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loT is about making life simpler and more exciting.
Everything should be “Simply. Connected” for the user.

But sensing everything in multiple and complex environments bears a lot of challenges...
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Enhanced loT Edge by Smart Sensors
Driving innovation and cooperation: building sensor solutions

» Overcoming the challenge of TECHNOLOGY
- Leverage CORE MEMS- and system know-how Role of smart sensors

- Size, power, performance, embedded intelligence Smart Sensors are

» Overcoming the challenge of FRAGMENTATION sensing our world in
multiple and complex

— Platform solution with hardware and software ‘ ) I
~ APPLICATION know-how in the Bosch Group environments, allow
— Application-specific software, e.g. AR/VR/PDR things to be

“Simply.Connected.”
» Overcoming the challenge of COMPLEXITY ‘ and act as the

— From components to systems and solutions enablers of the loT.
— Simple design and TURN-KEY solution
-~ COOPERATION with third parties, reference designs
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Enhanced loT Edge by Smart Sensors
Bosch Group: highlights of the 2018 business year

€77.90n ( 69,500 )

associates worldwide

canton N
\E503 b nl /\)

+37 %

€47/b—\ /—\ 52m web-enabled
I —~
n Mobility Solutions 6@ e L o
N

~—

=~ sales revenue
1]
EESEL]
=, 5 (]
Q Headcount rises to
N 410,000
+7,800
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Enhanced loT Edge by Smart Sensors
Artificial intelligence: core area of expertise for Bosch

N 8.5m
4’000 sensors and devices
connected over the

Al experts at Bosch by 2021 - internet of things

150 @ 100% @

projects in the Bosch Center ,
for Artificial Intelligence of Bosch products will feature Al

by the middle of the next decade,

or Al will have been used to

52 develop or manufacture them

L)
-

web-enabled products sold in 2018 +37%
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Enhanced loT Edge by Smart Sensors
Internet of sensing things

Inertial
sensors

Absolute
orientation sensor
(BMX)

£

IMU
(BMI)

B &

Accelerometer Gyroscope
(BMA) (BMG)

Level of integration

From components
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Magnetometer
(BMM)

Gas sensor

(BME)

)
(%)

Humidity sensor
(BME)

Barometric pressure sensor
(BMP)

to sensor solutions

Smart
sensors

D

Smart sensors
(BNO/BMF)

Smart sensors
(BHI/BHA)

Optical
microsystems

Interactive projection
module
(BML)

Projection module
(BML)

Microscanner
(BML)

and systems

Software

BOSCH




Enhanced loT Edge by Smart Sensors
What do loT architects expect from sensor providers?

Ultra-low power Small package & high level . .
consumption of integration Embedded intelligence

Multi-functionality

3%
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Optimized sensor and
algorithm systems

Ultra-low power
consumption




Enhanced loT Edge by Smart Sensors
Gesture Recognition: The Challenge
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Enhanced loT Edge by Smart Sensors
Gesture Regonition: The Al solution

{
i ~-A D Q-
\ \

v High accuracy
v' Adaptable

Al Solution: Generate image -> upload to cloud -> image recognition -> return character
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Enhanced loT Edge by Smart Sensors
Gesture Regonition: The Smart Sensor solution

Rl

v' Low power
v' Low Latency
v Low data traffic cost

Smart Sensor Solution: Extract data points from motion -> Return character
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Enhanced loT Edge by Smart Sensors
Three waves of software evolution

2005 ® 2012 ©: Today Igl
LEARN
EVALUATE 3rd wave =
» Edge Al and sensor bots f? @ C]

2nd wave
» Customizable configuration
» Application-specific software

READ

» Programmable microcontroller &

advanced algorithms
1st wave

N
» MEMS and analog frontend NYZ,

» Digital IC :
» Integrated features El:

) Software adds value not only to the sensor but also to the entire system.
) Software is becoming increasingly intelligent, enabling Al inside the sensor itself.
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THIRD WAVE: EDGE Al




Enhanced loT Edge by Smart Sensors
Definition and benefits of edge Al

What is edge Al? What are the benefits of edge Al?

Edge Al is artificial intelligence inside the User benefits Benefits of edge Al
MEMS sensor system.

