an s
. T

Eval kits and Development Platforms &
for MEMS Sensors: A Comprehensive

Environment for Fast Go-to-Market

Mauro Scandiuzzo & Thiago Reis

‘ Technology Tour 2019
,’ life.augmented Schaumburg, IL | April 25



This session will explore:

v"loT Discovery Kit

v SensorTile Development Kit

v BlueNRG-Tile: Bluetooth LE-enabled sensor node development kit
v"STM32 Nucleo Expansion boards

v Professional MEMS tool: ST MEMS adapter motherboard
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@ ...but Their Needs are the Same
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MEMS and Analog Empower the loT
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Sense Actuate Sensor Power Signal Connectivity Security Processing
Interface Conditioning

MEMS Digital
.

Today only a tiny portion of the sensory data that would be useful is captured, stored and analyzed

...and even smaller part of that is used to carry out actions through actuators
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Supporting the loT Movement mm
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>150 Partners... and Counting
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loT Discovery Kit
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STM32L4 Discovery Kit loT Node ===




STM32L4 Discovery Kit loT Node

Open the door to remote services

Direct connection to cloud servers

Low-power long-range communication

Environmental awareness: humidity, pressure, temp

Detection hub: motion, proximity, audio




All-in-One loT Development Platform

@ Motion sensors Low Power MCU

ég* Environmental sensors Sensors Fusion

MEMS Microphones Bluetooth Low Energy

0

~ Proximity sensor Sub 1GHz

W.
@ Dynamic NFC Tag

Lys
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Wi-Fi

00000

loT Discovery Kit

B-L475E-IOTO1A



STM32L475 Discovery Kit loT Node

USB OTG

ARDUINO LED ST LINK

.ﬁ Arduino

User Button

STM32L475VG

Reset Button

MR1297C

Lys
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Cloud Connected loT Sensor Nodes

* Amazon AWS loT « Google Cloud loT Platform
« X-CUBE-AWS « X-CUBE-GCP
« FP-CLD-AWS and Web Dashboard 4
« Amazon FreeRTOS « IBM Watson loT
« X-CUBE-WATSON ;.
- Microsoft Azure loT - FP-CLD-WATSON1 |
 FP-CLD-AZURE1 /
- STM320DE loT Web Dashboard \_/
- X-CUBE-AZURE —

ST provides device kit and FW packages to connect to the major Cloud providers

o7 .aWS, B Microsoft Go:gle



ensorTile

Lys

life.augmented



SensorTile Kit

SensorTile

Core System "

. STEVAL-STLKT01V1
SensorTile kit ‘
Connectable sensor node ¥/ |

SensorTile
Cradle Board
STLCRO1V1

PROGRAMIMING
CARLE

SensorTile

Cradle eXpansion

‘ ’l STLCX01V1

life.augmented




SensorTile

Sensors, MCU, Connectivity

SensorTile Development Kit: STEVAL-STLKTO01V1

MEMS Microphone T s}i.ﬁ;‘;‘%’.?{'v‘]-{'
£ 3 STM32
sz g | ow power MCU

Accelerometer & Gyroscope
LSM6DSL

-~ Bottom View -

€3 Bluetooth’

SMART

life.augmented



LSM6DSL / LSM6DSM

High performance 6-axis IMUs
« 3D accelerometer and 3D gyroscope

« “Always-on” experience with <0.7mA

« Smart features: FIFO, Sensor hub,
Pedometer, Motion detection etc.

‘, ’ LSM6DSL and LSM6DSM enabling always-on low-power features for an optimal motion experience for the user.
It is a system-in-package featuring 3D accelerometer and 3D gyroscope performing at 0.65 mA in high-performance mode.



