Progct Learning for better Esatblishment on Labor market

DOCUMENTATIONS OF
STUDENTPROJECTS



Attendance system with RFID (CZ-HU)

Egg painting robot (SK-PL)

Electronic Price Tag (SK-SI)

Greenhouse (CZ-SI)

Intelligent mirror (SI-PL)

Key borrowing system (SK-HU)
Lixie Clock (SK-PL)

RFID lock (CZ-PL)

Solar tracker (PL-SI)

Sorting machine documentation (SK-CZ)

Temperature regulation (CZ-PL)

Tesla Coil (HU-SI)

Voltage meter with voice output (SK-HU)
Voltmeter web (CZ-SK)

Voting for school lunches (SK-SI)

Weather station (CZ-PL)

Weather station Arduino (CZ-HU)
WordClock (SK-PL)

19

38

61

80

92
121
135
150
171
199
255
270
310
338
356
372
390



SWWHQGDQFH VA\VWHP ZLWK ¢

+DUGZDUH DQG VRIWZDUH
GRFXPHQWDWLRQ

7KLV SURMHFXQ BHIVF RBGH U DWLWRRXR 13 / (/ SURJUDP
EHWZHHRQURHLDQ BQ® \& PHAKV



7DEOH Rl FRQWHQWYV

,PSOHPHQWDWLRQ RI WKH KDUGZDUH

SULRU GHVFULSWLRQ
&RQFHSW RI WKH V\VWHP

0DSV Rl WKH KDUGZDUH
&RPSRQHQWYV

/ILVW Rl WKH FRQSRQHQWYV
3LFWXUHV Rl WKH FRPSRQHQWYV

,PSOHPHQWDWLRQ RI WKH KDUGZDUH

$VVHPEOHG ILQDO GHVLJQ
,QVLGH YLHZV RI WKH XQLWV

,PSOHPHQWDWLRQ RI WKH VRIWZDUH

SULRU GHVFULSWLRQ

'RUNLQJ SRRWHWVV\VWHP

JRUPDW RI WKH GDWDEDVH ILOH
'RUNLQJ SURFHVV RI WKH VRIWZDUH
JORZFKDUW RI WKH SURJUDP
JORZFKDUW RI WKWHDG®PLQLVWUDWRU

$SSHQGL]

)LQDO VWDWHPHQW



,PSOHPHQWDWEKRQKDUGZDUH
3ULRVF®IMSWLRQ
7KH WDVN RI WKH 5)," DFEW\S\W R R QORI OBENWRIPI GARKZURX K KD D
PDJQHWLF FDUG LI WKH SDVVLQJ SHUVRQ LGHQWLILHV DQG

7KH SHUVR QWHKH ARSI W L F CORJIFHNF WHR) BMQ H HILVWHUHG LQ Wi

7KIAQ EH VHHQ RWHWHKH OR Z



&RQFHRIWKH V\VWHP

%HVLGH WKRIQBRKRW RRWKH GRRU DQ 5)," UHDGLQJ GHYLFH L
FDQ EH IRXQG OR\ /BOIGXIVGR UL DKMM R Q

7R RSHQ WKH GRRU WKR NM,HSVPORMH WRWWHKHSHUHDR® LV UH
UHJLVWHUHG SHUVRQTV QDFH WSH DMEKEH RHOQ BVEKGIH G §BQD \J R|
DXGLEOH EHHS VRXQGVY DQG WKH PDJQHWLE @RFN RW MKHIGGS
DQ LQKLELWRRQ WH(W GRWIOD\ DQ LQKLELWRQWGQLURWLERWY
WRXQG VLIQDO LV KHDIUGSO DUDHP BVIKH FERRV H G

7KH VA\VWHP FRRXW SORIRGUR) GRAEW W

7TKIRXWGORRIWW FRQWDLQV RQO\ WKH 5),' LUREUS € UWD BREQW KWW
PLFRIRRPSXWHU DQG WKH RWKHU FRPSRQHQWYV

7KIAQ EH VHHQ RWHWEKHO OR Z

ODSV RI WKH KDUGZDUH
TKHPDSKRI WKH KPDQGZBPHHHHQ RQ WK HWIFFRQRZD IQQPYV SAN KHINKID U ¢
FLUFXLW GLDPODBSRWEBBRIE QVWKHHG FLUFXLW ERDUGV RI WKH LQGR












&RPSR@HQW

/ILVW Rl WKH FRQSRQHQWYV

1R 'HYLFH QDPH 7\SH 9DOXH

0 $UGXLQR 812 5 PLFURFRPSXWH|U

0 0)5& 5)," PRGXOH

0 6' FDUG DGDSWHU PRGXOH

0 86% KRVW VKLHOG PRGXOH

0 /&' GLVSOD\ PRGXOH

0 ,& DGDSWHU PRGXOH

0 5HOD\ PRGXOH 9

% '& EX]]JHU 9

/ 5HG *UHHQ GXR

5

& —)

& —)

& —)

, & /0
&211 3&WNHUPLQDO EORFN FRQQHFWRU
&211 (I WHUQDO 86% $ FRQQHFWRU
&211 3LQKHDGHU FRQQHFWRU [ SLQV
&211 3LQKHDGHU FRQQHFWRU [ SLQV
&211 3LQKHDGHU FRQQHFWRU [ SLQV
&211 3LQKHDGHU FRQQHFWRU [ SLQV




SLFWXUHWR$ RVQHQ W

$UGXLQR 8QR PLFURFRPSXWHU 86% KW VKLHOG

5)," 0)5& VKLHOG /&' GLVSOD& ZDWKGULYHU

OLFUR 6' FDUG VORW 5HOD\ VKLHOG



,PSOHPHQWDWKRXDUGZDUH

)LQ D& VHREDALJIQ

7KH ILQDO GHVLJQ FD\QEHEB ORIH 7 KK RDIQ GHWHIF DWW RN-XQQADWQF H

DUBVVHPEOHG RQ WWK&R RAR GHOH R/\WOHBRIZHRYV IURA @ EXZIOW
VXSSO\ ZRDNVR DV VHPEDRAR GO VXK H V 9 $& SRZHU

2XWGRRU YLH ,QGRRU YLHZ

. H\ERFR® Q HIRDLGRRL. QLVW UDWR U RARGH) HFWDRXL WV WK RWKHU FRPSRQ



,QVLGH YLHZV RI WKH XQLWYV

,QVLGH YLHZ RI WKH LQGRRU XQLW

,QVLGH YLHZ RI WKH RXWGRRU XQLW



,PSOHPHQWDWLRQ RI WKH VRIWZDUH

BULRU GHVFULSWLRQ

7KH LPSOHPHQWHG V\VWHP ZLWK I\W R R/ALSBR UMUHG FHIW X UH \
+DQGOSRVVILYHD3HUW WNH)I HWF
SHILVWHULQJ 5)V\WWBHWP RQ WKH
7KH UHJLVWUDWLRQ GDWD VKRXOG EH FRQQHFWHG WF
6' FDUG ,Q WKLV GDWDEDVH WKH GEHP H\DVRH UWHICH BKIR S
VKRXOG KDYH D VQR5G HVE@WNW XFW XUH
7KH WUHDW RHOQER BU & K H
.l \RX ZDQW WR UHJLVWHU D QHZ SHUVRQ \RX FDQ KD
XQLW WKURXJK DQ H[WHUQDO 86®P$RRWW KWK XSHDN RFQ
UHJLVWUDWLRQ FDQ EH GRQH HDVLO\ ZLWK VRPH GLIIH
'LVSOMKH QDPH Rl WKH HQWHULQJ SHUVRQ RQ WKH /&' G|
9LVXDOL]DWLRQ RI WKH SHUPLVVLRQ RI HQWHULQJ
SURKLEIWHIR®@ DHG /(' DQG PDNH D WRQH VRXQG

"RUNLQJ SRR PMIKWWW H P

$IWHU VZLWFKLQJ RQ WKH SRZHU VXSSO\ WKH $UGXEQR PLF
VWBWHN KLY WLPH WKH V\VWHP LV UHDWADWR Z88MNDIDWY R QV WHK

2SHUDWLRQDO VWDWHYV

D 35)," PRGH’

| ZHRMX 5)," WDFDH®RNR WKH 5)," WKIDGHWKH VRIWZDUF
LGHQWLILHU RI WKH WDJ 1EHWRZBBQVWEUFKWWWRUMG' RQ
RV H[LW WHKD VR WHKDBIGXYBIRAKLF N WRUH BWWR ' $OWHU V
WKH PDJQHVSHRWRFON R PHHVVDJH D JGQWRH HEYHUKH GLVS(
WKH JUHHQ HQREO W QG JK@ DRGNVEOH EHHS VRXQGYV

I WKH ," Rl WKH WDJ GRKN QRWWHKHWR IFMHADZHHHGRWM YV QR W
S8QNQRZ XMFHFWBVV GHQLHG ~ DSSHDUM®R G LWRE L \VIORW JI
DXGLEOH EHH® WR X\¥X®RVVHFRQGY WKH \ABVWWBWRHY EDFN |



E 3$ G P L (OMREWP
7KLV PREREWOR UHJLVWHU D QHER[KVWIVEIDG GHOHWH DQ
7R GR VR D 3& NH\ERDUG PXVW ERIFRRIQHEWRE WRQWWH 8
$IWHU SUHVVLQJ WKH >) @ NH\ WKHK WRWIHRR RGP I$SQW AW UL
DGPLQ SDWKRRBR@PO®HQX DSSHDUYV
7KH >) @ NFHAWDR RDAUW UHJL VMR HWR QUKD VQ HZUXMH B QW H U |\
WKKROMKH 5),F@QRWMR WKHGBXFBBWWIXO UHJLVWUDWLRQ LV
JUHHQ OILEHKNB® QWKH FHV VI PW URIQL\WMYVDJH DSSHDUV RQ \
7KH @ NH\ DXMOR2AMWDUW GHOHWIR JGB QNVERMYAWHD IV X HWHXIV H |
6XFFHVVIXO GHOHWLRQ IV HHXQG OABMAMEREFEF HMR BRW GHOF
PHVVDJH D®SWODEB LR SO
8QVXFFHVVIXO0 RUWH SH/AMHINDYBIGED WHH G ULEHGD J K WR D ®® G HWHKSH
GLV SR Z\FDWKHAY KEILOXUH ,' RI WKH WDJ LV XO\HIUHIDGP\HUGIB
QRW H[LVW HWF
7KH >@&H\ DXOWR ZV[LW DQ\ RWWWH \PHOQRMKH[IPWLQ PHQX
S0HQX FORNWGDBIEHDUY RQ WKH GLVSOD\ D QGEWWXW DAMWHW H

JRUPDW RI WKH G®WDEDVH

7R VWRUH WKH XVHU GDWD DQG WKH 18," GDWD ZH RD@G RX
,Q LW ZH VWRUH HDFK FRKHUHQWWGSOIDF H QV\KHSMHUDSDW® MDR 8
FKDUDFWHU YD GR CLQRBRAOYPMPKHH JRKN XVHUQWRHEKDUHVV WK
FKDUDFWHU $W WKH HQG RI WK KILQDEWRBGH/ )V KRXOGF BH
DQG [ $

7KLV FDQ EH VHHQ WRQRWKHHROORZLQJ

JLOH KDV EHHOQRRSHEDHG LQ



J)LOH KDV EHH®OHRSHWRILQ

2SHUDWURFHVYVY RI WKH VRIWZDUH

20 WKH GHYLFH LV WAXWSEMRE REH WHRHWZEKUARK LV UHVSRQV
LQLWLDOL]LQJ DQG ODXQFKLQW 7KEBK WRR®HFWH RFQR PLSR Qg
FRQWLQXHRXYDKLOH WRKHQSURMUDP PRQLWRUV WKHZKYRIQWWY R |
NH\ SXKIW\D QG BYHQMWAKYV WWKKH DFWLYLW\ RI DWKHHY)H'Q WH R B
SUR F HZAMHQ B QHB[H FKWKHH VW UXFW XUH RD W EH H/@ QAKX QAHDG W
RYHUYLHZ DQGLWQKBDFVOWRIQBKH LQGLYLGXDQWKGFEMLRQKN R M\
RU IXQBWOQRRY WKHVH DUH LQ WKH GHFRGKQLYHMWKHRRUR I WK
ZH WULHG WR XVH DV IHZ JORBDFRDKEDHIVG EDOIR ®YRSRIVAULE PR
RQO\ N% RI G\QDRIRKHMSPIRWPDDQO\ XVH OREPQV WDDIBAEADHOK
SODFHG LQ WKH SURJUDP PHPRU\ WRR Q/GWK HH RW W HKH SE \RJDJMD
PHPRU\

7KH IORZFKDSIWR RIDKKHIORZF KDBPL QRIMWHKBWRWQ EH IRXQG
GLDJUDPV RMRWIKGJIIRDIHV



JORZFKDUW RI WKH SURJUDP



JORZFKDUW RI WKH DGPLQLVWUDWRU PHQX



$SSHQGL]

7KH IROGRYHFWRQY IBFHVRWEE RWWDFKHG &' GLVN

BNHWEKUHFWRKWB\ \RRIWZDUHDQQG BAKGIECKKQRER OLEUDULHYV

128, GLUHRNRWKH XVHU UHJLVWUDWLRQ ILOH IRQXBGIMUWAG L
IRUPDW

?RFEFXPHQ@NAVHFWRGR RXPHKQWV

BLFWXOGHYHFWRU\ RRWWHKH ZRWNUYGW RP WKH

) L Q DADD WHP

7KLV SURMHFW ZDVFRRGB WIRIH R IWKBVPXN SYREHWMPHHQ WK
+XQJDULW@&HMHFEB SDUWQHUYV

7KHLQRDUG DDUH WKH W HAHW BHRMWIZDHIG! DQG FUHDWHG LQ WK
OLVNRERFLD&GY .i OPIRUPBWINILIPQi]LXPD OLVNROF +XQJDU\
+XQJDULDQ WHDP

BWXGHQW 6]HGOIN %RWRQG

OH@RU .yVD 7DPiV

7KISURSRVDO KD U GZDRRAWYZPE WEBY GHVLIQHG D Q G/ FKRIDWV H
6W HGQt SUSP\VORYi 4NROD HOHRW BRBHEXIOLFNi +DYt RY
&]HFK WHDP

BWXGHQ@WN 7XOHMD

OH@YRWJ 3HWU ODGHFNL

7KLY GRFXPHQW BRQNVYVWYV RI



=HVSya VI[Nya WHFKQLF]Q\FK OLNRAy
6WUHGQi SULHP\WVHOQi &NROD HOHN

Robot for painting Easter eggs

6WXGHQW O0ODULXV] :UyEHO 6WXGHQW $GDP aNu
Teacher: Artur Opoka Teacher: Jozef Gmiter



Content

O [0 (o Yo [ o o TP 3
R I (e T (=) (Tor= o T= | P PP PP 4
2.1 MArKEE ANAIYSIS ....iiiutiiiiie it e et e ettt e e ettt ssmeeessessseseesssesesssesesmmnsassesesnsessennserees 4
2.2 TECHNICAI ANAIYSIS ...ttt et e et et s eremseseesssseessssesassenssenmmssssensersnssesnss 5
RS O Y=o I (<Tod T aTo)] (o]0 [T TP OPTR 8
2.4 FINANCIAI QNAIYSIS ..oivuuiiiiiii it ceees e s et e e sttt s eseteesssmmmsssesseesssssssssesesnssannnssesssseressnnns 10
I =Yoo= | o F= | T T T T P TP PP P T PPPTI 10
I A (o3 1 0] 1o TP TP 10
VA o (o101 TP PP 12
R Y=ol 1 F= T o= | T PP 13
.............................................................................................................................................. 15
I =Y (1 T T 15

A CONCIUSION ... e ettt et e e e e e e e e e e e e e e e e aaeneeeneemmmee 18




1. Introduction

Our project is a robot which paints eggs. This robot can paint eggs, but also anything that
has the shape of a sphere for example Christmas baubles, ping pong balls and others.
This is not a project that will revolutionize human life. it is a project that will make people's
lives more interesting and will help people get used to ubiquitous robots. The industrial
revolution, in which people in various positions are gradually replaced by robots, is
inevitable That is why it is worth getting the young generation used to the ubiquity of robots
through the smallest activity, such as painting eggs for Easter. people who have lived
among various robots and machines will be interested in them. this will cause more people
to go to study in the direction of robotics and in the end we will have more technicians and
robotics engineers who can easily find a job in a company that has robots that need to be
repaired, programmed, exchange. | chose this project because | am very interested in
technology and robots. I'm fascinated by the world where robots do the smallest activities,
that's why I'm learning a profession that will give me a good life in this world that gets more

and more like science fiction every year.

https://iautomatyka.pl/zautomatyzowana-fabryka-samochodow-tesli-seria-filmow/




2. Theoretical part

Before starting any activities we browsed the internet in search of eggbots. these robots
were made of various materials such as wood, metal but our favorite was the one made of
plastic, printed in a 3d printer.

Wooden eggbot Metal eggbot

https://www.youtube.com/watch?v=ler2DgN rzA https://www.youtube.com/watch?v=TrDg2YI1tOSo

More information on the technologies used can be found in section 2.3

2.1 Market analysis

There are no similar solutions on the market because it is not profitable for companies to
create such an expensive device that will be used once a year. Instead of limiting
ourselves to painting eggs, we should focus on extending the capabilities of the robot, for
example, painting something bigger than eggs or the ability to convert a robot to a plotter.
Then people will be more likely to buy such robots because they will be more useful for
them than for Easter. for example, our robot has 2 different overlays that make it possible
for a robot to draw on Christmas baubles or ping-pong balls.

Christmas bauble overlay Ping-pong ball overlay



2.2 Technical an alysis

The principle of operation is very simple. First of all, you need to draw a pattern in the
graphics program that is to be drawn on the egg. It must be a program with the ability to
create paths. we chose inkscape. Any fillings must be done line after the line because the
robot does not detect the shapes, only the path. Then we have to put the egg in our robot.
You should make sure that it is not crooked. If everything is set correctly, turn on the power
supply and upload our project to Arduino and the robot automatically begins to draw. After
completing the drawing process, turn the power supply off and pull the egg out gently.

Our project consists of Arduino Leonardo which is the "brain™" of our robot, 2 stepper
motors that are responsible for the movement of x and y and servo which is responsible for
the movement of z.

Here are photos that show how to connect individual parts:

Diagram of elements connection

https://www.jjrobots.com/sphere-o-bot-assembly-and-user-guide/



Diagram of connecting the wires
https://www.jjrobots.com/sphere-o-bot-assembly-and-user-guide/

They communicate through Arduino Leonardo. For Arduino to be able to send data to
stepper motors, it needs an overlay called "brain shield" and drivers.

Brain shield Stepper motor driver

https://www.iirobots.com/productjb—robot—electronic—brain—shield/| | http://www. alselectro.Com/stepper—driverl|a4988. html

To make our robot look better, we have designed special parts, thanks to which the robot
has its own unique look



The front beam

Logo of the project



2.3 Used technologies

High quality NEMA 17 Stepper motors

Step Angle f

Step Accuracy <5%

Holding Torque 1 F P620z.in)
Rated Current/phase 1.68A
Phase Resistance 1.650hms
Voltage 12-24 V

Inductance P+* .+ ]
Weight 280g

SG90 servo
Parameters for 4.8 V voltage:

Moment: 1.8 kg * cm (0.18 Nm)
6SHHG \Y f

Dimensions: 22 x 11.5 x 27 mm
Weight: 9 g

Arduino Leonardo

Power supply: from 7 Vto 12V
Model: Arduino Leonardo - AOOO057
Microcontroller: ATmega32u4
The maximum clock frequency is 16 MHz
SRAM memory: 2.5 kB
Flash memory: 32 kB (4 kB reserved for the bootloader)
EEPROM memory: 1 kB
| / O ports: 20
PWM outputs: 7
Number of analog inputs: 12 (A / C converter channels with a resolution of 10 bits)
Serial interfaces: UART, SPI, 12C, USB
External interruptions
LED diode connected to pin 13
MicroUSB socket for programming
DC connection 5.5 x 2.1 mm for power supply

B-robot Brain Shield

Two stepper motor outputs
two servo outputs

[2C communications

Push button (customisable)



VHQVRU SRUW VRQDU ,5«
A4988 Stepper motor drivers

Five different step resolutions: full-step, half-step, quarter-step, eighth-step, and
sixteenth-step

Adjustable current control lets you set the maximum current output with a potentiometer,
ZKLFK OHWV \RX XVH YROWDJHV D ER Ybitage ¥ dchiakeHhigieH U
step rates

Intelligent chopping control that automatically selects the correct current decay mode
(fast decay or slow decay)

Over-temperature thermal shutdown, under-voltage lockout, and crossover-current
protection

Short-to-ground and shorted-load protection

Power supply 12v/2A

7R SULQW DOO WKH SDUwWV D ' SULQWHU ZDV XVHG LQ =HVS
decided to control using Arduino because we both know how to connect wires and how to
program in Arduino IDE. We used Arduino Leonardo because it has more inputs than the
more popular Arduino Uno and has more SRAM memory that is needed for the robot to
work efficiently. The shield used has special pins designed specifically for controllers used
in plotter projects. We used NEMA 17 Stepper motors and servo motor for movement. The
robot writes on the egg with a 0.5 mm marker. For better effect, use thinner markers (0.25
mm). the program that we used in this project was written in Arduino IDE, but for the
correct operation we also used the inkscape plugin. To create patterns we used inkscape
program because in order for the robot to draw graphics on the egg you need a program
that has the ability to create paths.

2QH RI WKH JUDSKLF GHVLJQV FUHDWHG E\ ODUL X



2.4 Financial analysis

S

- Easy construction

- A good start with
Arduino

- Versatility

- Parts can be
reused

W O T
- High price - There are no such - It can easily be
robots on the market counterfeited by large
- It can easily be companies
destroyed (base need - creating robots with
to by upgrade) larger sizes - Too much price for

the consumer
- A computer is
required for the
operation

The whole project cost something about 168.63 euros. We did not include screws, cables
and other minor things, because these can be found in the workshop. There are no ready
solutions for our project on the market. The only thing you can find are prepared kits for

self-creation.

3 Practical part

3.1 Electronics

Our robot transforms the input signal (being a path in the inkscape program) through the
plugin and Arduino to the data of the Cartesian system, which are our output signal.




Stepper motors are responsible for X and Y movement. We used servo for the z
movement, because it is lighter and smaller, which fits perfectly into the robot's arm



All data is displayed on the screen on the fly thanks to the plug-in used. The screen shows
errors, the current state of the robot, statistics etc.

3.2 Programs

In our project, we used the language used in Arduino programming and plugins for the
inkscape graphics program. on the computer, we draw a pattern using the path. then the
plug exchanges these data for x y z values from which are sent to Arduino Leonardo who
uses egg stepper to apply the egg pattern. The only data we have for storage are
individual patters, so we store them on the computer



3.3 Mechanical

7R PDNH RXU SURMHFW ORRN PRUH OLNH D VFKRRO SURMHFW
that make our robot is different. At the beginning it was to be only the logo of the project.

The first prototype had convex letters because | wanted to paint them with paints. after
printing | was not satisfied because the printout was too small. | told you that | would do
another part ta beam with the names of our cities.

This is the first beam prototype



| decided that the printer might not print it, that's why | put a letter in the model. | did the
same with the logo.

At the beginning | wanted to fill these models with paint but plasticine turned out to be a
better idea.



That's how it looks with the rest of the parts.

3.4 Testing

After submitting our parts into one project which went without a problem, we immediately
started painting our first egg. Unfortunately, we wrongly plugged the power supply because
instead of attaching it to the shield, we propped it directly to the Arduino. This caused one
of the driver to burn out. Thankfully our teacher had a substitute otherwise our project
would end on the first day. We have properly plugged in the power supply and we started
printing our first pattern which was the inscription "Hello world".



Then we wanted to print a photo. during printing we noticed that the pen was stuck in a
styrofoam egg that caused the changes and the image came out crookedly.

The next day we brought ordinary eggs on which it was better.



Everything worked, so we thought we would hide all the wires inside the model. during this
accidentally we interrupted one of the wires of the stepper motor. When we gave the next
painting egg, the robot did not work properly and it took us some time to find the source of

the problem.

Here we can see eggs prepared for the show at the end of their stay in Poland.

We continued printing in Slovakia, but on plastic eggs. it was a bad idea because the
material from which the eggs were made did not absorb the ink, which made the eggs

smudge. It took more time for you to touch new eggs.



Here you see the process of creating a colored egg.

4 Conclusion

Our project was successful because our robot fulfills its function. When we made this
project, we learned to draw in 3d, draw vector drawings and collaborate.

We did not have big problems creating this robot. The only problems we came across were
easy to fix. As of today, we do not intend to start a business related to our project but
maybe one day there will be a moment.

Other applications of our project are, as we said earlier, painting of Christmas balls.

As for international cooperation, We are satisfied with it. we managed to do the majority of
the project before the first meeting, thanks to which we had a lot of time to test our robot.



Going to the pros and cons of the project, We areable to name only the pros, because if
there were any cons, they were overwhelmed by the pros.

Examples of pros:

- Great accommodation
- Kind people

- Good studio equipment
- Helpful teachers
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1 Introduction

After listing the projects in the international project Erasmus +, in which our school
was also involved, | thought that | might be involved as well. Although | wrote this
project as the second ithe application, but after | got it | found out that | was most
interested in it. | got a foreign partner, a student of a Slovenian partner school in
Murska Sobota Aleksa Marinic.

We built our project on the ESR2E microcontroller, which is a copy of tE&P8266
microcontroller and on the HELTE@k 2.9. | have devoted myself to the hardware,

«]Pv v }uupv] 38]}v A] A]J]E o0 ++ § Zv}o}PCX tZ]Jo o I
himself to designing the format of the data to be sent, the communication protocol
and the creation of a website through which data can be changed on the electronic
price list.

We used foreign online stores to buy, especially the best knowaykor AlieExpress.

Initially, we had minor problems with startingn@icrocomputer, but everything was
solved, so we started working on price tag design, communications and later on the
website.

We would like to thank p. Ing. Michal Copka, as well as foreign teachers, who acted as
a consultant for our project and many timespplied us with many great ideas and
motivation.



2 Theoretical part

Perhaps the most common is nowadays used paper price tags, which have to be
constantly printed and rewritten, or overlapped with something. But the time goes
forward and in this way somteades can be upgraded for a relatively small amount.
The electronic price tag is cheap, economical, enémgg, so unless data changes,
requiring some minimal energy. Price tag maintenance is very easy and the easiest
way is to charge the batteries oeplace them.

2.1 Market analysis

Our electronic price tag is similar to electronic reader kindlee electronic price tag
needs energy only to overwrite the display. The display is energy indeperithent.
entire circuit igpowered from the lipo battery.

Display is black and white, works only on 2 col&rsk is the inventor of several novel
types of electrophoretic ink, often called electronic ink. When laminated to a plastic
film, and then adhered to electronics, it creastan Electronic Paper Display (EPD).
Although futuristiesounding, electronic ink is actually a straightforward fusion of

Z U]J*SECU %ZCe+] *» v o0 SE}Vv] X /80 ¢} upg Z o]l %o %o
pigments used in the printing industry today.

ESP8a&6 is a 3V WiFi module very popular for its Internet of Things applications. ESP
8266 maximum working Voltage is 3.6V and its very important to note. You must
know how to power it, how to serialonnect it with Arduino safely, how to ping and
many other thngs.



2.2 Technical analysis

The connectiobetween esp8266 and the display is as follows
3V3tVCC

GNDtGND

D7 tSDI

D5 tCLK

D4 tCS

D3 tDC

D1 tBUSY

RSTtDO

We need to connect RST pin with pin DO, because we want to save energyhig/ith
connection we can take our esp8266 to the deep sleep mode. We may also connect
the battery to pin Vin and pin GND.



2.3 Used Technologies

The Arduino IDE is an integrated development environment (IDE). It is composed of tools that help us
to program the Arduino. The most striking feature is a white text box with a text editor. There are also
various menus such as Arduino selection, serial links that are attached, or a list of sample examples. A
common help is a window for displaying seriaélmessages. Arduino IDE supports various Ardiono
boards such as Uno, Nano, Mega, Esplora, Ethernet, Fio, Pro, Mini ...

Pic. 2.31. (Arduino IDE)

Universal programming languages are C and C ++. The program also includes semkoaiies
such as EEPROM, Firmata, GSM, Servo, TFT and WiFi.



Microsoft Studio Code is an editor created by Microsoft for Windows, Linux and macOS. It includes
debugging, syntax highlighting, intelligent code completion ... It can also be set tauberdsiendly
as possible.

advantages:
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Pic. 2.32. (Microsoft Studio Code)



2.4 Financial Analysis

The electronic price tag can be purchased from Chinafan | i1 % % E}A]Ju S 0
But our market does not offer such a price and there is a problem. Is it better to buy
large amounts of such price tags or make them?

For the first time it is a little more expensive to make such a project because one does
not know which parts are best for hifiVe decided to use esp8266 microchip, which

}eSe IuS i | Xt o0} pe v Jvl ]*%0 C AZ}e % E] %o
chooses a cheaper one, the colors will be weaker. The more expensive picture is the
betterp] SUE X dZ % E&] ] E}luv 11 | X dZ §8§ EC ] SZ
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3 Practical part

3.1 Electronics

NodeMCU is an opesource platform that allows you to create interactive projects,
especially in the field of automation, or other projedb connect to the Internet /
other devices.

parameters:

{ WE} e*¢*}E& u} oW ysS ve >yiio

{ WE} e¢¢}JE& (E <pv CW 61 D,I

{ EpUu E }( % E} **}E 1E W (£
{

D UlEC % ]3CW 8D

{ 61TXiiv t]E o «* > E
outputs:

{ u] &} h"

{ i1 "W/K %]ve

The heart of the Noddcu includes a singleore 32bit Xtensa LX106 processor with
RISC instruction set and 80MHz. It can be overclocked to 160MHz.

Up to 1MB of compiled code can be uploaded to the board and it is equipped with MB
flash memory. Offers up to 11 GPIO pins. Wallldut GPIO16 can be PWM

modulated. The output current of the GPIO pins is 12 mA at 3.3V. With a long load of
5V, the ESP8266 chip overheats and is destroyed. There is also one analog pin on the
board. By default, ESP8266 can use a pin betwekvi.rhaks to the NodeMCU
components it operates in the range of303V. ESP8266 implements 802.11 wifi at 2.4
GHz in b/ g/ n bands, with the best gain of 25dB in b.

NodeMCU supports interfaces such as OneWire, 12C, SPI, UART, ADC. The board can
create HTTP, HPB request POST and GET method and has a fully integrated MQTT
protocol. It also supports WEP, WPA / WPA2 PSK encryption. The board can also be
programmed in Micropython, Javascript, Lispe and others. It can also be programmed
via OTA (On the air), so wiessly, without having to connect to the computer.



