PHARO IOT

Using Pharo to playing with GPIOs and sensors on
loT devices remotely
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1 - OVERVIEW

- Created by Rmod Team, a research team
from INRIA (France)

 Written by Denis Kudriashov in 2016/17
dionisiydk@gmail.com

» In 2018, Allex Oliveira joined the Rmod Team

to continue the project



1 - OVERVIEW

What is PharoThings?

* A Pharo image running on loT device (ARM VM)
* A Pharo image controlling remote loT device

A Pharo library running on Raspberry Pi to control
GPIOs through an object board model (using Wiring Pi)

* A Pharo library to control Arduino Devices (using
Firmata)

» An advanced board model inspector

- Remote IDE (TelePharo)
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1 - OVERVIEW

» GPIO pins (general-purpose input/output), 12C,
SPI

» Board modelling library which simplifies board
configuration

» Raspberry Pi only (for now)



1 - OVERVIEW
PharoThings Library

x - 0O PotBoard
Scoped Variables History Navigator
pharothin ! PotBoard --all - addNewConnector:with:
E PharoThines.Devices-Button ! PotBoardConnector accessing bindingsForPinsOf:
aroThings-Devices-Button : :
] PharoTh:ngs-Dev:ces-IZC ! PotBoardDriver controlling cacheRemoteState
1 PharoThings-Devices-LCD1602 !  PotBoardDriverDummy < initialization connect
[:1 PharoThings-Devices-MCP9808 ! PotBoardPin io protocols connectDriver
(=] PharoThings-Devices-Switch ! PotBoardIOPin operations connectTol2CDevice:
(1 PharoThings-GTTools _ ! PotGPIOPin @ *PharoThings-GTTools connectWithExistingState
E g::;gl:;:g:::::::::gﬁ:mo ! PotClockGPIOPin &) *PharoThings-RemoteToolsS connectorNamed:
' -
[:1 PharoThings-Hardware-Core-Tests ' Poth.mGPIOPln connectors
1 PharoThings-Hardware-Raspberry |+ Poti2CPin connectors:
[=] PharoThings-MiniWeatherStation ! PotSCLPin ~ createSeamlessReference
(=] PharoThings-RemoteToolsClient A Hier. © Class ? Com. devices

Object subclass: #PotBoard
instanceVariableNames: 'connectors driver devices'
classVariableNames: ''
package: 'PharoThings-Hardware-Core'



1 - OVERVIEW

x - 0O Inspector on a RpiBoard3B D ? -
Board Inspector —— B
P1 Devices Raw Meta
- Provides a scheme of pins <L e o Value JUC
.. : e 2 SDA (12€) 5v
similar to physical position = st 2c) Ground (0v
. . 4 GPIO7 SerialPortTXD 14
* A live tool which represents Ground (0v) SerialPortRXD 15
17 GPI00 GPIO1 18
the current pins state — el
22 GPIO3 GPIO4 out 23
. : . | GPIO5 24
» Digital pins are shown with y o= re—T
. . 9 MISO (SP1) GPI06 @in 25
green/red icons which 11 SCLK (SPI) CE (SPI) 8
. Ground (0v) CE (SPI) 7
represent high/low (1/0) : oA 20 s 20 1
B GPI021 Ground (0v)
6 out GPIO22 GPI026 12
Val ues 13 GPI023 Ground (0v)
19 MISO (SPI) GPI027 out 16
26 @in  GPIO25 MOSI (SP1) 20
Ground (0v) SCLK (SPI) 21




1 - OVERVIEW

With PharoThings you can to develop tools to
lively program, explore and debug remote boards.

* It Is part of TelePharo project

» With remotePharo instance you can open:
remote playground
remote system browser or
remote process browser

remotePharo := TlpRemoteIDE connectTo: (TCPAddress 1ip: #[193 51 236 212] port: 40423).
remotePharo openPlayground.

remotePharo openBrowser.

remotePharo openProcessBrowser.

TlpRemoteIDE disconnectAll.



1 - OVERVIEW
Remote Playground

RPlayground#[193 51 236 212]:40423




1 - OVERVIEW

Remote System Browser

RpiBoard3B>>initialize in {193 51 236 212]:40423
] PharoThings-Devices-ADXL345 © RpiBoard - =~
[£] PharoThings-Devices-BME280 ® RpiBoard3B ¢ initialization
1 PharoThings-Devices-Button © RpiBoards
1 PharoThings-Devices-12C © RpiBoardBRevl
] PharoThings-Devices-MCP9808 © RpiBoardBRev2
[£] PharoThings-Devices-Switch (c) RpIWiringPiDriver

[ PharoThings-Hardware-Core )
3 PharoThings-Hardware-RaspberryPi @
1 PharoThings-RemoteToolsServer ()

initialize

Packages Projects | Flat Hier. | Inst. side Class side Methods Vars | Classrefs. Implementors Senders

initialize
initialize.
addNewConnector: with: {
PotPower3dot3VPin new. PotPowerS5VPin new.
POotSDAPin id: 2. PotPowerS5VPin new.

