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Prerequisiti:

Libreria firmware per i sensori MEMS

http://www.st.com/content/st_com/en/products/embedded-software/mcus-embedded-software/stm32-
embedded-software/stm32cube-expansion-packages/x-cube-mems1.html

Libreria per Bluetooth

http://www.st.com/content/st_com/en/products/embedded-software/mcus-embedded-software/stm32-
embedded-software/stm32cube-expansion-packages/x-cube-blel.html

Function Pack STM32 ODE per Internet of Thing

http://www.st.com/content/st_com/en/products/embedded-software/mcus-embedded-software/stm32-
embedded-software/stm32-ode-function-pack-sw/fp-sns-motenvl.htmi

STM32 ST-LINK utility
http://www.st.com/en/development-tools/stsw-link004.html
Interfaccia PC

http://www.st.com/content/st_com/en/products/embedded-software/evaluation-tool-software/unicleo-
gui.html

App per Smartphone

http://www.st.com/content/st_com/en/products/embedded-software/wireless-connectivity-
software/bluems.html



Agenda

Educational part: What is a Sensor? What are the MEMS? Overview of ST Sensors?

Lab: How to connect a Sensor Board on Nucleo? How to acquire Data on PC?

Break

Education part: ST portfolio on Connectivity. What is a Bluetooth Low Energy?

Lab: How to connect Bluetooth over the Sensors? How to retrieve data on Smartphone?
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20 Years MEMS Sensors & Actuators

ST Innovations

Gyroscope Inertial . Pressure Microphones Humidity GAS & VOC

module sensor sensor
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————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

Fluidic Piezo Micro

Micro- actuators Mirrors
actuators
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What Is a sensor?

A sensor is a converter that measures a physical quantity and converts it into another
one that can be read by an observer or an instruments.

physical quantity

* Itis sensitive just to the measured property

Ideally

* Do not influence the measured property itself
+ Its working principle can be described by simple mathematical function
« Using the math function is possible to “traduce” the physical magnitude to

measure, in an electrical desired magnitude which will be used in your system.

Lys
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MEMS Sensors & Actuators mmm

Physical change

Electro —»

MEMS

Mechanical

Lys
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What are MEMS...

« MEMS stands for Micro Electro Mechanical Systems

« They contain 3-Dimensional structures realized through a specific process
called Micro-Machining

« They are micron-sized devices that interact with the external world for
sensing and actuation

 In MEMS not only electrons are moving!

MEMS IS...

©«* 9

MECHANICAL

MICRO

SYSTEM
CLECTRO

”*)\MEMSM
Kys
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Motion Sensors at a glance ggn

MEMS (Micro Electro-Mechanical Systems) takes advantage of the electrical
and mechanical properties of silicon:

Micro Mechanical ASIC

. . . . MEMS
Mlcr-Oﬂ-Slzed TranSdU?-er (ADC + S.gna' Process.ng) Dedicated backage and
realized through a specific Advanced HCMOS Chip with oo backege al

process called Micro-Machining embedded smart functionalities

SR

Stacked Configuration

Lys
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gravity acceleration!



Accelerometer



Accelerometer

What is an accelerometer?

An accelerometer is a device for measuring accelerations. In normal
operating conditions it senses:

 acceleration of gravity
» caused by moving or vibrating the accelerometer

Multi-axis devices are available to detect magnitude and direction of the
acceleration vector

What are accelerometer useful for?

Can be used to sense orientation, vibration and shock



How does an Acceleration Sensor work?

L.P.T.

L.P.T.

Dx

L

ext

(L.P.T. = Linear position transducer)

= —-AX



Capacitive effect of displacement

The Linear Position Transducer (L.P.T.) is a Capacitor

Anchorage
Spring A X I statorl
Moving
I Csl
Moving
electrode rotor
I
. CsZ
Fixed
electrode
M stator?

