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Overview of t hhe Sens’ It devi
F ly what you need

u Hardware

U Casing

u Firmware

u Certifications

U Test Bench
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Sens

ot
rsions

2018

Har dwar e
There are 2 PCBs and a | ot of “
Sens’ it device evolved because o
evolutions
- Sens’ it 1: fi1rst ver sion of t he

Goody focused

Sens’ tsamerCRBforall the Sigfox RCs (discrete radio
design)

Choice to keep the same PCB to avoid certification heavy
process; but certification is based on the product name so
we had to do them anyway.




Sens
Overview

Radio & Antenna

7
t 2 & 3 Hardwar e
ConLrliE::tor Y Battery loader Disable charge

Light
Sensor
LTR329

Accelerometer &
Magnetometer
Sensor
FX0S8700CQ

Antenna

/ Temperature &
— Humidity
LED Battery ‘ Regulator \ Sensor
4.2v . HTS221
3.3V
N 12C bus 3.3V
McUT’
Activate | LEDs
LSE bus STM32F042
Read Button
Reed switch ead
CT10-1540-G4 Activate 3.3V
SPI Bus Regulator
3.3V
PA_ON
_ : : . Transceiver
RF Switch Direct_Line RF Switch CC1125RHB
LNA_ON

3.3V

4.2V

3.3V

3.3V

CLOCKS

Internal
clock 24MHz

STM32

Sync clock
1MHz

Transceiver

XTAL
40MHz
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Sens’ It 2 & 3 Har dwar e

U

o ST microelectronics offers a lot of sample code for drivers => faster development
0 Most of the IDE are including ST microelectronics products

all used on this hardware, it is optimized
not very precise RTC, it limits real time accuracy
Includes the Sigfox Library, the USB and 12C stacks and we are usingdatitapart of the
memory to store data (including Sigfox Credenti al
there is no USB usage and no tbsihch code because of the lack of space ; they are in detached binary code)
This is not a low power microcontroller but it is not always mandatory to use one in 10T. Idle
current and capacity to wake up from low power mode are more important
you can reflash the MCU. | t was a requireil
discovery (no possibility to flash remotely). Bootloader is not custom (provided by ST microelectronics) and th
are some flashing issues sometime
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Sens’ 1t 2 & 3 Har dwar e
1ISOIS

There are 6 Sensors,buttonand 3 informativeLeds a real study (benchmark) was done to choose them

U Temperature and Humidity Sensor
U Light Sensor Wired on an 12C bus : good choice to limit pin usage
U Accelerometer and Magnhetometer Sensor
U Reed Switch
Button Accelerometer Hygrometer Reed switch Luxmeter Magnetometer Thermometer
TheyareusediBens’' it Discovery solution i n t
Sens’it doesn’t embed a pressure sensor It i s


https://sigfoxgroup-my.sharepoint.com/personal/anne-laure_soufflet_sigfox_com/Documents/0001/Organized/Sens'it Discovery solution/Sensit Discovery solution all you need to know.pptx

|t 2 & 3 Har dwa
nd Humidity

Sens

is 0,5C (32.9F)
So,value can beslightlydifferent from aS e n ® another. Up to IC

U Becareful, IS)not water resistant, using it outside chreakthe hygrometer and it can be
stuck at 100%

the value measurement (Sens’it 2 1s

0 Good for consumption: can send an alert via interruption
o Intelligence: Threshold can be set in the sensor
0 Accuracy is good enough for the use case (but no industrial usage possibility)

' sigfox
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Sens’ It 2 & 3 Har dwar e

osity

@)

Temperature
o Wavelengththere is two channel on the device IR and visible light, we are using the second one. Depending ol
wavelength, we can see on the datasheet that the value caatieauated. To be accurate you need to add a
calibration
0 Angle with the light source: depending on targlethere is an attenuation of the value
The value provided on sensitimthe direct value. You can be more precise following the datasheet specifications.
With the Sens’it Discovery you have a view of the
basic usage)
1 Casing impact
0 S e n 2: tasing ofthe-shelf, nohole for the light sensor, sensor get the data through the casing, not very accura
0 S e n 3: tasing adapted to theensorspetter but light source should be above the sensor

o No interruption pin: not optimized consumption
o0 Infrared detection not needed for the use case
A This sensor might be to performant for the use case: could have use a passive photo diode less expensive

