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Abstract

This special project is one of developed software in MIDI field - Musical Instrument Digital
Interface. Allowed wave to midi data conversion, This software is applied for a signal at audio
frequency ( 20 Hz-20 KHz) .The operation is used PC for controlling via portable keyboard ,also
named as “Synthesizer” and cooperated with visual basic. Finally, MATLAB is utilized for audio -

signal .
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CNTUNTNUDYADE 4 1N AB

Channel Message
System Exclusive
System Common

System Real -Time

Channel Messages

10

MIDI Message Status Byte Data Byte Data Byte

Note Off {8n Note Number —\‘/elocity
[Note on on Note Number Velocity
1 Po!ypﬁénic Aftertouch An Note Numbér PAressure
/|Control Chénge Bn Coﬁtr§l Nu?nber bata Information

Control vCh’angve B‘n 01 Modulation Wheel. Data |
' Cor‘1tro.t Change Bn 02 Ereath Cont;éller Data

Céﬁtrol C.)tvwar;g’é. Br.l. 04. YFoo’t Conﬁohér 3 ' Date;‘
Controiﬂ(VEhange Bn . 05 PortamentoTrme | Dbartav
|Control Cﬁangé Bn 66 baté Ent& Shder Déta
-::Control Chénge Bn _07>Mz;in Vélumé * j bata
Control Change Bn 08 Balance éoﬁtroller Data
[Gontrl Change Ten A Pan Gontroller [pata
}ﬁ Contrd Chénge . Bn 0B Egbréssiéﬁ éoﬁtmlter Déta




1"

Least Significant Bit

Control Change Bn |40 Sustain Pedal (Damper) 00: Off 7F: On
erontroI Change |Bn »41 Portarﬁento 00: Off 7F: On
|Control Change |Bn 142 Sostenuto 00: Off 7F: On
|Control Chénge Bn | 43 Soft Pedal 00: dﬁ TF: bn
Control Chang.ek Bn 45 Hold 2 00: Off 7I;: On
5 Control Change ' B.nr ; 53 Extemal Effects Depth 00: Off 7F: On
(Vlonrtrol Chénge Bn | 5C Tremelo ﬁebth 00: Off 7F: On
1Control Change Bn {5D Chorus Depth 00: Off 7F: On
|Control Change {Bn SE Celeéte (Ijétune) Depth 00: Off 7F: On
" Contrél Change Bn 15F Phaser Depth : 100: Off 7F: On
Control Change {Bn fg Reset All Contrélleé Data to reinitialize
|Control Change Bn |7A Local Conirolr ' 00: Off 7F: On
Control Crilange‘ én 7B All Note Offﬂ 00 '
_ Contrd Change Bn‘ 7C dmni Off 00
; Confrol Change | Brlul 7D brﬁni On. 00
Control Change Bn . TE Mono On 00-0A Number of Chénnels
| éontrol Change Bn {7F Poly On 00
: f’rogram Chénge | Cn Program Number 00 to 7F No second data byte needed.
Channel Aﬂéﬁouch bn Note Number B - Pressure Value '
ﬁiich wheex | N En | e FI\-Abést Sigﬁiﬁcaﬁt Bit |
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System Exclusive

Status
MIDI Message Data Byte Data Byte
Byte

|System Exclusive FO Manufacture ID Code |Manufacture Data
|System Exclusive Data on sample, bits, length, rate, and loop
‘ FO 7E Sample Dump

Universal points
.|System Exclusive

FO 7F MIDI Time Code Data on Complete Message

‘IUniversal

System Exclusive

: FO MIDI Machine Control |Data commands

Universal
System Exclusive

: FO MIDI Show Control Data commands
{Universal

System Exclusive Standard MIDI Song
: FO Data for Song File
/|Universal File

System Common
Status
MIDI Message Data Byte ; Data Byte
Byte .

{MIDI Time Code No second data byte. F1 status byte is
§ F1 - |Frame Number Data ;
JQuarter Frame repeated with data byte.
Song Position Data on number of SSP 6 Bytes |Data on number of SSP 6 Bytes
F2 '
Pointer everyQuarterNote everyQuarterNote
Ef Song Select F3 Song Number INo second data byte.
|Tune Request F6 Data to change tuning | Data to change tuning
|End of Exclusive  |F7 No data bytes |No data bytes
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System Real-Time

MIDI Message Status Byte Data Byte Data Byte
; No data bytes. 24 Status
TimingClock MIDISync F8 No data bytes
bytes per quarter note.

Staﬁ | FA | Né dafé byteé No data bytes
Continue FB No da’;a bvytes | No data bytes
Stop FC | No daia bﬁes No daté byte§
Active Sensing FE | No data rbytes ‘ ' ' No data bﬁes
System Reset FF | Sets iﬁstrument to default No data bytes

1. danmALANTesdyy1al ( Channel Message )
- a 4 wo e = = -

IATANAUATIUTELIL MIDI §NT0RARRRDANTILIATANAWAT WA 1ATIAUGTAY 1

PuanarTeanianiu dancuma MIDI ussiidounliuandiasionisiinseiugunaliala MIDI
9
:’/ k>4 - v o ~ o ] s r’n;v b " v
duarld 4 deen veclvisanusilu fadwundesfyginrsgUnsaiiiesnnsinsant W
:’/ <& o v i o b 74 A’ Vvar - dldi. []

anfRsamnroinuals 16 fesdnuane  demuiissliiunmmeuausaaniluvianiusiiites
o o e ] g ‘i’ v [ ' r’ R 3 dl ‘ﬂ' k4 - - < <4
Kruryraumniuiuteedue s uiuvini - dasaninaedesiutesdyoyiul 2 Usmivae

1. faprmmrunui@en (Voice Message )  HAuAN@ENTadATRIALETINAY
fanauifeaiudaessgnadsiunwdasdygioudes (Voice Channel )

2 . fapamAuauiuuan il (Mode Message ) inmusdnsauzaisaay
AUAIAATINALAT AataAuRaaIde via Wunmmualiamaicuesssuiiniueainess

v

drunatesdnyyininugu ( Basic Channel )

2. System Exclusive  imaneluvidiayauazazausiaglhviniFand End of

1 H v . 3
Exclusive (EOX) wialnisameauy q dufersudmifianzivgnsaiiau@niu | admualil
1 v

niaLlszdATae ( Identification Codes , ID codes ) 1eausiasuRmguaAvin dgunrainesinu
fu  flsvislszddaetai hinsiuiudenswiemnls uschisylaluvidiaysinmumn duanuias
mugmnrimuanuwuaenedaysremuedls Tneduu  deruirsninialrddanTes
aeee (FdumiaRsiuiimesuiy )

3. System Common  wufiamaailidmiugunrainn  fialurzuw

v v

4 . System Real - Time  aziltawizlviaoswiniu bifluvideys denruiiacgn

deaanliiialsild




2.7 General MIDI

Whanamgred 128 Weedasauns dnndniduuianuy  Ingdauiau 16

- " - ' & o ol P S | ¥ o
TIUALATDIAURT ua:'luuﬂﬂ:’,ﬂqun‘iﬁ’luunﬂﬂﬂ%ﬂﬂlﬂu8 il TTHAIReNTaNATaNL ST NALSIMaY

avanliiawasit Channel 10

[Piano Bass | Reed S&nth F/X
Chromatic Perc. | Strings Pipe Ethnic
Organ Ensemble Synth Lead Percussive
Guitar Brass Synth Pad Sound F/X

2.7.1 General MIDI Instrument List

Piano

’ 1.Acoustic Piano

2.BrtAcou Piano

3.ElecCrand Piano

14.Honky Tonk Piano

{5.EIec.Piano 1 6.Elec.Piano 2 . 7.Ha‘rvsi‘crtr10rd 8.Clévicﬁord
Fthrovma.tic Percussion | | ~ 4 |

EQ.CeIesta 110.Glockenspiel 11.Music Box YFyone

15.Maﬁrﬁba 14 Xylophone 15.Tub;1lar Bélls 116.Dulcimer

(I .Organ ; . ¥ o arl .

