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8 VNORSX RYRJ |DYU&QB B NJYDHIDF L MVNIHQ QWHD L]DWRU VLJQ
SODWIRPL ,GHMD MH PLNURIRQVNLP PRGERRRIKIURNBERDW
WUDQVIRUPDRMIN MIMIDMRARWH RVQRYQH IUHNYHQFLMH $PSOL
]JDWBRLND]XMX QD /(' PDWULPQRP ]JDVORQX X YLGX YLVLQH
IUHNYHQFLMH

. RULAWSIQ®XMBR UD]YRMQD SORpPLFD NRMD iiH XJURNRYD\
GLVNUHWQLKQDGLNRIGIORWMALL]UDpXQDWD )RXULHURYD WUDQ
IUHNYHQFLMVNL VDGU&DM VLJQDOD X Q HNRRI BBGURDIQNIIR B PYOLR
UHDOL]LUD Q3 MHX INRRJ LA )FERNVRHWMND LPD JRWRYH 1)GQN NIUNHAV QO
JRXULHURYH WUDQWVRYPRMHEGORVWL 7R VH WUHED VYH RGYL
UDPpXQDQMD VRENWYBQRIUEGDABBOOLMYGNIBRMHGLQRJI VLIQDO
QD /(' ]IDVORQX X VWYDUQRP YUHPHQX EH] QHNRJ SUHYHOLNR

8 SURMHNWX MH NRUL&ZWHQ $UGXLQR 8QR 5 PLNURIRQVN
0%$; WH ODWUL[GLVSOPD,)
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SUHNR VHSURNDGDpPD 7YUWND $UGXLQR]CRYIMNMQEOR plL FHU RIH
PLNURNRQWUROHULPD NDR L UD]QH PRERODH HIRWGY YK VANRL] % |
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VRIWYHU MBRA EFBHQEHQBEQDO 3XEONRMEFK®BKAWD SURL]YRGQ
L GLVWULEXFLMX VRIWYHUD
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SRMHGQRVWDYOMXMH XpLWDYDQMH P SN BRNBPONIERQERV K OFRH



SURJUDP LS)DONBXPODHN RULAWHQYMMARUEBAY NLK DGDSWHUVNLK pLSH
)7

SRVWRMH PQRJH LQDpPLFH $UGXRYR SOHRPLMDKGRN VX QHNH RC

$UGXLQR 'LHFLPLOD
$UGXLQR 8QR 5 L 5
$UGXLQR /HRQDUGR
$UGXLQR OLFUR
$UGXLQR 1DQR
$UGXLQR OHJD
$UGXLQR 'XH

$UGXIBQR

8 RYRBYUEQRMHINRULEWHQD §GIR]NR D 03 WX QIHRENAU R BW H C
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2VOQRYQH IXQURIMBPPN RER

YXQNFWDME R MDXQNFIHMD)YUGDYD VDPR MHGQRP SQIMBHRNUH
SRVWDLYDLFDMROQH SRVWDYNH LU NRYR MIXXUBGIEMEHARDL BHG KIRQ RL
GLILWVKDDQD EGBRIIR IR OWDHYWHMMHULMVNH NRPXQLNDFLMH L VOLp(

)XQNFRRI®RRYD IXQNMFLWDADYD QHSUHN L GIR XEOIONRFG MLIHY U &
GLMHORYL NRGD NRRMRSVHEQRB® D]H] XQXMWIDM X VH YHE SINABR QD p Q

GLR SURJUDPD NRML VH SR®OQ PYROMPIVNBIRERMDS MG K HQP
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$QDORJQR GLJLWDOQD SUHWYRUED

$UGXLQR 8MRDPBILQRWE ONRQ Y HUNIMMNAEK NRML VH PRJX
bLWDQMH DQDORJQRR®LJIQRODUKXMHB\QGRIK. QD NRMH MH VS
SRVWDYOMHQ QD 9 XNR® BNE $UGR QIRWH WV RRMRHQXQNFLMX DQ|
ELVPR pLWDOL XOD]QL DQDORJQL VLJQDO SRYH]DQ V RGUHYVH
GLIJLWDOQX YULMHGQRVW NRMD SUHGVWBYGNDQERMEUMQX Y
$' SUHWYD& BWR [QODIEDMVL GLILWDOQX YULMHGQRVW X UDVSR

