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MIDI Conversion Box

Mr. Wittaya Sukthamruk 46010707
Mr.Suchart Nanpimai 46010845
Assoc.Prof.Jirawat Parnklang (Adviser)
Education Year 2006

Abstract
Midi conversion box is a device that receives analog signal from electric

guitar. Process is signal processing and give us the digital command output in Midi
Code .It commands contain many parameters of musical note such as note number
and velocity.

We receive the anatog signal from a electric guitar, which gives us electrical
signal, in the range of frequency from 329.6 Hz to 1318.4 Hz sent tc ADC part, we
sample the analog signal to digital signal sent to the processor parl, the signal is
analyzed and identified pitch of musical note and converted to MIDI code that the
" MIDI cutput can be used to control other MIDI compatible music instruments.
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1917 2.1 nuudennuia

6

Message Status Data 1 Data 2

Note off &8n Note number Velocity

Note on &9n Note number Velocity
Polyphonic aftertouch &An Note number Pressure
Control change &Bn Controller number Data
Program change &Cn Program number -

Channel aftertouch &Dn Pressure -

Pith wheel &En LSbyte MSbyte

System exclusive
System exclusive start &F0 Manufacturer 1D Data{ Data){ Data)

End of SysEx &F7 - -
System common

Quarter frame &F1 Data -
Song Pointer &F2 LSbyte MSbyte
Song select &F3 Song number -
Tune request &Fo6 - -
System realtime

Timing Clock &F8 - -
Start &FA - -
Continue &FB - -
Stop &FC - -
Active sensing &FE - -
reset &FF - -

2.6 Uaunuua(MIDI Channcl)
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C-2 0

C-1 12
Cco 24
Cl 36
C?2 48
C3 60
C4 72
C5 84
Co 86
C7 108
C8 120
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M3 2.3 arsniifireu Insamas Julvua Control Change

MIDi Controller Numbers

The table below presents a summary of the MID! Standard Controller codes in decimal and
hexadecimal (h) form.

Decimal Hex Controller Name

0 00h Bank Select {Controller # 32 more commonly used)
1 01h Modulation Wheel
2 02h Breath Contoller
3 03h Undetined

4 04h Foot Controller

5 05h Portamento Time
5] 06h Data Entry MSB

7 07h Main Volume

8 08h Balance

9 09h Undefined

10 0Ah Pan

11 0Bh 0Ch

12 0Ch  Effect Control 1
13 ODh Effect Controi 2

14-15  QE-OFh Undefined

16-19  10-13h General Purpose Controllers (Nos. 1-4)
20-31 14-1Fh Undefined

32-63  20-3Fh LSB for Controliers 0-31 (rarely implemented)

64 40h Damper Pedal (Sustain) [Data Byte of 0-63=0ff, 64-127=0n}]
65 41h Portamento

66 42h  Sostenuto

67 43h Soft Pedal

68 44h Legato Footswitch

69 45h Hold 2

70 46hl Sound Controller 1 (default: Sound Variation)

71 47h Sound Controlier 2 (default; Timbre/Harmonic Content)
72 48h Sound Controller 3 (default: Release Time)

73 49h Sound Controller 4 (default; Attack Time)

74 4Ah Sound Controifer 5 {default: Brightness)

75-79  4B-4Fh Sound Controller 6-10 (no defaults)
80-83 50-53h General Purpose Controliers (Nos. 5-8)

84 54h Portamento Control
85-90 55-5Ah Undefined
91 5Bh Effects 1 Depth {previously External Effects Depth)

92 5Ch Effects 2 Depth (previously Tremolo Depth)




93
94
95
96
97
98
899
100
101

102-120 66-78h

121
122
123
124
125
126
127

SCh
SEh
5Fh
60h
61h
62h
63h
64h
65h

79h
7Ah
7Bh
7Ch
7Dh
7Eh
7Fh

Effects 3 Depth (previously Chorus Depth)
Effects 4 Depth (previously Detune Depth)
Effects 5 Depth (previousty Phaser Depth)
Data Increment
Data Decrement
Non-Registered Parameter Number LSB
Non-Registered Parameter Number LSB
Registered Parameter Number LSB
Registered Parameter Number MSH
Undefined

Channel Mode Messages
Reset All Controllers
Locat Control
All Notes Off
Omni Off
Omni On
Mono On (Poly Off)
Poly On (Mono Off)



M19190 2.4 A5 1edanou Insaaes lulnua Program Change

Piano (0-7)

sac\u..nwm-—og
=

Hex
0x00
0x01
0x02
0x03
0x04
0x05
0x06
0x07

Chromatic Percussion (8-15)

Dec
8
9
10
11
12
13
14
13

Organ (16-23)

Dec
16
17
18
19
20
21
22
23

Guitar (24-31)

Dec
24
25
26
27
28
29
30
31

Hex
0x08
0x09
0x0A
0x0B
0x0C
0x0D
0x0E
OxOF

Hex
0x10
Ox11
Oxi2
0x13
0x14
0x15
0x16
0x17

Hex

0x18
ox19
Ox1A
Ox1B
0x1C
Ox1D
0x1E
OxIF

Program Change
acoustic-grand-piano
bright-acoustic-piano
electric-grand-piano

honky-tonk-piano

electric-piano-1
electric-piano-2
harpsichord
clavi

Program Change
celesta
glockenspie
music-box
vibraphone
marimba
xylophone
tubular-beils
dulcimer

Program Change
drawbar-organ
percussive-organ
rock-organ
church-organ
reed-organ
accordion
harmonica
tango-aceordion

Pregram Change
acoustic-guitar-nylon
acoustic-guitar-steel
electric-guitar-jazz
electric-guitar-clean
electric-guitar-muted
overdriven-guitar
distortion-guitar
guitar-harmonics




Bass (32-39)

Dec
32
33
34
35
36
37
38
39

Solo strings (40-47)