LSM303AGR / LIS2MDL

Ultra-high accurate e-compass / magnetometer

« Extended dynamic range: 50Gauss
* Low power: 200pa @20hz

« Very low noise: 2.5mGauss

‘, ’ LSM303AGR and LIS2MDL enabling high performance Magnetic field measurement by offering High Full Scale Magnetometer,
Flexibility resolution vs. power consumption, Magnetic offset cancellation embedded in a standard pinout 2 x 2 mm package

life.augmented



LPS22HB

High accuracy barometric sensor

* Low noise: down to 20pubar & 7.5ubar (LPF)
« High accuracy: 6cm with OPC

« Reduced current consumption: 12uA (low
noise) to 3uA (low power) @1Hz

« High stability vs Temperature: Embedded
Quadratic Temperature compensation

" l LPS22HB enabling high performance pressure measurement by offering Low noise, High accuracy, Reduced
current consumption & High stability vs Temperature in a 2 x 2 x 0.76mm package

life.augmented



SensorTile & ST BLE Sensor App

. 0L KM r 4 w0s S

# Download on the

S App Store S —

| s‘niuems -
9 stavens [ et watson for - cuickstart ]
&i ) GETITON
~ . - [ IBM Watson 10T
o 3 Google Play
[ Azure |oT - 5T Web Dashboard
[ Azurs lgT ]
A Genarc MOTT
fows laT
Start discovening
4 »
I'
About

ST BLE Sensor
(previously ST BlueMS) o Copiahs 30t S1Mawbenmus
STMICROELECTRONICS INC
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BlueNRG-Tile
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BlueNRG-Tile

STEVAL-BCN002V1B

BlueNRG SoC

Sensing, processing and streaming

BlueNRG Ultra-low-power software libraries for:
Motion Algorithms:

« Gesture and Activity recognition
Voice over BLE: Prototypes available

» High quality voice capturing and compression « Samples in Q3 2018
BLE Mesh: « Production in Q4 2018

» Range-extending networks with duplex communication

Lys
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32KHz XTAL to enable ultra-
low-power BLE sleep mode

Debug & Program
Interface

L2 bead to enable low-power
BLE active mode

Wake-up button

Pressure Sensor
LPS22HH

Accelerometer + Gyroscope
LSM6eDSO

12C for expansion

Magnetometer
LIS2MDL

Lys
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Time of Flight
VL53L1X

BlueNRG-Tile

High efficiency
Chip Antenna

Balun
BALF-NRG-02D3

Bluetooth Low Energy SoC
BlueNRG-232

RGB LED

Microphone
MP34DTO05-A

CR2032 battery holder

(Bottom)

Humidity + Temperature
HTS221




BlueNRG-2 and MEMS Sensors

Ready-to-go Software Libraries for Voice and Motion

Voice over BLE

VOICE CAPTURE

High quality voice capturing and compression (ADPCM)
More codec supported through external host
(Speex, Opus, ...)

Motion Algorithms

Sensors Lightweight 6 or 9 axis sensor fusion (up to 50Hz ODR)
and gesture recognition algorithms




STM32 Nucleo Expansion
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STM32 Nucleo Development Boards

27 development boards and growing... in two flavors (Processing & Security)

Board power supply e
through USB or
extemnal source

STM32 complete product range
Integrated debugging from ultra-low power to high performance
and programming

ST-LINK probe

STM32
microcantroller

Morpho
extension header

Arduing™
extension header




STM32 Nucleo Expansion Boards

38 expansion boards and growing... covering all the key functions

Move

Connect Actuate Translate
@ N
Motion & environmental BLE Power management Motor drive Audio amplifier
Sensors Sub-GHz LED boost Actuator OpAmp
Proximity sensor NFC

Microphone

fe.augmented



An Application-Oriented Approach

Processor boards (Nucleo 64) Function Packs (FP)
Expansion boards (X-NUCLEO)

x) Sensors

x
. Bluetooth LE
=3 Translate Sub-1GHz

f@@ Motor drivers Op Amp
Motor controller
ey

ﬁ Processing

Application software Integrated Development Environment Ready-to-use
and development tools and middleware application-oriented package

life.augmented
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All the Software Needed
to Start Application Coding from Day One

STM32Cube Expansion SW STM32 ODE Function Pack

* Prototype with a single expansion
board

B

» Create advanced use cases based

on multiple expansion boards

Sample applications

Pre-integrated application example

@ © ® @

loT Home Building
Wearables o artThings  applications  automation

rli "

B II




Development Software Architecture

Mobile app prototyping & cloud prototyping

Sample applications | Function Packs

STM32Cube
Hardware Abstraction Layer (HAL)

