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1. UVOD

2YDM UDG XVPMHUHQ MH QD SUDNWLPpQX SULPMHQX WHRUL
SULIXaHORWRVBLNRMD NRULVWL VHQ]JRU ]D RpLWDYDQMH D
3ULIJXaHQL RVFLODWRUL SUHGVWDYOMDMX NOMXpQX WHP:
SULURGQLK JQDQRVWL 2YL VXVWDYL VH NRULVWH ]D GXE
IHQRPHQD pHVWR GDMXuL GXEOML XYLG X SRQDAaADQMH \
RVFLODWRUL VX GLQDPLpNL VXVWDYL NRML VH VDVWRMH R
L SULIJXAaXMXUH VLOH NRMD MH SRV O Mé&keiaka)i uAporeM@vi D U D|
RVFLODFLMX .OMXpQD NDUDNWHULVWLND SULJXaHQLK RVF
XVSRUDYDMX VYRMH RVFLODFLMH VXSURWQR RG LGHDOQR

oscilirao bez gubitaka energije.

U drugom potavlju ndazi se pregled literate,teorijskapozadima SULJX&aHQRJORVFLODW
line virtualmsimulacipk WH RSLVX L VSHFLILNDFLMDPD PMHUQLK XUH:
MH L]JUDGL PDNHWH SULJX at#HQRpbgRW& je GRspéfmemalni7dicPiD p H

UH]XOWDWL PMHUHQMD .UR] RYDM SURFHV ELW UH PRJXU0OH

i primijeniti teorijska znanja na konkretnom eksperimentalnom modelu

11.=DGDWDN ]DYU&aQRJ UDGD

=DGDWDN RYRJ |]DYU&AQRJ UD G DodVvddcilatpthDpénhjékidm Ridhd W X S U
PLNURXSUDYOMDpPNRJ RNUXAHQMD ODNHWD SULJXA4HQRJ R
Koristi se kuglica koja visi na tankoj niti. Potrebno je mjeriti amplitudu kuta otklona koji se
polako smanjuje tijekom vremena. Mjer podatke koje treba detektirati je amplituda kuta
RWNORQD NXJOLFH X RGUHYHQRP WUHQXWNX WLWUDQMD
NXWD RWNORQD NXJOLFH X YUHPHQX SRWUHEQR SULND]DW



2. 35(*/(' 32'58y-% 7(0(

8 OLWHUDWXUL > @ DXWRU DQDOL]JLUD WLWUDMQH VXVWDY
QMLKRYH NRPSOHNVQH GLQDPLpNH LQWHUDNFLMH L SUXanbD

osnovi ovih fenomena.

TLWUDMQL VXVWDYL X SULURGL RELpQR VH QHUH JLEDWL EI
YHU UH VH V YUHPHQRP DPSOLWXG D sevaaugtaviniQUMdivamithD Q ML Y [
WLWUDMQLP VXVWDYLPD GLR PHKDQLpNH HQHUJLMH WLW
disipativninsila 1D SULPMHUX NRG QMLKDOD GLR HQHUJLMH WURaA
NRG WLMHOD NRMH MH REMHEMQRNQREARSVYK]QDGDRULMDYDC
NRMHP VH DPSOLWXGD SRVWXSQR VPDQMXMH WLMHNRP

SULIJXa4HQR WLWUDQMH PRaH VH SUHGRpPLWL DNR WLMHOR |
WHNXUOLQX NDR GW R RMIDX®WHO XMH WLMHNRP RYDNYRJ WL
JLEDQMD WLMHOD L GMHORYDW UH X VXSURWQRP VPMHUX
SULIXaHQMD- OBHMHKGIWRDNMDWL GD VX VLOD WUHQMDIL EU]JLQ

iskazana formulom:

@T (-1
(gél_ F>RL F>aP
-HGQDGAED JLEDQMD ,, 1HZWRQRY |DNRQ ]D SULJX&aHQR W
=L (aasE (¢a (1-2)
a@T @) (1-3)
I@6PLFG-IF>_@P
SUHXUHYLYDQMHP BRBEBIQDGY¥EHHMHGQDGAED SULJXAHQRJ WLW
@T _ .@T _ (1-4)
@Etu—@Eer

& MH YODVWLWD NUXaQD IUHNYHQFLMD WLWUD@K®OD QHSUL
SULIJXaHQMD

%H] GHWDOMQLMHJ PDWHPDWLpPNRJ L]YRGD UMHEAHQMH KF
(14, uVOXpDMX YUOR V@ BE int oBllkL IXAHQMD

AP L aA Sec¢APET 4; (1-5)
& SUHGVWDYOMD NUX&QX IUHNYHQFLMX SULJXaHQRJ RVFLO

2



Amplituda titranja:

aP L aA ¢ (1-6)
RSDGD HNVSRQHQFLMDOQR V YUHPHQRP &WR MH IDNWRU
smanjuje (slika 1.1.).

2PMHU GYLMX VXVMHGQLK DPSOLWXGD NRG SULJXaHQRJ W
period T uvijek jestalan i iznosi:

a:ph (1-7)
_ ¢
a:PE 6; LA
Logaritamski dekrement titranja glasi:
. . _ aPk . (1-8)

a)

i

b)

Slika 2.1. Usporedba dvaju titrajnih sustava; ovisnost elongacije x o vremenu t za:
D SULJXaHQR WLWUDQMH

E QHSULJX&A4HQR WLWUDQMH



Slika2.1. prikazujeusporetu dvaju titrajnih susiva i ovisnost elongacije o vremenu za
SULJXAaHQR L QHSULJX&a@HQR WLWUDQMH

/RIDULWDPVNL GHNU H P Hifawa W hekoy Di@jnod sustavaSrhbgiL $2 Gako

LIPMHULWL SD VH -SRPRRIXHURIG@IDHIBARUD SULIJXEHQWMD RGQ
NRQVWDQWD WUHQMD 3ULJX&HQL W LW UKo, GvswoD Y PR &l
faktorom dobrote liINYDOLWHWH WLWUDMQRJ VXVWDYD NRML MH RG

e, & M (1-9)
BLQL(BLtU

& MH YODVWLWD IUHNYHQFLMD QHSULJX&GaHQRJ WLWUDQMEL
relacijom (% awR MH IDNWRU GREURWH YHUL SULJX&HQMH MH
WLWUDMQRJ VXVWDYD 8 GREULP PakioDQrHGNL ¥ MEWpUQ M QL P
10°.

=DNRQL wWLWUDQMD KDUPRQLMVNRJ RVFLODWRUD SULPMHQ
QMLKDOD NDR VWYDUQLK PHKDQLPpNLK WLWUDMQLK VXVWD"
WLMHOR REMHAHQR R X &HD WD QR G| LP X V\BHRR & HRYWIBIWY L 4 W D
RWNORQL L] UDYQRWHAQRJ SRORaAaDMD SRMDYOMXMH VH PR
SRORaDMX =ERJ GMHORYDQMD RYRJ PRPHQWD VLOH WL
UDYQRWHAQRJ SR {@RtaB\WM Dsabire MaRmdnijgkbBgQitranja.