17 .Drawbar Organ 118.Perc. Organ 19.Rock Organ 20.Church Orgaﬁ

élé;.vReed>Orga"r-| : 22.A§§9rdian - 23Harmon|ca | ' 7274V.Tangc.) Acéordian

25.Acoustic Guitar |26.SteelAcous. Guitar 27 .El.Jazz Guitar 28.Electﬁ§ Guitér

129.E1. Muted Guitar

130.0verdriven Guitar

131.Distortion Guitar

132.Guitar Harmonic
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Bass

33.Acoustic Bass

34.El.Bass Finger

35.El.Bass Pick

136.Fretless Bass

37.Slap Bass 1

38.Slap Bass 2

39.Synth Bass 1

{140.Synth Bass 2

Strings
41.Violin
42 Viola 43.Cello 44 Contra Bass
46.Pizz. Strings
45.Tremelo Strings 47 .0rch. Strings 48.Timpani
Ensemble
50.String Ens.2 51.Synth.Strings 1 152.Synth.Strings 2

49.String Ens.1

53.Choir Aahs 54. Voice Oohs 55. Synth Voice 1156.0rchestra Hit
Brass
157 Trumpet 59.Tuba 160.Muted Trumpet

58.Trombone

: 61.French Hom

62.Brass Section

63.Synth Brass 1

164 .Synth Brass 2

Reed

|65.Soprano Sax

66.Alto Sax

67.Tenor Sax

168.Baritone Sax

169. Oboe

70.English Hom

171.Bassoon

72 Clarinet
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Pipe
73.Piccolo 74 Flute 75.Recorder 76.Pan Flute
: f7.BIan-Bonle : 78.Sﬁakuﬁachi 79.V4Vhis'tjev . 8.0.‘60.aﬁna |
. Syﬁth Léad : . . , I
j 81.Lead1 Square 82.Lead2 Sawtooth 83.Lead3 Calliope : 84.Lead4 Chiff

185.Lead5 Charang

86.Lead6 Voice

87.Lead7 Fifths

88.Lead8 Bass Ld

126.Helicopter

127 .Applause

Synth Pad
b' peRauil akneas 90.Pad2 Warm 91.Pad3 Polysynth ‘ 92.Pad4 Choir
: 93.Pad5 vBowed 94.Pad6 Metéllic 95.Pad7 Halo | Qé.IP&‘ldBV;SV\‘I-eé.p
SymhFl,X , N
97.FX1 Rain 98.FX2 Soundtrack 99.FX3 Crystal 1100.FX4 Atmosphere
| 101FXSBnghtness 102.FX6 Gobliné 1dé.FXf ‘Ecﬁo;ars ‘ ? 104FX8 .Sci-Fim |
. E,thnic ] W« > Al |
|105.Sitar 106.Banjo 107.Shamisen 1108.Koto
iné.Kéﬁﬁbé 1110. Bagpipe 1111, Fiédle | 112 Shana|
. Per&usswe , =7\ "W & A
113.TinkerBell 114.Agogo 115.5teelDrums 116.Woodblock
11v7.‘1'ail;oDmm 118.Melodic Tom 119.S§nthDr§m v .172‘0.‘I§everse Cymbal |
1. .sound\le ‘ _ o H N
-‘: 121.Guitar Fret Noise 122. Breath Noise 123.Seashore 124 BirdTweet
3“:}125_Télébho'n'e‘ _ o . I

1128.Gunshot




s e — i 5 O =
TUNNBAYARTIY WIzeoNInAIAIANTEL,

2.7.2 General MIDI Percussion Key Map

[ 1 v
#i Channel 10 azdalisnmaziennass Taazsuunlsisail

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 Al Short Whistle
48 Hi Mid Tom 72 Long Whistle
49 Crash Cymbal 1 Z3 Short Guiro
50 High Tom 74 Long Guiro

51 Ride Cymbal 1 13 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

38039
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2.8 MIDI Controller

MIDI Controller axfusfageing vidasnunsalfjifmudiiiianudien
ey MDY Falangaulugjudasa Controlier axflu Keyboard @asaulvn) uazlnenlnAuda
keyboard winii axil weighted key afhunfneliiia A fan uasfinnsmausuatie Wvileu
fiufil Piano uaz keyboard controller aulunjazil 76 viva 88 Af

usianan keyboard ugafiedl controller wnAuan 1y drumpads ,

keyboard mallets , wind controllers , guitar WAz bass controllers

gﬂﬁ 2.4 @Ay Synthesizers M3 keyboard controllers $au agras

@eniiAnuszifu@eniiinain  Synthesizers Modules Taaclilsingtu keyboard

gﬂﬁ 2.6 MIDI Percussion Controller



# 2.7 MIDI Guitar Controller

51# 2.8 Yamaha MIDI Grand

19
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29 daAnAAILANEIRItREQIT (Channels Voice Message )

b 4 H
danmmanil sxdssnavlldosdayatitoarildlunisaounn Voice 184
. v o ] E:Q L "} 4‘ 4 . : 4

synthesizer WhinuamszuuamAsn < AAnsatudiau wald synthesizer Mgl

o J v s 4. ° 2 al - i ad o dl - ] 2
ANANHUCIBINTITIAL 1aIA0 TeasvinWiifeanusin iiAuansRana® . sruunuausin 9 16
un whiAduedn , 2fenuAuAITELTBAAEN (Modulation Whee! ) uazfzLuAuANnImgla

b 4 1

( Breath controller) i srunsing sl sxfiaeastunmmsadafnaunisulfounlams
amanw iRawlfeuhlithdiayalunisawan Rldlsznaudhidannuémiuwiardesdyann am

UFKZAIUUA

291 nisisulta ( Note on)

2 Al' - - &« « . 2 ¥
‘Ilﬂﬂ’)'luﬁ:gﬂd\lﬂﬂﬂm WANNITNAALILIDIATBN synthesizer ﬂ?tﬂﬂUﬂ’]El'ﬂﬂHﬁ 3

i Taun
il 1 Lﬂu?ﬁ’ﬁﬁ'm;quammﬂmm&imﬁrurmmm?ﬁmﬁqmdu
(T Fhannsisyresiimiania MID! seslinfignisy A o 8 127
ot 0 axfusaliinfaisngn 127 axilufalidaigegn uas 60 axilu
pialiin Tm nan (middle C)
i 3 urruiialummaRd fidndaust 0 B 127 Tan 0 asmnedabiinienn

<l e Iy < 3 -3 ° o e - '
AELIBTA  UAT 127 STUNIEINAITAANIEAITHITIGNERN fmiLAtuaian b
<l o < o < < « dl Ag o
ummmq'ﬁum'mquqnmuumLﬂu 64 AT lunIARd WAL

mrulasulacluninisu azdusavuassALANMIRETINTaEEN

1 1]0 0 1 Channel
0 Note number
0 velocity

5171 29 usmataaramaEulia (Note on)
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292 nisugalia (Note off )

