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Abstract

In order to construct a reasonable driving cycle of the car, on the basis of a given light vehicle
driving data, respectively using kinematics fragment analysis, principal component analysis (PCA)
and K-Means clustering analysis of measured data for dimensionality reduction and classification,
combined with the correlation coefficient method and the cumulative frequency method from the
various segments in the library to select representative kinematics fragments, so as to build a
curve of vehicle driving cycle which can reflect the characteristics of the car’s driving. Finally, in
order to verify the validity and accuracy of the constructed vehicle driving cycle, the relative er-
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rors and total errors of the eight characteristic parameters of the evaluation system were calcu-
lated. The results show that motion characteristics of the vehicle reflected in the constructed ve-
hicle driving cycle curve can represent the corresponding characteristics of the collected data sources
to a certain extent, and this constructed driving cycle is effective and accurate.
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Figure 1. European NEDC driving cycle
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Figure 2. World WLTC driving cycle
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PR BB REAR B AT 028, MR 7 s RN e i AT R A, e & R Im T,
[E4h2= 2 Fotouhi 26K H K-Means RGEM 118 M 2 04730 TH0[3]. [RIGF RS B A FH AT HE
TR T BRI TR g AL AT, A T RIREAT IR G [4]. L EMERET K-
BB TR VERR AT BB 04T 704, $&th—Fh DL Silhouette bR Aiiiide SR A5 IR, AR SR 45 M
IREEATIE LI VA5 XTI SR BATREE . B i B T77%, 43 K-¥ME R KA e
ZEV R AT G 7T, K SO R I RS E N T L g, AR T TN T AT B T a[6] .

SR T A8 @ BT 20, VR4S bRAT Bk CAC A BRI BE L, A ST 2T 5 2R AT R BE 0 7
EHATIE T . 22 A5 R SN Sy /R n] R VEM 1 I TV R AT B L0 7]. B AR SRR &y /R w5k
BER VAR TR T A SR M AAT I T [8] o 5 550 H 32 B o3 R SR R B0 e 11 3 FH 24T T B is
BTG T, AT B R AT REE RS R R B A AT THL[9]. 2RSS AL T LR T KB 1T
LTI AL TH[1].

FET RS, ASCUAZS 58 ISR IR T 42 VR 2R S PRl R AT R SR 1A -+ UG S EUl A R, d5Ais
BB R AT DA i 1) E TR M B TEAT I T, KR g B BRI 3 3K,
%C/u B AH IR R BN B ik BRI v B, AT AS) 2 H R AR IR 2R AT B AR AR 1) R YR 42 AT Bk T o
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Table 1. Vehicle driving data (partial)
= L OREITREE(EE)

G 5 i 1] GPS 7hl X BHANEERE Y WUEEE  ZWOEE AR A RSIHUEE BN e
2017/12/18

At 0 0 ~0.324 0936  119.3678 2599242 900 0.36

p 20171218 g 0 ~0.324 0918 1103678 25.99241 1025 0.44
13:42:21

g (20171218 g 0 ~0.324 0936 1133678 259924 1137 0.46

13:42:22
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Table 2. Comparison of data volume before and after processing
2. AERIEHIEEX
JFR HE i FEME A HdE B2 Ab T 5 A Bt JEIREE 5 B Al 1) 220
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Figure 3. Definition of kinematic fragment
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Table 3. Definition table of characteristic parameters
=3 FHEBBENR

75 FHIES 4L =94 <X
1 T IZATH[A] s
2 T, B3k ] S
3 T, TRk P 1] s
4 T, S ] S
5 T SSr | s
6 P, plisu iRy ETE=d %
7 P, R B[] L %
8 R SJ3HIN [ EG %
9 R hssvinglilea %
10 a, PN m/s?
11 a S5y ek m/s?
12 S BT AR km
13 Ve R km/h
14 V, S8 km/h
15 Vie S IAT B E R km/h
16 Vi TR bR 22 km/h
17 a, 03k bR A 22 m/s?

THHAZEN S BN ZERHES S, MBI T L 4 iR,

Table 4. Characteristic values of each kinematic fragment (partial)

4. BIEEF R ERFHEHE(RE)

@)
Fr B S JBATIR] A (5] QR a] SJ5d [A] RET R] AR () b ORI R ST (AT E S A B
0 68 25 19 16 8 0.3676 0.2794 0.2353 0.1176
1 369 110 86 76 97 0.2961 0.2331 0.2060 0.2329
(b)
FrBegns PRI PEGERE e R ROCERE PR CPIT RO R IR bR 2
0 68 25 19 16 8 0.3676 0.2794 0.1176
1 369 110 86 76 97 0.2961 0.2331 0.2329
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Table 5. Contribution rate and cumulative contribution rate of each principal