Autor u literaturi [2] izveo je eksperimal SULJXEAHQRJ RVFLODWRUD YHOLNLF
NRML MH RYMHEHQ R NUDWNX QLW JGMH VH VHQ]JRU XGDO
]JDELOMHALR HORQJDFLMX X VYDNRP WUHQXWNX 2YDM NRC
GDOMQMIMMWE REJYDRP QD QDJODVDN QD 4WR PDQML XWN
NRULVWLWL VOLpPpQH SRVWDYNH NDR aWR MH ]JDPMHQD YHO

Autori u literaturi [3] kreiralisuonOLQH YLUWXDOQL O RRHDWRULMWVERMLP
L XYLG X SURPMHQH NXWD RWNORQD NXJOLFH SULJX&aHQRJ

2.1 SmulacijatPendulum Lab

Prilikom pristupa virtualnom laboratoriju putem reference [3], prva radnja koju je potrebno
izvesti jest odabrati opciju "Play", a nakon tag@abrati "Intro”. Ovim koracima otvara se
PRIXUQRVW SULVWXSD VLPXODRLML aWR MH SULND]DQR QTC
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Pendulum Lab

Slika 2.2. Simulacija Pendulum Lab

8 YLUWXDOQRP ODERUDWRULMX SUXA&D VH dLLURMNLYEWNW I
SDUDPHWDUD NRML J]QDpDMQR XWMHpPpX QD HORQJDFLMX W
XNOMXpXMX

1. 'XOMLQX QLWL 1R]QDDHREHFLINIR RPRIXUDYD PLMHQMDQM!
MH RYMH&HQ SUHGPHW

2. ODVX SUHGPHWD 2RKQWPQOH DD D INO® RDVRP REMHNWD NRML
SURXpDYDQMH NDNR UD]JOLpLWH PDVH XWMHpX QD SRQI

3. *UDYLWDFLMD 3R]QDBRRUB QDR YULMHGQRVWL JUDYLWDF
NDNR EL VH SULJX3dHQL RVFLODWR&~HGRODMEDWR XD WO
gravitacijskim ubrzanjima.

4, UD]JLQD VLOH WU HQ ML OR] QVDULHHANRDNIDIRI DM X NOMXDpQ X
RVFLODFLMD 2YD RSFLMD RPRJXuDYD HNVSHULPHQWL
EROMH UD]XPLMHY rahiddosti@dyeHFDMD SULJXa

6LPXODFLMD VH SRNUHUH MHGQRVWDY QltepomidnmiBtoQ D SUH C
X VWUDQX SRG aHOMHQLP NXWHP L SXaWDQMHP OLMHYRJ N

2.11. Rezultatimjerenja

=D HNVSHULPHQWH NBJddt&WHQL VX VOMHGHUL

x Duljinu niti = 1m,

x Masa tijela = 1kg,



x 8EU]DQMH VLOH WH&H MHGQDNR MH XBU]DQMX VLOH WH
6LOD WUHQMD VH PLMHQMD X HNVSHULPHQWLPD L PMHUHQ!

Tablica 2.1.Rezultati mjerenja na 3. razini trenja:

vrijeme t[s] RWNOR
0 25
54 20
145 15
304 10
629 5

vrijeme t [¢]

Slika 2.3. Dijagram amplitude kuta otklona na 3. razini trenja

U tablici 2.1. prikazani su rezultati mjerenja na 3. razini trenjastiké 2 3. prikazuje dijagram

promjeneamplitudekuta otklona.
(NVSRQHQFLMDOQD MHGQDGAED NULYXOMH JODVL

AP Lttduysdse (2-1)
Prema relacijama (@) i (2-1) vidljivo je da amplituda iznosi f GRN IDNWRU SULJ:
LIQRVL /1 Vv

Iz relacije ( LIUDpXQD VH IDNWRU GREURWH NRML L]QRVL 4



Tablica 2.2.Rezultati mjerenja na 4. razini trenja:

vrijeme t[s] RWNOR
0 25
28 20
72 15
145 10
295 5
25 @
_ ...
-y

Slika 2.4. Dijagram amplitude kuta otklona na 4. razini trenja

U tablici 22. prikazani su rezultati mjerenja Aarazini trenja, doklika 24. prikazuje dijagram

promjeneamplitudekuta otklona.
(NVSRQHQFLMDOQD MHGQDGAED NULYXOMH JODVL

aP L tudvtAse4e (2-2)
Prema relaciji (2), amplituda iznosi f GRN IDNWRU SULJX&HQMD L]
Faktor dobrote iznosi Q=314,2.

Tablica 2.3. Rezultati mjerenja na 5. razini tjan

vrijeme {[s] RWNOR
0 25
15 20
33 15
69 10
142 5




*"I"I

otklon

Slika 2.5. Dijagram amplitude kuta otklona na 5. razini trenja

U tablici 23. prikazani su rezultati mjerenja Barazini trenja, doklika 25. prikazuje dijagram

promjeneamplitudekuta otklona.
(NVSRQHQFLMDOQD MHGQDGAED NULYXOMH JODVL

&P L tudtt A24&%¢ (2-3)
Prema relaciji (23), amplituda iznosi f GRN IDNWRU SULJX&ZHQMD L]
Faktor dobrote iznosi Q=142,8.

,] SULORAHQLK UH]XOWDWD YLGOMILYRHKQRMNDRR GRXNDN WRPI

odnosno kvalitete titrajnog sustava.

2.2 Mjerni instrumenti

S3ULMH SULVWXSD L]JuUDGL PDNHWH SULJXaHQRJ RVFLODWRF
LGHQWLILFLUDOL SULNODGQL XUHyDAIM HD VXM SAHIMLE K KV G
NDNR EL VH RVLIJXUDOD PDNVLPDOQD SUHFL]QRVW UH]XOW
LQVWUXPHQWL NRML VX RGDEUDQL ]D XaL L]JERU

2.2.1. XM132

Ulazni modul XM132, prema [4], temelji se na Acconeer A111 pulsnom kotmena radaru
(PCR) i STMicroelectronics MO+ MCU (STM32G071CBUSG).



0 0 A
_ unsez‘D v ‘
: a_(((,@neer»
. i B ¥ Wzxsn XE132
((oneer

v | D123
GND ™

0 r-mw.s,r‘éc T

A V-0'Fe
GET-2 2034
RoHS

1P30 TP28
OO0
TP31.TP29 TR27

Slika26. 8UHYyDM ;0

Na slici 26. prikazan jaulazni modulXM132 pLM R D/PDOMN H

X

x

x

Al1l1l1l 60 GHz pulsni koherentni radar (PCR) s integriranim osnovnim pojasom, RF
prednjim dijelom i Antena u pa&ku (AiP),

32ELWQL $50S &RUWHI[70 O 0&8 670 * &%8 0+] FOI
kB Flash; 36 kB RAMa,

Dimenzije 25x20 mm s komponentama montiranim na gornjoj strani&@CBGA
OHPQLP MDVWXpLULPD-QD GRQMRM VWUDQL 3&%

Radni napon: 13,6V,

Radnatemperatura: f GR [ &

BNOMXpPHQR QD SORpPpX ]D SURFMHQX ;( V SRGUaANRP
svrhu evaluacije,

(NVWHUQD SR GUUARD, 12D, GPA], HRExsbt,D

6:' -7%$* 1D SURJUDPLUDQMH L UMHADYDQMH SUREOHPD

80D]QL PRGXO ;0 SR ZaHpra¢iEnoNnReehje udaljenosti, mjerenje razine u
spremniku, mjerenje razine kante za otpad, detekcija zauzetosti parkirnog mjesta i detekcija
pametne prisutnosti:

X

9LVRNR SUHFL]QD PMHUHQMD XGDOMHQRVWL V SRGHVL

X MijeriapsolXWQL UDVSRQ GR P V DSVROXWQRP WRpPpQRAUX )

9



X ORIJXUQRVW SUHSR]QDYDQMD NUHWDQMD YL&A&H REMHND)
Jednostavna integracija:

