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MEMS sensors’ three key elements

il

A dedicated ASIC with
embedded smart
functionalities

realized through a specific
process called
Micro-Machining

Dedicated package and
calibration features
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Sensors: past

Nov. 26, 1968 H. C. NATHANSON ETAL 3,413,573
KICROELECTRONIC FREQUENCY SELECTIVE APPARATUS WITH
VIBRATORY NEMBER AND MEANS RESPONSIVE THERETO
Filed June 18 1965 4 Sheete-Sheet :

2006: game controllers using
accelerometers for swinging,
shaking, tilting. 2008 generation
introduced the use of gyro-
scopes for complex movements

2007: first full touchscreen
smartphone with an
accelerometer to adjust portrait /
landscape mode

Early 1960s: Invention of
MEMS: Resonant Gate
Transistor used as frequency
filter for ICs.
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Sensors: past

- Early sensors: MEMS sensing element Sensor + MCU

+ ASIC for signal conditioning and data
acquisition

Microcontroller

MCU standalone or hosted in the
sensor package

* Most intelligence resided on
uControllers or application processors

* There was gradual addition of Sandard
Intelligence in sensors through MCU runs the algorithms
embedded features on sensor ASIC

Runs any kind of SW
provided it fits the MCU specs
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Asset tracking
Shock/Wake-up

e

Alarms
Tilt / Wake-up

Lys
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loT / Wearables
Activity tracking / Pedometer

White Goods
Vibration / Tilt

Accelerometers use cases

People monitoring
Freefall / Man-down / Activity

oOL

Industrial
Positioning / Tilt

Predictive maintenance & Monitoring
Vibration / Tilt

Car crash / Car alarms
Tilt / Movement




R Pressure sensors use cases
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Altimeter and Asset tracking Gas meter E-cigarette Indoor/outdoor GNSS applications
Barometer Cabin pressure at Leakage detection =~ Smoking and inhalation navigation
takeoff/landing pattern detection Floor level detection
O= 2~ ﬁ} ¢ S
- Cas - \'\‘Q
O\
Smart glasses Smart watch Drone Weather station / Vacuum cleaner Smart
Pressure Air quality Floor type, dust bag air conditioning
measurement monitoring content level
< L ®
v é
Man-down Detection Performance Measurement Water level Blood pressure Balloons

‘_’ l Measure pressure variation management Sensors
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loT / Wearables
Movement tracking
and Shock detection

(

Predictive maintenance
and Condition monitoring
Vibration / Tilt

6-axis IMUs use cases

IMU = Inertial Measurement Unit
High-precision sports tracker Robots / Drones
Activity monitoring Position tracking / Stabilization

P

‘—l * GNSS

Industrial Robots Global Navigation Satellite System (GNSS) /
Vibration / Tilt / Stabilization Telematics / Rotation / Movement




Sensors improvements made over a 14-year period

2009 2023

6.1 mA
Q 1= 91%
. 055mA Power Reduction
220 ug/VH
1W4 A 73%
‘_\% l 60 ug/iNHz  Accelerometer noise
A reduction

@g} +0.03 dps/'C 83 %

£0.005 dps/C Temperature stability
Ky

Improvement for gyroscope
life.augmented

30 mdps/VHz

0
90%
4 mdps/VHz Gyroscope noise reduction

2009 2023

25 mm?

7.5 mm?
Uptot
Up ok 4000dps
Pedometer,
FSM, MLC
None

Bone conduction,
Qvar

None

70%

Size Reduction

100%

Increase in Full-scale Range

Embedded Finite State Machine
and Machine Learning core
SFLP (Sensor Fusion Low Power)

ISPU (Intelligent Sensor Processing Unit)

Bone conduction (audio accel.)
Quvar (electrostatic sensor)



Intelligent sensor: present

RICHTeTIETHEI S Sensors with Intelligent sensors | Intelligent sensors

OICIERYEEIWAC I embedded sensor [ aEliE Sl SiEliE have Machine
embedded features QUSROG [HEIEICREMachine (FSIV) Learning Core
orientation (MLC)

They offer a unique
They compute the They use a computational | combination of high-
orientation of device in 3D Wglele CINgTI =TI Clo M)A SN I [SEINVANEERIGCIERIE
space outputting Euler FSM, a set of predefined and capabilities to
Angles or Quaternion states and transition rules | process data using ML

algorithms on the sensor

Pedometer
Significant motion detect,

Wake-up,
Free fall detection,
6D orientation, ..