3 i
i 1
i 2
Vi 3

k74 -: ‘l' ° : z -l o« - =: v v 3

fanuiignaeanll WarvinmsaniuanAsueiangnnaagilsznaunaateya
Wusiadrdauasmnsarisdyanusadiinnasugaiau
Phunaaevifania MIDI 1eetirfaiazugaan
FupmGlunnldesdd  dfnsasieoiuacadalunimand days

b4 1
fazuen s ldesAdifamela Teasinlitaswsaaninldenlin gn

AruAN A AR AT
11000 Channel
0 Note number
0 Release velocity

917 210 ugnstaAnamsugalia (Note off)



293 msmuuausinafAguuulszaruidas ( Polyphonic Key Pressure )
usnaInmsmaLaussINANEalunsnaad MIDI faliimunliiinmmassauun
- o e = v 4 o - <t ] < re; o P15 4
nATadAtIefAnANe leAtLegine urasmnaAd uusasATAgnnnasinWilddeys 3 i
WhdeysmnizluusiazAd fulrnauman
1 H v
Tuvim 1 Phannaantesdygundeyaunnaftiuacgnge
; 3 H v 1
Twin 2 PhannssrreeslinminWiiausnafsiy Sdidegrondn 0-127
e 0 ulipsansiga uas 127 duliadangdgn da60 aziu
Win Tn naa (middie C)
Tin 3 ururnaredad SAagrzudn 0-127 NMIRTISAELILNAAWLLIL
al v - !’/ o o o al « -l - « <
duuuuidasinssanmaiaunnaiugn q Atveswnatueda Sadu
' L3 ¥
FaniRuuge dai synthesizer daulunjacbilitatiudsc13gnmens

- e - o 3 o o
ADLIUNNATALTINIBIAEUIUL T3 haidienisaznaie piall

11010 Channel
0 key number
0 Pressure value

U7 2.11 ugnsiaAnuimuausInarguunlszauEss ( Polyphinic Key Pressure )
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294 nSTMMUAWSINATIA ( Overall Pressure WTa Channel Aftertouch )
v Ad:i' o al . ar . <
NIATINABLUNNAAIEIDY  (TUnITAMUALTNNAALIINTENATY YL NE1IAD
k3 ) dl 1 =l ¢ <l l’:” d‘ 4 k =l « - aﬂ‘ o ¥ d:l’
MnsedafurnaatresAiiamangnna Widwiayaurnaptrestesdtyyruinnmun daninil
Usznaudiaedeya 2 Tuvi
rA o o c'/ . aiy < r:’/
Tuvin 1 uniaAdauasmna st tesdyyundeyaunnnatiuasgnda
luvin 2 duAunnaffuastasdyeyn aeiArendn 0-127
o - r: -31’ o Ve o d‘ o d‘
msmuuauRnAATINEeauLILl WnfanfuluTeres After - Touch duithunilaluses
189N1TATIRABLANTANLA  ( Touch sensitivity ) 1avAsuafnTulssnausIsnimassauAImF
(Velocity sensitivity ) ULAZNIIATINAAUUNNA ( Pressure sensitivity )  srLAanaaiudoud Aty
atnEy  lumsiasinWiirteswnus i inudaan enmnluazacaiindudsaiuiuiaTeanuss

N

1 10 1 Channel

0 Pressure value

al ° -
71# 212 wgnsTaRNAMSTIINUALSITI ( Overall Pressure 1iTa

Channel After-Touch )

al
2.9.5 msulasuuilainisaauax ( Control Change )
v
Wunrdediayadmiufiaimngu (Control) A lurzuy fayawdaiianslilunis
. a%l.%0 « E T B LMY /5
ApuaaauiTalfg§miunrudlandeunladiayaln q anegiviresiorunmail

MIDI nmuaiiisapuaulsne 128 6a (0-127 ) fanrminlsznaudaedays 3 luvi liud

i 1 huniamdauasmnaiartesdyoundayaniunugna
[l v
win 2 havneisyyassnauAy ( controlier number ) fAsaus 0 T 127
3 > b4
v 3 Whirrdiayaressiaugie 9 frugvInaeY 122-127 Biaraauly

6 wmfu  Control Mode Message

1 {0 11 Channel
0 Control number
0 value

g1l 213 usAsdaRAlREULIRIMSAIUAN ( Control Change )
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al
296 msulaguulaslisungaidas ( Program Change)
v 1 ]
Tussun MIDI 1 anansansuAumrwasusddlsunnireadies aan@emil
Wgand@aminls Tnevinansdedonnn reulanuuladisunadhldaueiemuiinfeans fan

mswlasunladhlsuam sxlszneuhidoedioys 2 lniliud

w1 HunisAduasmnaiartasiyyuregunraiandesns Wiinnulae
IR
win 2 Thamneerreslisunnignifen dAwiaus 0 o 127
11100 Channel

0 Program number

si# 214 ugnsdannaldsuudaddilsunsadss (Program Change )

al al . ] o o
297 maulasuscauanunigasagrsAaiiias (Pitch Bend)
i = 2 . M. 4 et N
enszidsuuuudmrausmrlagunlaa@ss 19969 WRLIIATOIAUATIINLNTUA
gu maeulin edanesuanaresimnd | mrlddulantemeentun us Baerealinausinha
v 4 1 1 1 3
Fusndanasmenll asiinruAsunlaseddaiisisinsaiiauiidgindalisui  MIDI 1

fvusdanuiineusuasnariaiia@ecudnensdngnly Salrnaudesdaya 3 v Tnan

a1 Husiadifaussmnessiasdyginsadayanmnunazgngs
Twin 2 dhudrmalanulasziumanidgeedvaades Tnelnin 2 dhalod
a}d o O e 5
LRV
1 H v H U ,
vt 3 gl 3 uiulbiniiedduge uaslamialludainactfianlvin

fidftyge Seiinsuldeuliann 0-127 Themen 64 asvuneda bifins
wleulse Fufusiinandinietiennd 64 AadnminWilinifisuag
Pudlinegesn awmudist Ly 2 vuszndediansn 0
sfingnaunfumaianiluaraz@aas (Low resolution) fwfunis
wamluwninuasi@eaga (High resolution ) Fua Wi 2 don wibidesFFupudammnn

win  Tamichluda pitch bend value HazgnAILIANATNINAE (Wheel ) WFa ( Joystick )
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1 110 Channel

0 Least significant byte

0 Most significant byte

g 2.15 wanstaAnudsuwlasszauidscasasaiiias ( Pitch Bend)

2.9.9 msugaiuluannAa (Al note off)

Tuvin 1
Wi 2
Wi 3

Lf]um‘mqmLduiﬁmvgnﬁeﬁtduﬂq"luﬂm:&u Usznaudnadaya 3 T léud
Lﬂu?ﬁ’aﬁm&qua::umﬂm‘nimﬁ’rgmﬂmﬁiﬂqanﬂ?ﬁQHquqzqndq
Fhannesnsrma il de 123
dhlbidarmmnnuedls dunislddoys 3 i i dieean

¥ d‘ o <t «
TRAAMULNEINUNITAILANNTUIN 3 luvi

2.9.10 nasiaanluaan1au (Omni/ Poly / Mono Select)