X :0 XOD]QL PRGXO PRAH VH LOQWHJULUDWL L]D SODVW
otvor blende.
Xx 3RGUAND ]D /*$ MDYV W xayedindstdmu tédraeid H Q M

2.2.2. HGSR04

2GDALOGRIE(SH® 27) SUHPD > @ LQLFLUD HPLVLMX RVDP SX
IUHNYHQFLMH  .+] L LVWRYUHPHQR SRNUHUH PMHUDpPp YUHF
YDQL VYH GRN QH QDLyXXPIDRKQXMHEH BEMHNWLNRMDOD QDYV
3ULMDPQLN ]D XOWUD]YXN UHJLVWULUD RYX UHIOHNWLUL
YUHPHQD 8 JUDNX XOWUD]YXpQL YDORYL SXWXMX EU]JLQR
]JDELOMH&HQLK RGYVWRIID@M KEBOMIHQRVW L]PHYyX RGDA&LO
LJUDpXQDWL )RUPXOD ]D LJUDpXQ RYH XGDOMHQRVWL VH L

& L %® (2-4)
Relacija (24) poznata je kao formula za mjerenje vremerazine, gdje D predstavlja
LIPMHUHQX XGDOMHQRVW & MH EU]JLQD 4LUHQMD EU]JLQD
RYRP VSHFLILPQRP VOXpDMX 7 VH GLMHOL V MHU REXKY
RGDaLOMDpD GR REMHNWD L QDWUDJ GR SULMHPQLND

Slika 2.7. 8 U Hy D-BRG4&

10



Tablica24. 6 SHFLILNDFLMERMUHYDMD +&

(/(.75,y1, 3$5%$0(75, HC-65 8OWUD]YXpQL
RADNI NAPON 5V DC
RADNA STRUJA 15mA
RADNA FREKVENCIJA 40kHz
MAX. DOMET 4am
MIN. DOMET 2cm
MJERNI KUT f
8/$=1, 6,*1%/ 2.,'$y$ 10us min. TTL pulse
IZLAZNI EHO SIGNAL TTL signal razine proporcionalan
udaljenosti
" 0(1=,-( 3/2y( 1-13/16" X 13/16" X 5/8"
632-(9, 1% 3/2y, 4 X 0,1" nagiba pod pravim kutom zaglav

2.2.3. TF40 LiDAR

TF40 (Slika 28.), prema [6], MH /L'$5 WRpPpQRVWL QD UD]LQL PP VD VYR
LiDAR (end. Light Detection and Ranging) je tehnologija za daljinsko mjerenje udaljenosti i
stvaranje trodimenzionalnih mapa okoline. Ova tehnologija koristi laser za emisiju kratkih
svjetlosnih implsa prema cilju, a zatim registrira vrijeme koje je potrebno da se svjetlosni
LPSXOV RGELMH RG FLOMD L YUDWL QD XUHYDM 1D WHPHC(
/IL'$5 VXVWDY PRAH SUHFL]QR L]UDpXQDWL XGDQOHOQRWMW GF
SULPMHQDPD XNOMXpXMXiuL NDUWRJUDILMX L WRSRJUDILM
DUKHRORJLMD LQGXVWULMD JUDVHYLQD LWG /L'$5 WHKQF
VYH PDQMLP MHIWLQLMLP L SUHFL]QLMLP XUHYDMLPD

Slika28. 8UHYDM 7) /L'$5

11



=QDpDMNH

9LVRND WRpPQRVW
Malih dimenzija

X
X
X Mala svjetlosna mrlja
X

Tablica25.6 SHFLILNDFLMD XUHyYyDMD 7)

9LGOMLY ODVHU ODNA&L |D FLOMDQMH

/L'$5

DOMET 0,0440m pri 90%refleksivnosti,
0,0420m @ 10% refleksivnosti
72y1267 “ PP
8'$/-(1267 5$=/8y,9267, 1mm
FREKVENCIJA UZORKOVANJA 5Hz
PONOVLJIVOST B8&2mm
RADNA TEMPERATURA a -
| esTy.sssse@s, | |
IZVOR SVJETLOSTI LD
VALNA DULJINA 635nm
LASERSKA KLASA CLASS 2(EN60825)
KUT DETEKCIJE <lmrad

DIMENZIJE

NAPON NAPAJANJA 3,3V
3526-(y1$ 6758-% " P$
32752a1-$% 61%*( "

MAX. STRUJA " P$

KOMUNIKACIJSKA RAZINA NAPONA LVTTL (3,3V)

KOMUNIKACIJSKI PROTOKOL UART

44mm*64,5mm*23mm&*W*H >

0$7(5,-%$/ .80,a7$%

ALUMINIISKA LEGURA + ABS

SPREMNIK TEMPERATURE

- a L[]

MASA

J“J




2.2.4. REVO-MINI-I2C

R-EVO-MINI-12C (Slika 29) SUHPD > @ MH QDMPDQML L QDMODNAL
obitelji senzora. Mjeren X GDOMHQRVW RWNULYDQH SRNUHWD SUDUUH
MHGQRVWDYQLK SRNUHWD VDPR VX QHNH RG VWYDUL NRM

udaljenosti.

S

Slika 2.9. R-EVO-MINI-12C

.OMXpQH ]QDpPDMNH

x Time-of-Flight tehnologija
X 2GOLpDQ RPMHU FLMHQH L XpLQND
X

Optimizirano za unutarnje mjerenje udaljene$tj03 m do 3,3 m

X

%LUDMWH L]PHYyX QDpPLQD UDGD V LOL SLNVHOD
x /DJDQ GL]DMQ L-RD®R YHODRPDQKNOMXpXMXiUL SORpX
x 0DOD SRWU RaAQiMddnéiza iU @rbjékte na baterije

x 86% 8%$57 L, & VSRMQLFH |JDPMHQMLYH VXpHOMD
Kompatibilan s Arduinom, Raspberry Pi i R@%

x
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Tablica2.6.6 SHFLILNDFLMEYOMMHZCMD 75

INICIJALIZACIIE

VRIJEME

NAPON
NAPAJANJA DC

3526-(y1$
STRUJA

50mA

REFERENTNI
STANDARD

PRINCIP Infracrveno vrijeme
DETEKCIJE leta
VALNA DULJINA 940nm SERIJSKA USB 2.0 MicreB
IZVORA 68y (/-$ UART
SVIETLOSTI
PROSTOR Zatvoreni prostor VIZUALNA 2 X LED diode
NAMJENE OBAVIJEST
PONOVLJIVOST <5mm _
REZOLUCIJA Imm DIMENZIJE 42 x 30 x 13 mm
IZLAZNE XNOMXpXM
UDALJENOSTI
VIDNO POLJE f MASA 99
PROJEKTIRANO | 48cm x 48cm @ 1mm RADNA - f& GR f
32'58y-( =% TEMPERATURA
PRIJEM
1$y,1, 5$'$| 1px, 2px, 4px (2x2)] MATERIJAL ABS
PIXEL-a .80,47%
1%y,1 USB 2.0 MicreB
POVEZIVANJA [2C/UART

CE, RoHS

Nakon detaljne provjere ranije navedenih mjernih instrumenata vidljivo je da je najbolji izbor

