ —_ ©) = — c £ — % — < — 2
£ ¥g§ T BE ¢z Bz sz gz 3% £&r ¢£= 2
& g n z g s < 5 ] g g ©
a o) e < = © oM S
ac ] =
= Y
yev.ay Y).¥A YY.YS O FSF.AS VaeY £V - VeeqA - £Y.FY SDCr
) ERY SOF YYEY O AVFAD VALY -).00 - SAYS YOS VALY SDC)
'Accelerating%'
RYRI SYLLAY YY.FA O YEAY oYY SYLYA - -YV.5 SFY.SF SYV.AD sDer
) E Rt £.FY ADY - -Y-.AQ V0.0 R - SVA00 YFLes Kt ¢ SDC)
'Decelerating%'
B AT -£0 £9.A\ -YY.FY 0.5 -v.a8 - R AN L W PR U ¢ sDbCr
‘Driving YV.AN -0.0% SYLPY O YYLYY rery - - YA.AQ - -Y.AA SDC)
'Mean Speed LAY SVEAY SYOAY VYA YYD - - VFYD - -15.4) sbcy
Trip Y\.$# YA ERY TILPE YYD OASY YV 1.V oYY - - A SDC)
'Mean Speed VeYA S\af Y. Ve.es -FeY) O PY.AY -\AD- VA.YA AT TR spcr
Ya.vY Vo5 SFF VALY YEYY AV.AD Vv Fooen FA.YE ov.-¥ SDC)
'Max Speed'
A ASA B R LW . ¢ 0. Y AYY TY.0- £0.04 FA.¥Y SDCr
‘Mean Positive YEY..Y LA GURY I S W ¢ Y.50 TYA.e0 10V.A0  YYALA FEYLYA L YFALYY  YIaa# SDC)
'Acceleration Y00.9Y Foolen Yag. Yy AN £ VFAYY FESAY FEY.AY YYO.e. YYV.O- SDCy
‘Mean Negative YYY.AF YEr.0- VAY.YY Y5 VFEAY  YEYLSE YISYY O FYSAY YA-.e- YAV.AQ SDC)
'Acceleration YfP.YY YEV.AY VAN V0. oA VEY.OF  YPANA YYLLFY FEY.N. YOALYY  YRVLF- sDCy
'Standard Deviation - AD.FY 0-.YA 1008 - - - - - - SDC)
" of Speed - $9.AA YAND 8.AA - - - - - - sbcr
'Standard Deviation - YYAN YEELVO  -Lvf SDC)
'of Acceleration - YYS.AA O YYAAY ATV - - - - - - sbcr

2l Ogzmed Ghagh (nl (Slaas 2 oS 098 e atiine (Sl S :S0le (6l 0ud )] gl Al b
iy WLTC a5 > o5 can J> j0 opl aiid el jeglS Fr g0 B Y sg0m o5l 50 clalllas
il S, g Silin 45 (oS8T B e el AL sle 295 51 Ll ol sl |, olie
23S Ve sz nl o o 50550 55aS VY laS ol o clde ol a lgiee 1) 00 S92 uple b a2
63bj Sy b (Slg)l S, a5 su o)l aiSS cpl @ o) QS piiie (315 0 5 wBlboe bl o
Sty 5Sln i 5 bl S o0 5 e eSiln Sy b bl 50 Y] il a1y 055 (slag 005
bgy ol 5 IVV] 5oy RouSy 4 s 9 ol wal iy a5 2 (Soddl; ooy wo s a2 m o Sl 5 e
S o4 g b rizmen 055 o o Sty oloj 1) WLTC a5 2 5l 0l Jlomn w00 &5 o 4 4298
& Blaie 5 s St pw 5aS0n 4 Sl guly IS w03y 03,87 28 |y s (0Kl (e 457 (ol St
A o @bl 3l am pl Cad WLTC & 5l e (e lSLeS e pos 02 i (gm0 5
o b Ll og ools (platsl ogs @ 1) S g (Sl e p (Sl paliie (i 4552 (0l O S
b & S 55508 ey b g ST ) Sl 5 055 e asetie Ll 355 slaed @ by sloas 2
g 48,5 |5 a5 )00 55 [VF] a2 po 13 00t 5135 15 g9d9e cnl iy oo 1) 9095 oz bl

