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ABOUT THE SPEAKER

0 Married
1 son
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Currently

0 Data Science Expert @ PJ-DT
ECC, Robert Bosch Romania

O Involved in data science related
projects across different business
units

PJ-DT : Project House — Digital Transformation
ECC : Engineering Center Cluj

Previously

O Engineer in telecom

Q PhD in Informatics and Signal
Processing

O Postdoc researcher (~ 6 years)

O Sensor time series
O Multivariate imaging
O Genomics & proteomics
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Agenda

v An brief overview on Bosch the main activities and business areas

v" Analytics use cases from industry

v Detection of events during product development
v" Root cause analysis
v" Fault prediction during optical inspection
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Introduction
Business sectors

PERCENTAGE Mobility Consumer Energy &
OF TOTAL solutions goods building
SALES PER technology
BUSINESS Injection O Power tools O Security and
SECTORIN 2018 technology communication
m Mobility Powertrain syste.ms
m Consumer goods peripherals O Household Heating systems

Energy
management
systems

m Industrial technology Steering systems appliances
m Energy & building technology Safety and driver

assistance

systems Industrial heating

& air conditioning

Infotainment systems
technology
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High-voltage magneto ignition system

 Invented in 1902

7 Automotive Electronics | RBRO/PJ-DT | 2019-08-01 BOSCH
BEEEEE D 7




ABS — Antilock breaking system

A Invented in 1978
d 9 years development

O All cars in the EU are sold with ABS
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ESP — Electronic Stability Program

O Invented in 1995

a > 80% of all new cars in the EU and 60%
worldwide are equipped with ABS

U ESP has prevented more than 190.000
accidents and saved more than 6000 lives

across Europe since 1995

9 Automotive Electronics | RBRO/PJ-DT | 2019-08-01 BOSCH




Introduction

Car ECU Architecture — a comparative view on distant ages

Feature comparison

Vintage
* Aprox. 40 wires « 800 to 1000 wires.
* Headlights and backlights * Traction control
* Horn + Dynamic torque distribution
» Electric wipers + Hill decent assist
* Radio + Hill start assist
+ Seatbelts + Launch control
* Regenerative braking
+ Start-stop

* Pre-tensioning seatbelts
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Modern

ABS

ESP

Park pilot

ACC

Lane assist
Adaptive headlights
4 zone AC
Infotaiment

Internet connectivity

Tire pressure monitoring
Heated and cooled seats
Heated steering wheel
Voice commands
Airbags

Emergency braking

Soft close doors
Automatic boot

BOSCH




Introduction
Product life cycle

* Process

Implementation

* Manufacturing

* Product Testing

After Sales
Services

Design and

Development End Of Life

Production Marketing Distribution

* Product concept

: *  Product support
* Product design

s  Maintenance
« Validation & test
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Introduction
A schematic view on a manufacturing plant

9 )
= Product PR I—_EI)J |ﬁ Product ~

Development Aftermarket

Human Quality Finance &
Resources Management Controlling

LB
@If | | pg

Supplier Logistics Warehouse
435D
Testing

Production Shopfloor
\ J
|

X = Qua

Warehouse Logistics Customer

Packaging

Technical Production Facility
Functions Planning & Management
Control
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Introduction

Data landscape in a manufacturing plant

<y
Material DB

Challenges
O Data integration
O Data modeling
0 Harmonization
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Data summary for one week of
—> production

A Parts produced: ~ 2 mil
[ Data volume: ~ 300 Gb

Traceability
DB

Final testing

DB

Machine log files

Maintenance
Process control
DB

DB

Unstructured data

Semi Structured data

Structured data

@ (2] (m
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ANALYTICS USE CASES
EXAMPLES




Data science use cases from industry
A maturity model for the adoption of data science in industry

How can we
increase FOR?

What will be FOR in Action
the next quarter? e
- t eSS Jow
r . .
orecas pus! Prescriptive
Why has FOR increased ‘ . . analytlcs
in certain regions? Predlqtlve  How can we
analytics shape the
Root Cause o - . « What will future?
Diagnostic happen
analytics
What is the current ’ x\ghy g:}d,,lt
fallout rate (FOR)? ® o ppen:
Descriptive
Transparency analytics
» What
happened?
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Descriptive analysis —Thermal Events Testing
Background

Product development

Following investigations are performed

Design and Hardware design

Development
PCB layout

q;-lr})E
24 i

Mechanical design

Validation & test
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Descriptive analysis —Thermal Events Testing

BaCkg ro u n d /TeSt setup Video Recorder\
@ Offline analysis

Product development Corrosive
liquid

Design and
Development

- « Detection

Observe and survey * Localization
« Labeling
Main challenges:

e Validation & test « Short events (< 1s)

* Low intensity events
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Descriptive analysis — Thermal Events Detection

Some examples
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Descriptive analysis — Thermal Events Detection
How data analysis can help?

