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A vehicle performance design system has been
developed that makes it possible to assign target
values for different performance demands at the initial
stage of the vehicle development process. Based on
the concept of model-based development, this system
determines appropriate target values through the
application of data mining techniques.

The system uses the data available at the time of
vehicle development, and comprises the following
three techniques:

(1) A response surface generation technique that helps
enable high-accuracy predictions based on small
amounts of data;

(2) A decision-making technique that helps enable
high-efficiency data searches that reflect the user’s
intentions; and

(3) An impact analysis technique that makes it possible
to identify specifications that have the great effect
on performance from the relationships between
performance and specifications.

It was demonstrated that the application of this
system to vehicle dynamic performance simulations
enables determination of target performance values and
specification values simply and at high speed.
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Fig. 1 Vehicle performance design system

Table 1 Database matrix
Factor Performance
1 2 3 4 5 1 2 3

460.91 [2026.05| 0.42 |1418.89|2533.81| 6.15 136 4.34
448.78 [1775.30| 0.42 |1368.022511.51] 6.19 137 4.41
459.69 [2204.39| 0.44 |1417.41|2500.43| 4.81 135 4.26
439.90 [1924.32| 0.44 |1346.49|2487.21| 5.13 137 4.37
458.57 [1850.84| 0.42 [1348.45|2527.38| 5.07 136 4.35

o=

200] 450.60 [1745.68| 0.44 [1409.86|2590.14] 5.38 138 4.39
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Fig. 2 Effect on response surface

— 179 —



Honda R&D Technical Review

Vol.29 No.1 (April 2017)

RO RN TE BEWNMERE T o v b % fli 5 T
LLTWB, KRG TCEBERISEET AV E, H
BEOICHR LT WESE L LCEM LY T 7 TERT S
K517 FHliE 2.3, T 3.

2.1, ISEHEAER

M, ADF—2E LTo#FTMx Iz LY 2
FLOMNT -2 L L TOMWEEE y 256X & 55T
FILTHB. VAT LOHE LTIE, EEBERS B 0IE ¥
VIialb =Y avaENRDD. FELXICLT, EREPVIa
L= g YEFETT DIITIERN, A3 X P 2H5 57
W, T—2BEHFD L[ ELNTELRL. ZI T,
Yhnr =27 - 4% LI EHR ALK T ST ENT
2R, Hia A xISRT Ay 2RI Pl 5 2
ENHEETH B, HBISEHIIMOERIZBE 2 r — 27 —
213, BT — 2 LRI B

EFIMEDEE ¢ LB, ARTBOBEGRIZA (1)
ThobhIhb.

y=M(x)+e (1)

72720, M(x) IS TH 5. Sy Exs b
WED, FAIIRFLET MR RETH 5728, LIFT
By E AT —EET S,

ISR M(x) DER TR A B 50, AT, B
BT — 4 5 6 PREEDOEWE T IL & E RS 5 3
Md b Ln5, PCE-LAR %' & Kriging OMAET
»% PCK ¥4 H L7, PCE-LAR METAEK X hu-B
% f(x), Kriging {5 TR S N 72B%E Z(x) & BiHE, M(x)
BR(2)THobIN3.

M (x) =f(X) + Z (X) (2)

Fig. 312/8¢ & 512, PCE-LAR i KRN & HOZEL
#HHDL, Kriging IRIZRAMNAITIOZEEH DL
T3, KBERIOM SO EF A XD @SS
FBITX 5. LN, PCE-LAR % XU Kriging 0
TR A B 5.

2.1.1. PCE-LAR i

PCE-LAR #%1i%, 287 4 2 )& (Polynomial
Chaos Expansion ¥ : PCE) 12 Xk 2 KRN &Y 2T LRED

..; IIS\ 01 AN - - S .
2| Mw/ te-- ,° f0°N.
3| ad : ’
—_— ,
ot =+
! o Data yi(xi) /
H VN .
; Input x ’
q / Z(x)

Fig. 3 Response surface model M(x) as sum of
global trend f(x) and local fluctuation Z(x)

E 7L & /AR (Least Angle Regression: LAR)
IZkBEPOERBELEMAGDETIETH 5. PCE L
T, ETMf () EERLHEADOWEHGE L THEDT.
2HT = A x DA, fF)IZX(3)THEAERS.