- - o v z } 53 ¥ ¢== :’4
IRazesuna i iuanmumaniugn luansdediaanuulassudadlunmiv Az

v
unmmganinsusialisnsa (Al Note off) a4 fianauiilrznausios

Tuvin 1
luvin 2

i 3

HunfadrdauasmneasiesdygnmiaysnisaLaugnas

dhannasatessiauanluurazinum i
Omni  Off = 124
Omni On = 125
Mono On = 126
Poly On = 127

p 4
fwiudappuuNaiaY 123, 124, 125, uaz 127 luvitiszidu 0 uilu
ArdlrassiAmMNNtiaT 126 (Mono) ilamiflumsdvuavneiay

daaftyaramssidiu Mono
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2.10 Audio vs. MIDI Flies

&ruyans Analog szuilaaunn Acoustic signal Taifasnmnadaunzedluanalufianaw

1 vz ‘

aaeema Taaftyqee voltage sxiidsutuasmumsdurauduainini e voltage huidusan
auifhu analog  Tfhuwmideaiumsesnunirtesusiinadufesin | wamaudRszin
X » N Al
TuarnansnzznuAutateymATae Alnsivedgudauasdouteng  AaAdauRAsiinTuaten
-3 4‘ al g { e & Y 0 o d. <l al n: a; [ b 73 [ -
Ga  easliAwiduiusuindarertuden @egeinidndinnasgnivdeslularing Taed
, . e A gal & god i d
diaphragm thmaufuiumaatauneeeana  Snqailisaclifanizandn transducer IWTIEA9A
b 4 ]
findanuazlasusn acoustic signal Widudtyeuradlita Taeszuamsasnunlu waveform suden
fu  Tneoyyia voltage azgnavsallda amplifier wazllfy drtwe Teazulaeundiludu
fityryrw acoustic  TnaFaInTTULLeY auditory

feyayrnw audio argmitiiudmalieaNAed digital AMBTTLILIAIFUARY chip
computer ADC ( Analog to Digital Converter ) axgminunldlunsulaeudtyaiad analog it

v ] ] )
Foyounas luszuu digital Taelunszunumsiin@andins sampling Tfunswlfeumlaediniing

) al o
saalanwAiIRENIsENAED

gﬁdﬁ 2.16 pluuudryeyind audio

- Iy
Tnefipuivesnszuqunisiai

91 2.17 Aszuauns sampling rate

Tasdmaniinislasy sampling rate AILIAWTDTRITNTIMNIN sample ez

waeld Assratineiean
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2.11 Different Quantization and Sampling Rates

@) ®)

Time Time
(©€) )

T

|
7

I
(AN
I

ut |
s |

Time Time
gﬂﬁ 2.18 Sampling rate Wa% Quantization

71l A usz B qziiAnue9 sampling rate Mwdleui uilupl B axiluayasnis

quantization #iand1  daulugll C & D axiifn sampling rate MfATundgas uazlupl D axiid
H U v

. ol o 2
19N bit  MINNTU
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-]
uny 3
WUIAALBSHANNISHINY

v H b 4 v H v
niianinaumiilm IAaiiewiu Aeeflmugmres MIDI uazaisulas
o H . o o~ z '
seiuanudi@esUidhudiaya MIDI via pitch to MIDI convertor thiwuda A wiuhuiiansiall
b 4
snfnatemeaziden s Aldumeilaneufivsisiell
<l
3.1 sTAuansnd@suszmsingy
P d ol z 5 o
@engniulaoyuazgmlrananalasrzuumaih Tadeanseamyiuuanautaseu
auee  ysznrmidaalieunsusAutef  (Transducer) TulasninaRauiidenavasgluuuns
dullfumsrdumalizem  Tnadiafauiunaniey  asiumnadimudeasnieuen
1 J v v H
(Extemal canal ) Tgufoy Feazdansiaillignregn 3 TunGesiedu Slscneudas nszgng
U ) v
Aau (Hammer) nrzgAzia (Anvil) uaznszgaguinau arzgnpinauazdemninfauluniuhlg
v 1 H 1] X ] H 1
afiefiFand) oval window dahuwmWiedudeindumumundllusesusiiogludounFands
[ i z : ! . - : | 4 e X
Cochlea WlinrzfusuiaginiiiaifianFunin Basilar membrane wulszamiiTensaiumimean
v ] 4 ] H (] H v
hlganas defimsfuwmeiumenianatieghbanawnrofuilidanta i fussi
[} H v
nenszgunlanenlrzamiiaguu Basiar membrane udindouiiupruireadieniu powiant
AMNAIgRATARINLRN AN LT IATReY
o all =4 - ra: d' o 2R o 4‘
rriupmuEn uwislinafasususninand  fudluadufanudn Sadu
uanannsrsgulatelszawuy Basilar membrane
vauAlnelsuuramandinpdswnsaiiilhetszudn 20 - 20,000 Hz
1y ] ' p ']
ANMTRALA 20 AU 4000 Hz irznaudednibisensldtuuarlodemaulasunlapunngn
; ¥ A\ Cr e eniy | P an TSP\ § AP
tiupruigudauivaaiussindaiaaillua mruenuazamddmivatumeiiudndoiiad
4 44 A\ X, i o 8%
MMNAMUDAT  uazaziiveIng HrtananlATudus
ar ar « 13 o dl’.l’ 1] - ) 4
pMNATUsTIMdNATNamI o lunrFuA NI bidudady nsnrsiuig
basilar membrane azUmngilusafiisnrnfeusniiudadouiufanndin 1aspomn dwmil
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prmdgand daawniiu 2 wir ssesnesudnqaiganTsfuLl Basilar membrane qvul@Eu
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Wwindursamailaalranudmii. saldiidaunranFaniou@aldaniugureaamms
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AusAT  dwmiusmiusansiniu A lddamdouresncnteuiiues Aty deseeseAL
ANMTRETIVNAY 1 aane  asfidamidauresaoadidu 2@ 1 damldiuiiluidnrauzausie
- e -3 2 2R - <4 o
Hamnprmd duiasliarminnmieuiy
audraliin A3 (220 @ ) aduermiiassanunreinsangandniu 1 aan
W T9AAD A4 (440 FFR ) uarANDTed A4 AUATMINTEIA NGRS A5 (880 R ) 1fuiu
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nataspmarwinlin 2 dalan Aeginduachivindu amneanudumbiswnramanud
saatiinsiavikannaruinadiinfanagieumiuie fenruandiaila 16 dasainditunienn
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£ 3 v
Tumssmausnie 1iulalasuafin (Chromatic scale ) silsznavlldessialimia

v

o T oga el 3 R o o
uNm 12 A7 Temperament UuUNA9 ANNINY AN IIRAUATIN 12 ANTUN

32 AAd uaz sTAuLde

Tusifaiewi falinmueiidsaiacimandbivileuis . wiswusinsi
firatinaiu organ Silbermann ulugd Strassburg 1evUsewmAteanie ( 1713) aslissALidennas
TWima =393 luwausi organ Schnitger T4 S.Jacobi #i Hamburg (1688) a=fuiRen a=489
fafifgendnlzanad semitone hmnaeuvitateatenis Pretorius WAty a =567 Tuilfig
ndndaun semitone TnefiArasnusiinll azliTanilirsALi@edigandrioemussi i masmaun
fods aussuhsfados SedissAlidaiumnsneainssi e hilusd

dnlulszmadang organ ¥evAnende Trinity 1 Cambridge Fauded a =295 Turousi
Organ Berhardt Schmidt T Tusd Durham uas lutiessanraniiide fifn a = 474 daildwnnndn
organ Trinity g semitone