' sigfox 8



Sens’ It 2 & 3 Har dwar

Magnetometer
provided by NXP
This is a &axes can be chosen between2g 4g and 8g
This is a &axes which has a range between1200‘ T

o Vibration detection: using only the accelerometer wilkie transient detection based on a threshold we defined.
We are usin@ninterruption process, each time the accelerometitectsa vibration theS e n senhds &
message. There is a timer between 2 detections to avoid sending to many messages, it is 30 minutes but ca
changed in the platform.

o Door opening detection: using accelerometer and magnetometer with hybrid rdetkztion
Read : Sens’'it Discovery modes slide 9

Smart phone component: a lot of functionalities are not used
Magnetometer not very useful for the use case: less complicated with the magnet for the door opening detec

0
0
oBigger range of ®“g” i1Is required for some use cas
A This sensor might be to performant for the use case

' sigfox 9


https://sigfoxgroup-my.sharepoint.com/personal/anne-laure_soufflet_sigfox_com/Documents/0001/Organized/Sens'it Discovery solution/Sensit Discovery solution all you need to know.pptx

|t 2 & 3 Har dw
tton and Leds

Sens

imagnet detector used as a simple button, very low consumption
There are 2 fooprints for several Reed switch size, it is easy to change

They are different for the Sens’'it 2 & 3 (1 e
There is a mechanical security and good pressing sensation

T he S ecassdsimore élapted to the button
Bootloaderis plugged on the button: cause errors and it is not a good idea at all.

There are 3eds
o Main RGB | ed: on Sens’ it 2 and first firmwar e \

intensity of theleds on the new SDK you can adapt it: it reduces consumption

o0 Secondary led: nothing to say
0 Red led: charging information

' sigfox 10



| t 2 & 3 Har dwar e
agement

Sens

0 Rechargeable battery: chemical choice Lithium lon (which is now an issue for air plane use cases)

o The battery size I s small. | t -thevsel§écading size. Bt ckgamling t
communicati on, It was hard to explain that the
Sigfox protocol doesn’t consumes

Not changing the battery size was an error on

o Rechargeabl e: battery charger used (i1 ssue on
know if there is an alimentation.
USB connector not robust: frequently broken

o PCB powered in blocks to limit consumption: 2 LDR to separate radio and sensor/MCU alimentation
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MCU Activate 3.3V

Sens’it 2 & 3 Hardwar® ™7
Antenna

PA_ON

Transceiver

Ant RF Switch | Direct_LIi RF Switch
ntenna Switc irect_Line Swite CC1125RHB

LNA_ON

Advantages
o No module used: more customizable and we have the flexibility to implement new RC or services (Monarch, Bubble)
0 Interesting for learnings purpose to see the composition of a Sigfox radio chip
Disadvantages
o Transceiver CC1125 was offered by TI at the beginning of the development but not any more, it is expensive and cons
lot ; at that time it was the only one with a design proposed to communicate on Sigfox on RC2.
o Front end Rfis not integrated: PA and LNA consumes and it takes space on the PCB (Today can be less expensive)

o We use the Direct line for TX and RC on RC 1, 3, 5 and 6 and the PA for TX and LNA for RX on RC 2 and 4
o Data are provided via SPI communication from the MCU to the transceiver; to avoid delays and wrong transmission all
interruption are stopped. The SPI delays takes part in the modulation
o Implementation of the Sigfox library is described in fineware part
used for the frequency Iisn’t a TCXO. We had a freqgt
the MCU, oscillator and Transceiver for equal temperature

was modified during Sens’it 2 |ife to switch to RCA4
and the previous one was a cork screw. Antenna has good performances but is complicated to produce industrially (beginni
Sens’it 3 we had to add more precision on the folding t

' sigfox 12



2018

There are 2 Casings:

- Sens’ it fir&t2version of
Goody focused and no a lot of quantity predicted
Off-the-shelf casing

- S e n s hew wersidn
Done by our partneAltyoron a custom mold
Custom design
Adapted to the PCB

t
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| t 1 &
d to know

Sens

Not accurate for the temperature
and the luminosity sensors

' sigfox

2 Casing

Casing ofthe-shelf: directly bought to Takashi (Japanese company)

To adapt it to the PCB: we were able to print whatever we needed
on the Casing and we did a specific hold for the button

No water resi stant : some <c¢cl i ent
putting it outside

Issues with shipping delay and cost: everything was increasing and
it became not interesting enough for the quantity we were

producing.