STM32 Nucleo STM32 Nucleo
i Development boards Expansion boards

E w2 !
'S 3 n
S84 STM32Cube expansion SW .
] é £s STM32Cube High-value middleware 3 3..‘ gg%fgp?n%%q
1 _.2‘ > : 1 H
' S5 é | e S STM32Cube . Environment
1 28 g1 Expansion HAL
1 © £ !
28

Lys
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X-NUCLEO-IKS01A2

Motion MEMS and environmental sensor expansion
board for STM32 Nucleo

+ It is compatible with the Arduino UNO R3 connector layout

Key products on board:

: MEMS 3D accelerometer (+2/+4/+8/£16 g) + 3D gyroscope
(£245/+£500/+2000 dps)

: MEMS 3D magnetometer (£50 gauss) + 3D accelerometer
(x2/£4/£8 g /£16 Q)

: MEMS pressure sensor, 260-1260 hPa absolute digital output
barometer

o

R
(o o™ | h

: Capacitive digital relative humidity and temperature
|:| HTS221 ST Morpho connector**

[[]LPS22HB [] LSM303AGR[_| Arduino UNO R3 connector

[ ] DIL 24-pin
** Gonnector for the STM32 Nucleo Board

: Socket available for additional MEMS adapters and other
sensors

Kys [ Info available at J

X-NUCLEO-IKS01A2

life.augmented




Graphical User Interface
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Key features:

» Display outputs from algorithms

« Save data to comma separated (CSV) or tab separated (TSV) files
» Configure sensor output data rate and full scale
» Direct read from and writes to sensor registers
»  Program NUCLEO board with selected FW

» Available also for Sensor Tile & Blue Tile

Lys
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Unicleo-GUI

X-CUBE-MEMST

» Display output data from connected sensors in various views (X-NUCLEO-IKS01A1, X-NUCLEO-IKS01A2)

& Unicleo-GUI - b3 & Unicleo-GUI - X
Selet e |OOME . 4 Coret &Y Disconnect. ‘ I Start o | L Settings. ‘ X Ext Select Device: | GORI0Z (G0:23:3LAF 72:40) ¥ Connect # Dsopmnest ‘ tart Stop | ) Settings | K edt
info  FWManagement  UserMessages  IXSOIAZ Options ffo  FWWMansgement  User Messages
5l Accelerometer - LSMGDSL —— Pressure - LPS22HB Selected Firmware Info
Dataiog Firmiare Description: =
e Enable: 4 Address: - Enable: F1 Address: - ; = mm: - “ 85 IV 2% ®
[6asoeos Fiig Gl b e =) 2
vorer | Full Scale:[8 =] Value: Bllisescassts: i} Full Scale: | value Fimate Verege Tespiaz  KSOIAZ  MDIA?  MSOIAZ  HSOAAZ  IMSDIAZ  IKSOLA2
MEMS oK m = 0DR ,ﬁ 210 At mmm ActivaTime_| 7 D g
5 K Get Set 4 Y Get Set - calibratio KS@1A2,0in gnition_[Ks gnitionWris n_Ks0142.b ded_[KS0142  ded_XT1_IKS n_lksoiazb
=8 =) @& =) @ Library Version: ol lrsmua 0142.5in Liksoiazb in bin 01A2in in
Em-wg ) ST MotionAC v2.1.0 "
bl Gyroscope - LSM6DSL ——— Humidity - HTS221 Expansion Board:
ot E § 4 = = IKSH1AZ
nable: &1 Address: - Enable: [ Address: -
Seatter. Nuckes Board: @ . b
Full Scale: [1000 > Value: = Full Scale: 2 Value: ¥ STMIASTERG 5012 k50142 n(ﬁnz KS01AZ k50142 1KS01A2 Iksmnz KsniAz
- = - - : ECompass_[KS  FallDetetio  FFT_Demaibin  FitnessAciv urﬂm g GyroscopeCal  Inten: RyD et Magm rm er
ODR:IH0 =) set) ORI Get) (set) chion is to show how to use. 01A2bin nIksoiAZL ities_ K501 nition kS0 fbration [k ection_[KSD
it NUCLEO _IKS0141(7) e xpansion board for in AZbin 1AZbin SO1AZbin 1A2.Bin msnmz o
demonstrafion of accelerometer calbration,
— Magnetometer - LSM303AGR — Temperature - HTS221 —
Enable: Address: - Enable: [1 Address: -
Full Scale: |50 g Value: ~ Full Seate: E Value: -
KE01A2 50142 TKSD1AZ TKS01A2 K&01A2
obr:[50 7] Get set ) messsnssese opR:[125 =] Get ) | Set) pedameter Ik i Tiitsensing.
e S01A2bin sLIKSOIAZ  on IKSO1A2.  ingDesk KS  |KSOtAZbin
[ Comm—— bin bin 0142, bin
Enable All Sensors | Disable All Sensors
= .. lucleo Orive Not Found el
STMicroglectronics- Unicléo Version: 1.4.2.5856 Firmware Version = 4.0.0 Expansion Board: IKSD1AZ STMicroslect: nics Urideo Version: 1.4.12.6746 Firmuare Version = v0.0.0 Expansion Board:




Unicleo-GUI i

2000 mg

1000 mg.

HI coeffi 105 mGauss

HI coefficient Y. -84 mGauss

HI coefficient Z: <439 -mGauss
dness;

ST matrix[0][0]: 1,405

ST matrix[2][d]: 0
SImatrix[2][1}: D
SI matrix[2][2]: 1,50
£ 100 am;

€3 Fitness Activities

" - - Time Activity Counter fvity:
248 Magretometss Scaer lot 06:30:44.00 BicepsCurl 00 Current Activity:
e < § 09:29:50.07 BicepsCurl @1 ol
: 08:30:54,07 Biceps Curl 02 Push-up
; 02:30:55.96  Sguat i} Count: 01
08:40:01.52 Sguat 03
[ - | (T Push-up a0
Data Vafid: 1 Push-Lp om

Vertical Context: Escalatc
Context Confidence: Poor

100 mG

(®) Sensor Fusen 9x ) Sensor Fusion 6x Resst model

augmented



Vibration monitoring tools

4 ) 4 )
- Hardware » Windows application: Unicleo-GUI

STM32 Nucleo + X-NUCLEO-IKS01A2

- Software
« X-CUBE-MEMS-XT1 package

MotionSP middleware — including
both time and frequency analysis

\_ « FFT Demo example ) L )

Lys
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(
« Hardware
STM32 Nucleo + X-NUCLEO-IKS01A2
(optional DIL24 adapter)
« Software
+ X-CUBE-MEMS-1 package
MotionTL middleware — including
both tilt calculation and 6-point
\_ calibration

J

Tilt measurement

tools

-
« Unicleo-GUI

» Tilt calculation

& Motan T Sty

Theta Psl Phi
fingls hatwerr deam ‘Anglm betwicor dmans angle betwoom doas
Tuiand annena plane  Smasand Horirte pees  Tomdn and grmety uatoe

Faney o, G=my B Incnnatiom o

& Thim, fa, P e

* 6-point accelerometer calibration

- S - !
-
e
piE== E peEe==— =1
]

\

e — -

~N
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(
« Hardware
STM32 Nucleo + X-NUCLEO-IKS01A2
(optional DIL24 adapter)
« Software
+ X-CUBE-MEMS-1 package
MotionFX middleware — 6 / 9 axis
sensor fusion and gyroscope and
\_ magnetometer calibration

J

Sensor fusion tools

s )
 Unicleo-GUI
+ Orientation in 3D space
+ Magnetometer calibration
].'..._' - . ——
J




X-CUBE-MEMSA

Ready-to-go Software Libraries for Voice and Motion

Calibration .ﬁ . e
Algorithms @

Magnetometer ~ Gyroscope Accelerometer

Calibration Calibration Calibration
Position Tracking @ e @
Sensor eCompass Tilt
Fusion Sensing

Activity Tracking @ @ @ @ @
for Mobile Devices

Activity Carry Gesture Pedometer Fall
Recognition Position Recognition Detection
ACtIVIty TraCking 9 @ @ @ @ 0 %
for Wrist Devices
Activity Pose Motion Standing vs Fitness Active Pedometer Sleep