Tneduresrmsnsi funln WilnninWietesmsisadisaudasmiupwn@ais
wifitloneaglutng 415 8 430 Awislin a  uacdepsaguniSnlranaufeufesil suns
wsinmusiR eI A lauasiiinifodigan TAGInmaRnawAEsduEn il 1879
Covent Garden Orchestra ‘Idisliinin a #iteniilu 450 Tusnizi@eafs Concert Pitch Tuaudina
A a=4616

il 1859 malszmadF Wisueliinsinmmansgusessiismiin a du 435
uinnFmaunFn il a =440 sy ua:'lué’mqm:ﬁﬂu'lﬁum?ﬁquLﬁmmnﬁ’iﬂ Clnan
¢ fifn 522 fafu a Sefiendiu 438.9

il 1939 Wiinsinmlrzquiufingeounsu uslilarmciilild a= 440 uazWiilu

wnasgwliiuialan

isrnerieraalinann ¢ & o MAlenaiaiuresreaRtiAlzna 6
wlefifusi uarluyn - semitone Aazfidnwnitudsaiu wiazldd1 6 wefidus wefidaaibign
fraaiin mmzmnisduredhvil octave asiiovinrzuiwhineg 12 1o safuaziifwiniu
1.06x1.06x1.06 ....... FamunRuaesAis acmadinmanfs@adldiy (1.06)” uazasziifawin
il 20122 Ahipndud 2 Ardeaams

i fh-nmm'mﬁ'i?;Lﬁuﬁuﬁqné’ﬂﬂ?\z 1 ondu 105946 Tneazuansdmmdoulil

fmuali ¢ = 1
c #=1.05946
d = (1.05946)" = 1.1225
d#= (1.05946)’= 1.1892
e = (1.05946)'=1.2599
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f = (1.05946)° = 1.3348
f# = (1.05946)° = 1.4142
g = (1.05946)'= 1.4983
g# = (1.05946) =1.5874

a = (1.05946)° =1.6818
a# = (1.05946)°=1.7818
b = (1.05946)"'=1.8877

1}

c (1.05946)"*=2.0000

uasWinsosiallAs ¢ # Aszilpodivindy (1.05046 )" viteliAwwindl 2 x 1.05946
Ao FufuacerilrzneumaiFas

@eisauaglusrmmiu. dalunjilunfu@edeu (complex wave ) dulsznauhl
. il o I N ST T M\
FoaAduTEiMane 7 ARuFNiuey ARuTIEdANATuAFIRLIaIARUTIE MR RiiA

] 1 ) ] b 4
fiufiFernuiiued Fundn ARuyagIL (Fundamental ) daundugienfou < WiFand el
- , WGP o ) Pd s W\ LIS E
fin (Harmonic ) mfluilamaniasianuaiiusaurimigauiiuauayagms ( Fundamental
k74 o & o [ ' a :l/ < - - ] a:
frequency ) Taeldisrduausindwivuends anfluila ddinoanidluivinesnonnyag
anFhatwity ARuyagliacwd 100 B anfluilanaaasiinawiidu 200 i anfluilaanx
| v o ]

faciipoddy 300 G CuduiiFedlimusidn  Afuddeauwiscadussiiduualiznay

w AL o ool - A X » S -
e bivindy  dudfresaslraaumeniiuiiamlsznauienidlurduidedaupvilnng
requarlagn  uar maveuTussdudaivunglatu (waveform) vaspmudedau
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wepradinla irwesndetaRe Uity angl 3.1 TnagUrfuyaguazuandls
faql A mssfumssniuagmivanlidiafides vielanefmsuduusnuandlislidagl B suiadu
Adunisraniurasnauyaguiiafiiianges uazdam vive wiatanafimiiuacsaalsadlsnag]
¢ plrduiiflunrruiusesiuyaguivanfluilai aee e usz @ waadlidepl D puladun
dunsrufurasnmuagaguiueliilaf - dee e usz ¥ uaadlispl B uazdurwisiall
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Taeldnsing - waatlifusmasnnuszneuiuArreseenign uaz ma Avnns susedninlinasiy
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RESULTANT

(

SUNDAMENTAL

| Zrn |
v _4

SECOND HARMONIC
Vot o PN

(

FUNDAMENTAL
N,

~—"
SECOND HARMONIC

P T~
=7 N —
THIRD HARMONIC

FOURTH HARMONIC

)

RESULTANT

(

FUNDAMENTAL

TN,

N
SECOND HARMONIC
VAN BN,

L )y N
THIRD HARMONIC

m BF AU Y e,

p— N = N
FOURTH HARMONIC
VD~ G4

~~ ~— ~N~—
THIRD HARMONIC

T T <
FIFTH HARMONIC
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RESULTANT

/

RESULTANT

7N 3.1 ARuyegu uaznTTaNilreAfuyag AL anTlutinsin 7

ol E #lfuaal¥eiu mawnmusaniuaunimadnaiandliidu

P, =sin Ot
P, =172 sin 20t
P, =1/3 sin 3Mt

P, =1/4 sin 40t

P, =1/5 sin 5t
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Tnen
4
P, = ARLAT
, = Bnfluiiafigad
P, = enfluliAnanu
P, = anfluilAA

P, = afluiiAnvin

o =2onf
f =noid
t  =1m

Tneiinadnsrasnauamnrodenlsiiu
P.=P,+P,+P,+P,+P,
Pg = sin Ot + 1/2 sin 20t + 1/3 sin3 Mt + 1/4 sin4 Ot + 1/5 sinb Ot
Tararnasnfudsaiiiaaniarewnus? aunraussiiilsnanmn 3.2
o ‘ () P a:a: - -: 41' cd = ’:r ' - -3 - 4
srathaty piiwsaiaruinduaniliiiafas TireliauDyagUaRIAT ATuamlaganasiiA i
4 4 o - e = P 4 ga P 4 -,
ARUIN 1eduurn  uGseiuacudresenfluiianan TffeliacmayazmamAT SuilAl
uanLAqeanaannvae wikdauauresLaNLAgAIINAMNRYATIU

) [ 11 L4
nsranileasnfusmilusgsuiuusnmiiusuAduanling) B tiuamaradiendls

P, = sin Ot
P, = 1/3 sin 30t
P, = 1/5 sin 5®t
Tog Py=P,+P,+P,
Py = sin @Ot + 1/3 sin 3@t + 1/5 sin 5Mt

arfunalddnl 3.2 A asiigneunilupfures dougl 3.2 B anduwunawmaen
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Pi=sinwt P=sinwt
N ~—~
wilign
P=3 sin2wt
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g P, ,sm;wl E Py=3
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1
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o - 40 4P 2 AN~
711134 uamn1rdan T in Iy TaeIARUAAENSRTE

o o a o a a . A o e o -
dunai  hudenai ] ATMATINTIR mmqqz‘lnwmamagﬂnuaﬂﬁm:auq?mmp_l AR/

plamasunliiuiudauii s wauaduddawasgau ( Standard complex wave ) Milfiaging

o
- - - All - 3 ‘l. - Y 3 2{’ v ¢ﬂl -«
MFIATIU LasfIATISIAAUITNT Y ﬂaum'nﬂumm*j'\ummuﬂ?:nﬂu‘lﬂmﬂ ARUTNEL

(sine) , ARUATNIREN ( Triangular) , ARURMAENARTE (square) . ARUNWReE (Sawtooth ) uas