€A



FYA-FAY 1) ol ((1F+1) 14 (0315 ode aolibiad i) ool ol bl p Sy 45 o Sy drung

&y edaliwwda sloel anglio 51155 wls Sl g el sate 5 ot glacolid oy ioy b alal, o
iy Ly aBlg e olael cpl ol (Sae [V o] (g latie g (ogib xye 40 bl polie b alie ol slaas >
ol sl mals 5 Ll 4 Sl Bty iles [yl C92) Lyl Hezmed (6,500 DYlhe yo aSu! 5l lae
U"‘ Lngd‘})} 99 GWIPOHFR grme 1) u.c)w ..\J..\MJ Mlsj wl).‘!l U‘»’o‘ Cde U‘}’(SA Sl 00 uLu‘ au.c)u
03,5 (6w Sl 5 Bblie 10 1) 055 s Sl L850 (idgh cnl H0 caliolonl 45 2> 40 2 0l e iagh
3 Sl oaaline BB A JSE 10 0als &) yigai 4 )38 ol L aldl a8 e oo Olposs b 0j90 ol 4
25 8 aslsl

Sas > g polae ity a5 aB g0 LA S p xSk 51 Bl il gl )l (gly sl s o)
9> ax b ,lais a0 a3 > b 9095 a5 Cal o] sasmoglis jell opl ol sy 5 s SDCY 4 SDCY
Olma s 03266 (sloas 2 Sl & a2 L UIYV] il Jiho e po (0:S0o &) o e oS kil
Cud ade g oo Gmizme el HUESI BB 55 o] 5l lass e saslanals | ate g Cudte sl Sl
Ol Sbles ol (5:Sils 51 Bzl ol ols s a3 2l (392 (8lg et 40 |, NEDC Lawsgs Jlaie o 2
JEN A 010 RGO NSCE P IO PP FCHPSUTCH JOUF K RIS U TP RV SRS LR ICH JOUF I RGO
A Lo 1) Jlade o e NEDC A5, g O ey dslllas cpl gloas > el )l opl 6l oadedl ) s b
o9 85 55 5 e ol 5 5)l308l @ i e 1, SDCY 5 SDCY (slovas 2 o el cnl og oby e
Mim s Ol s b ST 15 S o SLST Gloce jo s 4 jgumme 1) ouily a5 ol Cd ooz >
4 NEDC 45 > cov 9,055 a5 Caw Il 50 opl bl cod (il oo ol el )l ol Jlade wiolidl o 3last
Sl SlSL e 2ol b (6, S Ol Sloolaiul b s pus posd 4 (o5l iz o p0g Blg e o

(S 5 4o
o g e w@ien ol Blaal 4 aww; Glalpl g gy 4 085 co (attive caidll)l mll 4 4z L
L;"\"J) ¢\>).‘> CI)M‘ 6‘} L;’?UL»A u‘}&-iﬂ “\‘“‘9"5" OMCJJGA 0)‘9.4 u;nl.od kJ.a.{: » 9 Gl 00 ‘Slo u,u)‘;
3)lge a4y g so jlanl 4y raghy cpl jo B T g0 dslllas gl 5l ogd adly eoliw 5 50 Wy slag 0e>
2,5 0,Lal pj
Lulyd g b yes 4lS o0l @8ly 0 @Sz g anlp (b (o pdyse e ST 4 a5 b -
50 e Sl kS8 Hol slaad 2 oS 58 bl jebirul Glgice il ol (LSl a
aid e ool alie (conldl 5 oLl i Laulpl Sl &5 (6% slajed b e #S I S &S
ol oolazl
45 > alie fuizmed 5 Sl sloas >l alie ol o> B cadolnl sloas o~ c\fdicu. eyl —
5 <80 3l (550 pools adbaswgs ldle 3 aST 8 S Al (e so wiiiwd a5 4l (6l oud ] e
e Db Sl g Cutte SLLL ik iy Cegus Jed 5l (g3)l50 p Wl e 905> 5 -
aS ol a3z b Giegh ol 5o eadizl el sl 2 sl il acloe ol alas 5l el )L.\f)....L

FF4



o) So 9 g913T ae FYA-FBY ) o5l ((1F+1) 18 (031,15 ole anlilad

2 i dlsy 95 SOl I G G5 ek 0 45 b g0 astiie iy it (slag,0s gl
aien 30 108 ol Gl Jsanl 5 (Fouil, Kim b sl e 5,095 S > Comdg

