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CO, Gap caused major factor
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<Source : Progress in Energy and Combustion Science, 2017>

» » Need to establish a fuel economy criteria methodology for reducing Gap between CO,
[fuel economy] certification and actual measurements
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Driving cycle trace indices in WLTP (UNECE/WP.29/GRPE)
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» » Need to select indices and set criteria for Drive trace in line with international trends
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® Driving quality evaluation (DQE) indices (SAE J2951)

= (SAE J2951 driving index) Energy rating (ER), Distance rating (DR), Energy economy rating (EER),
Absolute speed change rating (ASCR), Inertial work rating (IWR), Root mean squared speed error (RMSSE)

CEp~ CF.
Index Evaluation Brnef description BR= g, - 100
j j CE,= Zv[(l.nls-ETn’-ni+F +RVy+ RV dg]”
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€ Fuel economy test modes : FTP-75 (city) + HWFET (highway) mode
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6p



MOLIT KOTSA

Infrastructure and  Transportation Safety
Transport Authorit

;4* RHdresultingirem drive.trace on ik E, Vst e

Fuel economy (FE) variation depending on drive trace method

Test conditions by Driving trace method(Base, Soft & Hard)
- Base, Soft & Hard condition test times: each5/3/ 3

40 - Speed tolerance range : Total of 5 separated by =1 km/h
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Analysis of DQE index and fuel economy depending on drive trace (FTP-75 mode)
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Analysis of DQE index and fuel economy depending on drive trace (HWFET mode)

‘I Soft (2kph) Soft (1kph) Base Hard (1kph) Vv Hard (2kph) ‘ ‘l Soft 2kph Soft 1kph Base Hard 1kph V Hard 2kph ‘
6.0 — 6.0
< -stirhated Range = 15 0.8
I B = 40 , HWFET mode
o 1o o 12k 0.6
E | ! | S [ | . _ .
o 20 R N o 20 Overlap with = 0.4k
=g il =4 B Eoor =
& 00 Co g 00 ase group =, 5 02/
S aiain o SR EEEELEEEE S & T
Wi -2.0 o Wi -2.0 D 06 047 ’
w -4.0 : : w -40 * . \ Y
0.0 °-3RM‘;§E [?(r?n /h]1-2 15 04 -02 afclhgﬂlshétﬁe according to the Dnving 02 \
el methods 0.0 04
6.0 - 6.0 - Soft or Hard conditionii 40
S o S | & Soft (1kph) condition indistinguishable Base & &
< 40 n o < 40 = 30l I ==
g L 2 RMSSE, IWR (ASCR): Base & Soft or Hard condiition &S5
; 2.0 | ; 2.0 5 H 2.0 __ 20
2 | 2 S S
c 0.0 | c 0.0 'n_:‘ 1.0 o 1.0-
S Y vy S i u
LIJ: -2.0 : LIJ -2.0 0.0 0.0 -
* a0 L * 40 L 10 10l +
-20 -1.0 0.0 1.0 20 3.0 4.0 -20 -1.0 0.0 1.0 20 3.0 4.0 ’ ’
ER [%] EER [%] 20 20
6.0 — | t 6.0 —t— | 18.0 20.0
<y L : T Lt :In HWFET mode, fuel ol
o 40" . ; o 40 U | economy sensitivity 130 '
[N P O I ! 8 o " .l I isreduced under — 8ol 100F
> L] | S 11 1_hard conditions = g sof
= 0.0 i T | S 0.0 i i I % sor % 0.0+
o [ 1v o o 2 = -
uj 20 L\ uj 20 o =T S0
“ o L . “ o LN "0 u I
{100 5.0 0.0 50 10.0 15.0 15 .10 5 0 5 10 15 20 100
ASCR [%] IWR [%] %0 RET
FE change rate (%) depending on the DQE indices 25 Error bar graph for avg. value of DQE index

Ip



MOLIT

Ministry of Land,
Infrastructure and
Transport

KOTSA

Korea
Transportation Safety

;J%,L DiiNesuliingirem drive trace onEE.