Equivalent Circuit



Acceleration from Capacitance Variation

—

Xgap

AX reduction of the gap produces a capacitance increasing of AC

AC:_d_C.Ang. '26\ .szc.ﬂ

dx Xgap Xgap

Measuring the capacitance variation, we can directly obtain the acceleration value:

X
aext=5-AX=Ko gap‘AC
m m C




Linear Accelerometer Mechanical Structure

Moving Mass
Moving

Fixed electrode electrode

9

£
g



Accelerometers key parameters
* Full Scale (FS)

Maximum range of acceleration that can be measured (g, 29....; g=9.81 m/s2)

- Zero g Level Offset
Describes the actual output signal when there is no acceleration (mg)

 Volt (for analog output device)
» mg (for digital output device)

- Sensitivity (So)
Gain of the sensor. Sensitivity can be determinate by applying 19
acceleration to the device itself

 Volt/g (for analog output device)
« mg/digit (for digital output device)

« Acceleration noise density (An)

The output noise will vary depending on the bandwidth. Reducing the bandwidth

through low pass filtering helps improving measure resolution. Noise is usually

expressed in terms of “Acceleration noise density” [ug/(¥Hz)] allowing the user to
Gl- evaluate, depending on the BW selected, which is the final noise level.

agmaniad rms = An x V(BW) x Sensitivity



angular speed!



Gyroscope




What is a MEMS gyroscope?

ST's MEMS gyroscopes contain the MEMS device itself,
plus the control circuitry required to process the output, all in the same package

MEMS lid

saw cut

MEMS die

ST's MEMS gyroscopes use the same system-
in-package approach as MEMS

Stacked :
. . accelerometers, enabling prompt reuse of
configuration |

previous expertise and allowing high flexibility
m and fast time to market

LU ougrrented




MEMS gyroscopes - the Coriolis effect ggn

MEMS gyroscopes use the Coriolis effect.

Consider a mass moving in direction v (blue arrow).

When an angular movement is applied (red arrow),

the mass experiences a force in the direction of the
as a result of the Coriolis effect.

In a MEMS gyroscope, the resulting physical
Fcoriolis displacement is then read using a capacitive sensing
interface.

FCoriolis - 'Zm'Qz Av



MEMS gyroscopes - tuning fork design

Angular rate is applied

: ST's MEMS gyroscopes use a tuning fork
gl configuration. Two masses oscillate, moving
constantly in opposite directions (see v in the
figure). When an angular velocity is applied,

the Coriolis force on each mass also acts in
opposite directions.

F, conialis

; I F
v ff.-" m xl-‘,.-"

Fowich The differential value in capacitance is then used
AC#0 to measure the rotation.
Acceleration is applied When, instead, linear acceleration is applied to the

two masses, they move in the same direction, and

y
:—@A % ; v the differential capacitance is zero.



Yaw mode

.MEMS gyroscopes sense and drive
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Gyroscope key parameters

* Full Scale (FS)

Maximum range of angular rate that can be measured (degree per seconds)

- Zero rate Level

Sensor output (analog/digital) when no angular rate is applied, specified as a
typical value over a certain accuracy range (dps)

 Sensitivity (So)

Gain of the sensor as ratio between angular rate and the output value (mdps/digit)

- Rate noise density (Rn)

Kys

ougrented

The output noise will vary depending on the bandwidth. Reducing the bandwidth
through low pass filtering helps improving measure resolution. Noise is usually
expressed in terms of “Rate noise density” [dps/(VHz)] allowing the user to
evaluate, depending on the BW selected, which is the final noise level.

rms = Rn x V(BW) x Sensitivity



Theory of operation

3-axis Gyroscope

« MEMS gyroscopes measure angular rate using the Coriolis effect.

« Angular variation can be computed using an angular rate integration

]

New st 9Yroscope

single
driving
mass
(Y,RR)

Gyroscopes on the market

>j—>Yow
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Nascondi

magnetic field!
&y

Te ougrreniesd






Anisotropic Magneto-Resistive (AMR) Sensors are Wheatstone Bridges made of
thin film resistors.

« The magneto-resistive elements are made of a Permalloy (NiFe thin film

material). Slight resistance changes are obtained with applied magnetic
fields .

* In the presence of a magnetic field, a change in resistance will cause a
change in differential output voltage.

Qut-
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3-axis Magnetometer: Heading measurement g

Theory of operation

* Local earth magnetic field H has a fixed component H,, on the horizontal plane
pointing to the earth’s magnetic north. This component can be measured by the
magnetic sensor sensing axes X,, and Y\, that are named as X, and Y,

-+ Horizontal component of H

Heading = arctan( Yh / Xh)

Heading » Yo

If the handheld device is tilted : | -
H Local earth magnetic field

X, = Xy cosPitch + Zy, sinPitch

Y, = Xy sinRollsinPitch + Y, cosRoll - Z,, sinRollcos Pitch Accelerometer

K’I Horizontal plane Y
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Humidity sensors

A planar capacitance
technology that integrates
humidity & temp. sensors in
the sensing element.