Pic. 3.11. (Esp 8266)

Pic. 3.12. (Esp 8266)



We chose the HELTE@hE 2.9inch screen. Eink or even electronic paper is a flat

display unit that reflects light as normal papeapable of storing text and images
permanently without power consumption.

parameters:

{ A1l 160/Ei10
A

{s U'EU | UAMJ/U ~U ><U h”*z vk puse

Pic. 3.13. (Display)
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Pic. 3.14. (Display)

We also used a CELLEVIA BATTERKERBIE®3.7V 750mAh battery. And to it a charging board that

can be charged through a micro USB charger. The LIPO battery is a-pttiunmrer battery that is
used in almost any electronics. They have features such as:

{ >]PZ8A |PZ8
{ Z o $§]A eapafiyP Z
{ D]v]u odischdrge
{'"E § % E(}EuU vV

{ /5]« & o 8]A oC *u 00

Pic. 3.15. (Battery)
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3.2 Programs

The website is currently on free hosting. The website is still only for functionality. In
the future, we would like to make the&ebsite so that each user has their rights. To be
one main user who could create accounts and those accounts to be able to change
data on the electronic price list. It will all work by signing up.

Here we have some examples from code:

In this section, welefine individual code variables

12



This is communication with server and answer from server.
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3.3 Testing

Since we are both from different countries and schools. So we initially worked on the
project separately. First, we started to create tiesign and layout of the elements

on the electronic price list. Since we initially had a problem linking ESP8266 with our
paper screen, we created the code through Arduino Uno. Over time, we found out
how to connect ESP8266 with a paper screen. It was gméa define the ports in the
code. The connection to the screen is as follows: Pin 3V3 is connected to VCC pin, pin
GND is connected to GND, pin D7 to pin SDI, pin D5 to pin CLK, pin D4 to pin CS, pin
D3 to pin DC and pin D1 to pin BUSY . After the ssaeeslecided to continue

working on WiFi connection. We started by creating a simple website that we created
with Microsoft Studio Code. After creation, we focused on communicating this
website with the ESP8266 microcomputer. We initialized individuahbi@s in the

code for the ESP8266 microcomputer. We have created a program in PHP where we
have guided individual variables from the website into the memory of our
microcomputer ESP8266. We have created a code that records the individual variables
and of ourse the connection of the ESP8266 microcomputer to available WiFi. All
these aspects are being watched by the monitor series in the Arduino IDE
development environment. In the beginning we had a problem with the fact that the
individual data was recordeto long. We later fixed this issue. We have solved this

by sending individual variables at once and then splitting them in the program. We
also resolved the automatic recalculation without VAT. After entering the amount and
VAT, the price excluding VArecalculated. All these PHP programs are uploaded to
the servers on which the website is connected and to which the microcomputer is
connected by WiFi after the data change.

14



4 Conclusion

By implementing our project we have brought an interesting solutosrihe

modernization of shops. We have shown that this is a relatively simple and cheap way
to do it. This solution is almost energydependent, mobile, easy to use. To operate,

it needs to have its own WiFi network, which is used almost everywhere/tdtla

think this or similar solution will be commonly used in stores in the future.

We can see the potential for improvement in a color screen from a better
manufacturer. Maybe in speeding up or possibly some interesting characters on the
price tag. The wesite could also be able to award prizes to authorized employees.

Perhaps the biggest problem was the constant redrawing of the screen, which was
solved by the condition that the screen should only be redrawn if a value is changed.

If no value is changethe screen will not be redrawn. We also had a problem getting
involved. But this problem has been solved over time. There was also a problem with

§Z u]ee]vP ! ¢]PVv ]v 8Z % % E « E v o] E ECX ,}JA A E|
that we have experiencaidesigning and implementing a project, solving problems

and trying to remove them.
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1 Introduction

The purpose of the project is for students to get to know what's happening in the real
world, which means, they can transfer things that are happening in large complexes to a
model that they produce.

Throughout the whole project we tried to not buy everything, but we used materials that
were already in use and we re-used them through the project. In the whole project, we
consider that waste is a major problem on.

| have chosen this project because | have greenhouse in the garden, so | know which work

LV EHKLQG JURZLQJ WKH sSsODQWYV ,I LWV GU\ VHDVRQ WKH
day, at low temperatures the greenhouse would have to be heated to make your plants

flourish and for vegetables to enjoy them.

We tried to solve regulating the basic requirements needed for plants maintenance like

plants irrigation, ventilation, heating or cooling the air in the greenhouse. To have enough

water in the water tank the water level there will be controlled and for the lack of water it

will be pumped from the external tank. Only withthe VH FKDQJHV WKH FXVWRPHU T\
be decrease a lot.

Next thing to regulate is light amount there, when is necessary to shine during the day,
ZKHQ LW LVQTW DQG ZKHQ WR WXUQ OLJKWhenighit. JUHHQKRXVH

To save energy, solar panels can be added to charge the battery from which the control
units, sensors, etc. are powered. At the same time, for the protection of the environment,
the plants will be watered mostly with rainwater, which will not only reduce the rare
drinking water usage, but will also be better for them because, unlike drinking water, it
contains no chlorine.

A fertilizer dispenser may be added for customers who will use greenhouse mostly for
growing vegetables. This could be triggered either by pressing a button, or triggered by a
timer set by the customer as needed.



2 Theoretical part

Our task was to create a functional greenhouse model. We undertook these tasks by first
visiting a normal greenhouse in our area. There we got useful information about what
information is needed for the operation of such a system.

After talking to the owner of the greenhouse, we found that everything could not be done in
our model. Therefore, in agreement with the Czechs, we decided to use the following data
on our model:

- measurement of room temperature and humidity

- measurement of soil moisture

- watering and measuring the height of the water in the reservoir

- heating - opening and closing windows

- alarm when value is exceeded

- Wi-Fi connection

2.1 Market analysis

My school is located in the agricultural area of Slovenia. Therefore, there are quite a few
greenhouses in our area that deal with commercial vegetable production.

In the Moravian-Silesian Region, greenhouses are only private in gardens or smaller
horticultural firms. We had greenhouses in + D Y t, Rh¥ére flowers were grown at the
+ D Yt évent in flowers, but today they are replaced by the Globus hypermarket.

2.2 Technical analysis

This project is divided into five main parts: measurement, control of measured values,
regulation, listing and settings for changing intervals for given quantities, which are soil
moisture, temperature and air humidity.

Since this program is designed for a reduced model of a greenhouse, we have solved it by
averaging the values of the quantity obtained from the sensors and then comparing them
with the interval for the given output, by means of which we control its regulation. Here are
the outputs, the quantity that the given output controls, and then its interval, which will be
used as the default, with the variable names for its limits to control it:



Values regulations

Value Soil humidity Air humidity Air temperature
< | Extreme Min. Max. Min. Max. Min. Max.
]
*qj Set
£ 20% 40% 40% 50% f& f&

value
Output irrigation - - ventilation heating cooling
Regulations

A specific description of the individual regulations can be found in the Used Technology
section.

2.3 Used Technologies

| used a single board computer Arduino Mega 2560, which | programmed in Arduino IDE
environment, to put the whole project into operation.

Arduino Mega 2560

| used the following types of sensors to measure the quantities:

2pcs DHT11 - temperature and humidity sensor

4pcs Soil sensor with LM393 chip - for soil moisture measurement

1pc HY-SRFO5 - ultrasonic sensor for monitoring the amount of water in the tank by
scanning



DHT sensor Soil sensor with LM393 chip Ultrasonic sensor

The DHT sensor is used to measure air temperature and humidity. It has one wire for
sending temperature and humidity data to the Arduino a two pins to power the sensor. The
fourth is not used. The data pin is connected to the Arduino as a digital input. If one of the
pins is not connected to the Arduino, it returns nan, which is useful for checking if it is
connected, or not.

Soil sensor only measures soil moisture. In addition to power, it has two pins for data. One
sends data in analogue form, while the other sends only logical 1 and 0. With this sensor,
it is not possible to determine whether it is connected or not using the measurement
function, since analog inputs always have some environment and voltage-dependent
value, while in digital it will always show that it is dry.

The last type of sensor is designed to measure distances from 2 to 450 centimeters. It is

shown in two versions: with or without output pin. Both types have Echo and Trig pin. By
VHQGLQJ D —V SXOVH WR WKH 7ULJ SLQ WKH VHQVRU VHQG
how long it returns. The measured time is sent to Arduino using Echo Pin. Subsequently, it

must be converted to centimeters by multiplying by 0,01715. This constant is obtained by
GLYLGLQJ WKH VRXQG YHORFLW\ DW f & LQ FP —V ZKLFK
measured pulse also includes the backward path and we would have twice the distance.

| used the following parts to make the controls:

1pc 8-channel relay module - for triggering control components
2pcs 28BYJ-48 - stepper motors for opening and closing windows



Eight-channel relay module

A relay is a component that switches a high current circuit on a low current circuit. Thereby

the circuits are separated and there is no risk of destruction of components in a small
circuit.

Stepper motor

A stepper motor synchronous motor that rotates in steps, depending on the number of pole
pairs inside the motor. For its proper function we use driver with ULN2003 circuit.

These components serve as a display and control system:
1pc HD44780 - LCD display for displaying values or errors
1pc Membrane keyboard 3x4 - for controlling the greenhouse and setting the interval limits



LCD display 20x4 Numeric keypad

This display has four lines of 20 locations. An 12C interface is soldered from behind,
reducing the number of wires to just four, thus making it easier to connect to the Arduin -
two pins for 5V power and control signals SDA for data and SCL as a clock signal.

The mechanical numeric keypad we use consists of four rows and three columns. It has
seven pins, each of which means a given line or column that serves as the coordinate of a
button pressed. When pressed, two pins (one column and the other line in which the
button is located) send a signal to the Arduino that a button is pressed, and pressed on the
display device based on a given row / column combination number or character.

Here are the components needed to connect to Wifi:
1pc ESP8266 - 01 - Wifi module
1pc HW-580 - adapter for WiFi module ESP8266 +01

Wifi module ESP8266-01 adapter for Wifi module ESP8266-01

This Wifi module is one of the range of ESP8266 modules. When purchasing this module,
it already has an AT command program installed, so it can work when connected to
Arduino. However, if it is to work independently, a special USB adapter must load the



program, but this will erase the AT command program so that it will no longer be usable. It
works in 3.3V logic.

The adapter shown on the right serves to convert the voltage from 3.3V to 5V and vice
versa directly for ESP 01, so no circuits with resistors or transistors can be solved.

Here's some information on how we'd like to implement regulation:

1. Soil moisture regulation

It will be controlled by drip irrigation. When the soil moisture reaches a minimum, the
solenoid valve opens and the soil begins to irrigate, until it reaches the middle of the
interval. At this point, the valve closes.

2. Humidity control

In this case, | use the opening and closing windows that we will solve by two stepper
motors rotation, each one attached to one window. To open the window, the motor rotates
ILIW\ WLPHYV f DQJOH D Q GinwhK éppdditd>ditettivhl FORVLQJ

The windows open when the air humidity rises above the upper limit. The windows will
close when the humidity drops below to the middle of interval.

3. Air temperature control

Here | use a heating light bulb and a computer fan for cooling. If the temperature exceeds
the middle of the interval, the bulb is switched off. When the upper limit is exceeded, the
fan starts, which switches off again in the middle of the interval when the temperature
drops. If the temperature drops to the lower limit, the bulb turns on and heats the
greenhouse again.



2.4 Financial Analysis

SWOT analysis:

Strong: - makes the job much easier for the customer
- there is no need for frequent visits to the greenhouse
- ecological
- possibility to monitor current and older measured data on the Internet
in graphic presentation

Weak: - no fertilizer dispenser
- our model is powered from the mains, so it must be near a power outlet
- for real size applications, control types need to be changed for more
efficient operation

Opportunities: - can be improved, for example, by supplying fertilizer
- in the case of the use of controls without the need for mains power, it is
possible to use a battery that can be charged with solar panels, and
the location of the greenhouse will not depend on anything

Threats: - if one or more soil sensors are suddenly disconnected, the average soil
moisture can be affected and irrigation may be poorly controlled.
- in the event of disconnection of one or more soil sensors,
the greenhouse does not notify the customer in any way, this problem
can be detected during continuous monitoring of the values via
the Internet or by occasional checking of the sensors by either inserting
the sensor into the water or wrapping it in a dry cloth

Costs:

Here is a list of used components for making the model:

Name Charaderistic Price (euro
1 | Plexiglas 3mm 1,5m2 90,00
2 | water pump 1000l/h; Qaro 35,00
AC220240V, 50Hz,22W
3 | bulb 60W 4,00
4 | water tank 1,51 9,00
5 | heating pipes different 15,00
6 | grass container 43x30 cm 11,00
7 | watering material Pipe, steel strip,.. 20,00
8 | fan fromthe computer | DC 24V, 1,7 W 0,00
9 | adhesives Hot, silion, moment 18,00
10 | Wood construction 70x60x15 cm 0,00
11 | Consumables Screws, spacers 20,00
12 | electrical clips 0,00
13 | Switching power supply Input: AC 230V,5A 0,00
Output: DC 3,5V; 5V; +12V

Costs from the Slovenia side (Components with 0,00 price were not bought)
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Here is a list of the components used to implement the regulation and the correct

functionality of the program:

Component Quantity | Priceper piece | d}S o0 % (E
Arduino 1 29,61 29,61
DHT 11 2 2,49 4,98
Soil humidity sensor 4 2,45 9,81
Alarm 1 3,46 3,46
Stepper motor + driver 2 5,10 10,19
Ultrasonicsensor 1 3,66 3,66
Keyboard 84 1 3,11 3,11
Wi-Fi adapter 1 7,24 7,24
LCDdisplay HD44780 1 13,00 13,00
Wi-Fi moduleESP 01 1 3,00 3,00
Relay module 8 channels 1 13,46 13,46
In total 2609,00 101,52

Costs from the Czech side (price converted from CZK by the exchange 1 CZK = 25.7EUR)




3 Practical part

For the greenhouse we used Arduino MEGA as the central part. After discussing with our
colleague, we decided to carry out the following measurements in our glasshouse, namely
the measurement of moisture in the atmosphere and in the soil (FC-28 soil sensor), the air
temperature, and the measurement of the water level with the ultrasonic sensor (HC-
SRO04). To perform the actions we used 2 DC motors to open or close the windows. We
also used an aquarium pump to water the soil as needed. We also included the fan and
bulb system with which we will heat the greenhouse.

We also had to use relays in our system since Arduino can deliver up to 5V voltage, but
we also needed 12V motor and alarm outputs, and 230V outlet for fan, pump and bulb

The program was written in the C language, in the Arduino program, the program is
running the line for the line, and calls certain commands from the sub-libraries, Arduino is
programmed so that if it detects that one of the sensors is not connected, or immediately
notifies it via siren, and reports an error via the LCD display (20x4 characters). Arduino
has a Wi-Fi module connected to it, which can connect to the local Wi-Fi, and,
consequently, can provide information about the state of the greenhouse to another
server, otherwise we can observe the state of the greenhouse through the LCD display,
and through it we perform, and change the parameters set in the greenhouse, all this is
done via a keyboard (3x4).
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3.1 Electronics

Power5V

Power12V

Agquarium
pump

Power230V

Diagram of the electrical part of the greenhouse, created in the Fritzing program

First after running Arduino and displaying Hello on the LCD display, the greenhouse asks
whether you want to run it with internet connection and sending measured values to the
internet or not. If you agree, it will require your Wi-Fi name and password.

Entering this data works on the principle of old button phones, so it will not be particularly
difficult for older generations (see Table for entering Wi-Fi data). After selecting the correct
symbol, you can press the button on which the next symbol is located to confirm it and the
program will automatically save the previous one. If the next character is on the same
button as the current one, the current one must be confirmed by pressing * once to confirm
the current symbol and the cursor moved one position to the right. The # button is
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available to delete one or more characters. The confirmation is then executed by pressing
* twice and moving to the password entry stage, which works just the same except that
when the cursor is moved to the next position, the current symbol changes to * to avoid
any abuse. Once again, the password is confirmed by double pressing * and the Wi-Fi
login starts. If it takes more than 10 seconds to log in, you probably have one of the wrong
entries and must restart the entire Arduino using the Reset button. If WIFI CONNECTED
appears on the LCD, it means that it has successfully connected to the Internet.

count | button 0 1 2 3 4 5 6 7 8 9
0 space a d g ] m p t w
1 0 - b e h k n q u X
2 _ o f [ I o] r v y
3 / A D G J M S T z
4 & B E H K N P U w
5 1 C F I L @) Q Vv X
6 2 3 4 5 6 R 8 Y
7 S z
8 7 9

Table for entering Wi-Fi data

After a successful login, the sensors are measured and checked to see if they have been
measured. If there is a bad contact between the sensor and the Arduino, or if there is a
complete disconnection, the display will show Error and number 1-3 (except for soil
sensors) and the buzzer will be triggered and then switched off by pressing *. Here is a list
of errors and the sensors that belong to them:

Errors Type of sensor Pin on Arduino

Error 1 DHT11 2

Error 2 DHT11 3

Error 3 Ultrasonic Ec_hop_m t8
Trigpin t9

List of the errors and their meaning

If the values pass the check, some of them must be transferred or averaged. Then comes
another check, this time whether or not a regulation should start or stop. If so, it will show
up on the LCD. Then, the adjusted measured data is sent to the display and then to the
Internet.
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Finally, there is some time to wait for the * button to be pressed to turn on the setting
mode. In it, the limits of temperature and humidity control intervals can be changed.

This mode consists of three phases: the selection of the quantity, the choice of the interval
of the interval (the lower = the minimum, the upper = the maximum) and the input of the
new value itself. Again, the buttons * (confirmation) and # (deletion of the last number,
return to the previous phase, when the button is pressed in the first phase with the empty
entry field ending the setting mode) are used, but the 0-9 buttons are already typing
numerically. Here are the preferences in the stages:

Number Phasel Phag 2 Pha® 3
1 Temperature Minimum Enteri |
: . ) ntering new values
2 Air humidity Maximum in the range10-99
3 Soilhumidity -

Phase of the setting mode

If the * button is not pressed at the time to start the mode, it will return to the beginning and
the sensors will start to measure again. The whole process, from measurement to waiting
for setting mode to run, takes about one minute.

3.2 Programs

We use the Thingspeak website to view the measured data on the Internet via Wi-Fi.
We've created an account on Google and Thingspeak to use it. Here are the data used to
create them:

Gmail account data
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Thingspeak account data

Here is Thingspeak page with graphs of individual values:

Thingspeak website
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3.3 Mechanical

We have incorporated or assembled a shaft connected to the electric motor in our
greenhouse and are connected to the window and through this shaft to the nuts attached
to the greenhouse window that opened or closed the greenhouse window in relation to the
temperature or humidity in the greenhouse if it is too big or too low.

We also used a PVC tube with a larger diameter in which there is a 230V bulb with a
power of about 70W, which will be located on one end of the tube through the fan, the
heater will heat.

3.4 Testing

Example of a smart greenhouse in practice

Since the greenhouse is not yet completely finished, there was no possibility to test it as a
whole. As far as the software part is concerned, we have the whole done and tested.

15



First | tested and familiarized with the components to see if they were defective. | found
either a trusted program for that component on the Internet, or a sample program obtained
by installing some of the libraries, and after uploading the program tried to get some
feedback. After verifying the individual components, | gradually added all the test programs
to one program and always checked for problems. Then | slowly edited it and adjusted it to
the specifications. When this was working, | started creating my sensor control functions,
entering values, and the entire setup mode. In the end, | tried to extend it with a Wi-Fi
module, send data to the Thingspeak site, and enter data to sign in to Wi-Fi so that you
can sign in anywhere.

When it comes to input and control testing, whether it's setting mode or Wi-Fi data, | tried
to try out all the options a person could do, who didn't know how it worked and when |
found an untreated option, | tried to fix it and try it until the problem is resolved.

In the control testing, | changed the environment of each sensor and checked whether the
LED on the relay was on or off.
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4 Conclusion

The task was to create a functional model of a greenhouse with given specifications, what
it should be able to do. Since we haven't finished it yet, | can't judge whether the job was
successful or not, but | hope it was successful. So far, both the program and the model
looked very promising, now to work together.

Since we were to create a mere model, it was not possible to implement some of the
regulations or to implement them even for a greenhouse in real terms, so we were partially
limited. In addition, a greenhouse with real dimensions should have sensors of
temperature and humidity from outside to use, for example, air conditioning to replace our
incandescent lamp and fan, under unfavorable control conditions (heat, frost or even high
humidity). To charge the battery, solar panels can be put on the roof of the greenhouse for
more economical operation.

On my programming side, | had the biggest problem with entering and deleting the Wi-Fi
login to make it like button cell phones. Sometimes when | erased characters, they were

deleted more than | had, or they were displayed correctly on the display, but it was saved
differently in the variable. Finally, | put it into operation and it should work normally.

This project opened the door to the world of Arduino programming and the peripherals |
can connect to. At the beginning of this project, | had little experience with Arduino
Ethernet, DHT11 sensors, relay modules, and the Thingspeak site, so it wasn't a complete
stranger to me. Now | have added new sensors and Wi-Fi module.

Furthermore, | had the opportunity to train the English language, get to know the new
region and the people living in it and try to work with someone who lives outside this state.
| have to say that working with someone remotely is quite challenging because we can't
discuss each other and have to wait for the answer from the other and at the same time
not knowing when to read it slows down the whole job. | prefer working with a person | can
meet one afternoon or weekend and work together. | think it is faster and more effective
than social networking. Yet it is a good experience, because something like this can
happen at work, so | will know how to work in this situation.
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1 Introduction
Our project is a smart mirror which is able to detect motion and then show the data everybody

needs in the morning when stepping in front of a mirror. Specifically it shows the time and date,
and also the current outside temperature in the city that younivdt will help the mankind byot
having to check their phone or television for the weather, or not having to check the clock for the
time and date Smart mirror can be pretty helpful, for example when you are dressing up in the
morning in front of the nrror it shows you the weather and temperature outside so you can

choose the appropriate outfit.

Picturel: Example of a smart mirror



2 Theoretical part

2.1 Market analysis

On the market you can see similar solutions to our miwath a bit higher price and maybe
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future upgrades.

Picure 2: A few Smart Mirror examples on etsy.com

2.2 Technical analysis
The smart mirror is a twavay mirror with a screen behind it. The screen shows the temperature

and date, and is connected to a Raspberry Pi 3 ModéMgtadded IR HESR50kensor, so the

screen turns on only when motion is detected and stays turned off when no motion is detected.

2.3 Used Technologies
For the smart mirror we usedRaspberry Pi Touch Displayshow the data behind the mirror.

PIR HESR50kensor wa used to detect motionPicture9: Raspberry Pi Touch Disg|&jcturel0: PIR

HCSR50kenso)

The brains of the project is tHeaspberry Pi 3 Model BfPicturell: Raspberry Pi 3 Model B+

For making the frame of the mirror, a circular saw was we@tisome other woodworking toals

Raspberry Pi is runningRaspbiaroperating system. The site for showing all data was programed
in HTML and JavaScript. The program for the motion sensor detection was written in python.



Picture3: Raspbian Operating System

Picture4: HTML markup language
Picture5: JavaScript coding language

Picture6: Python programing language

2.4 Financial Analysis
Srengthsof our project are: the requirement of only one cable (power), the thing that you can

change the data that you are seeing on the mitogrthe raspberry behind it, it looks modern and

futuristic.

W Iv ee oW dZ ]*% 0 C AZ] Z ]+ pe s bigdsit cau]dibeERuEof the[same
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manually because of the lack of a GPS module.
Opportunities: No mastream smart mirror companies.

Threats: No threats.

VIUP



3 Practical part

3.1 Electronics

From the power outlet goes the electricity needed to power the Raspberry Pi. The Raspberry Pi
has a ribbon connector going to the Display, which is showing all of the data. The Display also
requires power, so that is supplied frothe Raspberry Pi. The PIR sensor is connected to the
Raspberry Pi with three wires, two for power and ground and one for the detecting signal, which

sends 3.3V.

3.2 Programs
The HTML site showing all of the information gets its weather data from

https://openweathermap.orgfwhich is a great site because it has information from all over the

globe. The data is in JSON form so it is easy to(rRietire12: JSON examgleThe site also shows

the current time and it refreshes every 5 minutes to get new information. The PIR sensor is
operated with a python code which checks the signal transferred to the Raspb&vgryifew
seconds. If it detects no signal (no motion), the display turn off after some set sed®uidi$ it

detects a signal it turn the screen on.

3.3 Mechanical
For the Mirror a frame was designed so it can be hung, but also so all the electronics are in place.

Thewooden frame has a hole at the bottom where the PIR sensor sits. The Display and Raspberry

Pi just slide in the back, so the screen is flush with the mirror.

3.4 Testing
First testing was just the website opening and then opening astuten on Raspberry pi startup.

Till then it was all going smooth. When the PIR arrived we plugged it on the Raspberry Pi like a
diagram on the internet site showed, because our sensoredopS Z A vC u EI]JvPe (}E Az
either pins are. So for a long time we had it wired wrong, we had the power angrtoad
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connectors it started working corodly.



4 Conclusion
In conclusion our teamwork to make the best we can out of what we have was very good. We

have successfully created a Smart Mirtfeait is still upgradable and able to be modified. The
things that we would change/modify ardouy a biggescreen (a normal computer monitor) to fit
more information on it-get a GPS module or find some way to automatically get the location of
the mirror and with that show the proper weatheiprobably make a software for showing the

data rather than a website
Overall we are really happy with our product and are ready to improve it as stated above.

}us 82 A% v JvP v & S]vP pe]lv e Ius }( ]S } ev[S e}uv

but not in the state that it is in right now.

The internationatooperation was successful, it forced us to use the English language, but we also
SE] 3} lYuupv] 8 Jv }JUE }Av o VPu P sU AZ] Z A +v[3 ¢} (( 3]A

solution every time, there was no arguing.

We liked the project and will encourageunger students to participate. It makes you more
flexible with teamwork, uniquand tough situations and basically expand your imagination of

what is achievable.



Picture7: Finished project_1



Picture8: Finished project_2



5 References

https://www.instructables.com/id/SmarMirror-by-RaspbernPi/[(accessible on 22.3.2019)

https://www.etsy.com/market/smart_mirrof(accessible on 22.3.2019)

https://pi-hole.net/raspbianlogo/|(accessible on 22.3.2019)

https://en.wikipedia.org/wiki’HTMl(accessible on 22.3.2019)

https://www.javatpoint.com/javascripttutorial|(accessible on 22.3.2019)

https://www.python.org/[(accessible on 22.3.2019)

https://www.amazon.com/Raspbert#pi7-TouchscreesDisplay/dp/B0153R2ABAccessible on 22.3.2019)

https://www.addicore.com/PIRnfrared-Motion-SensotHGSR5034p/168.htm|(accessible on 22.3.2019)

https://shop.pimoroni.com/products/aspberrypi-3-b-plus{(accessible on 22.3.2019)




6 Attachments

Picture9: Raspberry Pi Touch Display

Picturel0: PIR HESR50kensor



Picturell: Raspberry Pi 3 Model B+

Picturel2: JSON example
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1 Introduction

RFID technology is widely used in this time period. However, it is also unknown term to many
people nowadays. Population nowadays is meeting this technology mostly every day without
recognizing it. Many people could meet it in a work place or in cantinthe@fschool or the
company. Also, this technology is used to check and control all the attendance of workers. In the
school lunchrooms, cookers can easily manage whether student has some diet or some food

allergy and depending on it serve exact meal torguae.

HE]JVP 8Z 3SJlu U AZzv A A E 35Z]vl]vP AZ] Z % E}i & A AJoo
about the real establishment of the project in a real life and the way, how to change something

from something used in those days to something needed andhnbetter than it was in the past.

Each project was given to us with a proper specification and demand because of the
international collaboration of European countries in a project called PLEL under the wings of

Erasmus+ organization of each country.

When we were choosing the best project and the way of the creation it, we were mostly
oriented in a way, that this project should be time efficient in a school reception. Our RFID based
borrowing system should change the way of borrowing keys in a much morermaedsy. This
project might be used in our schools but in the other hand, it could be used in many organizations
too, where is important to track the borrowing of the keys or other things and manage the
processes in such a better way. We can also, saytliea¢ are many other ways and plenty similar
projects are used, but they are much more expensive, and they are also not the best solutions for

everyone.

Our project is based on more platforms such as programming language PHP, server Apache or
development @ the Arduino platform. Because of that, we have divided the project into two
% ES*W e« EA E v 0] vidX dZ Epo }( 8Z E plv} % E}IPE uu]vP
processing the data on the server side and the frontend for the receptiongiiab development
A e EJlIOs % ESX

For the buying thing we mostly used the official shops with electronics and some internet

shopping platforms.



The biggest problem with this type of project was communication with each other. It is so
hard to testthese things in such a big distance. However, we had to opportunity to test it together
because we had included a scholarship in this project. On one week we were in Hungary and the
other we were in Slovakia. There we had the opportunity to test it anderihe finalized the

project.

Every week, our work was continuing and a despite of small problems with communication
and misunderstandings of the specialization, we were moving with that to the final goal. But
everything would not be possible without the lpeof our school tutors and we would like to thank
our tutor and whole project coordinator Ing. Michal Copko for the technical help and support with

solving cases. The same acknowledgements belong to Ing. Rolland Kiss from Hungary, too.

The key borrowing ystem that we implemented is a cost and time effective, modern
alternative to todays standard, paper tracked key borrowing, where human labor and tedious
tracking of the keys are required. With our system one can simply set it up once, and expect it to
work with little to no maintenance. Our system is also intuitive for the end user(s), with an

everywhere accessible web app.



2 Theoretical part

t ] v[Baveto make any analysis for our project because we had a weatdefined
documentation detailing whatwe had to do.Also, our project coordinators werehelpful

explaining some specifics about what we had to do.

We had to implement an automatic, logged key borrowing system. For this we decided to go
with a clientserverarchitecturewhere the client is a teninal only sending input anceceiving
output from the server. This means that much of the work is delegated to the server. For this we
had to establish a secure communication between the client and the server. After we could
communicate safely over theire, we established how our data will look like on the client and
how the server will make sense of it. When all was good and done the only thing that remained

was testing it out.

Technologiesused by our project are widespread, mature and mostly fteehnologies.
Technologies that cost money have a free alternative in parentheses. Our software stack consists

of:
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Windows wasised (inux is a free, widespread Server Gyigrg System alternative)
x Theafter mentionedApache webserver, part of the XAMPP stack
x The PHP scripting language, part of the XAMPP stack
x MySQL as a database system, part of the XAMPP stack

x €& p]vi[* SZ 'Eh }u%]o & }oo &]}v «&EthendtHiraly uedin]ve &2

this project for TCP/IP based communication
x The MFRC522 RFID library
Electronicuused were:
X A computer, capable of handling our software stack
X The Arduino singkeoard microcontroller
X Arduino ethernet shield

X MFRC522 rfid reader



RJ45 Ethernet cables

X

x

Relay(a door lock opening or closing upon voltage)
X Micro switches
X HP 4067 multiplexer

The onlynon-electronicparts required for this project are the metarial of the casing, which in our

case wasvood.

TheToolsneeded for this project, are the ones required to build the casing which in our case was

simple tools aviliable in most homes/workplaces being:
X A hammer
X Nalils

Detailed description of technologies, tools and softwares used to make this project is dikousse

Secton ZC J E v “loses 1] vi@&QIJIIEAX] 0o« 1] vIi.E}i}lilAX

2.1 Market analysis

Our project does not have an easily googleable counterpart, which means we targeted a
specificproblem with our solution. Some other solutions that draw similarities to ourdibrary
book tracking systemsawvhich are similar for tracking, but totally different by usage. For example
our solution is fully automatic once setup, while most librarpkdracking solutions need human

labor to register a lease or a return.

2.2 Technical analysis
Our project should be able to hold and track keys in a special key helugdosure
protected by an RFID authenticator system, tracking every borrowing and retuarserver, being

able to secure and easifgtrieve said servers data through a web interface.