AT Sl A LT S - o ~ Mo A® v mrrmdnNg

20/25 [65)

r‘TJ iy

¢ initialization I extension M F sL W




1 - OVERVIEW

Remote Process Browser

ProcessBrowser in #[193 51 236 212]:40423

Morphic Ul Process: Delay>>wait

Delay Scheduling Process: DelaySpinScheduler>>runTimerEvent
Low Space Watcher: Smalltalkimage>>lowSpaceWatcher

Idle Process: ProcessorScheduler class>>idleProcess

Input Event Fetcher Process: InputEventFetcher>>waitForinput
WeakArray Finalization Process: WeakArray class>>finalizationPr
a BasysServer(40423): DelayWaitTimeout>>wait

a BasysConnection: DelayWaitTimeout>>wait

a SeamlessNetwork: ClyDefaultSystemEnvironmentPlugin>>prej

Update % Debug Terminate | |# Browse Implementors

DelayWaitTimeout
BlockClosure
DelayWaitTimeout
Semaphore
Socket

Socket

TCPPharoNetworkLibrary

BasysServer

BlockClosure
B acucSanunr

Senders

=] wait

wait

schedule.

wait

PNSure;

walt

waitTimeoutMSecs:
waitForConnectionFor:ifTimed(C

waitForAcceptFor:

class waitNewConnectionFrom:durnn;

incomingConnectionsLoop
repeat

ncomunal-oannaoctiancl oann

¢ waiting ll extension Il F +L W




2 - INSTALLATION

How to run Pharo on ARM architecture?

» Metacello new
baseline: 'PharoThings';
repository: 'github://pharo-iot/PharoThings/src’;
load: #(RemoteDevServer Raspberry).

- Metacello new
baseline: 'PharoThings’;
repository: 'github://pharo-iot/PharoThings/src';
load: 'RemoteDeV'



2 - INSTALLATION

« ArmVM:

files.pharo.org/vm/pharo-spur32/linux/armv6/latest.zip

Name ~ Size Kinc
. pharo 2 KB Unx executable
v | pharo - Folder
> | 5.0-201804182009 -- Folder
meta-inf.ston 163 bytes SimpleText Document
| pharo 2KB  Unix executable
¥ [N pharo-local - Folder
> [ iceberg . Folder
» [ ombu-sessions Folder
» [ | package-cache Folder
» [ play-cache Folder
> [ play-stash Folder
Pharo.changes 128 MB Squeak Changes File
(' Pharoimage 678 MB Pharo Image File
pharo.version 2 bytes SimpleText Document
PharoDebug.log 56MB Log File



http://files.pharo.org/vm/pharo-spur32/linux/armv6/latest.zip

2 - INSTALLATION

» #chmod +x pharo
» #chmod +x lib/pharo/5.0-201804182009/pharo
» #./pharo Pharo.image

» #./pharo --headless Pharo.image remotePharo
--startServerOnPort=40423



3 - PLAYING

Controlling LEDs, sensors and LCD display remotely




3 - PLAYING
Playing with LEDs and Buttons

1 Raspberry Pi (any model) connected to your
network (wired or wireless)

- 1 Breadboard

- 2 LEDs

» 2 Buttons
» 2 Resistors (3300hms)

- Jumper wires



3 - PLAYING
Playing with LEDs and Buttons




3 - PLAYING
Playing with LEDs and Buttons

edRed := gpio22.

edRed beDigitalOutput.
edRed value: 1.

edRed toggleDigitalValue.

buttonRed := gpio25.
buttonRed beDigitallnput.
buttonRed enablePullUpResister.

buttonProcess :=[ [100 milliSeconds wait.
edRed value: (buttonRed value=0) asBit
] repeat

] forkNamed: 'button process'.

buttonProcess terminate.



3 - PLAYING
Playing with Sensors (12C)

1 Raspberry Pi (any model) connected to your netw
ork (wired or wireless)
- 1 Breadboard
- 1 BME280 sensor
(Temperature, pressure and humidity)
- 1 MCP9808 sensor (Temperature)
» 1 ADXL345 sensor (Acelerometer, axis X, Y and 2)
- Jumper wires



3 - PLAYING
Playing with Sensors (12C)

A B B B B
IR AL L 2 ity 193 V)




3 - PLAYING
Playing with Sensors (12C)

 Add the follow line in /boot/config.txt
dtparam=i2c1=0n

- Add the ‘pi’ user to 12C group and restart the Raspberry
sudo adduser pi i2c

« Code:
a:= board installDevice: PotBME280Device new.
a readParameters.
b := board installDevice: PotMCP9808Device new.
b readTemperature.
¢ = board installDevice: PotADXL345Device new.
c readCoordinates.



