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CONTENT

< Embedded application in the domain of Smart Home:

An embedded smart home connect to a KNX basic installation.

e Embedded application in the domain of Agriculture:

Measure the color and temperature of an algae breeder reactor in a
greenhouse and create a temperature/humidity image of this
greenhouse.
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EMBEDDED SMART HOME

e What i1s KNX?

More Convenie-nce, Comfort, [Energyefflcaency @/ Comfort

more safety, higher energy
savings: The demand for
building management systems

is continuously increasing. ‘ ) LU
KNX - the Worldwide (‘s S
STANDARD for Home and

Building Control
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EMBEDDED SMART HOME

Website KNX: https://www.knx.org/ o — -
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EMBEDDED SMART HOME

e KNX architecture 8 £rs o v

&
g
%
b

- ETS software

- Decentral system
- Bus system

- Sensors/ Actuators
- Web services

- Remote Control

E_
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EMBEDDED SMART HOME

Domotica interface

' ; Web datab
KNX installation / Inputs \ iR;igggr\?P% ase
I ey
“w Microcontroller Website
( (Mbed) ) AbD

\ Outputs /
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KNX INTERFACE EXAMPLE 1

e Realization with Arm pcontroller and Rasp. Pl

e Embedded platform NXP LPC1768
— 32-bit ARM-controller

e 2MB Onboard Flash-memory
— USB-device

« Many hardware interfaces
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KNX INTERFACE EXAMPLE 1

« Webserver Raspberry Pi 2 with WIFI stick:

SoC BCM2836 4 X Corbax A7

4 X USB 2.0

Ethernat
10/100Mb
RJ45

DSI Displav Sarvice Intarfaca CS1 Camara Saiial Intarface
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KNX INTERFACE EXAMPLE 1

e Interface KNX - embedded system
— Siemens TP-UART-IC

LPC1768
KNX KNX Bus Embedded

platform
Basic s
installation KNX bus frame -
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KNX INTERFACE EXAMPLE 1

= Vec_TPU
Vec_TPU cs

== 100yF R13 v o
+_T_c:sa T 820Q ﬁ R14
NC1 Vee
KNX bus 100K Tﬂ Vee_TPU L] 31
47nF ) .
1 D1 = coo ™XKNX N\ Transmit
N . — NC2  GND _|||
E 1N4007G J_CG R11 | T | Optokoppelaar 10MBd
+ A O P B Z WS QO
HDR1X2 ——47nF gagn 288 dze @ o
KNX-bus r TP U £ I (; TP-UART 3v3
D2 art
/A BZW06-33B . Vee_TPU R15 UART MBED
us 5600
| i_‘ l R12 Vee NC1 —
@ VE A
10kQ .
Vec TPU v ¢ —O RxKNX Recelve
= |||— GND  NC2 —
= | |Y17| Optokoppelaar 10MBd

4.915MHz
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WEBSERVER INTERFACE

LPC1768

Embedded
platform

AMIES 2016
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Rasp. Pl

Webserver

Controlling the
KNX installation

“—Website

«— App for Smart Phone

<« Database measurements
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SENSOR INTERFACE

LPC1768

Embedded
platform

12C protoco

N

PWM

DI1/DO

ADC

NN N

NN N

LCD display ,Temp. Sensor, Pressure Sensor

Humidity Sensor

RGB Ledstrip

Pushbutton/Relais

KNX Actor expansion

Light and current sensing
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SENSOR INTERFACE

3v3
& U2
LCD screen : oo sen —o SCL
Temp. Sensor mi cal 2 [ Howaml
Pressure Sensor ‘"FI‘““"FI‘““"FI —Lmones -
- - L 5
Humidity Sensor = = L L
5V
o u4
] Pressure/Temp Sensor
_f"tAPIi]" § 3V3
— . 8 u1 ¢
SDA O— soa a SDA ¢— sba scL ———0 SCL
SCL ¢— scu 8 V5SS VDD ——¢
-—5 RST 8 — NC1 NC2Z — C4
_f\amaﬁ,_ A = SHT21 —I100nF
R4 10kQ ;’:7002 -
BL_LCD Lo
1 Humidity Sensor
LCD Display
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SENSOR INTERFACE

