~ FACHHOCHSCHULE

TECHNIKUM WIEN

REMOTE HEATER CONTROLER

Term paper submitted in partial fulfilment of the requirements for the
degree of Bachelor of Science in Engineering at the University of Applied
Sciences Technikum Wien — Degree Program Electronic and Business

Author: Jonatan Rubio Bueno
Student number: 1500255001
Advisor: Christian Kollmitzer
Wien, 26-1-2016



REMOTE HEATER CONTROLER

Declaration of Authenticity

“As author and creator of this work to hand, | confirm with my signature knowledge of the
relevant copyright regulations governed by higher education acts (for example see §§ 21, 46 and
57 UrhG (Austrian copyright law) as amended as well as § 11 of the Statute on Studies Act
Provisions / Examination Regulations of the UAS Technikum Wien).

In particular | declare that | have made use of third-party content correctly, regardless what form
it may have, and | am aware of any consequences | may face on the part of the degree program
director if there should be evidence of missing autonomy and independence or evidence of any
intent to fraudulently achieve a pass mark for this work (see § 11 para. 1 Statute on Studies Act
Provisions / Examination Regulations of the UAS Technikum Wien).

| further declare that up to this date | have not published the work to hand nor have | presented
it to another examination board in the same or similar form. | affirm that the version submitted

III

matches the version in the upload too

Place, Date Signature



REMOTE HEATER CONTROLER

Table of contents

Declaration of AUthENTICITY ...ceiiiciiiii e e s e e s saaeee e eans 1
Y o1 o - Lot AT TP PPTOUPTRPPRTOTRI 3
2.- StAtE OF TN@ @It ..ttt 4
R oY [<Tot o [T ] o 4 o] o IO S 7
3.1 CONCIUSIONS ...ttt ettt e s b e e sabe e sabeesbee e sabeesbeesanteesaneeennneanns 8
3 A @ o To] [olc o il o TU T o] 0 T=T o} PR 9
I o T e (VY [ TP P PP PPTPPPOPRPPR 10
4.1.- Raspberry pi MOEI Bt......ooooiiiieecieee ettt e e et e e et e e e e sanaeee s 10
A = 0 T 01T = L L I Y=T 1Yo 11
e T 0= 1 1R 12
T | S U 2 Yo =T o1 ] PP 13
R o A=Y Ao ¥ | I @] g Y o ToT =Y o} £ 13
4.6.- CONSTIUCTION PrOgIrESS .. iieieieieieise e e e nen 14
4.7 .- Bill Of MAterials coouveeeiiiiieeeee ettt 17
D im SOFEWAIE ettt s b et s be e s be e e ht e e s abeesbeeesabeenares 18
5.1.- Coding tools and SOftWAre USEd........ccccuviiiiiiiiiiiiiiee ettt e e sbeee e 18
5.2.- Getting started with the Raspherry ... e 20
5.3.- Collecting the data from the SENSOFK ........ooociiiii i 22
5.4.- INSTAING LAMP ...ttt ettt ettt e e ettt e e s st e e e e sbte e e s sabtaeessstaeeseseneeesnssaeassnns 24
5.5.- Creating the database ... s e e e sbaa e e e eaes 27
o T Y=ol U | 107 29
5.7 SUMMACIiZe Of the COUE ..coumiiiiiiiiiie e 30
R =T olo oY o o1 ToRE] UL USSR 31
7= FUTUPE TINES ettt s sttt r e s e s e s sareer e neennees 32
271 o] [TeT = =T o] o 1V 33
[ o) 7= (U <L USRR 34
LISt Of TADIES ...ttt s b et she e st teeneens 35
List Of @DDreVIAtioNS ....couieieeiieee ettt st 36
AL- USEI GUITE ..ttt sttt et et b e s b e sbe e sae e st e et e e beesbeesanesanesane 37
B.- Useful commands for the RaSPherty ........oooiiiiiciiiie et 39



REMOTE HEATER CONTROLER

1.- Abstract

In the society everything is connected. We are starting to develop smart appliances and
even creating completely smart houses, which is a house where all the operations can
be efficiently controlled by a unified ubiquitous application [1]. Taking advantage of the
rise of the smartphones we are going to create a heating system remotely controlled
over the internet. The device will be useful, because it allows the monitoring the
temperature or connect/disconnect the heating system without being present in your
home which is a gain of comfort for the user.

This project will have two different parts:

e The first one will be the hardware. This part includes making the controller, the
heating sensor and all the necessary circuits to run the device.

e The second part will be the software. Here we have different applications, the
first one includes the programming for the embedded system and the
communications. The second part will be related to the code of the website.

One of the goals of the project is to build a device with a low budget and high modularity

which will bring in the future the opportunity of improving the life with the minimum
cost and effort.

Keywords: Heater, Remotely, Controlled, Device
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2.- State of the art

In this section we are going to explain the performances, settings, prices of similar devices
in the market.

1. The first device is the ‘Thermostat’ from the company NETATMO:
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Figure 1: Thermostat by NETAMO

This device has two different parts, the first one is the thermostat (Figure 1) which
controls the device and the second part is the relay. The communication between them
is realized by radio frequency.

The thermostat dimensions are 83x82x22mm, what makes it small, but this is without
the relay part. Both parts need batteries to function and requires installation. The
maximum supported current is 4 Amperes.

It has a schedule programming, with different programs, and a free application on the
play store available for download.

The price of the complete device is 179 Euros [2].

The possibility of programing schedules makes this device really interesting and also has
a friendly interface, but will have problems with the radio frequency communication in
industrial environments. It also needs batteries, has a low current working input, needs
an installation and has a high price.
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2. The second device is “‘WeMo insight’ from the company Belkin:
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Figure 2: WeMo insight by belking

This device can be plug into a socket, it is controlled with a smartphone over wireless
network.

It is a small device (socket size) and does not require installation. The maximum current
input is 16 Amperes.

It also has a schedule programming, with a free application on the play store.
The price of the device is 59.99 Euros. [3]

Small appliance, with a reduced price and no installation. But it does not have any kind
of feedback or sensor to measure the temperature. Also it cannot be used on industrial
environments or environments, where humidity is high.
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3. And the third is ‘GSM heater controller’ from the company 4UControl (Figure 3):

Figure 3: GSM controller by 4UControl

It is pretty similar to the “‘WeMo insight’ device, but the communication between the
user and the appliance is made using GSM. It does not come with an interface, but it is
controlled using SMS.

The maximum current input is 16 Amperes, and cannot work in industrial or humidity
environments.

The price is 139.95 Euros.[4]

It has the same problem with the feedback as the “WeMo insight’ and a SIM card is need
for functioning. The price is also high.

To summarize, there are devices in the market with the possibility of making a schedule
programming of the heating cycles and are small in size, but they have several troubles with
adverse environments, high prices, installation and batteries or lack of feedback.
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3.- Project description

During this project | am going to explain, how | created and developed the remote heater
controller.

First of all, a block diagram of the project is going to be presented. As | wrote in the previous
chapters, the project will have two different parts, namely the hardware part and the software
part.

Relay I I HTML/CSS/JS

[
Hardware | I Software
[

|
|
|
|
|
|
| Raspberry }‘—’ Web Server CLIENT
|
|
|
|
|
|
|

I
WiFi [ Ethernet l | PHP
g

Figure 4: Block diagram of the project

As we can see in the figure 4, the raspberry is the main controller of the whole device. It controls
the relay for turning the heater on and off and it also receives the incoming data from the
temperature sensor and stores it.

For the communications, the user will have two different options:

e With an Ethernet cable, connecting the raspberry and the router.
e Wireless connection with a WiFi Module connected into the raspberry.

In the software part, we have two fragments, the code used for the Raspberry and the code used
for the web server, web page and communication.

e The first one is coded in python and it is used for controlling the relays, read the data
from the sensor and adapt it for the database and also security programs in case the
device goes wild.
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e The second one is related with the client, how the webpage looks like, which settings it
has available and how much data is available to the user. The code is written in
combination of HTMLS5, CSS and JavaScript.

There is also a piece of the code for the database, which hosts all the security for the
web page and the temperatures from the sensor. This is done in PHP.

Now we have an overall vision of the project and we can explain the physical device in detail.

230 VAC ’L Relay E— Heater
A
) -
— AC/DC Raspberry
Sensor Ethernet/WiFi

Figure 5: Block diagram of the device

We can see the wiring inside the box in the figure 5. We have a Schuko connector (Usual
connector for 230 VAC single-phase) which divides into two wires.

On one hand provides energy to the AC/DC convertor, and this one converts the alternate
current into direct current and provides the output for supplying the raspberry.

On the other hand it connects the 230 VAC with the relay, allowing it whether let the current
pass or not, which is being controlled by the raspberry.

