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Abstract: In this research, we constructed Electric Vehicles (EVs)’ estimated energy consumption data
analysis system to utilize vehicle driving logs. The system consists of a database and multivariate data visu-
alization system. The database enables energy consumption data aggregations by road sections in analysts’
curiosity, which are required by data analysts. The data visualization system enables data analysts to save
the analysis process as a language form like SQL. The database accumulates EV’s energy consumption data
estimated by users’ existing cars driving logs. Therefore, it enables users or data analysts to understand EV’s
energy consumption characteristics quantitatively without EV utilization. We present the system application
examples utilizing actual driving logs, and the system’s usefulness. In these examples, we used aggregations
by road sections. And the system visualizes EV’s energy consumption and these factors which are depen-
dent on road characteristics. As a result, we presented that the system enables useful vehicle driving logs
utilization specific to EVs.
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Fig. 1 Overview of an EV’s estimated energy consumption
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Fig. 3 Power estimation by EV model.
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ECOLOG ¥ —7 VT3 1 BT & ICiMIERL L 27— %
RERTAH. NICEY EVIAVF-EEE (FEEHE)
ok pEERIRES (R (3) %, 3 (4) IR HMZA NG
FINCXVEIETEL L) 124 5.

tend

Eg:CEZ.&@At

t=tstart

ECOLOG 7= 7 WIZEREINLE LT -8R E LT
T B RUS L2, R, RRRE, B, KT — %
MHLRUS SN LIS, EVETNVICLDEIEESNS Parr,
Prorr, Pscope, Pacc, n, Pe(t) REDEINL.

(72721, At =1sec.) (4)
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4.4 ECOLOG 7—4&~X—2X

ECOLOG 7— % R— A, A% 2] TRL7=T—%
N—ZAAF =< EICIREE L 7-.

ECOLOG F— % N—ZI2BWVTC, & 5IHIETE )
HAE LT, HAHF 00T~ EBETLZ L%
1O N v FeEHT L, 728213, EEE Al A [HE
1) %3EdE L CRY) [2018/12/18 08:34:48| 12 [HE#EE A
Ha) #HZE L, B4l [2018/12/18 09:44:49] 12 [iEin
AT T74AICHBELEZEWIBENL, [AK]l O v
TThHHEVZ L., ECOLOG T — 7 WX § AR Tl
F—LLTHM) v TRV HFEEELA, M) v TT—7
Vg L CGRIRE L, K, HIrFHTETH L. £
7z, MBEREHOHEA L LTHHTE 2XEHRE LT
B o R E OBEIC KD GEKIXH SL, #EEt S
AV NBH 5.

REGC, B o7k SLOFMEZWAT L. 2B, K
WX T, SLEZHWAH % EV OH#ENE T AL F—
F— Y DIEHEB 2 RT Z EDELHTH B 720, Kif
XOHBIOER 7 2 v MY B HIIIET 5.

F 72, KW OFEEEREE & LT, Microsoft SQL Server
ZRAL, COF—FVR—ZAAF—< %M LI-T—%
N—2A %W, EHET>TWw5.

4.5 MY > U & SL
W) 220, REEMO 1 ODEKE 1OD) ¥y b
LTRLZBDTH D, RWFFETIE, ELIEEAREL
T2 Bl 2500 (Z2( 7 — 4 254%) [26] & V72, —
LI, T— Y BEDVERN D D L E 2 DERKIXE
%, AT H 5 SRR D E SRR E BRI T
52LT, HEHEOHE LAV F -7 WxkL, AR
F— FEEA R B L E R T T — YR E D EWR D
HHLEEZDLBEREXEOF L LT, EmEEge b &
DFEATINE — VDR ELKEDLHERH 7 T 123D  GEE
KB, HLGEEEERA vy —F = v VHOBEHKIKEHE,
TS EIREDL - RBEICCVEBXBEZ ESHIFHN
5. HEE) 7L, EABE V) ER BTSN
XMERLZDDOTHY, 1TEAEDEET— ¥ Mg
BIRH B L2 HEBXEE L CIIEFITNS L, BH
L= EENCRIHT A ICER T Th D, 2T, Fa
(&, FEATE OB ED CERIXE SL %2, [MEEOER )
¥ 04| £ LTECOLOG 7— % N— ZAWIZ/ER T Bk
L:Lf:[S].
LICEY, S8 [ 77— §BHTEIC & o THIER - B.Lo

%5@%Eﬁjkw7$uf@%ﬁ%m 12479 2 &5 T
&5.

4.6 Semantic Editor
KEiTlE, ECOLOG 7— % X— A2 SL %1k - Mtk
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ER& o Y v & TSemantic LinklZ
IR % FF - HIRR

Semantic Editor

4 Semantic Editor D F/RHA)
Fig. 4 An example of Semantic Editor.

957200 Ul TH 5 Semantic Editor (K 4) 12DV T
5.

M 4 T/RT & 1Z, Semantic Editor 12 XX F 12 &
VY F=INFREND, SL AERT AT, T
NTOBEBDPREBGER & > TWnh, FRENHM L
DEWHE )y 75T, WMETOSLIZZFDHER)
YO ERBRTANEDPEFERTLIENTE S, K ED
B THILHED O SLIZZF DBEHEIEFESNT
W5, FTHhIULmET O SL ICFDOEBIEFINT
W WI L RRT.