L
U3
AZ696-1C-12DE ™ e e |
us light o—1- —:oava B
R1 APDS-9007 SV s |
N 56K20 e
Relais1 R2 2N7002 T
J3
= HDR1X2

Light sensor
Relais

Drukknop1

o

,ﬁ i ; R23
s - @ 4K7Q ] K70 ; 3
" > Pra +
“‘&’?“-& ‘.55 !‘ o ' - ¥ )
T T e L T
3 e - = = i 5
i . \u:l"“— %

+ a —T—+—O
é}m RTs Vout
S_l—LO

RGB Ledstrip Pushbutton Current sensor
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HARDWARE PCB’S

e

arscan

Sensor print

Mother board
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HARDWARE REALIZATION IN A SUITCASE FOR
EDUCATIONAL PURPOSE

7-_ = — = — = ——— e

....
: i!-.—"f?? o
lasas ik I
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EDUCATIONAL SETUP
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SCREENSHOT WEBSITE / APP ON SMART PHONE
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KNX INTERFACE EXAMPLE 2

« Webbased

e PC / Mobiel / ...

e Simple Webinterface

= Stabel D Ethernet UART KNX
Raspberry P installatie
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KNX INTERFACING

e Raspberry Pl
« KNX interfacing
e Bidirectionele com.

Webinterface

e Com- Weblnterface D Ethernet . UART Siemens KNX
Raspberry Pi TPUART2 installatie
e Python codes G
— Library
— Main code
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TPUART MODULE

Pint  NAME
01 3.3v DC Power

03 GPIO02 (SDA1 , 12C)
05  GPIO03 (SCL1, 12C)
07  GPIO04 (GPIO_GCLK)
fﬁQ 'Ground

11 GPIO17 (GPIO_GENO)
13 GPIO27 (GPIO_GEN2)
15  GPIO22 (GPIO_GEN3)
_1} EV 66 E’cnwer

19  GPIO10 (SPI_MOSI)
21 GPIO09 (SPI_MISO)
23 GPIO11 (SPI_CLK)
'25 Ground

27  ID_SD (12C ID EEPROM) |
20 GPIOOS

31 GPIO0G

33 GPIO13

35 GPIO19

37 GPIO26

39 Ground

AMIES 2016

NAME Pin#
DC Power 5v 02
OO Deysior By Ll
Ground 06
(TXD0) GPIO14 08
(RXDO)GPIO15 10
(GPIO_GEN1) GPIO18 12
Ground 14
(GPIO_GEN4) GP1023 16
(GPIO_GENS)GPIO24 18
Ground 20
(GPIO_GEN6)GPIO25 22
(SP1 CEO N) GPIO08 24
(SPI_CE1_N) GPIOO7 26
(12C ID EEPROM) ID_SC 28
. Ground 3
GPIO12 32
Ground 34
GPIO16 36
GPI020 38
GPI1021 40

TX GPIO

14

RX GPIO

15

GND

GND

Raspberry Pi

TPUART
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MORE INTERFACES (MULTIPLEXER)

UART
Webinterface

‘ RaspberryPi

Ethernet Ra spberry Pi Multiplexer

IL]

RS485
Modbus/DMX
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MULTIPLEXER SETUP

SCLE

MOSI

. SPI MISO

RPI interface Master 551
S52

|
L

SCLK

MOSI SPI
MISO Slave
5SS

r 3
FIww
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KNX interface

DMX, MODUS, RS 485

RS 232
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HARDWARE REALIZATION

KNX interface

SCLE SCLE
MOSI MOSI SFPI
SPI MISO MISO Slave
Master 551 S5
5§52
553

SCLE
MOS| SPI
MISD Slave

SCLK

MOS| SPI
MISO Slave
85

RPI interface

J.MJL‘LLL
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HARDWARE REALIZATION

DMX, MOvDUS, RS 485
RS 232

KNX and RPI interface

AMIES 2016 TEndes
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PRACTICAL

Multiplexer , Multiplexer
Master KNX Slave

Smart House

Multiplexer Slave
TP UART IC

Raspberry Pi Multiplexer
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: 1 bit — schakelen/rolluik/...