N
f) =Y a®;(x) (3)
i=0

72720, a 3478, N IZZEADmEKEL, @, (x) 13 i kD
EHERLZEXTH 5. AT, BLLHEAUILY v
VINLEHEAAMHLE LYy Y FALLHEADATI x D
L [-1, 1] Th 57280, UEEBICANEE2H 5,20
ZWLUTELS BERSS. X (3)ITHVTE, 1256 NK
FTOLETOLY v v FLZEAAHEHENS.

PRI a T RN RIS KD IRET S, BT — 4
M(x, y) OEEE n ET L, n BREOMEBLLT THG
L Sn, EZ2AD, AJIx DRI M &5\ i
WEN OHEINZ K0, REOMETREIE IR 5. 3
ZIEM =10, N =4 OBA, 4RETOLY v v FILLIH
RTRTEZET S &, TFMICBELFBREIE 1000 {# %
WA D, ZhiE, MbHB30NIENOEIZ&Y, BT %R
T = A RRDIBINIE A B 2 L # BT 5.

ZOMEENETZ2DONLART7ILIT ) XL TH 5.
LAR 7ML X2, HiiTr—4 2L N6, EFL
EHEK T 2 DIZEY) 2 kB0 25X %, BEIER 2 D1 T
HHl§ 5, ZHIZE D EFILICHHT S O, (x) DEE, >
F D REOMEAE KRICHIK T2 ZenTES. 72, T
DOHERIZ & D EF L ORRKEE & L35, 2 OHHIE,
LAR 73V X 2 %58 U WA, @R o
72OICEREGHEAE THHT 2 Z LRSS TR ONDITH
U, LAR7ALTY) XL &MAT 5 &, BEAREOZHA
DAEMHLTET L EMKT 5720, FEEEH Z
L BREZHELEHHTE S22 56Th 5.

2.1.2. Kriging i%

Kriging (ki3> P2 6 O @& %5085 5. ZOZEHIT
MBI S TR AL, B b _HOHGT —
s x' X TB T AEENE, MEEE X - x| ISHRAE 2 RHBIRY
KR, #8D&F 5. R, 1T, Gauss i, 5K, Matérn
BB, K TIZEENT — 2 1206 C ot 7 5 % ) 5]
TEH5EIIIL7 EORIZE /ST A —a N —DEENS /-
B, LAt RIC LD 2O AEIRET S

Kriging 2 & D EF AL 228 Z(x) 13K (4) TH-
Abhb.

Z (x) =r (x) R'Ay (4)
ZZT, r(x)idx EHHITF— 2 x' EOMHBETHKR I NS n
JROFDFFXZ FL, RIG R, KISy & $ % n X niThl, Ay
BEATT — % y' 25 f (X)) 5[\ 72 n /KT DFIR T b LT
H5.

— 180 —



EFIN-ZAFERBICET =T =271 Z 2 FHRINIC & 2 E@mMEERET S X 7 LDIRE

RO T, IS ORI RTB & BB T
FEITT 5. Wi TR, LAR 70T 2412k 0 f(x) T
T 5 2N ©,(x) DAL 2 RET 2. ZOREETIEF
7 f(x) ZPE L. PIENE, PCE EHACRE b L 723
BDf (x) &, Kriging & OflAE DY TiE il L 72356
Df(x) &, BTLE LA, SLTHD. BETITE
V) HHBEBE B DB % F 3§ 5. RICHTE Tike 728 %
NERTIZHEVY, £ (x) THT 2 d,(x) & —DFDBM L &5
5 Kriging & OflAS HETH X 5 M(x) DRl %
179, /INDBELEGZ 5 f(x) & Z(x) DABHEEHNT,
T M(x) 28T 5.

