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"LAB for Al in the Automotive Industry

¥ %

Data Collection & Labellin

Test Fleet of 100+ hydrogen fuel
vehicles

Telematics system to capture:
GPS coordinates, fuel tank level,
velocity, gas pedal position
Diverse dataset with various
driving conditions & climates
Data transmitted to a central
database

Database Toolbox to query
relevant data from the database

Deep Dive into the Daimler’s Fleet

Data Visualization & Pre-

processing

MATLAB  script to filter
anomalous data, eg. zero
points reported by the GPS
system and non-drive files

Mapping toolbox used to
reconstruct any trip taken in a
test vehicle - integration with
Google Earth

user story

Statistical Analyses Deployment

MATLAB scripts enabling engineers  «  Automated Reports
to link real-world location to vehicle
performance, simplifying remote
diagnostics  analyses on  the
worldwide fleet.

+  Web Applications

Engineers can use these results to
determine how fuel depletion rates
are affected by the driving
environment.

Plan Hydrogen refueling - spatial
histogram

Analyze driving patterns, e.. pedal
position analysis

Developing Onboard SOH Estimation Using
DVA and ICA for LFP Batteries .
@ Gotion

Challenge
Li-on Batteries suffer from a variety of degradation mechanisms that lead to either capacity fade

o N N N Cyel a° Calend. -
of power fade, Techniques like Incremental Capacity Analysis and DIff | Valtage Analy 4 yele sae R

curves still requires domain expertise.

can be used to estimate DQ and DV curves but inferring battery State of Health (SOH) from these
fom
™

Solution
Gotion used MATLAB to develop feature extraction methods that detect the most important = ,:{\ == 4 =

features in DO and DV curves, then trained a linear regression model that correlates these
features with capaeity fade. This regression model was then used zlongside termperature data in
2 2D look-up table that estimates SOH. The solution was implemented in Simulink for testing,
requirements validation, and certification.

Benefits of using MATLAB and Simulink

+ [Easy data analysis for visualization and identification of key trends in battery aging

+  Built-in tools to extract meaningful features from differential voltage curves (peak detection)
+  V-diagram workflow support includi quirements t, automatic code generation, and

1S0 26262/IEC 61508 certification

Link to MathWoerks Automotive Conference slides
Link to MathWaerks Automotive Conference recording

BMW Uses Machine Learning to Detect Oversteering

Challenge

Develop automated software for detecting oversteering,
an unsafe condition in which rear tires lose their grip during

aturn

Solution

Use MATLAB to develop, train, and evaluate a variety of
supervised machine learning classifier types, including KNN,

SVM, and decision trees

Results

= Qversteering identified with greater than 98% accuracy
= Multiple machine learning classifiers trained automatically
= Code generated and deployed to an ECU for real-time,

in-vehicle testing

A BMW M4 oversteering on a test track.

“Working in MATLAB, we developed a supervised
machine learning model as a proof of concept. Despite
having little previous experience with machine
learning, in just three weeks we completed a working
ECU prototype capable of detecting oversteering with
over 98% accuracy.”

- Tobias Freudling, BMW Group

Renault Uses Deep Learning Networks to Estimate NOy
Emissions
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—Real data
—LST™M

Challenge
Design, simulate, and improve aftertreatment systems
to reduce oxides of nitrogen (NOy) emissions

Solution

Use MATLAB and Deep Learning Toolbox to model al

engine-out NOy emissions using a long short-term .

memory (LSTM) network o1

Results W 2 0 a0 S0 &0 W s w0 M

Timels]
= NOy emissions predicted with close to 90% xg:s:r;f;‘sm; Smissions from an actual engine and modeled
accuracy

= LSTM network incorporated into aftertreatment
simulation model

= Code generated directly from network for ECU
deployment

“Even though we are not specialists in deep learning,
using MATLAB and Deep Learning Toolbox we were
able fo creafe and train a nefwork that predicts NOy
emissions with almost 90% accuracy.”