Therefore we signed for a custc

14



Sens

1t 3 Casl ng
ed to know

Custom mold designed ®tyorf or t he
Ownership of the mold is oAltyor side

Sens’ it PCB

Hole behind the casing to

Real button with real
pressing sensation

avoid humidity and wrong

temperature value

Light guides
Forledspropagation and
Lux meter

Water resistant casing IP54;
specific coverage for USB

connector and seals
See certificate

Customizable Lexan:
specific offer

Error in the design: bigger battery anticipation

15



Sens

"t
rsions

2018

FI r mwar e

There are different firmware organization:

Sens’ it 1: |t was a different PCB
firmware

S e n s: Caode haszbeen done by Axible, it isa

spaghetti code

S e n_s: hew wersi®n | How to fl a
Based on a Sens’it SDK developed b

Very modular and downloadable for free for a devkit
usage

16
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Sens’ It 2 FI1 r mwar e

ation
Sens’it 2 firmware iIs organized around the Sens’ it
To switch from AT command to Test bench to Sens’it
There are not a | ot of different files (.h or . c)

It was done very fast (because of the quick development)
Radi o modul ati on -liasn gcuoadgeed pirno g‘rAasnsneinmmbg”’y good f or t i

A Hard to maintain, Hard to modify

' sigfox .



Sens’ 1t 3 Fi r mwar e

ation
Sens’ it 3 firmware has been fully r
Sens’ it 3 firmware I s an SDK:
rsdklib compilated when provided in the SDK on build.sigfox.domd )

It is in charge of all the deep layers, it integrates the Sigfox libraries (including the verified test modes)
It integrates the different peripheral configurations, the buses drivers and the MCU settings.
As an output it creates 8ensit_ APand aSigfox_ABRh the SDK archive
:1is open when given in the SDK on build.sigfox.comc( )
|t gives the codes to creates the AT commands, t he
management, the sensors management etc.

When you download the SDK archive you get 3 files:
doc—firmwares (upgrade an&ensitDiscoverpinary file)—sdk
Inside the SDK, you have all the files from the second layer and the first layer compiled sources. You can start
developing youapplicative firmwarein this last file
Having the “Lib” not accessible prevent modificatic

A Easier to maintain and to modify

' sigfox 18



Sens’ 1t 2 & 3 FiI r mwar e
h a Sens’it?

you need-toupgrade the memory organization before flashing any firmware based on
the Sens’it 3 SDK
Find here the explanation and the firmware

To flash the Sens’it you need to go in bootloader
What is bootloader?

The tutorial to flash the Sens’it 1 s here (same pr

Main questions:
- Be careful depending on your computer to use the binary ordfudile
- On MAC OS sevenrdf targets can be found: take care to chose the correct one

' sigfox 19



Sens’ 1t FI1 r mwar e
e with the Sens’it 3 SDK

U Based on thesame PCB organization
o Same |I/O configuration
0 Same drivers/communication buses
0 Same registers, etc.

U Memory pages organization

Sens’it memory size I s 32Koctets.

On the Sens’it 2 the page to store the Sigfox | D e
The Sigfox Library size has i ncreased since the Se
Therefore, we moved the memory pages to the | ast ¢
firmware

Linkerscripthas been upgraded to avoid writing on the last pages

N>

A SDK is based on this new organizattorS SR (02 dzLJANY RS GKS YSY2NER 2F | {
WARNI NG For QJpgnade filebeforany othér Aleson butldisigfox.com

' sigfox 20



https://build.sigfox.com/sensit-for-developers/#sensit-sdk

Sens’ i1t 3 fiIrmwar
Memory organization

e

3IKoctets 32Koctets

Bootloader, MCU

factory settings | Program

‘ Configuration
value

Addr. 0x080006

Bootloader and MCU factory settings:
Developed by ST microelectronics, the bootloader
redirects your program to the correct area in the
memory. It allows the developer to
configure/reflash the MCU

You can enter the bootloader mode when the p

14

press the button at the same time

n
of the MCU BootO is “high” when
resets. This pin on the Sens’ it
wired to the button

,'you need to reset the
Sens’ it (shortcut or |4 clicks on
Sens’ it discovery)anaip|/l ement ati on

Sigfox data

t he

I S

t
)

PF11

h e
| i

devi ce

and

button

de

14

It

on
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https://sigfoxgroup-my.sharepoint.com/personal/anne-laure_soufflet_sigfox_com/Documents/0001/Organized/Sens'it Discovery solution/Sensit Discovery solution all you need to know.pptx

Sens’ It Certi fir cati ons
tifications

There are sever al certification to pass to be able to co

4

IDA Standards ST
DA107462 "?:gﬁ;{ﬁigam

@ %EDE{EED’IE c GE

Ic :
Complies with @.'Sn TA 2014 C
AN -286g

sigfox
verified

U Validation that the modem is U Validation that the casing does not impact
compliant with the Sigfox radio the communication, gives aClasstothe i provided by each country independently
specifications (good communication deviceCertificate Ready is delivered (i Testif we respect their countries
performances) U For Sens’it 3, we havV eompunicdidnfultsd (Entission power etc.)