5H]ROXFLMDORNBPRQRBPM QM HIGRMY WH PR AaH SWHER PJD RN
SURPMHQX GLJLWQDOQR BRAIONIH GHIHP L]UD]X



$SUHI Q= CiXie
J G M
SUMWULMHGQRVW QSLIQRINMXUMHWUSIFONMHQR VW QDSRQD $' SU

Q EURM BIULWRNWIDD UDpD

=D PNVLPDO RGOS RETURWH H QD HIGRIRXCGKEQR PRAH RpLWD'
P93URPMHQRP UHIHUHQWQRJ QDSRQD QD PDQMH YULMHG

SURPMHQH QDSRQD pLPH VH SRYHUDYD WRpQRVW PMHUHQMD

$' SUHWYRUED VH QD $UGXLQX RGYLMD ®KHPROGENRWONF H V
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VOLMHGHUL ELW VH SRVWDYOMD X %LQDUQD NRPELQDFLMD
XVSRUHGEL V XOD]QLP QDSRQRP MH PDQMD L RQGD VH ]D V
SUHWYRUERP 9 SUHGVORYQMDD¥HELW IS RRQRS
=DGQMD NRPEL@DFEQMIQDORJIQR 9 SUHGVWD
RG XOD]QRJ L WDM ELW HRXWBINMPWXIR OPPER QRRVMR DSURNVL
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WRM UDGQLK WDNWRYD NRML VX SRWEHR@IX [DLWREQ XS §'
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UDGQLK WDNWRYD |D BR&QRX MRQYHNMHIXFLMD UDGQRJ WDN
MHGQX SUHWYRUEX MH SRWUHEQR XV 7R ]QDpL GB] MH PC
B3UHPD SRGDWNRYQRM WDEOLFL $7PHJD 3 SDEQPINVWBFID&PLC
RJUDQLPHQD MH JERJIXL §WKIXQS K HIN WIRIDERHY
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OLNURIRQL VX HOHNWURDNXVWLpPNL SUHWYDUD@L BRIML S
PLNURIRQL SRVMHGXMX QHNX YUVWX PHPEUDQH LOL SRNU
2GJRYDUDMXiUL L]OD] M HD DDGRQXER MDXR GURPRYERP UDGX NRUL
MH 0%$; PR G X© DNIRVRHYDHPW NH REQRVQR NRQGHQ]NWR UWNH
PHVWR NRULAWHQ X RYOMWURYHR BROHPBLMHRGH L GLPHQ]LMD

0%$; MH MHIWLQR YLVRNRNYDOLWHWQR PLNURIRQVNR
SRMDpDQMD $*& L QLVNRA&XPQLP SUHGQDSRQRP PLNURIRQD
SRMDpDOR V SURPMHQMLYLP SRMDpPDQMHP 9*®D PLONIRIR GR
$*& XSUDYOMDPNL NUXJ I1LVNRIEXRRMOYBQYERMDBPDORS % P SR
SRMDpDQMH DXWRPDWVNL SULODJRYDYD RG G% GR G%
3RMDpDQMH L]JOD]QRJ SRMDpPpDOD PRAMH @ HQBRSILH)V BWE ISOIH VY 5D
SRVWLAX YULMHGQRVWO D@D KRN DPPVRpRRGD LJERUQD SR
G % DD NRIPS R M DG R BIDKIN XFEQR M D [RIEQ M 16 % G% LOL G% 9DQM
GMHOLWHONMN)WDBRQDD PUMHGDPEL NRQGHQ]DWRU SURJUDPLUD
9ULMHPH |[DGUAD ¥WBIQIMNBOR QD PV 0$; SIMH BRFNMXEEW X
NRML &WHGL SURVWRU 2YDM XUHYDM MH VSHFIfI& FAREQ ]D S
1HNL RG YDAQLMLK SRGDWDND YH]DQLK X] HOHNWULpPQH NDUI
WDEOLFL RGN NMH PULND]DQ QD VOLFL

60OLND OLNURIRQVNR>S®MDpPDOR 0%;



3$5%0(79!

1DSRQ
QDSDMI
6WXMI
QDSDMI

,]JOD]QL

SNWLYQL
SRMDpL

7+ 7TRW

+DUPRC

'LVWRUV
axp

'& SUHGC
SRMDDp|

80D]QI
LPSHGD

$SWWDFN
SDWLF

3RMDpC

TDEOLFHNWULPQH NDUDNWPRGYO®@NH PLNURIRQVTI

6,0%2/ 89-(7 0,1 7,3,y1¢z 0%;
9.
1 % : N +
'5
I 1 N+]
. % : +]
7+ 1 GR N +
5/ N
91
=1
$ 5 *1!
$ 5 $5 9"
$5
RGVSRLI
*$,1 9"
*$,1 *1"
$ "$ 1

RGVSRI

0-(51%
-(',1,&9%

9

P$

9506

G%

PV PV

G %



)285,(529% 75%$16)250%$&,-%

JRXULHURYD W UDJQWHRRPW APPMOGMNAMI NRQWLQXLUDQL VLJ
SUHWY RUWMHPHQVNH GRPHQH X IURNYHBBRMB NXUGRRNRE® DB L M
QD ]EMLRMVEIDGQLK IXQNFLMD

