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ABSTRACT

MIDI Drum (Musical Instrument Digital Interface Drum) is presentation. It is about how
to design and create electronic MIDI Drum which simulate sound by using digital signal. MIDI
drums are the same sound as real drums but easy to use. We use drum pads as drum's surface
connect with piezo sensor which used to detect vibration. Piezo sensor attach to drum pads
surface. When drum pads were hit, piezo sensor will detect the vibration and transform into
electronic signal (sinusoidal wave) and send to Arduino to encode to digital signal. Digital signal
will be used as output and send to synthesizer to convert back to music sound by MIDI note.
Sound is up to programing of General MIDI code that set up in each drum pads to define what

are sound of the drum pads (Hi hat, snare, etc.)
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2.1.1 \Jesuuuianea (Digital Audio)
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2.1.2 mstuinidesdygrniinea (Recording digital Sound)
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drudadungufariadoi
The General MIDI Level 1 instrument sounds are grouped by families. In each family are 8 specific instruments.
PC# Family Name PC# Family Name
1-8 Piano 65-72 Reed
9-16 Chromatic Percussion 73-80 Pipe
17-24 Organ 81-88 Synth Lead
25-32 Guitar 89-96 Synth Pad
3340 Bass 97-104 Synth Effects
41-48 Strings 105-112 Ethnic
49-56 Ensemble 113-120 Percussive
57-64 Brass 121-128 Sound Effects

gﬂﬁ 2.3 MWANTNUEAS General MIDI patch numbers

General MIDI Level 1 Instrument Patch Map

1IRs5IU GM Lﬂun1snnaahnﬂutuunusnwao;juﬁnm%amunimm MIDI asgidiunnundnivansiasausiionus 128 uiia

PC# Instrument Name PC# Instrument Name
1. Acoustic Grand Piano 65. Soprano Sax

2. Bright Acoustic Piano 66. Alto Sax

3. Electric Grand Piano 67. Tenor Sax

4. Honky-tonk Piano 68. Baritone Sax

5. Electric Piano 1 69. Oboe

6. Electric Piano 2 70. English Homn

7. Harpsichord 71. Bassoon

8. Clavi yrp Clarinet

9. Celesta 73. Piccolo

10. Glockenspiel 74, Flute

11. Music Box 5 Recorder

12. Vibraphone 76. Pan Flute

13. Marimba { 77. _ |Blown Bottle

14, Xylophone 78. Shakuhachi

15. Tubular Bells 79. Whistle

16. Dulcimer 80. Ocarina

17. Drawbar Organ 81. Lead 1 (square)
18. Percussive Organ 82. Lead 2 (sawtooth)
19, Rock Organ 83. Lead 3 (calliope)
20. Church Organ 84. Lead 4 (chiff)

21. Reed Organ 85. Lead 5 (charang)
22, Accordion 86. Lead 6 (voice)
23, Harmonica 87. Lead 7 (fifths)

24. Tango Accordion 88. Lead 8 (bass + lead)
25, Acoustic Guitar (nylon) 89, Pad 1 (new age)
26. Acoustic Guitar (steel) 90. Pad 2 (warm)

o
JUN 2.4 MwA1aUARS General MIDI Instrument patch numbers



27. Electric Guitar (jazz) 91, Pad 3 (polysynth)
28. Electric Guitar (clean) 92, Pad 4 (choir)
29, Electric Guitar (muted) 93, Pad 5 (bowed)
30. Overdriven Guitar 94, Pad 6 (metallic)
31 Distortion Guitar 95, Pad 7 (halo)

32. Guitar harmonics 96. Pad 8 (sweep)
33. Acoustic Bass 97, FX 1 (rain)

34, Electric Bass (finger) 98. FX 2 (soundtrack)
35. Electric Bass (pick) 99, FX 3 (crystal)
36. Fretless Bass 100. FX 4 (atmosphere)
37. Slap Bass 1 101, FX 5 (brightness)
38. Slap Bass 2 102. FX 6 (goblins)
39, Synth Bass 1 103. FX 7 (echoes)
40. Synth Bass 2 104, FX 8 (sci-fi)

41. Violin 105, Sitar

42, Viola 106. Banjo

43, Cello 107, Shamisen

44, Contrabass 108. Koto

45. Tremolo Strings 109, Kalimba

46. Pizzicato Strings 110, Bag pipe

47. Orchestral Harp 111. Fiddle
48. Timpani 112 Shanai

49, String Ensemble 1 113, [Tinkle Bell

50. String Ensemble 2 114, Agogo

51. SynthStrings 1 115. Steel Drums

52. SynthStrings 2 116, Woodblock

33. Choir Aahs 117. Taiko Drum

54, Voice Oohs 118. Melodic Tom

a9, Synth Voice 119, Synth Drum

56. Orchestra Hit 120. Reverse Cymbal
57. Trumpet 121. | Guitar Fret Noise
58. Trombone 122, Breath Noise

59. Tuba 123. Seashore

60. Muted Trumpet 124, Bird Tweet

61. French Hom 125. Telephone Ring
62. Brass Section 126. Helicopter

63. SynthBrass 1 127. Applause

64, SynthBrass 2 128. Gunshot

gﬂﬁ 2.5 NMWAT9UEAY General MIDI Instrument patch numbers (#19)




DRUM General MIDI Level 1 Percussion Key Map

Key# Drum Sound Key# Drum Sound
35 Acoustic Bass Drum 59 Ride Cymbal 2
36 Bass Drum 1 60 Hi Bongo

37 Side Stick 61 Low Bongo

38 Acoustic Snare 62 Mute Hi Conga
39 Hand Clap 63 Open Hi Conga
40 Electric Snare 64 Low Conga

41 Low Floor Tom 65 High Timbale
42 Closed Hi Hat 66 Low Timbale
43 High Floor Tom 67 High Agogo
44 Pedal Hi-Hat 68 Low Agogo

45 Low Tom 69 Cabasa

46 Open Hi-Hat 70 Maracas

47 Low-Mid Tom 71 Short Whistle
48 Hi-Mid Tom 72 Long Whistle
49 Crash Cymbal 1 73 Short Guiro
50 High Tom 74 Long Guiro

51 Ride Cymbal 1 75 Claves

52 Chinese Cymbal 76 Hi Wood Block
53 Ride Bell 77 Low Wood Block
54 Tambourine 78 Mute Cuica

55 Splash Cymbal 79 Open Cuica
56 Cowbell 80 Mute Triangle
57 Crash Cymbal 2 81 Open Triangle
58 Vibraslap

gﬂﬁ 2.6 2INWHNTMUEAY Drum General MIDI




2.1.4 MIDI Protocol

= d’ . P o s d
MIDI w3a%oiiu Musical Instrument Digital Interface 1Uu Protocol ﬁ'mwmiaaaﬁﬁaya

aa o aa a
AV DAVD Lﬂ?@ﬁﬂu@iﬂLﬁﬂVIiaUﬂﬁ

= v A a o 1w o ad
FavzoanliinTesnuniaunsosudiayaludundesnunioun

- ] < o v - ¢ o < v i v oo w
W3D5EUUANTT095U MIDI 1§ unsuiunes InedeyauuazUsvnaumsaniuganequasliniiingds

iug LU annuzraanIsiay (Event) duvdsvaslidn (Pitch) Amnanseveanisiaulidn (Velocity)