Wl Col Gy b S o 4y oS bled ragh ol pBaly a5 ol (aseise eddplosl iagh o —
Ailos ST Ol ek S > Bpo |y 093 o) p,lez S sga> Ly SDC3  SDCL sloas = 15
s Dglitie o 8ly sloaz 2,0 oz bl (Bl )18, L place (L, el el

Sl |y 093 (59,097 «Ceslos p faghS Ve gux Je b gl cul B, &S o L bl —
S 5 Hmen et 5o il Al ol ol e oleol Sla gt K3 sladd > 4 S &

w..:.:u.:.?v.cp,‘bu‘..\pw‘o‘)f)f)‘f

a5 0y o Susdls cpl 4 e 0 SDCY 4 SDCY (sloas > Clids 1Kl 5 izl jial )b anslie 51 —
6ol ol by Ol s cpl aSl aimo oo 9,995 Cae g 10 (905 Ol pesd SA gyl B al,
oEesi il seas iz b Sl (nl 6l ¥ osas (ol 1T 4 azg b alies (ol a8 oo Jlosl

S 1)l S eoae Sl (Sl 5 Gl Jlade ez > Ko o oS

References

[1] Samuel, S., Austin, L., & Morrey, D. (2002). Automotive test drive cycles for emission
measurement and real-world emission levels-a review. Proceedings of the Institution of
Mechanical Engineers, Part D: Journal of Automobile Engineering, 216(7), 555-
564 .https://doi.org/10.1243/095440702760178587

[2] Liu, B., Shi, Q., He, L., & Qiu, D. (2018). A study on the construction of Hefei urban driving
cycle for passenger vehicle. International Federation Of Automatic Control PapersOnLine,
51(31), 854-858 .https://doi.org/10.1016/j.ifacol.2018.10.100

[3] Shi, Q., Zheng, Y., Wang, R., & Li, Y. (2011). The study of a new method of driving
cycles construction. Procedia Engineering, 16, 79-87. https://doi.org/10.1016/j.pro
eng.2011.08.1055

[4] Kamble, S. H., Mathew, T. V., & Sharma, G. K. (2009). Development of real-world driving
cycle: Case study of Pune, India. Transportation Research Part D: Transport and
Environment, 14(2), 132-140. https.//doi.org/10.1016/j.trd.2008.11.008

[5] Jing, Z., Wang, G., Zhang ,S., & Qiu, C. (2017). Building Tianjin driving cycle based on linear
discriminant analysis. Transportation Research Part D: Transport and Environment, 53,
78-87. https://doi.org/10.1016/j.trd.2017.04.005

[6] Qaraati, T., Momeni Movahed, A., Azadi, M., Mousavian, S. A., & Nikkhah, M. (2020,
February 18). Comparison of the characteristic parameters of the driving cycle using
real data collected in Iran and world standard cycles. 11th International Conference on
Internal Combustion Engines, Tehran, Iran. https://civilica.com/doc/1015542/

[7] Mafi, A., Kakaei, A. H., & Mashhadi, B. (2020, February 18). Optimum vector data selection
in Tehran city using urban traffic information in order to develop the city's driving cycle.
11th International Conference on Internal Combustion Engines, Tehran, Iran. https:/civil
ica.com/doc/1015447/

[8] Mafi, S., Kakaei, A. H., & Mashhadi, B. (2020, February 18). The importance of developing
local driving cycles in the study of energy consumption of passenger cars. 11th International

70


https://doi.org/10.1243/095440702760178587
https://doi.org/10.1016/j.ifacol.2018.10.100
https://doi.org/10.1016/j.proeng.2011.08.1055
https://doi.org/10.1016/j.proeng.2011.08.1055
https://doi.org/10.1016/j.trd.2008.11.008
https://doi.org/10.1016/j.trd.2017.04.005
https://civilica.com/doc/1015542/
https://civilica.com/doc/1015447/
https://civilica.com/doc/1015447/

FYA-FAY 1) ol ((1F+1) 14 (0315 ode aolibiad i) ool ol bl p Sy 45 o Sy drung

Conference on Internal Combustion Engines, Tehran, Iran. https://civilica.com/doc
11015507/

[9] Mousavian, S., AbdulMaliki, S., Rezaei, M., & Nejat, M. (2020, February 18). Extracting the
driving cycle of Tehran city’s west range for car motor vehicle using tiny travel clustering
method. 11th International Conference on Internal Combustion Engines, Tehran, Iran. https:
Ilcivilica.com/doc/1015492/