$XGLR VLIJQDO MH VOR&HQLMHGQRDY ¥ QVWODR X OPKMRMPR & Y L
RPLWXEHRVWIMRH QD WODND X PHGLWX P.WBPRHUNPXNO WO DRDQH DF
YLAHVWUXNDKQHDORMBGLQDpPQH DPSOLWXGHD/ YDNRE 1Y XPQLRNIL
VX GYD ]JYXpQD YDOD MHGDQ IUHNYHQFLMH +] WH MHGDQ IU
]JYXpQL VLIQDO QMLKRYH VXPH
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QD VDWX D YHOLpPLQD NXWD LVND]XMH VH X UDGLMDQLPD

NEL .. T EFOH)

60OLND (XOHURYD IRUPXOD > @
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SRND]XMH NDNR VM DGIH&HIWHDPRVREUWDYD ELOR NRMRP IU}
XOD]QRJ VLJQDOD QH PLMHQMD SUHYL&H L L]JQRVL D NDGD
+] NRMD MH Y ®B GQRNLY XQERLOD LRSGDPMAHDAR SURPMHQX VUH
XSUDYR WLP PDWHPDWLPNLP PRGHORP PR&HPR YLGMHWL NR
VLIQDOX WH NROLND LP MH DPSOLWXGD
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JRXULHURYX WUDQVIRUPDFLMX ')7 GDQRJ QL]D -HXLED UD]
NRQWLQXLUDQL VLIJQDO GRN ))7 X]LPD GLVNURHIOQM ¥EDY B @&/
VLIQDO X QMHJRYH IUHNYHQFLMVNH VDVWDYQLFH ED& NDR &



LPDPR QL] DPSOLWXGD NRMH VX X]RUNRYD GH IL|IONR QW D QUWKH. W/

LJUD]RP
C ?5

| ?2Y6 ba
>G2L 1 TXIA ¢

ed

JGMH MH 85X

;> N@L VN YRXWUQLDWWRDYQV | RRUER DE>LOMAD

D1 MH EURM X]J]RUDND VLJQDOD

J)LILNDOQR REMDAQMHQMH IRUPXOH MH VNRUR LVWR NDR
X]JLPDMX GLVNUHWQH WRpPNH QHNR VL QDO D DpRQRAG MK RDC
EL IL]ILNDSQRGR/S\HDAY¥ O M D G RQED U b X@®IDWNUHWHQ RJ JUDID WRpDN|

.RG XJURNRYDQMD VLIJ@PDOULPDOIRX MBHNMNYCHDIFLMX YUHP
VLIQDOD NRMHIDNR DMXEIHEB R 40 R$®R BRI W 5@ I HIHBAN O D SD Q |
IUHNYHQFLMVNLK NRPSRGRQD DERRPYOPMONMRRDYMBLNH EU]JL
'"UXJLP ULMHpPLPD XJURNXMH SRMDYX IUHNYHQFL MRMDWXHM W
QDMODN&H VKYDWLWL SUHNR JUDILPNRJ SULND]D

6OLNBULNDILPMHUD D@LDVLQJD >
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ODWHPDWLpNIHNNHDKIOMH UHNRDVRUXYUDLQRPMHAUIR@BOD

IV I 116

)] PHID VH YLGL &/DQMLH K NFOQUHPR GYRVWUXNR YHUL RG [U}
DOOLDWRQUMHAHQMH WRP SUREOHPX QD L]OD] PLKORILFROQ\IOR
ILOWDU 8 PRP |DYUAQRPLDD/GRIQHRONVDQWGQRVQR QLVNR SU
SUHNODSDQMD IUHNYHQFLMD SULOLNRP 8&iAWD{MD DXGLR VL

3RA&WR MH PDNVLPDOQD IUHNYHQFLMD NRMRP VH PRAaH RCG
IN\TXLVWWRMRBHPX QDMYHUD IUHNYHQFLMD NRMD VH PRaH YMH
XJURNRYDQMD MH RWSULOLNH +] 7R MH E[LlRYXN QGOYRREGRDJ L
V $UGXL@RQA®A PRJIXUH SRVWLUL ITUHNYHQFLMVNL UDVSRQ SL
GR N+] &WR MH ELR SRpHWQL FLOM

(QHUJLMD VLJQDOD

(QHUJLMD VLJQDOD MH PMHUD VQDJH LOL LQWHQ]JLWHWD
NRMX QRBRVWRMHOGYD WLSD VLIQDOD VLJQDOL V NRQDpPQRP
6LJQDOL V NRQDpPQRP HQHUJLMRP LPDMX EHVNRQDpPQR PDOL
EHVNRQDpPQR PDOL XNXSQL L]JQRV HQHUJLMH

=D NRQWLQXLUDQH VLIQDOH HQHUJLMD VH UDpPpXQD NDEF
EHVNRQDpPpQRV WIS RREOXWIGHD P WIOM WXGRIVW.LIQDOD
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3RVWRMH UD]QH YUVWH 08$; PRGXO SORPLFPDWOLpQM!
]DVORQ L 0%; /(' XSUDY RMBJP [DWORQRP UDGX NRUNRMWH @ HV
VDVWRML RG XODQpPDQLK [ /(' PDWULpPQLK ]JDVORQD NRML M