Lys
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Sensors with Finite State Machine

FSM is an in-sensor behavioral model composed of a finite number of

states and transitions between states

Finite State Machine

Motion @
sensing > Main
Sensor Data Signal Conditioning FSM block

processor

)

Accelerometer Sensitivities Data Sections

External > Gyroscope Norm Instruction Sections
sensors

FSM is able to generate interrupt signals activated by user-defined motion

patterns
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Sensors with Machine Learning Core

MLC is an in-sensor classification engine based on a decision tree logic

Machine Learning Core

Motion @
sensing >

Main
Sensor Data Computation Block Decision Tree >
processor
Accelerometer Filters Meta-classifier
External > Gyroscope Digital Pre-defined Features Results

SENSOrs

MLC is able to increase accuracy with a better context detectability,

offloading the main processor while the built-in sensors identify motion data
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Machine Learning Core efficiency

10x less current consumption for activity recognition on MLC than on GP MCU

General Purpose MCU*
Activity recognition
. Sensor** Sensor**

device

~10x

improvement

* Ref STM32L4
**Accelerometer low-power mode @ ODR 26 Hz 12




Future intelligent sensors




Future Intelligent Sensors:
More adaptable and autonomous

Intelligent sensors will become more autonomous and adaptable. Sensor would be
able to adjust their sensing and operating parameters and behaviors based on

changing conditions

This adaptability will improve their performance in dynamic environments and enable them to meet
specific application needs more effectively

Sensing HW
Elements

— Training dataset —

Optimized
Sensor Model

7

Learning Loop
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>

Data acquisition

Latest Trained
Algorithm for
Sensor Output
A

/Signal
Conditioning

14



Future Intelligent Sensors:
More computational power

* Intelligent sensors will incorporate more computational power and onboard
artificial intelligence capabilities

* This trend is driven by the need for faster processing and decision-making at the
edge of networks, reducing latency and reliance on cloud-based systems

Interface to
other sensors

il

Eslgrr:mseig?s , Signal ADC Application <:> Communication
™y Conditioning Algorithms Interface
Memory
Kyys 15
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Future Intelligent Sensor:
Improved energy efficiency

Longer battery life, reduced power consumption, and potentially the integration of
energy harvesting technologies will be utilized to power the sensors

Sensing . Compute R Comm ) .
Element | Elements 1 Interface MCU

Energy | Energy Energy
Harvester Management Storage
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Future Intelligent Sensor:
Increased contextual awareness

* Future intelligent sensors will have the Radi Signal

ability to understand and interpret the e \( Rl R |
context in which they operate e ,\-‘— - C%Se_ —Lm: \\‘/

» These sensors will gather data also from P /
external sources to maintain and provide / 7N g ool MR S
a comprehensive view of environment // *7//' \&l //\ L\ fwew
« Environmental factors 305, s ContextDetectan [+~ ™% | \
- Spatial awareness LI D L i B

Context
S | cos
ontext API
Context
« Temporal context N
Information i
Processing
Service

onfiguration | Device
° User ConteXt g Sfegrvic; Configuration
A User A
* Networked context Recagihion —
« Task context Fepoy | oty

’l 17
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Takeaways

Past: most of the intelligence in MCU or cloud

| —
Present: sensors with built-in Intelligence run machine
® |learning algorithms providing extreme power efficiency

B o . Py |
4 Future Intelligent sensors will likely have:
* More adaptable and autonomous capabilities
« Enhanced sensing capabillities through fusion
* Improved energy efficiency
* Increased context awareness




Our technology
starts with You
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