Z @ Semantic Editor (X, BEZMbHLTHREICFIHTE
HEXHCTHIZD, Web 77U r—3aré LTHEESR
fTorz. TOULICLY, F—ZENEIRD S SL % HiH
ZVERK - FRAEDSITREIC 2 5.

5. 28T —2BMIXEVIXT L

KRETIE, Fr DFATIIGE [4], 5] 1 LT, LR Z1T-
ik & LSRR 4.

5.1 F—RBITXIEY T LOEE & HEEHR
T YT AR Y AT LOME LR 5 IRT. TDTA
T AT (PC)’L &) SQL 94 7 e SRBlc k) 7—%
BIEZAT o 72 IREZ AR - BBIT 5 2 LA RETH 5 [5).
DFCRTFIET, SERT— S MITEELHET 5.
(1)120) L= 3 r% PCPIZL ) uHULT 5.
(2) PCP % #i%2§ AT, O 77 7Ol %47 (K
FCIC BT B RRBEILR) .
(3) WHALKERZ L LIS, PCP ETA V9 T2 ay (77—
YR BAT). TOB, TS EBEREEEY TV
A LI (2) TERLAZ T 7ITKMET 5.
(4) 7= AMTEDFIET 5 L E12, (2), (3) OfFHH
MOAFy T ay i (PCPL THRAFT 5.
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Join
Projection Coloring -
Relation
SELECT 4, ..., Ay
(save) from,
PCP Selection 4mmmsss  Coordinating INNER JOIN R,

ON A4y =B,
WHERE Ay

1
=
BETWEEN 0 AND »
VISUALIZE WITH
-produce | (aigik x> (<args>
] - o‘%f ° I [V~
¥ ° HHH

ARLICH113 |
HaEiIR

COLOR BY By
Visualization

5 ZEET— YIRS AT L OMERM
Fig. 5 A multivariate data analysis assistance system

overview.

(5)(2)(4) ##0ET. 208, BEOAFy T ay
MR B LED D HIEI3a%4%d 5 (PC)2LE AL,
VAT AT RTEE LT 5.

(6) 7— & fENT B DT L O BULRE R Z BT 5.

FREFE (2) 1R L7z &k 91, JeATHIZE [5) 1ok L TR

WXTIE, I 7MEICL ATy kB L ERICE

b7 (PC)2L O IR 24T o 72, BAEMIZIE, 797

T ARALOIRAE % Lab 5 5 720 DA TH B VISUALIZE

WITH 4% (PC)2L IZBIN L7z, 2OMTIES T 7 O

(K5 2B 2 <WHALFE>) 24EET 5. BRETH

ERE R T HALT 2K 2 IIRT. PCP LOMEEOH %

BIBIRE L7 A LT T 7 iU X 7 & AR REC

HbH. INLOMRAAFELEHNIOWTIE 6 BTHRD.

5.2 FE# I ZXFT LDORRKRA

FHEIAT LOWEOH ZE 6 IZ/RT. EHEI AT L
1, ARG [4], [5) & ARk, BREEERMDIFIHCTE S &
INCT D720, Web 7T 7 ¥ %@L TE L Dk SFIH
TED L) ICHEEL.

M 6 ® A:PCP View Tl&, #gEL7UL—3a v
7= % 2 WL L 72 PCP 3R &, JeAThfE [4] TEFR L
2T —=FIMWTHEA 5T 72 a D, ThH, Selection,
Coloring, Coordinating 2SHRETH 5.

6 ® C : Join & Projection Button Tid, #i—17A%Y
L—=2a 1 2Ied 2 MV EY URFIRENL. 2
DR LK, FATHIZE [4) TER LT — IS5
A% F 27 ard Join & Projection 2SFIHTITEETH 5.
Ry VREEIZIE, Join D72HDY) L— 3 Y EAHFRE
N L—varRy UPRESNTBY, 27Uy 295
CETRASRTEBRRTODOWESFRENS, £ T
E LR ERMEITIS U7z Join # FETT 5 2 LA RETH
L. B, $TICJoin ENTWEY)L—a Ky %
HEZY)y 7358, JonBMHRTES. Y —2a R
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¥+ 2 VISUALIZED WITH 4) Cg%E T & 2 i #ifL T3
Table 2 Available methods at VISUALIZED WITH statement.

WHALTA (e

5%

T L7 7 7 BAR(As, A, ..., A7)

Ay L X BTHIET 2 814
AL AT Y B RRA VB R4

s 77 LINE(A,, A,)

Ay L X IS T 28
Ay LY SIS B

SCATTER(
XAXGS:(Aé, e aA:)a

AL AR DX ENIIE T 2 B A

Bt : AL AT Y WSS T B R4
yAxes:(Ay, e 7‘4?7;)7 C A e B 2 e M i
) reg . MIREMOFTRIREEZ FKTIEE (bool fH, true/false)
Regression=reg)
Ay D X NS B EMES
v—htvy 7 HEATMAP(A,, Ay, d) Ay LY BRI T 284
d:e— vy 705K
NAFY Y VIOLIN(A) A RS

B: Graph View
C:-Join-and Projection Button

D: Table View and fPC)zL Input/Output Interface

6 ZAET— 5 BTSSR T L OFIRY)
Fig. 6 An example of a multivariate data analysis assistance

system screen.

% v XA, Projection D 7= DUk & > ASELi#E &
NTBY, 210y r 352 ETHMOFR/IEFREZYDF
ZAHIENTED.

