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Battery Electric Vehicle’ s Driving Cycle in Mountain Environment
Based on Big Data
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Abstract: In view of the trend of battery electric vehicles increasing, it is no longer applicable to use
traditional fuel vehicle’ s driving cycle for battery electric vehicle’ s driving cycle research. In order to obtain
the driving cycle of the battery electric vehicle and compare with the traditional driving cycle from the data
point of view, firstly, according to the driving data of the battery electric vehicle in Chongqing area, by using
the whole vehicle and battery data of the proprietary big data platform, the short-stroke method is adopted to
screen out the kinematic fragments. Then, the feature of kinematic fragments is constructed by the correlation
method of feature engineering, and the dimension of high-dimensional feature data is reduced by principal
component analysis and the feature weight is calculated to eliminate the influence of feature correlation. Next,

K-means++ clustering method is used to partition the structure of the driving speed and battery current

Wk B . 2022-08-01

FamiH . FEMERTHEARRE (5220002000€0)

VEZERIA . MIEEE (1990-), %, FRA, Wit . (825328370@ qq. com)
CHIRIER . KRBT (1992-), B, ERA, Bt . (695699484@ qq. com)



178 B %

SRS . '3

curves, and thus to construct 4 types of working conditions of low speed, medium speed, medium-high speed
and high speed. Moreover, the most suitable short-time working conditions are selected by sorting the
distance of each working condition with the cluster center as the origin, the ratio of the total duration of the
data set to the total duration of the data set is taken as the weight of the data set. Then, through the error
analysis, the characteristic deviation error of the smallest curve is selected as a representative of the working
condition, so as to determine the representative of the vehicle and battery working conditions. Finally, the
reliability of battery electric vehicle operating curve in mountain environment is proved by comparing the
international and domestic typical operating conditions. The result shows that (1) compared to non-
mountainous environments, in mountain environment, pure eleciric vehicles have shorter constant speed
driving times, longer idling times, greater deceleration and a smaller proportion of deceleration time; (2)
battery discharge efficiency is higher, and the vehicle speed is maintained at a moderate level.
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Fig. 1 Process of driving cycle development
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Tab.1 Quantity comparison before and after data

preprocessing
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Fig. 2 Velocity-time graph
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Fig. 3 Schematic diagram of kinematic fragments

Rz sl i BoE L, 8 WUk 315 /9 B ) 4y
HEAMEE B, T B mis s i BN S PR AT gt
THOLIAERNE, IE7EN 5 k12 2 i Bl AT i i,
AP B R T 20 s, A Be I ] it 2k 3N T
10%, HABeAIfalEE AL 10 s iz hae B,
1835 i Bl e A O AR L gk 2 R