The projects backbone is theell-known client-server connection setup, with the client
being the key holder and the server running our server software. Ttiersysommunicates over
the Internet or LAN. The servers web interface is also accessible from the Internet or LAN

depending on the configuration.



2.3 Used Technologies

In this section a detailed list of technologies used to make the web applic@i8i-2.3.6)

and the client applicatio2.3.7-2.3.10 is shown.

2.3.1 Server-side script language - PHP

From many server programming languages, we had chosen the PHP. The biggest reason of
this choice was, that this one is widely spread all over the world and it is used by many people for
creation systems like our one. This language is also used for makmage content much more
dynamic. It has also very well support of mostly each web server, so the solution could be
implemented mostly everywhere. Most of its attributes were taken from C and Perl. PHP can
cooperate with database and consists of objeadgnamming support too. Despite of all this, PHP
is using simple syntax so many users could understand it and simply correct the mistakes. It is
running on a web server and as an input it is taking the PHP scripts and as a result is giving the web
pages, buit is not the rule every time. PHP scripts usually has suffix .php, but the suffix could be
changed in the server settings. Official page with a manual is on the addvessphp.net It is
* %0 @ e« cW,W >] ve AOXiX1i_U AZ] Zanguage.c 3} pe (E o0C $Z]-

2.3.2 Database system: MySQL

MySQL is a database system based on a SQL language which is used for storing data from
web applications. It is mostly used with a PHP programming language because of the good
cooperation between these two languages. Thistem is open source, so its communitynisle,

and it has really well support for users too. This database system has alsenadsl

documentation and users can find it orwww.dev.mvsql.com Database systenMySQL is

cooperating with almost each unix and Windows systems. It uses GNU/GPL license for free usage.

2.3.3 Hypertext Markup Language: HTML

The Hyper TexMarkup Language is the standard language for creating web sites and web
applications first released in 28. It is the first building block of every website. HTML files are
opened through a web browser, which will parse and show the website following the standards
pre-defined rules. We choose the latest version of the language HTML5 which is well supported

aaoss all major browsers. HTML is responsible for the content of a website.



2.3.4 Client-side scripting language - JavaScript

JavaScript is an interpreted, object oriented dynamic scripting language parsed ahy run
the web browserX /3[+ (]E+3 E o0 5.°AloAgsidgwHTNIG and CSS JavaScript is one of the
core technologies required to build a website or web application. JavaScript enables simple HTML
web pages to be more dynamic. Paired withagpropriatelydesigned backend, one can make a

single site apptation, which only updates parts of the page to show new content

2.3.5 Styling sheets: CSS

Cascading style sheet is as styling language. It helps us to make the design of the website. It
means that it makes all data representation ocli@nt side for nicevziew for the users and hosts
on the website. This document includes all the style of the page and how should elements be

seen. This division helps the site make the unique view.

2.3.6 Server Distribution Apache

Apache is a free webserver released in 1995. Ap&pepular and is estimated to be running
on 39% of all webservers. Most @ users run it on the Linux Operating System but Apache
supportsWindows anda wide range of Unix like systems. Earlier versions supported a lot more
Operating Systems,but support was cut for them. The Apache webserver is designed to be
extended through modules, which cleardgparatesits core purpose from other tasks it may be
required to complete. We specifically used the PHP and MySQL apache modules to get PHP

scripting anddatabase connection capabilities in PHP.

2.3.7 Developping platform Arduino Uno R3

Arduino Unois asingle boardmicrocontroller based on the ATmega328P. It has 14 digital
input/output pins (of which 6 can be used as PWM outputs), 6 analogy inputs, a 16 MHz quartz
crystal, a USB connection, a power jack, an ICSP header and a reset button. It contains everything
needed to support the microcontroller; simply connect it to a computer with a USB cable or power
it with a ACto-DC adapter or battery to get started. You can tinker with your UNO without
worrying too much about doing something wrong, worst case scenario goueplace the chip
for a few dollars and start over agaifhe Arduino family of single board microcontrollers are an
LGPL licensed opewource hardware and software stack developed by Arduino LLC. The boards

are manufactured by Arduino SRL. The premise of this company was to make cheap and open



microcontrollers. The hardware reference designs aaailable only, subject to the Creative

Commons Attribution Sharélike license.

2.3.8 Programming language Wiring (C++)

Wiring is an opersource programming framework for microcontrollers. Wiring allows
writing crossplatform software to control devices attached to a wide range of microcontroller
boards to create all kinds of creative coding, interactive objects, spaces or physical experiences.
The framework is thoughtfully created with designers and artists in mind to enceugag
community where beginners through experts from around the world share ideas, knowledge and
their collective experience. There are thousands of students, artists, designers, researchers, and

hobbyists who use Wiring for learning, prototyping, and fiegsiprofessional work production.

2.3.9 Programming language C++

C++ is a lovlevel multi paradigm programming language designed in 1985. Detpitather

old age the language still sees a lot of use cases. C++ is a compiled language, which means that in
contrast to JavaScript for example, the code is not understood by the machine lilreebgs it is
running, but it is transformed into a machine runnable binary file. This has the advantage of
blazing fastspeeds butbrings some disadvantages with it too. Fexample,a C++ program
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work without changes. This is the same with CPU architectures. C++ was used wAildluiveos
AVR GCC stack, and tteosenlibraries,but the application code is C stylgrocedural).

2.3.10 RFID Technology

Radio Frequency Identification (RFID) is an automated identification technology that uses
tags to transmit data upon RFID reader queries. In another word, RFID is the wialesmntact
use of radiefrequency electromagnetic fields to transfer data for the purposes of automatically
identifying and tracking tags attached to assets (Jin Li, Cheng Tao, 2006). There exist RFID
technologies of different categories based on theipaeity. Even if they are different in system or
categories, they all are based on same fundamental principle where the attribution of unique

physical goods can be easily transposed to the computer system (Fabian Ropraz, 2008).



2.4 Financial Analysis

A quickSWOT analysis of our project yields the following important financial attributes

Strengths Weaknesses Opportunities Threats
Cheap, well Lack of prebuilt units ¢ Welldefined market Convincing large
implemented solution our solution. niche consultancies to use
our solution may be
hard
dZ u]lv]Jupu pn P S }( S$Z]e c}ousS]}v ] E&}upv ihn; (}E& SZ o]
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shipment cost on the parts totals to aboudti Jas of the time of writing. Bewise of the DIY nature

of our solution, owning any of the parts brings the cost down.
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this project it could run just as a virtual server on the school server. Inatbie above you could

see the prices and the conclusion of them.

Item Price
Arduino uno R3 20+,
Ethernet shield 2 21,505 |
RFID reader 6,1
Arduino adapter 9V 3,505 |
Network UTP cabling RJ45 0,50; |
Breadboard 81
Wood casing 10
Finalprice 69,50; |

The solutions on the market are mostly much more expensive because they are made as a

complete solution with all room tracking system where the administrator could exactly see



everything. From the door opened, up to person who used code, RFID tag omoocapert it. But

§Z]e cjousSJ}jvv e u}lE& SZ v iil} (}& %%o0C]JvP ]§ ¢« & o0 *C*S u

unpractical is needed. In the school, there is no need to see which room has been opened and you
}v[S v §} « AZ} v3 E a4 dould be &Edn as an GPDR thread for people and

the freedom of move. Yes, sometimes it could be good to use the electromagnetic locking for

doors for easier opening, but it cost a lot. When we take the count of rooms in the school and

number of doors ad locks which we will need for project like this, we will consider, that is
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need then going for a key and he or she will use a simple car to open eachnitiopproval of

the system. But this is not real for now because of the price.



3 Practical part

For logging and the security of the keys, we used RFID cards which when registered with the
server, will open the door and append metadata aftegistration to the borrowing or return such
as the name of the card owner, the date and time when the action happened, which key was
taken or put back. If an unauthenticated user tries to open the door the server will simply deny

access, but no logging sfich an event will take place.

For this to work out we had to make owrduino a viable terminal for simple, secure
communication with the server. This means that even if the communication between the terminal
and the server is understood by a third partyshould not be possible to open the door without
the « E Ac@Edent.

But this only delegatethe problem, not fixes it. Evethough the Arduino is safe from
tempering this way, the server still has to be secured, because now the server is the sole
authenticator of the system. For this we preparedsessionaluser login system for the web
application and all operations on the server side require this authenticated session. To further
mitigate threats, we also prepared the web app against SQL injectioimerabilities with the
mysqli_escape family of PHP functions. This is a pretty common and widely used technique to

secure a database.

Now that our modules for the project was done and secured against potential threats, we had to
make it functioral as aunit. To do this we had to make tiaduinocommunicate with the server.
For this we choose to communicate over ethernet cables and the standard HTTP 1.1 protocol. This

came with a lot of pros thatutweighedthe cons, for example
1. The server alreadyas designed for this, and was fast to speak this protocol
2. The HTTP iswell-establishedprotocol used all over the web and beyond

3. The PHP programming language has built in language constructs to help parse HTTP data
(POST and GET data) easily

So,we had to implement a simple version of the HTTP protocol onAttiing these mostly
consisted of data sending and reading responses back. After wthididve had to decide the
data, the order of sending said data and what communication should happtemeen the server

and the terminal. We settled on the following steps:
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1. TheArduinogets an RFID card, reads it, makes a connection to the server and sends the

cards ID to the server

2. dZ « EAE Z |+ §Z (s dptaldase Bf duthénticatedle v J( ]S[* (}puv ]
responses 1t open the door- or O t to keep the door closed If the response is O the

connection is closed and we are back to waiting for cards

3. If the response was a 1 therduinoopens the door and waits for a key to be taken or put
back to place. The user has mdlefinite time for this which can be changed thugh the
« E Atieput configuration. When a key is put back a positive integer, represeiting
%o O ]Jlv §Z o0} § (E}lu o (S 8§} E]PZSU §}% S} }SS}u ]e e« vS§

same number is sent with a negative sign.

4. The server getds number representing the key and the action, closes the connection with
the Arduino v} ¢ ]8[¢ }}Il %]vP }( 8Z | CeX /3 o0} p% 35 « A

the web interface

3.1 Electronics
The PCB we used was the Arduino Uno R3 microcontroller whigta HB6SMHz 8bit CPU
which was equipped with a W1500 Etherrdicro SD card reader combo shield. We omitted the
use of the SD card and disable it while running our client software. Usimgltgplexer,we also
added an RFID reader to tieduino,but this came with a downside: atteme, we could only use
the ethernet shield focommunication} & §Z ZzZ&/ & E (}& P SSturRinto& <X dZ
problem because of our one time use for the RFID reader which happens at the beginning of our

transaction process.

The design of the PCB for theduinocan be seen on Attachment 1 and 2 on page 13

3.2 Programs

We developed and connected 5 modules for this project

For the arduino these were:
X A module to set up the ethernet shield for HTTP protocokstginnection over the wire
X u} po 8} & §8Z | [ }( Z2&/ | G-

On the server side we developed:

11



X A module to make Session badedins andnade all server sidkinctionality check for this

session before any action.
X A module to put into andetrieve data fromthe MySQL database
X A module that can query the database and show the results irtieal

These modules were connected through Ethernet cables on the hardware, and the HTTP 1.1

protocol on the softwardayer.

Kv oA Eo]v }( } 38Z 8 u }us8 }( ul]e }uupv] 8]}v A « 87

number. We made our Proof Of Concept to have keys numbered in a 4X4 row like the fallowing

1 5 9 13
2 6 10 14
3 7 11 15
4 8 12 16

This iscalled a Column Major matrix, but on the software side, we agreed on a Row Major matrix

which looks like the following

1 2 3 4
5 6 7 8
9 10 11 12
13 14 15 16

To overcome this limitation without having to take our closet apart, we come up with the

following clever line of array indexing code:

int table[] { 0, 4, 8, 12, 1, 5, 9, 13, 2, 6, 10, 14, 3, 7, 11,
15};

int result = table[changedHolder];

12



changedHolder here is the number of the key holder that had a key
taken or returned, and the table array is a lookup table for
converting this 4X4 column major matrix into a 4x4 row major

matrix.

3.2.1 Web user interface and processing data

First and one of the most importathingsof this part was to create an Ul and the layout of
the application, then we have to decide which backend will we use. We were thinking about the
way how and by which language should we createhalldtuff. We managed, that the best way for
the project would be combination of PHP and the MySQL database. PHP was the only option
because Arduino could understand and communicate just with this one language. The main part of

the Ul was created by HTMLSE and partly by JavaScript and jQuery library

3.2.1.1 HTML, CSS and JavaScript

dZ u ]v }udS%pud }( 3Z % E}i § & ]e}v 8Z A ]38 X &}E 3Z]
used any of CMS (Content Management System) but we have decided to use our knowledge of
creating and managing websites. For the design and all this stuff, we have used two column model
with a side menu bar and the layering messages. We have styled our own buttons and the color

schema of the page. As the main output we are using a simple table.

Id (count) Room Teacher Borrow time Return time

1 28b v} & “1) 21.2.2019 12:32:02 | 21.2.2019 13:23:13

Tablel Example for web outputporter

Id (count) | Room Tag Teacher | Tag Borrow time | Return time
1 28b 124594561 | Janko 12adel1586| 21.2.2019 21.2.2019
,E “I} 12:32:02 13:23:13

Table2 Example for web output Administrator

For a dynamic point of the website we have used several jQuery and JavaScript functions.
One of the is used for showing the layer messages, the second one is used for opening the menu.

Other functions are used for interactivity and the intuitiveness ofedsite.

13



We have also a special function for displaying the names as a search engine. It is connected
with PHP which is responsible for searching data match in a database and then display it on the

screen if there is a match.

3.2.1.2 Color, shapes and logo
Our main idea wasimple we wanted just easy and simply made output. But during the time
we considered to change the point of view and we decided to make it more complex and unique.

This was also the reason of the project future use as a real system planved.

We have made our custom color scheme via online [t@alw.color.adobe.corwhere we

made a color triad.

The second important thing for making a unique system was to have our own logo so we

made one. Thdiggest inspiration comes by a website with a lot of free ipemsv.freepik.con

Then we considered to make our own with an open source software Inkscape. For the descriptive

o}P} A zZ A ATE % Z@P o W BEEIABZ + ve }( 3Z % E}i

Picturel System logo

3.2.2 Creating program part of the software

3.2.2.1 Algoritmi zation

Whenwe werewriting the code, we tried to follow all applicable standards and rules for
writing semantic and syntactically correct code. In the case of testing, we first focused on various
errors and different ways of capturing data. We followed the unwritten ruledis first", which
should provide the system with faster interaction and error checking. To prevent MySQL injection

attack, we used the best available solutions for our code writing method.

14
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3.2.2.2 Web server side

All data thatwhich are theoutput from a webapplicationwas previously processed on the
server side by the PHP programming language. It takes care of the entire backend anddreceive
tags when attached to an RFID reader. PHP can select data from a database based on certain
requests that are later wrigin to the screen by the echo () command. The most common function
for linking and retrieving data from a database was just the mysqli_query() function, which

uploaded the necessary data from the database.

In the SQL language, we mainly worked with theec@n of specific data (table rows)
through SELECT, where we often determined specific parameters using WHERE, AND, OR, IS,
LIMIT.

3.2.2.3 Database structure

The structure of the database, ie individual tables, was divided according to the type of
stored data. We have created several tables for functionality and complexity of the solution. In
borrowing, we chose to link relational databases of teachers and keys to the structure of m: n,

which helped us to simplify saving and pairing of individual data.

Variable name Id Name Surname Tag
Variable type Integer Varchar Varchar Varchar
d uqlEntity-relational diagram teachers

Variable name Id Name Tag
Variable type Integer Varchar Varchar

d p g% Entityrelational diagramtrooms

Variable name

Id_Teacher

Id_Room

Borrowing time

Returning time

Variable type

Integer

Varchar

Varchar

Varchar

d U g2 Entityrelational diagram Borrowings
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Variable Id Name Surname Username Mail Password Rights | Last
name Login
Variable Integer | Varchar | Varchar Varchar Varchar | Varchar | Integer| Bigint
type

d p g3 Entityrelational diagram- Login data

The most important part was to determine whictlata would be served as unique
identifiers. In the key and teacher table, there are individual "id_name" columns that may not be
repeated in the table. In the borrowed key table, in addition to the teacher id and key, the
borrowing time is also given asdlprimary key. This is so that the key can beimetagainafter

new borrowing.

3.2.2.4 System Login
The basis of the whole system is the possibility of its use only after login. The system itself is
built on the levels of user rights, that is, depending on wtledtiisgs the user is allowed to. We

have chosen a simple but clear look for thginform.

In the progranside weare using storing the data abousersinto SessionsThere we store
username, id, and user rights to the SESSION variable, which helps us display specific data for

different levels.

Also, the hash () function is used for increased security, which creates a digital fingerprint
from the specified password, and even if ataak was created on the database, the attacker

would not get access to the passwords.

The functionality is based on the isset() function, which examines the status of the button. If
Log in has been pushed, the script will test if the fields have beed fiilaf not, it will go back to
the blank login form. In the case of incorrect logins, the program will also return an attempt to log

in to the login page.

16



3.2.2.5 User levels
The Key Loan Application offers 2 user levels. The first is Administrator. In additio®
standard features available to the user, the user can add and delete records from the system if

something has gone wrong with the previous chip or has been lost.

In the table there is a "rights" column for the user, which defines what data the heser
access to. If it contains "1" in it, then it has access to everything, if it is "2", the user does not have

any additional functionality.

A standard user (doorman) can view records that have been created based on name, time,
or date that have not yebeen returned. It can also create manual borrowing records. returning

the key to the gatehouse but does not have other options.

3.2.2.6 Manual record s

Our program also offersreatingmanual record. In practice, this means that in the event of
a readerfailure, the application can still be used and there is no need to wait for the error to be
corrected. The doorman, a common user of this system, simply enters the name and the number
of the room to which the key is borrowed, respectively. only the roormber is returned and

only the system itself will take care of the rest

After the programming page, it is solved through PHP as most applications. When borrowing
the system checks whether the key is no longer borrowed, which may become inconsistency of the
doorman, that the given return and the system still records it as borrowed even if the key is
already physically at the gatehouse. If it finds that the key has not yet been returned, a window
will pop up informing the concierge about who borrowed it aridi needs to be registered in the

system, click the link that directs it to return.

The system works similarly for returning keys. It also checks if the key has been retuitned, if
was,the message pops up and the problem is only on the side of the doorman, who should check

the keysin the closet.

3.3 Mechanical

The casing was built out ofoed. It has dedicated space for theduinoinside it, with holes
cut out for the 1/0O ports. Unlike thérduinothe RFID reader is exposed on the outside of the

casing. The microswitches reside inside the wooden case in a 4 by 4 table.

17



You can see a photaf the casing from behind in Attachment 3 on page 14 and built up on

Attachment 4 on page 15

3.4 Testing

Testing the project was pretty simple in our case. After we built our Pobdfoncept
software and hardwaremplementations,we simply did sone-time setup. Parts of the Proaff

Concept were debugged with logs and printing.
Our setup consisted of the following steps:
1. Grabbed a pair of keys afFIDcards
2. Added one user to the server software
3. Added one of the RFID cards as Aanficated to the server software
4. Added the two keys with a random room number to be tracked
5. Logged in with the newly created user

After we set up our solution we coughsilytest right away. We checked the authentication of
the cards by checking if the doopenedfor the right RFID card and stayed closed for the other.
We checked the tracking of keys by borrowing or putting back keys and checking if the web

interface showedur changes or not.

The only way we limit the usage of our solution is that after every successful door opening only
one borrowing or return can be made and the closet has to be closed, otherwise all subsequent
borrowing or returns will be made by the nanw the opener. This is of course completely
}%3]}v o v uC v}s Av v U]lv AZ] Z ¢ JuUE % (Bhsers } ov]

with any rule.
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4 Conclusion
Our project was successfdespite all the communication, technical and implementation

difficultieswe faced. We plan on cleaning up our code together sometime in the future.

My opinion on this project is not the most positive offdere were many communication
issuesover the Internet communicatiorl. can say the same, that my partn&kexwas prepared,
and he has all the needed knowledge for both parts of the project but then comes many problems
during testing. We had to change many thiragsl lines of codéo work as a unitMy opinion on
Alex istherefore positive he knew all the things and helped me with such issues in my code which
was not working properly, but in the conclusion we made it. And now, | can say that the project

itself is fully functional and has much more abilities than it wéd to have.~ E ]l d |

My opinionon E]I d | A « E obeSpitehpvirg]omé communication problems
and misunderstandirgwith each otherthorough written mediums, working with him in person
was a really smooth experience. He was well predaopenrminded for the project, he helped
with a lot of misunderstandings related to our project. Cooperating with someone over such a
PE 3§ ]85 v A «v[3 A]3Z}pus}o-védiy REWovk our projects play together,
so the limited time wegot to work together was all we had for making it or breaking it. | have to
acknowledge my partnergreparation hard work and personality which was probably the biggest

factor in finishing this project and making it look as polished as(Aiex* &)
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What can be improved

x We could have used another ethernet shield that «u have a micreSD card reader or

we could find a use case for the reader on the ethernet shield as for now it is wasted.

x In case of a biggekrduinoboard, we could use a TLS based HTTPS instead of HTTP but this
only makes the sent data readable, becauseltbard }JvoC }vv 3§« 3} 3Z « EA EU

receiveand process data from any other host.

x As pointed out in 3.2 we nmewired the microswitches ahhad to use a Look up table to

use the original layout we talked out in advance.

x We can improve security issues in the software part such as using if€ad of
mysqli_prepared_statements to provide much more secure system with all the

vulnerabilitiesfor the bigger sectors than just schools

x There is also possibility to change the UX and add the teacher login side where teachers

could see which keys do they have to give back

20
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7 Attachments

Attachment A - PCB of theproject

Picture2 PCB of the system
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Attachment B - PCBunit of the project

Picture3 PCB unit
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Attachment C - Closet of the project

Picture4 Closet of the project for storing the keys
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Attachment D - Inside of the project closet

Picture5 Wiring of the system
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Attachment E - Logical model of the MySQLdatabase

Picture6 Logical databse model

Attachment F- Main website view

Picture7 Main Web Outpuscreen
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Attachment G- Main file structure

Picture8 Main file structure
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1 Introduction

My project is about Lixie clock. This clock is modern version of Nixie clock. They can show you
time, date or temperature. But our clock show only time. When you want to have a modern home,
you must have this clock. And whyhose this project? | wanted meet new people, visit new
place, learn something new. And | like things like this cloekich are lighting and which are

beautiful.



2 Theoretical part

Lixieworks by shining light through the edge of a clear acrylic. When the light hits an engraving or
edge, it scatters in a different direction, and lands in your eye! This allows the flat surfaces of the
acrylic to stay clear, and have only edges light uphgat ten pieces in a stack, each marked with

a different number €, and you can show each number individually, on a clear surface!

2.1 Market analysis

zZ}pu v uC o]A&] o}l }v 82z ]Jvs CEv § ~ di"eX dZ C Z A Jv o
anything. Butn my opinion it is too expensive. When you do it yourself, you spend some time
with work on this, but it is cheaper. And when you do it yourself, you must understand what you

JU 3} 1(8Z C }v[8 AJEI Clu Vv E % ]E ]3X D Gstitkg @ddks dntkeeA EC

internet. The lixie clock on the internet look like this picture:



Qur clock is on other picture:
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have wooden box. The box is plastic.

2.2 Technical analysis

Lixie works by shining light through the edge of a clear acrylic. When the light hits an engraving or
edge, it scatters in different direction, and lands in your eye! This allows the flat surfaces of the
acrylic to stay clear, and have only edges light up! Now put ten pieces in a stack, each marked with

a different number €, and you can show each number individually, orearcsurface!

To control the Lixie Clock we used a rather common ATmega32 microprocessor.

It sends a signal in the A, B, C, D code to then separate coders make itrsigniaés 0, 1, 2, 3, 4,

5,6,7,8,9 which causes the given plate to ileminated.



A clipping from the Atmega32 Atmel system catalog, which was chosen for the performance of our

task due to its parameters

Drawing showing the microprocessor lead layout. We connected the BCD decoders to 1 out of 10
to the PA, PB and PCrpm The control panel and the RTC module communicating vi#@sus

were connected to the PD port.



A drawing showing the microprocessor layout. It has been programmed in an external
programmer with the code written and compiled in tBascomAVR software

The outputs of the ABCD coder are connected to the outputs PB, PA, and then to the appropriate
leds.

The outputs of PC-8 are set to: min, h, days, months.
PD6 PD7 outputs are the ability to connect thermometers.
with PD4PD5 outputsthe time module (DS1307US2) is connected.

outputs from PC4 to PC7 are shown next it, °c

The appearance of the printed circuit board before assembly. The plate was milled and drilled on a
CNC milling machine.



System RTRealtime clock)

The appearance of the module with visible battery and layout side. it is necessary to carry
out information about time, date, etc. during power supply decay. According to the
producer, it is enough for a few years of work of our clookaddition to the RTC chip,
AT24xx chip is available for storing data during main power Brag. gives you another
opportunity to expand our construction.



RealTime Clock RTCan element of computer systems used for counting down thegardless of

the state of the machine (work, blocking, switching off), it is mounted on almost all personal
computers, servers and many embedded systems, PLC controllers.

On the market of this type of clock there is quite a long time. It was not a lomg since the
invention of the LED.

The only problem for beginner is DIY enthusiasts, but it occurs in both clocks is to design and turn
the control board

However, you can do it yourself on free applications, just as it was in our case.

When aspecial tile (covered on one side with copper) was already prepared, the minimal grooves
were cut out in the school wreck which insulated the pldieen holes were drilled to connect the

components.

2.3 Used Technologies

The programs used to create thegpect:
-ExpressPCBa PCB design program on which all control elements are embedded

-cad- was designegch

Fragment of pckgcode.docx
The vector bit has been processed on the next Vcarve programama& which then control the

cnc machindocated in our school



pcb visualization

The board was milled on a CNC machine using a 30 degree milling, taéterhole milling took
about 3 hours and was repeated to improve the quality of the cutter.

After milling the paths, the millingutter was replaced with a drill bit 0.8mm in diameter, with all
holes drilled



A fragment of the bascom code to control the clock

Aafter installing, assembling and connecting elements, we connected the system to the LCD
display to checkhe correctness of connections and program operation



in the picture next you can see th
connected control boards an
encoders along with the LEQO
illuminating the plates with
numbers

At the joint meeting, together with my project participant, | joined and put a stop to the
arrangement on thé_.EDs



the program worked correctly and
allows setting hours and minutes.

then all the encoders from the
large plate were transferred to ong
small plate

2.4 Financial Analysis
| was writing about this in 2.1. In my opinion this clock is megensive, when you buy it on

internet. The most expensive were the numbers, but if you can do the numbers yourself, it is cost
only your time. The other things are very cheap. The LEDs and the resistors are cost a few cents for

example.



3 Practical prt

3.1 Electronics
We used 7 PCB5 numbers and 2 for control time. First is for ATmega and battery. The second is
for encoders, which connect the numbers with ATmega. The others PCB are for the numbers.

There are LEDs, which lighting under numbExsery number have 3 LEDs.

KULE o} | }v[§ e ve A op e+ (E}u VA]J]E}vu vsU ue A Z A }voC

for temperature too, they will by sense temperature from enviroment.
Our clock is powered with 230V, but ATmega need battery too.

3.2 Programs
The program code @rks as follows:

N

Reading RTC

Reading RTC

Data conversion
and transfer of
information to

the outputs

Setting a new
time / date

Save settings in
RTC




3.3 Mechanical

dZ vpu @Ee« ] (}E ps 3Z }Iu% vC (E}u <}“] X u8 8Z }AEU Az ¢
things did we. We used white wooden desk. We cut it on 2 pieces. We put the smaller desk on
bigger desk. In bigger desk is one big hole, whereP&Bs with LEDs. In smaller desk are 5 holes

for plate with numbers. In every hole are 10 plates. The holes are enough big for these 10 plates

v §Z C }v[S (ooX dzZ }SZ EW - & Zlv ]85 ]Jv *u 00 o | }AX

3.4 Testing
When we was testing our clock fordi time (pictures in 2.3 in the end), every LEDs was lighting

v > U AZ] Z +Z}A 3Ju A ev[§ 0]PZ8]vPX "} A  Z VP %}0o E]
lighting correctly. When we tested it in last week, when we worked on this, we have more
problems. For /E u%o0 U $Z o} | ] v[8 AJEI }EE 380C v 3Z E +}v A
connected. So we did must detect where is problem and repair it. Then the seconds was too fast

and minutes was changes every cca 15 seconds. So we did must repair it too.

4 (onclusion
This project is successful, | think. We did work on it to the end. In the last morning | was thinking

A 1v[8ZA Vv}uPZ SJu (JE& (Iv]*Z 18 us8 A} I8X 7"} 8« e eo(}

me a lot of things. For first time | wasE |]vP }v <}u 8Z]vP A]3Z «}u } CU Az} ]

country. I am not very good in English and my partner too, so sometimes it was hard to

understood each other. But it was very good experience. | met new very good people. | learned
V[ P]JA %o X

| am ganning continue working on this project. | want to edit it because | want to make it more

beautiful and better.

5 References
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1 Introduction

In this project we had to create locking mechanism using RFID technology, which uses electromagnetic field
to identify objects. This way we can uniquely identify users and grant access ex. to room or ngtdmasin

user.

RFIDIock is simple mechanism that releases electromagnet in electromagnetic lock which allows to open
doors after RFID tag gets close to RFID reader, if the tag is entered into system.

That means, that everyone can implement this techniquacaifessing roomer houses in cheap and easy
way if one knows electronics and programming.

t [A Z}e v 8Z] % E}i 3U fpwe ¢an Yise%biEoursijesowith experience we gain in the
project and because it uses quite new technology iving touchlessccess to different places.



2 Theoretical part
2.1 Market analysis

In the market you can find many similar solutions. It is because the technology to open locks by cards
or tags | so ppular. Most of he entry doors to block of flats use that technology.

dZ ]+ A VS P e« }(JUE % E}i 8§ E }( IHE* 53Z %E] U v ]I X « A
to mass produce the electronic parts and assembly machines our solutiorthe dagger sideThe price
also comes through the quantity of essential components. As a single component the price is much higher

than a masgroducing company would buy.
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adding or removing tags or cards). Another advantage is that we include LCD display and you can see what

you are supposed to do.



2.2 Technical analysis

The project shut work as naral lock that ya can find in entrance doors to block of flats or offices. The
function is you use your card or tag and the door will open. We improve this with the possibility of
selecting one card and by that card you can easily manage other cardsg/a€ediaving). The system we

designed for few users like fromt120 users. That is because adding like 200 users will be uncomfortable.

KUE % E}i S }ve]eSe }( R % &} e<<}E& & p]v} hviu > ]+ %RCEG2)5,1Z28 Z G
real time clocTiny RTC I2Cadule), solenoid (12V), external power supply (12V), bipolar transistor NPN
(BD139) and LED diode indication.



Solenoid Reference 2

Solenoid is the generic term for a coil ofevused as an ettromagnet. It also refers to any device that
converts electrical energy to mechanical energy using a solenoid. The device creates a magnetic field from
electric current and uses the magnetic field to create linear motion. Common apptisadf solenoids

are to power a switch, like the starter in an automobile, or a valve, such as in a sprinkler system.