Estimation Intensity Sitting Activities Time Monitoring

Recognition !
, ’ for Wrist Detection  pesk Detection
/<
life.augmented



AlgoBuilder

An application for the graphical design and testing of algorithms

e e
== Code
20800 generation

Existing algorithms GUI quickly elaborates proto applications AlgoBuilder
. : for eases the process of
User-defined data processing MEMS sensors molementin
blocks P g
Additional functionalities and proof of concept
STM32 microcontrollers without writing the code

, ’ Web Page
life.augmented



Professional MEMS tool
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STEVAL-MKI109V3

Professional MEMS tool

» Professional MEMS tool (STEVAL-MKI109V3) motherboard is a complete, ready-to-use platform for
the evaluation of STMicroelectronics MEMS products.

+ It includes a high-performance 32-bit microcontroller which functions as a bridge between the sensors
and a PC, on which you can download and run the graphical user interface (GUI) Unico or dedicated
software routines for customized applications

Part Number 4 Manufacturer Description
MKI0: st LIS3DH adapter board fo standard DIL 24 socket
[ofo | Owtons | Reosters | Loadfsmve | STEVAL-MKIT06V1 LSM303DLHC adapter board designed to be plugged into a standard DIL24 socket
sl
— — + board f 4
L= (— 0 o0 [l 5[0 e ) L3GD20 adapter board for a standard DIL 24 socket
& OUTTH (oEh) | 00 | Resd (34h) | 00 [ Resd | weks | ook | LSM330DLC adapter board for standard DIL24 socket
Plot. WHOAM T (oFh) 24 [ ress (35h) (00 [ mess [ | Dk
| omu (ot (00 [ rest eI ) T st LIS2DH adapter board for standard DIL24 socket
e T = G [0 (oo (08 st LIS3MDL adapter board for standard DIL24 socket
o (22t (00w oty (o0 [ rese
CIRL4INT1.PAD_CT (23h) [ 00 | Resd (39h) (00 | Rt ST LSMIDS1 adapter board for standard DIL24 socket
Snterupt| | CTRLS INT2p40.C1 (25 [ 00 | Resd o) (o0 | rese
= iy 3 oo L il st LSMBDS3 adapter board for standard DIL24 socket
| o eyl o0 [aeal o) { oo [meat NSRS ST LSMBDS0 adapter board for standard DIL24 socket
PR | sramus (@) (00 | R Y_oFs SR (30h) (00 | hese | e ) Dsfeck |
o | e () (00 [ resd 20ms U Caen) o0 [ Resd ) Woks | Dk | Direct st LSM303C adapter board for standard DIL24 socket
o | oumxH (25 [0 | e cmr €SI €7 I =3 st LIS2HH12 P DIL2
£ ey onty (o0 st e i 1S2HH12 adapter board for a standard DIL24 socket
3 > @ | omYH ) (00 | hess - o . sT LPS25HB adapter board for a standard DIL 24 socket
dn | ozl o) [ oo [ resd [ ndoess: [ veies [ Jn [(Read |Cwrie
= ouTZH (2oh) |00 | e [ o 1] ST LSM303AGR adapter board for a standard DIL 24 socket
DI L 2 4 FFOLCTRL (o) (00 | Rasd ) e ) outr | 48 Regiters Vanagenent:
T st LSM303AH adapter board for standard DIL24 socket
FFO.SAVPLES  (arh) |00 | hesd [ ) ot | Resd Al Write Al Defaiit Al
e TS X (50t) (00 |/ resd | ke [ oo | st LIS2DS12 adapter board for standard DIL24 socket
ada ter oY S e T )
T2 (s2) 00 | rese | vose | oure | ( Easy Configuration J st IS3DHHC adapter board for a standard DIL 24 socket
st L20G201S adapter board for a standard DIL 24 socket
Lol i e ks v =700 st LPS22HH adapter board for a standard DIL24 socket
Professional MEMS tool
(STEVAL-MKI109V3) (STSW-MKI109W)

FI Info available at

STEVAL-MKI109V3
ie.augmented STSW-MKI109W




Professional MEMS Tools — DIL24 Adapter gm

Socket Board DIL24 Adapter

All ST MEMS sensors are available with DIL24
adapter support
The DIL24 Adapter can be placed on socket board

Lys
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Profi MEMS Tool connected with UNICO SW:
The STM32F401VE uses the STM32 microcontroller as a bridge between the sensor under test mounted on socket and the PC by

USB cable.