6OLND [ /(' PRGX®

ODWULPQL [ ]JDVORQ

[ WRpNDVWL PDWULpPQL ]JDVORQ RELPQR LPD SLQRYD
UHGRYL L VWXSFL SRYH]DQL VX |DMHGQR NDNR ELPHVURPQM
]DVORQ ]DKWBMERPR EMHGDQ ]D VYDNX /(' GLRGX L MHGDQ |C
]JDMHGQLpNH NDWRGH 3RYH]LYDQMHP UHGDND L VWXSDFD S
PDWW@WMARY MH SULND]DQRDQW HKXQLIFND XSUDYOMDQMD YHOLNLP
SLQRYD QPXYOWLY®HNVLUDQMH



6OLNDBSRM /(" GLRGD X VWX®DFD L UHGDND

8 RYRM WHKQLFVHVIYNDRDYYWEE DNU D W6l Q@ RVEUIFIRIHP LMHQ L\
SRILWLYDQ QD SR CHQHRYREHRNDMILDMNXQU LOL X]JHPOMHQMBRQD R
UH]XOWRWWAWRINULMHPH QH VYLMHWOL YLG&k$R®W L YAMXESG IPRAHQ
LIPMHQMXMX WROLNR EUJR VWRWLQH LOL WLVXiUH SXWD X V*t
RVYLMHWOMHQ

$NR UHGDN GRELMH SRIJLWLYDQ QDSRQ D VWXSDF QHJDW
1DSULPIMMRJ VH VYL UHGRYL VSRMUH®ED&S RS RM IY 0D \HIHIEHRMYLOYLDAC
SUYL BHME®DND ]DVORQX &8HOLPR SRIGN DR\Y M G110 D MRIQY RO QUK WDV
NXWD PRUDPR SUYR VSRMLWL SR]JLWLYDQ QDSRQ VSRMLWL QI
WDNWX SRIJLWLYDQ QD 5 L QHJDWLYDQ QD & L WDNR GDOMH
X VYDNRPPPWBIN@MDMXiUL XSDOMHQL VWXSDF L QMHJRYX NRPE



0%$; XSUDYOMDpPNL VNORS

1D SORPLFL SRMHGLQDPRERSWL NOBDQRJI QDODJHFYH &HQVN
1D SLQRYD PDWULPQRJ |[DVORQD VD VYLMHWOHiUH GLRGH
NRQGHQ]DWRU NRML VOX&L NDR ILOWDU WH JODYQL LQWHJUL
SLQRYL ]D XOD]QL QDMRQMI& &1L WHHBLQRYL ]D NRPXQLNDFLM)
&/. &6 WH '287 |D ODQpPDQR VSDMDQMH YLAH PRGXOD JDMHGQ

9&& WISBQMD 9 %XGXiLPRAHDOBFRQ@R VWUXMH GR $ SUL
VYMHWOLQL QDMEROMH MH NRULVWRY QY5 D BIWRIGLNBS\DHV DR
$UGXLQR QDSDWDBEMN RV WD YQLIAWLY Y SFARDHIW DR QX QQIONVIUNERI WE Q R \
LIEMSUMJIJULMDYDQMH UHJINMDYWRED IQWEREID QD NRML VH GR
SRGDWFL ]D NRPXQLNDF L MXD SBLHRNRQ X QKRURABRIFRGD GLJLWD O

]D RPRIXuDYDQWIH ARG NG GRYRGL UDGQL WDNW RGQR\
NRPXQLNDFLMX

6OLND8SUDYOMDpPNL WVWN@RS 0%;

63 SURWRNRO

63, SURWRNRO 6HULDO 3HULSKHUDO ,QWHUIDFH MH VHU
SULMHQRY SRGDWDND L]JPHyX PLNURNRQWUROHUD L SHULIHL
HOHNWURQLFL L PLNURNRQWUROHUVNLP DSOLNDFLMDPD



6YDNL NRPXQLNDFLMVNL SURWRNRORGSNRROMIBIW KWBHNDRLVC
63, MH VLQNURQL NRPXQLNDFLMVNL SURWRNRO S3HOWRKMH L
1D SULPMHU X 8%$57 NRPXQLNDFLML REMH VWUDQH VX SRV\
SULMHQRVD SRGDWDND NRMD GLNWLUD EU]JLQX L YULMHPH SL

63, SURWRNROOMRBHVIWL NRPRYLWORLRMXWRPH GDOL XUHY
RGUHVYFREABWDND SUHPD PLNURNMRQWRROIBY X ODRWHKU 2XWS X\
,QSXW 0,62 O0ODVWHU ,Q&X W GOYDHL HPCEAKS/E VWRIRDAHFIW DFLMD VH
QD QDpLQ GD PDVWHU JODYQL XUHYyDM NRQWUROLUD SULMH
VLQNURQL]JLUD SULMHQRYV SRGDWDND L]JPHyX XUHyDMD ODVW
GRN SULPDWHOM KM D LWODLQMBE2SERIGDWDND QDWUDJ PDVWHUX