How a Solenoid Works

A solenoid is a coil of wire in a corkscrew shape wrapped around a piston, often made of iron. As in all
electromagets, a magnetidield is created when an electric current passes through the wire.

Electromagnets have an advantage over permanent magnets in that they can be switched on and off by the
application or removal of the electric current, which is what makesit useful as sitches and valves and

allows them to be entirely automated.

Like all magnets, the magnetic field of an activated solenoid has positive and negative poles that will
attract or repel material sensitive to magnets. In a solenoid, the elecgnatic field cases the piston to

either move backward or forward, which is how motion is created by a solenoid coil.

Reference 1



2.3 Used Technologies
t [A pe & uplv} hv} Al§Z z&/ E lockEOnthe@gramshing side we had to use

Clanguage used by Arduino and a few libraries: RTC library for real time clock, SPI (Serial Peripheral
Interface) library for communication, MFRC522 library for RFID reader and Liquid Crystal for handling LCD.
Because of the typ of Arduino, we used, it was challenging to create compact and fully functioning

program, but after two meetings software and hardware part worked just fine.

2.4 Financial Analysis

SWOT Analysis
Strengths

1 Our project is very compact
1 Simple but effetive solution
f hv]au JVPIE u}AJvP C "D 8 E & ~

Weaknesses

1 Cost per unit
Tt Possible low production rate

Opportunities

1 Future improvement
1 Expansion

Threats

T Bigger cost than companies from China
T Finger print scanner instead BFID

Comparisn
| will compare our project t\GPtEK RFID Home SecuritytK#t | find on Amazon (reference no. 3).
Advantages of our solution:

1 Cheaper
¥ You can have more than 10 tags
¥ More compact

Disadvantages of our solution:

¥ Less secure
¥ Moretime to preparethe lock (building and programing process)



3 Practical part

3.1 Electronics

Transistor as a Switch

dZ SE ve]*S}E ] u- He 8Z e<}o v}] Jeils v 8Z @& uplv} v[8 Z A
use transistor to swith on/off the sdenoid. For this purpose, we use BD193. It is bipolar transistor type

NPN. When logical 1 is the output of the Arduino the transistor is saturated, and the lock can be opened.
When logical 0 is the output of the Arduino the transistor isaffiand thelo |  v[$§ }% v X

Reference 4

LCD display
For communication with user we decided to use basic liguydtal display.

DB4DB7: Those are data bus line.

Pin LED+ and LED: Those are used for lighting the display up.
E: Chip enablsignal

6 EH H>L Chip enable

signal RS: Instruction code

R/W: Read/Write mode



RFID RC 552

Main purpose of our project is to open lock with RFID cards/tags, so we must have some RFID reader. Radio
Frequency ldentication (RFIDis normally used to read information stored on special cards/tags. Tags can

be read over some thin objects. That is useful for us because we can hide it in our case with all electronic
parts. Our readeReads / Writes at the clock 13.56MHz. It uses SPI protocol to communicate with

Arduino. The benefits of this reader are low cost and low voltage. It only uses 3.3V from Arduino.

Reference 5



3.2 Programs

After turning the syste on, we are astd to add a Master TagRFID tag, which will be administrating all other

tags. When it gets close to reader, system switches to programming mode and expects new tag to get close to
reader. After that happens, newly registered tag will barged access &ir it gets close to reader. If the system

]* v % E}PE uu]vP u} v 0o0E C & P]*SE& S PPSe o0} 8§} CE EU ]S§
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Ou of programmingmode, program listens for new tags getting close to reader and when that happens, it
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else it is denied and red LED lights uprthéhis way, we }v[S «S}E& VvC § }use] sSzZ & pjv}
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We also used Real Time Clock, which allows us to show actual date and time onpthg, dihien the
system listens to any incoming tags and nothing happens. If the project gets developed further, after

switching to bigger Arduino, it is possible to store information about users and history of grants and denies
of access with timestamp.

Fbwchart (Attachnent 2)



3.3 Mechanical
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attachment 1). Inside jamb created from post there is place, wherdrel®agnet is moated and

jammed. Latch has been made of spring, small screw and small steel washer keeping it all together.
3.4 Testing

At the beginning, we were testing only if the program works correttly A E v[§ pe]JvP o SE}u Pv
lock, justLCD, LEDs andaifurse RFID reader. When we started with the code, there were some small
mistakes, that we had to find, so we tested everything line after line. After hours of testing, debugging and

correcting the code, all started to work as we wangace the beginimg.

In the next meeting session, we focused on making the circuit for electromagnet and testing it. We had to
power electromagnet up with 12 V power supply, so we had to use transistors and relay the opening signal
from Arduino to electrmmagnet as 12 \After that was working fine, all we had to do was recreate the

circuit, as using contact plate is not very durable, and mount everything togeeatrthe electromagnet

and box with electronics in place.



4 Conclusion

We find the project successful and we have learned a lot working together.

Patryk Bojczuk:
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| think, in the future project cabe extended, usig Arduino with more memory, we could create access

logging (ex. if someone gets access to the door or not, it will be logged in file with current timestamp

V Z&/ & P[s pv]cp ] VEI(] &+ V %}e+] 10]5C $lafiomonwsiZpagt} E A] % Z}

| think that our teamwork has been successful, we split a work between us both, so we had been working
most of the time. The big limitation was a time. We must have some changes in design because of the
time. | think

10
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6 Attachments

6.1 Attachment 1

Grey area is where electromagnet is placed, and circle is a simple handle.

12



6.2 Attachment 2

13
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1 Introduction
The project that we chose is a solar tracker. We both chose the project for the same reason

and that reason is the fact that we are both interested in renewable sources of energy. The
main benefit of solar trackers is significantly higher performance lafr gmnels. In a world

that gets more polluted day by day this can be very important. More efficient solar panels
mean that we can fit more solar panels on a smaller surface or fit the same amount of solar
panels on the same surface but instead generatgarpower. The world is moving more and
more towards renewable sources of energy and making all sources of renewable energy more

efficient is a crucial step towards a cleaner, pollution free future.

As we can see on the graph belowsdadar panel that is mounted csome kind of aolar tracker (in
this case biaxial servo system) generates a notably higher amount of electricity, thus making it more

efficient.

Picturel: Solar tracker effiency graph



2 Theoretical part

2.1 Market andysis
There are a lot of different versions of this project on the current market. They are mostly

different in dimensions, amount of produced energy, ways to follow the sun, and finally of
course the ost. Solar panels with solar tracking capabilities are definitely better than solar
panels without any kind of tracking, because the ability to track the sun maximizes its potential

of produced energy. It can, and it is normally used in renewable way®thupe energy.

Picture 2: dual axis solar sun used normally.

Picture2: Solar trackers
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Picture3: 2 Axis Solar tracker



It has an astronomic tracking algorithm with precision of 0,5 degrees; all types of CPV usage

including round parabolic, but mainly attended for 3 flat solar panelst time clock & date;

setting, monitoring, upgrading, controlling & driving via PC and more.

Our project should be 3printed in as good quality as possible, and then be put up all together

with the rest of parts, which are:

- an Arduino (we used Arduino Mega),

Picture4: Arduino Mega

Microcontrdler Atmega2560 Flash Memory 256 KB of which 8 KB us¢
by bootloader

Operating Voltage 5V SRAM 8 KB
Input Voltage 7-12V EEPROM 4 KB
(recommended)
Input Voltage (limit) 6-20V Clock Speed 16 MHz
Digital I/O Pins 54 (of which 15 provide JLED_BUILTIN 13

PWM output)
Analog Input Pins 16 Lenght 101.52 mm
DC Current per 1/0 Pin 20mA Width 53.3 mm
DC Current for 3.3V Pin 50mA Weight 379




2 servo motors (SG90),

Pictureb: SG90 Servo motor

4 LDRs,

Picture6: Photoresistor

4x10k UHVLVWRU

Heigth 32 mm
Width 12 mm
Lenght 32 mm
Speed (sec) 0.1
Torque (kecm) 2.5
Weight (g) 14.7
—
Voltage 4.8-6
Number of Pins 2
Light Resistance 10-20k Ohm
Dark Resistance >1M Ohm
Lead Spacing IXiN




bluetooth module paired with a phone app,

Picture7: MLTFBTO5 Bluetooth module

Picture8: Blynk app page 1

Standby power consumptionl 90uA400uA

Power input

3.6VteV

Size

43mm x 15mm

Picture9: Blynk app page 2




- acustom made Arduino shield for easier and nicer connections.

Picturel0: Arduino Mega shield

When it is finished, it should calculate from which side the light shines the brightest and
automatically rotate the platform towards it. Also, there is a phone @ppontrol the whole

sun tracker via Bluetooth.

However, in comparison to normal sun trackers that are currently out on the market, our
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there is no need for the solar panel to even be attached to it.

The project serves as a demonstration piece, a small model/toy that shows how the real things
work. Bigger and morexpensive solar trackers usually also have higher quality parts so they

can be more accurate.

Because we used servo motors in this project, the tracker was originally limited to 180 degree
horizontal motion, but that was quickly fixed with some softwareks. The cables that attach
the 4 LDRs to the Arduino also needed to be really soft, because otherwise they could put too

much strain on the servo motors, which are quite cheap.



Picturell: Solar tracker in progress

2.3 UsedTechnologies
- 3D printer: We printed most of this solar tracker. Most of the parts that we needed

were printed on an XYZ da Vinci 1.0 A. This process was really long since obviously 3D
printers take some time to print things so every part needed some hiuiog fully 3D

printed. The entire thing was printing for almost a whole week.



Picturel2: Printing the main base

- 4 LDRs: We are using 4 LDRs; they are used to measure the light. In the program we
calculate 4 averages (top, bottg left, right) and then move the servo motors according
to the highest average.

- Servo motors: We are using 2 servo motors (one for vertical rotation and the other for
horizontal rotation).

- Bluetooth module: This is used for the communication with the Blyimone app which
can be used to manually control the solar tracker and can also be used to adjust some
settings for the solar tracker.

- Arduino Mega: This is the brain of the project. Everything depends on it. The program is
uploaded onto it. It calculateshere the tracker has to rotate.

- Programming language: The program language we are using is C (in the default Arduino
IDE).

KUE % E}i S }eS§ }us 61} X~ oC ]S vv}i}s E ooC u vC Z
used some of the aapest parts available on the market. Of course it could always be made
more expensive. For example we could use a better 3D printer with a bit more expensive

filament so the 3D printed parts would turn out a little bit nicer and smoother. We could also

8



use higher quality motors or maybe some other modules to increase the accuracy of the final

product. Theoretically, there is no limit on how expensive the project could be.

t §zZ]vl 82 § A V[§ E 00C }u% E }uE % E}i S &tz <+}o E
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market are usually really expensive, big and are made to generate lots of energy, while our

project is just a miniature model to show how solar trackers work

To summarize things up, our solar tracker cannot really be compared to anything else on the

market today because of its small size and low power generating capabilities.

Strengths: This solar tracker is really cheap (in comparison to other big solomidims market
today) and can be placed anywhere. It can also be used as a model to show and explain to

people how some of the 2 axis solar trackers work.

Weaknesses: It is really small and can generate only small amounts of power (not enough to

fully powe itself due to its small platform for solar panels).

W] SuE oW ~}o E "pv



3 Practical part

3.1 Electronics

For sensing the light from the environment we used 4 photoresistors, which are light sensitive
resistors whose resistance decreases as the intensity of light they are exposed to increases.
They are plugged into the first four analog inputs (A0, A1, A20A8)e Arduino Mega. One

leg of the LDR is connected to VCC (5V) and the other leg is connected to the analog input pin

on Arduino. A 10K Ohm resistor is also connected to the same leg and then grounded.

Picturel3: Photoresistors in the tracker Picturel4: LDR schematic

We also used a MEBTOS Bluetooth model paired with the Blynk IoT platform. The module is also
connected to the 5v Arduino power output and off course also grounded. The RX and TX pins of the

module are connected to the Ehd 13 digital output pins on our Arduino.

Please note that the
bluetooth module on the
schematic is HG5, while
we are using MLBT05
bluetooth module on our
shield project

Picturel5: Bluetoothmodule on the Picturel6: Bluetooth module schemati
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The parts that make everyitg move are the two servo motors. They are rotating the platform
with some gears, which are of course 3D printed. They are connected to the VCC (5V) on the

Arduino. The data cables are connected to the 10 and 11 PWD digital output pins.

Picturel?: Servos and gears from the side Picture18: Servos and gear from the front

Picturel9: Servos and gears from the top

Picture20: Servaschematic

11



We made a custom shield to which all of the input and output devices are connected to so
everything looks cleaner and more organized. It is also woehtioning that the cables can

be plugged out in case if any of the parts fail.

Picture21: Our shield for all the connections

Picture22: Shield schematic

12



We also 3D printed a case for the Arduino Mega and the shield to be housed in, mainly for

aesthetic purposes.

Picture23: Case from the front side Picture24: Case from théack side

13



The logic behind the tracker is pretty simple. The Arduino takes the values from the 4
photoresistors andcalculates the top, bottom, left and right averages and then compares

them.

Picture25: The main part of the program
One of the more annoying things here was the fact that the servos only rotate 180 degrees
but we needed the fulB60 degree motion. To achieve that we basically had to check if the

horizontal servo is either at 180 or O degrees and then flip the both vertical and horizontal

servo values if it was.

We also implemented some variables into the program, with which weccatrol the speed
(frequency of comparing the 4 above mentioned averages) and the tolerance of the light

sensitivity via the Bluetooth Blynk app.

14



Speaking of the Bluetooth Blynk app, we can also turn off the automatic tracking and manually

control both d the servos.

tZ vi]S }ue+S8}eelo ESE | EUSZ & ]ev[S uUp ZSZ S v =« 3§}
the solar panel, because the main point of the project is that it has to follow the brightest light
source. Also, there is no point in tewy it with a solar panel, because the project itself is so

small that it would most certainly use up more power than it would actually produce.

The only bigger and more annoying problem that we encountered while testing was a problem
with the HCGO5 Blugooth module that we intended to use in the first place. After a lot of
wasted time trying to get it to work, we decided that it would be easier to test some other
Bluetooth modules. In the end we tried the HM) Bluetooth module and got good results

from ]8X s He 3Z 8 op 8}}8Z u} po A ev[38 AJo o (}JE p-
testing purposes), we ordered a similar module named ML05, which ended up working

perfectly.

When it comes to expectations, we pretty much expected what we got. Thkeraeorks (it
follows the brightest light source just fine), but can sometimes twitch a little bit. It can also
get a little bit confused when the light comes directly form the 180 or O degrees of the
horizontal servo, because it has to flip both servauealin order to get to the other side (the
other 180 degrees) and when the light stays at 180/0 degrees, the solar tracker turns back and
forth. This could be fixed in the case of normal daytime tracking with some programming
tricks, but we ran out of timeMaybe we could divide the functionality of the tracker on two
modes in the blynk app (demo mode and daytime sun following mode, which would only be

0 3} (0]% 3Z A op * }( }SZ 3}(8Z +» EA}e}v % E CU <} §Z

when thesun would be shining from the 180 or O degrees).

15



Picture26: Final product
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4 Conclusion
The project does what we planned for it to do from the beginning. We planned to make a solar

tracker that rotates towards the brightest source of light and it does just that. It would be nice
if it could generate electricity, but sadly we could not achithat on a project of such a small
scale. Given enough resources we could potentially build a tracker that would not include any

Z % 1 % E]vS % ESe }E §Z Z %o *3 ¢ EA} ul}SIEX K( }}
microcontroller for a higher grade deviceZ S Z « S} %0 O Jude] V 3Z [« AZC
decide to make something more robust, we would go with an industrial grade microcontroller.
dZ %Z}S}E ]S} E* & Vv[S §Z % E( § <}opus]}v (}& SE& I]vP §
more accuratehand without any problems with different weather conditions we would have

to use some kind of GPS technology instead of the photoresistors.

In the end, sure it might not generate any electricity at all and it might be made from really
cheap parts, but it aastill always be used as a miniature model, to show how solar trackers
work and to educate people on the importance of renewable sources of energy. It is also really

fun to play around with and it usually quickly gets attention of people that are pabging

t }5Z §Z]vl 8Z § A }lpo Vv[3 % E}(]S (E}u §Z] A] ]Jv VC %o}ee]
no point in developing it further without drastically changing the fundamentals of the tracker.

If we changed out the parts for some more appropriate ortben we could make this idea

profitable. The is always so much more that can be done. We could always make a web
application to see the statistics, maybe control the tracker over the web app from far away,

have a camera on it, to see how it is positonedw A A}po v[$§ §3Z E 38}« 3&Z
]S o(Y us 8Z MHEE vS u EI S o0& C Z - o}s }( P}} SC& | d
points, so we think that no matter what we would do, It would not be worth the time and

energy that would be needed tmake this idea profitable.

The crossorder cooperation was fun in our opinion. We had no trouble with communicating
with each other. It would be nice if we could spend more time in each country, so we could
do more work on the project together. To be hatgwe were running low on time, even if
the project is quite a simple one. However this taught us how to work relatively quickly under

pressure. It showed us the importance of time.

17



We definitely gained some experience with this project, especially wheromes to
}}% E 31}v Al3Z % }%0 (E}u ]J(( & v8 v 8]}ve 3Z 8§ Clup }v]
experience itself is really useful, since the world is becoming more and more connected and a

lot of people these days are deciding to go work abroad.
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5 Sources

5.1 Pictures

Solar tracker efficiency graph
0 |https://www.kiewit.com/plant—insider/currentissue/fixedtilt-vsaxistracker—solar— |

panels]

Solar trackers
0 https://www.solarpowerworldonline.com/2@5/01/solarsensecompletesdevelopment
financing2-15-mw-allearth-solartrackerprojects/
2 Axis Solar tracker
o] |https://www.aseenerqv.com/trackeisuiveupsolaire-2axes,fr,4,TRACKERSPANZA!.cfm
Arduino Mega
o [https://store.arduino.cc/mega?560+3|
Servo motors (SG90)
(o] |https://ixen—robotics.com/product/sq9€micr(}servomotor|
Photoresistor
o [https://www.pcboard.ca/gl5528ight-dependentresistol
MLT-BTO5 Bluetooth module
o0 https://blog.yavilevich.com/2017/03/mHot05-ble-module-a-clone-of-a-clone/
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Introduction

Technological revolution has been here for years now and nowadays, automation is the key
to a successful business. Today, one person is enough where three men were needed in the past.
Rdotic arms, CNC machines and conveyor belts are used very often in various industries. We were
fascinated and curious about how an ordinary sorting machine works and the idea of building one

seemed to be getting stronger and stronger every day.

We liked tre idea of a conveyor belt that would sort objects into containers based on their
physical properties. We also decided that using a programmable logic controller would be our best

choice.

We needed to make our expectations realistic and think about someepties we need to
agree to before starting to work on it. We decided that we want the machine to be compact,
visually elegant and fully automatic. It has to be connected to the PLC by a connector and
controlling should be user friendly. Also, parametefrsh@ sorting process are adjustable and

although, the machine will be complicated, it will look simple to an ordinary user.

We also decided to print most of the parts on the 3D printer using PLA material. This is
supposed to increase the accuracy and mien of all the homeanade parts, lower the cost of
some parts (why would we buy them when we can print them?) and maybe save us some time.

o*}U ]S8[+ Vv}S§ §Z2 S «C S} PSS 08Z v ¢Julo E P}IE EE u Z]

Everything started with designg the sorting machine visually in 3ion the paper at first,
but then we transferred the data to Autodesk AutoCAD so it can also be printed by the 3D printer.
We then went on a shopping spree and bought majority of needed electronic components and
materials like wooden plates, transistors, buttons and so on. We then started to print parts on the
3D printer one by one and we slowly began to construct the sorting machine. The last step was to

program the PLC and after some tests, we were good to go.

Allthat work resulted in an automatic PLC sorting machine that sorts the object based on

their weight, color, height and its ferromagnetic properties.



Theoretical part

Market analysis

As we stated earlier, there are some sorting machines being used taataydst of them

(V)18

are pretty simple and you are not able to change the sorting propetti€s}u[ Z A 3} & pjo
machine. Most commonly sorted are fruits and vegetables like apples or potatoes, which are

sorted by size.

More complex are garbage sortingachines, which are fairly new to the market and can
sort out iron materials, plastic waste, heavy materials like bricks or glass and secondary heavy

materials like wet paper or hard plastic. These machines are, indeed, huge and really expensive.

Though, we could not find any smaller sorting machines that could, for example, sort out

batteries based on their dimensions or voltage.

Our machine will be compact, cheap and really easy to operate. It is able to sort out

products based on four differer@nd independent features of the objects.

Technical analysis

There will be several wooden plates used when building the sorting machine. One as a
platform, four at the front to hold all the electronics and one side of the conveyor belt, and two at

the rear, to hold the other side of the conveyor belt.

To move and deliver the objects we decided to use a conveyor belt similar to those you can
see in stores (though, smaller, of course). This conveyor belt will be powered by a DC brushed
motor with reducedZWD p8§ Z]PZ §}E<«p U «} A A}v[8 Z A 8} ipe3 ] }uda
be possible. Since the motor runs on 12V, we will use a relay to control it. The conveyor belt will be
placed on two cylinders and both of these cylinders will be rotating @ribgs. To make the
cylinder spin, however, we will design teeth on the front cylinder and also on the motor shaft. They

will both act like two gears and the cylinder will rotate along with the motor.

There is a big amount of servomotors available onthe@®l 3 v}A CeX t ooU §Z &
He S§Z C & <} Z v CX Z Ppo E % Ee}v } ev[S§ E o00C Vv}S] §Z



and airplanes. The smaller ones, which we will talk about, are mainly used in variety of RC models.
The mostused servois @9 }v X /8[¢ 8]vC ps ]S §}E<«u ]* ZuP U «} A ]
the objects onto the scale and conveyor belt, to drop objects from the conveyor belt into the

Jv§ Jv BEe v ¢ P 3§ ¢} 8Z }i & } ev[§ e0] }v§} aferitsvA C}E
properties are detected. For servo to be able to push the objects linearly, we will design a part
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make the PLC generate PWM signal, which might not be easy.

To detect presence of an object, we are going to use several infrared optical barriers and
Arduinotoconves ]} [* Vv O}P }uS%pus S} ]JP]S o }v X K%S] o E&E&E] d
gate made by a light beam. One optobarrier consists of a LED (light source) and a photodiode
(receiver). As light is being emitted from LED and received by photodiodé&d@e S} ]} [
resistance is changing based on how much light it receives. Since the LEDs and therefore, the light

u]ss C SZ uU ] JvV(E E U v | C V[S o VC }( SZ S Z %o%0 V]
between the source and the receiver, bedm p3$ }(( v $Z]e Z vP ]+ AZ 8§ A [E (
dZ}uPZU 8Z %Z}5} 1} [* }u3%pus ] v olPU v A 1Iv[8§ E o00C v
§Z & ] ~A }voC v §} IVIA ~C « }E& v}_U A Aloo }VA ES 3Z v
can be done bysing an operational amplifier and a few resistors, but we thought it would be

] E 3} 08 & plv} } 8Z]e }VA E-]}vX E plv} AlJoo }u% E % Z}
preprogrammed one and turn the output on or off based on that. Though, the outputgekall
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Since the PLC operates on 24 volts, motor operates on 12 volts and other things like servo
and Arduino operate on 5 volts, we need to use a relay and several BRdistors (common ones
o]l TEIIT }JE fAd6eX d} %E}A] 8Z » A}osS P U A [0o0 o0°} pe ils
Elimination Circuit). These circuits are just tiny boxes or PCBs and are most widely used in RC toys.
We could use a computer power supply ireteof regulating the voltage with another electronic

components, but this way we saved a lot of space, few bucks and few pins of the connector.

t Z I 8Z u El S8} %E] * V %E} p s AJo o 3} §

we found out that thee is huge lack of simple scales and tensiometers available on the market.



Designing a scale is quite tricky, but we found that the best solution is to put a spring in the middle
and a countersunk screw right next to it, so when the spring is pressetreatsd will touch the
« E A[- Z v §Z]e Aloo 3 o]l *Al8 ZX z}u[oo « AZ 3 A[E §

as well.

Since the scale and the first servo (feeder) are pretty big, we will have to lift it, but as we do
that, there will be bigv@ES3] o0 0 % 3A v §Z « o v §Z o3X t }v[s A
( oo]vP (E}u 8Z 8 Z ]PZ% «} A Aloo o0°+} +]Pv ttheoljjects il ESX /5«

slide, butwhile sliding, their ferromagnetic properties, as well as their coldl,be detected.

We will also use optical barriers as a height sensor and as a color sensor (we can detect the
color of an object when emitting light on them and measuring amount of the reflected light). To
§ §3Z ( EE}u Pv 3] %o EhIduEidsn senbor iED295.

We will print the objects on the 3D printer as weliall, heavy, normal, white and light one.

We will wrap the normal one into an aluminum foil to make it appear like metal.

Then, we will use two Centronics connectors to b&edb disconnect the machine from the

PLC.

Used Technologies

As we wanted to make this sorting machine perfect, we needed to be precise. There are
parts, where one tenth of a millimeter is a big deal and many other ones, where one millimeter
could causemalfunction. To let ourselves be creative, we decided to print as many parts as
possible on a 3D printer. If we would make all the parts from wood, for example, it would take
forever in case we wanted to be precise enough. With the 3D printer, it barekydaveek to
sketch all the parts on a paper and another two or three weeks to convert these sketches to a 3D
environment. We used Autodesk AutoCAD to design the sorting machine, later exported each part
to STL format, used software called Cura to propergpare the printing process and finally, we
just watched it getting printed. Whole sorting machine was planned to be grey so we also used
PE C (Jo u viX o0°}U °]v Nle % & SS5C S}uPZ 8} % E]vS v S§}} Z
the mostusedms E] o Jv i % E]Jvi]vP A}Eo U A ] §} pe W> X W>
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mattered to us, though.

To make the program we used PLC AMAP 99/12 from AMITamon@ttachment 1, page
17). This PLC is capable of 21 digital and 15 analog inputs. The output may be analog (6), relay
digital (19) or transistor digital (4). PLC communicates with computer via RS232. That usually
makes programming complicated becauspA Ce+ 0 %3} %oc }v03 Z A KD % }ESX
have USB to COM port converter or work with an old computer. AMAP also has a possibility to
work with displays with integrated keyboard. Memory of AMAP is quite poor, 256kB RAM and
ATl &o «ZU il énd&ghetosork withTo connect our model to PLC we use 25 and 8 core
cables ended with 24 pin centronics connectdkigchment 2, page 1)7PLC, same as the sorting

machine, is powered by 24V DC from a power supply.

To write software for the sortinghachine we used program DetStudio made by AMIT itself.
There are used mostly two languages, C and RS (relay schematic). RS language is a kind of graphic
language. Software is made of blocks connected togetgachment 3, page 18 Every block has
its unique function like time delay or logic function. In this program we work with inputs and
outputs as aliases. One alias can be only one input or output signal. We also use constants for
values that are used only in software for system logg€Z «  Enpufsahd neither outputs. In

the program we used about 22 aliases and even more constants.

Financial Analysis

t ooU ¢Jv 8Z & ]J* viu Z]v <Ju]lo € 3} }JuE-U A V[S }u%o C

hard we try.

Anyways, the first thing to do befotauying all the needed parts was to collect their prices
and check the budget. First, we listed all the parts we need and might need. Then, we sorted the
items based on their importance. As we saw that the price was much higher than 100 euros, we
decided na to buy several parts that are not necessary or can be replicated. For example, we
] vi$ Z A 3} ucC JOYE « ve}@E He A Jve3EpP § }v JuE- 0A
*U% %o}e 5} %0 E}A] C JUE « Z}}oU ] v[§ A}Eidiherond. (]JE-3U £
AMv A Z  «3p(( o]l Z § +ZE]vle }E *}u "0 (3}A E_u § 0o E} *U .

to buy them, therefore include them in the budget.



As we compressed the price as much as possible, the final price of all the parts was just a
itS50 ]38 u}@E 3Z v iii!X t ooU ]88 A « 86! A13Z}us 8Z A}} Vv %0 § *X
price in the budget.
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Strengths Weaknesses
Reliability Complicated to build
Precision Sorting machine can only sort

Design round objects with the same
Being one of a kind diameter
Opportunities Threats

To design a sorting machine | Arduino-based boards may be
being able to sort much differen able to replace PLCs
objects, maybe a variety of ther




Practical part

Electronics

First things first, the machine could not work without the mepmwered conveyor belt. As

we stated earlier, the conveyor belt (60mm wide and 1400mm long) is placed on two 3D printed
cylinders and one of them has teeth g+ ] X dZ & [+ o<} Uu}3}E A]8Z § 3Z }v

«]Pv §Z ~u}3}E Z}o E_ % ES ]v A C $Z 588Z e+ 5§ 8Z S}u Z v
motor is delivered to the conveyor belt. The motor is a brushed one and works with 12V direct
current, so we had to adjust the voltage for it and put a relay before the motor. Also, these

EpeZ u}8}Ee oA CeZ A Z]PZ ZWD ~A[E § ol]vP }us 3Z}ue v

sure that a gearbox is included, which converts it to, in our case, 100RPIvholbierequires an
average of 0.5A and no more than 1A when operating. To see how those gears look like, check out

Attachment 4 on page 18
To control the sorting machine, there are four buttons. Each of them will have its own function:

x Green: Startt Turning on all the sensors, initialization of the program and variables. In case

of the dock not being empty, motor starts turning and the sorting process starts.

X Yellow: Pausd Turning off the motor. Since there is no timer used in the program (well,
therea® ( A U]v}E }v eeU ]8[e epu((] ] v8 8} SpUEV 3Z u}s}E }((
temporarily stopped. Program, variables and sensors still run, only the motor does not.

Pushing this button again simply turns the motor back on.

x Blue: Finisht Finishinghe sorting process and turning the machine off. Objects, which are
already being sorted, will be sorted but after this is done, the system shuts down. This is

the right way to turn the sorting machine off.

X Red: Stopt Immediately stops every single prosesesets all variables and shuts

everything down. This button is supposed to be used in case of emergency.

Typical servo has three wires: 5V, ground and signal. We connected 5V and ground, but we
Juo v[8 }vv § §Z <]Pv o 0 He] 3ZioWA3o3vo @ %BIEFA 3}} up Z
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servo. We were hoping for it to work, but we have got it working only as we switched the



transistors to BC547 after hoer} ( A}v. EJvP AZ §[« AE}VPX t <3]Joo }v[3 IV}A
] v[8 15 AYEI A]8Z TETTIT }v U §Z}uRdaxhhent§zpage Z8u |v

The first servo is called feedeit kind of feeds the sorting machine with objects. Since the
servo only mees radially and we need a linear movement there, we designed a part called linear
servo, which consists of two parts: linear pusher with teeth underneath and rotating gear with
teeth all around. The gear is hooked on the servo and as it rotates andrddlineenergy to the
%opUeZ EU S§Z %opeZ E u}lA « oJ]v EoC v 8Z S[« Z}A ]8[+ o &} u}A

in four different states:
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x Position 3t moving the object onto the slide
You can see how the linear servo looks likattachment 6, page 19

The two container servos are musimpler t we just printed a part to lengthen their shaft and put

them in their place. They can be in three different states:
X IldlestatetsZ AS v *Z (S ]* % € oo o0 S} §Z oS v } ev[S ((
x Position to sort the object into container L& 7 ~ }uS OfAE£e
X W}e]S]}v 8§} «}ES §Z } i S ]vS} }vS]Jv E T }E 0 ~ }uS iifALe
You can see those two servosAttachment 7, page 20

There is ahaft extender on the fourtht gate servo as well, though, this one is shorter and has

adifferent shape. lalso has three positions:
x Idlestatet$Z AS v *Z (§ ] % E oo o 8§} §Z oS v } ev[S ((
x Position to stop the object near the induction sensor for us to make multiple detections

x Position to stop the object near the twway optical larrier to detect the objects color



Since we want the beam of the optical barriers to be as thin as the LEDs, we designed and

%0 E]VS ZYue]vP (}E&E $Z uX /S pMtachmpeny§, pdgel21le « v |v

Scheme of the optical barriers and how is the vgditaonverted is shown iittachment 9, page

22.