Dec
40
41
42
43
44
45
46
47

Ensemble (48-55)

Dec
48
49
50
51
52
53
54
55

Brass (56-63)

Dec
56
57
58
59
60
61
62
63

Hex
0x20
0x21
0x22
023
0x24
0x25
0x26
0x27

Hex
0x28
0x29
0x2A
0x2B
0x2C
02D
0x2E
0x2F

Hex
0x30
0x31
0x32
0x33
0x34
0x35
0x36
0x37

Hex

0x38
0x39
Ox3A
3B
0x3C
0x3D
0x3E
O0x3F

I

Program Change
acoustic-bass
electric-bass-finger
electric-bass-pick
fretless-bass
slap-bass-1
slap-bass-2
synth-bass-1
synth-bass-2

Program Change
violin
viola
cello
contrabass
tremolo-strings
pizzicato-strings
orchestral-strings
timpani

Program Change
string-ensemble-1
string-ensemble-2
synthstrings-1
synthstrings-2
choir-aahs
voice-oahs
synth-voice
orchestra-hit

Program Change
trumpet
trombone
tuba
muted-trumpet
french-horn
brass-section
synthbrass-1
synthbrass-2




Reed (64-71)

Dec
64
65
66
67
68
69
70
71

Pipe (72-79)

Dec
72
73
74
75
76
77
78
79

Synth Lead (80-87)

Dec
80
81
82
83
84
85
86
87

Synth Pad (88-95)

Dec
88
89
90
9]
92
93
94
95

Hex
0x40
0Ox41
0x42
0x43
Ox44
0x45
0x46
0x47

Iex
Ox48
0x49
Ox4A
0x4B
0x4C
0x4D
0x4E
0x4F

Hex
0x50
0x51
0Ox52
0x53
0x54
0x55
0x56
Ox57

Hex
0x58
0x39
Ox5A
0x5B
Ox5C
0Ox5D
0x5E
0Ox5F

Program Change
soprano-sax
alto-sax
tenor-sax
baritone-sax
cboe
english-horn
bassoon
clarinet

Program Change
piccolo
flute
recorder
pan-flute
blown-bottle
skakuhachi
whistle
ocarina

Program Change
lead-1-square
lead-2-sawtooth
lead-3-calliope
lead-4-chiff
tead-5~charang
tead-6-voice
lead-7-fifths
lead-8-bass

Program Change
pad-1-new-age
pad-2-warm
pad-3-polysynth
pad-4-choir
pad-5-bowed
pad-6-metallic
pad-7-halo
pad-8-swecp



Synth Effects (96-103)

Dec
96
97
98
99
100
101
102
103

Ethnic (104-111)

Dec
104
105
106
107
108
109
110
111

Percussive (112-119)

Dec
112
113
114
115
1)
117
118
119

Sound Effects (120-127)

Dec
120
121
122
123
124
125
126
127

Hex
0x60
Ox61
Ox62
0x63
Ox64
Ox65
0x66
Ox67

Hex

0Ox68
0x69
Ox6A
0Ox6B
x6C
Ox6D
Ox6E
Ox6F

Hex
0x70
Ox71
0x72
x73
Ox74
0x75
0x76
Ox77

Hex
Ox78
0x79
Ox7A
0x783
Ox7C
Ox7D
Ox7E
Ox7FF

Program Change
fx-1-rain
fx-2-soundtrack
fx-3-crystal
fx-4-atmosphere
fx-5-brightness
fx-6-goblins
fx-7-echoes
fx-8-sci-fi

Program Change
sitar
banjo
shamisen
koto
kalimba
bagpipe
fiddle
shanai

Program Change
tinkle-beli
agogo
steel-drums
woodblock
taiko-drum
melodic-tom
synth-drum
reverse-cymbali

Program Change
guitar-fret-noise
breath-noise
seashore
bird-tweet
telephone-ring
helicopter
applause
gunshot
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psutfaarhanivSies
(Fast Fourier Transform : FFT)

=

4 = o' w e = =) =) u’; LY
gunseimeneunames lullepiulisimgauasiitszaniamges  Bnvismniudiaz

U

= a

anudususnmsiuon Iasldaouiuaessznnn i el ldmsitouaswWauveoans
Uszuadynnadsana (Digital Signal Processing : DSP) o TUldtuan lumnianaiag
Tasimwizmaddidansetdnd aotuty  msdsznadaapanfoavvdiaoa mM3dssna
oy msdszuadyanuses uazasszuadyanminim dhudu

mssziadygnudinanimssaanslszau (Convolution) ifludidy Tasalal
udy msudanFwiuumaniie (DFT) Fuamnseiun i lun o oamsdszan'd wins
faw DFT et diedoyaviodwudyaaiinifunawesneriumesinn  didwy
fannandion N ey aeufameidasiimsnuimudadou §9 MV afe naziandiy
@adousn NV-1) ada

uads 1l msudashidnSiod (FFT) Fuflumaauaes J.W.Cooley fiu J.W.Tukey
Taonis1d FFT sxiildmadmam DFT Tdmsgusmiwddowies MogaN afuviniu 41
snnundalumsqaanashilds Mg,V v dmsumt N = 1,024 gaudh nsquinnudadon
anaalus 102 vt Fehlinisdnaui 183ty dafu FET Sunmsfuns fuszuunainss
(Real-time system) ‘& odnalsfnny Gausd FFT wxiidasonds manlashdnyfSiwsfin uad
FFT onfu hilsmsuanffiod udufied wdafuiisasimsuiodiduns lunsdnouiida

-
arsduna DET 11415 24w

4.1 ﬂmﬁﬂﬁm‘famugmaaa (Radix 2 FFT)