] 1 v
Wadpiaties (Pulse train) AMANRLTNUaNLRYAYeEITTNTAR19 1evpRumsaissull A

ANFNA 3.1

= g e » 3} ¥
AN 3.1 AW NuenLRnrasen fluliarasrfunngu

Wave Harmoernic amplitudes

No= 1.2, 3.4, 5 6 7. &8 9 10...
Sine 1. ¢,8,0, 0,0 0. C. 0, 0O, ..., N =1 oniy
Triangle 1.0 % 0, 2]—5 e, :5 C E% O:rs ¢ s /‘]T for odd N
Sguare 1. G i 0. % 0 :1. 0 % ..., -][\— for odd N
Sawtooth (ramp) 1, % é i % % %. % % ]]—@ ,,,,, ,—]\-, for all N
Pulee train I.1,01,1, 11, 1.1, 1 1, ..., equal for all N
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A ﬁnmmm'wzuu‘lufﬂmﬂuﬁqmafuﬂﬁ&m:‘ﬁfmaﬂﬂ'rmejm'm-i‘fuiﬂu'lun'mﬂﬂuuum.lu
arfauaf e linisdeullsunsy MATLAB elitunsaunguuasinmsinduden qoulszaed
uinfadasninndderdtespauiiindun el Badeusulinmes uadednlldhde
ya MIDI aldlunisiinseiys Synthesizer Tatludnfifeadesiudeys MIDI axlinede
Tzunsu visual basic  TmzaauAw
4.1 mshmseiaaudasdaahlsunsy MATLAB

irasimAinnsiraudsdidndy *wav Tngbiduuiaaiudeaeisnusioia
pina o ianall  anadueaunn viaRedaanasils

fupeun 1 waasgladudtynyioudo

et e uudryyranfadmindwnaansauaslanagl 4.1

al a e ” < & . |
sUf 4.1 usmsARudsdtuuIne guitar Mdin1sAR 8 ATY AaLllaany
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Fupewin 2 ﬁ'\mﬁma"\:ﬁﬁt‘utqutﬁmlﬁ'ﬂmmmwﬁ' UATANIAIA NIRRTy QU
'-z'mpl‘fl 4.1 1:1azuiulddn ﬂéuﬁmmqmﬁﬁtﬁﬂ wivaaniy SﬁQQﬂéuﬁrgty'\m Frofulu
AT asfenimaAemad 8 Ak I.Ydllﬂwlﬂl’]ﬂ’l”luﬁsﬂﬂiﬂéuﬁty’lm@ﬂ\!uﬁiﬂ:ﬁfyty’]m
2.1 v'i'lmﬁmﬂ:ﬁﬂ‘é:ué’ryty'\mﬁ 1

¥

4 H 5 H > L] L] 3 b By |
an 42 dupMuasmndudyyiui 1 TneviinmeneglrfuiemaAlauangnie

i 4.2 uaaviasndudtyyinusnignaang

¥ ] k4
angUiieiimmmallan acldaunamesntuiiiAwindy 7.5 msecs
¥ o ° ' d‘
udairlvinnsuadiaudan
AR (18fR) = 1/ ALLAI (sec)
1/ 7:5%10°

Il

133.3333 Hz

S R e 5 e St
iy Ml Wiieudiurnd nasgu Raswudian lndiAseiui
saltim C3
R S = 1 v 30 s S '
uazTunil Walinmunassdastaatanideyan i diuiaidu frg2midi A
<l A’ LA A 4:4’ o ' o v P = i ar Qs = i o - &'
entunn TnearidusiaiianirApudn bun i ifeuAssedndnhui® uasiinomuiuganngaam
a4 o (A A’A’ o :i'd
TnaiaFuniiduiunazuannaiiie

[n,f]=frq2midi(133.3333)
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n = 48.3304
t=C3

Tnef n Aeuiusalin ¢ naw wia c4 FeliAuiu 60
X . v gLy T P ;e
uaraInuniassFmILLsady ¢3 agAmndr c4 aguil octave Tnely 1 octave aziiag] 1249384
v ] ¥
vl sialin ¢ 3 AwAn 1w 48 A 48.3304 aziAnlnfiAsniuAiAda ey lussiLiRenaas
TWin ¢ 3
2.2 imsessiiygroudeseton 2

Aryryrousndanaaaiaiminmrsaasuan lisagl 4.3

! b)) Sl g
U 4.3 uamdtyryrunauinnassngainisueng

AR AT s AL A TR F T 6.9 msec
A it 1/6.9x 10° = 144.9275 Hz
v hinansiteuaonadldie
[n,f]=frg2midi(144.9275)
n= 497739
t=D3

ArvasnrNin e lndiAeniy Aallin D3 Jedaliin D3 aziidilu 50 Wamsuiultin C

NaN
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2.3 MNFIATISHTNAINDN 3

WaKR1NAMNDN 3 uminmsaenaanituigl 4.4

T T R

Tirne 1me

- ..' - = 4 o °
1 4.4 wamgladuasutdasna et aianisuene

uasieinmsengianagldamuaaniiy 6 msec
amiiunAmaamemE = 1/6x 10° = 166.6666 Hz
udi llmemnArassa lnasimte
[n.t]=frg2midi(166.6666)
n =52.1935
t =E3
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faltinnldasiidn lnaAeaiy sialidn E3 SeiiAwiu 52 wineuiulin C na
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42 nszusumslumsdedaga MIDI @anm1a MIDI Port w89 Soundcard

v v
snidashumldfamdnniniiesiuges MIDI uiauda sehlezdluninimannis

v [ 1
wsniu 'l TneluiilasldlUsunsuaunadaudae visual basic
udausasilsunsuasiifandu waslanaiwnieaiiasiy MIDI tanualatsuun

ungu 1 iovais

Allocating wag Managing Buffers

MIDIHDR
midilnAddBuffer
midilnPrepareHeader
midilnUnprepareHeader
midiOutPrepareHeader

midiOutUnprepareHeader
Callback Functions

MidilnProc
MidiOutProc

Device Capabilities

MIDIINCAPS
midilnGetDevCaps
midilnGetiD
midilnGetNumDevs
MIDIOUTCAPS
midiOutGetDevCaps
midiOutGetID
midiOutGetNumDevs
MIDISTRMBUFFVER

Error Processing

midiinGetErrorText
midiOutGetErrorText
MIM_ERROR
MIM_LONGERROR
MM_MIM_ERROR
MM_MIM_LONGERRCOR
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Managing MIDI Streams

midiStreamClose
midiStreamOpen
midiStreamOut -
midiStreamPause
midiStreamPosition
midiStreamProperty
midiStreamRestart
midiStreamStop

Opening wag Closing Devices

midilnClose
midilnOpen
midiOutCiose
midiOutOpen
MIM_CLOSE
MIM_OPEN
MM_MIM_CLOSE
MM_MIM_OPEN
MM_MOM_CLOSE
MM_MOM_OPEN
MOM_CLOSE
MOM_OPEN

Output Devices

KEYARRAY
midiOutCacheDrumPatches
midiOutCachePatches
midiOutGetVolume
midiOutSetVolume
PATCHARRAY

Playing a Message or Messages

MEVT_EVENTPARM
MEVT_EVENTTYPE
MIDIEVENT
midiOutLongMsg
midiOutReset
midiOutShortMsg
midiStreamOut
midiStreamPause
midiStreamRestart
midiStreamStop
MM_MOM_DONE
MM_MOM_POSITIONCB