6 ® D : Table View & (PC)2L Input/Output Inter-
face Tl&, A, CTOA V¥ I v aralKMLizT7—%
v bOTFT—TNVERE (PC)2L O A %2 HHT 5 UL
THFO.

X 6 @ B : Graph View Tld, (PC)2L ® VISUALIZE
WITH /] TIRE L7277 705FRENb. A, C oA ¥
Y7 avERBLIT =5ty bST T T FICERE
ns.

6. T — 2R

KRETIE, BELLZEVEEHE AL F— T — 5 fRiT
VAT L EWIT = R R R, ETEICER 5
F—F -ty ME, HDHWEREOBBIEICIE LD O EF
3%, LTORTRYT 3D20BHICLY, BT A
TAERFM L7 SLICL %5t %1772 EV OH#EE L AV

© 2021 Information Processing Society of Japan

x3 W61 THERATAT-S Ly b
Table 3 Dataset used at the analysis example 1.

B fiti

A 2013-01-07~2013-07-25
MUy TR 174

B35 —% GPS ¥—%, CAN 7—%

x4 Bl 1 TS % SL “General”
Table 4 SL “General” used at the analysis example 1.

Je 1k {[i
EATHIEE % 10km
L] BRI D — B X

x5 MBI 1 THEMS % SL “Highway”
Table 5 SL “Highway” used at the analysis example 1.

T fif
EATHEE % 13km
i Tl B A I 0D e S X )

F—F— Y PHEHATHL L ERT. BIFHE 1 Tld, EV
EICV OWE AN T - DR ZATH 7 — & Rl % 7R
9. FEATBI 2 TIE, fRATE) 1 TR L 72 SL N O E I X R
#SL Lo TEHRL, #OSL & EVOHEL AL
F—DBERFT— 7 ZFH L7 — 72 R"¥. B 3
T, W2 DOMAFl L 2, IO SL O % Lk
T 5 AT % TR T

6.1 F—2EMHI1:EV & ICV O4F4ED

fEMTH 1 & BATHI 2 T, ECOLOG 7¥— % % SL T4
FrL72T— % %Rt L, BEREIET LG ED EV L
Bt o ICV OWEE T ANV F—ICET TS 2T
5. MALZT—%+ty M, B3 IRT. 7— ¥ 0Eq
IR L7 SLIC2WTld, |4, £ 5 IIRL. #ibkE
DS — M, EEE R & v ) R 2 B L 9w
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£6 J0l—ar “EVvs ICV’ DEM
Table 6 Attributes of relation “EV vs. ICV”.

JE M X718 5

BrED T~ i

LOST_ENERGY_W2W
_BY_L_Highway

X Highway T H v ¥ —48%

WtW 57 O X [ Highway % EfT L7 L & D
e = AV F— 482 (L]

TRIP_TIME_Highway

X [#] Highway O #EATHFH]

X Highway % 7E179 % D20 o 72k [s]

CONVERT_LOSS_Highway

X[ Highway TOZHfo 2

X[ Highway % EAT L72 & & OEFELIET A [kWh]

CONSUMED_FUEL_W2W _BY _L_Highway X[ Highway TOJ#EY &=

WtW 57 DX [ Highway % BT L7-L & D
ICV DPRFHE% & [L]

TRIP_DIRECTION M)y T DK

TRIP O J5l (5% or % or Z Dfth)

LOST_ENERGY_W2W_BY_L_General

WtW E %O X[E General #ET L2 & D
e T o OV F— % (L)

X 8] General CTOHEE I A F —FH%

TRIP_TIME_General

[X[# General T EFTRFH]

X[ General % 4TS % DI 0o 72l [s]

CONVERT_LOSS_General

[X [ General TOZT 2

X General % 4T L7 & & OHfEE 2T A [kWh]

WtW %O X[H General #EfTL/2E & D

CONSUMED_FUEL_W2W _BY _L_General [X [ General TO#FE &

ICV DPRFHE# & [L]

XRHighway T
HEIXNF¥—  EMHighway [ERHighway XRHighway [P d0)]
?l?& TOETRE TOTROR TOMHERE b0

", N o,

°4',¢
%
%
%

&
&
&

regrssion Lineore =8

B D

W«£~ A O

EVVSICV.TRIP_TIME_Highway EVVSICV TRIP_TIME_Genera

XFRGeneralTH
#EIRXNF¥—  RpGeneral [XMGeneral [ERiGeneral
s TOEITHE TORROR  TOMHHRE
Kﬂ”%% ? “,
% %@"»@ 2
RN a

00s. 500. 059

SELECT 2
[EVvsICV].[LOST_ENERGY_W2W_BY_L_Highway], (PC) L

[EVvsICV].[TRIP_TIME_Highway],
[EVvsICV].[CONVERT_LOSS_Highway],
[EVvsICV].[CONSUMED_FUEL_W2W_BY_L_Highway],
[EVvsICV].[TRIP_DIRECTION],
[EVvsICV].[LOST_ENERGY_W2W_BY_L_General],
[EVVsICV].[TRIP_TIME_General],
[EVvSICV].[CONVERT_LOSS_General],
[EVvsICV].[CONSUMED_FUEL_W2W_BY_L_General]
FROM [EVvsICV]
WHERE ( [EVvsICV].[TRIP_TIME_Highway] BETWEEN 472.91 AND 1310.11 )
AND ( [EVvsICV].[TRIP_DIRECTION] BETWEEN 1 AND 35)
AND ( [EVVsICV].[TRIP_TIME_General] BETWEEN 750.67 AND 1796.04 )
VISUALIZE WITH
SCATTER(xAxes=([EVvsICV].[TRIP_TIME_Highway]),yAxes=([EVvsICV].[LOST_
ENERGY_W2W_BY_L_Highway],[EVvsICV].[CONSUMED_FUEL_W2W_BY_L_Highwa
y]),REGRESSION=false),
SCATTER(xAxes=([EVvsICV].[TRIP_TIME_General]),yAxes=([EVvsICV].[LOST_E
NERGY_W2W_BY_L_General],[EVvsICV].[CONSUMED_FUEL_W2W_BY_L_General]),
REGRESSION=false)
COLOR BY [EVvsICV].[TRIP_TIME_Highway]