Each DQE index variation depending on drive trace method in FTP-75 and HWFET modes

.. Index  RMSSE DR ER EER ARCR VR
Pattern (knvh) (%) (%) (%) (%) (%)
?’;f;[qj]) 1.85~1.99 1.59-1.88 -041-0.80 -201-1.07 -196-060 -0.86-0.39
?10{;[(:[1]) 1.55~1.62 1.14~-1.22 0.21-0.62 -1.01-0.60  0.07-0.69 1.35-2.59
FIP-75 Base 0.50~0.77 -1.10-028 -0.18~1.35 092-2.29 2.22-3.53 3.12-5.23
ga]g]j]) 125131 -1.12--0.81 1.88-321 2.95-3.89 4.64-6.16 7.34-9.68
?lg;[i]) 1.55~190 -1.09-043 4.3-5.76 5.17-5.85 7.13-9.17 10.54~14.12
?;f;[(}i]) 098~1.13 0.02~-0.44 -0.89—-0.05 -099-048 -898-6.82 -10.82--7.62
?10{;[(:[1]) 0.80~0.89 0.05~0.14 -0.09-031 024027 -352-169 -3.70-2.01
HWEFET Base 037049 -022-0.13 0.19~-1.03 0.14-0.90 0.37-3.07 0.58-3.73
galg]j]) 0.71-0.78 -0.06-0.06  2.89-3.20 2.82-3.17 12.76~13.59 15.37~15.93
gﬂsm 065072 013009 169269 175271 9691131 11451374
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Estimation of DQE index criteria through statistical analysis
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o 3 o ] 3 4
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] ) ] S less dispersion and move to the right
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Estimation of DQE index criteria through statistical analysis
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Analyze DQE Indices statistics
- Leverage a total of 77 Base driving
data
—~ = Setting the 25 probability distribution
© interval of normal and average values
g - FTP-75 mode: separated by phase
o
g IWR (ASCR) regular distribution analysis
gr' -Less dispersion in FTP-75 mode
5 compared to HWFET (Excellent normality in
~. FTP-75 mode)
- For FTP-75 mode, the mean value and
dispersion— Judging by frequent acceleration
and deceleration of P2 sections
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Estimation of DQE index criteria through statistical analysis

Analyze DQE Indices statistics

40 1.0 40 1.0 .
| B FTP-75_Histogram | I FTP-75_Histogram - Leverage a total of 77 Base driving
I HWFET_Histogram L I FTP-75_P1_Histogram L data
35 FTP-75_Normal distribution 35 [ FTP-75_P2_Histogram ; . L. .
| HWFET_Normal distribution | FTP-75_P3_Histogram _ (I - Setting the 25 probability distribution
30 “®z 30 b 7Py Norel deouton | Z interval of normal and average values
| 2 | FTP-75_P2_Normal distribution || = - FTP-75 mode: separated by phase
g FTP-75_P3_Normal distribution 5
25 L 254 ]
e 0.6 0.6 N .
& o & ] S EER regular distribution analysis
< 20 2 S 20 @ . -
S 505 = -Less dispersion in HWFET mode
o 1 o (@) 1 O
O 15 04<S O 5] 04 < compared to FTP-75 (Excellent
1 = 1 S  normality in HWFET mode)
10 L op = 107 | o2 — *Reverses the regularity characteristics of
5] 5| IWR (ASCR)
] - For FTP-75 mode, the mean value and
0 -0.0 0 I -0.0 : - : :
5.0 -40 -30 20 -1.0 0.0 1.0 2.0 3.0 40 5.0 5.0 -40 -30 -20 -1.0 0.0 1.0 2.0 3.0 4.0 50 dispersion— Judging by frequent acceleration
0 . . . 0 and deceleration of P2 sections
EER [%] EER normal distribution EER [%]
4.0 =
B \I FTP-75_P1 @ FTP-75_P2 @ FTP-75_P3 A FTP-75 W HWFET 31 [HW;E
3.0} g o
20 = =] / \| : im g
—_— (8] 154 % _ & 4 %
S 10F 7y /PN I | =
ool /-/il “}.}\. 0 4,/ Les |,
LIJ . -5.0 -4.0 -3.0 -2.0 -1.DFF?.F%]1.O 20 30 40 50 -5.0 -4.0 -3.0 -2.0 ~1.0H§F)/D]10 20 30 40 50
1.0 :07 [Erersri b s e o ms AT oY e |
2.0 - e s ol
20 26 —probability distribution segment & average value & ool }
~ FTP-75_P1 FTP-75_P2 FTP-75_P3 FTP-75 HWFET
TeSt CyCIe FTP-75_P1 FTP-75_P2 ::'7(‘5\/_:1 FTP-75 HWFET
<ER>
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Results of statistical analysis and suggestions of the appropriate criteria
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(km/h) (%) (%) (%) (%) (%)
77 vehicles data Nomal probability (20) 0.75 -0.52~0.44 -1.86~2.57  -1.56~2.33 -1.72~-3.54 -3.09~5.36
) - - -0.60~0.92 0.69~2.22 2.59~3.12
Estimated range 0.77~1.25
FTP-75 (+) -0.28~1.14 1.35~1.88 2.29-295 3.53~4.64 5.23~7.34
Criteria proposal_strict - - 0.92~2.29 2.22-3.53 3.12-5.23
0.75
Criteria proposal flexible - - -0.60~2.33 0.69~3.54 2.59~5.36
. Nomal probability
77 vehicles data (20) 0.73 -0.33~0.20 -1.28~1.33 -1.00~1.18 -3.88~9.11 -5.05~11.68
o
=) - - - -1.69~0.37 -2.01~0.58
HWFET Estimated range 0.46~0.65
) - 1.03~1.69 0.90~1.75 3.07-9.69 3.73~11.45
Criteria proposal_strict 0.46 - - - 0.37~3.07 0.58~3.73
Criteria proposal flexible 0.65 - - - -1.69~9.11 -2.01~11.45
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Analysis of correlation between IWR and ASCR