Designing a scale was really tricky, but we somehow managed to do so and you can see the

scale inAttachment 10, page 22

When a heavy object is placed on the scale, the spring bends enough to touch thersaanft
e E A} §8Z PEE vE v (0}A v 8Z §[+ Z}A A Z] A ]P]1% o -
sensitive to shaking and calibrating might be necessary, we could not think of anything better. With

it being designed as it is, we can adjust the saérigitand calibrate it in three different ways.

Since the part containing the dock, feeder and the scale is much higher than the conveyor
osU A «]Pv N"eo] U AZ]Z A 038 E %E]vE Xt %ps $Z }o
on that part to detet additional properties of an object while sliding. Slide is pictured in

Attachment 11, page 23
Overall, we have these sensors:
x Optical barrier detecting if there is an object to sort
x Optical barrier that is triggered when a tall object is being sorted
x Scale with digital output
X Induction sensor
x Twoway optical barrier acting as a color sensor

x Five optical barriers, each for one container, confirming that the object was sorted

successfully

You can see the overall schemeiitachment 20, page 28



Programs

The main program is created in AMAP 99/12 PLC by AMIT company. We chose this PLC
because it has enough digital inputs (we need at least 10) and digital outputs to be able to make
PPM or PWM signal. The PLC is powered by 24 volts emthmhunicates with PC via COM port. To
make program itself, we used program DetStudio where we use RS (relay schematic) language.
dZ S u ve SZ S SZ % @E&}PE u ] u CuvC ]J(( & vS o} Il }vv 5§

clearly visible but in more congx programs you may get lost.

To get the sorter running we need input and output signals. All inputs are digital (O or 1),
0¢} JuS%opuse E JP]S5 0 pu3 32 C Z A 3§} IvEE}o » EA}U «} 37 C
because they are too slow foné PPM and PWM signals. There is only one exception for belt

conveyor motor.

The program works like this: when we push the start button and the infrared signal of an
optical barrier in dock is interrupted, the clock starts running. Counter which is cathexthe
clock slowly changes PWM values to let the servo slowly change its position. We chose to do it that
way because when we tried to chang the PWM value instantly, it pushed the object so fast that in
the most cases it fell on the ground. The firsisfiion is before infrared optobarrier, the second
position is on the scale where we measure if the object is heavy or not and the last motion pushes
the object on the slide and the belt. There, two sorting servos wait for the object. We programmed
them al by testing various lengths of pulses. When we push the pause button, belt stops running
but all sorting stuff is still active. Pushing the same button again ends the pause. When we push
button stop or finish (same as stop but stops after the end of tivéireg process), all inputs like
optobariers will be active but servos will ignore them so it looks like servos are off (no signal in
servos). Also, when the dock is empty, the machine stops since there is therefore nothing to sort.
When machineisoffyou v §}p Z A EC3Z]vPU ]§ A}vos u | u e He A

the next sorting process.

For Arduino, we programmed it in its default programming environmefitduino IDE. The
programming language used here is widely used C. Quick descrmptionction of our program:
Defining and declaring all needed variables; declaring if a pin will be used as output or input;
defining a constant for each optical barriethis constant was measured before; reading a value

v 8Z %Z}5} 1} W Ju%h @JvEBISZHE }ves vd W ]J( ]8[* o}A EBU SuE
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photodiode and repeat.

You can see the source codeAttachment 12, page 24

Mechanical

We truly taok our time and designed whole sorting machine in the 3D environment of
AutoCAD. Totally, around 50 different parts were designed and 3D printed to make our sorting
machine work and we have used almost 2 kilograms of material. It was all printed on ¢heapis
od L, ]T T % E]vS E v}S }eS]JvP ul®E SZ v iAljX Mlv §Z]e T % E]\

school, we could be printing even at nights.

~g ES]VP A]sZ } | ~ 3part mdllohvcjtindes iy which the objects are stored before
being sored. These two parts are joint together by three M3 screws and whole tube sits on four

legs using four long M3 screws as in the photédtiachment 12, page 25
This way we are able to put the dock down for easier carrying.

The front two legs, along with taing the tube, also hold housings of the optical barriers. The rear
JveZ A Z}o e ]vEZu v §Z §[« AzpdtsdfAlinéarsed&igo. You can
check out how it looks iAttachment 14, page 25

On the side, there are buttons, so we phein in a box. Every single cable from that side goes
through this box and to the other side where we have put all the electronics. See the picture in

Attachment 15, page 25

We decided not to put the electronics into one case but rather design few ldyarsaltogether
form a case. This makes it much easier to construct a put the sorting machine together. In that box,
we have put all the transistors, relay, BECs, connectors and so on. You can see how does the

electronics box look iAttachment 16, page 26

For the wooden plates, we joint them together using countersunk wood screws and the
rear ones (triangles) are connected to the front ones by M8 threaded rod. Beneath the triangles
we created something like rails and by screwing the nuts on the rod wégiaen the conveyor

belt, which is pretty important. For the triangles, there is one screw coming from underneath



somewhere in the middle of the triangle and we also used 3D printed angles to hold the triangles

down as seen on the photo #ttachment 17 page 27

As we stated, the cylinders have to rotate so we have put them on bearings. You can see that in

Attachment 17, page 27 as well

With the containers, first plan was to put them very close to the conveyor belt, but we
realized this is not a good apt. We needed more space for the servos, both M8 rods and all the
photodiodes. We adjusted the plans and to get the objects from the belt to the container, we,
again, used slides. There are two slides on each side and both pairs are connected by a @&nm met
rod to keep them at the right angle. These slides are places and screwed on the M8 rods and also
hold the optical barriers. On one side they also hold both servos. You can seeAfiacimment 7,

page 20

We have also printed many anchors to help oable management, angles to hold the
A}} Vv %0 § ¢ ]Jv 6if vPo Vv }8Z €& o0]3%30 3Z]vPe §Z § A E v}$ v

make the machine more stable.

Check out the design of the sorting machinéttachment 18, page 27

Testing

Everybody wants working program and hardware without any issues or hazard. This is the

main reason why we test everything several times to be sure that everything is all right.

First, we tested all the sensors before they were mounted into model. Mosterht
worked properly except the color sensor. This sensor had to give signal only when bright color is
nearby. The problem was that this sensor gave us the same signal regardless of color of the object
that was next to it even though we measured them frdme same distance. So, we changed it with

another sensor made by usa two-way optical barrier.

After making a program when the model was almost done, we discovered plenty of hazards
connected with the first part of sorter. By this we mean problems widdés, dock, slide and

metal detector.



First problem is connected with the feeder and the dock. When the feeder loads and pushes the
object, another one drops on it. Then it moves with the servo and meanwhile second object drops
next to it. This is the hard- there cannot be two objects at same time. Also, these objects may
drop down from the feeder. We invented barriers around the dock to minimalize the risk of falling

US 8Z]e A ev[8 VIPPZX dZ 3Z]VvP 83Z 3 Z 0% A * % @eSSC *]Ju% 0 \

pusher and also adjusted the rear legs accordingly. Though, it took hours to figure out.

Second problem was too fast feeder pushing objects to the air and on the floor. Problem was
solved by changing program. Instead of doing one big step (chang&yhh signal, we did tens of

little steps. That upgrade significantly slows the feeder.

Last problem was slider and metal detector. First, we thought that slider will work perfectly. We

were wrong. Sometimes when we sorted high object, it started to raldiball. We needed to

slow it down and do something that stops it rolling. Meanwhile we discovered, when metal object

]* P}YJvP SZE}uPZU ]380 8§}} ( *8X § S}E § 8¢ 18 upus wW> ]« §}}
merge these problems to one. We decidedadd another fourth servo to stop the objects on the

slider so we will have just enough time for PLC to get the signal and slow the objects down before

falling on the conveyor belt.

We tested model not only for program or model hazards but also forosealues. To have
good position of the servo, we had to have good and precise signal input. We let servos running
but we changed its signal values to find the best one. When the servo was in good place, we saved

the last values. We did the same procemsdll of them.

dZ }voC % @&} ou A ]vos (£ ~ He ]S JevOoS %o}ee] 0 ¢ } ov
sorting is working, all measuring sensors are on. That means, when someone swings his hand
SZEIUPZ 3Z 1}1%3} EE] EU W> bjadtand §ixdwysighal t& PLE0 This sjiuatioh
will ruin sorting process. To fix process someone have to press STOP button, take all objects that
were in motion and then press ON button to start process again. ON button resets values. Though,

only trained gersonnel should be granted the permission to work around this kind of machine.



Conclusion

In this project we had to make belt conveyor with possibility of sorting high, heavy,
differently colored and metal objects. When the project started, we were lopite excited but
also nervous, because it was the first our project like this (working with stranger from other
JUVSEC*X /S 00 8 ES C E 1JA]JvP v u]o A]3Z Jv(}Eu §]1}v }
Later we received another one with an aihaddress of the other student that we should be
AYEIIvP Al8zX /v]8] 8]vP }vd § A sv[8 +«C v (E}u §Z P]vv]vPl
Juupv] 8]}vU pd AZ v A (JE+3 u SU |8 A vo0s § ooXt AE .
almost for a yar when the Czechs arrived in Slovakia. By the time, we made a lot, but it was
U}*30C iped <]PvU SZ}UPZU u vGC % ES* A E O0oE C % E]vs X /
school mostly appear as a lifetime but as we worked together, it flew so fast thativw[§ A v
notice and we were saying goodbye. In Slovakia, we focused on the hardware and only ran a few
tests with the PLC. Well, naxistent machine is not a programmable one. By the time that Slovaks
arrived in Czechia, all the hardware was suppo3gd  (]Jv]*Z ~pvs]o A (}uv }us 8Z ¢
working and had to repair it) and the main goal in the second mobility was to program the
machine. Looking back, most of the work was done within the two weeks we worked together in
one room. Those 10 daygere the only ones when we could work with both the sorting machine
and the PLC controlling it. We can say that our project is successfultevegh obstacles like the
impossibility of testing the program because PLC was in Czech Republic and the mashime
Slovakia. By now, we have made few minor improvements, so to have the project fully done, we
need just litte time together to make last debug and test. Anyways, photo of the working sorting

machine is ilAttachment 19, page 28.

It wasstrange, yet encouraging to see ourselves putting our heads together. What one of us
could not have known, the other did. It tookday or two to get used to each other, though, then
A AYE!l 3}P 8Z € *%0 v ] oCX t §Z]vl ]3[frdurea€hbq alde }aEndrivs (} E

well with anyone.

It was also good to learn to manage our time, since we only had lintitedy limited t

amount of time. Working effectively was not an option, it waseacessity.

/[« uv. o] A o Z}A u vC pv AAdseendount®se duongiour work, but we

are proud to say that we solved every single one of them.



After finishing the Erasmus+ project, we are not completely sure about what is next with
our prototype. We will probably upgrade it and try to win some comjpgei}veX t [o0 ¢ }u
other tpreferrably also dark sides of our project as other people will tell us what they think
about it. Anyways, there is a low probability that we will still work together because we are still
students and we live really far awérom each other. However, if one was to travel toity near

the other one, we would probably geteeer together anyways.

The Erasmus+ project was very useful to each of us. We did something new in life and we
learned awhole lot. Not only about creatg a woking machine, but also about other students,
schools and their pros and cons. One of most important things is that we experienced international
}}% €& S]}vX dZ S0 % E& SSC pVUeu 0 (}E Z]PZ ¢ Z}}oX W }%0 ey

work. We think it was great possibility and would reccommend it to anyone.



Attachments

Attachment 1t AMIT AMAP99

Attachment 2t Centronics connector



Attachment 3t Small sample of eode

Attachment 4t Gears

Attachment 5t Scheme of aervo



Attachment 6t Linear servo



Attachment 7t Servos and container slides



Attachment 8t Last optical barrier



Attachment 9t Scheme of an optical barrier

Attachment 10- Scale



Attachment 11- Slide



Attachment 12t Arduino code



Attachment 13 t Tube and dock Attachment 14t Rear legs

Attachment 15 Buttons



Attachment 16t Electronics box



Attachment 17t Rear rails and cylinder

Attachment 18t 3D design of the sorting machine



Attachment 19t Final version of theorting machine

Attachment 20t Brief scheme of the sorting machine
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1, QWURGXFWLRQ

7KLYV SURMHFW DULVHV LQ FRRSHUDWLRQ ZLWK 3ROLVK DQG
D WHPSHUDWXUH UHJXODWRKEHYXL F KVEDIQV GRH PRIQNXBDUBERR Q 7

SRLQW UHJXODWLRQ SUR SSRRWAN EX\DH WHWX QD W HR ® COOQAEL R Q

'XULQISWRMHFWS RS XSIITDUINSRGRLPRD 7KLV SODWOIRUWREQVURG |
$7PHJD L Q S XWWROHW SIRWE HS K@KDEB K 3:0

(QODUJH MK WD RHA R XEBHG V K L HHR BN Z\RK LWW/Q BX IRXH @ MK L A DGO
EHWKHUQHW FDUG WK R/PFROQEIRF/DNWV Y RYLHY KH A D& ) Z1-&d [ W
WR GLMIEDPDHERMEN RJUB R WHKRAK L KOO FDUG VONRKWH ZL WK
GULYHU

%HFDXVH WKL VEMRGHMEYHKREKQWGWUDWLQJ PRGHO LW PXVW EH
7KLW WKH UHDVRW ZRAHZWRPRIQELJ VKL H 0 VWHKUIGHIHO X G.HH B HIQR/
IRU XV XQQHFHDQBUB R XY MG

SDIHRI



2 /TKHRUHWLFDO SDUW

7R PDNH D VFKRRO PRGHOWRRP XVI\V FS\DRJUWH/HY WRSVHUAR (IO D W R U
VKRXOG EHDRROKBUMKHUH VKRXOG E BKB FF\KL B REHNYRAR/M K H G

RI UHJXODWLRQ S5HJXODWLRQ VKRXOGQ W EH IDVW EXW DOV
V\VWHP JLYHQ WR WKHVH IDFWRU

210DUNHW DQDO\VLV

‘KHQ ZH WULHG WR VHD URF® /R W HANDREVGER @/MOYHIDWLYH UHV
FRX®\GIRL QG DQ\WKLQJ OW NI FRRGWO: IDWR ETHF K VFKFOREDEN @ E
GLVFRYHU\ ERDUG 7KLV CRDEWRHEV/ROOHERBADGXVDQJ HUURU
FDXVHGEHKEEVHRQFFHKDPEHU QR FRQWURO LIAGH M PIDRHO REDWY AU

+($7,1%
(1(0(17

SLFWXBHKRRO PRGHO RI UHJXODWRU

3DJHRI



22 /[ HPSHUDWXUH UHJXODWLRQ

7KH PDLQ LGHD RI WHP SHU DWBWHP 8 H U ® QORIREPR DK ID\P BVHRU NHRHQSV !
KDYH PDQ\ WHSXO IRXMR R X0 D RRBIOY WKEHRU PRVW W\SHV RI
UHJXO W LMRBD B H ML IQHH G H WADJW\D E O H V

7DEOH/LVW RI YDULD@OUHYIXBDWIL R Q

1DPH RI YDULDEO|B\PERO &DOFXODWLRQ

6HW WHPSHUDWXU Z '"HILQHG E\ XVHU

OHDVXUHG WHPSH|\ OHDV X UWIGQBEAR U

&RQWURO HUURU |H H 2\

$FWXDWLQJ YDULIX '"HS HQ G DI\ IR
UHJXODWRU

SLFWXUBRFN GLDJUDP RI WHPSHUDWXUH UHJXODWLRC

221 7ZRSRLOMI XODWLRQ

7ZRRLQW UHYX\W®RK VR B SLO HV WOBKEWRRK DRIFO \ W Z R RQNVD QG V
RII )KLV WHSHEDMLRIPHG WR NQRZ R@ONW X\RHS8BH D P MW H H \D
K\WWHUHVLV 7 KHH BXUOLIW IMRHQIHWR K HZIX\WBHIHVDWALRI @ STARHD W L J K H U
WKWHMHPSHUDWXUH :KHQ WPIPE WX DM WHH B SIHF U BN LV O
WHPSHUDWXUH P MIOH UH ¥ XM R ) REM B R QANZHHDBDESREE S O H
JUDSK

2QWKLV W\SH RI UHJXODWLRQ DSSOLHYV

QosBKAP
QLA\QusBKNOT

SDIHRI



/DEOH7ZRSRLQOAMNI XODWL

6HW WHPSHUDV +\WVWHUHVLYV : .
s Two point regulation
7LP $SFWXDO WK &RQWUHR+HDV t
emperature
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2223URSRUWLRQDO UHJXODWLRQ

7KH SURSRUWLRQDO UHJXODWLRQ BKUNJWOSENVRGINGIBAE® QIFI\ F
WKHUBHRDHRUG D WDEOH RI XVHG YDULDEOHV FRQVWDQWYV

TDEOHOLVW RI YDULOMWHGUHREWLRQDO UHJIJXODYV

1DPH Rl YDULDEO|6\PERO &DOFXODWLRQ
6HW WHPSHUDWXU Z '"HILQHG E\ XVHU
OHDVXUHG WHPSH|\ OHDVXUHG E\ VHQ
&RQWURO HUURU |H H 2\

$FWXDWLQJ YDULI X '"HS HQ G D/DRAH IR

UHJXODWRU
5HLQIRUFHPHQW F . 6 HWHEAJLQHHU
X X XRLoX¥D]

KHQ ZH LQFUHPHQW . WKH FRQWURO HUURWRKM/DEDOOWU E’
UHJXODRNR Q XFHHU D B/&EHMRF XRD WEWXDWLQJ YDULDEOH ZKDW F
HUURU :KHQ MKWRERIGQWYR @ HJXODMWRIRE RO @OLWR U

QosBKNAEQP Qoe
QL P-ABKNAE Q DAQ j 4Q 6
QuaBKNAE QO Qus

2233URSRUWLRQDO LQWHJUDWLQJ UHIJXODWLRQ

7KBURSRUWMRQDOWLQJ UHIJXODWLRQ 3, UHJXODWLRQ LV D
LQWHJIJUBIWWIOIPWHRIGYDQWDJH RMWRMW ARQWOR® LRIQJRU LV ]H

>:§;LwB:§;E£}‘|§<:T;§TC
%HFDXVH 3, UHJXODWMWXQWXWRS HQPMWAHIRQ VX HRERXOGQ W GR DW
PXVW FRQYHUW WKH HTXDWLRQ WR GLVFUHWH IRUP

QLQF-AE:BIE-;A

7TDEOHOLVW RI DGGHG YDULDEOHV LQ 3, L

1DPH RI YDULDEO|G6\PERO &DOFXODWLRQ
20G DFWXDWLQJ Y X 6DYH ROG DFWXD\
20G FRQWURO HU| R 6DYH ROG FRQWU
,QWHJUDWLQJ WLI2 6HWHENILQHHU
7LPH 7 TKHHMEHWZHHQ P

SDIHRI



23 /HPSHUDWXUH VHQVRU

JRU PHDVXULQJ WHPSHUDMRKIURK ZHL MMORORVHQURDB '6
FRPPXQLFDWH YLD RQH ZLUH XVH 9 DV D SRZHUWMRASSIA\D Q G

YROWDJH LV ORZHU WKDQ VH Q& EUW R HD VXU RIFHIPVIRRIE |
8 KHRIKWFWLRQ ZH PXVW FR

WHPSHVBOYXRH FRXOHK IR W R
SXO0O XS UHVLVWRU

SLFWXBHPSOH FLUFXLW ZLWK

243X0OVH ZLGWK PRGXODWLRQ
6KRUWO\ 3:0
ORJLF YDOXH

W LV D VLP S\ IOHPRHEG STRID MRBQES RIZHVHIABR R N
7 K 19 UBG X K/RIEHD O XBBAVX B O EUR[LPDWH O\
JHQHWDWBYH DQG® WX H R JIURCPOWIKEKHQ VDZ ZDYH M/KBIRZHU W

%

DOQDOMRIIQD OWKHYIQOMRUIIQDO LV KL JIKW KREKNNGHXMDIDEKIH\RD O

Pulse width modulation

6
5

; / /// ﬂ/ // | |
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BLFWXBKOVH ZLGWK PRGXODWLRQ
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3DJHRI
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25+HDWLQJ HOHPHQW

7KH KHIDMAKREB K HDRHG & ZLWKLQ WPHRHD W MWH PISGI® DW X UH |

KHDWLQJ SRZHU VKRXOG EH f& )URPNEUDHFRLFERQIH NQR.
FRPSRQHQWY LQ GHSHQGHQFR LRGL @ RIVIUHK W VXM K RDWH Kt
VHPLFRQGXFWRUV WKDW V WKH UHDVRQ ZK\ ZH VWDUWHG Z
UHVLVWDQFH WR OLPLW FXUUHQW DQG FRQQHFW D SRZHU UH

2513RZHU WUDQVLVWRU

8VLQJ SRZHU WUDQVLVWRU ZDV HIITHFWLYH LQ KH DL DN VE X W
H QR YJXR WSUHREDIHMKK LY VROXWLRQ LV WHHED WURKD @H W& BARK JKL P
WUDQVHVKDRIUWZR PHWKR G VW KEHY V. WIWRRFMURE X RVVMZHRHR\BAFDDI M H V
GURS DQG FDXVH KWBMIEQR® X WH ROV EMRWIRREKWH H ZEDUM @ H
VXUH BEQIWLQ FRPELQDWLRQ ZLWK SXOVH ZLGWK PRGXODW!|

SLFWXBRIZHU WUDQVLVWRU DV D KHDW

SLFWXUI RZMWDQVLVWRU ZLWK PRXQWHG KHD)

3DJHRI



2525HVLVWDQFH ZLUH

7 K HH W R QIBU L DADHH B M IOGIPZHDQYWU HV LVW D Q FH  Z IXW/HH L BERLIRVOI W K R G
KHDWLQW DWVVIQVW DV ZH QHHG :H FRXOG WH/NDHW\DWRBBWRQG
GLHOHFWULF FRDW DW ZLDWKWUIWEWMWR EXUQ DQG PDNHV

SLFWXUWBWROHQRLG IURP UHVLVWDQF

2533RZHU UHVLVWRU

TKHAHDDSRZHHVLVWRU HWWQIRZSWKDW RQ HYHU\ HOHPHQW LQ F
GUREHWROWDHREWVH ORWYKHY HBP@®REYWHKHD WR Q 3HRMWWW KH

7R G HMPBHEY MZWRHVLVWRUYV
X Y
X .
7KH FXUUHQW JRLQJ WKURXJK UHYKRMY R B ZBWARQ@D G FDOFXC
+L-
E56
$olo, L sd?
+ L2°L t#?
& D OF X OPDAMILOTIX®WLRQ QXPEHU
2L 7 U+

2oL stUsd L sv&>9 ?
2 LstUt Ltvo?

JURP WHRCHOVHFHXODWLRQV IR NFRRPOLGEWMHW MWMHVDHVWISHY RI UHVLV
KDYH SRZHU IRU KHDWLQJ ZLWKRXW RYHUORDGLQJ UHVLVWF

SLFWXWU3RZHU UHVLVWRU DV D |

S3DJHRI



$IWHU VRPHFRHOXWYK W WKHVH BURE HUE H ¥V DYIMRNDWJ H RU
KHDWVLQNVYV 7KLV FDXVH D YHU\ ORK[F G\WRRBEIMQY RULWROMP 7KL

BLFWXUHPRQVWUDWLQJ RI SDFNDJHV RI SRZ
ZKLWOIH

254*URXS RI SRZHU UHVLVWRUYV

7TKH ILUVW LGHD ZDV WKBW IRAHRRRODGHEB QVHRBRAMIU UHVLVW
WHPSHERWXZHRXHVLVWRUV FRQWHKAWHGLE X B DEDKBHIHHD W X U |
GLYLMMBRRGWVKHVH UHVLVWR ZVOmMEHWW P W IRREKRERQRE QWL VW R UV
TKH WRWDO WHSMLWEKD @R M ARG EB ODXXO® DR/

5 _5_5,°5 ?5 }

—~ F=- = ?
4L§EE_EE/EEOA Lé;A L ssywd?
9LD WKLV UHUNBDG RN |

T 56
+ - | — H?
L-L 5@ L6s>#"

%HEDXVH D OMKMD/QDBWR/EIP BV K H F2U ELEB IOWLE MR PUHH VL VW R U V
sLaLpLpLoLL rawes?

7 KHD SIDiF @ Q Q HFKVRLR@G F Y HRIQRAI WVYDRKMH UHVLVWRUV FRQQO FBMH G
KHDWHG OHVV DQG FRROLQJ RI WKHP VKRXOG EH IDVWHU

7KLV L @&/HHUXEKW ZH QHHGHW REMKRAW/HH FRROIODQRIEUMW OVR WRF
FDXCEMW KH UDSFRFNDJIJH ZKLFKHDWOHSGFR RMHIG] WEDPERKXQ@W RI WLP
$OVAH GHFLGHG WKDW Z2H &SRZMHE KXBIBSO0O\ ZLWK PLRHLIFBROO\ FX
ZLOO ROOWNR KHDW FKDPEHU IDVWHU

$IWHU SURBODEHHVDBIMWFKDIH RI SRZHU UHVLVWR W DAHHG HB DGRIC
SDFNDJH HNEFHIRRSBBNDJIH $IWHU VRBHWEWNQREWRKIRWWH
EHQHODRL® KHDWLQJ LV DOVR YHU\ IDVW

3DJHRI



JROORZLQHFRXUHRER XOBPRDWHV LJIRX ULFD@MWWKKDWHDVRQ ZK\ Z}
FRQ QMHAHKQVLVWRUV WR GHFUHDVHHWRDWDIORQHVLVWDQFH RI F

5 5 _5_5_5 _5 75 . ?5 .
4 LAé E- Eg Eg EZ Eg EgA L @A L6xg4?
L L%S L6sd {#7?
2L 70+L stUs§{L6ts& 29 ?

SLFWXUHJRXS RI SRZHU UHVLVWRUYV DV D KHD

$IWHU KDVUHZW \KHDSH U KHDMWVHU ZKLFK FRXOG KHDW D FKDPEH
ZLWKLQ OHVV WKDQ PLQXWHYV

SLFWXUHUVW PRGHO RI KHDWHU IRU WHVWLQJ

26 /UDQVLVWRU

‘H GHFLGHG WR UHJXODWH SRZHU KHDWLQJ ZLWK SXOVH ZLG
PXVW VZIEAFRZWKH:H FRXOG FBURHR®B WRHW DNHQWDBNO L PKW KHG OLC
QXPEHEZRWWRHRAH Q X WHSR G XGOWWHHW ZH MWXRIA WKKRIRWO\ LV

DSSUR[LPDWHOW K/MH) QEUOMB LYV UHAT R BQHRNE O HKHWABDQVLVWR
DOVR LQ VRPH SRLQWV Rl YLHZ SURBOMHPDWHO FEKWQIRWU RXU
SUREOHRDGWEH FRXOG OLPLW WKH FXUUHQW JRLQJ YLD 31 MX
ZKLFK KDYH FROOHFWRU FXUUHQW LV $ DQG LQ SXOVH PRG

S3DJHRI



7TDEOH3DUDPHWHUV RI WKH WUDQVLVWRL
& $
/&0 $

3727

9&(2

9 %2

K¢
6RXUFH RIILFLDWWED/W DAKHWMW FRP UHVRXUFH]|HQ GDWDVKHH

1RZ ZH XVH HTXDWLRQ ZKHUH ZH FDOFXODWHG WKDW PD]|
WUDQVLVWRU FRXOG VZAMMPK LRD FOPO\ORK PRICIHY WBIW WKLV WUL
ZLOQ @& YRUWHRKLQJKHDWHU DV D IDQ PD[LPDO FXUUHQW LV
JRLQJ WKHBWHU

SLFWXUEHLUFXLW ZLWK VZLWFKLQJ WUDQVLVWRU

3DJHRI



SLFWXUGH P X O DRMLRLQJ F XYW WIFWKQJ WUDQVLVWRU

27&KDPEHU

WHFDXVH LW VKRXO G WKIRX G KERR WDR R G HKOD WH L & XI-GDER WHH® V R Q
FKDPEHU 5HJXODWLRQ FRXOG EH VORZHU LOKRRROVDGCEDREG ZI
WHVWYV ZHWEHRZPEKRBXWOGQ W EH VPO GBKMRX OVGWPER/JEKH FDV H

ZKHUMKKDPEVMWRR ELJ UHIJXODWLRQ ZRUWKNDO NN DLMRUQ B PVX
EXW DIWHU WORHPERMVYXEBEOHR WREKRRAWKWU VLGH ZKHQ WKH F
WKDQPOWKKDPEVWWKHDWHG LQ VHFRQGY DQG FRROV WHQV RI F

SLFWXUHUVW KDUGZDUH WHVW Z
UHVLVWRUV ZLWK KHD WY LON VK

%HFDWKMHHPSHUGMERDH ERKOG EH RYHU  f& ZH PXVW FKRRVH
PDWHAKUD®Y WKH UHDVRQ ZK\ ZMVRRSOQOIGIMWW BULQW LW RQ

S3DJHRI



28 8RROHU

7R PDNH PHDWXURQG IPR/WH W DKRREK QF ZRHRD 81 RYH WUDQVLYV
IRU VZLWFKLQJ FRROHU VRPOP WR BHEREH YOHQG PEBVRDWQ ® WK |
LV VZLWFKHG RQ DQG FRROLQJ ZKLOH XVHU VHW SDUDPHWHL

ILOHV

SLFWXUSEHLUFXLW ZLWK IDQ

295RWDU\N HQFRGHU

7TKBULPDU\ UHTXLUHPHQW RI W HKH SURDMIERQ VYV )RR GHPRQVW!
WR FKDRHIIBSD/RDPHWHHBVIDEA\KD P BRUH RSWLRQV IRU H[DPSO
EXW ZH GHFLGH W KO ODUWFHWIRRG HRRDOLWK RQH KDUGZDUH HOH
FRQWUWRHCXY VHWWLQJ YDULDEOHYV

JRU UHDGLQ WEB)W¥BBHBMHG SLQV )LUVWVWIRDNEKD \G DW H FXWL
RI URWBWUIGBIGQ LV XV HGOVIERYHVRILYKH EXWWRQ LQWHJIJUDWHC
WHKHFRGHU

Rotary encoder

NNt

[EnY

o
©

SigA
sigB

logical value
o
»

o
~

button

o
N

0 5 10 15 20
time [s]