(umu

MIDI ImEjﬁl’ﬂﬂﬁlﬂﬁm‘iﬁammuuaqﬂimwu asynchronous mode (UART 8 bits, no parity

bit, 1stop bit) see M58 Data stream 1Ty 31250 bps Ine 1 fMdsvas MIDI Adauialuays

AMNYT 3 bytes Us¥naueney Status byte (1 byte) waz Data byte (2 bytes)

Status byte

*

—

Status Byte

Action + Channel

b'1000’ +b’0000’
1% byte

<

Pitch Byte Data Byte
Musical Note Velocity etc.
b'00000000’ b’00000000’

Data byte

2™ byte 3 byte

= O o &
JUN 2.7 uansguuuuyiluves 1 fds MIDI

STATUS | 2nd Byte 3rd Byte Description
1000ccce | Onnnnnnn Ovvvvvvy Note off,'cccc' is channel, ‘'nnpnnnn’ note
value"yyyyyyy' is velocity value
1001cccc | Onnnnnnn Ovvvvvvy Note on, 'ceec’ is channel, 'nnpnnon’ note
value"yyyyyyy' is velocity value
1011ccec | Onnnnnnn Ovvvyvvy Control Change, 'ccec’ is channel,'nnpnann’ is
Controller Number,'yyyyyyy' is value
1110cccc | OLLLLLLL [ Ommmmmmm Pitch Wheel Change,'cccc’ is channel, "LLLLLLL' is LSB
of value 'mmmmmmm’' is MSB of yaluecenter (no pitch
change) is 0x2000
11111000 none none MIDI Clock pulse, 24 pulses per guarternote, 96 to the
bar (assuming 4/4 time)
11111010 none none Start.sent at start of sequence, followed by MIDI clock
pulses
11111011 none none continue,sequence carries on from where it was
stopped
11111100 none none Stop.sent when sequence is stopped
11111110 none none Active sensing

sU# 2.8 NINAT9FIBENYAAIFIVDI MIDI
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2.1.5 Hardware Connection

< ] ' ¢ ¢ = = ¢ a
nI¥puRasEINgUnsal MIDI axliweinFvziivsznousie 3 weinie MIDI IN ,MIDI

OUT ,MIDI Thru fagufl 7(A) wagsegnenisidonste MIDI sewinegunsal 2 Bu Uil 7(8)

Y

e B

THRU OUT IN
L Accepts MIDI data
Transmits MIDI data

Passes MIDI data received from MIDI IN

(B)
3U# 2.9 (A) waifn MIDI IN ,MIDI OUT MIDI Thru (8) fstienasilesisie MIDI seminsgunsal 2 3y

| ¢ o v %) - | & 4

wAagNaInYes MIDI azdemsteyalaniudevingu dhwasiluwuu Simplex Tng MIDI IN

L lo o ] e o Y = o 4 ! a v o s LI
Huweindilddmiusudoyaningunsal MIDI Buflileustedu uaz MIDI OUT lddmivdeoyasaniy

L3 4 44 ! W =l i e o o I 1 '

1guUnsal MIDI duiliounenu winfiuAgunsal MIDI Mi¥eussiuiusening Keyboard wag PC Tugu
o i v o - v & = o ¢
78 aunsnteuselagldifivs MIDI IN wio MIDI OUT 16 du MIDI Thru tu seldlunsdifigunsad
mdaFeuseiugunsaliiunasgm wesn MIDI Thru avduisameimesdeyaiildsulagnesn

MIDI IN va9gunsalfsuminiu



di:

IIIIIIIIHIIHIHIIIIIHIHII

o
3UN 2.10 Mod1an1sidau MIDI Thru port mmummamaaﬂmm MIDI finnndn 2 Fu

2.1.6 Hardware: Electrical characteristic ¥84 MIDI Port

& U s =) - k v 5
nsweuseslnivesaedygin  2esBidnvseindfldeures MIDI Port  tuawifly
dnwarYes “Current loop” Mgl MIDI IN way MIDI OUT lneit Logic 0 Aefinszualualu Current

loop ,Logic 1 fFeluifinszualu Current loop WIMIBENNMTTUABYBINETALAATINIUT 2.10

Opto-Isolator +5V

.I\‘l -2 ; & 6 0
Eopae2l i i 1
—— /AN 4 TO
NG z ] Vo by
~ whd |/ e N7 e TORARTL L
NC NC = _L
MIDI IN & ST P T T %0

+5V
OPTIONAL

NOTES:

1. Opto—isolator is Sharp
PC=800. (HP 6N138 or other
can be used with appropriote
chqngesg

2. Gates "A" are IC or
transistor.

MIDIOUT 3. Resistors are 5%.

FROM
UART

1 ) i P l
JUN 2.11 2995egen1siensieves MIDI port
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2.2 MIDI Synthesizer

\wesduaseiidss wie Jusluiwes (Sunge: syntheslizer) fie lA3osnunIdidnnseind oenuuy

P Yy ° a | P a A a 5 d oa
ueaudssdiantlagldmaiinaiee wu nsdiudes, ns andes, mslinaudsinainauinglag
wWasuANudAaY (Frequency Modulate; FM), MIduasient @esnenin, nmsviliaauidediaiey
JUTalY Fusluwesahaduriumsuiudeulnenswvenszudlnihdsgnliluduslawefuuy
[ [y = = I3 o A 2/ - St a  al Q a
aunaan, MIUsuasunadlamanivasnimulsinela Ingldreuiwesddldly Fusluwasiuun
Wulvsunsudiiagy videsnmissaviaesiBidvhediu Tutuneuaninevesdudlugesnsvualii
v oo v v g v oy ° = v ¢ @& v A a al e o v
wgnlditeatamsdulifuuruilidues dilws vie yinsdwd Dudu @odusluwesiigniaedls

o = - d‘ o 4 = s a d‘

NNNTOAFETIUNR  Wendanumenavesaduidesgnuuasiuiiudygia  wasfignazgnideu
nauldilundsnunenannmsidundignlinunisgu duddgiiviameluveadosdadudnuaey
fmwvasdulowes  desUsznoumariudnsnisaevausadusiilatosiunisasviouvesdiusiieg
TBUATBIAUAT  (Acoustic) 1FENYNATININAEEIUATIINAIUANY  YBInmdNYLTTRIATITR

s 1

= a - al v & W | - o & =
‘MiaWﬂ]ﬂﬂ35ll°UENLﬂ'ﬁaQﬂumiﬂ'}ﬁﬂmaﬂf]WﬂqiLﬁumquﬂu LWULﬁﬂﬁﬂﬁsgﬂUﬁﬁaﬂ ATLAUNLIIVU W¥ID