2.1.3. FEDEFE

PAFE L 2 F A MB B L OMEY S 2V =Y 3 Y 615
ST — 2 ICEHL, TRFREERGEL 72, BRE Y I 2
L= a vhbBohzE— FREDS B, =M (US-
Hot, JC08, EUDC) =%t L EF AL A 1T - 7= 5% % Fig. 4
IR Y. 25 & LT, HIROISEITEA Y — L THEE D
B2 o 72Fik (BAM Kriging i : AKR) OERERL 72
X1 o> M il i S 2 il i D ZE B U 2= Bl — 2 o R,
MEs MRS (%) TH 5. HXFREORHIH 72 5 T,
BT — 2 L3R E3F -2 &L, &7 — KMk
5@ﬂﬁi%ﬁb%ﬁ'bt0¥ﬁbt.nfh@wﬁ
£ — bwfész*P@HAR*HX®ﬁ gl V)|
5,5\%75‘/]\5 Ko TWB, MRy I 2 b —Y g VTF—4N
DOWHIZOWCIE, O NME — F 0-100 km/h i
¥ LU 80-120 km/h MR TOMBEKR NIz L CEF AL L
t#%%HgS‘Tﬁ‘ﬂ%@k%éi%%?—awﬁA

IZHAREGDT L5 D, FHBBOENTIE, RBOBE L

L ——
—

-=-PCE-LAR
+PCK

Relative error (%)
o oooo

5
4
3
21 AKR
n
0
’

00 200 300 400 500 100 200 300 400 500 100 200 300 400 500
Number of training data points

(a) US-Hot (b) JCO8 (c) EUDC

Fig. 4 Relative error plot for three fuel economy

modes

. 025
R AKR
~ 0.20 {{—= PCE-LAR

5 —a— PCK

5 015 ~==HH
2 o010 = 5l
-ES‘ A
= 0.05
% 4 1

0.00
100 500 1,000 100 500 1,000

Number of training data points
(a) 0-100 km/h (b) 80-120 km/h

Fi

g. 5 Relative error plot for two acceleration modes

FkEIZ AKR — PCE-LAR — PCK DJEIZEEIN & L 7
HiERE o7,

FREORBRTIE, MEBELLICNEY I 2 —v 3 VI
BT, PCE-LAR EIZHAN PCK I THZEDOBGE AR
Sz, MFEOELEFET 5729, Fig. 6 12F— FIRE
V3iab—varvhrbfoNETILERT. Ml IEH
b U 2235 i, #iflid i b 0 # 2 KB L 72 E—
FIREHE CH 5. PCE-LAR 3, ANEEO 2RI
LCakfafansg > <A ZENTETNS. L
L, BIFIZIZF -2 L EF L PUHEA K Z S AVEEL T
WABGAENDH S, PCKETIE, KrigingBEDOHFHTZ D
POVEERKELSBETETWBZENDNS. TF— 2D
ik ->TiE, ZhIFEWHL A ERESROhENWT &
&5 H, PCE-LAR %84k %\ i3 Kriging iHKTHEIK
L7zREiim & D &, M e PCKIEOF AT/
I 2B A N SEANC & B

2.2, WEEEL T — 2384F
KBUEDB Z M LT, diugPEag H R E 2 YoE L 720,

W) s WP T — # 2 B ZICHOT b hanwZ L 2sakE
ThH5. TOHIZ, 2—HFIEHEEET — 2E U & 170,

R DA 2 AR C R MEBE T — & DR ELT .

KT, ERFFEICHEA L o VERE L — TR
D DOOFHEERAL /-

221. B4 L7 MER - SRIFRE

R EERE L L, DB WO HMEEE T — # & il ERE H
O —2Y y FHEEZFIRL, oKW T -2 %
L3 AR GETHS. Fig. 7123 WILT— 246l L
FRETHRERT. 2—F 3 kDT — 2 2 HIEEL 55,

— XN TH B 72012, REEPLTWEF— 4 %
BERFE LTS, ZOXL51, M/ DB 2ZHIZIE
F— 2 DHEND B 728, WU RHERMES DB AIZAITh
i, OB IXMEL & 25, EPHERTH 5 2@l
HETRETH 5.

0.5
©
c >
£e
"a ,,,,,,
E 3
2 % """ ® Data
cQ — PCE-LAR
o 00}
8% —PCK
° = |
S e
= - - - o
: g\:
_04 i | ' i

-0.5 0.0 0.5
Design value (normalized)
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Fig. 8 High-accuracy search method by response
surface
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