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• Embedded application in the domain of Smart Home:

An embedded smart home connect to a KNX basic installation.

• 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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• What is KNX?

More convenience, comfort, 
more safety, higher energy 
savings: The demand for 
building management systems 
is continuously increasing.

KNX – the Worldwide 
STANDARD for Home and 
Building Control

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



• KNX architecture

- ETS software
- Decentral system
- Bus system
- Sensors/ Actuators
- Web services
- Remote Control

EMBEDDED SMART HOME
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EMBEDDED SMART HOME
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KNX installation

Domotica interface

Inputs

Outputs

Website
App



• Realization with Arm µcontroller and Rasp. PI

• Embedded platform NXP LPC1768
− 32-bit ARM-controller

• 2MB Onboard Flash-memory
− USB-device

• Many hardware interfaces

KNX INTERFACE EXAMPLE 1
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• Webserver Raspberry Pi 2 with WIFI stick:

KNX INTERFACE EXAMPLE 1
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• Interface KNX – embedded system
− Siemens TP-UART-IC

KNX INTERFACE EXAMPLE 1
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LPC1768

Embedded
platform

KNX

Basic 
installation KNX bus frame

KNX Bus UART

Serial comm.



KNX INTERFACE EXAMPLE 1
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KNX bus

UART MBED

Transmit

Receive

TP Uart IC



WEBSERVER INTERFACE
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LPC1768

Embedded
platform

UART

Rasp. PI

Webserver

Website

App for Smart Phone

Database measurements

Controlling the 
KNX installation



SENSOR INTERFACE

12
AMIES 2016

LPC1768

Embedded
platform

I2C protocol LCD display ,Temp. Sensor, Pressure Sensor
Humidity Sensor

RGB LedstripPWM

DI/DO

ADC

Pushbutton/Relais

Light and current sensing

KNX Actor expansion



SENSOR INTERFACE

13
AMIES 2016

LCD screen
Temp. Sensor
Pressure Sensor
Humidity Sensor

Pressure/Temp Sensor

Humidity Sensor

LCD Display



SENSOR INTERFACE
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Light sensor

Current sensorRGB Ledstrip

Relais

Pushbutton



HARDWARE PCB’S
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Mother board Sensor print



HARDWARE REALIZATION IN A SUITCASE FOR 
EDUCATIONAL PURPOSE
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EDUCATIONAL SETUP
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SCREENSHOT WEBSITE / APP ON SMART PHONE
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KNX INTERFACE EXAMPLE 2
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• Webbased
• PC / Mobiel / …
• Simple
• Stabel



KNX INTERFACING
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• Raspberry PI
• KNX interfacing
• Bidirectionele com.
• Com. Webinterface
• Python codes
− Library
− Main code



TPUART MODULE
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MORE INTERFACES (MULTIPLEXER)

22
AMIES 2016



MULTIPLEXER SETUP
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KNX interface

DMX, MODUS, RS 485

RS 232

RPI interface



HARDWARE REALIZATION
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RPI interface

KNX interface

DMX, MODUS, RS 485

RS 232



HARDWARE REALIZATION
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KNX  and RPI interface

DMX, MOvDUS, RS 485

RS 232



PRACTICAL
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Website

Raspberry Pi Multiplexer

Multiplexer
Master

Multiplexer
KNX Slave

Multiplexer Slave
TP UART IC

Smart House

KNX
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KNX

230V
DMX

DMX
slave

KNX

230V

KNX

12V

KNX
KNX

1 : 1 bit – schakelen/rolluik/…
3 : 4 bit – Relatief dimmen/rolluik/…
5 : 8 bit - % dimmen/rolluik/waarde/…
9 : 16 bit float – temperaturen/…
17 : 8 bit – scene oproepen
18 : 8 bit – scene oproepen + aanpassen
232 : 24 bit – RGB led

DMX, RS232, …



BLUETOOTH LOW ENERGY
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BLE 4.0



BLEUTOOTH LOW ENERGY
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WEBINTERFACE
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WEBINTERFACE
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WEBINTERFACE
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• Measure the color and temperature of an algae breeder reactor 
in a greenhouse and create a temperature image of this 
greenhouse.

EMBEDDED GREENHOUSE APPLICATION 
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EMBEDDED GREENHOUSE APPLICATION: ALGAE 
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• Algae need very specific growing conditions
− Light (RGB) and temperature important parameters

• Outlet in food, animal feed and the chemical sector

EMBEDDED GREENHOUSE APPLICATION: ALGAE

35
AMIES 2016



EMBEDDED GREENHOUSE APPLICATION: ALGAE
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Sensing module1

Sensing module2

Sensing module3

Sensing module4

Rasp PI
Webserver
Database 

WiFi

WiFi

WiFi

WiFi

Cloud

Server
Thomas More

PubNub

PubNub

Website/Collect 
data

Website/Collect 
data



EMBEDDED GREENHOUSE APPLICATION: ALGAE

37
AMIES 2016

Sensing module 
Components

Atmega 328p

Infrared temp. sensor
MLX90614 (I2C)

Color sensor: 
ISL29125 

LCD Display

WiFi module
ESP 8266

I2C

I2C

I2C

UART



EMBEDDED GREENHOUSE APPLICATION: ALGAE
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Sensing module 
Hardware

TOP TOP

Bottom Bottom



EMBEDDED GREENHOUSE APPLICATION: ALGAE
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Sensing module 
Hardware



EMBEDDED GREENHOUSE APPLICATION: ALGAE
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Sensing module 
Hardware



EMBEDDED GREENHOUSE APPLICATION: ALGAE
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Color red Color green Color blue

Temp. Module number

Sensing module 
Hardware



EMBEDDED GREENHOUSE APPLICATION: ALGAE
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Sensing module 
Realization

Rasp PI
Webserver
Database 

WiFi

Website



EMBEDDED GREENHOUSE APPLICATION: ALGAE 
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Rasp. Pi / Server
Web interface



• 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

EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE
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EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE
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Basestation

Measuremodule



EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE
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Schematic



EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE
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• Sender
− nRF24L01+

• Microcontroller
− ATmega328p-PU

• Sensors
− DHT22/AM2302

• Power supply
− LiPo Rider Pro
− MEF1S0503SPC

Temperature
Humidity



EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE
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Atmega 328p

Sensing module 
Components

Sender - nRF24L01+

Frequency: 2,4GHz
GFSK modulation
Power down: 900nA

Sensors - DHT22/AM2302
One wire interface

One wire

UART



EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE
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Power supply

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

MEF1S0503SPC
(DC-DC convertor)

5V in
3,3V out
1W



EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE
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Sensing module 
Base station

Sender
nRF24L01+PA+LNA

Microcontroller
ATmega328p-PU

Server (Raspberry Pi)
Webpage
Database



EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE
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Web interface

Set up your measurement



EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE
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Web interface



EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE
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Web interface

Graphical way



EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE
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Sensing module



EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE
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Base station



EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE
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Realization

1

2
3

4 7

6 9



EMBEDDED GREENHOUSE APPLICATION: GREENHOUSE
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Realization



• Thank you for your attention.

• Contact:
− Peter.mertens@thomasmore.be
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