Al 4

v 2/ s = =l a =l | I o = =l

n13lgtaee Lﬂumu ANPEUENEAYUDY LaENV!lI@'LL‘Uﬂ LYY UAYNITUTIEITIUNUVDUATOIAUAT
- @ i ! ! qu 2 o a 1 1 = ¥ =

UI4°) ﬂ'}ll’ﬁﬂﬂiﬂﬂlﬁﬁﬂﬂﬂ?iﬁdﬂuﬁ?ﬂﬁ?ﬂ"] MAULNMIUNY  UNFAIDYINLYU LaﬂﬂmﬂaﬂﬁlWﬂﬁﬂiﬁJ'ﬂN

5IIWYIAVDUATOIAUATITY MIsIAdsLaWIzAINInUTULATIFINTBNTAeg AU wasn1sadneen

st

a al I3 ] | 1 v - [ i < ' P
Fuslaos WSLAE9R99) AT NILYNAI NN LATBIATNAY Y0 (Oscillator) iailuuadunilaly

NsasINEes Msaddealivaud W uTeuAS BRI AINESSHE  ansonladuring audatyule

ot

v Y L o s o i ¢ o M v
nnsldiasesaindyain wiiuidwnmsiuan uinislusunsuvesanueidmadelils uas
A o

a ol ] i o I = ¥ w P a v ' o = =
Fuslawesdwlvgfignldszwhaniewasdygamiluasdilundn  suseiidiyiiansianilves

- ﬂ‘ - dl 12 t=¥ - =l v 1
LﬁEJ\‘].Lﬂ"] NATINANINYBINIINGIVDIAAY ﬂﬂ'?WLL’JﬂﬁE]iJULENLﬂﬂﬁHﬂLﬁﬂﬂmﬂ"\ﬂﬂﬂ’ﬁLﬂ’lﬁ \uLdes

£
= 1 23 v

naswin wisnsdveshledu juswvendsavearilgnainefie “ADSR” (Attack Decay Sustain
o = 14 4 & s i i ! =iil

Release) wuudrassanmitldlunisauaudssilianiadesaddyan warduveadoandiaz

gnafmnmsiAsuanuiwendos  nsussiastufudududdglunsiivssiudes nisana
= a & o ada ] @ a | & = v v v < i

VBUALIIINATUIUATINSUTIE I FesiesiaileaduidsadelingnAel] msdeugust

deuilelingnudegliduiusaly  susmsiivduedesindaluiuiiulatnesgaldiudes mse

" 2
LTy = =i =

o & A a ; - a} < ' v oa
3.1‘LJLﬂugﬂLLUUﬂ’liaUﬂ’Nﬂqﬁlﬂ’TWWLﬂﬂ‘Uu‘i]'N Gﬁ@uﬂa}squLam‘uwiaarﬂaqamaﬂmﬁﬂuwwmu‘lm
2/ | 17 @ < a a a av v = al | 1
wimsasndyyulunTewmuriase wamsaasunubldin inesnunidulvafaiuise
o = 1 19/ = = o o a @ 1 4w v = P
Qﬂ‘ﬂ'\ﬁ@d‘?}uaEJ’]\?EI@EJIQJG’I@Qﬂ’]iﬂ?’lﬂJﬂBLBﬂﬂﬁ@ﬂ‘U'ﬁ]\‘lLaENll']ﬂUﬂ %QQSQWLUUHQBLNE}@@QIWE{TN LAyIN

\nnANSAY (Vibrator)
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2.2.1 NMNTINVBITFN5FUATIEH MIDI Synthesizer

L %

a al rnlalvu v o Y ) = | v o ) a4 & - -
FuSlawasn dinaadsdlimluiuguuuuideinsindeasiouiialiounsanun’ lagay

@ < <

v v 2 | 1 = d o 4 & v v
gnldunumenisasisdyaramly Wy nsaeedugUuGes afuawmasy Judu 990 fnses

v

(Filter) Gauananisgeydenivuiuanud wasnsislanuudluduesowuns fmnseamarignuudnesh
- v o s 1 4 aw v [V v i
nesngeanlidygamriedfyaadnanlussivimsismarandeansaudsudiisuas

Usgndn  nmsvunsnandeslupiuegnadie 1wy msnmdyaiuiuanuniieedn Pulse width

i 1 oas o a = =’l’ 3 = o [ o
modulation) waz Msdsdryaalivdygraiiasnadiu (Osdllator sync) sauluiisinsesdyayns

liintussdlumenea Wunsnevawesildivauslewesuuunanadn dusdnlngjaggnadng
o (7 o o sy a a4 o Yo oa a L o o -
nansduATIIIeWIGen  wardnaziideiananiotlUldiuduslewesuuulusunsudiiagui

Tgnsdunsiiuuuinaiades wiin nsdaasevsuuuunanienin (Physical modeline synthesis)
4 Y g sy

2
s

o & =i 13 as = = s
UU ﬂ']iﬁﬂLﬂ'ﬁ"lS‘HLHUQQSQﬂaﬁWQWWNﬁﬂEMS ﬂ']EJﬂ']W‘EJ’ENLFﬁENmUFI%IﬂEIQﬂLLV}‘UW ﬂ'ﬁﬂﬂLﬂ'ﬁ'IBﬁLLUU

o o 2/ =

ﬂé’wamsumsasmamduﬂmadLﬂ%'aamum'%'muﬁﬁu"mﬁ AIDE NN TEUATIEALUURNALA S

{4

@ ! a a o o o o @ Y] s 6 1 ol
smaunsvareluduslaweiannisesnuuuiivivalionaaadvayulifnsesiilvdyaamenud

Lri 7]

o o

Ay raidunegluszauamviemnsesiitasnuniteadurildnuedrgunsniadedoynyin

9 € a1 - < v A - v A aa
iS‘U‘UﬂW‘iﬂ\‘lLﬂi’lx‘v‘ILaEJWJ’]EJW?ij‘lJuﬂ’IiaﬂL?IEN’MﬂLﬂ'ﬁENﬂum%IﬂUﬁlidiﬂLﬂugﬂLLUUﬂauWﬂmaa

g = )
2.2.2 Wuguroduslues

o

Fuslages  wuseoniuansusenmman TELALUY suTEen LasLUY AIRDa UBNINTELS]

s '3

aa - 1 s = = 1 o o I a al €
?Sﬂ'ﬁﬁ\ﬂﬂi’lﬁ‘lﬂmLLﬂﬂﬂWQﬂuaﬂMﬁ'}EJ‘UUﬂ U LLWH%’UUWﬁQ@@Q‘IUﬂqu‘dUﬁl‘UL‘ﬂB’iLL“U‘UE]U']%@ﬂLLﬁ%LL‘U‘U