3 - PLAYING
Playing with Sensors (12C)

b readTemperature. 26.625

PotADXL345Device 1

C readCoordinates. #(26526921)




3 - PLAYING
Playing with LCD Display

1 Raspberry Pi (any model) connected to your netw
ork (wired or wireless)

- 1 Breadboard

- 1 LCD 1602

- Jumper wires



3 - PLAYING
Playing with LCD Display

fritzing



3 - PLAYING
Playing with LCD Display

cd = board installDevice: PotLCD1602Device new.
cd message: 'Hello everybody\Pharo is cool!'.
cd clear.




4 - PERSONAL WEATHER STATION

Taking the sensor data with Pharo, showing in LCD

display and sending to a remote server

[JThingSpeak™ e s Aplicagies  Comunidade  Support ~

Pharolhings Monitor - INRIA Allex's Office




4 - PERSONAL WEATHER STATION

» We will run PharoThings in a Raspberry Pi

» To collect the sensor data (BME280)
temperature, humidity and pressure

« Show this data in a LCD

« Send the data to a remote server



4 - PERSONAL WEATHER STATION

« Created class to instantiate the LCD and Sensor

 Created subclass to create process:

print information on LCD each 1 second
send data to a webserver in cloud each 1 minute

DisplayLCD>>|cdStart in #{193 51 236 212]:40423

[£1 PharoThings-MiniWeatherStation @ WeatherStation : | ledStart
® DisplayLcD access | lcdStop

® PostData




4 - PERSONAL WEATHER STATION

» Started Pharo on Raspberry boot with arguments to
start the 2 process (DisplayLCD and PostData)

/etc/init.d/pharo.sh

sudo /home/pi/pharo-iot/pharo --headless /home/pi/pharo-iot/Pharoé.l-IoT.image /home/pi/pharo-iot/start.st
exit

/home/pi/pharo-iot/start.st

(Displavi(CD new) lcdStart.
(PostData new) apiKey:'FIMKEGTPJ4JY30L8'; dataStart.
TlpRemoteUIManager registerOnPort:



LCD Display




5 - THE FUTURE

Projects and news

» Beaglebone models
» Zeroconf for armVM + PharoThings
* Remote refactoring

» Security



5 - THE FUTURE

Automatic detection of running images in network

(TeleRadar using SSDP protocol)

Inspector on a TlpRadar

a TlpRadar

Network Raw Meta

Remote Pharo Address Connection Debugger
#[193 51 236 212):40423

#[193 51 236 215):40423

#(193 51 236 229]:40423

#[193 51 236 235):40423

#[193 51 236 241]:40423




5 - THE FUTURE

Middleware to manage the devices

PharoThings Cloud =

Device Name IP Address Status Model Version Actions
Model aspeiry 5 Be MAC Address ‘824904
Uptime: LRFURFT Internal 1P 1000234 =
Laat data received: § in & Externad 1P 1 1 2 = - 2
PharoThings version: | Router falled (24h):  * vr
TelePharo version: IMmernet falled (240h): ) o
: ! v ate  Pesta




5 - THE FUTURE

Website official with many lessons and tutorials

Draft: http://pharothings.allexoliveira.com.br
PHAROTHINGS

control everything from anywhere

Home About Tutorials ~ Learn ~ Project Hub Contact

LESSON1 - TURN ON/OFF LED Lesson 1 - Turn onvoff LED

Lesson 2 - Blinking LED

Lesson 3 - LED flowing
One of the classic analogies in electronics to “Hello World™ is turn  Lights

Lesson 4 - Controlling LED

In this first lesson, we will learn how to connect correctivan LeD
by a button

)y use PharoThings to

control this led by turning It on and oft

Lesson S - LED breathing d
Coding in Pharo is very simple, but it is very powerful and you can  (PWM) Raspberry Plremotely an I I IO re (-

If you didn’t see how to install the PharoThings on your Raspberr Lesson 6 - Temperature ely, take a look in this

tutorial: Installing Pharo Things on your Raspberry Pi ——



http://pharothings.allexoliveira.com.br

WITH PHAROTHINGS YOU CAN

* Dynamically update your running board

* Interact remotely with pins and boards

» Modify the system while it is running (create new
board, change code)

» Make your changes persistent

Easy, powerful. i}j
O

Any questions?

marcus.denker@inria.fr
allex.oliveira@msn.com
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