Thermal event
;'\
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Descriptive analysis — Thermal Events Detection
How data analysis can help?

Thermal events

\
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0 200 00 600 0 1000
Time (s)

Noise or Low intensity
thermal events
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Descriptive analysis — Thermal Events Detection
How data analysis can help?

Thermal events detection as a binary classification problem

Challenges:

Q Detection of low intensity events
‘/K ) Benefits:
Classifier O Dramatic reduction of analysis time
) O Automatic reporting
[
Lt 10
v E o8
[ i" 06
Model |, &
6 04
=
I\—/ 02
— 2
— 00
§ 0 1 2 3 4 5 6 7 B 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 3 35 3% 37 38 3 4
New test videos £ Time (s)
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Diagnostic analysis — Root Cause Analysis
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Diagnostic analysis — Root Cause Analysis
What is RCA in manufacturing?

RCA is the process of identifying factors or combination of factors that cause
defects or quality deviations in the manufactured product.
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Diagnostic analysis — Root Cause Analysis
What is RCA in manufacturing?

RCA is the process of identifying factors or combination of factors that cause
defects or quality deviations in the manufactured product.

Drop in quality
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Diagnostic analysis — Root Cause Analysis

Similar use cases
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» RCA — useinindustry to
identify factors or
combination of factors that
cause defects or quality
deviations in the
manufactured product.

» Market Basket

Analysis - used by
large retailers to uncover
associations between
items in order to make
purchase suggestions to

clients. 4/0/
O&. /)@
@O e
> @
- ‘96‘
%, %,
%, .
Goal: identify ™4,

combinations of items
that occur together
frequently in
transactions.

» Genetics -
biomarkers
discovery

Goal: identify DNA
seguences that cause
diseases of that are
associated with
susceptibility to
diseases.
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Diagnostic analysis — Root Cause Analysis
Traditional vs Data Driven RCA =3

The 5 Whys

[ Traditional [ Fault ree Do not necessarily lead to root cause but

methods analysis . .
A J help in narrowing down the search space

Traditionally, RCA relies on expert knowledge
Parent for possible root causes.

analysis

Experience is extremely valuable but... —
Change A

analysis ( \

- Production lines and processes are very complex

. L. A-priori
- Experts can be biased towards certain ideas . ’< U
Rules mining P ——

FPM

- Very often the information is shared across
manufacturing sites/people, experts/operators might
not be aware about the most recent changes made on

Deterministic
models Decision trees

the line Classifiers SVMs
methods
- Product assembly is split between different sites Bayesian | N Neural
networks networks

Probabilistic
models

Dempster-
Shafer Theory

BOSCH
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Predictive analysis — Fault prediction at Optical Inspection
Background . i*:{ ~

Product Testing N @ ) ECU

PCB “Sas>
PCB Assembly Line Final Assembly/O
Production @

NOK

 — Optical Inspection System
I § O Camera

E ,gi
o0

U Text recognition

“Faults” are the cases when the
customer fails in reading the information
printed on the label

4 Decision maker

Customer .
A=
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Predictive analysis — Fault prediction at Optical Inspection
Examples of rejected parts

Distorted characters

F-07-04 9-07-04 OL

9-07-02 HW:030
L5 300

350 &02 99 350 O

‘HY{O3 .
03 -

I"k;;g.‘}@ in Romania

Overlapping characters Poor engraving
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Predictive analysis — Fault prediction at Optical Inspection
Examples of pseudo-failures

High pseudo-failure rate ->
reduction in production capacity

17/11.00
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Predictive analysis — Fault prediction at Optical Inspection
Optical Inspection System - design

Image processing Text detection and
character extraction

Optical Character Recognition
— — N @ —d — 5

Text detection

Denoising

Contrast enhancement

ROl extraction

CNN based models for OCR accuracy > 99.8%

Rotation correction
Single characters But !!!

o O O O

Q ~50 chars per image, overall accuracy ~95%

Main challenges:
Q Poor quality images

O Automatic text detection

O Single character extraction

@ Time constraints (< 1 s/image)
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Summary
Some insights

» State of the art algorithms can already be implemented and adapted for
simple use cases with a high impact

» Data accessibility is a challenge

Quality
» Scalability and time constraints

GOOD

» Proving the benefits of data driven solutions is a challenge

» Finding the appropriate language to sell the solutions

FAST CHEAP

Productivity Costs

BOSCH
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RBRO/PJ-DT
Thank You for Your Attention!
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