[10] Fotouhi, A., & Montazeri-Gh, M. (2013). Tehran driving cycle development using the
k-means clustering method. Scientia lranica, 20(2), 286-293. https://doi.org/10.10
16/j.scient.2013.04.001

[11] Shi, S., Lin, N., Zhang, Y., Cheng, J., Huang, C., Liu, L., & Lu, B. (2016). Research
on Markov property analysis of driving cycles and its application. Transportation
Research Part D: Transport and Environment, 47, 171-181. https://doi.org/10.101
6/].trd.2016.05.013

[12] Razavi, H. (2011). Development Of Driving Cycle Using Monte Carlo Method For Evaluating
Vehicle Design Fitness To Application. Journal Of Transportation Engineering, 2(3 (7)),
239-248. https:/mwwww.sid.ir/en/Journal/\ViewPaper.aspx?ID =276249

[13] Montazeri-Gh, M., & Naghizadeh, M. (2003, October 26-29). Development of car drive cycle
for simulation of emissions and fuel economy. Proceedings of 15th European simulation
symposium, Delft, Netherlands. https://Aww.google.com/url?sa=i&rct=j&g=&esrc=s&s
ource=web&cd=&cad=rja&uact=8&ved=0CAQQW7AJahcKEwiog5DK0o9rdAhUAAA
AAHOQAAAAAQAg&uUrl=http%3AY%2FYe2Fciteseerx.ist. psu.edu%o2Fviewdoc%2Fdow
nload%3Bjsessionid%3D410F00FEOE2EBC5A35FDDAABCF8F4F56%3Fdoi%3D10
.1.1.496.9910%26rep%3Drep1%:26type%3Dpdf&psig=A0VvVaw3dgSWtCAsSNkBLrc
hLQzO4&ust=1656853715793543

[14] Galgamuwa, U., Perera, L., & Bandara, S. (2016). A Representative Driving Cycle for
the Southern Expressway Compared to Existing Driving Cycles. Transportation in
Developing Economies, 2(2), 1-8. https://doi.org/10.1007/s40890-016-0027-4

[15] Brady, J., & O’Mahony, M. (2016). Development of a driving cycle to evaluate the energy
economy of electric vehicles in urban areas. Applied Energy, 177, 165-178. https://
doi.org/10.1016/j.apenergy.2016.05.094

[16] Anida, I., & Salisa, A. (2019). Driving cycle development for Kuala Terengganu city
using k-means method. International Journal of Electrical and Computer Engineering,
9(3), 1780-1787. https://doi.org/10.11591/ijece.v9i3.pp1780-1787

[17] Zhou, W., Xu, K., Yang, Y., & Lu, J. (2017). Driving Cycle Development for Electric
Vehicle Application using Principal Component Analysis and K-means Cluster: With
the Case of Shenyang, China. Energy Procedia, 105, 2831-2836. https://doi.org/10
.1016/j.eqypro.2017.03.620

[18] Saleh, W., Kumar, R., Kirby, H., & Kumar, P. (2009). Real world driving cycle for motorcycles
in Edinburgh. Transportation Research Part D: Transport and Environment, 14(5), 326-
333. https://doi.org/10.1016/].trd.2009.03.003

[19] Pouresmaeili, M. A., Aghayan, I., & Taghizadeh, S. A. (2018). Development of Mashhad
driving cycle for passenger car to model vehicle exhaust emissions calibrated using on-
board measurements. Sustainable Cities and Society, 36, 12-20. https://doi.org/10.1016/j.
5¢s.2017.09.034

[20] Chauhan, B. P., Joshi, G. J., & Parida, P. (2018). Driving cycle analysis to identify intersection
influence zone for urban intersections under heterogeneous traffic condition. Sustainable
Cities and Society, 41, 180-185. https:/doi.org/10.1016/j.5¢s.2018.05.039