SLFWXUHPH GHSHQGHQFLHYV RI URWDU\ HQFRGHU

3DJHRI



3)LOQDQFLDA WD QDO\
3ULFH UHFDOFXODWHG ZLWK H[FKDQJH UDWH IURP

&=. Ya
3/1 Y
TDEOHWGJHWKRWRMHFW
Part name Quantity |Shop Code Price/psc | Total
Arduino mega precise cler 1] aruineshop.cz| 1423598706 Ya Ya
TFT display 1|laskarduino.cz| LA141016 Ya Ya
Arduino ethernet shield 1|laskarduino.cz| LA110002 Ya Ya
Rotaryencoder ligme.cz 775029 Ya Ya
Resistor 47R, 5W 7| elfax.cz A0283T Ya Ya
Resistors 330R 4(gme.cz 119416 Ya Ya
Green LED diode 2| farnell.com 2112108 0, Ya Ya
Red LED diode 1|farnell.com 2843622 Ya Ya
Yellow LED diode 1|farnell.com 2112109 Ya Ya
PCB connector 8x2 4| elfax.cz FO07010 Ya Ya
Cable connector 8x2 4|gme.cz 800009 Ya Ya
Pin header 18x2 1ligme.cz 832035 Ya Ya
Transistor BD139 2|farnell.com 2453823 Ya Ya
Screw clamp 2|gme.cz 841-154 Ya Ya
Fan 1l|gme.cz 625273 Ya Ya
Power supply 12V, 3A 1|farnell.com 2815984 1 Ya Ya
Photo resistive PCB 1|farnell.com 1267744 Ya Ya
Box for microcontroller 1 bnssp;— | G3122 (11,66 Y4
00.business.sit
Box for heater 1 bnsspz- .| G3634 Ya Ya
00.business.sit
Flat cable 2|farnell.com 301930 Ya Ya
Power cable 1|farnell.com 1124386 Ya Ya
DS18B20 1|farnell.com 2515553 Ya Ya
Total price | 133,19 Y

S3DJHRI




4 6ROYLQJ KDUGZDUH DQG VRIWZDUH

+DUGZDUH IRU RXU'BYBNMMAEM LW CPADWHR® IURP VRIWZDNKIH OLW
IROORFRRFIRQHQWY DQG H[SDQGW®&BKW R -BHBWRFIRDYH WIHPH F W H
VHQVRU DM@ BPMWNS KHYPW W SHHLILF IRU FRUUHFW IXQFWLRC

41 3URJUDPPLQJ ODQJXDJH

JRU SURJUDPPLDH XWEEBR @ IXDIH FDOOHGXDEBLVGIE &KLYV OD
ODQJXDJH 7KH DGYDQWDJH LV WKDW IRU WKLV ODQJXDJH D
RWIOHLEUDUHHWEOLF ZLWKRXW QR OLPLWDWLRQV WR XVH

)RU RXU SURJUDP ZH XVHG WKHVH OLEUDULH
X 2QH:LUMWR FRPPXQLFDWH6ZLANK VHQVR
X 'DOODV7HPSHUPMWMKDB KDWD IURP VHQVRU '6 %
X $GDIUXLWHARYU KKHGUDZ ELWPDSV WR 7)7 GLVSOD\
X $GDIUXLWB7HRAMY HQWEMLRQV WR ZRUN ZLWK 7)7 GLVSOD)
Xx 63, KOLEUDU\ WR FRPP&6Q IFFDOMBH YLD 63,
X 6' KkHVVHIQWEMNLRQV WR ZRUN ZLWK 6' FDUG
X (W KHUHW HKQWEMNDL RQV WR ZRUN ZLWK HWKHUQHW VKLHC

42 &RGH

7KH ZKROH SDRXNDIX Q FW L KQWHERRXWHRE@H SULPH I XMQKEWLRQV IRL
UHJ X OOHIVFRLBW R X BR DK GG WKLV GRFXPIHDRNRZQWREG ZRILF RI
WKHVH IXQFWLRQV

4210DLQ PHQX

7KBULPPHWOX IXQFNWURY LRSPWXRIQQJ PDLQ FRWRBEIGETNERB U \
IRU 7)7 GRDQSOP\\ I X GEWDRQNG WR VLPSOLILEDWWRQOXR | GHH $IUB
IXQFWLRQW IS HGJE® SORY

3DJHRI



4.2.1.1)X Q FWMHRQY D O
7KLV IXGRWERRQLADIMKRWDQRRGHU DQG FRXQW SXOVHV

float  setval (float value , float mn float mx float inc ){
s = digitalRead (enc_a); /Iread value from sigA
if (el == LOW && (s == HIGH)) { /*esting if sigA_last==0 and sigA==1 -
exclude incrementing and decrementing more times than one*/
if (digitalRead (enc_b) == LOW { /ltestif sigB==0 - rot. left
value =value -inc ; /I decrement value with inc
}
else {
value =value +inc ; /lincrement value with inc
}
if (value <mn) value =mn /1 limit value to minimum
if (value >mx) value =mx /Nlimit value to maximum
}
el =s; /Isave sigA to auxiliary variable
return  value ; /Ireturn set value
}

6RXUFH FRIGWYDRDW YDOXH RIJRDDRPW LQ@QRDWQFWLRQ

42120HQX IXQFWLRQ

,Q RXWRJZBIPKDYH RBOH QXGFWLRQ IR W EHERWTTEHNDR Q@ Q &
FRPELQPWXREWLRQV WR PDNH R JXMPHRHQX ZLWK VHOHFWL

void menu(int pos, String wval [6], int posl, float wvall , int pos2, float val2 ,
int pos3, float wval3 , int pos_o){
int i=0;
int place [6] = {64,112, 160, 208, 256}, /Ix positions (lines)
Icd.setTextColor (white );
Icd.setTextSize (4);
if (pos_o != pos){ /ltest if menu wasn 1 Wprinted
for (i =0;i<5;i ++){
if (pos==i){ /lif i==pos draw white rect on this line
Icd.fillRect (0, place [i]-8, 480, 48, white );
Icd.setTextColor (black ); /Iset contrast text colour
}
else {
if (pos_o==i){ /lif i==last_pos draw black rect on this line
Icd.fillRect (0, place [i]-8, 480, 48, black );
}
Icd.setTextColor (white ); /Iset contrast text colour
}
Icd.setCursor (1, place [i]); /lset  cursor position
lcd. print (val [i]); /Iprint text from string val
if (posl==i){ /I position of vall==j ... (disable with number > 5)
Icd.setCursor (310, place [i]);
lcd. print (vall ); /lprint vall
}
if (pos2==i){ /I position of val2==i ... (disable with number > 5)
Icd.setCursor (310, place [i]);
lcd. print (val2 ); /lprint val2
}

S3DJHRI



if (pos3==i){ /I position of val3==i ... (disable with number > 5)
Icd.setCursor (310, place [i]);
lcd. print (val3 ); /lprint val3

}

}
}

6RXUFH FR®ZE D PHQX IXQFWLRQ

&RPELQDWLRQ RI IXQFWLRQV

int menu_w_s(int pos, String val [6], int posl, float wvall , int pos2, float
val2 , int pos3, float val3 ){

int  pos_o =150; /Iset last_pos >5 for activate function
while (1){
menu( pos, val , posl, vall , pos2, val2 , pos3, val3 , pos_0); /lcall menu
pos_0 =pos;
pos=setval (pos, 0, 4, 1); /Ichange position in menu
if (digitalRead (conf )==0) break ; /linterrupt by user of selecting
}
return  pos; /Ireturn last position

}

6RXUFH FRI®ELQJ D PHQX ZLWK VHOHFWLQJ IXQFWLRQ

SLFWXUIHHQX IXQFWLRQ DW 7)7 GLVSOD\

3DJHRI




422 7TZRSRLOAII XODWLRQ

SLFWXURJLF RISWZEW UHJIJXODWLRQ

S3DJHRI



7KLV I XQFWLRIXXNANKRRIDOWRKIHUH LV RQO\ WKH PDMRU RI

while (digitalRead  (conf )==1){

temperature =measure (); //measure a temperature

e=set - temperature ; /[calculate control error

x=set - konst ; /[calculate lower limit

if (temperature <x) action =255; /lif temp is lower than lower limit
if (temperature >set ) action =0; /lif temp is higher than set temp.
if (temperature_o !=temperature ){

[*rewrite temperature at TFT display*/

temperature_o =temperature

analogWrite (heat , action ); //lsend PWM to heater
if (action >0) digitalWrite (led_h , 1); Ilsetled diode
else digitalWrite (led_h , 0);

/*save data to temporary files*/

}
web("TWO POINT REGULATION", konst , 0, set, 3); /lopen web server
for (i=0; i<20; i++){ /lactive waiting
if (digitalRead (conf )==0){
digitalWrite (led_h , 0); /Iswitch off led
analogWrite (heat , 0); /Iswitch off heater
break ;
}
delay (250);
}
}
/[create measuring file
createoutputfile (newfilename (), "TWO POINT REG", set, konst , 0, 0O, 3);

6RXUFH FRZAZHRLQW UHJXODWLRQ VKRUWHQHG

3DJHRI
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4233URSRUWLRQDO UHJXODWLRQ

SLFWXURJLFSRIRSR U WH RQMIDW LR Q

S3DJHRI



7KLV I XQFWLRIXXNANKRRIDOWRKIHUH LV RQO\ WKH PDMRU RI

while (digitalRead  (conf )==1){

temperature =measure (); //measure temperature

e=set - temperature ; /[calculate control error

act =konst *e; /[calculate actuating variable
action =(int )act +50; /ladd ub (50 - from HW tests)
if (action >255) action =255; /Nlimitations

if (action <0) action =0;

if (temperature_o !=temperature ){

[*rewrite temperature at TFT display*/

temperature_o =temperature

analogWrite (heat , action ); /lsend PWM to heater
if (action >0) digitalWrite (led_h , 1); /lsetled diode

else digitalWrite (led_h, 0);

[*save data to temporary files*/

}
web("P REGULATION} konst , 0O, set , 1); /lopen web server
for (i=0; i<20; i++){ /lactive waiting
if (digitalRead (conf )== 0){
digitalWrite (led_h , 0); /Iswitch off led
analogWrite (heat , 0); /Iswitch off heater
break ;
}
delay (250);
}
}
/[create measuring file
createoutputfile ( newfilename (), "P regulation” , set, konst , 0, 24, 1),

6RXUFH FRBGRHHSRUWLRQDO UHJXODWLRQ VKRUWHQHG

3DJHRI
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4243URSRUWLRQDO LQWHJUDWLQJ UHJXODWLRQ

3LFWXUIRJLF RI SURSRUMWURGIRQDWLRQ

S3DJHRI



7KLV I XQFWLRIXXNAMKRRIDOWRKIHUH LV RQO\ WKH PDMRU RI IXQF

T _o=millis ()/ 1000; /ltime of start measuring
while (digitalRead  (conf )==1){
temperature =measure (); /Imeasure temperature
e=set - temperature ; /[calculate co ntrol error
Trmemillis () 1000; /[calculate current time
T=Tm T_o; /[calculate time between 2 measures
integral  =integral  +e; /lcalculate integrating time constant
act =konst *e+integral  *konstl ; /Icalculate actuating variable
action =(int )act ; /lconvert to int
if (action >255) action =255; /Nimitations
if (action <0) action =0;
if (temperature_o !=temperature ){

[*rewrite temperature at TFT display*/

temperature_o =temperature

if (action >0) digitalWrite (led_h , 1); //setled diode
else digitalWrite (led_h , 0);

analogWrite (heat , action ); //lsend PWM to heater
T o=T,; /Isave time of last measure
/*save data to temporary files*/
}
web( "PI REGULATION" , konst , konstl , set , 2); /lopen web server
for (i=0; i<20; i++){ /lactive waiting
if (digitalRead (conf )== 0){
digitalWrite (led_h , 0); /Iswitch off led
analogWrite (heat , 0); IIswitch off heater
break ;
}
delay (250);
}
}
/[create measuring file
createoutputfile ( newfilename (), "Plregulation" , set, konst , konstl , 8, 2);

SLFWXUHJRSRUWLRQDO LOWHJUDWLQJ UHIJXODWLRQ VKRUWHQHG

43 , QWHUIDFH

% HFDWNHOQPROGHO VKIPRGER®EHGHPRQVWUDWLQJ WA\SHNMZRE UHJXC(
LQWHUIDFH IRU FRQWURO PHDVXUH DQG LQWHUIDFH RQ $UGX
MRPIRUW DW PHDVXUWERDWWKH IURQW RI

7DEOH3LQV LQWHQGEIGER Q Q H F WIKR® S\BRQ H O

)XQEWLRQ 3RUW &RORXU
3RZHU 21 *UHHQ
)DQ 21 <HOORZ
+HDWHU 21 5("
$GGLWLRQDO SLQ 'LWKRXW
(I WHUQDO SRZHU |+DUGZDUH VROXW *UHHQ

3DJHRI



431, QWHUIDFH RQ $UGXLQR

SUGXLQR L OW\HUUAPBBEHX LYW KKWIARXOG FKRRVH YLD URWDU\ HQFF

UHJXOGHMLIRIQHWZRUN DQG WUDQVIHUYHUQWHKURIRDHELR J ILOH
GLVSOD\

7R PDNW IWLHQG@HIUHDEHFLGHG WRIR DG @ FKRFRY TDWHWKRRQJRYV
ZKHADUWHNVDUWLQJ $UGXLQR

SLFWXURJRV RI RXU VFKRROV
TR VKREWOWRHRN QHHG WR FRQYHUW LW WR ELWPDS ZKLFK GLV

4326HWWLQJ QHWZRUN

%HFDXVH RXU SURMHFW VKRXOG EH DV D G& WRYRWAKRE L\Q L PR
GHSHQGHQFLHWKZ® DHMIE WRUVHW ,3 DG Q UM \ERKBQZHAR 78 UBNI R M -
G\QDPLF KRVW FRQILIKING WLKRHQ UHDRARRF ZED GREX IPXY WV X E QYH W
JDWHBRG6 VHUYHU DGGUHVV $IWHU VHWWLQJ WKLY DGGUHV
FRQILJ W[W D $MWMK K H6VBMBAWMBAWKHEHOH LV UHDIGHDOQTR BRIQ | L
FDUG 7KDW \P KDY R DSMISX LY R HTXLUHG

(IWHUQDO7 KIOWIU X R RQHLI WI[W

7KH DGHOWHWKH FRQILDXH DXW IQRRUHEE H

X ,3 DGGUHVYV

Xx 6XEQHW PDVN

X *DWHZD\ DGGUHVV

X '16 ,3 DGGUHVV
(YHU\ DGGUHV\DERWHG D XV MEKR\HMMXDEH WRED WHEXLQR EXW F
EH FUEDWRENGTU M HHRXO® ®@SHUDWAVOHP OLNH :LQGRZV RU /LQX
VI\VWHP 7KH DS UFRREZDHBPIE HH QLIQIMRG WKHUHIRUH WKHUH LV D

S3DJHRI



433:HE LQWHUIDFH

KHQ XVHUV IPWRMRAWEHPH WKH\ FDQ FRQWDL/RH® PUHDN X UHKG D W B C
VKRXOG EH LQWXLWLYH DQG ZLWKRXW FRXRGO N VKREZWA IHR/H 9L
GHSHQGHQFLHYVY RI DFWXDWLQJ YDULDEOH DFWXDO WHPSHUL

JRU SORWWLQJ JUDSKV RQ VLWH ZH XVH DQ 2SHQ VRXUFH W]
WKH GDWD RQ VLWH WR LQWHUDFWL YA 4 FIXOKMV MR IRHU D ER XW

SLFWXUHE LQWHUIDFH ZKLOH PHDVXULQJ

7KLY VROXWLRQ KD¥HFK@UWR UM LOBHBHREEHP U\ | ZH VHQG WKLYV
$UGXL Q/RERVRZVHAILO OPXPWHPH 7KDW WRHRHIYD WXKUOLWQJ JUDSKV WK
FRQWUROOHU PXVWLBRWHRQABWFWHG WR WKH

4342XWSXW ILOH

$IWWHHHORSI PHDVXURQUDP PDNH D BMNWWRPDVDKEBE&MHRQWDLQV W
VWDUW PHDVXULQJ DFW XDNQ®H PYSHWLIIDVEXOWH FRQWURO HUURL

Pl regulation

Set temperature: 70.00 Proportional constant: 8.00 Integral constant: 2.00
| time | actuating variable | control error | measured temperature |

| 0.00 | 0.00|0.00|23.50 |

| 2.00 | 255.00 | 46.44 | 23.56 |

| 8.00 | 255.00 | 44.81 | 25.19 |

([WHUQDC$ QHQBIP SRAOHPHDVXULQJ ILOH

3DJHRI



4357UDQVIHUULQJ PHDVXULQJ ILOHV

7TUDQVIHUULQJ P B®HNXMIRGRO | VWIRRRAKDMEHX MH DV XUH 9SZ0/SDBPBO\
\RX FRXOG FRS\ PHDVXUHG ®W D R %IPNG I XFAHID WWH VIR 8SBUDWMRD H [ F
VLPPQK; FUHDWLQJ JUDSK DOVR

SLFWXURZQORDGLQJ PHDVXULQJ ILOH

"KHQ ZH QHHG GRZQORDG WKLMHVOH ZH FRXOG XVH WKLV DG

KWWS

o '<<<< 77

ZKHUHQREHUR ,BUHYV DQGD<QX<PERWDRIXULQJ |DWHIHVK RZ Q
PHDVXUH

44+DUGZDUH GHVLJQ

7KHDK G Z90JHWV RI W KH FHURVHBPW RMAUWVBMGFKRRVYH VHQVRUV DQ
$V ZH ZULWH W K HWBBHYWXHMRRIER QW LRRZHU UHVLVWRUV $V |
VHQYRWKRRVH YHU\ UHOLDE ORD U H @ WARDVRE HESWUH IR B RUDRHXA WV

3&%

WK R W RRJHHW K R &

7KLV 3&% V ZH SDUWLWLRQHG WR SDUWYV

X

X

X

X

3&%
3&%
3&%
3&%

DV RXW S XW KHOFQB-RIWIWR® O H U
IRUWDQG ZLWKWSHHQ FRGH U

IRU WBHQ@®MHHOHFWURQLF
IRU KHDWHU

JRU FRQQHFW WKHVH 3&% V EHWZHHQ WKHPVHOYHV ZH XVH

S3DJHRI



4410LFURFRQWUROOHU

$V PLFURFR Q@W WKR/GIORIQO\ $UGXLQR 0BIDL PEHADR¥R QWKW R OLO/H U
GHYHORSLQJ DQG OHDUQLQJ WKKHNHHR.YOQ FD S RF KHIREHWR O |
ZLUHV DW WKH SLQ K H DIGH b QIEGGE QZRWP DIGOILD B® H QIQFAKRW Y R R
RWKHU SHULSKH WKW K B&/BHYH DY H WZR SUHEHWHBEDHBWHG W
VXSSO\ WR LQGLEDWH WKH VWDWH 21 2))

4411%3UGXLQR SLQRXW

7KLV WDEOH VKRZV $UGXLQR <UQQ SKHNIGHID EMDHKL M) K D Y H
PRXQWHG WHWHIR&EWQPDNH D 3&% IRU WKHP

7TDEOH$UGXLQR OHJD SLQRXW SLQV

9 9
WHPSHUDW, HQFREKWWRQ
HQFR/H US

HQ F RV/H U %

/(" +tSRZHU

/(" IDQ

/(" tKHDWHU

/(' +tDGGLWLRQDO SLQ
VSDUH SLQ

VSDUH SLQ

VSDUH SLQ

VSDUH SLQ

IDQ:0
K H D V¥ HU

VSDUH SLQ
VSDUH SLQ
VSDUH SLQ

*1! *1!

4412)URQW SDQHO FRQQHFWRU

7TKHREDQHFMWRRWHFURFRQWURBQMWUSDQHO D&% RBIBEOH X¥YQ QJ
DQRWKH W FR®K REWWXK® VDPH FRQQHFWLRQ RI FRQQHFWRU

7DEOH)URQW SDQHO FRQQHFWRU

9 *x1
H Q F R:GE KW x1
HQ F REGVH *x1
HQ F ReG/H x1"
/(" +SRZ VSDUH SLQ
/(" 1D VSDUH SLQ
/(" tKHD VSDUH SLQ
/(' +DGGLWL VSDUH SLQ

3DJHRI



44.13% HDWERQWURO SDQHO FRQQHFWRU

7KHRBDQHIFWRWWHFURFRWURBQMWUSDQHO D&% RBIBEOH X¥YQQJ
DQRWKHW R RFWWK® VDPH FRQQHFWLRQ RI FRQQHFWRU

7DEOH+HDWLQJ FRQWURO SDQHO FRQQ}

VSDUH VSDUH SLQ
V'S DELLHD
k1 xq
xq 9
k1 WHPSHUDWXUH VHQVRU
k1 IDQ
xq KHDWHU
k1 9 SRZHU VXSSO\

441.43&%

SLFWXUHKHPDWLF RI PLFURFRQWUROOHU 3&%

7TDEOH/LVW RI SDUWV WR PLFURFRC

3DUW 9DOXH | 'HYLFEH 1RWH
)5217B3 &RQQHFWRU

+($7(5 &RQQHFWRU

$5'8,12B0(*$ 3LQKHDG [ | 2XWSXW IURF

S3DJHRI



SLFWXUHFURFRQWURC SLFWXUHFURFRQWURC
VFDOH FRPSRQHQW SODFHPH

44155HDODWLRQ

3LFWXUH FURFRQWUROOH BLFWXUH FURFRQWUROO
ERWWRP

3DJHRI



442+HDWLQJ DQG FRROLQJ FLUFXLW

%HFDXVH ZH XVH WUDQVLVWRUV IRU VZLW FWHKWHRR@MHY J D Q
VXSSO\ DQG WKHIUHNIRRHNNUZHRFRXOG XVH XQLYHUVDO 3&% E
FRQQHFWRMRVKBIQ\HSD WKV W R LRREEHRW 7 FORDG) KIW LKPHSIDWH U LV
FLURXDWVR PDNH D VLPSOH 3&% ZLWRXARIHDMI U SDWKV IRU |

44213RZHU VXSSO\

JURP GHPRQPWRGEIWH[GHFW ORZ ZHLJKWDIR UNPREDEU WX EEDE J
ERYHU\ FRPSOLFDWHG :H QHHG WR KDYH VRPH ODERUDWRU\ \
PLQLPDOO\ ZLWK $ 0DQ\ OPDERWHD W RXIL BMABQUREBWEAFKL W K K H |

FRLOV 7R DYRLG W KDWZ YV WWERDAMIUR VXFRISIORVE B L W FKXLSZI0 © O
HQ V RARQ VRWODIK W Y RO W VXS5 B DDYRIZWIBRV KRS O\
OHDQ @O

7TDEOH/56
7KHL®LPROXW $& YROWDJH| 9
7KHDRLPID@OSXW $& YROWDJH 9
2XWSXW YROWDJH 9 '&
2XWSXW FXUUHQW $
2XWSXW PD[ SRZHU

6RXUFH RIILFLDO GDWDVKHHW
KWWS 777 IDUQHOO FRP GDWDVKHHWYV SGI"BJD |

S3DJHRI



4422+HDWLQJ FRWQYWURO

SLFWXUGFKHPDWIHD R/ILQJ 3RRHWURO
7TDEOH/LVW RI SDUWV IRU KHDWLQJ FRQW

3DUW 9DOXH | '"HYLFH 1RWH
+($7(5B3%1(/ &RQQHFWRU

32:(5 6FURAEDPS JRBRZHU VXS
+($7(5 6FURADPS JRU KHDWHU
)$ 1 3LQKHDG [ |)RU IDQ
63$5( 3LQKHDG [ |)RU VSDUH S
7(03 3LQKHDG [ |)RU '6 %

4 %' YRU IDQ

4 %' JRU KHDWHU
' $GGLWLRQDO
5 N SHVLVWRU JRU '6 %

3DJHRI



4423+HDEE®

3LFWXU#HHDWLQJ F&®W WD H

3LFWXHHHDWHU BR®MRPB®R Q H

SODFHPHQW

SLFWXUHKHPDWLF R&KHDWHU
7TDEOH/LVW RI SDUWV IRU KHDWHU 3&%

3DbUuw 9DOXH '"HYLFH 1RWH
5 5 5 ) UHVLVWRU &DUERQ SDFI
-3 2Q0\ VROGHU

S3DJHRI



SLFWXU#HDVWEBY® VFDOH SLFWXU#HDVEEBY® FRPSRQHQ\
SODFHPHQW

442A5HDODWLRQ

SLFWXUHHDWLQJ FRQWI SLFWXUHDWLQJ FRQWURO 3&%

3DJHRI



SLFWXU#HHDWHU 3&% WRS SLFWXU+HHDWHU 3&% ERW

443)URQW SDQHO

7KH IURQW SDQHORIXQFRQRABOPNAQBMHPHQWHQFRGHU IURP
PLFURFRQWUROOHU FR® VENVBWVHNV LMW R W& % SLQV IRU GLRGH\
IRU SRVVLEO\ QHZ SHULSKHUDOV

3LFWXUBFKHPDWLRQRV B&%Q HO

S3DJHRI



7TDEOH/LVWSRBUWY IRU IURQW SDQHO 3&%

3DUW 9DOXH "HYLFH 1RWH
)5217B3%1(/ &RQQHFWRU
(1&2'(5 3LQKHDG [ |)RU URWDU\
63%5 ( 3LQKHDG [ |)RU VSDUH S
5 5 5 UHVLVWRU
3LQKHDG [ |)RU /(' GLRGH
3LQKHDG [ |)RU /(' GLRGH
3LQKHDG [ |)RU /(' GLRGH
3LQKHDG [ |)RU /(' GLRGH
4.43.138%

3LFWXUMWRQW SRYHBFDOH

SLFWXUKMWRQW SRQFRPSRQH (

SODFHPHQW

3DJHRI



44325HDODWLRQ

SLFWXUKWRQW SDQWRS3&% SLEFEWXURKNRQW S D QHROW3IRP

S3DJHRI



5 &KDPEHU DQG FDVH IRU FRQWUROOHU

)ROQ H[FHSWHMWH) WORMLGBIOR H RMHQIGOLIHWLPH RI PLFURFRQWL
SHULSKHUDOV ZH QHHG WR FRYHU ZKROH HOHFWURQLF LQW|

514&DVH IRU PLFURFRQWUROOHU

7KLV FDVKDUWGBWRKHMR H @WHIE R\IRFOA TRUWW LWSBNVVLBPOH ZLWKR)
&RPSXWHWHULF FRQWURORPWEKEKNM @QHHGL&/R ZULWH D * FRGH ZI
XVHR/U SUHFLYVHO\KRHBITAX@WW R U

LFWXuUaR/,':25.6 PRGHO Rl PLFURFRQWUROOHU FDVH

‘H KDWHRB WWRQXW DFU\OLF MG V SO0/ DVFRYHGWKRIGDVH VDPH
/(" V :KHQ YBIIDFHO FRPSROUKE@WHEH. (RXR G WKDW PDGH VHSDUD)
PLFURFRQRIQ®OORIQW SDQHO ZDV XQQHFHVVDU\

SLFWXUB2/,':25.6 PRGHO Rl DFU\OLF SURWHFWLYH JODVYV

3DJHRI



SLFWXUHMHQDO UHDOL]DWLRQ RI FDVH IRU PLFURFRQWUROOHU ZLW
JODVYV

5.2 T KHDWMIR W KHH D WHL.GLHIP H Q W

7KH GHVLJQ RI WKLV FDVH ZDV IRU EW %9P®H WI&R WK H 7KKHHD 3\&HAJ
GRYAMDXVH RYHUKHDWLQJ RI WUDQVLVWW KN DWHIRHAR LO-RQ DU R F
DQWKH KROH IRU IDQ PXVW EH Q8 [WKRRRW KHRRBDYWHVKRXGAFE
ORQJHUWIERHDRIG WKH KROH VKRXEBEG EAXWVERRMHDRPQ HD QRAUVHFF
FROGHU DLU

1H[W KROH ZKDW ZH QHHG LV IRU IODW FDEOHZD Q@ WRM KH V X
VLGH RI WKH WUDQVSDUHQW SDUW

S3DJHRI



BLFWXuUgR/,':25.6 PRGHO RI FKDPEHU

SLFWXUKHQDO UHDOL]DWLRQ RI FKDPEH
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actuating variable proportional regulation
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actuating variable proportional integrating regulation
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1.Intrudoction

In the time of wireless charging and radio waves filling our spaceisléake alook at the
device thatstarted it all, the famous tesla cdtlwas origindy invented by Nikola Tesla, a
Serbian inventoHe was born in 1856 in the Austrian Empifesla received an advanced
education in engineering and physics and gained practical experience in the 88fg 1
working in telephony and at Continental

Edison in the new electric power

industry. In the summer of 1889, Tesla

traveled to the 1889 Exposition

Universelle in Paris and learned of

Heinrich Hertzexperiments that proved

the existence otlectromagnett

radiation, includingradio waves Tesla

decided to explore these experiments

more fully. In repeating, and then expandin Figure2: Nikola Tesla

on, these experiments, Tesla tried powering

a Ruhmkorff coilvith a high speedlternatorhe had been developing as part of an iroped
arc lightingsystem but found that the high
frequency current overheated the iron core
and melted the insulation between the
primary and secondary windings in the coil. To
fix this problem Tesla came up with Higsla
coil with an air gap instead ofnsulating
material between the primary and secondary
windings and an iron core that could be
moved to different positions in or out of the
coil.

Figurel: Tesla coil A Tesla coil is anelectrical resonant
transformer. Connected to the right circuit it

can produce very high tagelt was commercially used in sparkgap radio transmitters and
in medical equipment such as electrotherapy and violet ray devices. Today, their main usage
is for entertainment, educational displays and experiment¢hile the voltage that the
transformerputs out is very highthe currenton this small of @cale is very tiny thatwhy it
is not lethalTeslas dream was to bring wireless power to every home in the world, and he
proved that it is possibldf we continue his work, we will be able to make khream come
true.



2.Theoretical part

The Tesla coil is @sonantair gaptransformer. Thatmeans that at the core of it are two
wire windings. @e of the windings is referred to as the primary and the second one as the
secondary. The secondary windig actualy the main tower of the Tesla coil and the
primary winding are the few turns of wire on the bottom of the cdihe primary is also the
coil that gets driven by the drive circutryMost Tesla coil transformers are air gap
transformers, which meas that between the primary and secondary the galvanic isolative
material is air.

2.1 Market analysis

Tesla coils are mostly used for entertaiment and education purposes and they are quite
dangerous and complicated to bujldo theconsumer version of deslacoil is not the
smartest idea, bt as people started to put videos of Tesla coils on the internet the public
started to get interested in the phenomenaof the Tesla coil. And so @mpany of the
name OneTesla wasom. The company started with kickstarter campaing to raise the
money for their corpany. There they were selling Tesla coil kit andjathered feedback
from hundreds of builders of the original kit to determine what could be improved.

2.2 Technical analysis

A Tesla coil looks like eomplicated device but broken down in its core components it is
quite simple In this section we will seeaupk of the technologies used intesla coil.

2.21 Transformers

Let us take dook at the core device which a
Tesla coil is, basically a traosher.
Transfomers are devices which take an
alternatingvoltage on the primaryr the input
and transfers it to the secondany the output

A varying current in one coil of the transformer
produces a varying magnetic flux, which, in

turn, induces a vaigwg electromotive force Figures: Acircuit of a transformer
across a second coil wound around the same
core.