7 FENHE) 1D EV & ICV OEH ROV F— L
Fig. 7 A comparison of energy consumption between EV and ICV.

ETORENTRER 720, EDX ) RET2 o0 SL %
Semantic Editor Z W CT/ER L7z, HL7ZZY L— 3
YERG6IIRL. EV & ICV OEE T AV F— %0
WS 572912, ECOLOG 7= RXR—=AZL b F7—%
MRS, WtW B2 772, T4abb, gt
F—HRIIT EV O WtW BERH, CAN 77— » 5

*4 Well-to-Wheel #15. ZOHBEIHEEETHRNIETILEOT L

wﬂ? EIHE Lo R R ENORE mmmﬂwa)%ﬁif
WKCHHA LT R COZANF—F % 7 /’)/0) I L72Y

D, WA, V) ORI L7270, L. F?ﬁmom‘?él
IV FE—BORVRD 720 OFARHE (HBFIZBIT 5TV F—
PERE DR 7 2B 2 FAEMAS ), https://www.meti.go.
jp/meti_lib/report /H30FY /000787.pdf | D% FIH. 4%
& LT, EV IZ0.875/8700 x 1000/0.653 L/kWh, ICV I,
1/0.875L/L & Z L hFIH.
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B L7z ICV OBREEE 21213 ICV @ WtW a5 % 5
B]L, Ub—ary “EVvs. ICV & LTELEET— YR
WY AT L THERL.

9L, B & ZAVF—OWAIKIC LD, ICV £ EVO
HE LA F—DENZIHLT o8& Lz, 2oz
M 712”9, 7 Tld, VISUALIZE WITH 412 2 D OHAn
%48 L7z (PC)?L &2 AJ) L THATIRIDERIR & AT 2 725,
FOR L8O, AR L 72 Bl E X [ Highway O
T =% R FIRT LA & —HGEIX T General DT — ¥ %
FRT LA D 2 0CTH L, 72, PCP #HWT, ¥
HHTERT 57— L5 ROHEINT— 5 24T 5

% X7 O&KAIC (PCL bHbE TR L.
125 (PC)2L 27tk L 7.

FAEIZE 12, X 16
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ICVDHE T R ILF—
Q@voEBEI LY —

Regression Line:ON

N EV/vsICV.LOST_ENERGY_W2W_BY_L_Highway
EVvsICV.CONSUMED_FUEL_W2W_BY_L_Highway

400 500 600 700 800 900 1000 1100
EVvsICV.TRIP_TIME_Highway

8 fENTHI 1 EHEKXE O EV & ICV O T4 )L F — hik
Fig. 8 A comparison of energy consumption on the highway
road section between EV and ICV.

ICVDEE T L F—
@ evoEETRLF

Regression LinezoN

I EVvsICV.LOST ENERGY_W2W_BY_L_General
EVusICV.CONSUMED_FUEL_W2W_BY_L_General

0.8
0.6

0.4

02 oo WWRWP P, Ayl o ° e .

0
800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800

EVvsICV.TRIP_TIME_General

9 MBI 1 BB E O EV & ICV OT T 4 )L F —
Fig. 9 A comparison of energy consumption on the ordinary
road section between EV and ICV.

([TRIP_DIRECTION] (kY v 7D J51a) AE# LIS D 7 —
Y RBEINTB) B EDIE T2, K7 THFRRLIZ2DOD
AR ORI E Z i 8, B 9 1IRd. K8 12iE, X
i [TRIP_TIME_Highway] ([X [ Highway CTOEfTHHH),
Y 12 [CONSUMED _FUEL_W2W BY _L_Highway] (IX [
Highway TO#FEHYEE) B & U [LOST_ENERGY_W2W_
BY_L_Highway] (X[ Highway TOHE T )L F —82%)
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EARE LU, $7abh, EEEEXEO ICV & EV
DEEZANF— T = 2L L72BfZ R, [
LICV LR UEIZEOF F EV ICEYIRZ 25E] ONE
IANF=F—=FHH 8 hDFE, ICV DIEE T AL F—
F— 7N 8 HOfFEE LTERENTWVES, ZOHA
M%ERAE, EVOBEZALF—120.2705 041 fHi,
ICV OEBEZAILVF—13 1.4 205 L6LAEICEICHA L
TBY, ICVDOIFH)HEV LIEL TR 41505 71
IANF=DPREVZ EDPFAIMNSL, 9 121, X
7% [TRIP_TIME_General] (X[ General T®EATKER),
Y #ilii2 [CONSUMED_FUEL_W2W BY _L_General] (IX [
General TORREHEE ) B X O [LOST_ENERGY_W2W_
BY _L_General] (X[ General T®OHEE = 4 b ¥ — %)
EARE LU, $hbh, —iEEXEO ICV & EV
DB ANF =7 — & 2L L2 EZ R, X9
DHEE T ANF—8% L THDL L EFRBERXHE L R,
ICVDIZINEV L L THBEZ AL F -2 K&V &
DR CTE L, D EDZ Lns, #ilEED ICV I EV ICHE
DIz BT ET, WIW R EZITo o2 AV F —HEED
MRS DB TN, BRI L 2 HRALIC L DIRE
N7z, g, JEEST T 72 EZBRICEL, MADT—
FICEDETZHRGRERPBEONTZE VR 5.