It Is possible to use the UNICO graphical user interface (GUI) or dedicated software routines for customized applications (Virtual
Com Command Line Interface) to read/write all sensor registers, plot the data, manage FIFO, set and show

configuration, etc.

L Unico Ele ks
Wosk | soers [rove 0 5 oot | ysw  Rew

| o [ hecOptons | Gnepiens | pocRegrars | Goegetas | Losde

o

-3 Easy Configuration

2 o Fiker ]

_ et J T J

oma

Grroscop Operatin e Goroscone o Fitercofiration

R [—"— (omalSoep roces K| P hodeSelectn (o =l
ey [T = g
FFO. Gynoscae Outsut Dt Rate 35 =]

wrn

o [pT— e

Gk | Groseerlscae: 2o s )

= w2

o s fizse

Grroscopsour et conturation

(.l o Fer =]

i

L [¢

e e ey e

" | Groscaperny st contiuroton
BB|  rceivuatontos et sions (1ot g}

G o

I8 sae | e

C—

e |

o sop

K

ears

| crLReis

fot | CRUREGA

= | cmipesa

bt | CTRLREGLA

LR A

Inemet | CTRL REGE.A

5 | ReFERENCEA

Inbemet | staus REG A
Fro
Ao
cidk

| [ A | GraGatens

S ro.cTLRes A (e [
Frosc R A (erh) (20 [(ned )

Accegsters

oty [ 57 (st o) ot

(et [0 | v ) ot

Grosegers | Loadlsme

(aah) | 00 [ pesd (i
o) (o0
(a2

e craA
ik sRea

TIVE T8
TIVE_LATENCY A
TIVE WINDOW._A
actTHS.
Ao

Direct communication
Siglo regster Readiirte:

adess: [ Ih om0

AllRegiters Managemert:

Resd Al Witsdl

Easy Configuration

(read |yime

(Cosreai |

interrupts, set easy

1000 s

s

i
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Acceletometer Interrupt

Tterrupt 1

INTI_DURATION A (33h)

[ setrreetan |

NP6 A Gon) | oa [ resd |
INTLSORCEA (3t | 25 | pusd
WA )

oefadt |

oefadk |
00 | Resd | wine | Defauk |

| setwakewn |

L |

Ln

Tnterrupt 2
IN2.CFG A @)
INT2SOURCE A (ash)
INT2_THS A (@sh)

95 | Fesd | e | et
25 | et |

INTZ_DURATION.A  (375)

Set Free-fall

=)
ByPass { Stop ) FIF0 ( Stream J( Streamto FIFO. )
Xpatallsa]  vostalissl  zDataltsn]

i . o

20 w 1

1 » s

i 55 s

- “ oo

11 2 1

- © w0

i) a0 o0

o p o

1 o o

@ w 1

1. 4 24

) @ e

s I 1

s o 1

i » uae

i @ e

- » o

1. 20 s

o » s

1 i 1

i o e

o o o

Save FIF0 Data o4 124 I
___ Bl 0 o o

| (Corasr ) (Gorom @ i s
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Takeaways
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ST Augmenting the Development

Hardware bricks Software bricks Cloud services

Application Examples

: . LT
Jicreeafl FYIT
&) sense ® Actuate Viddleware Libraries | S “ramazon

webservices™
,m Connect Power @

Google Cloud

Board Support Package

Hardware Abstraction Layer

lj))) Translate Process

Various Dev. Environment

Lys
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y .
ST’s Solutions
3 Cloud provider SDKs supported, enabling sensor-to-cloud platforms .

1 3 5 SW packages from drivers to full application examples and mobile applications
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* Internet of Things offers many opportunities for ST
from Sensor to Cloud

- ST offers a wide range of development platforms
such as:

loT Discovery Kit
SensorTile Development Kit

BlueNRG-Tile: Bluetooth LE-enabled sensor node
development kit

STM32 Nucleo Expansion boards
Professional MEMS tool: ST MEMS adapter motherboard

 Our constantly expanding development ecosystem
makes design fast
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Thank You!
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