0


https://civilica.com/doc/1015507/
https://civilica.com/doc/1015507/
https://civilica.com/doc/1015492/
https://civilica.com/doc/1015492/
https://doi.org/10.1016/j.scient.2013.04.001
https://doi.org/10.1016/j.scient.2013.04.001
https://doi.org/10.1016/j.trd.2016.05.013
https://doi.org/10.1016/j.trd.2016.05.013
https://www.sid.ir/en/Journal/ViewPaper.aspx?ID=276249
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&s%20ource=web&cd=&cad=rja&uact=8&ved=0CAQQw7AJahcKEwiog5DKo9r4AhUAAAAAHQAAAAAQAg&url=http%3A%2F%2Fciteseerx.ist.psu.edu%2Fviewdoc%2Fdownload%3Bjsessionid%3D410F00FE0E2EBC5A35FDDAABCF8F4F56%3Fdoi%3D10.1.1.496.9910%26rep%3Drep1%26type%3Dpdf&psig=AOvVaw3dg5WtCAsSNkBLrchLQzO4&ust=1656853715793543
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&s%20ource=web&cd=&cad=rja&uact=8&ved=0CAQQw7AJahcKEwiog5DKo9r4AhUAAAAAHQAAAAAQAg&url=http%3A%2F%2Fciteseerx.ist.psu.edu%2Fviewdoc%2Fdownload%3Bjsessionid%3D410F00FE0E2EBC5A35FDDAABCF8F4F56%3Fdoi%3D10.1.1.496.9910%26rep%3Drep1%26type%3Dpdf&psig=AOvVaw3dg5WtCAsSNkBLrchLQzO4&ust=1656853715793543
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&s%20ource=web&cd=&cad=rja&uact=8&ved=0CAQQw7AJahcKEwiog5DKo9r4AhUAAAAAHQAAAAAQAg&url=http%3A%2F%2Fciteseerx.ist.psu.edu%2Fviewdoc%2Fdownload%3Bjsessionid%3D410F00FE0E2EBC5A35FDDAABCF8F4F56%3Fdoi%3D10.1.1.496.9910%26rep%3Drep1%26type%3Dpdf&psig=AOvVaw3dg5WtCAsSNkBLrchLQzO4&ust=1656853715793543
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&s%20ource=web&cd=&cad=rja&uact=8&ved=0CAQQw7AJahcKEwiog5DKo9r4AhUAAAAAHQAAAAAQAg&url=http%3A%2F%2Fciteseerx.ist.psu.edu%2Fviewdoc%2Fdownload%3Bjsessionid%3D410F00FE0E2EBC5A35FDDAABCF8F4F56%3Fdoi%3D10.1.1.496.9910%26rep%3Drep1%26type%3Dpdf&psig=AOvVaw3dg5WtCAsSNkBLrchLQzO4&ust=1656853715793543
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&s%20ource=web&cd=&cad=rja&uact=8&ved=0CAQQw7AJahcKEwiog5DKo9r4AhUAAAAAHQAAAAAQAg&url=http%3A%2F%2Fciteseerx.ist.psu.edu%2Fviewdoc%2Fdownload%3Bjsessionid%3D410F00FE0E2EBC5A35FDDAABCF8F4F56%3Fdoi%3D10.1.1.496.9910%26rep%3Drep1%26type%3Dpdf&psig=AOvVaw3dg5WtCAsSNkBLrchLQzO4&ust=1656853715793543
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&s%20ource=web&cd=&cad=rja&uact=8&ved=0CAQQw7AJahcKEwiog5DKo9r4AhUAAAAAHQAAAAAQAg&url=http%3A%2F%2Fciteseerx.ist.psu.edu%2Fviewdoc%2Fdownload%3Bjsessionid%3D410F00FE0E2EBC5A35FDDAABCF8F4F56%3Fdoi%3D10.1.1.496.9910%26rep%3Drep1%26type%3Dpdf&psig=AOvVaw3dg5WtCAsSNkBLrchLQzO4&ust=1656853715793543
https://doi.org/10.1007/s40890-016-0027-4
https://doi.org/10.1016/j.apenergy.2016.05.094
https://doi.org/10.1016/j.apenergy.2016.05.094
https://doi.org/10.11591/ijece.v9i3.pp1780-1787
https://doi.org/10.1016/j.egypro.2017.03.620
https://doi.org/10.1016/j.egypro.2017.03.620
https://doi.org/10.1016/j.trd.2009.03.003
https://doi.org/10.1016/j.scs.2017.09.034
https://doi.org/10.1016/j.scs.2017.09.034
https://doi.org/10.1016/j.scs.2018.05.039

o) So 9 g913T ae FYA-FBY ) o5l ((1F+1) 18 (031,15 ole anlilad

[21] Zhao, X., Yu, Q., Ma, J., Wu, Y., Yu, M., & Ye, Y. (2018). Development of a Representative
EV Urban Driving Cycle Based on a k-Means and SVM Hybrid Clustering Algorithm.
Journal of Advanced Transportation, 2018(1), 1-18. https://doi.org/10.1155/2018/18907 53