x2 EBHFRRGENGEHEILL
Tab.2 Quantity comparison of kinematic fragments

before and after screening

(4182 B8 B %
iBeA:} 1422
MR T 20 s J5 1398
PBRE IR T 10% )5 1233
BRI (] BR 3 10 s 5 1161




180 AN S TR 2 541 5
1.2.2 BEREREHE BATERIE . Goit 2R 4R 3 5 1 $R s B2 A By
Lhizghs i Boh ettt s, s sl # e, B fE, ZRERI 30 BURHE IR 3 R,
xR3I BEHFEREISFE
Tab.3 Features of kinematic fragments
e EB [V EN
T BT/ s F B
S IB1T R /m J BN AR SR AR A S8 B+ iR B, RS
T; A ] L A B/ R BRI
T, Jon s ] L A5 TR/ R B s
T, VBl ] 31 W/ e B LA R
T, ) L 1] L A A1/ R BRI
Vinas R E/ (km - h7') Max {v;, vy, vy, |, vy, vy, vy HBEFHE
Vo K/ (km - b7 L B B B
Ve WA B AT/ (km - b SEAT X [H) P 2 BB AT X TR B A
v HEFRHEZE/ (km - h™") X B I R R b 22
A TR E/ (m - 577) Max {ay, a5, ay, |, a;, ay, ay-HfHE
A, YR/ (m « 57 o3 IXC [ s S/ o3 1K [ B it
A, IR EERRHERE/ (m - s77) X X ] 4 T S B SR i 2
D TR/ (m » 57 Max {dy, dy, ds b dy, dy dye RS
D, A/ (m - 57 YB3 X[ ) ik 2R/ l:lquﬂzW;&g;
D, Wk AR RS/ (m - 7)) X R X ] 4 T B SR A i 2
T, JCHRL B R] EE A3 HEL M L 3> = 0 (AT e B G
T, A2k [T S it ] b 31 HL It L 3 <O OIS/ 5 BE AR
/- AL R R LR A Max {iy, iy, i3, ty iy, iy, i3 AR HLTR
/s T PRI LR A (iy iy tig+ees) /A RO
If, JHCFRL FL AR 22/ A Xof A T F H T SR A 22
b, fig e MR K AL I/ A Max {ib, , iby, iby,--|, ib,, iy, iby--- A RERE FIYCHL IR
Ib, B MR BT A (Ib, +iby+iby ) /REdE [MISCEHR B
1b, AE I R Hl, A o 22/ A Xt T R R T A o 2
1A HCHRL LRI/ (A - s71) Max {ia,, iay, iay, |, ia;, iay, iay: ORI BE
1, JCH L TP N/ (A - 87 (ia, +iay+iay+- )/Tﬁlﬁﬁﬁﬂﬁ’ﬁ(m
1A, PR L NS AR UE 22/ (A - s ") Xt T A P F D B T SR 2
,, Bl [ 0 o A AU B/ (A Max {id,, id,, idy, =}, id,, id,, id--- R0 L FEL 37 U o
D fi ek IS A 7 A B/ (A - sfl) (id, +idy+idy++-) /Rt RO Bt
ID, A L R AR 22/ (A - s71) e FIT A R kT AT b, A Dk o R S o 22
X —ANia e i BO A FaRHIE, W5zl i B 15 BURHETHE R a3k 4 s,
*4 EBEHERFEHESITEER
Tab.4 Part of calculation results of kinematic fragment features
gz T S T, T, T, T, Vias V. Vo v, A A, A, D, D,
1 140 801.93 0.05 0.3l 0.4 0.24 332 2055 21.14 697 1.33 0.43 0.28 1.52 0.32
2 113 1538.64 0.0 0.44 0.44 0.11 77.9 48.69 49.04 19.75 2.75 0.83 0.65 2.08 0.81
3 184 1144.19 0.41 0.24  0.31 0.04 58 22,30  37.40 20.76 2.8  0.69  0.61 2.5 0.52
4 255 3887 0.26  0.23 0.30  0.21 111.7 5470 73.64 39.17 216 0.72  0.48 1.69  0.54
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Tab.5 Variance contribution rate of each principal component

FE P1 P2 P3 P4 P5 P6

FETRE/%  51.62 12.65 9.89 5.69 4.8 2.93
S FEE/ % 51.62 64.27 74.16 79.85 84.71 87.64
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Tab. 6 Principal component eigenvalues of partial

kinematic fragments

BHAEBFS Pl P2 P3 P4 P5 P6
1 -3.58 -1.828 -0.18 -0.33 -0.45 1.25

2 4.92 -0.07 -1.25 0.28 0.35 0.16

3 .35 2.22 0.26 -1.47 1.35 0.8l

1161 3.05 -1.43 -0.15 -0.20 0.81 -1.05
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Tab.7 K-means++ clustering center