Admeaviady walamarldusounetesiinuadamans oniuisnsldndudoinanduinglay
a o . aal v oA o 3 a\N <
wWaguauinau (Frequency Modulation; FIM) wardinsldeiuiduanarrfuinglasdsuniunes

- :
AaY (Phase Modulation; PM)
2.2.3 Jusluwesmuquilslulasluswawesuazaunfonuateideos

a  al [ o £ @ a =l = . < [ Y a =l
FuSlawesoundenlugasiug dnhezifunuudeaien (monophonic) Aeasaldideufienly 1
P3981 Aesldlinauamsansasadeainduidntios 1 Moog Sonic Six, ARP Odyssey uas
d" = a! 1 s a 1 dJ ] 1 2 1 1 1%

EML 101 #sanansoasradesiinnenu 2 seaulu 1 9asnan Wanayuwsannu 2 Yu @umsasvany
v oo = a o =i o y o e ' a °
swaudsmielndlnud  (Polyphony) fiansaadilivaresyiudesihunsussanudosgniun

| o a a o A ¢ s
uanssiunIseanuuvesunuddnnsaindilunsiusn Wwasesunufisiuendduada
a a ¢ da ) a a al €t v z i
siannseiinduidenldivluswagedusluesisUsznaudie ARP Omni wae Moog’s Polymoog

waz Opus3 910U 1976 Fubluwedidesauniase AdedudunSusn eaduayunisnalnuil
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Usingliiu dndlweflusiuuuees Moog’s Polymoog 811871 CS-80 way Oberheim Four-Voice

2/ L%

o a ) o P ' v e o & v e &
\ATDINUASYANL FUTDUNIN MinIN wavilTAABuT e gunsalBuiisuUsIngIiiudunis
w A | 0 mia 4 08 va P} a v o & A Floy e ik ”
anLdsslunisnuIIAInea Juiluiinisdsudsslmniddu delulnsluswawesiuintulusy
gn1970 wandwilinssuruntsdneg $1edu nsléidemasseiuiiuiu waznsldlulasluswawes

Tunseugumaihaiuinduluasusndlo Sequential Circuit Prophet-5 gniladalud 1977

=3

-] s 1 u = @ oa al ral 5 i I 1 o - L2
ﬁ’]ﬂiU"U'ﬂ\‘lLL'ﬁﬂUﬂﬂUﬁiﬂuLﬂEJﬂUﬁUﬁlﬂLsﬁBiWﬁﬂﬂiﬁdﬂqﬂN"]LﬂUl’ﬂU‘Vm']EJﬂ']’]iJ'{I"Iﬂ@NW']Lm@‘i bbel e

Senlda1nn1snalu Prophet-5 gniudnuuudsnnunevingn dwiniun fugrunisesnuuunany

I A4 a a s A d o i | sAu W
untumIgurenasesdudlewes fallunsudamiugaennlunseenuuunegaisidudeusenty

2.2.4 NM3AUAN MIDI

lushaiivseiiug MIDI, a time-coded serial interface Tulu® A 1983 Fusluwosnansun
a = ¥ oo = s - ala - L3 a o
Wudihelunsnudsaandrdonadosiualsmunislaamseinduaraunsalmunuuiiadug
msie MDI - lullaqtildunsumefiovazlunngunsalaues  uarddldiduduusznaviiugiures

mauwmesdLyAAa (PCs) Mg

o P P - o add )
W1n3§ 1 General MIDI (GM) Software Ngnuseawgaulu®l a.a. 1991 ieseeiuisnmsaiuly

= = o 4 =% 2 P 2 s o at 2/ =
385U 200 ya lutudeengsinn aunsofiezldiu PC dwsuidslinauns lu
& v & v ) ) AN e ¢ I3 s =
psusnilligunsal oM Uiadedinssfunmsadadeidviedosinng suuuulva mid 1ud

[l =1 2 Aq 2 o s £V = a [
unsrareuaznansllusnasgrundundenlddmsunsuadidndemonouinnes
2.2.5 Fusluwasiuuflnea

Fusluwesadalwldiuundu fdnea tReuraun sulUBmsdnseioungenaselval Sle

faa

wmatlnvesidnea FuSluweiiinealfinalassuudynuiinea (Digital signal processing; DSP)
d 8/ = a o a al faa a al :J =
Woasdununs SusluveiaineaueilalutagtuesnuilusUiuuveslsunsy Softsynth fids

mnduslawehhlliswiugunsnineniuneidiuyrea  usndlevudniluldfugunsel  DSP

<4 =i

= al faa i a 1 aa % o 1 1
‘“UUﬁI‘?JL‘U@iﬂ‘i]‘flaﬁﬁi’Nﬁ]']EJEJTQW‘WI@H TmﬂmitaaﬂLaadﬁl‘lwmmnmamaaaﬂm (LLU\‘IL‘T‘JU 44100

'
=l o 1

e esTni) Tunsdiiuguiian wiewasdygausaziazgninlvifionisil udassogiees

L7 7 U
%
= = 1

e 2 as - s 4 - o =) al ] o
Lﬂ3'@\‘1ﬁ‘ﬁGﬁfy)QJ,’Imgﬂi‘mﬁ)mﬂﬂ'}ﬁﬂﬂﬁ’lﬂﬁﬁﬁﬂﬂaﬁLﬂEN VUBYNUANUOVDIATDINILUAFEY YU d1TU

v
s o = ! ] v

- v a ¢ { - o -
Lﬂ'ﬁ@\?ﬂ'ﬁ’]\?ﬁ’]ﬁuuﬂa EULLUUF}SH‘L{@&meﬁﬂﬁﬂiuuiy’lm%aﬂﬂ’l‘w‘umm AIULATDNFANALUEUNUTUNIU

Y 3 A

Y P ) 1

1 1 1 s 1 1 s ‘f‘ o =
dyqraiguanlngizegluguvesiney - A IINNITUVVBUATOINULAF Y QY IUALY NHEANLY

19 [ o 1 o et aa =1 =3 < [ P o o
nIunuU LLasmnuu%aﬂﬂmmwa&mmaaLﬂuamaaﬂ LAZLATDNTEINAUIADNLWNBNIATIBNILWIAITL

o e % v o a4 A )
gInvastumpunduInuglunsadeanImiIndoudsas MSHauEey waviieiiy ADSR uazseau
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a e

4 % o a < 9 o =~ a4 A &
NMINALLNRAT1IANIIUINAS R IATEs el THTUsEAVBA mannTY wasiafiuadludunou

qmﬁﬂwaqmimamﬁm ﬁ’cyfyjlmf\]sQﬂLLUaaLi‘JuﬁhmmuﬁjaLﬁu
2.2.6 MIDI Synthesizer Roland Sound Canvas SC88

dw¥ulusiam naes MIDI (Musical Instrument Digital Interface Drum) 114 MIDI Synthesizer

U Roland Sound Canvas SC-88vl

Roland

=D.

