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Long—term Driving Data Analysis of Hybrid Electric Vehicle

Ji-Young Woo*, In-Beom Yang**

Abstract

In this work, we analyze the relationship between the accumulated mileage of hybrid electric

vehicle(HHEV) and the data provided from vehicle parts. Data were collected while traveling over

70,000 Km in various paths. The data collected in seconds are aggregated for 10 minutes and

characterized in terms of centrality, variability, normality, and so on. We examined whether the

statistical properties of vehicle parts are different for each cumulative mileage interval of a hybrid
car. When the cumulative mileage interval is categorized into =< 30,000, <= 50,000, and >50,000, the
statistical properties are classified by the mileage interval as 82.3% accuracy. This indicates that if
the data of the vehicle parts is collected by operating the hybrid vehicle for 10 minutes, the

cumulative mileage interval of the vehicle can be estimated. This makes it possible to detect the

abnormality of the vehicle part relative to the accumulated mileage. It can be used to detect

abnormal aging of vehicle parts and to inform maintenance necessity.

» Keyword: Hybrid electric vehicle, OBD-Il, Driving data, Mileage, Machine learning
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[Il. Driving Data Collection

1.1 Data collection system
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Fig. 1. Schematic Diagram of Real-Time Monitoring System
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1.2 Test vehicle and data specification
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Table 1. Specifications of Test Vehicles

Table 2. ECU in the HEV and Included Data

Item Value
Max. Speed 180 km/h
Performance Acc.(0—96km/h) 9.8 s
Fuel Efficiency 29.2 km/I
Motor 60 kW
Driving Generator 42 kW
Unit Engine 73 kW
Type Full hybrid
Motor Max. Torque 207 Nm
) Displacement 1,798 cc
Engine
Max. Torque 143 Nmm
Type Ni—MH
Battery
Capacity 1.3 kWh
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ECU Number of Data
Engine and ECT 185
Hybrid Control 524
Cruise Control 11
ABS/VSC/TRAC 99
Tire Pressure Monitor 34
EMPS 22
Transmission Control 28
Air Conditioner 30
SRS Airbag 5
Main Body 27
PM1 Gateway 9
D-Door Motor 7
P-Door Motor 7
RL-Door Motor 7
RR-Door Motor 7
Master Switch 13
Combination Meter 25
Smart Key 46
Power Source Control 20
Occupant Detection 18
PM2 Gateway 3
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IV. The Proposed Methodology

1.1 Data exploration
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Fig. 3. Auxiliary Battery Characteristics by Mileage
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1.2 Features
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Table 3. Data Statistics by Mileage Intervals

rz::f;?: # of data # of driving
Interval 1 =<30,000 32 3
Interval 2 =<50,000 92 7
Interval 3 >50,000 62 6
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1.3.2 Classifier
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1.3.3 Algorithm performance
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Table 4. Random Forest Performance

Prediction y 5 3
Reference
1 16 0 0
2 16 83 35
3 0 8 27
* Accuracy : 0.68
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Table 5. Neural Network Performance
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Prediction y 5 3
Reference
1 0 0 0
2 32 91 62
3 0 0 0
« Accuracy : 0.49

Table 6. Naive Bayes Performance

Prediction y 5 3
Reference
1 26 0 7
2 3 81 9
3 3 10 46
* Accuracy : 0.83
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Table 7. Naive Bayes Performance with 4 Classes

Prediction y 5 3 4
Reference
1 15 0 0 0
2 14 71 15 3
3 3 20 26 18
4 0 0 0 0

« Accuracy : 0.61

1.4 Feature analysis

slo|HE|tAlsa}l BEol EA glow nldgAE LR
G Fe THEE F LS FHshed Fo8 AR
G

el WEgke] Al dis] A Rtk FesH =EE
E& vl 7ol w5 ghol e Wake Ao
Spoluel A e Febie etk YEold
3% 4 gl

1.4.1 Feature importance

ghrol| 35 ZAES W4E Ay ud ooy 2o dy
431]’\‘501]*1 ARES 9 T8 %+ incNodePurity 2 6=
o, o= 54 ¥R EgE /|dS W ke =29 &

Z

A7 7o) goz el

7P T89 Mg o F7] £k, BH UHH 2%, Bx

P

car.fit

Fo RES AR A )
urhe W §7] £,
veRdehE 2Lg s,
£ 20 gtows, AF

Fa 4

ko A Temporatue mean
Invener Temp MG2. mean
Caiuate (oo

ek fenperature max
Amtyert fenperatre mean
Aunbary Batl Temperature mean
Auhary ﬂﬂﬂ Tempara!u fe max
Ambert Femperatye min o
Intake Ar Temperafure min °

mea o
Austan Ean Temperate min °

Hovrs femoetate max °
unwngmﬂem min o
o MG1 sd o
Bt ssecrte < o
Balt Pack Curtent Val s o
Boost Ralio s -
Generafor G Reyrmax °
Sateof Charge Al mean
it M eendion e
Motor MG2. Torg max. o
Engne Rev: Sensor sd °

0 1 2 3

InchodePurty

o
s

Fig. 8. Variable Importance Plot

1 3

od B O b o ooy
4
b
ol
o
4
i
Y
ﬁ
rlr

£, Audlele] Ea9) gt AuaArt A ek
2 wee) gt BEAAE
o) £ kel Agel o0 el He e

on between features
Fo) exe AR} gk <
A

% 9}@&47417} 7 v a7
1% /\lﬂ o]

=

ols
L

=)
B
&

Ast,

>
3

o

el Az gt ) JREAE S

8
E

Fig. 9. Heatmap for Key

3} 917 Bast e o), waiEe) e
Belo] Hrhe 2 ¢ 4 9ok
BER

S R L
apg B9 o WAF & 5 v, waEvEe At Ay

Intake Air Temperature mean

Intake Alr Temperature max
Inverter Temp. MG2. mean
Ambient Temperature. mean
Intake Air Temperature.min
Ambient Temperature.min
Ausiiary Batt Temperature mean
Ausiiary Batt Temperature. max
Inhaling Air Temp max
Caleulate Load s

Calculate Load max

Auiiary Battery Vol max

Features

Fig. 99} %t} Heat

T RE

QM E]

ol ”J&r A= At



Long-term Driving Data Analysis of Hybrid Electric Vehicle 69

[V. Conclusions
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