IDMYHUD SUHGQRVW RYRJ LQVWU X
+] NRMD RPRJXuUDYD
WDNRYHU GLPHQ]LMH FLMHQD L XSXWVWYD NRMD NRULawWH

za ovaj eksperiment FEEVO-MINI-, &
X]RUNRYDQMD RG

PMHUHQMD X

14



3. IZRADA MAKETE

SULOLNRP LJUDGH PDNHWH QDMYL&H SDaQMH SRVYHUHQR I
PRJXuUH ][ DPLMHQLWL PMHUQL LQVWUXPHQW NDR L GXOMLQ X

Slika3.1.ODNHWD SULJX&4HQRJ RVFLODWRUD

60OLND SULND]XMH PDNHWX SULJXaHQRJ RVFLODWRUD V
PDNHWH VWDODIN LRUOOPHBOMNDRG 3d38HOMH]QLK pHWYUWDVW
25mm radi stabilnosti ako umjesto metalne kuglice od RJQDpHQD BENGGRH RYMHAaHQ
WLMHOR YHUH PDVH 1D GHVQRM VWUDQL VWDOND 6OLND

1RVDp MH SRGHVLY SR YLVLQL L SR GXELQL NDNR EL ELC¢
instrumenta ako je potrebno mjeritisizMIHQMHQLP SDUDPHWULPD WM GUX.
SUHGPHWD GXOMLQD QLWL GUXJDpLML PMHUQL LQVWUXI
48HOMH]QH aLSNH GXOMLQH FP QD NRMRM MH QDUH]DQ QD
VWHaH QLVAWDD MR IQBWIH]DQ QDYRM NDNR EL ELOR PRJXUH

tijela u odnosu na mjerni instrument.

%WLWQR MH QDSRPHQXWL GD MH PDNHWX PRJXUH UDVWDYLW
za rastavljanje i sklapanje iste ngetreban alat.
15



4. EKSPERIMENTI | REZULTATI

1D WHPHOMX VSHFLILNDFLMD XUHYyDMD QDYHGHQLK X GUXJ
odabran je FEVO-MINI-I2C (oznaka4 SULND]DQ QD 6OLFL NDR QDMNR
NRML MH SRYH]DQ V BDRY R R SHUBGYANRp OHRERR Slici 3.1R FevD N D
NRUDN RYRJ HNVSHULPHQWDOQRJ SURFHVD REXKYDUD PMH!
SURJUDPVNRJ MH]LND $UGXLQR ,'( %XGXuUL GD VH V RYDNY
samo jedna strana elonfd MH NOMXpQR MH L]GYDMDWL QDMPDQMH
WLMHNRP VYDNH RVFLODFLMH NDNR EL VH SRVWLJOL UHOH
na programski jezik Python koji kontinuirano prima izmjerene vrijednosti od prethodnog
programau stvarnom vremenu. Vrijednosti najmanjih udaljenosti kuglice od senzora
SUHUDPpXQDYDMX VH X DPSOLWXGH NXWD RWNORQD 7UHUGL |
L VWYDUDQMH JUDILpMNRkakcSHI st D7ualiziKali rexvlkatR €ksperintan
7TDNRYHU YULMHPH L DPSOLWXGD NXWNDRW NEORWQD RARPXSIL
DQDOL]D L YL]XDOL]DFLMD SRGDWDND WH PRJXUQRVW JHQ
krivulja za daljnju analizu dinamike oscilacija. Navedeni postupaklvr VH SXWHP UD p X(
(oznakab, prikazan na Slici 3.1).

Upute za pokretanje ovog programa nalaze Bglagu 1.

4.1 Arduino mega 2560 REV3+tL]YRYHQMH HNVSHULPHQWD

OMHUQL >XMGIMIDIMLZAC povezan je na Arduino Mega 2560 Rev3 (Slika 4.1.)

16



Slika 4.1.Arduino Mega 2560 Rev3

SUHPD > @ $UGXLQR OHJD SUHGVWDYOMD PLNURNR
$7PHJID PLNURNR QW UBIRaH2.Xpoggedije S40dRyieha ulaznol/izlazna

SULNOMXpND RG NWRRVALIKVWHWLPNRDK BHO L]OD]L 7DNRYHU QX
SULNOMXpDND 8$57 KDUGYHUVND VHULMVND SRUWD NUL
86% SULNOMXpDN XOD] ]D QDSDMDQMH ,&63 |DJODYOMH Wt
potreEQR ]|D SRGUANX PLNURNRQWUROHUX -DNR MH MHGQRVW
kabela ili ju napajati putem A@-'& DGDSWHUD LOL EDWHULMH NDNR E|
7DNRYyHU YDAaQR MH QDSRPHQXWL GD OHJD SR pD RVW
GLIDMQLUDQLK ]D 8QR L SUHWKRGQH YHU]JLMH SORpD SRSX
SUHGVWDYOMD DaXULUDQX YHU]JLMX $UGXLQR OHJD ]DPMHC(

17



Tablica4.1l. 6SHFLILNDFLMD XUHYyDMD $UGXLQR OHJD

Radni napon 5V
8OD]QL QDSRQ SUHSRUX|7-12Vv
Ulazni napon (limit) 6-20V

'LJLWDOQL XOD]QR L]OD]|54 od kojih 15 daje PWM izlaz

$QDORJQL XOD]QL SULNO 16

'&« VWUXMD SR XOD]JQR L]|20mA

'&« VWUXMD ]D SULNOMXp|50mA

Brzamemorija .% RG pHJD .% NRULVW
SRAM 8KB

EEPROM 4KB

Brzina sata 16MHz

LED_BUILTIN 13

Duljina 101,52mm

aLuLQb 53,3mm

Masa 379

Slika 4.2.Arduino Mega 2560 RevZ GLMDJUDP SULNOMXpPpDND

18



Upute zaNRULAWHQMH RYRJ XUHYyDMD NDR L GHWDOMQH WH
VOXAaEHQRM LQWHUQHW VWUDQLFL $UGXLQR SODWIRUPH

LQIRUPDFLMH ]D XVSMH&GQR XSUDYOMDQMH XUHYDMHP W]
kaaDNWHULVWLND 3UHSRUXpXMH VH NRQ]JXOWLUDQMH RYH .
NRULAWHQMH XUHYyDMD X VNODGX V QDMQRYLMLP LQIRUPDF

platformi.

4 2. Arduino

U programskom jeziku Arduino IDE razvijen je kodSLOMHP SRYH]LYEMOQMD XUHY
MINI- & V $UGXLQR OHJD 5HY SORpPpRP UDGL SUHFL]JQRJ P

udaljenosti kuglice od senzora tijekom svakog otklona.

U Prilogu 2 +Arduino program nalazi se detaljno analiziran i opisan kod, zaged
NRPHQWDULPD NRML SUDWH VYDNX IXQNFLMX G6YDNL NRPF
SURSLVDQR X SURJUDPVNRP MH]JLNX $UGXLQR ,'( 2YDM SUL
IXQNFLRQDOQRVWL SURJUDPD L QMHJRY Hilaggdb&iHazyol. QH UL J
X EXGXUQRVWL

3RNUHWDQMHP RYRJ $UGXLQR SURJUDPD VXVWDY iH QHS
VHQ]RUD X UHALPX UDGD MHGDQ SLNVHO V EUJLQRP X]RUNR
ELOL &WR SUHFL]QLML 6 BNW WU B ]DOOWHEW QP X WUHY@WE RP Y U |
X] VYDNX |DELOMHAHQX XGDOMHQRVW ELWL HYLGHQWLUDQF
QSuU 2VLP WRJD GRGDYDQMHP NUX&QRJ PHYXVSUH
eliminirana SUIQHSRWUHEQD PMHUHQMD L RVLJXUDQR MH ELOM
RGQRVQD QDMPDQMH XGDOMHQRVWL NXJOLFH RG VHQ]JRUD

i analizu samo relevantnih podataka koji su potrebni za nastavak projekta.