3UN 2.12 MIDI Synthesizer Roland Sound Canvas SC88
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2.3 Piezoelectric Sensor

= a a & = . [<] & [ 1 | Qs
weledldnvsn wuwes (Piezoelectric Sensor) WuUgUNIainsIInNTINanIT 1oy wsIny

| o = = o o = @ | ' v & @
AU MSEU WsuASER vieusInseviduy Teedsundenunasmeqmandirdundsaulngi

a o o

Tumenauiudielindanulniunfagidauausdduieledidnmn Sandufesdsundanulwii

9 9

[ [ L T | (¥
Wundsaunalaguny

s =

anuieleBlanyian (piezoelectric material) Wuwsiile Ussinvmilsfiflaudfifiey nanie e
1¥uusana (mechanical force) azliuseuluiitn (voltage) AFundh Usingnisal teledidnnin
(piezoelectric effect) Iumané“uﬁ’mﬁai’ﬂalﬁ'ﬂs"uLmﬁu’tﬂﬁwzﬁﬂﬁﬁﬂﬂiLﬂﬁﬂugﬂéﬂa (deformation)
fiausenadaFendr UsingmsalButiesaiieledidanin (nverse piezoelectric effect) nswudenly

' @ @ o fa o o
1 sEUIewERIUNa wasndsaului aansadunussendldlugunsaldidnnsetindsingg

2
@

LE | a g a = g a oda @ 5 1 5 s =l a o = = a
audfielaBiannin sufnduluiagitianmdudewihving Jaadeleddnin Ssiiwuly
a @ ¢ ) | aM v ' e 5 Vo ¢ o | W )
sysumALarINNTHuATIzY IneTannulusssudlaun usaesnd wivingunsu duiandunsiz
Lo aaweslaonlyniiun (Lead zirconia titanate) Geflonisunia PZT w@alnmiwue woslaius

(Lead titanate zirconate) uagwutspallnniium (Barium titanate)

W
o

fa o a ¢ 2 € a = aa a -l 1 o s =
gunsalBianvselind  Aldustlovdintandelsdianvsn  Snavedisdneiy  dufy
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MTITUAIWAY (pressure sensor) LTuduy
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Piezoelectric force sensor
Force

Impact cap

Preload stud
Housing
Amplifier

Quartz
element
Charge-
collection
plate

Mounting hole—/

d s . .
JUN 2.14 jUsaanwngues Piezoelectric Sensor
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AuRugnAfitUAsuLUasueuRULEeR (OPA) uavdnsinswuvesile (H) lnguanAmNIWNg
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2.3.1 Conditioning circuit for piezo sensors

Piezo sensor signal conditioner

1M i P _L .

470 k A uF - signal
VA——
. 100 k
iezo -l- -§L10 k
nsor

signal amplifier signal filter impedance
(11 x) (percussive envelope) buffer

l:‘ st s o & =
3UN 2.15 21995 lowpass filters 1Uusnsosdayaainsssulniihanidugesiite T

ussiulwialdanneueefiiteTedusiann RReweedyg oy Taeld 1995 lowpass
filters 1 Jusnsesdyaauswiuliiandumesiisls swsnsesduanaiiosnseussiiliinau
oen lngldlalen 2vsnsesdygrninovavedldmiousssulniiiuiy
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madwdgledidnvin - Wldlunumeidmnssudws wu  driardudswesiila
(hilasln), MSudyamenniosdansivnd, Quartz crystal microbalance(QCM)  7ifinns

Uszgnaldlumsnsininanstaluanadiunumnn, fMnsaiause Wudu

uuulnuﬂu:uuuuw LgsBianwnin

n

uuu'i:a“z
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gﬂﬁ 2.19 \Wumasn1sduasziiiou (Vibration Sensor)
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2.4 ARDUINO (UNO R3)
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d1%15U ARDUINO
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JU# 2.22 sUiuunsweNsislusunsuuy Arduino

2.4.1 Layout & Pin out Arduino Board (Model: Arduino UNO R3)

3.m03m ICSP : dwifu USB interface

2.4y Reset

1nein USB |-

10.MCU : Atmegal6U2

0904 Power jack 7-12V

B.woim Power

X
uwm  ARDUINO

| 3-Interrupt 1

| 2-Interrupt O

3
b a.w0fm 1O
(=)

R 9| 5.0 ICSP - Atmega328

=| 6MCU: Atmega328

< -

oy P

w2 N 7.0in /0

Uy

a s

F3

32

3Uﬁ 2.23 Layout & Pin out Arduino Board
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1AUNU LA95U18LUD IR

1.USBPort: ldmsusiariu Computer iiaduluanlusunsudn MCU uwazsrelwliiuuase
2.Reset Button: {ludu Reset ldnafiadiosnsl MCU Sunisvinalng

3.CSP Port e Atmegal6U2 (uwesnitldlusunsu Visual Com port uu Atmegal6U2

4. /OPort:Digital /0 fisusivn DO §ia D13 wonanil U Pin agvimthiidus Wudueae Wy Pino,1

w1 Tx,Rx Serial, Pin3,5,6,9,10 uag 11 iduwn PWM

5.1CSP Port: Atmega328 \Junasaiildlusunsu Bootloader

6. MCU: Atmega328 1{u MCU #ildfuuueda Arduino

7. 1/0Port: usnanazliu Digital 1/O wé davdswd dessudyameundon saudun A0-A5

8.Power Port: IWideavasvasadienssmsanglnliiuisasnieuan Usznaumevlvides +3.3 V,

+5V, GND, Vin
9. Power Jack: Sulwann Adapter Tapflusesiuagsening 7-12 v

10. MCU wa3 Atmegal6U2 1y MCU vl USB to Serial Tne Atmega328 szinsariy

Computer WU Atmegal6U2

Arduino Uno R3 ussalulasraulnsaiassuuy Open-source uutwananesu Arduino 910
Useinednd oonuuuinlildauldie 193w ATmega328 Jufienudl 16 MHz mihoaus uvay 32
KB usy 2 KB vodaldlides 7 fls 12V fiszauuswiulinlunisyhnuuasedyyiaegi 5 v (TTL)
il Digital Input / Output 14 ¥ (u PWM 16 6 91) & Analog Input 6 21 Serial UART 1 4 12C 1
10 SPI 1 ya 1Weulusunsuuugewyiws Arduino IDE waglusunsushuwedn USB aunsatiunads
funuuiieaiuaidnnseiindld Arduino Uno R3 (Juueda Arduino flFsuauiomnniian esan
sialaluns dnilvglusieanas Library sineq fanntuan Support axdredafuuasniidundn way

v | 4

el aa & pu| v
Yafignadehe N3l MCU iy dldvuauisadeunldouesldie



2.4.2 aeuanU ARDUINO UNO R3

Microcontroller

Operating Voltage

Input Voltage (recommended)
Input Voltage (limit)