»
o _ as @ |

= o r o Qs 1 =y
msilaafswsuru@urminedmiugidu x(m) 1o73 N 9@ annsotiony 1Al
N1
X(k)= x(m)w’"k (4.1)
k=0

o ar

Taufiassyil km = 0,7, N-1 uagfnoudedou w = 27 lumadnsidnansoaiing d1eu
x(m) ﬁﬂﬂzsﬁuﬁaaﬁuf’fﬂgﬂym“luununm (time domain) ey X&) Hordesdudygama
AMud (frequency domain) wiaidond anlnasuvesdogiu (frequency spectrum) A5
aums 5.1 vy Tasworl v 1 ﬁaﬁwlﬁﬂwiﬂqﬂﬁ'duhﬁﬁﬂﬁ'mmswﬁ"ﬁﬂﬁﬁmam DFT 1714

& = a n‘:‘ 4 & ar ar :.: 1
Fafiga Tumsiih DFT Tdldouduwnd /N dssgududidiy X&) wue aniudalumuise
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inNemyANAII NIzdMNd NI

{X} ={A}{x} (4.2)

Taof {X} uaz {x} funamosunia (columm vector) flsznoududud Wy Xk uaz x(m)

ar o o .

o ar o = ar o o o o ® -
mud iy uaz {A} Whuwadngdasa Sudvvum N fllenFndius nowddou w™ sy

n3ti N=4 szunaums 4.2 annso@ouuonann 1diitu
X(OW w® w® w® W’ [x(0)
X w® wh w W x(l)
X(2) - w? w? 't x(2)
X (3} w® 't wt wt {Lx(3)

0

(4.3)

msfnuuaInaums 4.3 4 laoasaiu Fanadiuldh aoviFnaamduaudadou MaN
WiD 16 134 iAzdpIIN NS oL B N(N-1) n39 12 A%l
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anaanianzveesmsiuay (periodicity) voadwanuFadou w fio w™ = fmk mod (N)] &4

' >
fmk mod (N)] ManodieumivasnaanInnisuismey mk a8 N aaiuaums 4.3 orndou'ld

A
n‘flu

X(0) 11 1 1 x(0)
X _|1 whw?wl [ x() (4.4)
X(2) 1 w? w®w? || x(2)
X(3) | w? k! LX)

alres, =y o ar o & =1
mn@manwnnnﬂuﬂmum Wldmeusowenailiszneuveuuaing {A} samilu
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X w' w?w' W | x(2)
X@ | w0 wt w? b [ x()
X(3) w? w1’ w? [ X(3)

uonalszneuaing {B} 14

72840
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Tnai il
k= 2k +kyp | m=2m; + my (4.6)
) ¥
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1 1
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4.2 Pund1IBv8In13TUNINAT (Decimation in time : DIT)
Ismsiauelau Colley uaz Tukey F11dnarivwdmiu muanmiusiudr flums

ursd Ay xim Wlvuen N ga seadu 2 dau fusionddirduon A2 ga xum)

. v
o et o

< o_ o ' o a ° o
naw x,(m) (USAL ardrMuAvosdamian x(m) A udd maisnniy
Xe(m) = x{2m) (4.11a)
xo(m} = x{2m+1) (4.11b)

as

msfmmsias DFT voaddudue i xim) fo1a N ga az@ou1dilu

X(k)= Exg(m)w‘f,"' + Nz_lxo(m)wﬁ"

m=0} nr=0
M rvexr m_is _odd
Ny My
& Imib : 3 134
= > x@myw + > x(2m+ Hw (4.12)
=0 ar=0

é = '
oy w? swrsoiioulwilddi

1(2—’) A
wh=e ¥ =¢ I =w,,
= ar v o
AUNIT 4.8 DI0A Inuilu
mk nr
X&) = er (mywy,, +wf, Z x, (m)wﬁfz
m=0 m=0
X(k) = X(k) +wh Xo(k) (4.13)
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Tasmissmaumsuilaa DFT vine 2 90 $1u0u A2 a1addoiy wagnisulevonionsad iy

= : o 3 4 . ' &
x(m) soniuiiazaTanumdansdmin DFT v 2 nig Favzwinisialeanla log,N A3a (9

31 4.3 1sznow)
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ey
er J=x{2} DFT
e ——
x f2)=x(4) N = 4
(=]
x (3)=xx{(6)
e ————
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Dymirewiifeszionsuilas DFT ving 2 9 $10au A/2 minil 1ndenieins 1y
woliIdn1sfam DFT vie N galdes1eTs #et1amu maiuet DFT vua N/2 992179
Mulavaswiuruny 4.13 meuiidedawaa i1z X,k uaz Xk 1y DFT vuna N/2 §
Trudmiuga 0 <k SN2 mniu msrzasiusdesiioumrosaunis 413 dmsus
k> N/2 fio

Xk) = X1 (k) + wh Xz (k) 05 k< N/2-1 (4.14a)
GH X(k) = X; (k-N/2) + wi X; (k-N/2) N2 <k <N-1 (4.14b)
worl w! Tumums 4.14 f5igaSuni “daszneuiin® (Twiddle Factors or Phase or Rotation
Factors) ‘vfﬁimﬁﬁiﬂuehuﬁfmﬁ’lﬁ DET e N72 30 015 a8wifu DFT 4w1a N g9

y a o ar k+1 i
Tuaums 414 4 Svnasnivewnududud w, 2 = ! unuadliudy aumsi

g a@ou T
X(k) = Xy (k) + wh X, (k) 0 < k< N2-1 (4.15a)