[22] Yektai, M. H., & Pournajarzade, M. (2016, March 14). MLP neural network classification
algorithms and support vector machine (SVM) for detecting unsolicited emails. 2th
Internation conference on research in science and technology, istanbul, Turkey. https:/ci
vilica.com/doc/446417/

[23] Qaraati, T., Momeni Movahed, A., Azadi, M., Mousavian, S. A., & Nikkhah, M. (2020,
December 22-23) .Performance evaluation of speed- acceleration probability matrix, K-
MEANS support vector machine and artificial neural network for extracting driving cycles.
The first conference on recent developments and future trends in the automotive industry ,
Tehran, Iran. https:/civilica.com/doc/1146906/

[24] Tutuianu, M., Marotta, A., Steven, H., Ericsson, E., Haniu, T., Ichikawa, N., & Ishii, H.
(2013). Development of a World-wide Worldwide harmonized Light duty driving Test
Cycle (WLTC): Draft technical report. GRPE-67-03. https://unece.org/DAM/trans/doc/2
013/wp29grpe/GRPE-67-03.pdf

[25] Hung, W. T, Tong, H. Y., Lee, C. P., Ha, K., & Pao, L. Y. (2007). Development of a practical
driving cycle construction methodology: A case study in Hong Kong. Transportation
Research Part D: Transport and Environment, 12(2), 115-128. https://doi.org/10.1016/j.t
rd.2007.01.002

[26] Barlow, T. J., Latham, S., McCrae, I., & Boulter, P. (2009). A reference book of driving cycles
for use in the measurement of road vehicle emissions. TRL. https://assets.publishing.servi
ce.gov.uk/government/uploads/system/uploads/attachment _data/file/4247/ppr-354.pdf

[27] Qaraati, T., Momeni Movahed, A., Azadi, M., & Mousavian, S. A. (2021). Comparison of
support vector machine and K-means algorithms performance in extracting the real driving
cycle of combined Tehran-Amol. Amirkabir Journal of Mechanical Engineering, 53(9),
15-15. https://mej.aut.ac.ir/jufile?ar_sfile=83381

[28] Tharvin, R., Kamarrudin, N. S., Shahriman, A. B., Zunaidi, | ,.Razlan, Z. M., Wan, W. K,,
Harun, A., Hashim, M. S. M., Ibrahim, 1., Faizi, M. K., Saad, M. A. M., Mahayadin, A.
R., & Rani, M. F. H. (2018, August 15-17). Development of Driving Cycle for Passenger
Car under Real World Driving Conditions in Kuala Lumpur, Malaysia. IOP Conference
Series: Materials Science and Engineering, Sarawak, Malaysia. http://dx.doi.org/10.1088/
1757-899X/429/1/012047

[29] Ahmed, A-S. (2017). Real-World Driving Cycle: Case Study of Baqubah, Irag. Diyala
Journal of Engineering Sciences, 10(2), 39-47. https://doi.org/10.24237/djes.2017. 10204

[30] Wang, Q., Huo, H., He, K., Yao, Z., & Zhang, Q. (2008). Characterization of vehicle driving
patterns and development of driving cycles in Chinese cities. Transportation Research Part
D: Transport and Environment, 13(5), 289-297. https://doi.org/10.1016/j.trd.2008.0 3.003

2OV


https://doi.org/10.1155/2018/1890753
https://civilica.com/doc/446417/
https://civilica.com/doc/446417/
https://civilica.com/doc/1146906/
https://unece.org/DAM/trans/doc/2013/wp29grpe/GRPE-67-03.pdf
https://unece.org/DAM/trans/doc/2013/wp29grpe/GRPE-67-03.pdf
https://doi.org/10.1016/j.trd.2007.01.002
https://doi.org/10.1016/j.trd.2007.01.002
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/4247/ppr-354.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/4247/ppr-354.pdf
https://mej.aut.ac.ir/jufile?ar_sfile=83381
http://dx.doi.org/10.1088/1757-899X/429/1/012047
http://dx.doi.org/10.1088/1757-899X/429/1/012047
https://doi.org/10.24237/djes.2017.10204
https://doi.org/10.1016/j.trd.2008.03.003