Moreover there are two wires leaving the raspberry, the sensor wire and the communication
wire. Both are outside of the box. One is used for measuring the exterior temperature and the
other is used for the internet connection. In case we use the WiFi instead of the Ethernet, the
user does not have any wire going out except for the sensor.

In the end we have a socket wired with the relay, which supplies the heater with the energy in
case the relay is open.

3.1.- Conclusions

Packing every part of the device in the same box has many benefits. Power for everything is
supplied by socket, so the device does not need any kind of batteries or maintenance by the
user.
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Beside this also provides a lot of isolation against EMI (Electro Magnetic Interference) and this
is perfect if we want to install the device in an industrial environment.

In addition the appliance does not require hardware installation by the user, the user only has
to plug it to the current and connect the heater to it.

3.2.- Choice of Equipment

For the choice of the controller of the device, we were deciding between two different ones:
Raspberry and Arduino.

Arduino [5] is a board with a micro-processor (Figure 6) with his own programming language
(similar to C++), and input/output pins. It is perfect for controlling output such as motors, LEDs,
servos and for reading the inputs like sensors, potentiometer, etc. Due to its analog inputs, the
arduino is able to read the signals.

Figure 6: Arduino Uno

The Arduino has more problems when it tries to communicate with other devices, because it
needs to use a specific shields and libraries for it, while some of them are not easy to use.

On the other hand, the Raspberry is easy to use for communications with an incorporated
Ethernet connection and an easy configuration for the WiFi. The problem with the raspberry is
that it does not have analog inputs, which prevents us to use analog signals in the sensor.

Moreover the raspberry has a more powerful processor than the Arduino, has more security for
hosting an internet application and gives more possibilities of expansion in the future (you can
connect an Arduino and a Raspberry).

Therefore for this project the optimal choice is the raspberry, because we need to communicate
with the client, we want a strong security and we do not have many inputs or outputs to control.

Likewise for the temperature sensor we had to decide between two options the TMP35 and
DS18B20, the first one is analogic and the second is one wire digital.

For the raspberry the best choice is the DS18B20 because if we take the TMP35, will need
additional hardware for reading the data (analog to digital converter).
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4 .- Hardware

In this chapter we are going to explain in detail every component needed to build the device,
the building progress from the start to the end and a bill of materials.

4.1.- Raspberry pi Model B+

The Raspberry pi [6] is a single board computer (Figure 7) from the company Raspberry Pi
Foundation.
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Figure 7: Raspberry Pi B+

It has an ARM architecture of 32 bits, a 700 Mhz speed processor (with possibility of overclocking
to 1GHz) and 512 Mb of RAM memory. It also has one Ethernet port, four USB ports, one slot
for micro-SD card and audio output. Moreover it has 40 GPIO (General purpose input output)

The power consumption of the Raspberry depends on what is connected to it, for this project
the consumption will be between 3-3.5 W.

The hard drive of the Raspberry is the micro-SD card, which has at least a 4GB to save the
operating system on it. The OS (operating system) is based on the linux core. We are using the
Raspbian distribution from Devian designed for Raspberry.

We also need some parts for the Raspberry, such as:

o Wires

e Power supply
e Ethernet cable
e  Wi-Fi module
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4.2.- Temperature sensor

We need to get some kind of feedback to know if the heater is working properly. To achieve this
we installed one temperature sensor, what also brings the opportunity of having a register of
the temperature over time.

We used the DS18B20 sensor [7], it is a one wire digital sensor. There are diverse packages, but
we chose the 3 pin sensor (Figure 8), because we do not need a PCB (printed circuit board) to
hold it. There are also some waterproof packages, if it needs to be installed outside, in a water
or high humidity ambient.

Figure 8: Temperature sensor DS18B20

There is only one pin for the communication (middle pin). The other two pins are used for the
power supply. It has to be powered with 3.3 V output from the Raspberry and its average current
consumption is 5 mA, which means a low power consumption of 0.02 W.

We need to install a 4.7 KQ pull-up resistor between the 3.3 V wire and the communication wire
to avoid noises in the signal and errors. Only one pull up resistor must be installed in case we
use more than one sensor.

It has a 9 bit precision, so we can measure temperatures from -55 2C to 125 2C and it has 0.5 2C
accuracy in the range from -10 eC to 85 2C. This range of linearity is enough for measuring the
temperature of the air or even the temperature of the radiator.

All the data is stored in a file inside the Raspberry and every sensor has a unique identifier, so
we can use the same three wires for different sensors, because they will store the data in
different files.
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4.3.- Relay

A relay is an electromagnetic controlled switch, which allows to control high currents and
voltages with low power.

Figure 9: Tinker kit relay

The relay has three outputs (NC, NO, COM) and two inputs. If there is no voltage in the input,
COM and NC are connected. If there is 5 V in the input, COM and NO are connected in this case.

The maximum rates for the output of the relay are 250 VAC and 10 A and for the input 5 VDC
and 10 mA, so we need to ensure that nothing connected to the output requires values above
this rates.

We have a tinker kit relay [8] in the figure 9. It is a normal relay, but it also has two LEDs and an
optocoupler. One of the LEDs is to tell us, if the relay is powered (PWR LED). The other one
indicates the status of the output. If the LED is off, there is no voltage in the input, and if it is on,
there is voltage on the input.

The relay by itself isolates the high voltage from the

microcontroller, but if something fails, the voltage on the control 3 | 3
part could be high and potentially damage the controller, in our ZIx

case the Raspberry. To avoid that we use the optocoupler. 5 4

An optocoupler is a security component. It transfers an electrical
signal with light, isolating the components on the both sides of
the optocoupler. It uses a LED for emitting the light and a
phototransistor for receiving it (Figure 10).

Figure 10: Optocoupler diagram

We are going to use two tinker kits for switching the power for the heater. We are going to use
two of them, because we need to cut the phase and the neutral cables for safety reasons,
because if you cut only one of them, the current can return over the safety ground cable and
shock the user.
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4.4.- WiFi USB adapter

A WiFi module is needed, because the Raspberry does not have one. The best way to have WiFi
in the raspberry is an USB adapter, since we have four USB slots in the Raspberry.

We took the RTL8188CUS chipset [9] integrated onto a USB adapter, because it works perfectly
with the Raspberry and does not require a long installation process.

Figure 11: Wifi USB adapter

4.5.- External Components

We need something to hold all the previous parts. For that we are going to use a box. We also
need to provide an electrical connection, for which we will include a plug and a socket.
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Figure 12: Box, socket and plug
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In the figure 12 we can see the box, the socket and plug used for the project. One of the main
goals of this components is to isolate the electrical parts from the user.

The box is made of ABS plastic, which is isolating. Besides this is easy to work with for installing
the socket and making the holes for the cables.

The IP protection degree is 54 that means the dust will not interfere with the electric parts inside
and it can hold the water entrance, if there is not a big stream pointing at it. Due to this we can
use this device outside and also in an industrial environment.

The socket has an IP54 and a ground connecter for security reasons. The maximum rates are 250
VAC and 16 A. This is higher current than the relay current so we do not have any problem with
the connection.

The plug is a Schuko (Schutzkontakt), which has the same features as the socket.

4.6.- Construction Progress

First of all we need to make the holes for the socket. To do this, we are going to use a special
tool on the driller to increase the size of the holes it creates.

Figure 13: Hole for the socket

After this, we need to make a hole for the power cable and another for the Ethernet/sensor:

Figure 14: Holes for the cables




REMOTE HEATER CONTROLER

When we have the external holes, we make the holes for holding the tinker kit relay and the
Raspberry.

As we can see in the figure 15, we have four holes with screws inside, prepared for installing the
two tinker kit relays.

Moreover we have the socket with the cables attached to it and also a cable grommet in the
hole for the power cable. We used a cable grommet, because if we only have the cable going
through the hole, we lose the isolation and also the user pulling the cable could break the joint.

Figure 15: Installation of the socket and plug

We proceed to install the two tinker kit relay and attached the cables to them. The ground
cable connects directly the plug to the socket.

Figure 16: Installation of the relays

After that, we need to install the cable grommet for the other hole. Inside that cable grommet
we have the Ethernet cable and the three wires for the sensor.

The Ethernet connector does not fit in the cable grommet, so we have to cut the cable, pass it
through the hole and install a new connector.

=
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Figure 17: Installation of the Ethernet cable and sensor

When we have the sensor and the Ethernet cable ready, we proceed to install the Raspberry
inside the box, attach the relay and sensor wires to it and also connect the Ethernet cable.

We can see in the figures 17 and 18 the pull up resistor soldered to the sensor. The resistor is
soldered to the VCC (red) wire and the communication (yellow) wire.

-";/'7:::?*

Figure 18: Installation of the Raspberry

Finally we install the AC/DC transformer into the box and connect it to the relay and then to the
Raspberry to power it up (Figure 19).