Depending on the rab of primary to secondary turnthe voltage can be either lowered or
risenor it can stay the same if the riatof turns is 1 : 1The higher the amount of seconga
turns in proportion to the primary the voltage no the output will be higher, als® dposite
is true. We can calculatthe voltage on the output of theransformer with the following
equation:

Figure4: Transformer ratio equ#n

The equation states, that the turns ratio is equal to the number of primary turpsdiMded
by the number of secondary turr{dk) which also equals to the voltage on the prima&¥y)
divided bythe voltage on the secondaryV

But this voltage iorease does not come without@st, becausas the voltage increases the
current lowers Bythe law of conservation of energy, apparent, real and reactive power are
each conserved in the input and output:

Figure5: Transformepower equation

WhereSis conserved power anids current.

As this seems to be geieasy math, the problem is that these equations are true only for an
ideal transformer. Ircase ofareal transformer we have to encounter other prebts like

x Core losse
x Power losses (because of wire resistgnce
x Different capacitances

But it gives us an idea of what the output voltage should Bee development of an
electrical transformer ia complicated task, but the basic theory behind it is quite simple.

Figure6: Real transformer



2.2.2 Resonance circuits

The main part of @ esla coil is dransfamer, but as the secondary of @esla coil is not
connected to any loadbecause that would collapse the output voltage, but it Isasy
parastic capacitanceThis is the capacitance between one side of the secondary winding and
the air or space around itbecause of that the secondary winding and tpearasitic
capacitancemakes an LC circuitlf we wantthe transformer to work, weéhave to drivethe
primary at the resonant frequency of the secondary coil. So first we have to calculate the
resonantfrequency of the secondary coil, we do that with the next equation:

Figure7: Resonant frequency formula

After we have the @sonant frequency of the secondary coil, then we know with what
frequency to drive the primary at and we can plan our drive circutry accordingly. But these
calculations do not encompass all tpaysical propreties. That is why it smart to put some
way of fequency adjustment to the circui’he resonance frequency of the seconganll

can be tuned by adding @pacitor to it. InTesla coils that capacitor ist@oid mounted to

the top of the coil.

2.2.3 Drivingr poweringa Tesla coil

There are many wgs you can drive a Teslailcélere we are going to takelaok at some
ways:

Spark gap circuit

The circuit operates in a rapid, repeating cycle in which the supply transformer (T) charges
the primary capacitor (C1) up, which then discharges in a spadughr the spark gap,
creating a brief pulse of oscillating current in the primary circuit which excites a high
oscillating voltage acrgshe secondary

Current from the supply transformer (T) charges the capacitor (C1) to a high voltage.

When the voltage aoss the capacitor reaches the breakdown voltage of the spark gap (SG)
a spark starts, reducing the spark gap resistance to a very low value. This completes the
primary circuit and current from the capacitor flows through the primary coil (L1). The
current flows rapidly back and forth between the plates of the capacitor through the coill,
generating radio frequency oscillating current in the primary circuit at the circuit's resonant
frequency.



The oscillating magnetic field of the primary winding inducesostillating current in the
secondary winding (L2), by Faraday's law of induction. Over a number of cycles, the energy in
the primary circuit is transferred to the secondary. The total energy in the tuned circuits is
limited to the energy originally storeith the capacitor C1, so as the oscillating voltage in the
secondary increases in amplitude ("ring up") the oscillations in the primary decrease to zero
("ring down"). Although the ends of the secondary coil are open, it also acts as a tuned
circuit due tothe capacitance (C2), the sum of the parasitic capacitance between the turns
of the colil plus the capacitance of the toroid electrode E. Current flows rapidly back and
forth through the secondary coil between its ends. Because of the small capacitance, the
oscillating voltage across the secondary coil which appears on the output terminal is much
larger than the primary voltage.

The secondary current creates a magnetic field that induces voltage back in the primary coil,
and over a number of additional cysléhe energy is transferred back to the primary. This
process repeats, the energy shifting rapidly back and forth between the primary and
secondary tuned circuits. The oscillating currents in the primary and secondary gradually die
out ("ring down") due toenergy dissipated as heat in the spark gap and resistance of the
coil.

When the current through the spark gap is no longer sufficient to keep the air in the gap
ionized, the spark stops ("quenches"), terminating the current in the primary circuit. The
osdllating current in the secondary may continue for some time.

The current from the supply transformer begins charging the capacitor C1 again and the
cycle repeatsThis entire cycle takes place very rapidly, the oscillations dying out in a time of
the order of a millisecond. Each spark across the spark gap produces a pulse of damped
sinusoidal high voltage at the output terminal of the coil. Each pulse dies out before the next
spark occurs, so the coil generates a string of damped waves, not a continnossidal
voltage.[18] The high voltage from the supply transformer that charges

the capacitor is a 50 or 60 Hz sine wave. Depending on how the spark

gap is set, usually one or two sparks occur at the peak of each half

cycle of the mains current, so theregeamore than a hundred sparks per

second. Thus the spark at the spark gap appears continuous, as

do the high voltage streamers from the top of

the coil.

Figure8: Spark gap Tesla coil circuit

5



Solid state driver circuits

Modern transistor or vacuum tube Tesla coils do not use a primary gfzgrkinstead, the
transistor(s) or vacuum tube(s) provide the switching or amplifying function necessary to
generate RF power for the primary circuit. Sdtdte Tesla coils use the lowest primary
operating voltage, typically between 155 and 800 volts] drive the primary winding using
either a single, halbridge, or fulbridge arrangement of bipolar transistors, MOSFETs or
IGBTSs to switch the primary current. Vacuum tube coils typically operate with plate voltages
between 1500 and 6000 volts, whileost spark gap coils operate with primary voltages of
6,000 to 25,000 volts. The primary winding of a traditional transistor Tesla coil is wound
around only the bottom portion of the secondary coil. This configuration illustrates
operation of the secondargs a pumped resonator. The primary ‘induces' alternating voltage
into the bottommost portion of the secondary, providing regular '‘pushes’ (similar to
providing properly timed pushes to a playground swing). Additional energy is transferred
from the primaryto the secondary inductance and tépad capacitance during each "push”,
and secondary output voltage builds (called 'run@). An electronic feedback circuit is
usually used to adaptively synchronize the primary oscillator to the growing resonance in th
secondary, and this is the only tuning consideration beyond the initial choice of a reasonable
top-load.

In a dual resonant soligtate Tesla coil (DRSSTC), the electronic switching of thestatkd
Tesla coil is combined with the resonant primary wircof a sparkgap Tesla coil. The
resonant primary circuit is formed by connecting a capacitor in series with the primary
winding of the coil, so that the combination forms a series tank circuit with a resonant
frequency near that of the secondary circuecause of the additional resonant circuit, one
manual and one adaptive tuning adjustment are necessary. Also, an interrupter is usually
used to reduce the duty cycle of the switching bridge, to improve peak power capabilities;
similarly, IGBTs are mop®pular in this application than bipolar transistors or MOSFETS, due
to their superior power handling characteristics. A curremiting circuit is usually used to

limit maximum primary tank current (which must be switched by the IGBT's) to a safe level.
Performance of a DRSSTC can be comparable to a mgxiwer sparkgap Tesla coil, and
efficiency (as measured by spark length versus input power) can be significantly greater than
a sparkgap Tesla coil operating at the same input power.



2.3 Used Tealvlogies

2.3.1 Slayer exciter

The slayeexcitercircuit isprobablythe simplest
thing that can generate such high voltage

This is abasic representation of alayer exciter
and how it is connected to the Tesla coil. The
capacitor connected with thestriped line is the
stray or parasitic capacitanc&he other parts on
the diagram are as followsPart Q is the
transistor, T is the transformer or the physical
Tesla cojIR is aesisitor and D is the diode.

Figure9: Slayer exciter diagram

The slayer exciter works like this:

1.

2.

Turnirg the circuit on, R drives the base of the transistor Q

Q turns on and drives current into the primary of the transformer. Theent is
limited because ofhe limited available baseurrent.

The created magnetic field drives the secondary of the transformer.

The secondaryvoltage wants to growarge but the tiny stray capacitance on the
output resists the change, although very small, against the rise of the output end and
so in return the voltage on the other end of the transformer goes down, pulling the
base @ the transistor low.

Diode D prevents the base voltage to fall more than 0.7V below ground, which in
return pushes the output end of the secondary high.

The transistor turns off and so the magnetic field starts to reduce.

The base voltage rises agaamd Q turns on and the cycle repeats.



The beauty of this circuit is that it tunes itself, because of the electromagnetic radiation the
coil puts out. With other options like a function generator or a custom circuit is that you

have to tune the coil to the ect resonant frequency of the secondary. The slayer exciter

circuit is the simplest yet least powerful of the options.

2.4 Financial Analysis

SWOT Analysis

Cheap, easy to understand how it works, safe,
Strengths:

The transistor is overheiag, because of the power the coil requires,
Weaknesses: complicated mechanical construction, the coil is weak

N With abetter circuit it can output more power,

Opportunities:
Threats:

Tablel: SWOT table

3.Practical part

In our case the problem was buildingTasla coil. We knew going in to thpsoject that it
would not be asimple task to accomplish. We startedhyf looking at some pictures of Tesla
coils on the internet, we could then decide on the sideghe secondary coil. When we got
the wire we wrapped hie secondary caqilthe exact dimensions will be described in the
Mechanical section. Then we started work on the primary coil construction. We had to
watch out that it would end up bigger in diametdren the secondary. After that we made
toroid on top of the tower. Saddly because of the low power driveutiy we could only use

it as ashow pieceWith all the parts mounted to piece of wood, we could design the drive
circutry. Thankfully we found @rcuit called sslayer exiter, which consis only of acouple
componets. The circuit was build onkaeadboardfor easy parts replacing and adjustment
and connected with aligator clips to the primary for adjusting the number of primary turns
and withthat in theory rising the voltage. With all the components connected we turned it
on and were astounded by the fact that it actually worked.



3.1 Electronics

The slayer exciter is quite ample darcuit, it

only consists from aransistor, aresistor,a

diode and a switchBut in our case we found

out that the diode is not necessary. We did

not use it because it limits the voltage on the

base of the transistor and with that it also

limits the power output of the transistor,

which in turn limits the powe of the Tesla

coil. The problem appearsshen we run the

coil for too long, because the transisitor can

burn out. But we are willing to sacrafice the

possible destruction of the transistor for

some more power on the coil. Not many Figurel0: 2n2222 transistor

transistors could be usk in this circuit,

because for the specific valud¢isat the transistor hasWe used a 2n2222 transistor in a
metal can packagéAs for the switch we used snap action momentary switch, the reason
being so the Tesla coil is not turned on for to long anaiin burn out the transistorOn the
circuit we can also see the number of turns on the primary which is 10 and the secondary
number of turns 700.

The specific slayer exciter circuit used in our project is shown below.

Figurell: Slayer exciter circuit



3.2 Mechanical

3.2.1 The secondary coil construction

For the physical build we started of by wing
secondary coil on giece of PVC pipe. As we
wanted the secondary coil to have around 700
turns and we had 0,3 mm diarte¥ enameled
copper wire, we calculated that we ad the
pieace of pipe that is #ttle bit longer than 21
cm. We calculated the length of the pipe by
multiplying the number of turns by the dianest
the wire and we got the length of the pipe in
milimeters. Then we added ldtle to that number
what for mounting purposesiNe doose to get a
pipe with adiameter of 5 cmAfter we got the
pipe we wound the coil by hand and secured it on
both ends with hotglue. The coil got mounted to
pieace of wood.

Figurel2: The secondary coil

3.2.2 The primary coil construction

We stated the primary of by finding a
plastic circle that was dittle bigger in
diameter then the secondary. Then we
build plastic posts which would hold the
wire. The posts were made from plastic
strips cut from 2 mmacrylic.And then 10
holes were drilled into these posts on 6
mm spacing between the holes. Afterath
we used 2 mm wire and madecail from
it. Then we fished it through the holes so
the posts were evenly spacedhe post
were atached to the plastic aite with
super glue, screws and nutdnd thatis
how we got aprimary winding for our

Tesla coil. Figure13: The primary coil
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3.2.3 The toroid

The final part of thebuild was to make the
toroid. A toroid is used for tuning the
resonance frequncy of the Tesla coil. The
toroid was made from 1,5 mm steel wire.
First the wire was wound in @il and hen
that coil was soldered tovaire circle, so we
got atoroidial shape We finished the toroid
off by adding arossin the midde so the
toroid can be screwed to the top of the
seondary coil.Saddly the toroid could not
be used and therefore it is only a

showpieace, but the coll still works without Figurel4: The toroid
the toroid.

3.3 Testing

The tesing was notcomplicated We just turned it on

by holding the momentary switch and waving a

Fluorescent tubdight bulb around theTesla coil to see

if it turns on. We found out that if we wanted the bulb

to turn on, the bulb would have to touch the open side

of the secondary winding first and then it would light

up and staylight if not directly touching the secondary"'9ure15: Flourescent tube light bulb
winding.
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4.Conclusion

The Project

In the end the project wasery successful, we
have made alevice which is inhe electronics
world known as abig and complicated ask.

And we carried it out in &imple yet working
manrer.We learned dot about Tesla and his
invention andgained alot of knowledge about
electronics and physics.

The Tesla coil

In the future we will continue to improve the
Teslacoil by adding and designingadnole new
circuit. With the new circuit it Wl be able to
put more power through the coil and with that
make bigger sparkand light up neon lights
from agreater distance.

Teamwork

We gainechappy memories. Theeamworkwas pretty hard first, but as the time passed we
got to know each other, wepoke moreWe got to know another countries culture and
lifestyle. The living conditions were alshferrent because coming from @ity thatis almost
nine times smaller tha the other city according to the populan count and vice versa was
abig change.

12
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The two Arduinos communicate through iflie Aduino Nano will send the measured value in binary
to Arduino Uno and with the help of that value it will display the correct numbers on the LCD and state it

through the peaker.
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DFPlayer

The DFPlayer Mini is a small dod-costMP3module with a
simplified output directly to the speaker. The module can be used as a
standalonemodule with attached battery, speaker and push buttons or
used in combination with an Arduino UNO or any other with RX/TX
capabilities.
The DFPlayer perfeg integrates hard decoding module, whic &]P|6E &Wo C &
supports common audio formats such as MP3, WAV and WMA. BeSiues,
it also supports TF card with FAT16, FAT32 file system. Through a simple serial port, you can play the

designated music without any other tediousderlying operations.
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#include <Wire.h>

#define comparator_input_pin A1 /Ipin for reading comparator (positive or negative measured voltage)

#define range_output_pin 3 /loutput pin for swi tching ranges

#define button_pin 6 /lpin connected to button

#define output_address 8 /laddress of the second arduino in 12C

#define button_time_delay 100 /ltime in miliseconds in which arduino doesn't read the butt on after
the first press

#define TimeToSen dConstant 200 /ldelay between two sendings of voltage data via I2C to the second

arduino

#define number_measurements 10 /Inumber of adc measurements to one voltage value

#define adc_resolution 4096 /Iresolution of ADC

#define ref  erence_voltage 4.088 [Ivalue of voltage reference for adc

#define gain4V 1.005 /lgain in range O -4V

#define offset4V 0.0 /loffset in range 0 -4V

#define gain40V 10.05295 /lgain in range 0O - 40V measured @ 40V

#define offset40V 0.0 /loffset in range O - 40V

#define auto_range_to_down_voltage 3.9 //if voltage is lower than this constant auto range select range 0 -4V
#define auto_range_to_up_voltage 4. 0 //if voltage is higher than this constant auto range select range 0 -4V

boolean button_pressed = 0;
float voltage;

byte range = 0; 110 -40V =0;0 -4V =1;auto=2;

boolean range_output; 110 -40V =0;0 -4V =1;

lon g timeToSend = 0;

long button_time = 0;

I* *

/IFunction for reading ADC more times and computing the value of voltage.

void read_adc(){
float calibration_variable;

voltage =0 ;
for(byte i = 1;ix=number_measurements;i++){
float adc;
Wire.requestFrom(B1001101,2); /lrequests value (two bytes) from ADC via I12C
while(Wire.available()<2){}; Ilafter receiving them
adc = (Wire.read() <<8); /lread them

adc += Wire.read();
voltage += (adc * reference_voltage) / adc_resolution; //add current value of measured voltage

delay(2);
}
voltage /= number_measurements; /lcompute the average voltage
if(read_comparator () ==0){ //If measured voltage is negative
voltage =0 - voltage; /ldo it negative.
if(range_output){ /lapply calibration constants and variables

voltage = (voltage*gain40V)+offset40V;

if(voltage > 0.0){
calibration_variable = map(voltage, 0, 40, 97, 0);
voltage += calibration_variable / 1000;

}

else if(voltage < 0.0){
calibration_variable = map(voltage, -40, 0, 0, 75);
voltage - = calibration_variable / 1000;

}

elsef{
voltage = (voltage*gain4V)+offset4V;

}

I* */
[Ireturn O if measured voltage is negative, return 1 if positive

boolean read_comparator(){
boolean comparator_positive;
if(analogRead(comparator_input_pin) > 501
comparator_positive = 1;

else{



comparator_positive = 0;

}
return comparator_positive;
}
/*
/IFu nction for reading button and changing ranges 0

-40, 0 -4, auto

void read_button(){

*

if(((digitalRead(button_pin) == 0) && (button_pressed == 0)) && (millis() >= button_time)){

button_pressed = 1,
butt on_time = millis() + button_time_delay;
swi tch(range){

case O:

range = 1;

break;

case 1:
range = 2;
break;

case 2:
range = 0;

}

}

if((digitalRead(button_pin) && button_pressed) && (millis() >= button_time)){
button_press ed = 0;
button_time = millis() + button_time_delay;

}

}
/*

void range _update(){
read_button();
if(range <= 1){
range_output = range;
}

else{ //if automatic

if((abs(voltage) > auto_range_to_up_voltage) && (range_output == 0)){ //and v

auto_range_to_up_voltage
range_output = 1; /Iset range O
if((abs(voltage) < auto_range_to_down_voltage) && range_output){
auto_r ange_to_down_voltage
range_output = 0;
}
}

digitalWrite(range_ou

/Iset range O

tput_pin,range_output);

}

/*
/IFunction for sending the value of measured voltage and status byte

void send_voltage(){
byte statusB yte = 0;
byte voltageByte = 0;
byte decimalByte = 0;
float abs_voltage = abs(voltage);
if(range_outpu  t){
statusByte = BO0O000001;

/lif voltage range is 0
/Iset range in status byte

elsef{
statusByte = BO0000010; n

/lif voltage range is 0
set range in status byte

}
if(range == 2){
statusByte |= BO0000100;

/lif voltage range is auto
/Iset range in status byte

}
if(voltage >= 0){
statusByte |= Oxf0;

/lif the measured voltage is po
/Iset sign in status byte

elsef
statusByte &= ~(0xf0);

//if the measured voltage is negative
/[clear sign in status byte

voltageBy te = byte(abs_voltage);
before the decimal point

decimalByte = byte((abs_voltage
after the decimal poin t

/lupdate range

/Ivoltagebyte is absolute value of m

*

/lif manual range is selected

range is selected
oltage is higher than

- 40V

/lif voltage is lower than

-4V

*

-40V

-4V

sitive

easured voltage

- voltageByte) * 100); //decimalbyte is absolute value of measured voltage



Wire.beginTransmission(output_address); /Istart of 12C communic
arduino
Wire.write(statusByte); /Isend status byte, voltage byte and decimal byte

Wire.write(voltageByte);
Wire.write(decima  IByte);
Wire.endTransmission(); /lend of 12C communication

void setup() {
delay(1000);
Wire.begin();
Wire.setClock(400000);
pinMode(comparator_ input_pin, INPUT);
pinMode(range_output_pin, OUTPUT);
pinMode(button_pin, INPUT_PULLUP);

}

void loop(}{
range_update();
read_adc();
if(millis() >= timeToSend){
send_voltage();
timeToSend = millis() + TimeToSendConstant;

}

atoin withe the second
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#include <Wire.h>
#include "Arduino.h"
#include "SoftwareSerial.h"
#include <DFRobotDFPlayerMini.h>
#include <LiquidCrystal.h>

#define interrupt_time_constant 250

LiquidCrystal Icd(8, 7, 6, 5, 4, 3);
SoftwareSerial mySoftwareSerial(9, 10) I RX, TX
DFRobotDFPlayerMini myDFPlayer;

int language= - 1;/0 EN, 1 HU, 2 SK
const byte interruptPinL = 2;

byte statusbyte, voltagebyte, decimalbyte;
long time_to_say = 0;

long interrupt_time = 0;

int vol;

byte speaker[8]={
B00001,
B00011,
B01101,
B01001,
B01101,
B00011,
B00001,
B00000

h

byte speakervolume1[8]={
B0000O,
B0000O,
B0000O,
B10000,
B0000O,
B0000O,
B0000O,
B00000

h

byte speakervolume2[8]={
B0000O,
B01000,
B00100,
B10100,
B00100,
B01000,
B00000,
B00000

I

byte speakervolume3[8]={
B00010,
B01001,
B00101,
B10101,
B00101,
B01001,
B00010,
B00000

b

void isrL() {

if(interrupt_time <= millis()){
language++;
interrupt_time = millis() + interrupt_time_constant;

}

iflangua ge>2){
language=0;

}

Icd.setCursor(12, 1);

if(language==0){
Icd.clear();
lcd.print("EN");
Icd.setCursor(3, 0);
lcd.print("Voltage");

}
if(language==1){



Icd.clear();
lcd.print("SK");
Icd.setCursor(3, 0);
lcd.pri nt("Napatie");

}

if(language==2){
Icd.clear();
led.print("HU");
Icd.setCursor(3, 0);
lcd.print("Feszultseg");

}

}

void volume_update(){
vol = map(analogRead(A0),0,1024,0,30);
myDFPlayer.volume(vol);
Icd.setCursor(0, 1);
lcd.w rite(byte(0));
if(vol == 0){
lcd.print("x");

}
if((vol<10) && (vol>0)){
Icd.write(byte(1));

}
if((vol<20) && (vol>10)}{
Icd.write(byte(2) );

}
if((vol<31) && (vol>20)}{
Icd.write(byte(3));
}
}

void lcd_update()}{

lcd.setCur sor(3, 1);

if(statusbyte & B11110000){
led.print(" ");

}

elsef
lcd.print(" -");

}

Icd.print(voltagebyte);

led.print(".");

if (decimalbyte < 10)}{
lcd.print("0");

}

lcd.print(decimalbyte);

if(voltagebyte < 101
Icd.setCurs or(8,1);

}

elsef
Icd.setCursor(9,1);

}
led.print("V ");
lcd.setCursor(11, 1);
if (statusbyte & BO0000100) {
if(statusbyte & BO0000001)Y{
lcd.print("auto2");

}
if(statusbyte & BO0O000010){
lcd.print("autol");

elsef{
if (statusbyte & BO0000001){
lcd.print("0 -40");

}
else if(statusbyte & BOO0O00010){
lcd.print("0 -4");

}
}

void sayNumber(int n, int offset, int b) {
if (n==0) {
myDFPlayer.play(offset+2);//null
delay(800) ;
}else {



if (n>=1000) {
int thousands = n / 1000;
sayNumber(thousands,offset,b);
myDFPlayer.play(offset+34);delay(500);

n %= 1000;

if (n > 0) && (N<100)) {myDFPlayer.play(offset+31);delay(500);}//and
}
if (n>=100) {

int hundreds = n/100;

sayNumber(hundreds,offset,b);
myDFPlayer.play(offset+30);delay(500);

n %= 100;

if (n > 0) {myDFPlayer.play(offset+31);delay(500);}//and

}
if (n>19) {
inttens =n/10;
b=0;
switch (tens) {
case 2:
if(offset==64&&n==20){myDFPlayer.play(offset+13);delay(700);break;}myDFPlayer.play(offset+22);delay(600);
break;
case 3: if(offset==64){myDFPlayer.play(offset+14);delay(700);} else
{myDFPlayer.play(offset+2 3);d elay(700);} break;
case 4: if(offset==64){myDFPlayer.play(offset+15);delay(700);} else
if(offset==34){myDFPlayer.play(offset+24);delay(900);} else {myDFPlayer.play(offset+24);delay(500);} break;
case 5: if(offset==64){myDFPlayer.play(of fset +16);delay(700);} else
if(offset==34){myDFPlayer.play(offset+25);delay(900);} else {myDFPlayer.play(offset+25);delay(500);} break;
case 6: if(offset==64){myDFPlayer.play(offset+17);delay(700);} else
if(offset==34){myDFPlayer.play(offset+26);del ay(1 000);} else {myDFPlayer.play(offset+26);delay(600);} break;
case 7: if(offset==64){myDFPlayer.play(offset+18);delay(700);} else
if(offset==34){myDFPlayer.play(offset+27);delay(1000);} else {myDFPlayer.play(offset+27);delay(700);} break;
case 8: if(offset==64){myDFPlayer.play(offset+19);delay(700);} else
if(offset==34){myDFPlayer.play(offset+28);delay(900);} else {myDFPlayer.play(offset+28);delay(450);} break;
case 9: if(offset==64){myDFPlayer.play(offset+20);delay(800);} else
if( offs et==34){myDFPlayer.play(offset+29);delay(1000);} else {myDFPlayer.play(offset+29);delay(500);} break;

}
n %= 10;

}
switch(n) {
case 1: if(b==1){ myDFPIlayer.play(offset+2);delay(600);} myDFPlayer.play(offset+3);delay(600); brea k;
case 2: if(b==1){ myDFPIlayer.play(offset+2);delay(600);} myDFPlayer.play(offset+4);delay(500); break;
case 3: if(b==1){ myDFPIlayer.play(offset+2);delay(600);} myDFPlayer.play(offset+5);delay(500); break;
case 4: if(b==1){ myDFPlayer.pl ay(o ffset+2);delay(600);} myDFPlayer.play(offset+6);delay(500); break;
case 5: if(b==1){ myDFPIlayer.play(offset+2);delay(600);} myDFPlayer.play(offset+7);delay(500); break;
case 6: if(b==1){ myDFPIlayer.play(offset+2);delay(600);} myDFPlayer.pla y(of fset+8);delay(500); break;
case 7: if(b==1){ myDFPIlayer.play(offset+2);delay(600);} myDFPlayer.play(offset+9);delay(800); break;
case 8: if(b==1){ myDFPIlayer.play(offset+2);delay(600);} myDFPlayer.play(offset+10);delay(500); break;
case 9: if(b==1){ myDFPlayer.play(offset+2);delay(600);} myDFPlayer.play(offset+11);delay(500); break;
case 10: myDFPlayer.play(offset+12);delay(800); break;
case 11: if(offset==64){myDFPlayer.play(offset+24);delay(500);myDFPlayer.play(of fset+3); delay(500);}
else {myDFPlayer.play(offset+13);delay(900);} break;
case 12: if(offset==64){myDFPlayer.play(offset+24);delay(500);myDFPlayer.play(offset+4);delay(500);}
else {myDFPlayer.play(offset+14);delay(900);} break;
case 13: if(offs et==64){ myDFPlayer.play(offset+24);delay(500);myDFPlayer.play(offset+5);delay(500);}
else {myDFPlayer.play(offset+15);delay(900);} break;
case 14: if(offset==64){myDFPlayer.play(offset+24);delay(500);myDFPlayer.play(offset+6);delay(500);}
else {myDFP layer.play(offset+16);delay(900);}break;
case 15: if(offset==64){myDFPlayer.play(offset+24);delay(500);myDFPlayer.play(offset+7);delay(500);}
else {myDFPlayer.play(offset+17);delay(900);} break;
case 16: if(offset==64){myDFPlayer.play(offset+24 );delay(500);myDFPlayer.play(offset+8);delay(500);}
else {myDFPlayer.play(offset+18);delay(900);} break;
case 17: if(offset==64){myDFPlayer.play(offset+24);delay(500);myDFPlayer.play(offset+9);delay(500);}
else { myDFPlayer.play(offset+19);delay(900) ;} break;
case 18: if(offset==64){myDFPlayer.play(offset+24);delay(500);myDFPlayer.play(offset+10);delay(500);}
else { myDFPlayer.play(offset+20);delay(900);} break;
case 19: if(offset==64){myDFPlayer.play(offset+24);delay(500);myDFPlayer.play( offset+11);delay(500);}
else { myDFPlayer.play(offset+21);delay(900);} break;

}
}

void say_voltage(byte statusbyte_say, byte voltagebyte _say, byte decimalbyte_say){
int a,b=0;
if(language==0)a=0; //English
if(language==1)a=34; //Slovak
if (language==2)a=64; //Hungarian
if((statusbyte_say & B11110000) == false){



switch(a){

case 0:myDFPlayer.play(32);delay(800);break;//minus

case 34:myDFPlayer.play(90);delay(1000);break;//minus

case 64:myDFPlayer.play(a+26);delay(1000);break ;J/Iminus

}

sayNumber(voltagebyte_say,a,b);
myDFPlayer.play(1+a);delay(700);//dot
b=1,
sayNumber(decimalbyte_say,a,b);
switch(a){
case 0:myDFPlayer.play(33);break;//voltage
case 34:
if(voltagebyte < 2){
myDFPlayer.play(91 );break;//voltage 91volt
}
else{
myDFPlayer.play(92);break;//voltage 92volts

}
case 64:myDFPlayer.play(a+25);break;//voltage
}
}

void setup(){
Wire.begin(8); /I 'join i2c bus with address #8
Wire.onReceive(receiv  eEvent); // register event
mySoftwareSerial.begin(9600);
Icd.createChar(0,speaker);
Icd.createChar(1,speakervolumel);
Icd.createChar(2,speakervolume?2) ;
Icd.createChar(3,speakervolume3);
pinMode(interruptPinL, INPUT_PULLUP);
attachl nterrupt(digitalPinTolnterrupt(interruptPinL), isrL, RISING);
Icd.begin(16, 2);
myDFPlayer.begin(mySoftwareSerial);
myDFPlayer.setTimeOut(500); //Set serial communictaion time out 500ms
myDFPlayer.outputDevice(DFPLAYER_DEVICE_SD);
isrL();

}

void loop()
{
volume_update();
Icd_update();
if((time_to_say <= millis())&&(vol != 0)){
say_voltage(statusbyte, vo ltagebyte, decimalbyte);
time_to_say = millis() + 4500;

}
delay(200);

void receiveEvent(int howMany) {
statusbyte = Wire. read();
voltagebyte = Wire.read();
decimalbyte = Wire.read();

}
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1 Introduction

Voltmeter is arelectrical instrumentused to measure voltage between two places in an electrical circuit.
There are many kinds of voltmeters these days but many or even none of them is designed to
simultaneously work on more channels. In our project, we made a physical detvieesoltmeter that has

4 channel input and an Ethernet connector. We also wrote a website which receives data from a remote
device and stores them.

User creates measurement logs which can be later send to a server and displayed in various charts.

Our product carbe used, for example, by technical school students who have to measure voltage at many
parts of some device at once very often in their classes. Additional simplification is that students can use
our webpage to display several types of charts without érgathem themselves.

We have chosen this project becaube task seemed like it could be extended in many ways, and so did
we. Also writing the documentation in English is beneficial for our language skills.



2 Theoretical part

2.1 Market analysis

On today's meket, there aren't such solutions like ours. You can find there all types of multimeters,
oscilloscopes and voltmeters (although mainly for indoor use in cars), because nobody cares about
simplifying the life of technical school students in their clas€esnpanies don't focus on features like web
output. Therefore, if our product was publicly available, only students might be interested.