.OMXPpQR WIWWQ DRI XNROLNR SURJUDP JHQHULUD QHRpPHNLYL
JUDQLFH RG SULEOL&QR PP SUHSRUXpPOMLYR MH SULOD.
NRGX R]QDpDYD YDULMDEORP ',67$1&(B0$; *RUQMX JUDQ
najmanje PP 2YD NRQNUHWQD SULODJRGED ELW iH NOMXpQI
QHVSRUD]XPD X IXQNFLRQLUDQMX $UGXLQR SURJUDPD 6PD
ELWQR QDUXALWL SUHFL]QRVW PMHUHQMD EXGXGL fGD MH |
AWR ]QDpL GD QHUH ]QDWQR XWMHFDWL QD NYDOLWHWX L

19



SULODJRGEL ELW UH RVLIXUDQD VWDELOQRVW L WRpPQRVW

konzistentna mjerenja udaljenosti kuglice od senzora.

4.3. Python

6OMHGHUL NOMXpQL NRUDN X SURFHVX MH SUHWYDUDQMH >
GLMDJUDPD NRML SULND]XMH RYLVQRVW L]PHyX DPSOLWX
$UGXLQR ,'( QH SUXA&D XJUDYHQH DO D WiHliza&ju P@sake® DW L p N
UH]XOWDWL PMHUHQMD VH SUHQRVH X SURJUDPVNL MH]LN

U Prilogu 3 +Python program nalazi se kod s detaljnim komentarima koji opisuju svaku

IXQNFLMX .DNR EL UD]J]OLpLWL DVSHNWL NRGD ELOL SUDYL
R]IQDpHQ MH VLPERORP NDNR MH GHILQLUDQR X SURJUDP
Priloga 3, nalazL. VH VHIJPHQW NRGD NRML RPRJXuUDYD SUHQRA&HQ
([FHO WDEOLFX 2YD WDEOLFD VOXaL NDR DODW ]D RUJDQL]
SRVWLAHPR EROMX SUHJOHGQRVW UH]XOWDWD PMHUHQMD
WDEOLFX SRVWRML PRIJXUQRVW FUWDQMD GLMDJUDPD WH

analizu rezultata.

=D EROMH UD]XPLMHYDQMH OLQLMH NRGD OBPRGLILHG O
2YD OLQLMD NRGD SUHGVW D YOG\ LN D NKGHEOM N R R S R/Q H QXX
SULJXa4HQRJ RVFLODWRUD D QMH]LQR UD]XPLMHYDQMH NOI!
SUHGVWDYOMD XGDOMHQRVW NXJOLFH RG VUHGLAWD SUL
Udaljenost je definirana maRDWLPpNRP MHGQDGAERP

HL %' 06448 +5460 % 'F @ = P (4-1)
&(17(5B',67$1&( MH NRQVWDQWD NRMD SUHGVWDYOMD
SULJX3HQRJ RVFLODWRUD 8 RYRP VOXpDMX WHjal&DOMHQ
GDWD SUHGVWDYOMD XGDOMHQRVW NXJOLFH RG VHQ]RUD
5D]JORJ ]D SULPMHQX RYH OLQLMH NRGD MH UMHEDYDQMH [
VH NXWRPMHU ]D PMHUHQMH NXW Rtota] RIsppreddoii J€xulatd L VU
PMHUHQMD XUHYyDMD L YL]XDOQRP RFMHQRP NXWRYD JR(
3URYHGHQH VX GHWDOMQH SURYMHUH NXWRYD QD X]JRUFLP
L f $QDOL]JRP UH]XOWDWD GWWSN@MHDQRMMHM A L 6 DEQ;

koeficijentu 0,75. Linija koda "I_modified = | * 0.75" koristi se za prilagodbu udaljenosti
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NXJOLFH RG VUHGLAWD SUHPD RWNULYHQRP RGVWXSDQMX
GRELYDQMH WRpPQLK U Hhxige\\WkDrekde c@istibahjtEmelogSmavjeren

i dokumentiran radi osiguranja valjanost rezultata mjerenja.

4.4. Rezultati mjerenja

8VNODYHQR GMHORYDQMH L]JPHYyX $UGXLQR ,'( L 3\WKRQ NR
analizu mjerenja. Za pogtnje ovog cilja potrebno je pravilno konfigurirati Arduino IDE kako
EL VH RVLIJXUDOR LVSUDYQR L]YUAGDYDQMH 3\WKRQ NRGD L

3UYL YDA&DQ NRUDN MH SR NerH¥emOMbRitomU GvaLkQmiguracija

RPRIXUXMHNBRGWKBQ pLWD SRGDWNH V $UGXLQD L NRULVWL
DQDOL]H %H] RWYRUHQRJ VHULDO PRQLWRUD NRPXQLNI
QHRPHWDQD &dWR MH RG VXdaWLQVNRJ |QDpDMD |D QD&X DQ

Python kod ispisuje mjerenja u poséd® IRUPDWX UDGL ODN&aHJ pLWDQM]
NB6HQVRU PHDVXUH” 30" 3OBPRGLILHG ™ *DQJOH” 3YULMHPH
podataka(Slika 4.3.) 9ULMHGQRVWL GXOMLQD 6HQVRU PHDVXUH

GHFLPDOX GRN MH OB P®ife detirHa® kdkd RiNdJoxiguiala gpebiznost.

Sensor measure: 68.0 1 =562.0 |_modified =421.5 angle = 24.929325033155735
= 12.983996

Sensor measure: 171.0 1=459.0 |_modified = 344.25 angle =20.1360197093923
= 55.775942

Sensor measure: 283.0 | = 347.0 | _modified = 260.25 angle = 15.084896772¢

vrijeme = 110.476076

Sensor measure: 386.0 | = 244.0 | modified = 183.0 angle = 10.544550322(

vrijeme = 156.979844

Sensor measure: 512.0 1=118.0 | _modifie’B.5 angle = 5.077319059793709 vrije
=251.821799

Slika4.3.,VSLV UH]XOWDWD PMHUHQMD NXWRP§DoSULEOLAQL|

XWRYL VX SULND]DQL V pDN pHWUQDHVW GHFLPDOD D YUL
SUXAaD SUHJOHGDQ L SUHFL]DQ XYLG X GLQDPLNX SURPMHQ
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.RULVWHUL SULNXSOMHQH SRGDWNH 3\WriRI@tamjeglnjaX MH WU
awR MH MDVQR YLGOMLYR QD 60OLFL

Slika 4.4.Dijagram kuta otklona u ovisnosti u vremeaRython

Slika 4.4. prikazuje promjene amplitude kuta otklona kuglice u odnosu na vrijeme. Ova slika
SUXAaD YL]XDOQL SULND] UH]XOWDWD L RPRJXUXMH EU]X LQ

prikazani na slici jasno ilustriraju kako se kut otklona mijenj&adije vremena.