N i i 3 ~to
View products

Temperature sensors

Use in a wide range of
applications: industrial,
consumer, medical and

computer market segments.

NEMO inertial modules

@

Offer more compact, robust,

and easy-to-assemble
solutions compared to
discrete MEMS products.

View products

Touch sensors

Provide true multi-touch
capability, supporting
unlimited simultaneous
touches.

Further Sensors

MEMS microphones

a

For all audio applications
where small size, high sound
quality, reliability &
affordability are required.

Proximity sensors

FlightSense technology can
be used in a host of
application areas where
accurate ranging is required.

Pressure sensors

N

Innovative MEMS techno to
provide extremely high
pressure resolution, in ultra-
compact & thin packages.

View products
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Sensor fusion for 3D space orientation

* The accelerometer senses the linear
acceleration.

* In static conditions, the projection of gravity
on the three axes allow to compute tilt angles

* The magnetometer senses the magnetic
field.

*In static conditions, the projection of
geomagnetic field on the three axes allows to
compute heading angle

* The Gyroscope measures the angular rate
applied to the device

* In dynamic conditions, by integration of the 3
axis angular rate the 3D orientations can be
computes

IMU (Inertial Measurement Unit) allows

sensor fusion and opens new application

[Heougrentad



Motion MEMS and environmental sensors expansion board
Hardware Overview (1/3) —

)

X-NUCLEO-IKS01A2 Hardware Description

* The X-NUCLEO-IKS01A2 is a motion MEMS and
environmental sensor evaluation board system.

L1EC=11-UbbS I U-AYD

* It is compatible with the Arduino UNO R3 connector
layout, and is designed around ST'’s latest sensors.

L
®
®
®
®
®
®
®
®
®
®
®
®

0000000000000 8

Key Product on board

MEMS 3D accelerometer (x2/£4/+£8/£16 g) + 3D
gyroscope (¥125/+245/+500/+£1000/+2000 dps)

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

q-sms 507- '
[CsB14  sse[d]

N
mmm Wrme

MEMS pressure sensor, 260-1260 hPa absolute digital

output barometer |:| HTS221 LSM6DSL ST morpho connector**
= : o [[]LPs22HB[] LSM303AGR[_] Arduino UNO R3 connector
Capacitive digital relative humidity and temperature
[ ] bIL 24-pin

Socket available for additional MEMS adapters and N
other sensors (UV index) [ Latest info available at www.st.com

X-NUCLEO-IKS01A2

"I ** Connector for the STM32 Nucleo Board

life.augmented




Motion MEMS and environmental sensor expansion board
Hardware overview (2/3)

Key features

Nucleo

* The X-NUCLEO-IKS01A2 is a motion MEMS and
environmental sensor evaluation board system.

* All sensors are connected on a single 12C bus or
could be managed by a Sensor HUB

» Sensor 12C address selection

Nucleo Sensor HUB

Arduino UNO R3

[ Main Board 12C

12C

2nd connection mode| 1st connection mode

* DIL24 socket (compatible with STEVAL-MKI***V*
MEMS adapter boards)

Lys

life.augmented
*is used as a wildcard character for related part number

B4 Representative of a
DIL24 board



Motion MEMS and environmental sensor expansion board
Hardware overview (3/3)

Key features

« Sensor disconnection (disconnects the I2C bus as

well as the power supply allowing power consumption

measurements)
@
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* Interrupt and DRDY signals from sensors could be re-
directed. °

8
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Check Point mm

Libreria firmware per i sensori MEMS

http://www.st.com/content/st_com/en/products/embedded-software/mcus-embedded-software/stm32-
embedded-software/stm32cube-expansion-packages/x-cube-mems1.html

Interfaccia PC

http://www.st.com/content/st_com/en/products/embedded-software/evaluation-tool-software/unicleo-
gui.html

g ¥-cube-memsl.zip 09/05/2018 09:25 zip Archive 52,329 KB

1™ Computer
&, osDisk (C)
5 Adriano Basile )\ ctnfs03\gpo_friyMLDCLAB\Users) (R:)

Lys
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Go Live!