8] WR VYDNL SHULIHW®GLOXQHWXMNRMD \RFRRMXUXMH PDVWFE
XUHYDMHP aHOL NRPXQLFLUDWL 2YR RPRJXWVX\WXHWILEHIRURXD

63, SRGBAMYBOH|[ QDPERODIY®RR XUHYDM L SHULIHUQL XUH
SULPDMX SREXOQLNBFLMD MH GYRVPMHUQD L RPIRVRYiIKM 15 E@®ULA
UD]OLpLWH QDpLQH SUHQRVD SRGDWDND NDR aWR VX 06%
6LIJQLILFDQW %LW SUYL

-HGQD RG SUHGQRVWL 63, SURWRNROD MH EU]JLQD SULM
XUHYyDMH PRJXUH MH SRVWLUOL YLVRNH EU]JLQH SULMHQRVD ¢
ALFD X XVSRUHGEL V GUXJLP VHULMUNREBBBHR\WRENRD Y P DD X B/R
RWNULYDQMH JUH&DNW H QERRBRYQUGCUHROE B X FSWBB®BL XVSMHAaQR
SURWRNRO
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1D VOLFL SULND]DQU AR HSHEMMBEMRNYR. 8QR /(' PDWULpP(
0$; WH PLNURIRQVNR SRMDOECR OMH QDSDMDQ L SURJUDP
SRUWD 1D PLNURIRQVNL PRGXO MH GRYHGHQ QDSRQ RG 9 S
RG GRWDNR GD FLMHOL QHJDWLYQL SROXYDO L FLMHOL S|

*DLQ QD PRGXOX SUHVSRMHQ MH QD 9GG WDNR GD VH VPDQML
L]OD]D L] AROCKDDSLGHPRSRUBQ QB DODCRIQER SUH) MH VSRMHC
QD SLQ ]D X]JHPOMHQMH QD $UGXLQR UD]YRMQRM SORpPLFL /('
&/. 9" *1' L &6 SLQ MH VSRMHQ QLFBH MM BEORLXIHGDRNRPXQL
63, SURWRNROD L]PHyX ]IV QRGO ]LWBBI)GLQR@BQMD VH X SURJU
WH XNROLNR VH &HOL NRULVWLWL QDSDMDQMH VD $UGXLQR |
QDMQL&XDWO]IKRXGH OL UHJXODWRUVQ DRS RVRP LK R (RGIRBMF'QR P U
NROLNR VWUXMH YXpH ]DVORQ =DWR MH EROMD RSFLMD VSR
EL VH PRJOR NRULVWLWL ]DVORUHEH WSREH DERIBDHPNDLONDP I H J XLO
VKHPDWVNL MH SULND]DQ VSRM VYLK QDYHGHQLK GMHORYD

~oll OXi E p]lviU > 1 e0}v ] ul]]E}(}V u} po «%}i v
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Aol OXiT TE L 1] % E]l Tte%E}i IEEASI AP
1D VOLNDPD L SULND]DQ MH |[DVORQ SULOLNRP S
+] WH +] SRPRiUX PRELWHOD L DSOLNDFLMH ]D JHQHULU

RIJUDQLpHQ VD PDNVLPDOQRP IUHNYHQFLIWVWOP MHURWRWYD Q @R
PDNVLPDOQD IUHNYHQFLMD NRMD VH PRaH GHWHNWLUDWL RN
SRJODYOMX R )RXULHURYRM WUDQVIRUPDFLML



6OLNBULND] UDGD SUL IUHNYHQFLML RG

6OLNBULND] UDGD SUL IUHNYHQFLML RG



6OLNBULND] UDGD SUL IWUHHNYHQFLML RG

6SRM IXQNFLRQLUD WDNR GD VH DXGLR VLIJQDO V PLNUF
GLVNUHWQLWNRMHMHGRREGWLX] SRPRU )RXULHURYH WUDQVIRU
SRMHGLQLK ITUHNYHQFLMD L] VLIJQDOD 1DNRQ WRJD VH WH DF
]DVORQX YIlSNMMH VW XSDF SUHGVWDYOMD MHGDQ IUHNYHQFLMYV
YLVLQRP VWXSFD
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S3UYR VX GHILQLUDQH NQMLéQLFH NRMB VH NBRXQXOGIH XRIU
VLIQDOD O'BOMDO[NRULAWHQMH ]DVORQD WH 63, NRML VOXAa
NRPXQLNDFLMX V 03%; LOQWHIJULUDQLP NUXJRP
#include <arduinoFFT.h>