Tablica4.2. 5 H]XOWDWL PMHUHQMD NXWRYD -3 ERELAQLK |

vrijemet[s] | RWNORQ >f@
12,983996 | 24,929325033155735
55.775942 | 20,1360197093923
110.476076 | 15,084896772614655
156.979844 | 10,544550322861383
251.821799 | 5, 077319059793709

Rezultati svih mjerenja ispisanih u MS Excel tablici nalaze Belagu 4.
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Slika 4.5.Dijagram kuta otklona u ovisnosti u vremestezultati mjerenja

6O0OLND VODBOBYDQWQH SRGDWNH L] 7DEOLFH BURXpEL
YLGOMLYL VX WUHQGRYL L REUDVFL NRML VXJHULUDMX SRV
UD]OLpLWLK YDULMDEOL 3RYODpPHQMHP OLQLMMH NRMDH DM
LIYHVWL SUHWSRVWDYNH R OLQHDUQRM J]DYLVQRVWL L]JPHY
X SURFHVX NYDQWLILNDFLMH L PRGHOLUDQMD RGQRVD PHY

(NVSRQHQFLMDOQD MHGQDGAED NULYXOMH JODVL

AP L tx&z W4 (4-2)
Prema relacijama (&) i (4-2) vidljivo je da amplituda iznosi f GRN IDNWRU SULJ:
LIQRVL /1 Vv

Prema relaciji (29), faktor dobrote koji iznosi Q=224,4.
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Slika4.6.*UDILpPNL SULND] RYLVQRVWL NXWD RWNORQ

Rezultati mjerenja prvih 400 sekundi eksperimenta ispisani su u MS Excel tablici i nalaze se u
Prilogu 4 6O0OLND JUDILPpNL SULND]XMH SURPMHQX DPSOL
(NVSRQHQFLMDOQD MHGQDGAED NULYXOMH JODVL

&P L txg{yN4®4c (4-3)
Prema relaciji (4 DPSOLWXGD L]QRVL f GRN IDNWRU SUL.
Prema relaciji (29), faktor dobrote koji iznosi Q=261,8.
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5.2$./-8y$.

Na WHPHOMX GRELYHQLK UH]XOWDWD PRaH VH ]DNOMXpL\
]IDGRYROMDYD X SRWSXQRVW IDNWRU GREURWH ,DNR RYD
GDOMH SUXaD GXEOMH UD]XPLMHYDQMH SU Eeksgdrith€ntaKk RV F L (
PRJX ELWL RG YHOLNH NRULVWL ]D VWXGHQWH NRML VXGMF
PDNHWD L SUDWHUL HNVSHULPHQWDOQL SULVWXS PRJX

UD]XPLMHYDQMX IHQRPHQD SULJXaNMQEFRI |IPVEREBWREDQWH
razvoj.
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634(7$.

8 RNYLUX RYRJ ]DYUAQW] RDNHWD] BDYIHHXEHQRJ RVFLODWR
PLNURXSUDYOMDp ODNHWD VH VDVWRML RG MHGQRVWDYQF
*ODYQL FLOM LVWUDaLYDQMD MH PMHUHQMH DPSOLWXGH N
SURXpDYD®PD SRYVRPMHQD DPSOLWXGH RVFLODFLMD .UR]

SODWIRUPH SULNXSOMHQL VX WUDAHQL SRGDFL 2YL SRGD|
SRGDWDND L JUDILpPNRJ SULND]D 2YDM UDG sSUXaD XYLG
istrDALYDQMH SULJXA@HQLK RVFLODFLMD L QMLKRYX YL]XDOL]

ovog fenomena.

.OMXpQH ULMHpL $UGXLQR PDWHPDWLPNR QMLKDOR SULJ

ABSTRACT

Making a model of a dumped oscillator

As part of this final work, a modedf a damped oscillator was made using an Arduino
microcontroller. The model consists of a simple pendulum with a ball hanging on a thin thread.
The main goal of the research is to measure the amplitude of the deflection angle of the ball

over time in ordeto study the gradual change in the amplitude of the oscillations. Through the

use of sensors and the Arduino platform, the required data was collected. These data are

presented and analyzed in the form of tabular data and graphical representatiorpdrhis pa

provides an insight into the application of Arduino technology for the research of damped
oscillations and their visualization, thereby contributing to a better understanding of this

phenomenon.

Keywords: Arduing dampedscillator, mathematical pendulunython
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a,92723,6

3DYOH *HJLU URYHQ MH YHOMDpH JRGLQH X 9XNRYLCL
osnonX AaNROX X 3RGUXpPQRM ANROL 9HUD JRGLQH QDVW
%RERWD WH JRGLQH Qbhbratdyah@ M inhbizki & kdv& adhfeiO V N

PrirodoslovnePDWHPDWLpND JLPQD]J]LMD 1DNRQ pHWYHURJRGLAQ
L SRORAHQH GUADYQH P DW XRugddiplomski StRdGEIeRtidtebnike Vi M H
)DNXOWHWX HOHNWURWHKQLNH tethBldg§aQ D WDEijakd,Dsmier LQIR U

Elektrotehnika te se na drugoj godini opredjeljujeeiktroenergetiku kao izborni blok
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Prilog 1 tupute zapokretanje programa
Da biste pokrenuli Python skriptu na sustavu Windows, slijedite ove korake:

1. Otvorite naredbeni redak:
a. Pritisnite tipku Windows + R za otvaranje Run dijaloga.
b. 8SsLaLWH FPG L SULWLVQLWH (QWHU 2WYRULW UH
2. PromijentetUHQXWQL GLUHNWRULM QD GLUHNWRULM X NRMI
a. 8SLALWH Q D\ButhGaX¥ F=a\Bitkktorija i pritisnite Enter
b. npr. cd CiUser§PAVLE\OneDrivaDokumentiZavrsniPython
3. 3Pokrenite Python skriptu:
a. 1DNRQ aWR VWELYIURMAMHMOXSLALWH VOMHGHUOX
Python skripte "njihalo.py":
b. python njihalo.py
4, SULWLVQLWH (QWHU 6NULSWD UH VH L]YU&ALWL D UH

9DAQR MH QDSRPHQXWL GD ]D SRNUHWDQMH LBDW KR WONEWHLPS
UDpXQDOX 3UHSRUXPOMLYR MH NRULVWLWL 3\WKRQ [ YHU
ALYRWQRJ FLNOXVD L QH SULPDMX YLaH DAXULUDQMD

$NR 3\WKRQ QLMH LQVWDOLUDQ QD YD&HP UDpXQDOX PRAF
Python web stranice (https://www.python.org/).
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Prilog 2 +Arduino program

