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Introduction

INTRODUCTION OF BS4 REGULATIONS
ECU + SENSORS

ECU CAN RUN A HOST OF PROGRAMS

BETTER INFORMATION PROCESSING
ECU + SENSORS +

CAN MACHINE LEARNING BE USED?
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Problem Statement

What is the problem?

. Road Surface and its condition is a critical parameter for vehicle operation
. Diversified categories of road with different terrain combinations

. Terrain change needs a change in driving style

What can | predict if | somehow know the road condition?
m Tire life and wear

=  Vehicle Durability and aging impact
=  Fuel Economy Impact

How can | know the road condition?

Use Machine Learning to Classify Road Condition
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Step 01: What are the Road Conditions

[— . e a3
National Highway / Expressway ( Four / Six Lane ) A Single Lane State Highway / City Route

Operating Speed 60 ~ Max. Speed (Kmph) P Operating Speed 20 ~ 50 Kmph
< -

GOOD ROAD
P~ P
Broken Tar Road / Village Road No Road Condition / Damaged Road A

Operating Speed 20 ~ 30 Kmph Operating Speed < 20 Kmph

BAD ROAD
e pti ok

BAD ROAD

————— O . . Sl e __/
Mahindra Trucks and Buses




4. TRAIN models using the

features derived in step 3.

1. ACCESS and load the data.

. 8

4 |

2. PREPROCESS the data. 5. ITERATE to find the best model.

1 ! o %

3. DERIVE features using

6. INTEGRATE the best-trained & =
the preprocessed data.

model into a production system.

The Machine Learning Way?
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. Internet Study

4\ Classification Leamer - Scatter Plot

o X
CLASSIFICATION LEARNER w ™ ‘A
*  Collect and Label Dat
_ T
ollect and Label Data + e H @ W.eE® O B ¢
New Feature  PCA Linear Quadratic Al Advanced  Use  Train  Scatter Confusion ROC Curve Paratel Export
TRue | reammes | _MODELTYPE [ TRANNG | ____ Aot : | oeorr Hﬂ
PY P D t Data Browser ® | ScatterPlot | ConfusionMatrix 3 | ROC Curve ¥ | Parallel Coordinates Plot |
rocess bata S ”
= Predictions: model 1.5 &) © Plot
1.2 Tree Accuracy: 96.0% 45 o O Data
Last change: Medium Tree 4/4 features ® Model predictons
o 13 Tree Accuracy: 96.7% ° 7 ® Correct
Extract Features aeen ll . % s
14 Linear Discriminant Accuracy. 98.0% . . .
Last change: Linear Discriminant 4/4 features * oo
. (1] Predictors
15 Quadratic Discriminant =35 X
. - Last change: Quadratic Discriminant 4/4 features 3 o oo SepaLength %
* ML Model is generated usin : :
16 7 SV Accuracy: 97.3% 3 ooe o o eos Y- Sepatiiidth v
.
Last change: Linear SVM 4/4 features g,- 3l-00—eee— o 00-0se o
17 O s Accuracy: 97.3% . oo oeece o 3 25—
Last chenge: Quadratic SVM 44 features |, T -0 o8 oo o0 R y — " |Meewied
.o . . . o oo Show Order
w Current Model 25 3 oo . setosa
Classification Learner Application , 5 et 5 .
Model 1.5: Trained . L4 . . =2 virginica
. ]
Results 2 73
. . . Accuracy 98.7% How to investigate features
° Th M L M d | O t d Prediction speed  ~6600 obs/sec 45 5 55 6 65 7 75 8
en, oael IS VUptimize Taiingtme 032228 sec - Sesliangs
Data set: fishertable  Observations: 150  Size: 25kB  Predictors: 4 Response: Species  Response Classes: 3 Validation: 5-fold Cross-Validation

. Build Model in Simulink

*  Generate code and flash it on to a target hardware
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Block Diagram of the Simulink Model

MLE Model
Feedback — Road Condition
Control — Estimation

Can serve as input to other algorithms
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Ground Truth Labelling

TEST ROUTE
744203 - o T o

—

7441.5 — \ —

7441 |—

Road patch with mix of good road and Bad Road is
identified for test data collection

7440 — ]

‘G 7439.50— —

Longitude

7439 — —

7438.5 — —

7438 [— —

T437.5 — —

74370 ‘ I & | | 4
1905.5 1906 1906.5 1907 19075 1908 1908.5

Latitude

Ground Truth Labelling is done by manually mapping the route as per road condition
during vehicle data collection trails .
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Data Analysis and \

Feature Extraction

* |dentify Key Variables
* Data Analysis

* Analyze and Extract Features

J Hiic Mahindra
Rise.
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Approach & Methodology ( Digital Signal Analysis)

= Signal? Signal2_Sfitered = Signal3_filtfiit
T I I
& Signal tered
¥ S a thit — ‘ | n‘ ,\Nr’\\\/\‘
WY//\ WA AAGAM AN/ AN "
a A
| } ﬁﬂr\&’\f
Workspace Browser == o ' ‘
éb,;::E ‘ ,,7 = " }ﬂjmf\/"\(
bS;"\EZ;‘TE 105 e f‘/ \/
L, Signal3_filtfil 1x3405 Jdoubie

= Filter Designer tool is used to design a low pass filter of required order and transition
band.

= To analyze original as well as the filtered signals in time and frequency domain, Signal
Analyzer Tool is used.
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Digital Signal Processing

File Tools \View Help ¥

70 [

Signal 1
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Designing Fiter _ Done
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Setting type and

Frequency specifications|

of filter
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Realizing filt

Laading the Filter Realization panel .. Dane

Block Parameters: Hip M S LX)

Discrete FIR Filter

Independently filter each channel of the input over time using an FIR filter. You can ;
tunable dialog parameters or separate input ports, which are useful for time-varying

A DSP System Toolbox license is required to use a filter structure other than Direct F|

| Main [ pata Types |

Coefficient source: [Dialug parameters
Filter structure: [Direct form |
Coefficients: 8578627544 0.069549103484394567 -0.1703026508¢ ‘
Input processing: [Columns as channels (frame based)
Initial states: o

Control

[C] Show enable port

External reset: [None
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In simulink
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Embedded Coder

Setup Embedded Coder

e Configuration

* Target Selection and Settings
Initial Issues the team faced
Build and Flash code

Improved usage of Embedded coder
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Hardware Implementation

Rapid Prototype Controller
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Results & Observations

S

Observations «\.‘%//
=  Road Condition Estimation is possible with in built vehicle sen‘SW\ g

—i

=  There is a scope to define more road categories

Results
e Good prediction capabilities seen with use of ML model
Conclusion

- ML Models might provide good initial model to predict inputs without an empirical model

- Simple ML model deployment is possible on controllers with limited memory footprint and

there is scope to further optimize
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