#include <MD_MAX72xx.h>
#include <SPIl.h>

BRWRP VX GHILQ RUDARNWYDHIOWID EOBRQ RG 9 MHU $UGXL
$' SUHWYRUEX WDNR GD MH PDNVLPDODQ G L\VDhREEHDR M PORU SIU
]D LIUDPpXQXOPD]QRIOY|BEIOIDULMDEORNRRGYMIHHIQDVHULMVN X
LVSLVLYDQMHP YULMHGQRVWL NRMH )RXULHURYD WUDQVIRUF
HQHUJLMD VLJQDOD |D2S8(BERD2Q0D1{B¥DHQAMN. MDEOD NRMD VH
XNODQMDQMH PDOLK YULMHGQRVWL DPSOLWXGH RGUHVHQL
)& B+: 'HILQLUDI@QRYX QD NRMH VX VSRMHQL 63UMYQHRWYL 0$;
GLPHQ]LMH /(' YEDMU@MPB® SROMD X NRMLPD VH VSBORI XQW
PLFURSKRBKRWNDYOMD QD $ NRMD R]QDpDYD QD NRML MH D¢
PR G X®DW WMWK GR&R1IQD YDULMDEOD NRMD R]QBRDYWMERK QH X
2QD VH GHILQLUD ]DWR dWR VH QDN VB M RNJFBEEPERUNHDGEH V HL I8 R |
RGUHYHQLK IUHNYHQFLRRDQR]LEPDDBHNDBVNX YULMHGQRVW |
NRPELQDFLMX L SULND]XMH MX X MHGQRP VWWRSRRWPR NRF
GHNDGVNRP MR MHE XQBDUWIIDRIQRP MH X ELQDUQRP r
GDOMBINL VOLMHGHUL EURM R]QDpDYBPWHGDGHE URMUDIGE N DXFS )
X NODVL DUGYIRR)GHILIHUDQ NDR QRYL REMHNW NODVH 0'B(
SULPD YUVWX PRGXOD SLQ ]D FKLS VHOHFW WH EURM [ /('

#define offset 241

#define SAMPLES4

#define MAX_VALUROO0O

#define NOISE_REMOVING_COEB3

#define HARDWARE_TYPKD_ MAX72XX::FC16_ HW
#define MAX_DEVICES4

#define CS_PIN 10



#define CLK_PIN 13
#define DATA PIN 11
#define xres 32
#define yres 8

const int microphonePin = A5;

double vReal [SAMPLES];
double vimag[SAMPLES];
double vMagnitude [SAMPLES];

int pattern[]= {0, 1, 3, 7, 15, 31, 63, 127, 255};
int  newArray [xres];

arduinoFFT FFT = arduinoFFT () ;
MD_MAX72XX mx #D_MAX72XMARDWARE_TYPE, CS_PIN, MAX_DEVICES

8 VHWXS KVGERAMWDRYOMHQD MH VHULMVND NRPXQLNDFL
NRPXQLNDFLMD V /(' ]IDVORQRP WH MH SRVWDYOMHQ LQWHQ]

void setup () {

Serial.begin  (9600);

mx begin () ;

mx control (MD_MAX72XX:INTENSITY 1) ;
}

8 IXQNFLWIH XROKSV DU IRUYSHSWOMMHMIH] Y UAL XJURNRYDQMH XC
RG X]JRUDND NRML VH |DSUVLXMIE XRSRQMEIHREAXHQH DQDORJIQF
RGXMRVMHERI 'SUHG QPSROMNRY PREXYODBWHQD IXQNFLMD ]D ))7
V UHDOQLP L LPDJLQDUQLP YULMHGQRVWLPD VLJQDOD D SR&
LPDJLQDUQH NRPSRQHQWH X SRQBINRQPIWRYXHS R VINDYD MHRH
IXQNFLMH NR M HRIX]W DHURDEIWVD R X P MAL M VL FRUSPR QUBABR) H B R OKM H
Y5HDO L 2OMWRP]VBPXQDYD DPSOLWXGD WLK YULMHGQRVWL |D
NRULMHQ VXPH NYDGUDWD UHDOQH LHL® I QY0WQ B LWUX GIH G Q R



void loop () {

for (int i=0; i<SAMPLES; i++ ) {
vReal [l = analogRead( microphonePin ) - offset;
vimag[i]= O;

}

FFT. Windowing(vReal, SAMPLES, FFT_WIN_TYP_HAMMING, FFT_FORWARD
FFT. Computg vReal, vimag, SAMPLES, FFT_FORWARD;

for (int = 0;i<SAMPLES;i++ ){
vMagnitude [i]=  sgrt (vReal[i]* vReal[i]+ vimag[i]* vimag[i] );