N
uz Xk) =X (-N/2) - wy 2 Xo (N/2) N2 < k SN-L (4.15b)
aums#IdiEumdnmsddydmsy FFT il uazldndnidathadiluaums 4.10 auns
415 vansnlunisd o X&) Tumunisi 4.15a waz X&) luaumsi 4.15b fimuiofuias
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miasdnanidei s adouunuddan fins Inavesdyguaiugd 4.3
Msfiura DET uyu 8 9 Taoedu3imsalde Sunouudail lduansl3daefams Ina
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- o - J =1 o or = d'., =
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As3vil m Anszifoadeaiune uazitnisves FFT wuuddunisaanaintsaainensdy
a o [~ ¥ 1 = ' J k4 o w =1 J ar 3 ¢=|v 8/ as
D141 x(m) oenlunguoesn Nuaazngul sznaud ud iy xin) 1R 2 m MIVANYUUAT 10N
r . o a < 1 4 o ci; 1 & -y 1 ' l ted ar ;
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5.1 HANMS
Analog _ A/D | Calculate | MIDI .| Output
Input Encoding

511 5.1 Block Diagram A1s¥19ILY995:ULTIIHUA
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5.5 Wanrumsnduin

»
21InnTFuna aatl DuI1TUIA 128 a1 1ae

x(0)  f9 x(0000000) miaailu x(0)  fis x(0000000)
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x(3) fio x(0000011) uifaadlu x(96) A9 x(1100000)
x(4) 9 x(0000100) waaily x(16) fe x(0010000)
x(15) 9 x(0001111) wlaanlu x(120) A9 x(1111000)
x(16) fip x(0010000) wilaadiy x(4)  fio x(0000100)
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atl
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mia1k,m

o>

1%

Temp =x(k);
x(k) = x(m);
x(m) = temp;

End

qUW 5.5 THdansmmsaduiin
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5.6 Wan¥u Fast Fourier Transform
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wdnniadi X[pH] fu X[p++nn/2]
11 +- uuy Butterfly FFT

A

mj = mj +(N/nn)mod(N/2)
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mananesdi 1 wWisuifoud nuuazuonigasevauiiitialdsud g o4
Tumsnaasasesindosin i Nunouiiuned Taofudweai e G3-D6 44
RaofmTIWime 3 mlsmit 0 &y o 1 olsnit 22 Tavdsmanudasumldwusdadu3n
96,000 Hz finnudmiouomlagadorfundninndnnnlaol¥Tsunsy MATLAB fuw
mﬁmanﬂﬁgﬂuazmmﬁ TaudouTusunsuldifuat Sampling 128 M Aanudnsumnlde

2666.67 Hz auaaz 3992191701 48 ms Tavl¥ Code Program

t=1
for n=1:t
m =4608*(n-1)
a=l+m
b = 4608+m
y = wavread('G3',[a,b]);
for i=1:128
x(i) = y(36*1);
end
YY =ffi(x,128);
Pyy = abs(YY)/128;
f=(0:(2666.66/128):1333.33);
figure(1);
subplot(t,2,2*n);
plot(f,Pyy(1:65),1,Pyy(1:65),'xr")
titie('Frequency content of signal ')
xlabel{'Frequency (Hz)")
subplot(t,2,(2*n)-1);
plot(x)
title('signal of G3 Guitar'); end
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MINT 6.1 ANLdHavueuAgavesduaaasda Tila

Tiln anuives  mwddse  aawdveu woutlige  Awdvey nouildye
RRT) it an YDIUDY U YDIVDULIU
(Hz) (liz) (Hz) @1 (Hz)
G3 199.9577 195.96 187.50 0.0358 208.33 0.0246
G#3 207.6523 208.98 208.33 0.0398 229.17 0.0055
A3 220.0000 21745 208.33 0.0224 229.17 0.0358
A#3 233.0819 23438 229.17 0.0379 250.00 0.0107
B3 246.9417 248,70 229.17 0.0033 250.00 0.0324
C4 261.6256 263.67 250.00 0.0237 270.83 0.0424
CHa 277.1826 278.65 270.83 0.0312 291.67 0.0167
D4 293.6648 294.92 270.83 0.0071 291.67 0.0452
D4 3111270 311.84 291.67 0.0015 3i2.5 0.0436
E4 329.6275 330.07 312.5 0.0018 333.33 0.0163
F4 349.2282 35221 333.33 0.0010 354.17 0.0162
F#4 369.9944 371.09 354.17 0.0036 375.00 0.0191
G4 391.9954 391.28 375.00 0.0052 395.83 0.0209
G#4 4153046 416.67 416.67 0.0239 437.50 0.0007
A4 440.0000 442.71 437.50 0.0230 45833 0.0075
A#4 466.1637 466.80 45833 0.0215 479.17 0.0164
B4 493.8833 494.14 479.17 0.0092 500.00 0.0231
C5 523.2511 524.09 520.83 0.0248 541.67 0.0045

CH5 554.3652 553.39 541.67 0.0150 562.50 0.0206
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q' ] = = & v g ¥
M3 6.1(AD) ANUDUAziIBNYATAYD T Y IR A 1A

TWia Awlues  auEdda  Aawdven  wewdga  adwveu noulaya
A1 liin 9 an YBIVOU Uy VB IVBUVY
(Hz) (Hz) (11z) an (Hz)
D5 587.3295 585.29 583.33 0.0271 604.17 0.0059
D#S 622.2539 621.745 604.17 0.0032 625.00 0.0283
ES 659.2551 661.46 645.83 £.0083 666.66 0.0280
F5 698.4564 697.27 687.50 0.0177 708.33 0.0196
F#S 739.9888 734.57 729.16 0.025] 750.00 0.0085
G5 783.9908 784.51 770.83 0.0094 791.66 0.0258
G5 830.6093 835.29 833.33 0.0269 854.16 0.0044
A5 880.0000 875.65 875.00 0.0028 895.83 0.0030
AHS 932.3275 932.29 916.66 0.0218 937.50 0.0157
BS 987.7666 976.56 979.16 0.0308 1000.00 0.0019
C6 1046.5022  1069.66 1062.50 0.0214 1083.33 0.0142
CH6 1108.7305 1107.42 1104.16 0.0028 1125.00 0.0376