I/, 8, 9 25, ICV IFFFIIICx L TIHE — & )V
F—PIEMEZESZ &, EVIEERICH L CTHE RV
F—OMHEPIINZ EPWEREENL, 2T, 8, 9
DICV ODF—%, EVDOF—¥ ZFNEN% G 4O X
WEILCTERIRL, MBEEMRT AL L. 2L
Highway & General TIZIFED L R WERE LR o 72720,
RFHILTIE, General DIERA BT 5. 4B, LERT—
YIRS S A T L DIRREIX, FERF (PC)2L THRAFT 52
EDTEDL, D720, PCP Tiro 77— 7 #IR2ZFD F
F 12, VISUALIZE WITH &) 7217 2 & &2 57217 C, =
DEFHETDH 5.

B i LB R F e E N 10, X 11 1R
X 10 OPEfRBkE s L, £002THS. $hbh, 2
?» SL “Highway” |25\ T, EERII2H LT EV Ot
IAVF—HEITEMECTH L Z L MR TE . —H,
M 11 OPERBEERs L, 8052 THsE. Thabb,
® SL “Highway” 128\ T3, R L TO ICV O#E:
HEFIIGFHN LSO D EMEEZRLTWAD Z EHHERTE
72. DEoZ s, ICVILEKZ EITT AR A %
b (REVHEETETTS) 1BL, HEIANVE—%247%
CEATTEDLZENGD D, ZO—)T, EVITEITHM
3D BN THEZAVF =22 T 5 L v Z &
BENDL., ZDOZENS, ZOWERE OEIEERE R EHE 2
FAMIZBWT, ICV £ EV T, WHIALVEF—%247%
(T 5% 35 LCEMTAENPTRLRL L) FELR
T ENTET.
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£9 JYLl—3 3y “Summary” OFEM
Table 9 Attributes of relation “Summary”.
JE A M 12 2B 2 EHED 7 )L U]
TRIP_ID Y v 7D ID EAT N v T D ID
ElapsedTime FEATIREH] X ICs & =5 72 IZZ L 72 HeH [s]
ACC_ENERGY INEFRINS & 2 8 T4 )L F — X 1Cs & ES 720 IZHE L 72 INdikpiic & 5 1% = 4 )L F — [kWh]

LOST_ENERGY

IV F—EE

X 1Cs &S 720

FL 722 AV F — 455 [kWh]

ENERGY_CONSUMPTION

T AL F—

X ICs 5728

LT AL F— [KWh]

AIR_.ENERGY

ZeEARPUC L AW AL ¥ —

X ICs 2% 720

T L 2R X AR T A L F— [kWh]

CLIMB_ENERGY

BYIEPUIC L A HE T AL F—

XIH ICs %75 728

5L 2 BB X AR T AV F— [kWh]

ROLLING_ENERGY

HR2S ) HCPTIC X A T AL ¥ —

XIH ICs %5728

B L7855 ) HH0IC X BT AV F — [KWh

REGENE_ENERGY

[A] A T AL F—

X 1Cs 2L 720

ZL72AE T AV F — [kWh]

REGENE_LOSS

BRI L — F |2k AT ROLF 8%

X[ ICs %5728

BT L — 12k 2 TRV F— % [kWh]

CONVERT_LOSS

2R A

[
[
[
Iz
Iz
[
[
[
Iz
Iz

X ICs 225 720

ZEL 70 2 [kWh]

I E\V/vsICV.LOST_ENERGY_W2W_BY_L_Highway
0.36

ghway

0.34

0.32 . .

0.30

0.28

EVvsICV.LOST_ENERGY_W2W_BY_L_Hi

) 400 500 600 700 800 900 1000 110C

EVvsICV.TRIP TIME Hiahwav
X 10 EITH] 10 SEGER L 380 B EITR I 2 BV O T
POV E— S OME
Fig. 10 A correlation between EV’s energy loss and trip time

on the highway.

I E\/vsICV.CONSUMED_FUEL_W2W _BY_L_Highway
1.80

ghway

1.70

1.30

EVvsICV.CONSUMED_FUEL_W2W_BY_L_Hi

1.00
400 500 600 700 800 900 1000 110C

EVvsICV.TRIP TIME Highway
B 11 BT 1 I BT S EATRERNCH 5 ICV Ok
T OAHEY
Fig. 11 A correlation between ICV’s energy loss and trip time
on the highway.
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x®T7 WG 2 THEHATAET -5y b
Table 7 Dataset used at the analysis example 2.

i fili

irees il 2016-05-16~2020-12-14
MUy TR 923

g7 —% GPSF—%

x 8 fEMTHl 2 THEMYT S SL “ICs”
Table 8 SL “ICs” used at the analysis example 2.