Read Release Note

C:\STM32CubeExpansion MEMS1 V4.4.0\Release Notes.html



file:///C:/STM32CubeExpansion_MEMS1_V4.4.0/Release_Notes.html

DataLogExtended

C\STM32CubeExpansion. MEMS1 V4.4.0\Projects\Mult\Examples
\IKSO01A2\DataLogExtended\Binary\STM32F401RE-Nucleo

—I_E:‘J"'

"" & N Projects » Multi » Examples » IKS0142 » DatalogExtended » Binary » STM32F401RE-Nucleo Search STM32F401RE-Nucleo

Eile Edit View Tools Help

drganize ~ Include in library = Share with = MNew folder =y 0l @

F 10 ProgramData i MNarme Date modified Type Size
4 || STM32CubeExpansion_MEMS1_V4.4.0 | = _—— _ h
DatalLogExtended.bin l 09,/04,/2018 13.58 BIM File 56 KB

- DatalogExtended.hex 09/04/2018 13:58 HEX File 136 KE

. Documentation

> Drivers
1 Middlewares
4 . Projects

4 ) Multi

> 1. Applications A 4
4 || Examples
> - IKS01A1
4 ) [K50142
» . Datalog
4 . DatalogExtended
4 || Binary
; STM32F401RE-Mucleo
/ STM32L053RE-Mucleo
/ STM32L152RE-Mucleo
| STM3ZL476RG-Mucleo
» . EWARM

m

; Inc
. MDK-ARM

-
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File Edit View Tools Help

Copy Binary file here...

Organize System properties

[ Favorites
B Desktop
4 Downloads
=l Recent Places
& OneDrive

4 Libraries
[ Documents
@J’ Music
&= Pictures
ﬂ Private
B videos
| " works

Uninstall or change a program Map network frive Open Control Panel &=

= 4 Hard Disk Drives (1)
0sDisk (C3)

=W 107 G free of 455 GB
T Devices with Removable S‘Eage_(il) -

NODE_F401RE (F)

-2 H
" 512 KB free of 520 KB I

4 Network Location (3)

m

MLDCLAB (WCTNFS03) (Q:)

I @, 19,6 GB free of 290 GB

adriano basile

—-_.J o+ PO\CTMFSO3.ctn.st.com) (P
- !

Adriano Basile

1% Computer
£, ospisk (c)
== NODE_F401RE (F3)
5# adriano basile {NCTNFS03.ctn.:

A ALNCT AR ALCTRICEN2Y (O

CTNCWL5430

/ Domain: st.com
Processor: Intel{R)

é"/ (ictnfs03\gpo_fr\MLDCLAB\Use...

Memory: 8,00 GB

Core(TM) i5-53...




Launch Unicleo-GUI

ar
‘ 8 LUnicleo-GLUI

System Workbench for STM32

»  all Programs

| | Search programs and files

™ £ o

P

——



Play Unicleo-GUI

VH Unicleo-GUI o E‘_]_i_&J

Select Port: [COMQ i # Connect dp“‘Disto!'l'lect v Start Stop .2 Settings 2 Exit
| Info | FwManagement | UserMessages | IKS01AZOptions |
: —— Accelerometer - A ~——— Pressure -
DE]OQ Accel ter - LSM6DSL P LPS22HB
2 Enable: [ Address: | T2 | —————— Enable: [/ Address: -]
oot Full Scale: [2 -] Value:| -] | E Full Scale: | | Value:| -
& : ODR3|13 :l' ‘ Get ) Set ) 0DR1|1 :]' Get ) Set )
Environ- 9
mental
G Gyroscope - LSM6DSL : 5 —— Humidity - HTS221 ———
- [ 4 a
S Enable: [V Address: | -] s : 2 Enable: [V Address: | -]
Full Scale:[245 -] Value;| - : : Full Scale: | ]| value:] -]
[ 4 3
0DR.|13 vI | Get ) Set ) , : : ODR.ll 'I ‘ Get ) Set ) /
£ 3
— Magnetometer - LSM303AGR - - S - ‘ Temperature - HTS221
Enable: [/ Address: | v | a— OO {OE Enable: [V Address: -]
Full Scale:[50 -] Value:| -] I i Full Scale:| | Value:| -
ODR:[10 R | Get)  Set) :"‘g,,;,;,;; ;,,;,;,;; cesse :;;,: ODR:[1 -] Get ) Set )
[ Enable All Sensors Disable All Sensors]
STMicroelectronics Unicleo Version: 1.3.18.5002 Firmware Version = 4.0.0 Expansion Board: IKS01A2