/Il definiranje minimalnog i maksimalnog otklona

#defineDISTANCE_MIN 20u

#defineDISTANCE_MAX 63Qu

NUHLUDQMH WDEOLFH FLNOLPpNNRBURWM KUIEK @ N BLXAMLG TFQUW (

staticconstuint8_tcrc_table[] ={
0x00, 0x07, 0x0e, 0x09, Oxlc, Oxlb, 0x12, 0x15, 0x38, 0x3f, 0x36, 0x31,
0x24, 0X23, 0x2a 0X2d, 0x70, 0X77, 0X7e, 0X79, 0x6¢C, Ox6b, 0x62, 0x65,
0x48, 0x4f, 0x46, 0x41, 0x54, 0X53, 0x5a, 0x5d, Oxe0, Oxe7, Oxee Oxe9,
Oxfc, Oxfb, 0xf2, Oxf5, 0xd8, Oxdf, Oxd6, Oxd1, Oxc4, Oxc3, Oxca 0xcd,
0x90, 0x97, 0x9¢, 0x99, 0x8c, 0x8b, 0x82, 0x85, 0xa8 Oxaf, 0xa6, 0xal,
Oxb4, 0xb3, Oxba, 0xbd, 0xc7, OxcO, Oxc9, Oxce Oxdb, Oxdc, Oxd5, 0xd2,
Oxff, 0xf8, 0xf1, 0xf6, Oxe3 Oxe4, Oxed Oxeg Oxb7, 0xb0, Oxb9, Oxbe,
Oxab, Oxac Oxa5, Oxa2 0x8f, 0x88, 0x81, 0x86, 0x93, 0x94, 0x9d, 0x93,
0x27, 0x20, 0x29, 0x2e, 0x3b, 0x3c, 0x35, 0x32, 0x1f, 0x18, 0x11, 0X16,
0x03, 0x04, 0x0d, 0x0a, 0x57, 0x50, 0x59, 0x5e, Ox4b, 0x4c, 0x45, 0x42,
0x6f, 0x68, 0x61, 0x66, 0X73, 0x74, 0X7d, 0x7a 0x89, 0x8e 0x87, 0x80,
0x95, 0x92, 0x9b, 0x9c, 0xb1, 0xb6, 0xbf, 0xb8, Oxad Oxag 0xa3 0xa4,
0xf9, Oxfe, 0xf7, OXfO, Oxe5, Oxe2 Oxeb Oxec Oxcl, Oxc6, Oxcf, Oxc8,
Oxdd, Oxda, Oxd3, Oxd4, 0x69, 0x6e, 0x67, 0x60, 0X75, 0X72, 0X7b, 0X7c,
0x51, 0x56, 0x5f, 0x58, 0x4d, 0x4a, 0x43, 0x44, 0x19, Oxle 0x17, 0x10,
0x05, 0x02, 0x0b, 0x0c, 0x21, 0x26, 0x2f, 0x28, 0x3d, 0x3a 0x33, 0x34,
Ox4de 0x49, 0x40, 0x47, 0x52, 0x55, 0x5¢, 0x5b, 0X76, 0X71, OX78, 0X7f,
0x6a, 0x6d, 0x64, 0x63, 0x3e, 0x39, 0x30, 0x37, 0x22, 0x25, 0x2c, 0X2b,
0x06, 0x01, 0x08, 0x0f, Ox1a 0x1d, 0x14, 0x13, Oxag 0xa9 Oxal, 0xa7,
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Oxb2, 0xb5, Oxbc, Oxbb, 0x96, 0x91, 0x98, 0x9f, 0x8a, 0x8d, 0x84, 0x83,
Oxde, 0xd9, Oxd0, Oxd7, Oxc2, 0xch, Oxcc, Oxch, Oxe6, Oxel, Oxe8, Oxef,

Oxfa, Oxfd, 0xf4, Oxf3

1

IXQNFLMD |]D L]U®¢thERsDVaED QMH &5 &
uint8_tcrc8uint8_t*p, uint8_tlen){
uint8_ti;
uint8_tcrc = 0x0;
while (len-) {
i = (crc M *p++) & OXFF; // XOR trenutnog bajta s CRGm
crc =(crc_tabldi] M (crc <<8)) & OxFF;

}

returncrc & OxFF;

// popis komandi

constbyte PRINTOUT_BINARY[4] = { 0x00, 0x11, 0x02, 0x4C};

constbyte PRINTOUT_TEXT[4] = { 0x00, 0x11, Ox01, 0x45};
constbyteRUNMODE_SINGLE_PIXEL4] = { Ox00, 0x21, 0x01, OxBC};
constbyte RUNMODE_TWO_PIXEL4] = { 0x00, 0x21, 0x03, 0xB2};
constbyteRUNMODE_TWO_BY_TWO_PIXEI[4] ={ 0x00, 0x21, 0x02, OxB5 };
constbyte RANGEMODE_SHORT4] = { 0x00, 0x61, 0x01, OXE7};

constbyte RANGEMODE_LONd4] = { 0x00, 0x61, 0x03, OXE9};

// inicijalizacija varijabli
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constint BUFFER_LENGTH =10,
uint8_tFramereceivdBUFFER_LENGTH];
uint8_tindex;

uintl6_tdistance;

uintl6_tdistancel,;

uintl6_tdistance2;

uintl6_tdistance3;

GHILQLUDQMH NUXaQRJ EXIIHUD
#definebufferSize(5u)
uintl6_tcircularBuffefbufferSize];
uint8_tbufferHead =0u;
uintl6_toscilationCount u;
boolisBallReverseDetectedfalse
uint8_tindexOfMinValue =0u;
boolcheck is_ball_reversing_directimoid);
void seturg) {

pinModg13, OUTPUT); /linicijalizirati digitalni pin 13 kao izlaz (izbrisiv ako

komunikacija radi)

Serialbegin115200: RWYRUL VHULMVNL SULNOMXpDN NRM
I pinovima TXO0 i RX0), postavi brzinu prijenosa podataka na 115200 bps

Seriallbegin115200; RWYRUL VHULMVNL SULNOMXPpDN NRN
I RX1), postavi brzinu prijenosa podataka na 115200 bps

Seriallwrite(RUNMODE_SINGLE_PIXEL4); SRVWDYL 7HUDS5DQJHU X QDpL

pikselom

Seriallwrite(RANGEMODE_SHORT 4); SRVWDYL 7HUDUDQJHU X QDD

dometa
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Seriallwrite(PRINTOUT_BINARY, 4); SRVWDYL 7THUD5DQJHU X ELQDUQ
QDPLQ QLMH SRGUADQ

index =0;

JODYQD SHWOMD SRpLQMH RYGMH
void loop() {
if (Seriallavailablg€) > 0) {
abDOMH SRGDWNH VDPR NDGD |DSULPL SRGDWNH
uint8_tinChar =Seriallread);
if (index ==0) {
if (inChar =="T) {
WUDAaL SRpHWDN RNYLUD 37°
Framereceivdihdex++] = inChar;
} elsereturn
} elseif ((index >0) && (index <10)) {
/lprikupljanje podataka
Framereceivdihdex++] = inChar;
}
llprovjera je li okvir od jednog piksela
if (index ==4) {
if (crc§Framereceived3) == Framereceived]) {
/Ipretvaranje bajta u udaljenost
distance {Framereceived] << 8) + Framereceive@];

ILOWULUDQMH QHWRPQR GHWHNWLUDQLK SRGDWDND
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if (distance >= DISTANCE_MIN && distance <= DISTANCE_MAX

circularBuffeifbufferHead] = distance;
/Iprovjera je li najmanja vrijednost oscilacije detektirana
isBallReverseDetectedcheck is_ball_reversing_directin
(++bufferHead %= bufferSize;
if (true== isBallReverseDetecteg
NXJOLFD VH RGPLpH RG VHQ]RUD
Serialprintin(circularBuffefindexOfMinValue));
/lreset radi sigurnosti

isBallReverseDetectedfalse

}
index =0;

Framereceivd®] = 0;

}

/lprovjera je li okvir od dva piksela
elseif (index ==6) {
if (crc§Framereceivedy) == Framereceived]) {
//pretvaranje bajta u udaljenost
distance {Framereceived] << 8) + Framereceive@];
distancel fFramereceived®] << 8) + Framereceived];
Serialprint("Distances in mm :);

Serialprint(distance;
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Serialprint(" | ");
Serialprintin(distancel);
index =0;

Framereceivd®] = O;

}

/lprovjera je li okvir od dva puta dva piksela
elseif (index ==10) {
if (crc§Framereceived) == Framereceive®]) {
//pretvaranje bajta u udaljenost
distance {Framereceived] << 8) + Framereceive@];
distancel fFramereceive®] << 8) + Framereceivdd];
distance2 fFramereceive®] << 8) + Framereceivd®];
distance3 fFramereceived] << 8) + Framereceivd®];
Serialprint("Distances in mm :);
Serialprint(distancé;
Serialprint(" | ");
Serialprint(distance};
Serialprint(" | *);
Serialprint(distance;
Serialprint(" | ");
Serialprintin(distance
index =0;

Framereceivd®] = O;



} else{
index =0;
Framereceivd®] = 0;