- Nicoleta-Alexandra Stroe, Renault

Link s aztic)
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’ Operationalizing Al Models at Edge and in Cloud

Dashboard OT and IT systems Edge system Assets
| K kibana wnwe O lhuid Remaining Useful Life
Power Bl +c|b|eclu Web App  7973% 20 4
Archived Data ey il g§ \* & g
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Model and 25 T () ()
Algorlthm Creation DepIOyment ddOCker e MATLAB Production Server
‘\processes
Predictive 0 Request
Maintenance . ‘\ Broker - R
‘ Wodel Container r.- M
— Data
MATLAB@ . Reduction
SIMULIN_KK Algorithms . q
’a C code
Feature
| Classifier | . |
1. Interactively access data sources 3. Automatically generate code 5. Enable data-driven decision-making
2. Create Al models, feature classifiers, and data 4. Automatically create Docker containers for with dashboards
reduction algorithms streaming or batch operations 6. Verify edge/cloud algorithms with

digital twin simulations of equipment
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Case Study: Anomaly Detection for Air Intake System

6. Conformation of Anomaly & Time to Failure
Appointment booking at nearest dealership

< » SDV Car with an Odometer reading of 70K kilometer
1. Model Deployment on Edge » Car experiencing loss of power. Hard acceleration
’ . 5. Relevant Data Sharing required
2. Periodic Vehicle Health * No DTC code or MIL light seen
i Update * Health alert indicating some anomaly in Air-Intake

4. Permission to Fetch data

] ok

Prognostics & Health Monitoring
System

3. Vehicle Heath Alert Identifying potential
anomaly in Air-Intake system

- TATA
l ( :ﬁ CONSULTANCY
SERVICES

v

4 Building on belief



. TATA
T CONSULTANCY
SERVICES

Anomaly Prediction Data Exploration

Analytics Dashboard

Anomaly Detection
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Data Exploration
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Anomaly Prediction

SERVICES

Data Exploration Anomaly Detection

Data Exploration
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Anomaly Prediction

Data Exploration

Anomaly Detection

Data Exploration
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| Analytics Workflow

Access and Preprocess Modeling &
Explore Data Data Insights
4 "
. Working with Model Creation e.g. Desktop Apps
Files Messy Data Machine Learning
Databases Data Reduction/ Parameter Enterprise Scale
Transformation Optimization Systems
Y = MATI-AB Excel
: " > e,::T C/C++
Java Jdil
Sensors Feature Model Validation Embedded Devices
= &s-m Extraction and Hardware
oy | 1
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Delivered through Matlab
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Access and Explore Data
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Preprocess Data

= MATLAB Live Editor provides ready to use plots to
explore data behavior and pattern

= Provides ready code for selected plots

4\ MATLAB R2022b -
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= Feature ranking algorithms to interactively extract
and rank the features from the sensor data

= Extracting Time , Frequency and domain-based
features

4\ Classification Learner - untitled” - >

CLASSIFICATION LEARNER

[:=] summarny
GF 3 open : B B & >
New Save v | Festure Gaussian  KernelNaive  All Naive | 7| i3 Dupicate o\ Seatter  Confusion T Layout | Test Generate  Export
Session ~ Selection @ Optimizer || Naive Bayes Bayes Bayes Teble Matrix - Data ~ Function Model ~
FILE OPTIONS MODELS TRAIN PLOT AND INTERPRET TEST EXPORT
e || Model 1 Default Feature Selection
g
g Feature Ranking Algorithm Feature Selection

Select highest ranked features

Select individual features

[ mene J[ MRMR |[ cmz |

ANOVA Num features to keep

Feature importance scores sorted using MRMR algorithm
T T T T

r Add A Y
Select |Features MRMR
1 prediction_SV. 06183
) 2 VEHICLESFE. . 05770
3 Ratio_AIrFlow 03916
B 4 FUELTEMPER 0373
g 5 prediction_SVM 03111
B 6 Label 0.3030
8 ) 7 score_SVM_0G 0273%
8 AIRINLETFRE 02684
B 9 PC4 02677
10 Ratio_Acceler... 02544
kT prediction_iFor 02515
1 12 PC1 02472
L . L L . L No draft models exist. Options will be applied to future

0 0.1 02 03 04 05 06 07 models created using the Models gallery.

Importance scores

How 10 select features? Save and Apply

Data set data__ Observations: 356 Size: 344 kB Predictors: 30 Response: predictedValue_actualValue  Response Classes: 3 Validation: 5-fold cross-validation

Building on belief
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Modeling and Insights

Classification and Regression Learner
app to try different models and find the
best fit for data sets via GUI Interface

App Designer to Design the
dashboard interactively and
WebApp Server to host them
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Deploy

Deployment through MATLAB

Compiler
. Simulink
— Compiler
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Coder Products
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Embedded Hardware Enterprise Systems
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Summary

Role of Al in SDV

» Across Domains
« ADAS, Cyber Security, Diagnostics

Predictive Maintenance

« SDV Data
» High Computing Power

Architecture for Predictive Maintenance

» Distributed
e Offboard and Onboard

MATLAB Tool Chain

Robust
Work with Business and Engineering Data

TATA
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