The Raspberry is always powered if the plug is connected, because they are connected to the
same spot in the relay.

After the hardware part of the project is complete, we only have to put the cover on the device
(Figure 20).

=
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Figure 19: Final device open Figure 20: Final device closed

4.7 .- Bill of materials

Here we have a table with all the necessary components to build this project.

Description (o11F141414Y;
1 Raspberry pi Model B+ 1
2 Tinker kit relay 2
3 DS18B20 temperature sensor 1
4 WiFi USB adapter 1
5 ABS box 1
6 Schuko plug 1
7 Socket 1
8 Screw M3 8
9 Screw M2 6
10 Screw M7 4
11 Cable grommet 2
12 10 Meter power cable 1
13 10 Jumper wire 150mm male 1
14 2,5 Meter Ethernet cable 1
15 SD Card 1

Table 1: Bill of materials
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5.- Software

In this chapter we are going to explain all the software and tools that were used for coding in
this project. Also we will explain the whole installation process of configuring the Raspberry,
creating the webserver and the database.

5.1.- Coding tools and software used

» The Raspberry terminal: (Figure 21) this is an emulated terminal for controlling the
Raspberry. The Raspbian OS is based on the UNIX/GNU core, so it is possible to use the
UNIX commands to control the Raspberry.

EP pi@raspberrypi: ~ - O X

Figure 19: Raspberry terminal

» Putty: it is a free SSH client to emulate the terminal, which is on figure 19. This program
allows us to modify the files on the Raspberry without having physical access to the

device.
Category:
=|- Session Basic options for your PuTTY session
T Fog?ing Specify the destination you want to connect to
- Temmina
Kenboard Host Name (or IP address) Port
Bel [10.128.91.4 |22
Features Connection type: ~ -~
- Window (ORaw (OTelnet ORlogn @®SSH (O Serial
i Appearance ;
: : Load, save or delete a stored session
i Behaviour
{... Translation Saved Sessions
i Selection \ ‘
Colours Default Settings | s
=} Connection
- Data Save
- Proxy
i Telnet Delete
: - Rlogin
+- SSH
- Sexial Close window on exit:
(O Aways (ONever (@ Onlyon clean exit

Figure 20: Putty interface
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We can see in the figure 22 the interface of the putty. Inside the red box we put our
Raspberry remote IP to create the connection and then we press open to start it. After
this we need to log ourselves in the Raspberry and the terminal will appear.

> Fillezilla: it is a free FTP client to transfer files between the Raspberry and other devices
such as a computer or tablets. Working with the Raspberry editor is sometimes difficult,
so to overcome that we use an IDE for programming and we use Fillezilla to transfer the
files to the Raspberry.

[ sftp://pi@10.128.91.4 - FileZilla - o

Archivo Edicion Ver Transferencia Servidor Marcadores Ayuda

A -FERR 2y B&EREn

Servidor: | sftp//10.128914 | Nombre de usuario: | pi Contrasefia: | sseeeeses Pueto: [ | -

Estado: Conectando 2 10.128.914...
Estado: Connected to 10.128.91.4
Estado: Recuperando el listado del directorio...
Estado:  Listing directory /home/pi
Estado:  Directory listing of “/home/pi" successful
Sitio local: ‘ C:\Users\jonatan\Desktop\ v | Sitio remoto: | /home/pi
&-fll Desktop A le-217
41/ Documents 52 home
+1-4 Downloads i pi
Entorno de red
@-j.¢ Favorites
Impresoras L
Nombre de archivo  Tamafio de... Tipo de archivo Ultima modificacién A~ | Nombredearc.. Tamafiod.. Tipodearc.. Ultima modific... Permisos Propietario...
Login Carpeta de arc...  29/11/2015 22:30:40 -
Nueva carpeta Carpeta de arc...  11/09/2015 15:45:02 .cache Carpeta de... 28/09/201511:...  drwxr-xr-x pi pi
Nueva carpeta (2) Carpeta dearc... 16/09/2015 13:12:30 .config Carpetade... 08/10/2015 14, drwxr-xr-x  pipi
Nueva carpeta (3) Carpeta dearc...  18/09/2015 11:30:39 .dbus Carpeta de... 07/05/2015 1:4...  drwx------ pipi
Nueva carpeta (4) Carpetadearc... 18/10/2015 23:43:55 fontconfig Carpetade... 07/05/20151:4... drwxr-xr-x  pipi
Nueva carpeta (3) Carpeta de arc...  06/11/2015 13:41:48 .gconf Carpeta de... 12/10/201510:...  drwx------ pipi
Nueva carpeta (6) Carpeta de arc...  11/11/2015 20:06:23 .gstreamer-0... Carpeta de... 07/05/2015 1:4...  drwxr-xr-x pipi
Nueva carpeta (7) Carpeta de arc...  17/12/2015 17:44:47 v .gvfs Carpeta de... 07/05/2015 1:4...  drwx------ pi pi
46 archivos y 17 directorios. Tamafio total: 138.055.868 bytes 23 archivos y 15 directorios. Tamafio total: 47.836 bytes
Servidor/Archivo local Direcci...  Archivo remoto Tamafio Prioridad Estado
Archivos en cola | Ti ias fallidas | T ias satisfactorias

.‘_:‘g &# Cola: vacia

Figure 21: Fillezilla interface

» SDFomater: it is a small program to format SD cards, we need it to install the OS on our
SD card, which will be used in Raspberry. We need to choose the SD card on the red

square called “Drive” and press format to format it.
2] sDFormatter v4.0 X

Format your drive. All of the data
on the drive will be lost when
you format it. X

SD, SDHC and SDXC Logos are trademarks
of SD-3C, LLC.

Drive : I I I Refresh
Size : VYolume Label :
Format Option : Option

|QUICK FORMAT, FORMAT SIZE ADJUSTMENT OFF

Format Exit

Figure 22: SDFormater Interface




REMOTE HEATER CONTROLER

» NetBeans: itis a free IDE (Integrated Development Environment). This IDE is mainly used
for Java programming, but can also be used for PHP.

& LoginSignin - NetBeans IDE 8.1
File Edit View Navigate Source Refactor Run Debug Team Tools Window Help

D H B LT v @R -
T 7 ol S <default> @-TE DB
5 [ startpage x| loon.php X[l sensor.php X [[i] myFunctions.js x| Wiy estios.css [ [sif login.php  [[] deanDB.php [ [si] Cogerdatos.php X [ [ sensor.php X [ [ showTemperature.php X
@ , s Bleo:|l @ B =
gl Sowee | Hsoy @B -B-QRBSTBLR PR (Gu|0@ | L=0
39 4 DOCTYPE 1
|
8
[
I}

Figure 23: Netbeans interface

» Bootstrap: [10] it is a framework written in HTML, CSS and JavaScript, which helps to
make front-end pages. It provides templates, examples and also a lot of features. It is an
important tool, when you are a beginner doing the web page design, because it
simplifies the code and also changes the layout of the website based on the device
screen size used for accessing the webpage.

5.2.- Getting started with the Raspberry

Here we are going to explain the software installation process to configure a Raspberry from the
start.

First of all we have to format the SD card to be sure it is completely empty. To achieve this, we
are going to use the SDFormater program previously mentioned.

After this steep we have to download the OS from the raspberry webpage, we used NOOBS,
because it will help us with the installation.[11]

When we have the NOOBS.rar file, we need to unzip it onto the SD card and introduce it into the
Raspberry SD slot.

As next we have to connect the Raspberry to the electricity and launch it for the first time. The
program “pi recovery” will be the first one to run. The figure 24 shows what will appear on our
screen. We select Raspbian and the installation process will take around 15 minutes.
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Figure 24: Installation of the OS

Later the figure 25 will appear on our screen. It is the configuration menu from the Raspberry.
Here we can configure most of the options of the Raspberry and we can access it anytime we
want through the terminal by typing: sudo raspi-config

EP pi@raspberrypi: ~ — O X

lgggqgggggqu Raspberry Pi Software Configuration Tool

(raspi-config) tqQQggQaqqqaaq

x
x 1 Expand Filesystem Ensures that all of the SD card s
X 2 Change User Password Change password for the default u
X 3 Enable Boot to Desktop/Scratch Choose whether to boot into a des
X 4 lisation Options Set up language and regional sett
x 5 Enable Camera Enable this Pi to work with the R
x 6 Add to Rastrack Add this Pi to the online Raspber
x 7 Overclock Configure overclocking for your P
x 8 Advanced Options Configure advanced settings

X 9 About raspi-config Information about this configurat
x

x

x

x <Select> <Finish>

x

pilefeletetelefeleeleletelotelefefelelolototelefefe (oo lelote(e (e (e (e (oo (o (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (e (o ]

Figure 25: Configuring the Raspberry

The option number one expands the OS in the SD card to make the Raspberry function faster.