U Certificate Verified is delivered certificate” for eacgh pBE¢ &Rt s Mg pe@ambwhl ® va

i For Sens’it we haveGenerModeom Sens’ it 2 ygrhaye epentPieeuely;
certificate” for Sem&srtiitfi3catned” 1f ororal Iy 4t BiBws Bs%o import (customs at the border)

Sens’ it 2 U Associating the ID&PAC to this certificate the Sens’'it in the ta
U It allows us to ask for a batch of allows us to register the device in the
ld&PAQand Key) for the production Sigfox Cloud for communication

' sigfox 22



Sens’ |t Certi fir cati on
orified
1 contract for all the RC

The certificates allows us to get batches of ID/PAC/Key to communicate on Sigfox network

U The Sens’it 2 certificate was owned by Axible : w
U The Sens’it 3 certificate I s owned by Sigfox and
- 149 ID for preseries

- 9000 ID for series
We gives the crypted file taken in the CRAAltyor and they put the credential on the test bench 3 in the production

Before getting the certificates, we need to performs specific tests

' sigfox 23



Sens’ It Certi fir cati ons
eady

Number of certificates changes along Sigfox organizations

When a order is made tAltyor, we associate the ID&PAC delivered to Geodis (Wirori s sel | i ng a
it provides the same way the ID&PAC list to associate to the Generic product certificate) to the corresponding proc
certificate. This is an other information mandatory to enter the Sigfox Cloud

Before getting the certificates, we need to performs specific tests

' sigfox 24



Sens’ 1t Certi frcati ons
oroval

Specification different for each country (group of countries)

To complete the certification, tests and paper worKk
coutryy . Therefore on Sens’it, Sigfox is taking I n cha

Usually, it is mandatory to add a specific logo and number on the product, and/or the legal manual, and/or the
packaging. Sticker on the product is very small, so when requiring a new certification ask the country committee no
put the logo on the packaging

Careful, back stickers are standards, per RC. If a new certification is required, it can create a specific shippingrlow

number)o Er vt Sy {2dzik ! FNAOF ORAFFSNByG tS83Ft YIydzdt |y RrkingidFG,lif Bi& nbracked dtahdard RC1F
FNRY GKS ai201 o6Afft 0S AKALIWSR® ¢KIFIyla (2 GKS af20G¢ ydzYoSNJI 6KSNBE A& y2 AaadsS
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Certifications
ards

There are standard certifications mandatory to pass the type approvals and for the distributors

Reach
Rosch
IP54
Battery MSDS
Safety
EAN
UL certifications

They all have a cost and are provided by our EMS Altyor
If you need a specific certificate contact the Production Team (Industrialization Team)

26



| t Certi frcati ons
ons using the SDK?

Sens

Ready and Verify (Sigfox Certification)
SDK all ows you only to change the application of t

You will keep the Sigfox certification
The only exception: You change the name of the product : you will need to ask Sigfox for a Similar and get a

specific certificate foritA We have done i1t for the Sens’it Generic

Type Approval (Given by the country where you want to sell)
We don’'t master the modification so we disengage o

We can provide all the test reports the required certificates
For CE, only need is to declare the conformity wit

' sigfox o7



Test Bench

rsion

2018

Test bench were very different :

Sens’ i1t 1: It was a different PC
produced by Axible and they did not shared the specifications

Sens’ it 2: 1t was done by AXi bl €
Sens’it 3: we started the Sens’|
It is based on 3 tests benches to test PCB, product and to implement th
credentials (customization)

We were not test bench specialist and we have done many mistakes. T
Sens’ it 3 test Dbench I s not effi
For example the battery should be removed between to flash the
firmware on the last test bench (it creates errors)

28



,,, ,_
.

) _a
Q____... ST
4 .a.:‘ 0 é?‘a,«\a

‘ : m, iy
\.

f
\ ,/._

\

/
,\
J
/ J
/ J

:
\//
4

Any questions ?

Go to ask.sigfox.com