mE fili
EATHEE % 1km

SL “Highway” OFEHEH 5,
HBH2ODA Y —F IO E
SL &L7zbo

B

6.2 T— 2Bl 2 EV OHEEI XX —DERBENR
7= F AT 2 T, T — 5 T 1 THL 2T A S
ST E Lo 7z, FAWEREDSER L 72860 EV OHE
IANF—DZALT 2EREHONITT 5T — ¥ T2 7R
. AT AF—% 1y M, & 7I1RF. #HHT5SL
X, £5 TORLEBRXKENICIH S, 200H51 05—
F oy VMOBHIXE 10" THL (R8). ZOF—%
fEFTORER L LT, EATRRICK L, HfEE =0 v F —82K
AICV LR ) HitH AR L 72720, O SL x5 &
Licr— 4l ey, L) L—2ar&2%k 9
RYL AT 1 EFERICY L — 3 3 ¥ “Summary” £ %
BT — VMRS AT L LTT— S BT 24T o 72,

12 12, F/RLAZY L= 3 ¥ “Summary” (23] L
ot % )&k [ElapsedTime] (EATHERM) TEITOLL
PCP %#/xL7-. [ElapsedTime] LI/t PCP O &l b0
iK% L5 2 &2 XY, [ElapsedTime] & £ il 8 o> AH B4
DRYBEDTLIENTEL, 12 HOETS 47H
®» [LOST_ENERGY] (= AV F—48%) BLU6HHD
[ATR_ENERGY] (ZZ5HEITIC & A8 =4V F—) O -
6 FRITEVIZEEARE , FISEVIELEAVN SV,
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FNE—tR% sl BAERICES

IxIE— HBIRINF— & < —F|z

TR (LOST_ENERGY) (AIR ENERGY) HRIRNF— e
MBEERICED . _ BIRERICLD

Y7 OID HBTRIE— Ll HRT R+ EET R A— T@Ox

SELECT
[Summary].[TRIP_ID],
[Summary].[ElapsedTime],
[Summary].[ACC_ENERGY],
[Summary].[LOST_ENERGY],
[Summary].[ENERGY_CONSUMPTION],
[Summary].[AIR_ENERGY],

[Summary].[CLIMB_ENERGY],
[Summary].[ROLLING_ENERGY],
[Summary].[REGENE_ENERGY],
[Summary].[REGENE_LOSS],
[Summary].[CONVERT_LOSS]

FROM [Summary]

COLOR BY [Summary].[ElapsedTime]

(PC)2L

X 12 f#HB) 2 0 B [ElapsedTime] € PCP % {31}
Fig. 12 A PCP colored by an attribute “Elapsedtime”.

DD, BBULRLEPOIEEFICHE — # - REHFERL TS
Y, [ElapsedTime] & MHRA ® 5 W RETEATE V& H 4 %D
A2 ENTES.

Z D%, HED D B TREMED V& #l & [Elapsed Time]
OFAX Z WS 52 & T, L0 IEMRMHEZEET 22
EWTEL. BHEMOMEE R T2 Z20MMoFHL L
T, WARATHIMER T E LChIT O NS, S ATHIEE
PR 2 eIl L CHAI 2 il % 720, BU#ED %
WY L= a3 T, EFICRSVEHZER 2 ) LED
HbH. D720, PCP 2L » THEOHEE & 5 1EEEE
L, #E L 7oWEAi RO BRI &2k 5 2 L1, 7—%
WAL &b 429 T— S IRITIC L o CRIFFICHATH 5.

13, 14 12, [ElapsedTime] % X i, PCP T
[ElapsedTime] & AHEI DS 5 W e E WV & 24 % D UF
72 [LOST_ENERGY], [AIR_ENERGY] % ZNZY il &
L7220 EZRL:, W13 12k 5 &, ETHHE
& [LOST_ENERGY] DO P EREIZH) 0.561 THA. €
Dz, ZOBHEEXE “ICs” 1IZBVTUE, EFTHEM I
LTEVOIANF—HLIE—EDOHHEZRT Z LH°
Brh. bbb, EVIIETT 5EERET, ETREH

(A LCTICV &30 fetk, WMHEZRT 2 &2 0t
MRS RBENG, T2, K14 12k2 &, ETHERE
[AIR_.ENERGY] DM OREREIL, #1084 THDH. €D
720, BEEXE CICs” 123\ T, EITRM I L TZeRdR
PUZ X BB T AV F =@\ i 2R 9. 203,
AT AV S VIR L, Z OERKXH % BT D058
*TOPCP L, 79 &% BT 4 2 L L\, HHEOR

BIEHCIERT 2 2 LA LV E B BND, ZOrb, F—b

EREHBRT LI LN TELHMNTHITLT A2 LT, LV IEHE
B OMBREIET 2 2 PRI LnE VR D,
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Summary.ElapsedTime

13 JEFTBI 2 D GEATREIN S B T L F — HR O X
Fig. 13 A scatter plot of elapsed time vs. estimated energy

loss.