Digital 1/0 Pins

PWM Digital I/0 Pins

Analog Input Pins

DC Current per I/0 Pin

DC Current for 3.3V Pin

Flash Memory

SRAM
EEPROM
Clock Speed
LED_BUILTIN
Length
Width

Weight

24

ATmega328P

SV

7-12V

6-20V

14 (of which 6 provide PWM output)
6

6

20mA

50 mA

32 KB (ATmega328P)

of which 0.5 KB used by bootloader
2 KB (ATmega328P)

1 KB (ATmega328P)

16 MHz

13

68.6 mm

534 mm

25¢g

31Jﬁ 2.24 2WINSNUARIAMANUR ARDUINO (UNO R3)

3U#l 2.25 uaga ARDUINO (UNO R3)
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2.5 Nav9Yn

2.5.1 naad (Drum)
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3. 27U (Cymbals)
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5. 19y oy (Tom Tom)
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2.6.2 A4 (Frequency)
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2.6.4 n5ladudes (Hearing)
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3.1 AN UANWIAUATILAZNITNAADS
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vl Wy 2 wisn udn Ao wisv Piazoelectric Sensor wag W1in MIDI visilfsdnwmndaya
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3.4 YUMBUNITDBNLUULAZNNS Design 2995

aSu18naNNISHIIY

Wswawdaly 2 widv wdn Ao wiin Piezoelectric Sensor uay Wisn MIDI 11w
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ludaides Peak (Feedsgean) n1siinaesde-wu (Hard-Soft) Feilnasionsiwadudss Part MIDI 9z
Tumivowing Tagazldda Piezoelectric Sensor (ushumsduaziioudauuulifuntnass
Drum Pads ifieanussavinuiaiufiviiinaas Drum Pads #gunsal Piezoelectric Sensor 9w
- v = i v w < = o X ° R O v &
AAUANAUAEIDULALAWNER  Arduino &ia  Arduino  agvhuthivuiinAwaridasswady
doyayrueuasuUUATRea ¥3el3nd1 MIDI Code wavddluduniesdudlewwas me MIDI Port tendingm
A s = - 1 v o
Wenansvialiudemuns MIDI Code WaAMlHAANAS194ARS Drum General MIDI waglunisimue
wAay Drum Pads 31avlviusiag Drum Pads fiduseanunduesls ATuiuA MIDI Code woudss 1oy
Snare 38 , Hi hat 46 (s Jadunsuaunauszning Mesmugeniuag Wi Arduino iednis
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JUN 3.4 (A) 3U1a09M3ABULURIATBY W10 Piezoelectric Sensor Way WM MIDI Output
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JUY 3.6 n1360UR3 13N Piezoelectric Sensor Waz W1sM MIDI Output Liieusgnuiush Arduino

Processing the piezo signal
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Processing the piezo signal

I AR A AR

JUN 3.9 UNTW +V Uay Amplitude AudsuRazyedss ¥ee Processing the piezo

signal

Processing the piezo signal

+V Peak

Trigger a MIDI note with velocity based
on the amplitude of the peak
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3.5 n15leulusunsy

Tums@sulusunsy Arduino 31TufpansIu Language Reference w84 Arduino Aou Feay
A115005U8ANLARYDINAINADY  Musical Instrument Digital Interface Drum lasig

Flowchart 91901t karlAnnivuave919asazussene i luninnuan

Start

ﬁm from an analog ;/

Save input value
to SignalBuffer
(queue)

input value < the
threshold of the
instrument

last peak I= 0 AND time passed since last
peak > MAX_TIME_BETWEEN_PEAKS

current peak = 0

Find a peak
through previous
signals in
SignalBuffer

previous signal value in
SignalBuffer >= the instrument
threshold

 S——

current peak = found peak

= [ ° . -
UM 3.11 Flowchart Lamsvann13vi191u5919892995 Musical Instrument Digital Interface Drum




ew peak > previous peak AND time
passed since last fired note >
MIN_TIME_BETWEEN_NOTES

Set note to ready to be fired

ew peak > previous peak AND
note is ready to be fired

Set note to not-ready to be fired

3UW 3.12 Flowchart uamsmannisvirnuaugy vesnistalinudedaadwsausutuneuves

U

3995 Musical Instrument Digital Interface Drum
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4.1 M15NAABIN 1 NAFBUNITIIIUVDINDTNDIANA
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20NINAFDY

vhnsnadaulaenis 1 Piezoelectric Sensor 1n@e vuuiudafiumIy 1M Teviu fagu

E‘ . . 1 o s L3
3UN 4.1 Piezoelectric Sensor undiovnuAuAAUMIY IM Lot

& = v o A | h v v « |
PNTU 15198Lden Y surden A0 vieu lnenmsieuns Arduino l4samuviu 1M Tevi fe

1 1 1 s 4 v 1 L3 ﬂg ld 1 s
ATOUSENIN T09 BuUNABN A0 AU GND walvivauannafta1sne 1y 0 e uazilodoasass
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aoun insileulandesin  lnesieazidenanisinauesdanazisuduain 1astazidunis
Fresnseaunssaulnilvaveudenanmeunsniiduy 0 Thad Asdl aunseils Piezoelectric

a o - A ek o ) | w < % "
Sensor ifian1sduaviiow Wolintuuiravanunsneuan ussdulwiluiuveudendugudls lae
[ . . 41 s v v - % a
Wunau191n Piezoelectric Sensor IRBYUIUNUMAIUNIUY 1a8 Piezoelectric Sensor ag@unsnnas
wsadiulatih Tiflegeiunasaziiduswiulwihanaaiosqilesain navosfiuviuiidosu Faeg

ilAndsil daliriaing 1Ju 0 e
#define DRUM1 0 // Our analog pin
byte val = 0;  // Initializing the variable for the voltage value

void setup()

Serial.begin(9600); // Initializing the serial port at 9600 baud

void loop()

val = analogRead(DRUM1); // Read the voltage

Serial.println(val, DEC); // Print the voltage to the terminal

P= — I o 1 o [y i as R as ] 1oal &
Wallsulaaasauay  dildalulusunsuatasdn Arduino Va991NLURSI9daUINENISAIAT