2.2 Technical analysis

Our voltmeter consists of an Arduinowith Ethern&hield, our custom circuit on PCB arskveral
mechanical componentsiside a caseWeappreciata usng Arduino asa microcontroller because it has a
compact design, and it's easy to debmger USBLibrarieswhichare supplied with Arduino IDE are also an
advantage for us, because they areeogsource, they're designed for good code readability and stability
and are meant to be used with official Arduino hardware and shi&@tlds are "modules” that have same
pinout as Arduino sone of them can be stacked on top of another.

2.2.1 A/D Conversion

Arduino has 1it A/D convertergtheir output is 0- 1023) Their range isontrollable using the onboard
voltage reference sources 1.1V, 2.56V, 5V and extern@ghax 5V) If we wankedthe Voltmeterto be
applicable for students, we needed range abot2@V.To solve that, we designed a circuit on PCB that
reduces the input voltage and gave it the name "VoltBoatdincludes voltage dividers for reducing the
input voltage and an operational amplifier that amplifies it back. For more information, sesettt@n

2.2.4/oltBoard CircuifThe reference voltage for A/D converters was set to 2.56V.

2.2.2 Channel ranges

Not all 4 channels support sammanges. Channels 1 + 2 suppot8@mV, 83V and 0-30Vvoltage ranges

and in addition we added option to connect a 1 Ohm resistor to the circuit so Voltmeter measures current

through that 1 Ohm resistor and becomes an amperemeter. This can be done o800V range so the

current range is €B00mA.Channels 3 and 4 can be set only to rang@&y/@Gnd 630V.All channels can be
18]}v 00C }u%o0 S oC ] 0 ¢} ue E } ev[S ¢ SZ u ]v 0}PX

2.2.3 File storage

We needed a way how to configure the whole devicenwitt adding unnecessary controls like a keyboard.
Luckily, Ethernet Shield includesrdacro SD Card slot which we used for storing configuration data.
Cards are a nowolatile media used to transfer files between portable devices. Our purpose wasn't to
transfer the files. It would be quite complicated because you will need to disassemble whole device to get
the card out of it. We instead used it astorage for our configuration and log files.

2.2.4 VoltBoard Circuit
The core of the circuit is 4channeloperational amplifier (for details about specific electronic parts, see

the sectio Used TechnologigsBefore an input channel is connected to the difigr, it must pass
through controllable voltage dividers. They are made of one static resistoo@@@on channel8,4) or two

(on channeld4,2) "dynamic"onesthatare connected through MOSFET transistors so we can switch them on
and off. To make the circuits safer, two Schottky diodes are connected to each input and each output of the
amplifier. If there will be t@ high voltageconnected they're going tdet the current flow through themt

to ground and not to the rest of circuit. (This is cgledtage clampinp




2.2.4.1 Simulations
To ensure circuit stability, we performed several demions of the rangeswitching circuits in the TINA

application.This simplified schematic of one channel was used.

Transfer characteristic should be linear independently on selected range. Only when voltage exceeds range
that operational amplifier accept(or is negative) it's cut off.

Figurel - 300mVRange TransferCharacteristic

When 3V range is selected, the upper-cut
off is more aggressive, and the negative
cut-off is slower. This applies only to
channels 1 and 2.

Figure2 - 3V Range Transfer CharacteristiChannels 1,2

1 Characteristics of other channels are in attachments



Problem happens with the 30V range.
Here t's visible that negativeinput
produces fairly linear negative output.
For that reason, in the real circuit there
are also Schottky diodes on the-amp
output.

Figure3 - 30V Range Transfer CharacteristiChannels 1,2

2.2.5 Power

The whole appliance can be powered by the USB or the DC power plug which are inclutdeddoduino.
Because we had the resources, we decided to add an option to power it by bdmryhat reason, we
added a Power Switch (Battery/External) as can be se#lﬁigure4- Block diagrar’p The operational
amplifier requires symmetric power supply; therefore, we used an inverting voltage converter to power it.

2.3 Used Technologies
X was usedor programming the hardware
o Version1.6.8
o Libraries: LiquidCrystal, Ethernet
The code is written in€-with use ond opensource Arduino libraries
A 3D printerwas used to print the case for our hardwgreNYCUBIC KOSS&iEkeal)
o0 Delta "Fused Deposition Modelling" technology
0 Nozzle diameter: 0.4 mm
0 The case was separated to 4 parts for it could be printed by this printer
o Material: PLA
3D model was created fBketchUp
Arduino MEGA had to be used, because demands on the memory size and pin count was huge
0 ATmega2560
54 Digital pins
16 Analog input pins
256 KHlash memory
8 KB SRAM
0 Clock Speed 16 MHz
X Arduino components
o 0?21 Zz & > ]*% 0 C
0 Arduino Ethenet Shiel@dwith microSD Card slot
Tl TINlJwas used as simulation platform for VoltBoard circuit
@_I[@’ as used to design the VoltBoard
All electronical parts on VoltBoard are SMD
For adjusting voltage range, we used voltage dividersand operational am(ifie2024CDVth)at
was powered byn invertingvoltage converte (MAX1044/ICL7660
SwitchingMOSFETransistors in voltage divider8§5S123W
Dual Schottky diodes for voltage clampiBAT54S)

O O O o

X X X X
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Rotaryswitchef ORLINCK106D

4 AA Battery container

Physical parts are connected using jumpers and pin headers

Communication with server is serializedJBOIfor better manipulation on server side

HTTP has been selected as the communication protocol

HTML (Hyper Text Matlip Language) is used to build web pages and structures in a web browser.

We used this hypertext maslp language to create web application

X CSS (Cascading Style sheets) is used to create structured documents. Cascading style sheets
separate the structure and the design of the web page. In another words, we used CSS to create
design of our web application

x PHP (Hypertext Preprocessor) is open source programming language originally designed for web
development. It is executed on the ser@@[e ¢] v A pe W,W3E}(82Z 3§ (E}u :
stored on the server.

X JavaScript is a highavel, interpreted programming language that is characterized as dynamic,
weakly typed, prototypebased and multparadigm. We are using JavaScript to psscdata from
measurements in our web application.

Z E3Xie ]* }% V o }JUE = AN E]%S[* 0] E ECU AZ] Z v o0 ¢ pe §}
SQL (Structured Query Language) is dorspétific language used in programming and designed
for managing data Hd in a relational database management system (RDBMS), or for stream
processing in a relational data stream management system (RDSMS). We used SQL in order to
create a database and to control updates and deletes over the database

X MySQL is open source rdtatal database management system. It is multiuser and multithread

§ o eCe3 U *P%0%}ES v u VC %o $(}EuUe o]l t]lv }A.U >]vpAE
}Jvel]eSe }( 8 o AZ]Z Z A &}Ae v JopuveX d o [° oo &
measurements

x JSON (JavaScript Object Notatiga lightweight datanterchange format. It is easy for humans to

read and write. It is easy for machines to parse and generate. JSON is a text format that is

completely language independent but uses conventions that amgliar to programmers of the-C

family of languages, including C, C++, C#, Java, JavaScript, Perl, Python, and many others. These

properties make JSON an ideal dateerchange language.

X X X X X X

—

For information about how are these parts connected, ref¢Figure4- Block diagran

2.4 Financial Analysis

Helpful Harmful
Internal origin | |

External origin BeJslslelgifllli[= Threats
Demand fromschools Schools will keep their verified

solutions

2.4.1 Hardware
X Mechani@l parts: 36725 CZK14.27 | ?)
X Arduino + components (shield, displag2p63CZK&0.16 :
X Electronic component251591 CZKY{.77 :

2EUR =25.73 CZK



x 3D printing approx. 100 CZR.87 :
Total: 2681.841(104.21 :

An Auto Range TRMS multimeter could be bought for the samerice.

2.4.2 Software
Within software part, we had to pay for a server, where measurements and web application will be stored.

We chose avirtual private web server LAMP with operating system Linux, distribution CentOS 6.x 64bit.
This server has storage of 1GB RAM, 20GB of disk storage and one virtual processor. It features also one
network adapter Ethernet 01 with IP address 85.255.10.288MAC address 00:50:56:a0:b8:1d. The total

}e& }( §Z « EA E ]+ TUGB! (JE u}vEZX

We were also considering to buy our own domain, although we have not bought it yet, because it is not
V e ECX dZ A EP }+3}(38Z « }v oykao }u Jv ]* 6UBA! (}JE

2.4.3 Our work
We imagine our work would take approx. 3 months if skilled professionals did it.

Monthly salary

x for a microprocessor programmer in Czech Republic is 52 307-0ZK1 0 )@ in Average.
x fora PHP programmeni*0o}A 1] ]« ¥ 0i0 !

3 Source: google.com
4 Source: platy.cz
5> Source: platy.sk



Figure4- Block diagram



3 Practical part

3.1 Electronics

3.1.1 Summary Circuit
- You can see it in attachmem{&igurel8- Summary Schema

c

3.1.2 VoltBoard Circuit
- You can see it in attachmer{§igurel5 - VoltBoard Schema1ic

For the mange control, we have used controllable voltage dividers and operational amplifier. To ensure
security of voltage inputs, Schottky diodes were added to each chasnalltage clampers.

3.1.2.1 Values of Controllable Voltage Divider s

For each channelThe opamp has 100k(Rf)and 10k(Rs)resistos in its feedback circuit, so it's gain is

constantly 1 (t's 1+ Rf/R9. An advantage is that it also provides infinite input impeddne® our
Voltmeter will act like an ideal voltme@ Before opamp
there is a voltage divider, that looks like this by default

Here theR1/R2ratio is 0.256, s&out/Vin ratio is 0.796’.

If we connect 300mV to input, we get 2388mV at

output.®Operational amplifier will amplify it1xto 2.62 V and

we can convert it in A/D easily. But we cannot connect 30 volts
there.

However,if we add a 1kparallel resistor, together with the
390k R2 they have the resistance of 997 Ohms. That makes the
dividing ratioD0.301 and Vout/Vin is @1. Now we can
connect a 30V input, the divider will divide it to 0.296V and
the amplifier will increase it t03.256V. That viiage is
applicable for us.

It works the same way for 3V range, except for R3 value, which
is here 10kOhms. R3 + R2 in parallel are 9.75k => 3V will
decrease to 0.266 V and after amplification, it will2@26V.

The result circuit will consist of dliesethree variants merged
into one, with use of transistordote: real VoltBoard includes

6 This advantage was significantly degraded by the voltage dividers. They cause 200mV voltage drop on they own. See
7lage, E6
iUa ~ E5>E6
iU4E6

88 K QLR
E5>E6



additional circuit parts. See the next section for more information.

3.1.2.2 Pseudo-Ammeter

This easy trick enables us to measure not only voltage but also cuBgnattaching 1 Ohm resistor
between input pins voltmeter will then measure voltage drop on that resistohich is equal to current.
The resistor is attached mechanically through the second pole of the retgitghes More information in

the sectio[8.3.fRangeselecting

3.2 Programs

3.2.1 Program for Arduino

Arduino program isvritten in C++ with use of Arduino IDE aseparated into

MultiChannelVoltmeter.inot main program, main loop, communication with user and with server
TakeSamplé. t functions for taking different kind of samples finadifferent channels

Debug.inot accepting debug commands from UART

LCDn tLCD configuration and displaying of values

MultiJSON.ht custom library for JSON creation

X X X X X

Program is further described using flowchartlag pag




3.2.2 Memory
Arduino MEGA has on8192 bytes of RAM so weeavilyusethe F() macro for storing strings in RIOThe
ROM size is 25352 bytesThis makeg420bytes ofRAM availableCompiled pogramsize is 6356 bytes.

3.2.3 Communication
Communication with server is established using HTTP which is a text protocol. For easier manipulation at
server side, we store measurement logs as JSON. It has this format:

3.2.4 Example JSONwve sendto the remote server

{

"freq" :20000, //in Hz or "manual” if MANUAL SAMPLE mode has been used

"duration_s" : 0,

"duration_us" :150, Uu<e Y \ e—‘—fZ FT—"f—<'e ° tT—"f—<c'e0e « T—"f—<'sO—euheKme

"averaging_count" :256, //count of samples which have been averaged to take 1 sample
"range" : [
"30V",
"3v",
"300mV",
"300mA"//30V, 3V, 300mV, 300mA, AUTO, OFF
1,
"channels" : |
[
20,
21,
19
I
[
L5, Figurés - USB Debuggin
16 g gging
15
I
[
100,
120,
125
I
[
2.5,
1.05,
1.0
|
]
}

3.2.5 Debugging

Program accepts several debug
commandsthat user can send to
Arduino through USB Seri@drogram
is not casesensitive. The baudrate
must be set to 2000000 (2M) and
line ending has to be turned off as
you can see inFigur& - USB

Debuggin?

You can see list of specific debug
commands ifFigurel4 - Flowchart 2
in Attachments.
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3.2.5.1 Debug measurement

When usertypes Z' into serial port, a continuous unlogged measurement will start with the sampling
frequency configured in config files. It can be stopped by the letter "K". Some difficulties may occur if the
sampling frequency is too highecause Arduino might not be able to receive input from serial or not even
send any output. In that case, only the RESET button will work. Apart from taking samples, Arduino will also
print A/D converter values, selected ranges etc. into serial.

3.2.6 Running mo des
The core part of our Voltmeter application is creating measurement log files. We designed Voltmeter to
have 2 different modes of operation (how values are written to the logs)

x Continuous sampling
When user toggles "Log switch (the blue one)" to "STAdRSition, the Voltmeters begins to take
samples at a defined sampling frequency and stores them to SD card until user switches back to
"STOP" position
o This is useful for making oscilloscepe measurement
X Manual sampling
When "Log switch" is at "STARVgItmeter waits until "SEND" button is pressed. When user
presses it, it displays current rei@ine values on display. When user releases the button, Voltmeter
takes a sample and stores it on SD card
0 This is useful for making for example various charésties charts- when you need to
change the input parameters and then take next sample

Running mode can be changed when user presses the SEND button at the phase of SD Card initialization at
start-up.

3.27 LCD

At the start of program, user sees information about "booting up" the Voltmeter and about some of

e« §§]vPe ~Zuvv]vP u} U SZth&CORTNXOUZ runriflg mode is active, user immediately
sees a screen with all channel's values. There is a seridll sTY. sydnbol on the left side of each
channel's value. (These are custarhars defined in LCD.h)nformation about selected ranges is not
displayed on LCD, user must see them on labels on the voltmeter's chassisnAtse rightest side of the

display, you can see 2 special symbbld}v (}E& » E U }v (J& SZ &v S v VvylE
them. The X indicates that the card or ethernet connection is not working. None logs can be made when SD
Card is inaccessible.

When the device is waitinpr an input from serial port via USB, there is a message displayed on the
display. That happens when some debug commands are executed.

3.2.8 Database
The MySQL database is created on our web server using SQL language. This data consists of one table with
avu “u@v] —X "D & v] — Z -+ (]JA }opuvew

X ld_merania this colmun isonfigured as a primary key of the table. It is used as a specific
identification of each row in the tabl@he data type is set to unsigned int, which enables us to
store 65,535 difrent measurements

X Nazov_merania this column is configured to store name of the measurement.

11



3.2.9 Configuration
There are several files stored in SD Card's root folder (their names can be changed in program, but must be

compliant with the¢8.3 conventioT. Specific settings which we store on SD card:

x Sampling frequency
x IP Address, MAC Address, Default Gateway, Subnet Mask (or whether to use DHCP)
X Running mode

We included an 1GB card formatted as FAIRI&ur product.

3.2.10 Sampling

We have done analysis of Arduino A¢bnverters and decided, that program will take several samples and
work further with their averageThe amount of these samples dsntrollable using theAVERAGING_COEF
constant in MultiChannelVoltmeter.ino and will show upeasraging_count in JSON.

3.2.11 Flowchart

12



The program begins in the file MultiChannelVoltmeter.ino by the function settige's the main program.

Figures - Flowchart 1
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For more detailed flowchart of other parts of program, seqfgurel4 - Flowchart 2in Attachments.

FigureZ - Meaning of diagram symbols

3.3 Mechanical

3.3.1 Case
The physical Voltmeter is enclosed in casth theseparameters

Width: 120mm

Height: 50mm 0mm with all mechanical parts attached
Length: 200mm

Weight:150g 870g including all hardwaye

X X X X

Mechanical controls are glued to the case by a glue gun. In the real market application (if we had more time
to experiment with 3D printer to determine right dimensions of holes in surface) all parts would hold
together without use of glue.

14



Figure9 - Case with components inside visible

Figure8 - Case with components without top part
FigurelO- Case

As you can see the bottom part hasable container at the right. Users can store the connectors for all the
channels there.

3.3.2 Channel connectors
JST SM connectave been used for providing a way to attach Voltmeter to a circuit. Their pros include

The female connector can hold in well sized hole without need of glue.
They are cheap

A lock that prevents them from separating

Polarized bape

X X X X
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Figurell- Case Top part

Here is the top part of the case. There are holes for buttons (SEND, RESET), switches (POWER
BATTERY/EXTERNAL, ESTGART/STOP), channel connectors, rotary switches and LCD.

3.3.3 Rangeselecting
Rotary switche$LORLINCK106Dare used to select range of each channel.

They are 2 pole 6 position switches. First pole is used as range. $oltibnsarelabelled as

Channels 1,2 Channels 3,4
1. OFF 1. OFF
2. AUTO 2. AUTO
3. 30V 3. 30V
4. 3V 4, 3V
5. 300mV 5. OFF
6. 300mMA 6. OFF

On first 2 channels the second pole's position 6 is used to attach a 1 Ohm resistor to circuit and transform
the voltmeter into ammeter®

3.3.4 Switches and Buttons
All switches and buttons have one pole attached to ground and the second to an
Arduino's digital pin with enabled internal pulp resistor.

Figurel2- Rotary switch
pins, image from
datasheet

10 More information on pa@ for complete explanation look into complete schematic
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3.4 Testing

3.4.1 Measurement precision
This tableshows random measurement values compared with ordinary multimdtBr313with automatic
rangeand + 0.5% accuracy.

Range Our value Multimeter
300mV 93.95 95.5
300mVv 18.33 15.7
300mV 213.76 219
3V 0.9%61 0.960
3V 09 0.920
3V 1.17 1.243
30V 29.56 28.8
30V 0.52 0.415
30V 12.28 12.58
300mA 18.36 20.1
300mA

300mA

3.4.2 Issues
Sometimes SD Card isn't loaded correctly. When this happens, usually disconnecting power source and
connecting again is sufficient.

Using commands 'Z' and 'K' to start and stop debug measuremerits only with sampling frequencies
below 40 Hz. \Wen the debug measurement starts, Arduino isn't fast enough to read from serial line, so it
can be stopped only using the "SEND" bultttrthe frequency is as high as 40 Hz, only reset can stop it.
Arduino might or might not output some random data to UART.

Our voltmeter has very bad impact on the measured circuit (about 200m2V voltage drop depending
on range and actual voltage That is d@out 20x worse thanif you just conneced one wire to Arduino's
analogue pin and another to ground.

Output value is highly dependent on calibration constants in TakeSample.h. Values may be even negatives
if calibration is inaccurate.
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4 Conclusion

ANMupo S]}ve E ot evenythivig that you learn at schoolascurate The technology is interesting,

but when you connect all channels to same circuit, you get a voltage drop of 800mV. You can't even
measure anything on 300mV rangest Be learned something.

Kv Z i ~ o —e Pisledhwirk was not definitely a teamwork, because each of us was working on
totally different platforms t we didn't even need to see each other. However, when there was the
opportunity, we were working tgether and helping each other, for example with the calibration or with
JavaScript errors.

When people from our schools met each other, it was a good,tohespite it was full of hard work. When
looking at other students' projects, sometimes | got inspired

| devoted a lot of time to this project. Most valuable skills that | got are probably solving problems with
Arduino and electronics, designing a printable case and working witseabrking 3D printer.

Problems that we needed to solve:

Arduino reads string badly from UART
Too slow output to UART

Small buffer for converting between string and decimal numbers
Bad school's 3D printer, used own one
Difficulties with pin header tightness
LCD connector positions upside down
SDCard'sSPIpins50-53 callide with others
Interrupts not working as expected

Too fast button response

Fitting text into snall LCD display

Too high rotary switch poles

X X X X X X X X X X X

What about doing a business with our project? Maybe in Japan, where people are massively interested in
simplifying even the smallest parts of their lives. Definitelyyinmther countries on our planet.
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6 Attachments

Figurel3t Prototype
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Figurel4 - Flowchart 2
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Figurel5- VoltBoard Schematic
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Figurel8- Summary Schematic

Figure17 - Channels 3,4 Simulated Transfer Characteristic Figure16-Channels 3,4 Simulated Transfer Characteristic
range 30V range 3V
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Figurel9- Channel 1,2 Simulated Transfer Characteristnge
300mA
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1 Introduction

Thegoalof our projectwasto build aweatherstationthat is ableto measuretemperature,pressure, humidity
andthe speedanddirectionof the wind. We use2 typesof sensordo readthe neededdataanda LCQlisplayto
showit.

Theweatherstation canbe usedby peopleto getinformation aboutthe quantitiesmentionedabove.It
*Z}uo %o O lu AZ E }us-e] He 3Z & ] v} A]vddaigign. p]Jo JvPe pus
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| havechosenthis project becausd haveneverworkedon somethingsimilarbefore. Onthe other hand youcan
easilycheckif the projectworksasit shouldbe by usingother alreadyworkinggadgetso readthe information
aboutcurrentweather.Howeverduringthe development facedmanyproblemswhich| successfullgolvedand
got new experiences.

Marek:
| pickedit becausédt lookedinterestingandi wantedto learnsomethingabout Arduino,measuringwveather,
programmingn Clanguageand| like to potter alittle.



2 Theoretical part

2.1 Market analysis
Most of the other weather stationyou canbuy on the internet providemore functionsanddisplayeven time or
other data.

Howevernot everyproductmeasureghe speedor the directionof the wind. That'sone of the advantage®f our
weather station. Also because we used a tgmak operating system every change like of temperatimemidity
andsoit displayimmediatelywithout anydelays.

Thereare hugedifferencesbetweenthe costsof the weatherstations.Smallsizedonescostabout 20 Eurosand
the priceof the biggeronesmovesevenaround200 Euros.Thebiggerweatherstationsare ableto measurethe
dataaboutwind aswell, but they costmuchmore than our productwould cost.

Somedisadvantagesf our weatherstationis its size,useof two boxesconnectedthrougha cabk that canbe
cut easilyandthat not all dataare displayedat once.

| have also found weathestation that provide internet connection via Y.

Tosumeverythingup | think that our stationis perfectfor outdoorsmeasurementdor afair priceand deplays
you enoughimportant data.

2.2 Technicalanalysis
Ourgoalwasto createa usefulweatherstation but keepit simplefor usaswell. So we pickedsensorghat are
ableto measuremoreinformation at once.

2.2.1 Measuring data aboutveather

Tomeasureall the neededdataaboutweather,we usea BME280sensor./ § yery simpleto usebecauset gives
instantresultin adigitalform. Allwe hadto do herewasto connectit to our microcontrollerandwe wereready
to readthe data.

2.2.2 Measuringthe speedof the wind

Oneof the taskswe were supposedo do isto calculatethe speedof the wind anddisplayit to the user.To
calculatesuchthing we decidedto usea hall sensor.Thissensorgenerateseitherlogic i or *i _ X

Generatedvalueis affectedby magnets Hallsensomwill be describedater. Sowhenthe wind rotatesthe arrow
on our weatherstation, the arrow alsorotatesa magnethiddenbellow. Asthe magnetrotatesit affectsthe
output of the sensor We registerthe momentwhenthe sensorstartsto genemte logic * 1 (as timevalue).Then
the wind affectsthe arrow andthe magnetsstartsto rotate. Whenit switchesthe output of the sensorto logic

A | we registerthis momentaswell and now we alsoknowthat whenthe sensorgeneratedogic * i againwe
canendthe calculationandstart anew one. Soafter the calculationis ended weknow how longit takesthe
magnetto turn aroundonce.Now | hadto usea bit of physics.

You can use this equation to measure speed if you kitow and distance:

RL O
P
v Yspead(m/s)
s Ydistancgm)
t Ytime(s)



Howeverwe were havingonly time at this point. Sowe just simplymeasuredhe radiusof the areaaround which
the magnetsturns. With this valueyou cancalculatethe circuitof the area tin our caseit is equalto the needed
distance.
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Sonow we hadallthe neededvalueto calculatethe speedof the wind. Bythe way the final time we got wasin
millisecondssowe hadto convertit to seconds.

Anyway,this solutioncanbe a bit tricky becauseyou have to checkfor the output valueof the sensorall the
time. That A « v pdssiblefor usbecauseve were usingdelayfunctionin the program.Delayfunctionsjust stop
the programfor sometime andwait on thisinstruction. If we let it like this it would haveinsaneimpactfor your
calculationsbecausedt we would be calculatingwith a hugeaccuracyerror. Tocounterthis problem| decidedto
write my own realtime operatingsystemwhich| will describelater.

2.2.3 Measuringthe direction of the wind

Tocalculatethe directionof the wind we usea similarmethod aswe usedbefore. We have8 hall sensorghat
work sameasthe sensorusedto calculatethe speedof the wind. Eachof those 8 sensorgepresentsone of the
points of the compass.

North
Northeast
East
Southeast
South
Southwest
West
Northwest

m2>m: M — &y meO

Whenthe wind blowsit rotates 3 magnetscloseto eachother. Thosemagnetsaffectthe output valueof the 8
sensorsThemagnetin the middle hasan oppositepole than the other 2 magnets.Soasthe 3 magnetgotate
the onein the middle switchesthe output valuesto logic ~ i andthe other magnetsswitch thepreviousand next
sensono logic i _THemagnetwhichgeneratedogic " i signalizethe directionof the wind.

2.2.4 Displaying thedata

Todisplaythe calculateddatawe usea simpleLCDdisplay(20x4).After we measuresomedatawe just sendit to
the LCDdisplay.

2.2.5 How everythingcommunicates
Allthe partsare ableto communicatewith eachother becausehey are connectedto the microcontroller.

2.3 UsedTechnologies

2.3.1 TheRealTime OperatingSystem

Asl saidabove,we hadto achievea multitaskingeffectto successfullgalculatethe speedof the wind. Thefirst
thing that cameon my mind when | wasthinkinghow to solvethis problemwasto usearealtime operating
system.Unfortunately,there is no official multitaskingsystemfor Arduinomicrocontrollersso| wasforcedto
programit on my own.



Realmultitaskingsystemsauseso calledprocesscontrol blocksto manipulatewith the runningprocesses, execute
them on processolandso. Thereis no wayto programsuchthingswhenusingArduinosol created ~( | _
solution.

My system allows you to create your own tasks and then execute them.t&sichontains 3 entries.

Entry Data type Description

Function Pointer to a function What function the task executes
DelayTime Unsigned long How often is the task executed
LastRepeatTime Unsigned long The last the task was executed

Thenthere isamanagerobject. It hasa front of waiting tasksthat are readyto be executed. Themanager object
allowsyouto addataskto its front or removeit or free it from the memory.It alsorepeatedlyloops throughall
tasksin the front and askseachof them it they shouldbe executed.Taskis executedif the currenttime t S o[
LastRepeatTimis equalor biggerthan § | PelayTimeThismeansthat tasksare executedin atime interval.

Wellthisis not a realmultitaskingsystemat all becauseall tasksare beingexecutedconsecutivelyandthe
programhasto wait until the entire front is checkedbefore executingthe first tasksin the front again.But it was
enough for us because we are no longer talking about time inaccuracy in seconds but in micros€bands!
meansare calculationsare now very closeto reality.

Thecurrentversionof the systemis still very basicand supportsonly 8 tasksin the front per manager. Irour
programwe are using4 tasksto makeeverythingwork.

1. Taskstate tthistaskswitchesthe state of the program.It basicallymeansthat the programshows
different dataon the LCDdisplay.

Taskdata t this taskasksfor new datafrom the BME280sensor.

Taskiime ttaskto calculatethe elapsedime sinceto beginningof the program.

Taskwind tthistaskis usedto calculatethe speedof the wind.

Hwn



2.4 FinancialAnalysis

2.4.1 Usedbudget
Here is a table of all the parts we purchased on the internet and its price in Euro.

Name Price

Arduino Mega2560 Clone Ya
BME280 Ya

9x SS411P Ya

LCD Ya
Wires Ya

All together Ya

2.5 SWOTanalysis

High precision Boxes are large

Fast response Weather station is made of 2 boxes
Good looking

RTOS

Updating theeS S]}v[e ¢« ve}E+ Vv % E Creation of new better sensors
Adding more part€onnecting to the internet
Saving measured data to a database




3 Practicalpart
This is theschemeof our project. It shows how all electronic parts are connected with eacéroth

3.1 Electronics

Firstlyl decidedto write atable of all usedelectronicparts, peripheralsand sensorshere andthen describeeach
of them.

Name Type
Arduino Mega2560 Microcontroller
BME280 Sensor
SS411P Sensor
Arduino LCD 20x4 Display

3.1.1 Arduino Mega2560

Thisisthe microcontrollerwe usedto programandconnectall the partstogether.We hadto useArduino Mega
becauset hasa lot of digital pinsandalsomuchmore memoryfor the code.

Arduinomicrocontrollerscanbe programmedin the C/C++#programminglanguage Thecreatorsof this
microcontrollerhavealsowritten a specialibrary that allowsyouto programthe boardwith the processor. For
programmingwe alsousedan official IDEfor Arduinothat helpeduswith somedebugging.
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ArduinoMeg&560generatesvoltageof 5 Vand3.3V. We usethis power other components.Thosecomponents
haveto be groundedalso.

Digital pins 22t 36 and 52 are used to read the output from the hall sensors SS411P.
3.1.2 BMEZ280

BME280s a digital sensorthat is ableto readtemperature,humidity and pressure It wascreatedby a company
calledBosch.Thissensorallowsyouto communicatewith it viathe 12Cinterfaceor SPIThespeedof the
communicationcanbe even3,4 MHzif you usel2Cor 10 MHzwhen usingSPIOperatingrangeisfrom -40 £ to
+85 £ for temperature,0 t 100%humidity and 300 t 1100hPa.Measurementinaccuracyis

+/-1 £ for temperature,+/- 3%for humidity and+/- 1 Pafor pressure Supplyvoltageis 1,71 t3.6 V.

It hasgot 4 pins. Supplyvoltage(VIN)whichwe connectedto the 3.3V pin on the microcontrollerboard. Then
ground(GND)SDAsa SerialDataln/ MasterOut Slaveln pin that the sensorusesthe sendthe data. SCHs a pin
for SPIkclock.

Thesensorachievesighperformance needsverylittle supplyvoltageandis optimizedto givethe bestaccuracy
results.It hasextremelyfastresponsdime (12msin average).

We useda fan-madelibrary to communicatewith the sensorandit providedusverysimplefunctionto read the
data.

3.1.3 S5411P

Smallyversatiledigital device,operatingon a magneticfield from a magnet. Thesensormeceivessignal, every
time whenit meetswith magnets.Theyare bipolarand haveenhancedsensitivity,sothey are compatibleto use
with smallerand cheapemagnets.Small|eaded,flat TO92 packaggSS411R)ften allowsfor more spaceon
the PCBSensitivepipolarmagneticgespondto alternatingNorth and Southpoles,makingthese products
suitedfor speedsensingand RPMmeasurementBuilt-in pull-up resisor caneasilyinterfacewith common
electroniccircuitswithout addingexternalcomponentshelpingto reduce totalsystemcost. RoHSompliant
materialsmeet Directive002/95/EC.
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