: 4 bit — Relatief dimmen/rolluik/...

: 8 bit - % dimmen/rolluik/waarde/...

: 16 bit float — temperaturen/...

17 8 bit — scene oproepen

18 : 8 bit — scene oproepen + aanpassen

| e

ccesssns
®0ssssse J

(D g wr

?;_';.' S KNX G 232 : 24 bit — RGB led
.“ _| ﬂ DMX, RS232, ...
230V 230V
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BLUETOOTH LOW ENERGY

Webinterface

Ethernet

Raspberry Pi

IL]

RS485
Modbus/DMX
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BLEUTOOTH LOW ENERGY

21.0°C

Temperatuur 1

Verwijderen
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WEBINTERFACE

b

e b OX = : . Onbekende gebruiker %
. Onbekende gebruiker RebOX SmaI’tLlnk

ﬁ Home Weer voor Dermansland Vandaag

# Keuken

+ Newnekamer Gedeeltelijk bewolkt

Gedeeltelijk bewolkt. Maximaal 12C. Wind uit het N van 15 tot 30 km/u.

2 Gebruikers ©Q Locatie minder nauwkeurig

¥ instellingen

i ] Help ."

Keuken

THOMAS
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WEBINTERFACE

i-gtjl:l)( = =] .umwum -

. Ombekrnde grbruike

Scene

Scone
Change Change

Aanpassen  Verwijderen

' Nieuwe actor

GA1

Copyright £ 2016 < All rig

AMIES 2016 KO/TAS r\) C



WEBINTERFACE

A

rebox = B @ onbekendegsbruker o
. Onbekende gebruiker Koﬁertje links

L]

’ 5 Koffertje links

Scenes - Scenes koffer 1 - scene Scenes - Scenes koffer 1 - scene Kof1 %
kofferl koffer1l

Scene Scene
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EMBEDDED GREENHOUSE APPLICATION

 Measure the color and temperature of an algae breeder reactor
In a greenhouse and create a temperature image of this
greenhouse.
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EMBEDDED GREENHOUSE APPLICATION: ALGAE

LLRK
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EMBEDDED GREENHOUSE APPLICATION: ALGAE

e Algae need very specific growing conditions
— Light (RGB) and temperature important parameters

e Qutlet In food, animal feed and the chemical sector
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EMBEDDED GREENHOUSE APPLICATION: ALGAE

Sensing modulel

PubNub

_ WiFi
Sensing module2 y
Rasp Pl
Webserver
WiFi Database Server

Sensing module3 ) Thomas More

Sensing module4 Website/Collect

Website/Collect
data

data
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EMBEDDED GREENHOUSE APPLICATION: ALGAE

Sensing module
Components

12C
F
—
Infrared temp. sensor ,
MLX90614 (12C)
Atmega 328p '\
12C UART
Color sensor: WiFi module
ISL29125 ESP 8266
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EMBEDDED GREENHOUSE APPLICATION: ALGAE

Sensing module
Hardware

TOP

Bottom Bottom
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EMBEDDED GREENHOUSE APPLICATION: ALGAE

Sensing module
Hardware
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EMBEDDED GREENHOUSE APPLICATION: ALGAE

Sensing module
Hardware

:
WS
i

= 3

)
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EMBEDDED GREENHOUSE APPLICATION: ALGAE

Sensing module
Hardware

Temp. Module number

Color red Color green  Color blue
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EMBEDDED GREENHOUSE APPLICATION: ALGAE

T

WiFi

Website
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EMBEDDED GREENHOUSE APPLICATION: ALGAE

Rasp. Pi / Server
Web interface

: AMIES 2016 RO/"I”AS RC




EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE

e Purpose:

— Get an idea of the temp and humidity in a greenhouse on different levels
— Flexible ( quickly use in another greenhouse)

— Energy friendly

— Easy to use
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GREENHOUSE

EMBEDDED GREENHOUSE APPLICATION

RC
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Measuremodule

/
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EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE

L] | =4
-~ ((( ]
” s W
T 2
» ’ ]
- ’ I @
»7 ,’ [} o
el ’ [} m
- 4 1
”' ,’ I
- 4 1]
’ﬂ ’I ']
Pl rd [ ]
Pid 4 !
Pl ok I
d" I’ "
-
’f' l’ . ]
i @@}/ H Excel
, :
7 ! database
e s
bt y Uploaden

Dropbox

g '.-_.
5
-:r‘
B
s Bekijken

Visualisatie met
visual studio

ATmega328p ATmega328p

5P|+ CE + C3N
ATmega328p

DHT22 DHT22

*  Temparatuur * Temperatuur

+  Vochtigheld *  Vochtigheld
\ B

DHT22
«  Temperatuur
*  Vochtigheid

Meetmodule
i
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EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE

e Sender
— nRF24L01+

e Microcontroller
- ATmega328p-PU

SPI + CE + CSN

ATmega328p

e Sensors
- DHT22/AM2302 ¢
DHT22:
= Power SUpply ? Temperature
— LiPo Rider Pro Humidity

— MEF1S0503SPC
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EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE

Sensing module
Components

UART Sender - nRF24L01+
Frequency: 2,4GHz

GFSK modulation
Power down: 900nA

p, .. :.__;.;};\:-\Q |
: N One wire

Sensors - DHT22/AM2302
One wire interface

Atmega 328p
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EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE

Power supply

LiPo Rider Pro
3W solarpanel
LiPo-battery 6600mAh
5V supply

MEF1S0503SPC
(DC-DC convertor)
5V in
3,3V out
1W
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EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE

Sensing module -
Base station ((' g pr—

Sender
NRF24L01+PA+LNA

Microcontroller
ATmega328p-PU Raspberry Pi

Server (Raspberry Pi)
Webpage
Database

Excel
database

Uploaden

Dropbox

Bekijken

Visualisatie met
visual studio
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EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE

Web interface

IﬁQRC Thomas More -

Set up your measurement
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EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE

Web interface

®lezen lifg‘ﬁ&na f 3D Showcase i@

- = we"_ramlale ¢'n. Instr Stage; School B (s id
WSrld Thomas More - Temperatuur meting serre

Meting is running!

Actuele temperatuur

Nieuwe data is zelf de pagina herladen!

Niveau: |Bovenstelaag ~|  Min. temp: [20 Max. temp: 24 ¢ [ Vemend |
Sensor: 1 Sensor: 2
243°C 24.5°C
59.6 % 57.5%
Sensor: 3 Sensor: 4
247°C 244°C
56.2 % 58.6 %
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EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE

Web interface

192,168,137 6:6000

w Hetmiall G Stage Wb School IR CERgMticw o lczcn MRGERTENGa. £ 3D Showcase g 20 femper

MOI?C Thomas More - Temperatuur méting serre

% Meting is running!

Grafiek data per sensor

From: e
| 2016-05-17 12:45 |

to: as
l 2016-05-17 17:20 |
30
|l Grafiek Zoom:
1 hour
2 hours 5

5 chart by amCharts

Graphical way

20
13:00 13:30 14:00 14:30 15:00 15:30 16:00 16:30 17:00
15 chart by amCharts
as
30
25
20

13:00 13:30 14:00 14:30 15:00 15:30 16:00 16:30 17:00

18 chart by amCharts
40
a5
30 ot
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EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE

Sensing module

c
|
|
|
|
|
|
0
d
|
§
|
j
|
{
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EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE

Base station
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EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE

Realization
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EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE

Realization
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e Thank you for your attention.

e Contact:
— Peter.mertens@thomasmore.be
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