- = w o -
Baud rate 9600 LmaLﬁ%ﬁ]ﬁamamﬂmmam']ugﬂm 43

BB coms (=13
[
o -~
o
o
o
o
o
o
o
o
o
o
o
o
o
o
[+] -
[=] Autoscroll [No line ending ~ | [9600 baud  ~

sU# 4.3 wiihapuanana Voltage 71 dosoundan A0
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4.2 NMSNAFBIN 2 NAABUNISYINIUAUBY Piezoelectric Sensor

ad
N13NA

YMnsnaaeslaenisaean threshold Awmide iiedunisvaasuyszansnmn1syineueeed)

Piezoelectric Sensor i@ Piezoelectric Sensor tian1sduazLaUALINAT threshold Tisald ol
¢ - v - It o

wanwaledne oanidu Hard uazillensduaziitoulyfien threshold avlvinaioding sanidu Soft

TneldlAnsasioluil
#define DRUM1 0
#define THRESHOLD 200
byte val = 0;

void setup()

Serial.begin(9600);

void loop()

val = analogRead(DRUM1);
iftval > THRESHOLD) { Serial.println("HARD"); }
else iflval > 0) { Serial.printin("SOFT"); }

}
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Walauldnasaudr lanlulusunsuaassia Arduino dunauaiiendng fesui 4.4
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Autoscroll ﬁé‘ﬂe ~| [9600 baud
N {960

A IBE

ﬂﬁ 4.4 MNBLARNANITVINUWSULTIEUAT Hard — Soft

4.3 NNINAADIN 3 NAABUIEAUAITUA-LUIYBINADY
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AWNIINAEDU

o

o Y Y [y ¥ ' A o o A A v o

VIMIIAsEAUAILA-IUIYDINGDY - FaUAlUIEAT  0-127  seAuvdagedn AawdeulAauie

I =l A 4 . = " - = 1 - o e

vadouldes Unngindesivadeuldfiessdiu 0 wigadomsayliliBuideazdes i e
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; File Edn Formaimj’_?; _Help
uint8_t count = @;

void setup() {
Serial.begin(31250);

void loop() {
count = analogRead(@);
delay(58);

Serial.write(0x90);
Serial.write(38);
Serial.write(count & 8b01111111);

Serial.write(@x80);
Serial.write(38);
Serial.write(count & @b81111111);

++count

}

d s e
JUN 4.5 lAanAaauszAuAINA-lUIYDINaDY



42

4.4 NSNAADST 4 VIG]?{E]UF]’J’]&IL%QIUﬂ'Iﬁ@E)UﬁUB\‘]’UENﬂaEN

e

19NN AHADU

‘VT']ﬂ'W‘E‘Wﬂﬂ?JUF]??&JL%’JIUH']‘W]@UE’{UEN’U@Qﬂﬁ’e]@ I@]Uﬂ'?'ilﬁ&luiﬁﬂ“ﬂﬂﬁﬂ‘u WU’jWLﬁﬁldmﬁﬁﬂﬁ‘i
daa 2/ < ' & o o 1 v A [~ 1
ABUAUBINA ABAINITADDNAIBANNLTI 50 ms ADASI AulAald Li’l‘VIﬂﬁElUIﬂﬂULW’ﬂLUUﬂ'ﬁUE]ﬂ?'}

Arduino aunsaUsEuiaaIaunlas LAl

)| testdrum50ms.txt - Notepad - ol

| File Edit Format View Help - i

uint8_t count = @;

void setup() {
Serial.begin(3125@);
}

void loop() { X
delay(5@); // AwlviWiuéi T = 508 ms

Serial.write(@x90);
Serial.write(38); ;
Serial.write(count & @b@1111111); // 6b81111111 st~ thalieludu 127

Serial.write(@x8@);
Serial.write(38);
Serial.write(count & @b01111111);

++count; // Andlacufuswdidudou wnn SO ms

T 25208 55 TN T . e e T N Y e T v = B

= v
sUN 4.6 IFWW]WE‘{@UF’YJ'lﬂJL%']lLUﬂTiﬁla‘lJaua\ﬂlaﬂﬂﬂ@\j
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4.5 NIVNAIN 5 NAFDUSLAULALILATIUAANATDNIALATLUSLUUAIN DA
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20N1INAEFDY
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ldinTesinmdtuanuuainealunsinsyiudesineg de wa nane widn vedaulaenisan

ninasusazidsia 5 1@ue wuinilsesuidesiinnety wanlasamisna

Ve
Snare Tom L-Hi Hat R-Hi Hat Kick
SLAUNISH
WU 62.0 55.5 64.5 84.5 59.0
GRE 73.0 64.0 74.5 86.0 60.5
WU 88.0 76.0 90.0 91.0 78.0
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wihitufinAuazudassadudyganusiuuuiinea viaidenit MIDI Code amnmsalém Drum
General MIDI uazdaludanTesiuslues nna MIDI Port Outpuit Lileaenswadudowmunslalani
\Fesiidesnsuaznisimunldadesilédanuio 38 Snare, 45 Tom-left .46 Hi-hatl 36 Bass faf 1o

av v & e v = < i & =
Namiﬂﬂa a’lu’lSﬂLLaﬂdLUULaU\‘mamlﬂ 5 BUU UNITADUAUBDIYDNNADIN 50 ms AaAse Lazisyau

ANuRBadsale 128 seeu
5.2 Jgymnazuuanienisuily

v = < a o0 w ) -
NNsNAaes nuldymlunudssnassoanu) Asliduseaniiduss waneidesinu Tuvaed

o

galaifinnsfasuuntn Drum Pads 3svihnsunlalaalae liulazan @1 threshold Tuudag MIDI Code

' ' '
=il

Vel dl 1 -7 = 1 vV o 1o = = g A u | ey
Tvsiana1eiu wardafidesnliduasiiouuinawnulunsuusnfuasesldlad asun Drum Pads
-l 3 v 1 4' - v as YV = A
finsveaeumsuilovatoais uld f1 threshold iwduwou wiendsudgelilfidssiiaanns MiD

Y = o al 7 s PV -~
Port Output eanunfiduuazliideseennuiisifuuven Drum Pads mudamngnisduasiiiou



(1]

[2]

LONAI5D1984
David Miles Huber, The MIDI Manual (Third Edition)
A Practical Guide to MIDI in the Project Studio
Joseph Akins, “The MIDI Professor” (Secound Edition)
Fundamentals of Synthesizer Programming

Stewart Sherrit, Binu K. Mukherjee, Characterization of Piezoelectric

Materials for Transducers

Delmars,Standard Textbook of Electricity

44



45

& = Y o o Y - = " I v o 1y ¢y 1Y
nanstilwenasianuly dwmsumsldnuienis@nwwingu ey mlihlvldusglesdaunisen