FHE B | FfR2 2558 3 Kk 4
T, 0.55 0.13 0.15 0.07
T, 0.20 0.36 0.37 0.40
T, 0.17 0.34 0.34 0.37
T, 0.08 0.17 0.14 0.16
v, 12.13 22.89 35.08 53.68
v, 24. 60 25.73 40. 88 57.44
v, 13.51 12.12 20. 51 25.30
A, 0.54 0.45 0.55 0.57
A, 0.38 0.31 0.41 0.47
D, 0.53 0.44 0.58 0.62
D, 0.42 0.34 0.47 0.51
T, 0.85 0.67 0.69 0.69
T, 0.13 0.31 0.30 0.30
I, 11. 12 18.93 32.99 52.73
If, 16. 14 18. 61 31.49 46.17
I, -9.75 -9.46 -20.28 -30.34
I, 10. 13 9.19 16. 16 23.38
A, 6.25 8.18 15. 03 25.26
IA, 9.45 10. 59 19.23 30.74
D, -5.60 -10.42 -18.16 -28.98
D, 11.28 13.68 24.08 36.42
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Tab.8 Error analysis on candidate driving cycles

FEHE 1 2 3 4 5 6 7 8 9 10 11 12 SR EE
T, 0.22 0.18 0.20 0.17 0.20 0.16 0.21 0.17 0.19 0.16 0.19 0.15 0.17
T, 0.35 0. 37 0. 37 0.38 0. 36 0. 38 0.36 0. 38 0.38 0.39 0. 37 0.39 0. 36
T,y 0.31 0.32 0.31 0.32 0.32 0.33 0.31 0.32 0.32 0.33 0.32 0.33 0.33
T, 0.12 0.13 0.12 0.13 0.12 0.13 0.12 0.13 0.11 0.12 0.12 0.13 0.14
Ve 34.3 36.9 34.2 36.7 34.8 37.0 33.7 36.4 33.8 36.2 34.3 36.5 36.2
Vi 43.0 44.3 42.2 43.5 42.6 43.7 41.9 43.3 41.2 42.6 41.7 42.9 43.0
V, 22.7 21.6 22.0 21.1 21.8 20.9 22.3 21.4 21.7 21.0 21.6 20.8 24.7
A, 0.53 0.51 0.53 0.52 0.53 0.52 0.53 0.51 0.53 0.51 0.53 0.51 0.54
A, 0.42 0.43 0.42 0.43 0.42 0.43 0.42 0.42 0.41 0.42 0.42 0.42 0.42
D, 0.59 0.58 0.61 0. 60 0.58 0.58 0.58 0. 58 0.60 0.59 0.57 0.57 0.57
D, 0.45 0.45 0. 46 0.45 0.45 0.45 0.46 0.45 0. 46 0. 46 0.45 0.45 0.47
T; 0.73 0.74 0.74 0.74 0.74 0.73 0.73 0.73 0.74 0.74 0.73 0.73 0.71
T, 0.26 0.25 0.25 0.25 0.26 0.26 0.26 0.26 0.25 0.25 0. 26 0.26 0.28
If., 31.6 33.9 33.8 35.5 34.2 35.7 31.0 33.3 33.2 34.9 33.6 35.1 33.7
If, 34.6 34.3 35.2 34.8 34.7 34.4 34.0 33.9 34.7 34.4 34.2 34.0 36.9
b, 21.8 22.5 21.8 22.5 21.3 22.0 21.5 22.2 21.5 22.2 21.1 21.7 21.0
1b, 18.1 17.8 18. 1 17.8 17.3 17.2 17.8 17.6 17.8 17.6 17.1 17.0 19.5
A, 19.0 19.7 19.1 19.7 18.6 19.3 18.3 19. 1 18.5 19.2 18.0 18.8 16.2
IA, 23.5 23.3 23.1 23.0 22.7 22.7 22.9 22.9 22.7 22.7 22.2 22.3 23.0
D, 21.2 22.7 21.6 23.0 21.1 22.6 20.8 22.4 21.3 22.7 20.9 22.2 18.7
ID, 27.9 27.3 27.7 27.0 27.0 26.5 27.5 26.9 27.3 26.8 26.6 26.2 27.6
IRER/Y% 6.19 6.51 6. 44 7.0 5.53 6.54 6.47 6.34 6.91 6.95 5.99 6.44 —
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Chongqing
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