}

3RAWR MH VSHNWDU SDUQER JIXWINFQ K CL MR D WID/GYUHA UL ULH N
IUHNYHQFLMH SULOLNR PNDJNP EXNORD WH RLG BFDD FSRELMHOL VD
SUBRORFLF® RYRP GLMHOX NRGD VH QNR O/ADNR PIW R SD F [5 RND D/
LPDPWDNR GD VH UDpXQMH@HHGIOWD WLEHMKWGQYRWWFLMD ]DMHC
GYLMH SHWO@OWH SBWERMD SUROD]L QL] WDNR X VYH\NERG/D RW R U |
SRAMDQ G X @ XVWSHOWORM. L]UDp X Q D YD SAUHNANRW B QUKL IBRG @R VL \
SROMH QHRZSRQODY DM GLR NRGD RPRJIXUDYD GD SAHLP MM QMID ¢
SUL pHPX EL VH JOHGDOD SUYD SRORY LFMHQOQHRRG HFROMD
VYDND EL VH GYD SROMD UDpXQDOD VUHGQMD YULMHGQRVW

int  xres_ratio = SAMPLES/xres/  2;

int  k=0;
long int temp=0;
for (int i=0; i<SAMPLES/ 2; i=i+xres_ratio, k++ )
for (int j=0; j<xres_ratio; j++ )
temp += vMagnitude [i+]; /l tu se sprema suma "lee'«te'% T<ELTZf occef
}
newArray [kK] = round (temp/xres_ratio ) ;

temp=0;
}



=DWLP MH SRW DHPES@RS\RMGKELLUOLW LI U H N Y HQ FS WIVNNDL]K XS FOWED
JGMH VH PDNVLPDOQD DPSOLW X GIDFS WMHNDQ R FEGLDRR N ¥EHMOBLH Q |
VMUR] VYLK SROMD QRYRJ VN®BOYUP QR XENRDWRRAERODRNR M}
DPSOLWXGD QHNRSRMBRPROMIR/ RRDOD GD VH P RAX VPDW DR
XRSUH QH VNDOLUD VIFRMOVKN R SMMHIAORHIREVNE R D WIDRPE QR V Q R
PDNVLPDOQD YULMBRGR MBOIMDERGEROE MPX G H G D NR] Q@ D YD R/QUD M H
UD]IDPHSOLWXGH NRMD SUHGHVANIH EON DMNEQRXMHWRYMIQD ]DVO
IRU SHMW/BMERUSIQXMWH @OP RGUHYHQRJ IUHNYHQFL QWX RUMBIRMD \
RGUHYHQRP YULMHGQRVWL DPSOLWXGH 1D QDpLQ GD DNR MF
PDQMD RG GUXJH UD]JLQH DPSOLWXGH HQHUJLMH |USINW WOIRLQ
NRML X ELQDUQRP VXMOEXKLSDBG\DWRDY QHABNRROIL KR RMD Y UL M
SROMD YHiD RG GHILGOHBQ M KD ULV RS WIHNGH/IGI@AARME M Q R
X ELQDUQRP &WR SUHGVWIRWOW DPEIDNW.RPE®® QX YULMHG

double yres_ratio = MAX_VALUE/yres;
for (int 1= 0; IKSAMPLES/ 2;i++ ){
if (newArray [i] > MAX_VALUE*NOISE_REMOVING_COEF
for (int j=1;j<yres+ 1;j++ ){
if (( newArray [i] > yres_ratio* (j-1)) && (newArray [i] <= yres_ratio* (0
newArray [il =  pattern [j];

}
else if (newArray [[[>MAX_VALUBE{

newArray il =  pattern [ 8];

}

}
}else {newArray[il= 0;}

}

1D SRVOWMMKMWRY SHWOML SH]XORAF MDRREMHENDQ H EURM /('
NRMH VH XNOMXpH XXSRMHMDSIASRRIBEWNXUIXPHQWD RG NRMLK
D GUXYUIMHHGQRVW NRMD X ELQDUQRF HARRVWUMIYMQRPE MNGOM
SULPOMHUHGED VHW&RQEPRLOD GDEMH X GUXJRP UHWNX XNOM
WR MH X ELQDUQRP RGQRMPRVEGLDWHWEAD X WVWRD UHWN X
for (int 0 ) {

mx setColumn ( newArray [i] )

}
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8 VNORSX RYRJ |]JDYUAQRJ UDGD L]JUDYyHQ MH IUHNYHQFLM
SODWIRUPL 8 SUYRPVMNROQDAXNRMLDEEBDO®W]L RG PLNURIRQVNR
SUHWYDUD X GLJLWDOQL WH VH X]JURNWXMHVH MIMSMV®X®M]H NNRD/R
YULMHGQRVWL DPSOLWXGH VLIQDOD SUHWYDUD SUHNR )RXU
QDSRVQIMHWID¥ ORQX SULND]XMH SULVXWQRVW L DPSOLWXGI

%XGXMUBBGLQR 8QR LPD VYFOWH AQUPQDEH GRADMDWDN aW R
RSUHPRP PDNVLPDOXQWDRNRMDGDEFEIMH  +] SD MH PDNVLPDOQT
WRPQR X]JURNRY RWILS UL O BINWDLM SUREOHP VH PRA&H ULMH
PLNURNRQWUROHUD V EU&INR $LASNHQQWR YQIQWRPN RO LEU&HJ $
$'6 PRGXO