Lys
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DatalLogFusion

C:\STM32CubeExpansion. MEMS1 V4.4.0\Projects\Multi\Applications\
DatalLogFusion\Binary\STM32F401RE-Nucleo

File Edit WYiew Tools Help

Organize * Include in library = Share with = Mew folder
BE Desktop * Name Date modified Type
4 Downloads . . e .
DataLogFusion_KS01Al.bin 09,/04,/2018 17:11 BIM File

s St . DatalogFusiopJKSQIALheX . o .. 09/04/201817:11  HEXFile
TR I DataLogFusion_IKS01A2.bin J 09/04/2018 17:11 BIN File
_ " DatalogFusion Ks01AZhex | 09/04/2018 17:11  HEX Flle
. Libraries

3 Documents

J’- Music

k= Pictures

% Private
B videos
5 Works

1% Computer
&, ospisk (€3
e NODE_FA01RE (FY)
5 adriano basile {NWCTMNFSO3. ctn.st.com) (P2)
o MLDCLAB 0WCTNFSO3) (Q:)
- Adriano Basile (\\ctnfs03\gpo_fr\MLDCLAB\Users) (R:)

4 items
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File Edit View Tools Help

Copy Binary file here... mm

Organize System properties

[ Favorites
B Desktop
4 Downloads
=l Recent Places
& OneDrive

4 Libraries
[ Documents
@J’ Music
&= Pictures
ﬂ Private
B videos
| " works

Uninstall or change a program Map network frive Open Control Panel &=

= 4 Hard Disk Drives (1)
0sDisk (C3)

=W 107 G free of 455 GB
T Devices with Removable S‘Eage_(il) -

NODE_F401RE (F)

-2 H
" 512 KB free of 520 KB I

4 Network Location (3)

m

MLDCLAB (WCTNFS03) (Q:)

I @, 19,6 GB free of 290 GB

adriano basile

—-_.J o+ PO\CTMFSO3.ctn.st.com) (P
- !

Adriano Basile

1% Computer
£, ospisk (c)
== NODE_F401RE (F3)
5# adriano basile {NCTNFS03.ctn.:

A ALNCT AR ALCTRICEN2Y (O

CTNCWL5430

/ Domain: st.com
Processor: Intel{R)

é"/ (ictnfs03\gpo_fr\MLDCLAB\Use...

Memory: 8,00 GB

Core(TM) i5-53...




Launch Unicleo-GUI

-
E Unicleo-GUI

o

ol e

Select Port: [COMQ A # Connect

¥ Disconnect |

i Start

Stop .2 Settings 2 Exit

| Info | FWManagement | UserMessages | IKS01A2Options |

: XX XX
ee000000000

N

Enable All Sensors | [Disable All Sensors]

Enable LSM303AGR Magnetometer S.

Enable LSM6DSL Accelerometer Sensor
Enable LSM6DSL Gyroscope Sensor

[¥] Enable LPS22HB Pressure Sensor

3 3
£ 3
£ ks
£ 2
£ 3
£ 3
3 3
3 3
£ 3
£ 3
3 -
3 3

| Enable HTS221 Humidity Sensor
V| Enable HTS221 Temperature Sensor

I
|

se0000000000 0
(EXXXXXXXEXNX)

STMicroelectronics

Unideo Version: 1.3.18.5002

Firmware Version = 2.2.0 Expansion Board: IKS01A2

Lys
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Further Application Code Examples...

File Edit Wiew Tools Help

<73

Te ougrreniesd

Organize ™ Include in library = Share with =

I Favorites
Bl Desktop
& Downloads
=l Recent Places
& OneDrive

. Libraries
3 Documents
J7 Music
k=| Pictures
% Private
E Videos
5 works

1% Computer
£, osbisk (C3)
== NODE_FA01RE (F:)
5 adriano basile pNCTMFSO3.ctnust.com) (P2
L8 MLDCLABE (N\CTMFSO3) (Q0)
5 Adriano Basile 0\ ctnfs03\gpo_frMLDCLABYUsers) (R:)

Mame

AccelerometerCalibration
ActiveTime
ActivityRecognition
ActivityRecognitionWrist
CarryPosition
DataLogFusion
ECompass

FallDetection
FitnessActivities
GestureRecognition
GyroscopeCalibration
IntensityDetection
MagnetometerCalibration
Pedometer
Pedometer\Wrist
PoseEstimation
StandingSittingDesk
TiltSensing
Release_Motes.html
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