150 —— FTP-75 Correlation Analysis between IWR and
—— HWFET ASCR
125+ . _ - Leverage a total of 77 Base
<Linear regression model for HWFET mode>
operating data
10.0 - YO T 9, 150253%k 1 0.0452439 y - When comparing determinant (R2) the
correlation between the two Indexes is
very large
— (& — FTP-75 Mode (R2): 0.9826
S, — HWFET Mode (R2): 0.9975
g 50r- - IWR provides a more quantitative driving
N quality scale compared to ASCR
< o5L — ASCR does not detect changes in driving
path as it represents the degree of change
in speed
0.0~ — IWR, on the other hand, takes into account
4 the effects of inertia work expressed in
o5 engine power.
_50 L | L | L | L | L | L | L | L | L | L
-5.0 -25 0.0 2.5 5.0 75 100 125 150 175 20.0

IWR [%]
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s Impact of driving quality evaluation (DQE) indices resulting from drive trace on fuel economy

% Driving quality evaluation (DQE) indices (ER, DR, EER, ASCR, IWR, RMSSE) depending on drive trace
(soft, base, hard driving) in reference to SAE J2951 were evaluated and the impact of each index on fuel
economy was analyzed

s HWFET mode is less sensitive to fuel economy variation depending on drive trace than FTP-75 mode in
Soft or Hard driving condition when compared with Base driving

% The estimated range of DQE indices present between Base driving condition and Soft or Hard driving
conditions is selected, and the area overlapping the 2o-probability distribution segment of the population
are approached from two different perspectives (strict and flexible) to propose a range of appropriate
criteria

v' When strict criteria are applied, in FTP-75 and HWFET modes respectively, RMSSE (kmvh) is 0.75 and 0.46; ASCR (%)
2.22~3.53 and 0.37~3.07; IWR (%) 3.12~5.23 and 0.58~3.73; and EER (%) 0.92~2.29 in only FTP-75 mode

v' Whenflexible criteria are applied, in FTP-75 and HWFET modes respectively, RMSSE (knvh) is 0.75 and 0.65; ASCR (%)
0.69~3.54 and -1.69~9.11; and IWR (%) 2.59~5.36 and -2.01~11.45

&

L)

¥ IWR and ASCR were confirmed to have a close correlation to each other (R2 = 0.982) , and it was
suggested that IWR is more reliable than ASCR as quantitative DQE index

» The proposed criteria of each DQE index can be used for the amendment of domestic fuel
economy regulation, and applied to reduce the gap between laboratory and real road by
excluding the flexibility of the driver’s skKill.
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Thank you very much !'!

E-mail : mskim85@kotsa.or.kr
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