FEDS LAY, ZBEIHIAHZ 2720 LN TESL, &5
\2, X @2 [AIR.ENERGY], Y ##ilZ [LOST_.ENERGY] ®
Al (B 15) 2{ERiL7z. 1510k % &, 2T y=xD
R AR A D ERREL 0.66 TH 5720, EHEX R “ICs”

WZBWTIE, TALVF—EDITE A LD ZBEHY IS T
HHIEHERESINS,

Dlozbrs, SLE@EWI/ERTAIEI2LD, 20
W E OJEIRERIE R IR A ¥ 4 V2B WT, ICV & It
DA T BRI 5 EV O T4 )L ¥ — O
%, %ﬁvx%A#%%%¢5’aﬁT§t.uL@;5

ﬁm&ﬁ%%wét i, AVAFARFIALT,
SLwﬁ%%T Y8, 7=y b A G b 7Ek
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I Summary.AIR_ENERGY

0.06

0.02

Summary.AIR_ENERGY

-0.04
30 40 50 60 70 80 90 100 ¢

Summary.ElapsedTime
B 14 HBI 2 1 EATIRERMNISH S & 22 ARPUIC X B e A Y
F— DA
Fig. 14 A scatter plot of elapsed time vs. estimated energy

consumption of air resistance.

I Summary.LOST_ENERGY
0.20

0.14

Summary.LOST_ENERGY
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Summary.AIR_ENERGY

B 15 AT 2 1 225 X B HE T T A L ¥ — 1T A HEE
T AV F — R OHAT
Fig. 15 A scatter plot of estimated energy consumption of air

resistance vs. estimated energy loss.

TR EAT ) LEY D L. A0NE, oo, =73
WCEBDWHBEBIOGH 2B LIz, EBOEV T, RE
CEFRICEET AT I L V) B LAV F— DT
WOHEAET B 728, ICV & T X ) ARIE R B B X R 1A
GIAEESHLEEZONSL, TV EEDT—4
RNTICDOWTIE, 4 ROMEET 5.

6.3 T —ZEEAGI3 . ERETHEOEV OHEI R ILX—
@ SL FEEE;

T — ¥ M 3 T, EWHOT Y ST 4 TNV —=Ra
M=)V (ACC) #fex FIH L 7@ #UE T BRI X I
LTy MM L7z, ZOERIE, EESEEL T
EVEHEERIC BT, RS T DETT R 1T o
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& 10 MENTBI 3 THEMYT 57— L b
Table 10 Dataset used at the analysis example 3.

A fill

A 1 2020-07-10~2021-02-12
Ty 82

Wgs—% GPSF—%

i ACC 12X e dEATEHRT— ¥

£ 11 HH 3 TS % SL “HILLCLIMB_HIGHWAY”
Table 11 SL “HILLCLIMB_HIGHWAY” used at the analysis

example 3.
T (!
FEATHERE 49 1.8km
AEATEE  70km/h
i SL “Highway” O#FHHOER. T2 R 3.

*F 12 @B 3 T % SL “DOWNHILL_HIGHWAY?”
Table 12 SL “DOWNHILL_HIGHWAY” used at the analysis

example 3.
B fil
FEATHEEE 9 1.9km
FEATHEE  7T0km/h
) SL “Highway” O#FHHO#ERK. FITT Y B,

= 13 fEHH 3 THEHT A SL “UPDOWN_HIGHWAY”
Table 13 SL “UPDOWN_HIGHWAY?” used at the analysis ex-

ample 3.
B filf
FEATHREE %9 3.2km
FEATHE  80km/h
- SL “Highway” O#EHs o #E K.

EORETOHEALEIHE) EEND.

oo TOF=F2FHTHLIET, FIANDEIEA Y A
WAZD D5\ SL T & OEE T AV F — OFEME % g
T2 HIRY. AT 27—ty ME, | 10 IR
3. A5 SL %, &11, ¥ 12, ® 13 1IR-7. Ih
LD SLIE, £5 CRLAGIERXENOXETHY,
SL “ICs” L b5 SLTHbH. T/, SLEFHLTS
nNoorF—4%ty VeEFITLZETHLYL—va vk
K14 IRT. DY L— 3y “CSC” I2BIT AT+
VEF =1 2B, SL A LT 5720, KHET A
VF—mDs SLOELR ) HHEZRE L0 2R 5.
X 16 |2, F/RL7PCP & SL Tk DT A ILF—HED
TR L OFHEOFEA LIRS T 7 %R$. PCP I X
D, 79A5%R5Z LT, SLOWHELANF—DE,
FaAETHZ7 T 7128, SL 2D RV F—HEER
DEGOENZ LT 52 L2 HIEL 7.

PCP IZE /R ENTW AL, [SLID] (SL ® ID) |2
LY SL T kizm4 ) (ff D HILLCLIMB_HIGHWAY,
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£14 VL —Tar“CSC” EN
Table 14 Attributes of relation “CSC”.

B4 B 16 I2BITBEMED T L FiBT

TRIP_ID U » 7O ID BT v 7O ID

ELAPSED_TIME FEAT I ] SL %35£2% 72012 F L 7= [s]

AVG_SPEED SR SL (2B 2 EE [km/h]

STDEVP_SPEED HE DU 2% SL 12 B1) 2 4% OFEHER 2 [km/h]

SL_ID SL ® ID SL @ ID

SL_NAME SL D% %5k SL O %%

DIST_.NORMALIZED_ROLL_LOSS #2728 ) #5545 SL #EA7-OICE L2 HilEd 72 ) DAY IHUIC L 5 = AV F—

$82% [kWh/km|

DIST_.NORMALIZED_AIR_LOSS Ze R IRPURL ST

SL #5720 L720Ed 72 ) DZREIITIC L 5 T /L F—
82 [kWh /km]

DIST_.NORMALIZED_CONV_LOSS  Z&# 11 A 145

SL 23572028 L7c kD 72 ) O v A [kWh/km]

DIST_.NORMALIZED_FRIC_LOSS 7L — %1 A5

SL #7E5 72001 Z B L 72HlEs 72 ) OB T L —F 1285
T AV F =415 [kWh/km)]

