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Industrial applications where smart

sensors make the difference
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Vibration and inclination: how to do a better job?

Monitoring is the first step to understand when something is not
working properly

Buildings Motors/Fans

loT nodes for condition based-monitoring:
34% CAGR (‘23-26)*
from 111M in ‘23 to 279M in ‘26
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A step forward for industrial battery-operated

Move from Cloud Computing to Edge Computing now!
Cloud computing Edge computing
% Heavy and expensive Optimized computation O
computation in the cloud in the cloud

o110tio Large amount of data sent Centralized processing Smaller amount of data sent o101
0110111 over the network 4 I N over the network Ll
ol / I \ Addition of local processing

~ Time-sensitive applications are t‘f @ @ Time-sensitive applications are @O
(" limited by remote cloud computing == ¥ .J = i @ not limited: locally processed <

Market needs: Smart sensors with local processing (Artificial

Intelligence) for real time elaboration and best power efficiency
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Which algorithms for inclination and vibration
monitoring?

Self calibration —\‘IL._

N
Sensor Fusion @

Sliding Discrete ~
Fourier Transform S




How one IMU can solve many technical

challenges
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One ST smart sensor for continuous monitoring

A smart sensor for monitoring in industrial applications

Intelligent Sensor Processing Unit
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Integrating brains into sensors

An ultra-low power, high-performance
programmable core

iy

Intelligent Sensor Processing Unit

Processes data from internal (accelerometer,
gyroscope, temperature) & external sensors

%

ISPU integrated in the sensor ASIC « IS tOOICham Allows elzvelopEe
\ to program in C language

Ly

9
life.augmented



Intelligent Sensor Processing Unit (ISPU) I

DSP for real-time processing and Artificial Intelligence

Raw data from MEMS
sensor

By VIEMS Sensor: 3 axis accelerometer &
‘ 3 axis gyroscope

ISPU locally process y : Sensor hub to collect data from additional
data in a few pW p external sensors (up to 4)

‘ i ‘ g |ISPU core

Only meaningful
processed data

Standard package: 2.5 x 3 mm
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Intelligent Sensor Processing Unit (ISPU) I

DSP for real-time processing and Artificial Intelligence

Small Area: enhanced 32-bit RISC Harvard architecture

Architecture in 8 kilogates

Accelerometer

RAM based: 32 KB program + 8 KB data

Gyroscope Sensor _

SPI/PC

Core

Temperature

Full Precision: Floating Point Unit

Binary Neural Network convolution accelerator:
patented by ST

Interface Registers
NYH gM ¢€
Aowaw welbold
WYY Gx 8
Alowsaw ejeq

Fast interrupt response: 4 cycles vs. 15 (Cortex)

Frequency: 5 MHz / 10 MHz
ODR max: 6.66 kHz
KYI 11
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i A new way to approach the Industry 5.0

Al in the edge with ultralow power 6-axis IMU for industrial market

o Toe

Higher detection accuracy, always on monitoring in
anomaly detection applications

* Home alarms/Robotics
« Structural monitoring
« Condition monitoring

A completely new level of capabilities and detection PSS 8
accuracy in asset tracking applications &
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ISPU benefits

Ultra-low power consumption
» Efficiency of the embedded DSP (digital signal processing)
« Very low data exchange with external microcontroller

(1IN,

Ultra Low latency
* Processing / decision taken directly in the sensor

[/
\

ISPU-toolchain
« Available to implement any C-code algorithm

Data Privacy & security
« Sensor data are locally processed and not provided outside

‘%
e
<

Integration / Miniaturization
« MEMS mixed-signal state-of-the-art technology node
* No special purpose package
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Fully flexible solution

ISPU toolchain (C compiler)

Lyy

LSM6DS0161S

CLI/ IDE - AlgoBuilder / Unicleo-GUI
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It includes libraries, source code examples and templates

X-CUBE-ISPU

Applications &

X-CUBE-ISPU application

Middleware Place for future libraries

Hardware
Abstraction

Board Support

Package

Hardware
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Libraries

Can be used as building
blocks for final application

Calibration algorithm
Sensor fusion
Wrist activity detection
Man down
Wrist tilt

Examples

Modify & rebuild examples
See source C code
Review sensor config.

ISPU project folder
output folder:
.ucf, .h, .json

Template

Write your own C code
Configure the sensor
Make the .ucf/.h

Json file can be created
from a .json file example
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ISPU for inclination and vibration monitoring:
the ingredients

Combines in-the-edge processing with ready-to-go- algorithms

* Accelerometer self-calibration
ISPU IMU MEMS sensor e Sensor fusion
» Sliding discrete Fourier transform (SDFT)

 X-NUCLEO-F401RE
Hardware ¢ X-NUCLEO-IKS02A1
*  STEVAL-MKI230KA

* ISPU GitHub repository

+ X-CUBE-ISPU

Software ¢ STM32CubelDE with ISPU toolchain
* AlgoBuilder

* Unicleo-GUI

Ky 16
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Demo with ISPU tools
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Inclinometer

Detect accurate device tilt for industrial applications

Accelerometer calibration

ISPU toolchain AlgoBuilder
+

Unicleo-GUI

Inclinometer

Sensor fusion with
gyroscope calibration

Ky 18
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Vibration monitoring

Monitor vibrations in the frequency domain with SDFT

ISPU 3lgorthm

Elzpsed Time [us] 732

1SPU values

sample 1.00943

DFT_mag(0] 1.00875

DFT_mag[1] 9.5938%-5

DFT_mag(2] 0.000139352

DFT_mag(3] 0.000118667

DFT_mag[4] 0.000264153

DFT_mag(s] 0.000257722

DFT_mag(6] 0.000273753

DFT_mag[7] 0.000120362

DFT_mag(8] 0.000264681

DFT_mag(s] 0.000135759

DFT_mag[10] 3.00524e-5

DFT_mag(11]) 0.000194149

DFT_mag[12) 0.000122756

OFT_mag[13] 1.87617e-5 I
-

v

Unicleo-GUI

' i ' ISPU toolchai
Github repository SDFT example Configure sensor chain
and algorithm

Ky 19

life.augmented



A customer testimonial experience with

an ISPU sensor
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Conclusion & takeaways
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Inclination and vibration monitoring in just few pHA

Self calibration —\‘IL._

\
Sensor Fusion %

Sliding Discrete
J P

B ~ 15PA *** .
‘ Fourier Transform

57 * @ ODR = 52Hz
Y/ @ ODR = 104Hz 22

life.augmented *** @ODR = 26 Hz with 26 samples window




Takeaways

MEMS sensors with ISPU are a reality

ISPU enables vibration and inclination monitoring

ISPU ecosystem saves effort and reduces time to market
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Resources

A complete suite to create your condition-based monitoring solution

E X-CUBE-ISPU

@ Getting started with Intelligent Sensor Processing Unit

st.com/ISPU ..

11)

L
\

GitHub: enjoy the ready examples

24


https://www.st.com/en/embedded-software/x-cube-ispu.html
https://www.st.com/en/evaluation-tools/steval-mki230ka.html
https://community.st.com/s/group/0F90X000000AXsjSAG/mems-and-sensors
https://github.com/STMicroelectronics/st-mems-ispu
https://www.st.com/content/st_com/en/campaigns/ispu-ai-in-sensors.html
https://www.st.com/content/st_com/en/MEMS-Sensors-Ecosystem-for-Machine-Learning.html

Our technology
starts with You

Q 5@ Find out more at www.st.com/ispu

© STMicroelectronics - All rights reserved.
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