D6 1174.6550 1165.89 1166.66 0.0095 1187.50 (.0291
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Tumsiamnnudiiws ezl mau Sample 1nah 128 AuRe 17 1danuaziBoalums
- 4 o 1 Eﬁ'ﬂ) -t 1 d‘ =Y =1 = ‘é
Sampling mindu ¥ laH ¥a 1A TndifernnuteSweadvaiarsuih dsdmanoadonld

#1171 Sample 4096 A1 f91iu Code Program vxtUanu lalidintood 1il
t=1
forn=1:t

m = 147456*(n-1)

a=1+m

b= 147456+m

y = wavread{'G3',[a,b]);

for 1=1:4096

x(i) = y(36*i);
end

YY =fit(x,4096);
Pyy = abs(YY} /4096;
£=(0:(2666.666/4096):1333.333);
figure(1);
subplot{t,2,2*n);
plot(£,Pyy(1:2049),£Pyy(1:2049),'xr")
title('Frequency content of signal ')
xlabel('Frequency (Hz)")
subplot(t,2,(2*n}-1);
plot(x)
title('signal of G3 Guitar')

end
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mInaaeai 3 mafatudiod dyne llvowowianisuiu

Tumsnaasatisrezildveneneundasair s wanly MATLAB

< ay
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MIN 6.2 Anvtiuazuemldgavesdyamudazds IWallodyamgnuay

Ttim ALBNes  Aanwdige  AnuRue wowlage  anudveu vaslage
a2 1in 18 an YBIUBL Uu YDIVD U
(Hz) (Hz) (Hz) a9 (Hz) 1y
G3 199.9577 195.96 187.50 0.4470 208.33 0.3040
G#3 207.6523 208.98 208.33 0.5923 229.17 0.0177
A3 220.0000 217.45 208.33 0.3005 229.17 0.4639
A#3 233.0819 234.38 229.17 0.5582 250.00 0.1617
B3 246.9417 248.70 229.17 0.0493 250.00 0.6134
C4 261.6256 263.67 250.00 0.2888 270.83 0.4896
CH4 277.1826 278.65 270.83 0.4307 291.67 0.2373
D4 293.6648 294.92 270.83 0.0865 291.67 0.5653
D#4 | 311.1270 311.84 291.67 0.0223 3125 0.5983
E4 329.6275 330.07 312.5 0.0935 333.33 0.4937
F4 349.2282 352.21 333.33 0.0108 354.17 0.4835
F#4 369.9944 371.09 354.17 0.0865 375.00 0.5599
G4 391.9954 391.28 375.00 0.1555 395.83 0.5709
G#4 415.3046 416.67 416.67 0.6049 437.50 0.0080
A4 440.0000 442.71 437.50 0.5546 458.33 0.2613
Atid 466.1637 466.80 458.33 0.4456 479.17 03459

B4 493 8833 494.14 479.17 0.2134 500.00 0.5507
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ar ] -

AW 6.2(08) ANuduazueuldyrvesduanuusazd) Idaile duniuanviy

a oo oo U

Tilw Awdves  mwdide  Anwdven woutldga  mawdveu  weudge
aalila 1 an VBV U V9 IUDY
(Hz) (Hz) (Hz) GAN (Hz) U
C5 523.2511 524.09 520.83 0.6015 541.67 0.1084
CH#5 554.3652 553.39 541.67 03321 562.50 0.4612
D5 587.3295 585.29 583.33 0.5969 604.17 0.1269
D#5 622.2539 621.745 604.17 0.0677 625.00 0.6199
E5 659.2551 661.46 645.83 0.1286 666.65 06131
F5 698.4564 697.27 687.50 0.3869 708.23 0.4135
F#5 739.9888 73437 729.16 0.5623 750.00 0.1932
G5 783.9908 784.51 770.83 0.2064 791.66 0.5551
G#5 830.6093 835.29 833.33 0.6042 854.16 0.1021
AS 880.0000 875.65 875.00 0.6158 895.83 0.0751
A#5 9323275 932,29 916.66 0.4595 937.50 0.3352
BS 987.7666 976.56 979.16 0.6232 1000.00 0.0361
o 1046.5022 1069.66 1062.50 0.4769 1083.33 0.3125
C#6 1108.7305 1107.42 1104.16 0.3000 1125.00 04916

D6 © 1174.6590 1165.89 1166.66 0.1230 1187.50 04111
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Tiia g AuEYDIA Tl Anwdifiinld

(Hz) {Hz)
A4, B4 2 440.00, 493.88 494.14
A4, CH#5 3 440.00, 554.37 553.39
A4, DS 4 440.00, 587.33 44271
A4, E5 5 440.00, 659.26 44271
A4, FH5 6 440.00, 739.99 442,71
Ad, GHS 7 440.00, 830.61 442.71

A4, ES 8 440.00, §80.00 44271
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manaassh smsmawenilizagegaluuaag Grid
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A13191 6.4 AeuLAgaundogangaues Grid intsiudaTiia

Note(Grid) Ampl Amp2 Amp3 Ampd Amp5 Amp(mfﬂiﬂ)
E4(16) 9461 10121 7821 7651 11201 9261
Fa(17) 1821 3251 3421 2691 3721 2981
F#4(18) 3621 5821 2981 3243 3651 3863
G4(19) 11714 10516 11275 12361 13473 11867
GH4(20) 9561 4321 6410 4851 5561 6140
A4(21) 10721 10763 8376 11706 11456 10604
Af4(23) 9907 9751 12607 10856 11751 10974
B4(24) 7521 6521 5728 8500 7856 7226
C5(25) 11321 7528 7458 6532 6478 7863
CH#5(27) 18520 14251 8957 10587 16278 13718
D5(28) 17271 12352 10735 15262 19072 14938
D#5(30) 17265 13421 17521 17280 16547 16478
E5(32) 21057 18727 30053 29876 16520 23246
F5(34) 43712 41276 31257 46071 32976 39058
F#5(36) 12867 12872 12493 13025 14020 13055
G5(38) 12628 13452 12765 12553 11646 12608
G#5(40) 14542 10268 13506 16502 9961 12956
A5(43) 19207 22072 25026 24060 20556 22184
AHS5(45) 13251 15472 12472 19074 13552 14764
B5(48) 11026 15075 13527 13175 10023 12691