'UXJR XQDSULMHYHQMH VNORSDDWHOPREAG JRIN.Y WHWIDWIL] XHY
$' SUHWYRUQLSDR SXW Q®RUVIN®RWHUD V JUDQLPQRP IUHNYHQFLI
X]JRUNRYDQWBU EL VH WUHEDR XJUDGLWL JERJ WERIODORWR ]
DOOLDVLQJD WM SUHVOLNDY+{]QQD QD HNHNG HIQWD WH. 3R-8Q RIG
IUHNYHQFLMDVRIGSUHVOLNDYDNYDRLP ILOWHURP EL VH VSULMHD
SUHVOLNDYDQMWBG BRHIHY NCHEQDMEM XRBQH ENOM¥H$' SUHWYRUE
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@RELW [-RWHHB\WKWVKLQJ \RX QHHG WR NQRZ DBRXQYWHKIHK HW®X L !

KWWSV FLUEXLWGLJHVW>® R RVIR Q WRYHRDENE XAUIRRADKUL®) J

KDUGZDUH

&XWRU QHBRGIDYR5HIHUHQFH B HQWIBUQHWD

KWWSV GRFV DUGXLOR FF VWDWLFE F D F IME G FE H

@GHEDVVOOWARZ GRHV 6XFFHVVLYH $SSUR[LPDWLRQ 6%5 $'& :F
XVHGY LQWHUWEWD FLUEXLWG LGHRWW FARPD B I5Y)\HR [H GHDWERR Q

ZRUNQLK HUWWH XWH G

@&XWRU QHSRHDOLWHE\ 0D] OLFURSKRQ N $*@WsHP\S Q HM/ B U

KWWSV 7Zz7z7Z DPD]JRQ FERDKN 8EHRURSBHRUIHOW GS % 116 "WK

®QDORJ GAYEBRSKRQH $PSOLILHUIRIWKH $1&F DREKMRIH % LDV
LQWHKEWMWBY ZZZ DQDORJ FR® RFGRMOND WHR @ QAW i

VKHHWYV 08%; SGI

@D QG HUMR®RXWXEH NDQDO %XWKEKPWREZQY WKH )RXULHU 7U]
LOQWURGXFWORRIWQSEWD ZZZ \RXWXEH FRP ZIDWFK"Y VS81S)\)
@&XWRU QHESFIODRWY DA | VUPXWBUQHW D

KWWSV KU ZLNLSHGLD RWJ ZLNL (XOHURYDBIRUPXOD

®3UDQGAROMWWIUQRO 3URFHVVLQJ IR (B8 RRPHXQL F,BWDIOR QGN\D
@LNWRWLHES,0-(1(285,(529,+ 0(72'8%$1$/,=6,*1$/$ 6867$9%
SUHGDYDQMH L] SUHGPHWD A6LJQDOL L 6XVWDYL?
@$XWRU QH$R]QDWVEOD\ )RU 3L $UG ¥ LIQRWIDWQ R WD

KWWSV 7Z7ZZ HED\ FRP |LWP

@$XWRU QHBR]QDW' /RW ODWUL[ 'LVSOD\ ,QWHUMEQ@H B QWM

KWWSV PLFURFRQW U R®RRDUWED Y EDEBIPVPKONE R UL DO
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8 RYRP ]DYUAGQRP UDGX SRPRIX BFDNMORQR ISPDWURUREGYV NF

LJUDYHQ MH IUHNYHQFLMVND QDORXIGQD R R BMNILDIGRD L SWID PQIN L
SRM DIpDEXK R NXMH L SUHW Y D UINBEG®E VNUMHMWD. OWH YSUMRO Q

=DWLP VH WDM MRIQLB®W QM WF DXUILBELNEYOH @ MLH/RBNNLD V S/ B DMPWU R U

VLIJQDO VH VNDOLUD VISIJ L 0 DR DRVOEKHERSNURIBENDEDEDL DNV K H Q F L M V|
SRMDX WY.DQDO X

.OMXpPpQH ULMHpL

$UXGLQR OLNURIRQVNR SRMDpDOR )RXULHURYD WUDQVIRUPDFL



6800$5< $1' .(<:25'6
6 XPPDU\

,Q WEKDFKMKRIWOLYVUHTXHQF\ VLIKDRW E HH® GYNG J QMIGH $UG)>
SODWIBUPGL/SOD\ DQG D PLFURSKRQH DPSOLILHU 7KH LQSXW
PLFURSKRQH DPSOLILHU LV VDPSOHG E\ WKH $UG®MRRRH ®QG |
GLVFUHWH DUUD\ 7KHQ WKH VLJQDO LV FRQYHUWHG XVLQJ \
WUDQVIRUPHG VLJQDO LV WKHQ VFDOHG DQG DG M XMWHHG LLHY |
RI WKH LQGLYUB XRBBQFL JRDDG V

.H\ZRUGV

$UGXLQR OLFURSKRQH DPSOLILHU )RXULHU WUDQVIRUP

Y