Recording

midiConnect
midiDisconnect
midilnReset
midilnStart
midilnStop
MIDIPROPTEMPO
MIDIPROPTIMEDIV
MIM_DATA
MIM_LONGDATA
MIM_MOREDATA
MM_MIM_DATA
MM_MIM_MOREDATA
MM_MIM_LONGDATA

Sending Messages to Devices

midilnMessage

midiOutMessage

wazunaslanusadadiuinassiaadanld Library winmm.dil

< & ) 3 s
g1l 4.6 WsunsaMFsutudelindsiie 9 ludyanuses MDI
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1 1 v
faatiaras Code 7 MlumsiFaniardunsianaslfenaallrunsail

Declare Function midiOutGetNumDevs Lib *winmm"® () As Integer
Declare Function midiOutGetDevCaps Lib "winmm.dII" Alias "midiOutGetDevCapsA™ (ByVal
uDevicelD As Long, IpCaps As MIDIOUTCAPS, ByVal uSize As Long) As Long
Declare Function midiOutClose Lib "winmm.dil* (ByVal hMidiOut As Long) As Long
Declare Function MIDIOutOpen Lib *winmm.dll* Alias "midiOutOpen” (iphMidiOut As Long, ByVal
uDevicelD As Long, ByVal dwCallback As Long, ByVal dwinstance As Long, ByVal dwFlags As
Long) As Long
Declare Function midiOutShortMsg Lib *winmm.diI* (ByVal hMidiOut As Long, ByVal dwMsg As Long)
As Long
faatin code Tudnildlumedaliln
Private Sub StartNote(Index As Integer)
If (Index = INVALID_NOTE) Then
Exit Sub
End If
If (key(Index).Value = 1) Then
Exit Sub
End If
key(Index).Value = 1
midimsg = &H90 + ((baseNote + Index) * &H100) + (volume * &H10000) + channel
midiOutShortMsg hmidi, midimsg
End Sub
Fretin code Tudnm i lunseatiin
Private Sub StopNote(Index As Integer)
If (Index = INVALID_NOTE) Then
Exit Sub
End If
key(Index).Value = 0
midimsg = &H80 + ((baseNote + Index) * &H100) + channel
midiOutShortMsg hmidi, midimsg
End Sub



sl iflusiaginresd nuikllsunsunuansinetrenanaeuuladllsunsude

Devices

Sounds

MIDI Magper

DS-XG MPU401 OUT
DS-XG htienBa

Piano 1
Piano 2
Piano 3
Honky-tonk
E.Piano 1
E.piano 2
Haspsichod
Clavinet
Celesta
Glockenspiel

Music Box

i 4.8 sihatinllsunmlunizFunld  Control Change 189 MIDI

o dd v g
ANREININ code NAEITBN NN

Sub control_change(ch As Integer, ccnr As Integer, ByVal v As Integer)

Call midi_outshort(&HBO + c¢h, ccnr, v)

End Sub

Sub program_change(ch As Integer, ccOnr As Integer, ByVal pnr As Integer)

Call control_change(ch, 0, ccOnr)

Call midi_outshort(&HCO + ch, pnr, 0)

End Sub
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Sub all_sounds_off()

Dim channel As Integer

For channel =0 To 15
Call midi_outshort(&HBO + channel, &H78, 0)
Call midi_outshort(&HBO + channel, &H7B, 0)
Next
End Sub
Tagasifilddn asfinisdenld Werdunes MIDI controller ‘Ll Faiarmas

controler 78 uar 7B WensziFunWeAdu All sounds off uaz All note off AMNAINL
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Option Explicit

Public Const MAXPNAMELEN = 32 * Maximum product name length

Global Const MAXERRORLENGTH = 128

' Error values for functions used in this sample. See the function for more information

Public Const MMSYSERR_BASE = 0

Public Const MMSYSERR_BADDEVICEID = (MMSYSERR_BASE +2) * device ID out of range
Public Const MMSYSERR_INVALPARAM = (MMSYSERR_BASE + 11) ' invalid parameter passed
Public Const MMSYSERR_NODRIVER = (MMSYSERR_BASE + 6) ' no device driver present
Public Const MMSYSERR_NOMEM = (MMSYSERR_BASE + 7) * memory allocation error

Public Const MMSYSERR_INVALHANDLE = (MMSYSERR_BASE + 5) ' device handle is invalid
Public Const MIDIERR_BASE = 64

Public Const MIDIERR_STILLPLAYING = (MIDIERR_BASE + 1)  * still something playing

Public Const MIDIERR_NOTREADY = (MIDIERR_BASE + 3) " hardware is still busy

Public Const MIDIERR_BADOPENMODE = (MIDIERR_BASE + 6) ' operation unsupported w/

open mode

'User-defined variable the stores information about the MIDI output device.
Type MIDIOUTCAPS
wMid As Integer “Manufacturer identifier of the device driver for the MIDI output device
' For a list of identifiers, see the Manufacturer Indentifier topic in the

' Multimedia Reference of the Platform SDK.

wPid As Integer * Product Identifier Product of the MIDI output device. For a list of
' product identifiers, see the Product Identifiers topic in the Multimedia

' Reference of the Platform SDK.

vDriverVersion As Long ' Version number of the device driver for the MIDI output device.
' The high-order byte is the major version number, and the low-order byte is
* the minor version number.

szPname As String * MAXPNAMELEN ' Product name in a null-terminated string.

wTechnology As Integer ' One of the following that describes the MIDI output device:
' MOD_FMSYNTH-The device is an FM synthesizer.



wVoices As Integer

wNotes As Integer

MOD_MAPPER-The device is the Microsoft MIDI mapper.
MOD_MIDIPORT-The device is a MIDI hardware port.
MOD_SQSYNTH-The device is a square wave synthesizer.
MOD_SYNTH-The device is a synthesizer.

* Number of voices supported by an intemal synthesizer device. If the

* device is a port, this member is not meaningful and is set to 0.

' Maximum number of simultaneous notes that can be played by an

internal
* synthesizer device. If the device is a port, this member is not meaningful
"and is set to 0.
wChannelMask As Integer ‘ Channels that an intemal synthesizer device responds to, where
the least

dwSupport As Long

by

function.

set

on

End Type
Type MIDIHDR

* significant bit refers to channel 0 and the most significant bit to channel

* 15. Port devices that transmit on all channels set this member to OxFFFF.

' One of the following describes the optional functionality supported

' the device:

MIDICAPS_CACHE-Supports patch caching.
MIDICAPS_LRVOLUME-Supporis separate left and right volume control.
MIDICAPS_STREAM-Provides direct support for the midiStreamOut

'MIDICAPS_VOLUME-Supports volume control.

* If a device supports volume changes, the MIDICAPS_VOLUME flag will be

* for the dwSupport member. If a device supports separate volume changes

' the left and right channels, both the MIDICAPS_VOLUME and the

* MIDICAPS_LRVOLUME flags will be set for this member.
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IpData As String ' pointer to locked data block
dwBufferLength As Long ' length of data in data block
dwBytesRecorded As Long  ‘ used for input only

dwUser As Loné ' for client's use
dwFlags As Long ' assorted flags (see defines)
IpNext As Long * reserved for driver
reserved As Long ' reserved for driver
End Type

Declare Function midiOutGetNumDevs Lib "winmm® () As Integer
' This function retrieves the number of MIDI output devices present in the system.
' The function retums the number of MIDI output devices. A zero retum value means

' there are no MIDI devices in the system.