C6(51) 14352 12627 10057 14578 12638 12850
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M7 6.4(A0) AevdagamAngingauoa Grid fins vl Tila

C6#(54) 11206 13025 8525 13008
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n1anaAaeei 6 MyvA unduwelAgaiiasfiqe voann Grid e 1¥/11uam Threshold
a < = o o
msnaasstlzimanudoyaveweuldymisoga 5 asainmssnnulululnsaou
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Insa mof@Eadivanuus wigalunsdudd i lasi lh idnhavnadoluisas Grid in
1 a ~ 9 ol A ar 1Y - = 9 ] 1 v
wirionlagagagaiilaninmsnaandi s oy ldueinldgamduiooiign Tunsnaz Grid oy
=4 a o ’ r a =i 1 o
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Threshold high na190 14114 Threshold Tums On Tiln F901519% 6.5 uuAas Grid u M7

A13199 6.5 Aol Agamaodosiigavol Grid fiaseiudi Tiin

Note(Grid) Ampl Amp2 Amp3 Amp4 Amps Ampl mﬁa]
E4(16) 1621 2451 2782 1061 2473 2083
F4(17) 2821 1019 1350 1642 1653 1697
F#4{18) 3528 2412 4202 4452 4091 3737
G4(19) 2827 1937 2472 1659 2157 2210
G#4(20) 2806 2752 2853 2972 2846 2846
A4(21) 2542 1972 3572 2694 1529 2466
A#4(23) 1134 1392 1387 2022 2225 1632
B4(24) 2324 2426 1748 1753 1592 1969
C5(25) 2047 2597 2892 2452 2022 2402
CH5(27) 1721 1052 1043 1459 1096 1274
D5(28) 1472 1471 1857 1279 1250 1466
DHES(30) 2003 1372 1625 2021 1527 1710
ES5(32) 1647 1052 1539 1023 1657 1384
F5(34) 1555 2122 2577 1657 2542 2091
F#5(36) 1741 1825 2320 1195 1199 1652
G5(38) 1428 1728 1325 1018 1054 1311
G#5(40) 2295 1994 2274 1254 1234 1811
AS5(43) 1515 1819 1144 1219 1182 1376
A#5(45) 3357 5564 2726 1782 3352 3356
B5(48) 2872 1751 3728 2524 2612 2697

C6(51) 1082 1602 1127 1543 1828 1436
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C6#(54) 802 1069 1024
D6(57) 1480 777 635
D#6(61) 407 735 250
E6(64) 833 1031 £92
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9%0
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715130 6.6 A1THIA Threshold high

Note{Grid)  Amp(min}  Amp{(Peak) Min/Pcak

E4(16) 2083 9261 0.2249
F4(17) 1697 2981 0.5693
F#4(18) 3737 3863 0.9658
G4(19) 2210 11867 0.1862
GH4(20) 2846 6140 0.4635
Ad4(21) 2466 10604 02326
A#4(23) 1632 10974 0.1487
B4(24) 1969 7226 0.2725
C5(25) 2402 7863 0.3055
C#5(27) 1274 13718 0.0929
D5(28) 1466 14938 0.0981
D#5(30) 1710 16478 0.1038
E3(32) 1384 23246 0.0595
F5(34) 2091 39058 0.0535
F#5(36) 1652 13055 0.1265
G5(38) 13 12608 0.1039
G#5(40) 1811 12956 0.1398
A5(43) 1376 22184 0.0620
AH5(45) 3356 14764 0.2273
B5(48) 2697 12691 0.2079
Co(51) 1436 12850 0.1118
C6#(54) 1096 11567 0.0940
D6(57) 1029 6395 0.1609
Di#6(61) 583 5520 0.1056

E6(64) 820 14989 0.0547
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Code Program 719 Tun 590001
#include <p30f4011 h>

#include <lcd4 .h>

#include <adc10.h>

#include <timer h>

#include <uarth>

#include <ports. h>

#include <math.h>

int Swi,Swll,Sw2,8w21,Sw22 Sw23,Sw21,Sw4l,Sw5x,Sw52,5kb1 »Skb2,5kb3,5wp, Swp, indea,
float xr[128]xj[128], AmpPeak;

int result;

int i0,i1,i2,13,i4,15,16,k0,mO0;

float temp;

unsigned int b,b2,i k. km,wp,wpp,j,jm,counter;
float  wr{64] = { 1.000,0.999,0.995,0.989,0.981,0.970,0.957,0.942,
0.924,0.904,0.882,0.858,0.831,0.803,0.773,0.741,
0.707,0.672,0.634,0.596,0.556,0.514,0.471,0.428,
0.383,0.337,0.290,0.243,0.195,0.147,0.098,0.049,
0.000,-0.049,-0.098,-0.147,-0.195,-0.243,-0.290,-0.337,
-0.383,-0.428,-0.471,-0.514,-0.556,-0.596,-0.634,-0.672,
-0.707,-0.741,-0.773,-0.803,-0.831,-0.858,-0.882,-0.904,
-0.924,-0.942,-0.957,-0.570,-0.981,-0.989,-0.995,-0.999}
wijl64] = { 0.000,-0.049,-0.098,-0.147,-0.195,-0.243,-0.290,-0.337,
-0.383,-0.428,-0.471,-0.514,-0.556,-0.596,-0.634,-0.6 72,
-0.707,-0.741,-0.773,-0.803,-0.83 1,-0.858,-0.882,-0.904,
-0.924,-0.942,-0.957,-0.970,-0.981,-0.989,-0.995 -0.999,
-1.000,-0.999,-0.995,-0.989,-0.981,-0.970,-0.957,-0.942,