The second option allow us to change the password, we should do this because the default
password is “raspberry” for every raspberry.

In the fourth option we can choose the timezone for the Raspberry. In our case we use the time
zone Austria is in, which is GMT +1. We also choose the English language for the keyboard.

There are more options to configure, but we are not using them in this project.
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Now we proceed to configure the network interface to have internet access. We modify the file
“interfaces” with the text editor nano from the Raspberry. To access the file we have to type in
the terminal: sudo nano /etc/network/interfaces

@ pi@raspberrypi: ~ - O X
File:

GNU nano 2.2.6 /etc/network/interfaces

Figure 26: Internet settings

For running a webserver on our Raspberry, a local IP is needed to host it. If we have a static IP,
it becomes easier to access it, because we always have the same local IP.

To achieve this we modify the “interface” file like it is shown on the picture 26. In the red square
we have the Ethernet connection. We set the local IP to “10.128.91.4” and the gateway to
“10.128.0.1”

In the blue square we have the WiFi connection. In this case we are assigned a dynamic IP,
because the connection is made to a cell-phone and not to a router, but if we want to assign a
static IP we need to copy the code from the Ethernet connection with an appropriate IP.

Also we must be careful assigning static IP, because if any other device is using that IP we can
crash the whole LAN network.

After this we need to reboot our Raspberry to save the changes with the command: sudo reboot

5.3.- Collecting the data from the sensor

For collecting the data from the sensor [12] we need to configure the Raspberry kernel to always
read the pin of the sensor, which is connected to the Raspberry. To do this we need to open and
modify the file: sudo nano /boot/config.txt

We write dtoverlay=w1-gpio, gpiopin=4 and with that line we set the pin to 4 for the sensor.
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@ pi@raspberrypi: ~ = O X
GNU nano 2.2.6 File: /boot/config.txt

Modified (A

Figure 27: Configuring the sensor

Then we have to write the commands for the Raspberry kernel: sudo modprobe wi-gpio and
sudo modprobe wi-therm.

AN

@ pi@raspberrypi: /sys/bus/w1/devices/28-00000755e6a5 — Od X

Figure 28: Updating the kernel

After this we have a file with the path /sys/bus/w1/devices/28-000000755e6a5 with the
temperature data from the sensor.

The 28-000000755e6a5 is the ID from the sensor. If we connect more than one sensor to the
same pin, we will have more files in the folder with different IDs for each sensor.

We do not need all the text in that file, we only need the temperature data for using it later, so
we have to create a python program to extract it from the file.

As we can see in the figure 29, there is a file called the sensor.py. The program written in python
is used to get the temperature data from the file. First of all we open the file with the data, we
read it and close it.

We split the text into lines and we choose the second line (for splitting the text the zero is the
number one). After this we take the ninth position on the second line counting the spaces.

And then we make a float variable with the number, but it is in mili-Celsius, so we have to divide
it by 1000 to get it in Celsius and finally we return the temperature.
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EP pi@raspberrypi: ~ — O X

GNU nano 2.2.6 File: sensor.py )

Figure 29: Getting the temperature from the sensor

5.4.- Installing LAMP

LAMP [13] is the acronym of Linux, Apache, MySQL and PHP. With this four components we can
create a webserver. Linux is already installed so we continue with the next one: Apache.

Before we start with the installation, we need to upgrade the Raspberry software to be sure that
we have the last updates. To do this, we write in the terminal: sudo apt-get update and sudo
apt-get upgrade

When the Raspberry is already updated and upgraded, we procced to instal the Apache with the
following comand: sudo apt-get install apache2

To ensure that it is installed, we open the browser and we write the IP of the Raspberry.

http://10.128.91.4/ X +

Q

& 10.128.91.4

It works!

This 1s the default web page for this server.

The web server software 1s running but no content has been added. yet.

Figure 30: Successful installation of LAMP

If everything is working, the figure 30 will appear. At this point we can host a webpage on the
Raspberry, but we do not have a database or the web service to comunicate with it.

As next we install the PHP. To get it we have to write in the terminal : sudo apt-get install php5
and after this we install all the complements with the comand: sudo apt-get sudo apt-get
install libapache2-mod-php5 libapache2-mod-perl2 php5 php5-cli php5-common php5-curl
php5-dev php5-gd php5-imap php5-ldap php5-mhash php5-mysql php5-odbc
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To verify that everything is correct we create a basic php file with the path /var/www/rasp.php

http://10.128.91.4/rasp.php X T

& 10.128.91.4/rasp.php c

Heater Controler

Figure 31: PHP running

Right now we can use PHP, but we do not have the software to use it with a database. For
installing it we need to run the command: sudo apt-get install mysql-server mysql-client php5-
mysql. During the installation the terminal will ask us for the password for the user root.

After the installation we need to start the MySQL. To do this we write in the terminal: sudo
service mysql start

EP pi@raspberrypi: / — O X

Figure 32: MySQL running

For using MySQL we have to write mysql —uroot —ppassword and we are working with the
database. As we can see working with the database in the terminal is difficult.

@ pi@raspberrypi: / - O X

lgggggagaqu Configuring phpmyadmin tgggaaaqdaak
Web server to reconfigure automatically:

Maggaggagaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaqd

Figure 33: Installing phpMyAdmin
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For an easy management of the database we are going to install phpMyAdmin, a web interface
for working with the database. For installing it, we have to write in the terminal: sudo apt-get
install libapache2-mod-auth-mysql php5-mysql phpmyadmin

After the installation the Raspberry will ask us for the installed server (figure 33) and in our
case we select apache2.

EP pi@raspberrypi: / - O X

1aaaagaaaaaaaaaaaaaaaaaaaaggggqu Configuring phpmyadmin tQQQgaaadaaaaaaaaaaaaaaaaaaaaaaak]
Please provide a password for phpmyadmin to register with the database server, If

left blank, a random password will be generated.

MySQL application password for phpmyadmin:

<Cancel>

Magagaagaaagaaaaaaaaaagaaaaaaaaaaaaaaaaaaaaaaadaaaaaaaadaaaaaaaaaaaaaaaaaaaaaaaaqaaaaal

Figure 34: Setting a password for phpMyAdmin

On the next steep it will ask us, if we want to configure our database and here we press yes.
Then we choose the password for the MySQL and we confirm it.

When we finish the installation, we need to modify one file in the Raspberry, because the PHP
has support for MySQL, but it is not enabled by default. We have to add extension=msql.so to
the file on the path /etc/php5/apache2/php.ini

‘@ pi@raspberrypi: / _ . y
Modified

GNU nano 2.2.6 File: /etc/php5/apache2/php.ini

Figure 35: Enabling support for MySQL
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5.5.- Creating the database

4 phpMyAdmin x 4+ =
f7ficed 7beObbd0104d8&old_usr=root e | Q Buscar wE 93 A D O

[

€ @ | 10.128.914/phpmyadmin/index.php?token=42ad3bf6

phpMyAdmin
Welcome to phpMyAdmin
Lo

English (United Kingdom) q

— Loging

Username:
[ root

Password:

Go |

Figure 36: phpMyAdmin main page

In the figure 36 we have the login page of the phpMyAdmin interface. All the data from the
sensor is going to be stored in the database. We will also store users and corresponding
passwords for accessing the interface.

To do this, we need to create a database. We choose the databases tab and we write the name
of the database in “create new database”. We create one database called “user1”

A 10128914/ localhost | ph... X =

y A .91.4/phpmyadmin/index.php?token=42ad3bf6833e3f7ffce el #PMAURL:server=18&targe
€ @ 10.128.91.4/ph y in/i ? 42ad3bf6833e3f7ffced 7beObbd0104d#PMAUR 18&targ

phpMyAdmin

) Databases = L] SQL = (g Status & Processes = =7 Privileges = [&

S 8 390 @

) information_schema Databases
J mysql

4 performance_schema
& Create new database

) phpmyadmin | ' | collation !q  Create |

) userl

Database .

information_schema =3 Check Privileges

mysal =7 Check Privileges
[0 performance_schema =3 Check Privileges
[0 phpmyadmin 2= Check Privileges
[ usert 25| Check Privileges
Total: 5

Figure 37: Creating a database
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When we have the database, we need to create a table to insert the data into it. We have to
click on the database “userl” and then press create table.

The figure 38 shows what appears on the screen. We can name the table and also define the
number of columns. In our case the name is login and it will have 2 columns. This table will
host the user and the password for the login system.

Also we need another table for the data received from the sensor. It is going to be called data
with two columns: value and time.

A 10128914/ localhost / us.. X =4

€ ) @ | 10.128.91.4/phpmyadmin/index.php?db=user1 &token=_22d8c7eed4cba9bcObc147ba297707 10#PMAUR

phpMyAdmin

W Structure | L] sQL 2 Search a Query | [& Export | B Ir
@ 8l s 00 @

No tables found in database

‘ ket :J — "3 Create table on database user1 3

No tables found in database.
@Createtablei Name: | login | Number of columns: 2 l

Figure 38: Creating a table

The two columns are of type “VarChar”, because both contain numbers and letters. We will set
them to a length of 20 characters and they will be marked as primary, because they are unique.