EED

MY7oD  ETEM EEe SLoID

FigERE

EAVER 2RER  ZRox
sLog# B4R

BEER7L-+
L% %2 =¥ 3%

)(4, %0

SELECT 2
[CSCLITRIP_ID], (PO°L
[CSC].[ELAPSED_TIME],
[CSC].[AVG_SPEED],

[CSC].[STDEVP_SPEED],
[csc].[sL_ID],

## :HILLCLIMB_HIGHWAY

#L2»2 :UPDOWN_HIGHWAY

[CSC].[SL_NAME],
[CSC].[DIST_NORMALIZED_ROLL_LOSS],
[CSC].[DIST_NORMALIZED_AIR_LOSS],
[CSC].[DIST_NORMALIZED_CONV_LOSS],
[CSC].[DIST_NORMALIZED_FRIC_LOSS]

FROM [CSC]

VISUALIZE WITH
BAR([CSC].[SL_NAME],[CSC].[DIST_NORMALIZED_ROLL_LOSS],

[CSC].[DIST_NORMALIZED_AIR_LOSS],

[CSC].[DIST_NORMALIZED_CONV_LOSS],
[CSC].[DIST_NORMALIZED_FRIC_LOSS])
COLOR BY [CSC].[SL_ID]

16 AMTH 3 © EHEEATHD BV Ol T AV F —0 SL i

Fig. 16 A comparison of EV energy consumption at a constant speed between SLs.

# : DOWNHILL_HIGHWAY, # L ¥ ¥ : UPDOWN_
HIGHWAY) %4772, X 16 ® PCP O 45 4 D D ifif
THhHI AN F—HEOERK ([DISTNORMALIZED._
ROLL_LOSS] (#£2%) ##70555), [DIST_.NORMALIZED_
AIR_LOSS] (ZE 5 Pt 5), [DIST_-NORMALIZED_
CONV_LOSS] (%1 2 i45), [DIST_.NORMALIZED.
FRIC_LOSS] (B8 7 L —F 0 A45)) 2BV, #o
BTEI T FTAYNRTETVSLI LN RS, i, %
SAKPUE S Tld, UPDOWN_HIGHWAY © 27 5 A % &
HILLCLIMB_HIGHWAY & DOWNHILL_HIGHWAY ®
I GAINRRELDGDPNT VD ENGNL,. T,
UPDOWN_HIGHWAY |2 81} % 4754 A% 80 km /h 2%}
LT, 22285 EITHEED 7T0km/h &EFTHED
EWIZL b0 LHERING, MoBiconTiE, HoE
BONEL, 7 TAYERETH I EHEE L.
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A ETHEZ 7 70 RKKZ2RK 17 2R3, 1K 17
&, BEEASSL xR L, MtdicHMH ) O AL
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T, TANVF—EEOEETIZ, UPDOWN_HIGHWAY,
HILLCLIMB_HIGHWAY, DOWNHILL_HIGHWAY ®Jig
FCTHEPIRENT EDGH L. RIS, RO EICHET S
LT, EFOBSTERTTENRONEEETD.

b I AV F LD HEF 2K E v UPDOWNL
HIGHWAY (&, ZE5IRPLL T2l 2 DIZHRTKR &
W—T, RO AWM 2 DIZHRTHhSI VI E
BT T T EANING, BB TIZOW T, ik
L72% 912 UPDOWN_HIGHWAY DiEFTHEEATK E W7z
HEEZLND, T, BHOARGINE N Lrb,
UPDOWN_HIGHWAY D& X W OFef & LT, o 2
DO SL LT E, E—FDARTIINE W, B
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[T CSC.DIST_NORMALIZED ROLL LGSS CSC.DIST_NORMALIZS L
CSC.DIST_NORMALIZED_ CONV_LOSS CSC.DIST_NORMALIZED_FRIC_LOSS

Eg7L-%0R
BA(FH)
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B 17 fENTE) 3 B LTS T 7 ORI
Fig. 17 An enlarged figure of a stacked bar graph.

X, E— I REESENEE, VY TOEITHHERE
B THDLZENHEEIND.

—75C, HILLCLIMB_HIGHWAY (2% H$ % &, fito 2
DD SL LI LT, BT L —F 10 ARG AN E WD
HHLZENTTThOEHARINDL, D220 SLI, THIHR
e E N A EBKIXETH A —J7, HILLCLIMB_HIGHWAY
BEICEVETHHERRETH L0, BETL —F%
PR 2EDIER D vz Ll ENE. L Lk
W, BT L — X5, Mo & i L CIEF IS/
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L—%%2FHTEI) M7 L —F2IZ L AEHH L%
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W, 45T ECOLOG 7 — % Zfif L CRIN 2 fERE L
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S o7z. 2DEHIT, B AT AATRT R R
EMBIANF—IZHEDLDDTH L7720, HElegTh
5. LHL, EBDOIA4 707 2 Es EIFTEFLEZLD
THrH720, BROEEOILEPLEBRB COLEKL L, B
BInMnzortb I LIITELEEZOND.

Doz hb, EETEROT—% LRV AT L%
FIHTA28T, BREXBEITEDEV OHEEZALF—0
OB ZIT) 2 LA TE .

7. TEHESHRORE

AWF7E T, SL THEHWREZR EV #EEHE = AV ¥ —
TN AT L L. $72, KV AT L LEM
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