Component

F 5. BEMDTENBITTEE
F Ao HE TURREE Bl stk
FRsr 1 54.702379% 54.702379%
F Ry 2 14.875836% 69.578215%
B W] 14.223835% 83.802050%
TS 4 4.791009% 88.593059%
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Figure 4. Elbow diagram
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Figure 5. Clustering diagram of kinematic fragments
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Table 6. Eigenvalues of cluster centers

6. BIEHORFIEE

ERES Ve 3K
1BATIN [ 0.016645 0.049312 0.006694
I e [a] 0.046925 0.170074 0.007414
TRGH IS [8] 0.043017 0.133798 0.009014
S 3H I ] 0.005981 0.018844 0.000666
S [A] 0.093908 0.126895 0.150542
Jnge e [a) 0.358979 0.449658 0.074917
IR [A] L 0.385482 0.359781 0.169062
ST [E] LY 0.232071 0.296445 0.13232
I E] L 0.220116 0.104162 0.699957
P s 0.154096 0.130917 0.084096
T4 el B 0.70828 0.70739 0.779982
BT B 0.006225 0.05314 0.000661
RRHEE 0.228996 0.491348 0.065986
S35 3 0.140942 0.383227 0.018834
P IAT B 0.181354 0.423988 0.056988
W PERREZE 0.179724 0.432003 0.03754
TN AR HE 7 0.339284 0.297921 0.196263

MUL LRSI R T, RS =i ah =2 Boh R LBl iR s, 353 69.9%, UiWIEE =38 f BULE
M EE A2 S B B, T 58 — 2 1 R 1] LU ARG T 88 = 8B Ry, I HLAE 8B N7 1
TR = B T e e Y, R B A P B B
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Table 7. Correlation coefficients of various kinematic fragments

7. BEEHFRBEBRREKN

J B CHNEN B B 5 CHVEN B B EHCES
1105 0.997226 1263 0.999974 1369 0.999746
1101 0.996365 905 0.999971 1418 0.999603
446 0.996007 322 0.999968 832 0.999082

38 0.995294 993 0.999923 1220 0.998655
418 0.994683 1077 0.998996 591 0.998048
358 0.99411 352 0.998889 13 0.997702
1028 0.994041 797 0.998862 1355 0.997099
1255 0.993906 306 0.998754 194 0.996822

24 0.993869 1237 0.998617 916 0.996668
610 0.989902 1111 0.998466 1178 0.994999

H T 400 4 2 (R AT B 0 A I (]G B2 9 1200~1300's, 43 A AN ER — 2R Tt e L 3 Mz ah sy B, A
S RTOURE I 4 ANEZh 5 B AR =R TR R 2 Niash =g i Beo BT ikia sh = i BOE R AHIE,
B AR RE Dy 1265 s AIAT R INIE] 6 Fios, BEARAR AT E)(s),  hALFR 93d FE (km/h) o

-O- HWRMATR TS

Figure 6. Driving cycle diagram
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Table 8. Parameters used in error analysis

F 8 RENMEARASH

5 RIS 5L B X FAAT
1 P TN I [ L %
2 P Pk T 1] LG %
3 R, SYH I [E] L %
4 R S [A] B %
5 a, S8 s m/s?
6 ay Ao m/s?
7 Vi -3 km/h
8 Vie ST SAAT Bk km/h

MRIEAR R Z R REZR A3 B A SRR AT R TR ED ik 9 P, WEH
AL, PTREZRATR DO IE S Hh, 2RSS EUNT 10%, JUHAFBIIE AR XTHRZE Y 0.75%, M
FAESHURAE S RRE , ATR LRI Tr 2 LA B

Table 9. Error analysis of vehicle driving cycle
9. RETHLARENH

a, P a,F¥ VPV, P

FRES % RS P, JGELLEI P, SELGI P, R R .
IR Bl I S K AT Bl

Mg T 0.283 0.3075 0.2055 0.204 0.3754 —0.3714 6.6598 8.3661
KA BME 0.2646 0.2222 0.3338 0.1794 0.3726 —0.4948 7.134 8.6935
AHX R 2 6.95% 38.39% 38.44% 13.71% 0.75% 24.94% 6.65% 3.77%

5 B&ERE

AR AR B AU 2 SEBRIE AT BRSO LT SR BRI B AR ko i 1421 Mizsah
FrBG SEBUSIRIE A A B 17 MRFIES L SRR 70Tl K-Means ZR 2 SR 00 5 i 2 H0RE o ik
AT BRAEM T JAEBE, R IB B2 By N 3 3%, JRa B IR R BUE N 3 iz sl iy BUE il B A B,
MR T 5 G B IR PR AT IR, B K 1265 s M4E00AT B0 T . I8 I o A7 5230 s 517 3 T
FIRFIES L, Bk T TR HER .

KRG REN], ASCPATRE TOLROR T SR LLBCE B, PG R AR R R AT i T 0 R S kI S ol
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