A, 10128914/ localhost / us... X | 4=

€ )9 @ |10.128.91.4/phpmyadmin/index.php?db=user1&token=22d8c7eed4cbadbcObc147ba297707 10#PMAURL:c ¢ Q Buscar b+ Al

z T localhost ~ @ user! B login
phpMyAdmin : . .
[E] Browse 4 Structure | L] SQL 4\ Search  ¥¢ Insert [« Export =} Import = #” Operations © Tracking

8300 @
« MySQL returned an empty result set (i.e. zero rows). ( Query took 0.0030 sec )

| usert 3
: SELECT*
{Eiioo FRGif ogin'
= LIMITO, 30
() Create table
o [JProfiling [Inline] [ Edit ] [ Explai
# Column Type Collation Attributes Null Default Extra Action
[J 1 user varchar(20) latin1_swedish_ci No None & Change @ Drop More v
[0 2 password varchar(20) latin1_swedish_ci No None & Change @ Drop More w

Check All / Uncheck All With selected: =] Browse ¢ Change @ Drop 7 Primary (U Unique =] Index |7 Fulltext

@Pnntwew «8 Relation view Propose table structure ¢ ® Track table

FiAdd [1 | column(s) @ AtEnd of Table () At Beginning of Table () After | yser |v Go

Figure 39: Creating columns

If we want to add data into the tables, we can do it using the SQL tab with the command
INSERT or use PHP code or do it with the terminal in the Raspberry.
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5.6.- Security

The security is an important field in this kind of devices, because they are connected to the
internet. If we do not protect it properly, someone can access the device and control it.

To avoid this we have implemented some security mechanisms:

e Alogin system to the Raspberry: the Raspberry has all of the project on it, if someone
accesses it and searches for the files, he could discover the password for our database
in the code and then he will have a complete access to the device.

e A codified and anti SQL injection login system in the webpage: [14] an experienced SQL
programmer can send some special characters in the user and password input to trick
the database. This is type of attack is called SQL injection. To protect against this we
have to prevent the use of special characters.

Beside this when we send the password to the database, we do it by hashing it using
md5 algorithm. If someone intercepts the message, it is hashed and you cannot use it
to access to the interface, because you cannot write it into the login input.

e A header in the interface webpage: If you try to bypass the login screen and go directly
to the interface without logging in, it denies you the access to it.

Sensor X =+

10.128.91.4/sensor.php

Access forbidden!

You don't have permission to access the requested file.

Error 403

Figure 40: Interface security

We also need some passive security for our device, in our case if something bad happens in one
of the programs or the user uses the device improperly.

For having this type of security we use the Crons [15]. The Crons are applications running in the
background stored in the Crontabs (figure 41). We can run them once or do it periodically. To
enter inside the Crontabs, we need to write in the terminal: sudo crontab —e. If we want to check
the Crons running we have to type: sudo crontab -I

Our security file is squared in red in the figure 41. The security.py runs every 10 minutes and it
close the relay when the temperature is higher than 35 degrees.
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@ pi@raspberrypi: ~ = (] X
GNU nano 2.2.6 File: /tmp/crontab.b3DRzy,

/crontab

Figure 41: Crontabs

5.7 Summarize of the code

We have posted all of the code in the appendix, but we are going to write a brief explanation of
every file to get a better idea about the program.

> Login.php: Here we have the login system to the device, the hashing of the password
and the anti SQL injection protection.

» Sensor.php: This one is the interface of the device. A user will be able to access this two
files only.

» Storedata.php: Opens the file with the data from the sensor and uploads it to the
database.

> Storedata.sh: The script in bash to execute the Storedata.php as a Cron. It upload the
data every minute to the database as we can see in the figure 41.

» CleanDB.php: If we upload one value every minute, we have 10.080 records per week.
That means 40.320 per month. To reduce this, the code executes at midnight and takes
the average temperature per hour, stores it and deletes the records of that day, saving
only the averages per hour.

With the usage of this we have 672 records every month with high enough precision for
the future use of the data.

» CleanDB.sh: Executes the file CleanDB.php every midnight.

» ShowTemperature: This part of the code is the responsible for showing the actual
temperature in the interface. If we want to have real-time data on the temperature we
need this. We cannot take this data from the database, because it changes every minute.

» TurnOn.sh: Turns on the relay.

» TurnOn.php: Every time we press the button on in the interface executes the TurnOn.sh

» TurnOff.sh: Turns off the relay.

» TurnOff.php: Every time we press the button off in the interface executes the TurnOff.sh

» Status.php: Reads one file in the Raspberry to know, if the relay is turned on or off

> Security.py: As we mentioned before, this is a dead man’s switch in case something goes

wrong.
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6.- Economic study

The aim of this chapter is to evaluate the economic part of developing this project. We are going
to list the material resources needed and the indirect costs of the project.

The table 2 has the economic investment in the hardware part of the project. We must consider
that the device is a prototype and if we produce it in large quantities the price will be lower.

Raspberry pi Model B+ 1 20,67€
Tinker kit relay 2 13,97€
DS18B20 temperature sensor 1 1,38€
WiFi USB adapter 1 7,86€
ABS box 1 12,46€
Schuko plug 1 3,22€
Socket 1 2,74€
Screw M3 8 0.05€
Screw M2 6 0.05€
Screw M7 4 0.1€
Cable grommet 2 0.94€
10 Meter power cable 1 1€
10 Jumper wire 150mm male 1 2,66€
2,5 Meter Ethernet cable 1 2,78€
SD Card 1 3,99€
Total price of the hardware 87,60 €

Table 2: Economic study of the project

The indirect cost are not included in the costs of the physical device, but we need them to create
the device. They include the electricity consumed, maintenance of the workplace and tools used
for creating the device, such as drillers, screwdrivers and a computer.

The indirect cost amount to 125 €. This is an approximation, because we do not know the exact
price of every tool and the power consumed.
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7.- Future lines

In this chapter we are going to talk about the future improvements of this project. As we have
done in the project already, we are going to divide this into the hardware and the software
improvements.

For the hardware the main goal is to reduce the cost of the device. Creating a PCB with all the
components inside will reduce the cost of the components and also reduce the size of the box.

Including a GSM modaule for the internet connection in case we do not have internet or WiFi at
the place, where we use the device.

Another future possibility is to start a new branch of the project with a wireless temperature
sensor with an Arduino connected to it. This could be useful for certain environments, where
you cannot connect it with wires, because of physical difficulties, or the distances are long and
therefore inefficient to be connected with wires.

For the software part the future plans include the creation of a programmed schedule, which
would turn the heater on and off at specific times and enable us to exactly configure at what
time what temperature should be in that place.

For example we could configure a workplace to be a bit warmer during the day, when there are
employees inside, and let the place be a couple of degrees colder during the night, when there
is no one there. Doing that we could save energy and save money.
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A.- User Guide

In this appendix we are going to explain the interface and the login system for the user.

Login x T - o

€ @ 10.128.91.4/ogin.php ¢ Q Buscar wBa 93 a0 O

m =x

Please Log in

(= |

Password

Figure 42: Login webpage

Inside the blue square of the figure 42, we have two input fields, the upper one for the user
and the lower one for the password.

When we write the username and the password, we continue with the press the button on the
red squared button named “Log in”.

In the figure 43 we have the top part of the interface page. In the green square we have the
actual time of the Raspberry. Under it we have a radio button for different graphical displays of
the graph: Daily, Weekly and Monthly.

Sensor X i

€ pa 10.128.91.4/sensor.php ¢ Q Buscar

8/0/2016 11:30:43

Figure 43: Top view of the interface

In the figure 44 we have the daily plot. The Blue colour in it is when the temperature is under
20 degrees, soft brown for temperatures between 20 and 30 and red for temperatures higher
than 30 degrees.

In the figure 45 we have the actual temperature indicator with the same colours as before.

Also there is the on and off buttons for the heater. The brighter button indicates, which one is
active at that moment. In the figure 45 the heater is off.
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Figure 44: Daily graphic

[lon Lo

Figure 45: Heater controller and actual temperature
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B.- Useful commands for the Raspberry

sudo <command>
raspi-config
apt-get update
apt-get upgrade
apt-get install <name>
mkdir <name>

rm -r <name>

cd <path>

cd ..

Is

nano <name>
reboot

shutdown now

Execute the command as root.
Configuration menu of the Raspberry.
Download the new actualizations.
Install the new actualizations.

Installs the program for the terminal.
Create the <folder>.

Delete the <folder>.

Get inside the <folder>.