-0.924,-0.904,-0.882,-0.858,-0.831,-0.803,-0.773,-0.741 ,
-0.707,-0.672,-0.634,-0.596,-0.556,-0.514,-0.47 1,-0.428,
-0.383,-0.337,-0.290,-0.243,-0.195,-0. 147,-0.098,-0.049}

ALAL BB wixn,wixj,wrxr,wrxj,xar,xaj,xbr.xbj;
float xar,xai,xbi,xbr;
unsigned int GridPeak, Amp,GP,w:

intia[25]={16,17.18.19.20,21,23.24,25,27,28,30 32,
34,36,38,40,43 45 48,51,54,57 61,64} 10,01dGrid MewGrid, iGridPeak ja;

/fint ib;
float Peak[25] = {2083,1697,3707,2210,2846,2466,1632,1969,2402,1274,1466,1710,1384,

2091,1652,1311,1811,1376,3356,2697,1436,1096,1029,583,820},TL;

void adc_init{void)

{
unsigned int Channel, PinConfig, Scanselect, Adcon3 reg, Adcon2_reg,Adcon 1_reg;

ADCONIbits. ADON = (;

Channel = ADC_CHO0_POS_SAMPLEA_ANO &
ADC CHO NEG_SAMPLEA_NVREF ;

SetChanADC10(Channel);

ConfigIntADCIO{ADC_INT_DISABLE):




PinConfig = ENABLE_ANO ANA ;

Scanselect = SKIP_SCAN ANI &
SKIP_SCAN_AN2 &
SKIP_SCAN_AN3 &
SKIP_SCAN_AN4 &
SKIP_SCAN ANS5S &
SKIP SCAN ANG6 &
SKIP SCAN_ANT7;

Adcon3_reg = ADC_SAMPIE_TIME 10 &
ADC _CONV_CLK _INTERNAL RC &
ADC CONV_CLK 13Tcy;

Adcon2 reg = ADC_VREF AVDD AVSS &
ADC_SCAN ON &
ADC_ALT BUF_OFF &
ADC ALT INPUT OFF &
ADC_CONVERT_CHO&
ADC _SAMPLES_PER_INT 8;

Adconl _reg = ADC_MODULE _ON &
ADC _IDLE_CONTINUE &
ADC_FORMAT INTG &
ADC_CLK MANUAL &
ADC SAMPLE SIMULTANEOUS &
ADC_AUTO SAMPLING ON;

OpenADCI10(Adconl_reg, Adcon2 reg,Adcon3 reg,PinConfig,Scanselect);



void vart] _init)

{
unsigned int baudvaiue;
unsigned int U IMQDLEvaluc;

unsigned int U1STAvalue;

CloseUARTI{(};

ConfigitUARTI{UART RX_INT EN &
UART RX_INT PRI &
UART_TX_INT EN &
UART _TX INT PRI1});

baudvalue = 39;

UIMODEvalue = UART_EN &
UART IDLE CON &
UART RX_TX&
UART DIS_WAKE &
UART_DIS LOOPBACK &
UART_DIS ABAUD &
UART _NO_PAR_8BIT &
UART 1STOPBIT;

UlSTAvalue = UART_INT TX BUF EMPTY &
UART TX PIN NORMAL &
UART_TX_ENABLE &
UART_INT_RX_3 4 FUL&
UART_ADR_DETECT _DIS &
UART RX_OVERRUN_CLEAR;



OpenUART1(UIMODEvalue, UISTAvalue, baudvalue);

void timer] _init(void)

{

unsigned int match_value;

ConfiglntTimer1(T1_INT PRIOR_6 & T1 INT_ON);

WriteTimer1{0);

match_value = 937;

OpenTimer(T1_ON &
T1_GATE_OFF &
Ti_IDLE_STOP &
TIPS 1 1&
T1 SYNC_EXT OFF &
T1_SOURCE_INT, match_value);

void SendUART(unsigned int Status,unsigned int datal,unsigned int data2)
{
WriteUARTI(Status+Swll};
while(BusyUARTI());
WritelART 1(datal);
while(BusyUARTI1(});
ifldata2<0x 80}
{
WriteU~ART 1(data2);
while(BusyUARTI());




void inttelcdx (unsigned char addr,long value,iong base)
{

unsigned int bufdiv([7],i=0;

unsigned char bufchar[8];

for(i=0;1<7;i++)

H
bufdiv[i] = valuedobasc,
value = value/base,
bufchar{6-1] = bufchars[bufdiv[i]];
}
for(i=0;i<3;i++)
{
led_text(0x20);
t

bufchar[7] = 0x00;

led puts(addr,bufchar);

void BitReverse(void)
{
unsigned int ii,jj,kk,bb,bb2;
float xt;
for(ii=7;ii>=1ii--}
{
bb=1;
for(jj=1;jj<=iizjj++)
t
bb = bb*2;



}
bb2 =bb/2-1;
for(jj=1;j<=bb2;jj++)
{
kk =jj*2;
xt = xrljjl;
xr{jjl = xrlkk];

xrikk] = xt;

——

-

void Fast_Fourier{void)
{
jm=127;
for(i=1;i<=7;i++)
{
b=1;
for(j=1;j=<=§;j++)

{
b=0b*2;
i
b2 =b/2;
km = b2-1;

wpp = {128/b)%(128/2);
for(j=0;j<=jm;j+=b)
{
wp=0;
for(k=0;k<—km;k++)

