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[Abstract]

Automobiles and parts makers are constantly conducting driving tests before and after product launches. They have big data
collected through various sensors in this process, but it is rarely connected to product improvement and innovation. Because
automobile driving performance tests are conducted in so many different modes and environments, and many variables and
datasets are generated, engineers face great difficulties finding conclusions by analyzing huge driving big data. The goal of this
study is to develop reliability analysis system that supports engineers to overcome these difficulties and effectively perform
performance evaluation, fault diagnosis, and reliability analysis by analyzing vast driving big data. To this end, the vehicle
reliability evaluation process was established, the system function was derived, and the target architecture was designed. Adopting
API first approach we designed APIs which take the requirements of the front-end and the back-end layers. Next, we developed
the functions using the web protocol within the application layer based on the design artifacts. The system supports the entire
cycle of data collection, pre-processing, analysis, and visualization in the engine-only test, speedway driving test, and actual road
test for various vehicle types such as internal combustion engines, hybrids, and electric vehicles.
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Fig. 1. The trend of Car Recall (Source : Zero Defect
Manufacturing)
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Traditional Quality Reliability
Concept
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reliability
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Table 2. The Main Functionalites of Reliability Analysis Al
Platform on Vehicle Driving Big Data

Main
Functionality

Classifica

tion Details

Measurement of data quality such as
missing values and outliers,
visualization of distribution by variable
and calculation of characteristic
statistics, correlation analysis and
deduction of correlation coefficients
using scatter plots and correlation
heatmaps

Explorato
ry Data
Analysis

Data quality
analysis

Missing value processing, noise
removal smoothing function, and
contradiction removal function for
effective application of algorithms
and improvement of model results

Dimensional reduction through
principal component analysis,
numerical reduction through
clustering

Discretization of Numerical Data, Log
Transformation, On Hot Encoding,
Feature Split

Cleansing

Pre—Proc

essing Reduction

Transformation

Searching a list of 1,000 sample
driving data and analyzing basic
statistics for each variable using
Pandas Profiling

Histogram analysis, Displot analysis,
Driving location map display using
Kakao Map, Log Time Series and
Time Series, Heatmap, Pairplot
analysis, Severity  analysis  for
individual driving

Statistical
Analysis

Individua
Analysisl

Visualization

User registration, login, logout,
password search, profile, activity log
search

User

Management
Metadata ¢

Manage
ment

Driving list inquiry, condition search,
driving record creation/change
/deletion, driving record comment
inquiry/creation/change/delete

Driving Data
Management

Derivation of reliability functions such
as cooling water inlet and outlet
temperature difference and control
compliance

Reliability
Reliability Function

Analysis

Severity analysis and  knocking
analysis for specific variables

Boxplot, Histogram  Comparison,
comparative analysis of data sets,
reliability monitoring by driving using
features and variables

Severity
Analysis

Compara
tive
Analysis

Comparative
Analysis

Correlation
Analysis

Correlation
Analysis

Correlation coefficient trend, Scatter
Plot, Log Scale function

Provides a diagnostic function that
can evaluate and monitor vehicle
performance degradation, damage,
etc.

In-Depth
Analysis

Diagnosis of
malfunctions
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Table 3. A list of REST API

Classification REST API Description
/user/registration User Registration
/user/login Log-In
User
Management /user/logout Log—Out
/user/password Password Finding
/user/withdrawal Withdrawal
Driving Record List-Up
Driving Record /i Creation of Driving Record
rive
Management Update of Driving Record
Delete of Driving Record
/sample Sample Data Presentation
/variable Variable Description
- Basic Statistics and
/statistics ;
Histogram
map nfommaton on the ma
Driving Analysis P
/timeseries Time
Severity Indicators
/severity calculation and
presentation metadata
Jknocking Knocking analysis data
request
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Table 4. Severity Indicator

Severity Feature Feature Details

length Length of time series

absolute Energy Sum over the squared values

absolute_sum_of_ch | Sum over the absolute value of consecutive
anges changes in the series x

mean_abs_chanage | Mean absolute change

An estimate for a time series complexity (A
cid_ce more complex time series has more peaks,
valleys etc.)

Percentage of values in x that are higher
than t (threshold)

The percentage of values in x that are lower
than t

count_above (t)

count_below (t)

Calculates the number of peaks in the time

number of peaks )
series

ratio_beyond_2_sig | Ratio of values that are more than 2 * std(x)
ma (so r times sigma) away from the mean of x

A technique used to quantify the amount of
approximate entropy | regularity and the unpredictability of
fluctuations over time—series data

A modification of approximate entropy
(ApEn), used for assessing the complexity
of physiological time—series signals
approximate entropy

sample_entropy

maximum the highest value of the time series

minimum the lowest value of the time series

absolute Maximum the highest absolute value
Peak(Absolute Maximum)/RMS

maximum-minimum

crest factor

peak to peak
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