Laidnsdile 9 viedu Snvihudilidnulasiion wagdesandaduivesenarsynasainisinluly



Roland

AWLATOY MIDI Synthesizer %38 ASesdaasIzsdeanlalulusian Musical

Instrument Digital Interface Drum ‘ju Roland Sound Canvas SC-88vl

AWYUU Musical Instrument Digital Interface Drum 1ilanagensuisuay

24
s

F3ALISVIEDINISN L%ﬂﬁ'}aﬁ'ua&hm%aawizﬁ



AINMATNITNNUUDI Musical Instrument Digital Interface Drum #3® (MIDI

Drum) @aUsenaulunie wisyn Piezoelectric Sensor Wag W1sn MIDI Output

AN B1EN995UUSENUAU Arduino waziiusenaufaiunassazasanld



s

Code Ml4Tuasas Musical Instrument Digital Interface Drum RAaf4ll

#define NUM PIEZOS 6

. #define SNARE_THRESHOLD 20
#define LTOM THRESHOLD 30
#define RTOM_THRESHOLD 30
#define LCYM_THRESHOLD 80
#define RCYM THRESHOLD 80
#define KICK_THRESHOLD 20

#define START_SLOT 0

#define SNARE_NOTE 38
#define LTOM NOTE 43
#define RTOM_NOTE 45
#define LCYM_NOTE 46
#define RCYM_NOTE 49

#define KICK_NOTE 36

#define NOTE_ON_CMD 0x90
#define NOTE_OFF_CMD 0x80

#define MAX_MIDI_VELOCITY 127



#define SERIAL RATE 31250

#define SIGNAL_BUFFER_SIZE 100
#define PEAK_BUFFER_SIZE 30
#define MAX_TIME_BETWEEN PEAKS 20

#define MIN_TIME_BETWEEN_ NOTES 50

unsigned short slotMap[NUM PIEZOS];

unsigned short noteMap[NUM_PIEZOS];

unsigned short thresholdMap[NUM PIEZOS];

short currentSignalindex[NUM PIEZOS];

short currentPeakindex[NUM_PIEZOS];

unsigned short signalBuffer[NUM_PIEZOS][SIGNAL_BUFFER_SIZE];

unsigned short peakBuffer[NUM_PIEZOS][PEAK BUFFER_SIZE];

boolean noteReady[NUM_PIEZOS];

unsigned short noteReadyVelocity[NUM_PIEZOS];



boolean isLastPeakZeroed[NUM PIEZOS];

unsigned long lastPeakTime[NUM PIEZOS];

unsigned long lastNoteTime[NUM_PIEZOS];

void setup()

{

Serial.begin(SERIAL_RATE);

for(short i=0; i<NUM_PIEZOS; ++i)

{
currentSignallindex[i] = 0;
currentPeakindex[i] = 0;
memset(signalBuffer(il,0,sizeof(signalBuffer[il));
memset(peakBuffer[il,0,sizeof(peakBuffer[i));
noteReadyl[i] = false;
noteReadyVelocity[i] = 0;
isLastPeakZeroed[i] = true;
lastPeakTimel[i] = 0;
lastNoteTimel[i] = 0;

slotMapli] = START _SLOT + i;



thresholdMap[0] = KICK THRESHOLD;

thresholdMap[1] = RTOM_THRESHOLD;
thresholdMap[2] = RCYM THRESHOLD;
thresholdMap[3] = LCYM _THRESHOLD;
thresholdMap[4] = SNARE_THRESHOLD;

thresholdMap[5] = LTOM THRESHOLD;

noteMap[0] = KICK NOTE;

noteMap(1] = RTOM_NOTE;
noteMap(2] = RCYM NOTE;
noteMap(3] = LCYM_NOTE;
noteMap([4] = SNARE_NOTE;

noteMap([5] = LTOM_NOTE;

void loop()
{

unsigned long currentTime = millis();



for(short i=0; i<NUM_PIEZOS; ++i)

{

unsigned short newSignal = analogRead(slotMapli]);

signalBuffer[i][currentSignalindex[il] = newSignal;

if(newsSignal < thresholdMapli])

{

if(lisLastPeakZeroed]i] && (currentTime - lastPeakTime[i]) > MAX_TIME BETWEEN PEAKS)

{

recordNewPeak(i,0);

else

short prevSignalindex = currentSignalindex[il-1;

if(prevSignalindex < 0) prevSignalindex = SIGNAL BUFFER_SIZE-1;

unsigned short prevSignal = signalBuffer[il[prevSignalindex;

unsigned short newPeak = 0;

while(prevSignal >= thresholdMapli])

{



if(signalBuffer[il[prevSignalindex] > newPeak)

{

newPeak = signalBuffer[il[prevSignallndex];

prevSignallndex--;

if(prevSignalindex < 0) prevSignalindex = SIGNAL_BUFFER_SIZE-1;

prevSignal = signalBuffer(i][prevSignalindex];

if(newPeak > Q)

recordNewPeak(i, newPeak);

currentSignalindex[il++;

if(currentSignalindex(i] == SIGNAL BUFFER SIZE) currentSignalindex[i] = 0;



void recordNewPeak(short slot, short newPeak)

isLastPeakZeroed[slot] = (newPeak == 0);

unsigned long currentTime = millis();

lastPeakTime[slot] = currentTime;

peakBuffer[slot][currentPeakindex[slot]] = newPeak;

short prevPeakindex = currentPeakindex[slot]-1;
if(prevPeakindex < 0) prevPeakindex = PEAK BUFFER SIZE-1;

unsigned short prevPeak = peakBuffer(slot][prevPeakindex];

if(newPeak > prevPeak && (currentTime - lastNoteTime[slot])>MIN_TIME BETWEEN NOTES)
{

noteReady[slot] = true;

iflnewPeak > noteReadyVelocity[slot])

noteReadyVelocity[slot] = newPeak;



else iflnewPeak < prevPeak && noteReady[slot])

{
noteFire(noteMapl[slot], noteReadyVelocity[slot]);
noteReady([slot] = false;
noteReadyVelocity[slot] = 0;

lastNoteTimel[slot] = currentTime;

currentPeakindex[slot]++;

iflcurrentPeakindex[slot] == PEAK BUFFER SIZE) currentPeakindex(slot] = 0;

void noteFire(unsigned short note, unsigned short velocity)
{
if(velocity > MAX_MIDI_VELOCITY)

velocity = MAX_MIDI_VELOCITY;

midiNoteOn(note, velocity);

midiNoteOff(note, velocity);



void midiNoteOn(byte note, byte midiVelocity)
{
Serial.write(NOTE_ON_CMD);
Serial.write(note);

Serial.write(midiVelocity);

void midiNoteOff(byte note, byte midiVelocity)
{
Serial.write(NOTE_OFF CMD);
Serial.write(note);

Serial.write(midiVelocity);