Go back to the previous folder.

List of the files and folders of the actual folder.
Opens the text editor with the <name>.
Reboots the system.

Turns down the system.
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C.- Code

Login.php

<IDOCTYPE html>
<html lang="en"><head>

<meta charset="utf-8">
<title>Login</title>
<script src="bootstrap/js/jquery.js"></script>
<link rel="stylesheet" href="bootstrap/css/bootstrap.min.css">
<link rel="stylesheet" href="bootstrap/css/bootstrap-theme.min.css">
<script src="bootstrap/js/bootstrap.min.js"></script>
<meta http-equiv="X-UA-Compatible" content="1E=edge">
<meta name="viewport" content="width=device-width, initial-scale=1">
<link rel="icon" href="../../favicon.ico">
<!-- Custom styles for this template -->
<link href="bootstrap/css/estilos.css" rel="stylesheet">

</head>

<body>
<!l-- Heading of the document -->
<div class="container" style="margin: 75px auto; width:300px; height:300px;">

<form class="form-signin" action="#" method="post">
<h2 class="form-signin-heading">Please Log in</h2>
<input id="inputEmail" class="form-control marged_inputs" placeholder="User" required=""
autofocus="" type="text" name="name_login">
<input id="inputPassword" class="form-control marged_inputs" placeholder="Password"
required="" type="password" name="pass_login">
<button class="btn btn-lg btn-primary btn-block" type="submit" name="send_login">Log
in</button>
</form>
<l-- Connection to the database -->
<?php
session_start();
Slogin = filter_input(INPUT_POST,"send_login");
Sconector_bbdd = new mysqli('localhost’, 'root’, 'raspberry','userl');
if(isset(Slogin)){
//Anti SQL-Injection
Sname = filter_input(INPUT_POST,"name_login");
Spass = filter_input(INPUT_POST,"pass_login");
Sname_seguro = htmlispecialchars(Sname);
Spass_segura = htmlspecialchars($pass);
// Hasing
Spass_segura_cifrada = hash('md5',Spass_segura);
Sconsulta = "SELECT user,password FROM login WHERE user ="".Sname_seguro."' AND

password ="".Spass_segura_cifrada."";
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Sresultado = Sconector_bbdd->query(Sconsulta);
if(Sresultado->num_rows == 1){
Srows = array();
while(Srow = Sresultado->fetch_array(MYSQLI_NUM))
{
Srowsl[] = Srow;
}
// Starting a sesion to avoid the bypass
$_SESSION["username"] = Srows|[0];
header("Location: sensor.php");
lelse{
echo '<div class="alert alert-danger" role="alert">The user and the password does not
match</div>";
}
}
Sconector_bbdd->close();
>

</div> <!-- /container -->
<!-- IE10 viewport hack for Surface/desktop Windows 8 bug -->

<script src="../../assets/js/ie10-viewport-bug-workaround.js"></script>

</body>
</html>

Sensor.php

<IDOCTYPE html>

<html lang="en">
<head>
<meta charset="utf-8">
<title>Sensor</title>
<script src="bootstrap/jquery/jquery.js"></script>
<link rel="stylesheet" href="bootstrap/css/bootstrap.min.css">
<link rel="stylesheet" href="bootstrap/css/bootstrap-theme.min.css">
<script src="bootstrap/js/bootstrap.min.js"></script>
<script src="bootstrap/js/myFunctions.js"></script>
<meta http-equiv="X-UA-Compatible" content="IE=edge">
<meta name="viewport" content="width=device-width, initial-scale=1">
<link rel="icon" href="../../favicon.ico">
<l-- Custom styles for this template -->
<link href="bootstrap/css/estilos.css" rel="stylesheet">
</head>

<body>
<?php
// Security header to avoid the bypass
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session_start();
if(lisset(S_SESSION["username"])){
echo "<div style="'margin-left:15px;'><h1>Access forbidden!</h1>"
<br />"
. "<p>You don't have permission to access the requested file.</p>"
. "<h2>Error 403</h2></div>";
lelse{
Sconector_bbdd = new mysqli('localhost', 'root’, 'raspberry','user1');
Saltura_maxima = 35;
>
<div class="row" style="background-color: #1b6d85; height: 50px;"> <!-- Top bar with the time and
date -->
<div class="col-sm-12">
<button id="btn_time" class="btn-success btn-md center-block" style="height: 25px; width:
200px; margin-top: 12px;">Conecting...</button>
</div>
</div>
<div class="row fill" style="background-color: #c0al6b; padding: 60px; padding-left: Opx;"> <!--
radio button for selecting plot -->
<div class="row">
<div class="col-sm-12">
<div class="center-block col-sm-6" style="float: none;">
<input type="radio" name="graficas" value="D" checked id="grafica_diaria"/><label
for="grafica_diaria">Daily</label>&nbsp;&nbsp;
<input type="radio" name="graficas" value="S" id="grafica_semanal"/><label
for="grafica_semanal">Weekly</label>&nbsp;&nbsp;
<input type="radio" name="graficas" value="M" id="grafica_mensual"/><label
for="grafica_mensual">Monthly</label>
</div>
</div>
</div>
<div id="div_grafica_diaria" class="col-sm-8" style="padding: 60px; padding-left: Opx;"> <!-- Daily
graphic -->
<div class="row">
<div class="col-sm-1 col-sm-offset-3" id="numero_temperaturas">
<div style="margin-bottom: 26px; font-size: 10px;" >35 2C</div>
<div style="margin-bottom: 26px; font-size: 10px;" >30 2C</div>
<div style="margin-bottom: 26px; font-size: 10px;" >25 C</div>
<div style="margin-bottom: 26px; font-size: 10px;" >20 2C</div>
<div style="margin-bottom: 26px; font-size: 10px;" >15 2C</div>
<div style="margin-bottom: 26px; font-size: 10px;" >10 2C</div>
<div style="margin-bottom: 26px; font-size: 10px;" >5 2C</div>
<div style="font-size: 10px;">0 2C</div>
</div>
<div class="col-sm-8" style="width: 400px; height: 300px; background-color: #d5d5d5; padding-
left: Opx;padding-right: Opx; border: groove black 3px;">
<?php
StiempoActuall = time();
StiempoFormateadol = date('Y-m-d H:i:s', StiempoActuall);
SarrayTiempol = explode(" ",StiempoFormateadol);
Sx = SarrayTiempo1[1];
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Sarrayhorax = explode(":", $x);
Shorax = Sarrayhorax[0];
Shora_menos_uno = Shorax.":00:00";
Shoraformateada = SarrayTiempo1[0]." ".Shora_menos_uno;
SmediaNochel = "00:00:00";
SarrayTiempo1[1] = SmediaNochel;
StiempoFormateado2 = implode(" ", SarrayTiempo1);
// Selecting the dayly temperatures from the database
SselectTemperaturesl = "SELECT valor,time FROM data WHERE time >
.StiempoFormateado2."" and time < "".Shoraformateada.""";
Sresult = Sconector_bbdd->query(SselectTemperaturesl);
Scontador_barras = 0;
Sminuto = 0;
Sprimer_tiempo;
Sarray_temperaturas_medias = array(0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0);
Sarray_horas = array(0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0);
Snum_filas_total = Sresult->num_rows;
Srows = array();
while(Srow = Sresult->fetch_array(MYSQLI_NUM))
{
Srows[] = Srow;
}
// Getting the average temperatures for every hour
for(Snumero_fila = 0; Snumero_fila < Snum_filas_total; Snumero_fila++){
Srow = Srows[Snumero_fila];
if(Sminuto==60){
Sarray_temperaturas_medias[Scontador_barras] =
Sarray_temperaturas_medias[Scontador_barras] / Sminuto;
Sarray_horas[Scontador_barras] = Sprimer_tiempo;
Sminuto = 0;
Scontador_barras++;
}
if(Sminuto==0){
Sprimer_tiempo = Srow[1];
}
Sarray_temperaturas_medias[$Scontador_barras] =
Sarray_temperaturas_medias[Scontador_barras] + Srow[0];
if(Snumero_fila==(Snum_filas_total-1) && Sminuto!= 0){
Sarray_temperaturas_medias[Scontador_barras] =
Sarray_temperaturas_medias[Scontador_barras] / Sminuto;
Sarray_horas[$Scontador_barras] = Sprimer_tiempo;
}
Sminuto++;
}
// drawing the graphic
foreach(Sarray_temperaturas_medias as Stemperatura_en_hora){
Saltura_porcentaje = (Stemperatura_en_hora * 294) / Saltura_maxima;
Sresto = 294 - Saltura_porcentaje;
Scolor_fondo = "#d5d5d5";
if(Stemperatura_en_hora > 30){
Scolor_fondo = "indianred";