Serialprintin("CRC checks failed. Couldn't find valftame in buffer length’;

boolcheck _is_ball_reversing_directiQq
boolretVal =false
uint8_tindexTestMinus2 £bufferHead +1u) % bufferSize;
uint8_tindexTestMinusl findexTestMinus2 Hu) % bufferSize;
uint8_tindexTest f(indexTestMinusl1 fu) % bufferSize;
uint8_tindexTestPlusl findexTest +lu) % bufferSize;
uint8_tindexTestPlus2 findexTestPlusl tu) % bufferSize;
SURYMHUD MH OL YULMHGQRVW NRMD VH WUHQXWQR WHYV

if ((circularBuffefindexTestMinus1] > circularBuffefindexTest) &&

(circularBuffefindexTest] <circularBuffefindexTestPlus)) {

if  ((circularBuffefindexTestMinus2] > circularBuffefindexTestMinusl] &&

(circularBuffefindexTestPlus1] <ircularBuffefindexTestPlusd) {
YUDUD WUXH NDNR EL R]QDpL GD MH YULMHGQRVW SURC
retVal =true
SRKUDQL LQGHNYVY NRML UH VH NRULVWLWL ]D LVSLV YUL

indexOfMinValue = indexTest;
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}

returnretVal;
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Prilog 3 +Python program
importserial ELEOLRWHND NRMD RPRJXUDYD NRPXQLNDFLMX V $1

importmatplotlibpyplotasplt ELEOLRWHND NRMD RPRJXUDYD VWYDUDQ|
from datetimemportdatetime ELEOLRWHND NRMD RPRJXUDYD SUDUHQM
import numpyasnp ELEOLRWHND NRMD RPRJXUDYD J]QDQVWYHQR U
importmath ELEOLRWHND NRMD RPRJXuUDYD L]YRYHQMH PDWHPD

import pandas as pd #biblioteka za izvoz u Excel

COM_PORT='COM3" QD]LY 86% SULNOMXpPpND QD UDpXQDOX
BAUD_ RATE = 115200 #brzina prijenosa podataka u bauoth
#pokretanje serijske komunikacije
serialSerial COM_PORT BAUD RATE
CENTER_DISTANCE-630 XGDOMHQRVW VHQ]JRUD RG NXJOLFH X VWL

#pokretanje listi za spremanje podataka

None YUHPHQVND YDULMDEOD VH SRNUHUH ]DSULPDQ!
#inicijalizacija za crtanje
plt SRNUHWDQMH LOQWHUDNWLYQRJ QDpPpLQD UDGD
plt
'vrijeme t[s]’
RWNORQ >f@
True

RGUHYyLYDQMH VWLOD OLQLMH V RIQDNDPD ]D VYH WRpPpNH
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'bo') #'boc 1QDpL SODYL NUXJIJRYL SRYH]DQL OLQLMLIL
IXQNFLMD |D Dé’lXULUDQMH FUWDQMD
def

datetime

0 5 SRGH&DYDQMs$1 JUDQLFD |

try

while True
pbLWDQMH SRGDWDND VD VHULMVNRJ SRUWD UHG SR UHC
‘utf-8'
#trenutno vrijeme proteklo u sekundama
datetime if else0
float #podatak udaljenosti kuglice od senzora
CENTER_DISTANCE #udaljenost kuglice od centra

075 SRJUH&AND VHQ]RUD

math 1000) UDpXQDQMH NXWD X UDGLMC
math #pretvaranje radijana u stupnjeve
90 LIUDpXQ WUHAHQRJ NXWD

SRVWDYOMDQMH YUHPHQD SRpHWND DNR YHU QLMH SRV
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if start_timeis None
start_time= datetimenow()
#filtriranje rezultata s prevelikim odstupanjem
skip_sample= False
if len(data_values> 1.
if data_valudsl] > data
if data_valugs1] - data> 50:
skip_sample= True
else
if data- data_valugsl] > 50:
skip_sample= True
if skip_sample== False
#dodavanje podataka u listu
timestampsppendelapsed_time
data_valuesppenddatg
angle_valuesppendangle_alphp

print("Sensor measuref} | = {} |_modified = {}

{} ".formaidata I, |_modified angle_alphaelapsed_timyg
#crtanje dijagrama

update_pldd

#zaustavljanje crtanja na naredbu s tipkovnice (CTRL+C)
exceptkeyboardinterrupt
print("Plotting stopped)’

serclos«)

angle ={}

vrijeme =
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exceptkeyboardinterrupt
("Plotting stopped)’

ser. {)
# Stvaranje DataFraneeizdobivenih podataka
data_df= pd.DataFramg 'vrijeme [s]: timestamps R W N O®RQe vil@g
# Ime Excel datoteke za izvoz
excel file name 'podaci.xlsx'
# lzvoz podataka u Excel
data_df (excel_file_namgindex=False

,VSLV SRUXNH R XVSMH&EQRP L]JYR]X

(f"Podaci su izvezeni §iexcel file_namg")
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Prilog 4 +tMS Excel tablica rezultata

vrijeme [s] }Slo}v €L

45.079 27.032
45.173 26.503
45.175 26.024
45.177 25.833
45.179 25.546
45.181 24.929
17.0 24.409
44.945 24.032
44.947 23.468
44.982 23.094
45.014 22.628
45.016 22.349
33.4 22.024
354 21.885
37.4 21.561
39.5 21.422
43.5 21.008
45.6 21.054
47.6 20.640
51.7 20.594
53.7 20.502
55.7 20.136
59.8 19.861
61.8 19.770
63.8 19.770
65.8 19.450
67.9 19.359
69.9 19.177
73.9 18.950
76.0 18.814

78.0 18.632



80.0
82.1
84.1
86.1
88.2
90.2
92.2
94.2
96.3
98.3
100.3
102.3
104.4
108.3
110.4
112.4
114.5
116.5
118.5
120.5
122.6
124.5
126.6
128.6
130.7
136.7
138.8
140.8
142.8
144.8
146.9
148.8
150.9

18.360
18.179
18.134
17.908
17.592
17.277
17.052
16.783
16.738
16.469
16.334
16.155
15.753
15.173
15.084
14.951
14.640
14.418
14.063
13.886
13.798
13.444
13.267
12.958
12.606
12.298
11.990
11.814
11.946
11.420
11.113
11.200
10.675
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155.0
156.9
158.9
160.9
163.0
165.0
167.0
169.0
171.0
173.1
175.1
179.1
181.2
183.2
185.2
187.2
191.2
195.3
197.3
199.3
201.3
203.3
205.5
207.4
209.4
211.4
2135
2155
217.5
2195
2215
223.5
225.6

10.238
10.544
9.889
9.584
9.671
9.235
9.366
9.192
8.800
8.757
8.409
8.192
8.062
8.062
7.975
7.671
7.585
7.281
7.195
7.065
6.935
6.935
6.718
6.675
6.675
6.545
6.416
6.286
6.156
6.027
6.113
6.027
5.897
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227.6
229.6
235.6
237.7
239.7
241.7
245.7
247.7
249.8
251.8
253.8
255.8
263.9
267.9
278.0
280.0
282.0
286.1
288.1
290.0
2921
294.1
296.2
300.2
302.2
304.3
314.2
320.3
324.3
328.3
334.4
338.4
342.5

5.724
5.767
5.595
5.508
5.508
5.465
5.206
5.249
5.206
5.077
4.947
5.077
4.904
4.775
4.473
4.646
4.516
4.387
4.301
4.473
4.301
4.258
4.215
4.085
4.128
4.085
3.956
3.827
3.870
3.913
3.698
3.698
3.612
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346.5
362.6
364.6
366.7
389.1
389.2
389.3
389.4
389.5
389.6
394.9
402.8
404.9
410.9

3.439
3.353
3.310
3.310
3.353
3.310
3.267
3.181
3.095
3.095
3.009
2.923
2.923
2.966
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