{
xar = (xr[j+k+b2*wrlwpD-{xj(j+k+b2]*wj[wp]);



xaj = (xrlj+k+b2Fwilwp+H(xj[+k+b2]*wrfwpl);
xr{j+k+b2] = xar;

xjlj+k+b2] :- xaj;

xar = xr[j+k] + xrlj+k+b2];

xaj = xj[j+k] + xj[j+k+b2];

xbr = xr[j+k] - xr[j+k+b2];

xbj = xjlj+k] - xj[j+k+b2];

xrlj Fk] = xar;
xjlj1 k] = xaj;
xrlj+k+b2] = xbr;
xjljk1b2] - xbj;

Wp = Wp + wpp;

void SizeofXr(void)
{
for(i=0;i<=127;i++)
{
xar = xr(iJ;
xai = -xj[il;
xbr = (xr[i]*xar)-(xj[i]*xai};
xbi = (xr[i]*xai)+{(xj[i]*xar);
xrfi] = fabsf{xbr);
xjli] = fabsfixbi);

void SefectGrid(void)




AmpPeak = 0;
for(ja=0;ja<25;jat++)
¢
if{xrlaljal]>AmpPeak)
{
GP = ja;
GridPeak — ia[ja];

AmpPeak — xr[GridPeak];

t
]

Amp = (long)AmpPeak;

void AmpDivPeak(void)
{
AmpPeak = 0;
for(ib=0;ib<25;ib++)
{
xrlialib]] = xr[ia[ib]]/Pcak[ib];

if(xrfialib]]> AmpPeak)

{
TL = AmpPeak;
GridPeak = ia[ib];
iGridPeak = ib;
AmpPeak = xr[GridPeak];
}

void SelectNote{void)




float TH[25] = {2083,1697,370:7,2210,2846,2466,1632,1969,2402,1274,1466,1710,1384,
2091,1652,1311,1811,1376,3356,2697,1436,1096,1029,583,820} ;
iTAmpPeak>=TH[GP])
{
if{OIdGrid!=GP)
{
SendUART(0x80,(unsigned char)(76+GP),0x64);

}
SendUART(0x90,(unsigred char){(76+GP),0x64);

w=1;
OldGrid = GP;
}
else
{
w=2;
il AmpPeak<20)
{
SendUART(0x80,(unsigned char}(76+GD),0x64);
GP = 25;
w=73,
}
}

void ShowWork{void)
{
iGP<25)
{
inttoled(0xC0,76+GP,10);

inftoled(0x 8D, result, 10);




else

oy

—

led_puts(0x87,"  ");
inttolcd(0xC9,w,10);

led puts(0xCA" ™),
inttolcd(0xCI,GridPeak, 10}

inttolcdx(0x80, Amp,10);

led_puts(0x80," It's no note”);

led puts(0xCo," ")

void ShowNotc(void)

{
led_puts(0x80," note");
switch(GP)
{
case 0:
led_puts(0xC0," E4");
break;
case 1;
“led_puts(0xC0," F4");
break;
case 2:
led_puts(0xC0," F#4");
break;
case 3:
led_puts(0xCO0," G4");
break;

case 4:



case 5:

case 6:

casc 7:

case 8:

case 9;

case 10:

case 11:

case 12:

case 13:

case 14:

led puts(0xCO0,"

break;

led puts(0xCQ,"
break;

led puts(0xC0,"
break;

led_puts(0xC0,"

break;

led puts(0xCO,"
break;

led_puts(0xC0,"
break;

led puts(0xCO0,"
break;

led puts(0xC0,"
break;

led_puts(0xC0,"

break;

led puts(0xCO,”
break;

led_puts(0xCO,"

GH4"Y,

A4,

a

A#4"),

B4");

CS”);

CH3"),

D5");

D#5"});

ES"),

F5");

F#5");



case 15:

casc 16:

case 17:

case |8:

case 19:

case 20:

casc 21:

case 22:

case 23:

case 24:

break;

led_puts(0xCO,"
break;

led puts(0xC0,"

break;

led puts(0xCO,"
break;

led_puts(0xC0,"

break;

led_puts(0xC0,"

break;

fed_puts(0xCQ,"

break;

led _puts(0xCO,"

break;

led_puts(0xC0,”

break;

led _puts(0xCO0,"

break;

led_puts(0xCO0,"

break;

GS");

G#s"),

AS");

AH#S");

B5");

C6"),

CHE");

D6");

D#6");

E6"),



default:
led_puts(0xCO0," No note");

break;

void ShowLCD{void)

{
iflLATDbits. LATD1==0)

{
ShowNote();

h
clse ifLATDbits LATD 1==1)

{
ShowWork();

void _ISR _UITXInterrupt{void)

{
1FSObits. U1 TXIF = 0;

void _ISR _UIRXInterrupt(void)

{
IFSObits. U1 RXIF = 0;

void _ISR _INT2Interrupt(void)

d
delay _ms(200);




LATDbits. LATD] = ILATDbits LATD1;
IFSibits INT2IF = 0;

void _ISR _Tlinterrupt{void)

{
ADCONI1bits. SAMP = [;
whilc(! ADCON 1 bits, SAMP):
ConvertADC 10();
while(ADCON I bits. SAMP);
while(Busy ADC10());
if{(index%8 )==0)

{
result = Read ADC 10(0);
xrfindex/8] = ((float)result)/64;
}
iflindex >= 1016)
i
TRISDbits TRISD2 = !'TRISDbits. TRISD2;
index = 0;
BitReverse();
Fast_Fourier();
SizeofXr();
SelectGrid();
SelectNote();
Show L.CD{);
}
else
{
index++;




IFSObits. TLIF = 0,

int main{void)

{
adc_init(};
vartl_init(};
led_init();

led_clear();

TRISEbits. TRISES = 1;
TRISDbits. TRISDO = 1;
TRISDbits. TRISDI = 1;

index = 0;

ConfigINT2(RISING_EDGE INT & EXT INT ENABLE & EXT_INT_PRI_7);
timer! _init();

while(1);

rcturn 0;
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