REMOTE HEATER CONTROLER

lelse if(Stemperatura_en_hora > 20){
Scolor_fondo = "#f7ech5";
lelse{
Scolor_fondo = "#1b6d85";
}
echo "<div style='background-
color:".Scolor_fondo.";width:16.3px;height:".Saltura_porcentaje."px;float: left; margin-
top:".Sresto."px;'></div>";
}
echo "</div><div class="row'><div class='col-sm-8 col-sm-offset-4'>";
foreach(Sarray_horas as Stime){
if(Stime 1= 0){
Sfecha_hora = explode(" ", Stime);
Stiempo = $fecha_hora[1];
Sarray_tiempo = explode(":",Stiempo);
Shora = Sarray_tiempo[0];
echo "<div style='width:16.3px;font-size:8px;float:left;'>".Shora."</div>";
}
}
echo "</div></div>";
>
</div>
</div>
<div id="div_grafica_semanal" class="col-sm-8" style="padding: 60px; padding-left: Opx;"> <!--
weekly graphic -->
<div class="col-sm-1 col-sm-offset-3" id="numero_temperaturas">
<div style="margin-bottom: 26px; font-size: 10px;">35 °C</div>
<div style="margin-bottom: 26px; font-size: 10px;">30 °C</div>
<div style="margin-bottom: 26px; font-size: 10px;">25 °C</div>
<div style="margin-bottom: 26px; font-size: 10px;">20 2C</div>
<div style="margin-bottom: 26px; font-size: 10px;">15 2C</div>
<div style="margin-bottom: 26px; font-size: 10px;">10 2C</div>
<div style="margin-bottom: 26px; font-size: 10px;">5 2C</div>
<div style="font-size: 10px;">0 2C</div>
</div>
<div class="col-sm-8" style="width: 400px; height: 300px; background-color: #d5d5d5; padding-
left: Opx;padding-right: Opx;border: groove black 3px;">
<?php
StiempoActual2 = time();
StiempoFormateado3 = date('Y-m-d H:i:s', StiempoActual2);
SarrayTiempo?2 = explode(" ",StiempoFormateado3);
SmediaNoche2 = "00:00:00";
SarrayTiempo2[1] = SmediaNoche2;
StiempoFormateado4 = implode(" ", SarrayTiempo2);
// Selecting the weekly temperatures from the database
SselectTemperatures2 = "SELECT valor,time FROM data WHERE time <
" StiempoFormateado4." and time > "".StiempoFormateado4."' - interval '10080' minute";
Sresult2 = Sconector_bbdd->query(SselectTemperatures2);
Scontador_barras2 = 0;
Shora =0;
Sprimer_tiempo;
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Sarray_temperaturas_medias2 = array(0,0,0,0,0,0,0);
Sarray_dias2 = array(0,0,0,0,0,0,0);
Snum_filas_total2 = Sresult2->num_rows;
Srows2 = array();
while(Srow = Sresult2->fetch_array(MYSQLI_NUM))
{
Srows2[] = Srow;
}
// Getting the average temperatures for every day
for(Snumero_fila = 0; Snumero_fila < Snum_filas_total2; Snumero_fila++){
Srow = Srows2[Snumero_fila];
if(Shora==24){
Sarray_temperaturas_medias2[Scontador_barras2] =
Sarray_temperaturas_medias2[Scontador_barras2] / Shora;
Sarray_dias2[Scontador_barras2] = Sprimer_tiempo;
Shora =0;
Scontador_barras2++;
}
if(Shora==0){
Sprimer_tiempo = Srow([1];
}
Sarray_temperaturas_medias2[Scontador_barras2] =
Sarray_temperaturas_medias2[Scontador_barras2] + Srow[0];
if(Snumero_fila==(Snum_filas_total2-1) && Shora!= 0){
Sarray_temperaturas_medias2[Scontador_barras2] =
Sarray_temperaturas_medias2[Scontador_barras2] / Shora;
Sarray_dias2[Scontador_barras2] = Sprimer_tiempo;
}
Shora++;
}
// drawing the graphic
foreach(Sarray_temperaturas_medias2 as Stemperatura_en_dia){
Saltura_porcentaje = (Stemperatura_en_dia * 294) / Saltura_maxima;
Sresto = 294 - Saltura_porcentaje;
Scolor_fondo = "#d5d5d5";
if(Stemperatura_en_dia > 30){
Scolor_fondo = "indianred";
lelse if(Stemperatura_en_dia > 20){
Scolor_fondo = "#f7ecb5";
lelse{
Scolor_fondo = "#1b6d85";
}
echo "<div style='background-
color:".Scolor_fondo.";width:56.1px;height:".Saltura_porcentaje."px;float: left; margin-
top:".Sresto."px;'></div>";
}
foreach(Sarray_dias2 as Stime){
if(Stime 1= 0){
Sfecha_hora = explode(" ", Stime);
Stiempo = $fecha_hora[0];
Sarray_tiempo = explode("-",Stiempo);
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Sdia = Sarray_tiempo[2];
echo "<div style='width:56.1px;float: left;font-size:10px;text-align:
center;'>".Sdia."</div>";
}
}
>
</div>
</div>
<div id="div_grafica_mensual" class="col-sm-8" style="padding: 60px; padding-left: Opx;"> <!--
monthly graphic -->
<div class="col-sm-1 col-sm-offset-3" id="numero_temperaturas">
<div style="margin-bottom: 26px; font-size: 10px;">35 2C</div>
<div style="margin-bottom: 26px; font-size: 10px;">30 2C</div>
<div style="margin-bottom: 26px; font-size: 10px;">25 2C</div>
<div style="margin-bottom: 26px; font-size: 10px;">20 2C</div>
<div style="margin-bottom: 26px; font-size: 10px;">15 2C</div>
<div style="margin-bottom: 26px; font-size: 10px;">10 °C</div>
<div style="margin-bottom: 26px; font-size: 10px;">5 2C</div>
<div style="font-size: 10px;">0 2C</div>
</div>
<div class="col-sm-8" style="width: 400px; height: 300px; background-color: #d5d5d5; padding-
left: Opx;padding-right: Opx;border: groove black 3px;">
<?php
StiempoActual3 = time();
StiempoFormateado5 = date('Y-m-d H:i:s', StiempoActual3);
SarrayTiempo3 = explode(" ",StiempoFormateado5);
SmediaNoche3 = "00:00:00";
SarrayTiempo3[1] = SmediaNoche3;
StiempoFormateado6 = implode(" ", SarrayTiempo3);
// Selecting the weekly temperatures from the database
SselectTemperatures3 = "SELECT valor,time FROM data WHERE time <
.StiempoFormateado6."" and time > "'.StiempoFormateado6."' - interval '43200' minute";
Sresult3 = Sconector_bbdd->query(SselectTemperatures3);
Scontador_barras3 = 0;
Shora2 =0;
Sprimer_tiempo;
Sarray_temperaturas_medias3 =
array(0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0);
Sarray_dias3 = array(0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0);
Snum_filas_total3 = Sresult3->num_rows;
Srows3 = array();
while(Srow = Sresult3->fetch_array(MYSQLI_NUM))
{
Srows3([] = Srow;
}
// Getting the average temperatures for every day
for(Snumero_fila = 0; Snumero_fila < Snum_filas_total3; Snumero_fila++){
Srow = Srows3[Snumero_fila];
if(Shora2==24){
Sarray_temperaturas_medias3[Scontador_barras3] =
Sarray_temperaturas_medias3[Scontador_barras3] / Shora2;




REMOTE HEATER CONTROLER

Sarray_dias3[Scontador_barras3] = Sprimer_tiempo;
Shora2 =0;
Scontador_barras3++;
}
if(Shora2==0){
Sprimer_tiempo = Srow[1];
}
Sarray_temperaturas_medias3[Scontador_barras3] =
Sarray_temperaturas_medias3[Scontador_barras3] + Srow[0];
if(Snumero_fila==(Snum_filas_total3-1) && Shora2!= 0){
Sarray_temperaturas_medias3[Scontador_barras3] =
Sarray_temperaturas_medias3[Scontador_barras3] / Shora2;
Sarray_dias3[Scontador_barras3] = Sprimer_tiempo;
}
Shora2++;
}
// drawing the graphic
foreach(Sarray_temperaturas_medias3 as Stemperatura_en_dia){
Saltura_porcentaje = (Stemperatura_en_dia * 294) / Saltura_maxima;
Sresto = 294 - Saltura_porcentaje;
Scolor_fondo = "#d5d5d5";
if(Stemperatura_en_dia > 30){
Scolor_fondo = "indianred";
lelse if(Stemperatura_en_dia > 20){
Scolor_fondo = "#f7ecb5";
else{
Scolor_fondo = "#1b6d85";
}
echo "<div style='background-
color:".Scolor_fondo.";width:13px;height:".Saltura_porcentaje."px;float: left; margin-
top:".Sresto."px;'></div>";