More accurate data adapted to user

Personalization due to accumulating data of
individual user only
- - Data is kept private due to edge
Edge network Privacy of user data data processing without cloud
Pl AN AN involvement

Edge endpoints |
P R e P Low latency due to avoidance of
O & data transfer

o%o @ Lower power consumption due to
° C‘C'\ J’_ QJ) Improved battery life occasional connectivity & data
® N transfers
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Enhanced loT Edge by Smart Sensors
Critical success factors

Domain
4 N ' context 4 )
e Al Algorithms

Added
value for

the user
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Enhanced loT Edge by Smart Sensors
Critical success factors — example gas sensor

Domain
8 Raw sensor A context (. PCA for complexity A

outputs: pressure, reduction and shallow Added
temperature, « Intimate knowledge neuronal network for

humidity and gas of sensor classification value for
scan data operations and use the user

cases
- AR Al Algorithms

L
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Enhanced loT Edge by Smart Sensors
Example: environmental sensing with BMEG680

Hurnidety MEMS  Pressure MEMS

By temperature-

cycled operation " | i
of the BME680's 006~ gE%EBEIZZ;A.G
gas MEMS, 0.04
different gas 0 002 _ 5 o
mixtures can be = BME68O * oo I
recognized and N “
classified. . ~ 7
-0.04 ~J
S
0.05
0 T~ ez - "o o2 03
Feature 2 Feature 1 e

Cross-section of gas MEMS *

Environmental MEMS sensors and Al-based software enable new solutions.
* Source: Bosch BME680 Environmental Sensor, MEMS report by A. Lahrach, System Plus Consulting, July 2017
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Enhanced loT Edge by Smart Sensors
Al can bridge the gap between sensor data and user’s needs

(o)
What the user wants

What environmental » Diaper state:

sensor hardware in a » Clean
diaper delivers > Dirty
» Wet

Raw temperature
Raw pressure
Raw humidity

vV v.v'Yy

Raw gas sensor signals

o

Solution 1- By machine learning: mathematical model based on sensor raw data predicts 3 possible states: clean, dirty, wet
2. By edge Al: final device fine-tunes the model to the individual user
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Enhanced loT Edge by Smart Sensors
Al can bridge the gap between sensor data and user’s needs

(o)
What the user wants

» Forest climate model
What small sensor

. » Risk evaluation
nodes can provide

» Early fire detection
» Temperature, pressure, humidity,
air flow,...

» Gas sensor signals (from air
quality up to smell patterns)

» Present devices (people!)

Solution . By sensor network: climate map for whole area w/ life view of activities

By machine learning: a model which classifies different situations and rates risks
By edge Al: adaptation on area-specific conditions and low-power solution
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Enhanced loT Edge by Smart Sensors
Example: Robart's solution using an IMU

(o)
What the user wants

» Mission completion - robot must
not lose its location within the map
to be able to return to home base

What the sensor delivers
in a cleaning robot

» Wheel speed

» 6D inertial measurements

robart

Mavigation Technology

*Source: Robart Harold Artes

Solution 1. Monitor wheel speed vs. inertial measurements
2. Machine learning: detect discrepancy patterns as traction loss on tough obstacles
3. Edge Al: Learn location of ,,dangerous zones”“ and avoid them in future
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Enhanced loT Edge by Smart Sensors
Example: Robart's solution using an IMU

(o)
What the user wants

» Easy interaction based on maps or
voice commands

What the sensor delivers
in a cleaning robot

» Wheel speed

» 6D inertial measurements

» ,Local“low-cost Lidar (< 5 m)

robart

Navigation Technology

*Source: Robart Harold Artes o

Solution 1. Learn the users home using LSLAM (logical input SLAM)
2. Edge Al: interpret floor-plan and adapt to individual user‘s home
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Enhanced loT Edge by Smart Sensors

Real-time learning on the edge for adaptation to individual user

ﬁ Sensor data Exact “fingerprint”
“Training” “Learn” movement Store movement
(the algorithm) in real-time “fingerprint”

Y }L Detect matching “fingerprint”

t’ I Sensor data

Exercising

» Output recognized activity

» Compute meta data (e.g.
# of repeated cycles)
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THANK YOU!

https://www.bosch-sensortec.com/

» Welcome to our website

=
BOSCH I