}
foreach(Sarray_dias3 as Stime){
if(Stime = 0){
Sfecha_hora = explode(" ", Stime);
Stiempo = Sfecha_horal0];
Sarray_tiempo = explode("-",Stiempo);
Sdia = Sarray_tiempo[2];
echo "<div style='width:13px;float: left;font-size:10px;'>".Sdia."</div>";
}
}
>
</div>

</div>
<div class="col-sm-4"> <!-- layer with the actual temperature and on/off button -->
<div class="row" style="padding: 40px; padding-left: Opx;">
<div class="col-sm-12" style="padding: 40px; padding-left: Opx;"> <!-- actual temperature -->
<div class="center-block" style="width: 180px; height: 180px; border-radius: 180px;
background-color: #1b6d85; font-size: 25px;padding: 7px; border: solid indianred 7px;">
<div id="temperature" class="center-block" style="width: 150px; height: 150px; border-
radius: 150px; color: black; padding: 55px; font-size: 25px; border: solid indianred 7px;">
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</div>
</div>
</div>
</div>
<div class="row" style="">
<div class="col-sm-4" style=""> <!-- on and off button -->
<button id="btn_on" class="btn-md center-block" style="height: 25px; width: 50px;
margin-top: 2px; border-radius: 5px;">0n</button>
</div>
<div class="col-sm-4 col-sm-offset-2" style=""> <!-- Columna que contiene el botdn de off -->
<button id="btn_off" class="btn-md center-block" style="height: 25px; width: 50px;
margin-top: 2px; border-radius: 5px;">0ff</button>
</div>
</div>
</div>
</div>
<div class="row" style="background-color: #1b6d85; height: 50px;"> <!-- bottom of the page -->
<div class="col-sm-12" style="color: white;">
<p style="text-align: center; font-size: 15px;">Site created by Jonatan Rubio Bueno -
Fachhochschule Technikum Wien</p>
</div>
</div>
<?php
}
>
</body>

</html>

Storedata.php

<?php
// opening the temperature file from the Raspberry
function tempSensor(){
Stfile = file("/sys/bus/w1/devices/28-00000755e6a5/w1_slave");
Sline = Stfile[1];
Stempdatal = explode(" ",$line)[9];
Stempdata2 = explode("=",Stempdatal)[1];
Stempdata3 = floatval(Stempdata2);
Stemperature = round(Stempdata3 / 1000,1) ;
return Stemperature;
}
// connecting to the database to insert the data
Stemperature = tempSensor();
Sconector_bbdd = new mysgli('localhost’, 'root', 'raspberry','userl');
Sinsert = "INSERT INTO data (valor) VALUE(".Stemperature.")";
Sresultado = Sconector_bbdd->query(Sinsert);
Sconector_bbdd->close();
?>
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CleanDB.php

<?php
// connet to the database
Sconector_bbdd = new mysgli('localhost’, 'root’, 'raspberry','userl');
// take the data from today
Sselect = "SELECT valor,time FROM data WHERE time > current_timestamp - interval '1440' minute";
Sresult = Sconector_bbdd->query(Sselect);
Sminuto = 0;
Shora=0;
Sarray_temperaturas_medias = array(0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0);
Sarray_horas = array(0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0);
Sprimer_tiempo;
Snum_filas_total = Sresult->num_rows;
Srows = array();
while(Srow = Sresult->fetch_array(MYSQLI_NUM)){
Srows[] = Srow;
}
// Getting the average temperatures for every hour
for(Snumero_fila = 0; Snumero_fila < Snum_filas_total; Snumero_fila++){
Srow = Srows[Snumero_fila];
if(Sminuto==60){
Sminuto = 0;
Sarray_temperaturas_medias[Shora] = Sarray_temperaturas_medias[Shora] / 60;
Sarray_horas[Shora] = Sprimer_tiempo;
Shora++;
}
if(Sminuto==0){
Sprimer_tiempo = Srow([1];
}
Sarray_temperaturas_medias[$Shora] = Sarray_temperaturas_medias[Shora] + Srow[0];
if(Snumero_fila==(Snum_filas_total-1) && Sminuto!= 0){
Sarray_temperaturas_medias[Shora] = Sarray_temperaturas_medias[Shora] / Sminuto;
Sarray_horas[$Shora] = Sprimer_tiempo;
}
Sminuto++;
}
// delete the previous records selected before
Sdelete = "DELETE FROM data WHERE time > current_timestamp - interval '1440' minute";
Sresultado = Sconector_bbdd->query(Sdelete);
// insert the average temperatures back to the database
for(Shora = 0; Shora < sizeof(Sarray_temperaturas_medias); Shora++){
Sinsert = "INSERT INTO data (valor,time) VALUE
(".Sarray_temperaturas_medias[Shoral].","".Sarray_horas[Shora]."")";
echo Sinsert."<br /><br />";
Sresulta = Sconector_bbdd->query(Sinsert);
}
Sconector_bbdd->close();
>
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Showtemperature.php

<?php
// Get the temperature from the file
function tempSensor(){
Stfile = file("/sys/bus/w1/devices/28-00000755e6a5/w1_slave");
Sline = Stfile[1];
Stempdatal = explode(" ",$line)[9];
Stempdata2 = explode("=",Stempdatal)[1];
Stempdata3 = floatval(Stempdata2);
Stemperature = round(Stempdata3 / 1000,1) ;
return Stemperature;

}

Stemperature = tempSensor();
echo Stemperature;
>

myFunctions.js

S(document).ready(function(){

S.ajax({ //Checking the previous state of the heater
url: "status.php",
success: function(resultado){
if(resultado.indexOf("on")!=-1){
Son = true;
S("#btn_on").addClass("enabled_green");
S("#btn_off").addClass("disabled_red");
lelse{
Son = false;
S("#btn_on").addClass("disabled_green");
S("#btn_off").addClass("enabled_red");
}
1
// the top date and hour
Stimer = function(){
Sdate = new Date();
document.getElementByld('btn_time').innerHTML =
Sdate.getDate()+"/"+Sdate.getMonth()+"/"+Sdate.getFullYear()+"
"+Sdate.getHours()+":"+Sdate.getMinutes()+":"+Sdate.getSeconds();
|3
// Turn on and off the heater
SisOn = function(){
if(Son){
S("#btn_on").removeClass("disabled_green");
S("#btn_off").removeClass("enabled_red");
S("#btn_on").addClass("enabled_green");
S("#btn_off").addClass("disabled_red");
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$.ajax({
url: "turnOn.php",
success: function(resultado){

m;
else{

S("#btn_on").removeClass("enabled_green");
S("#btn_off").removeClass("disabled_red");
S("#btn_on").addClass("disabled_green");
S("#btn_off").addClass("enabled_red");
$.ajax({

url: "turnOff.php",

success: function(resultado){

s
}
b

S("#btn_on").click(function(){
Son = true;

SisOn();

1;

S("#btn_off").click(function(){
Son = false;

SisOn();

1;

setInterval(Stimer, 1000);
// Different colours for different temperatures

SgetDatos = function(){
$.ajax({
url: "showTemperature.php”,
success: function(result){
S("#temperature").html(result);
S("#temperature").removeClass(function() {
return S( this ).prev().attr( "class" );
1;
if(result>30){
S("#temperature").addClass("calor");
lelse if(result > 20){
S("#temperature").addClass("normal");
telsef{
S("#temperature").addClass("frio");

}

m;
|3
// Selecting the graphics
setInterval(SgetDatos, 1000);
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S("#div_grafica_semanal").addClass("hide");
S("#div_grafica_mensual").addClass("hide");

function ocultarGraficas(){
S("#div_grafica_diaria").removeClass("show");
S("#div_grafica_semanal").removeClass("show");
S("#div_grafica_mensual").removeClass("show");
S("#div_grafica_diaria").addClass("hide");
S("#div_grafica_semanal").addClass("hide");
S("#div_grafica_mensual").addClass("hide");
S("input[name='graficas']").change(function(){
ocultarGraficas();
S("#div_"+this.id).removeClass("hide");
S("#div_"+this.id).addClass("show");
1;

N

Estilos.css

.marged_inputs{
margin-top: 10px;
margin-bottom: 10px;

}

@media (min-width: 1367px) {

html{
height: 905px;

}

il {
height: 805px;

}

}

@media (max-width: 1367px) {

html{
height: 640px;

}

fill {
height: 540px;

}

}

.enabled_green{
background-color: springgreen;

}




REMOTE HEATER CONTROLER

.enabled_red{
background-color: tomato;

}

.disabled_green{
background-color: seagreen;

}

.disabled_red{
background-color: sienna;

}

friof
background-color: #1b6d85;
}

.normal{
background-color: #f7ecb5;

}

.calor{
background-color: indianred;

}

.hide{
display: none;

}

.show({
display: block;
}