Declare Function midiOutGetDevCaps Lib “winmm.dil* Alias "midiOutGetDevCapsA® (ByVal
uDevicelD As Long, IpCaps As MIDIOUTCAPS, ByVal uSize As Long) As Long

' This function queries a specified MIDI output device to determine its capabilities.

' The function requires the following parameters;

' uDevicelD- unsigned integer variable identifying of the MIDI output device. The

device identifier specified by this parameter varies from zero to one
) less than the number of devices present. This parameter can also be a

properly cast device handle.

' IpMidiOutCaps- address of a MIDIOUTCAPS structure. This structure is filled with
information about the capabilities of the device.

' cbMidiOutCaps- the size, in bytes, of the MIDIOUTCAPS structure. Use the Len

) function with the MIDIOUTCAPS variable as the argument to get

' this value.

‘ The function retums MMSYSERR_NOERROR if successful or one of the following emror values:
‘  MMSYSERR_BADDEVICEID The specified device identifier is out of range.

' MMSYSERR_INVALPARAM The specified pointer or structure is invalid.

' MMSYSERR_NODRIVER  The driver is not installed.

' MMSYSERR_NOMEM The system is unable to load mapper string description.

Declare Function midiOutClose Lib *winmm.dllI* (ByVal hMidiOut As Long) As Long

' The function closes the specified MIDI output device. The function requires a



" handle to the MIDI output device. If the function is successful, the handle is no
" longer valid after the call to this function. A successful function call retums

* MMSYSERR_NOERROR.

' A failure returns one of the following:
' MIDIERR_STILLPLAYING Buffers are still in the queue.
' MMSYSERR_INVALHANDLE The specified device handle is invaiid.

' MMSYSERR_NOMEM The system is unable to load mapper string description.

Declare Function MIDIOutOpen Lib "winmm.dil* Alias "midiOutOpen® (IphMidiOut As Long, ByVal
uDevicelD As Long, ByVal dwCallback As Long, ByVal dwinstance As Long, ByVal dwFlags As
Longj As Long

' The function opens a MIDI output device for playback. The function requires the

' following parameters

' Iphmo- Address of an HMIDIOUT handle. This location is filled with a
' handle identifying the opened MIDI output device. The handle

is used to identify the device in calls to other MIDI output

) functions.
' uDevicelD- Identifier of the MIDI output device that is to be opened.
*——dwCallback- Address of a callback function, an event-handle, a thread

! identifier, or a handle of a window or thread called during

MIDI playback to process messages related to the progress of

the playback. If no callback is desired, set this value to 0.

* dwCallbacklnstance- User instance data passed to the callback. Set this value to 0.

' dwFlags-Callback flag for opening the device. Set this value to 0.

' The function retums MMSYSERR_NOERROR if successful or one of the following error values:
' MIDIERR_NODEVICE- No MIDI port was found. This error occurs only when the mapper is
opened.

' MMSYSERR_ALLOCATED- The specified resource is already allocated.

' MMSYSERR_BADDEVICEID- The specified device identifier is out of range.

*  MMSYSERR_INVALPARAM- The specified pointer or structure is invalid.

' MMSYSERR_NOMEM- The system is unable to allocate or lock memory.
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Declare Function midiOutShortMsg Lib “winmm.dIl* (ByVal hMidiOut As Long, ByVal dwMsg As Long)
As Long

' This function sends a short MIDI message to the specified MIDI output device. The function

' requires the handle to the MIDI output device and a ;nessage is packed into a doubleword

' value with the first byte of the message in the low-order byte. See the code sample for

" how to create this value.

' The function returns MMSYSERR_NOERROR if successful or one of the following error values:

' MIDIERR_BADOPENMODE- The application sent a message without a status byte to a stream
handle.

*  MIDIERR_NOTREADY- The hardware is busy with other data.

' MMSYSERR_INVALHANDLE- The specified device handle is invalid.

Private Declare Function mciSendString Lib “winmm.dil* Alias "mciSendStringA” (ByVal
IpstrCommand As String, ByVal IpstrRetumString As String, ByVal uRetumLength As Long, ByVal
hwndCallback As Long) As Long

Private Declare Function mciGetErmrorString Lib “winmm.dli* Alias “mciGetErrorStringA® (ByVal dwEror
As Long, ByVal IpstrBuffer As String, ByVal uLength As Long) As Long

‘Private Declare Function midiOutGetNumDevs Lib “winmm" () As Integer

‘Private Declare Function midiOutGetDevCaps Lib "winmm.dll* Alias “midiOutGetDevCapsA® (ByVal
uDevicelD As Long, IpCaps As MIDIOUTCAPS, ByVal uSize As Long) As Long

Private Declare Function GetPrivateProfileString Lib "keme!32® Alias "GetPrivateProfileStringA” (ByVal
IpApplicationName As String, ByVal IpKeyName As Any, ByVal IpDefault As String, ByVal
IpRetumedString As String, ByVal nSize As Long, ByVal IpFileName As String) As Long

Private Declare Function WritePrivateProfileString Lib “kemel32° Alias "WritePrivateProfileStringA”
(ByVal IpApplicationName As String, ByVal IpKeyName As Any, ByVal IpString As Any, ByVal
IpFileName As String) As Long

Private Declare Function GetProfileString Lib “kemel32® Alias "GetProfileStringA® (ByVal ipAppName
As String, ByVal IpKeyName As String, ByVal IpDefault As String, ByVal IpRetumedString As String,
ByVal nSize As Long) As Long

Private Declare Function WriteProfileString Lib "kemel32® Alias "WriteProfileStringA”™ (ByVal
IpszSection As String, ByVal IpszKeyName As String, ByVal IpszString As String) As Long

Private Declare Function midiOutGetVolume Lib "winmm.dilI* (ByVal uDevicelD As Long, IpdwVolume
As Long) As Long

Private Declare Function midiOutSetVolume Lib "winmm.dli* (ByVal uDevicelD As Long, ByVal
dwVolume As Long) As Long
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Private Declare Function midiOutGetErrorText Lib “winmm.dli* Alias "midiOutGetErmrorTextA" (ByVal err
As Long, ByVal IpText As String, ByVal uSize As Long) As Long

'Private Declare Function MIDIOutOpen Lib "‘winmm_dIl* Alias "midiOutOpen” (IphMidiOut As Long,
ByVal uDevicelD As Long, ByVal dwCallback As Long, ByVal dwinstance As Long, ByVal dwFlags
As Long) As Long

'Private Declare Function midiOutClose Lib ‘winmm.dil* (ByVal hMidiOut As Long) As Long

Private Declare Function midiOutPrepareHeader Lib “winmm.dii* (ByVal hMidiOut As Long,
IpMidiOutHdr As MIDIHDR, ByVal uSize As Long) As Long

Private Declare Function midiOutUnprepareHeader Lib “winmm.dlil* (ByVal hMidiOut As Long,
IpMidiOutHdr As MIDIHDR, ByVal uSize As Long) As Long

'Private Declare Function midiOutShortMsg Lib “"winmm.dlI* (ByVal hMidiOut As Long, ByVal dwMsg
As Long) As Long

Private Declare Function midiOutLongMsg Lib “*winmm.dli* (ByVal hMidiOut As Long, IpMidiOutHdr
As MIDIHDR, ByVal uSize As Long) As Long



Option Explicit

Const INVALID_NOTE =-1 ' Code for keyboard keys that we don't handle
Dim m_hmidiout As Long

Dim numDevices As Long ‘' number of midi output devices

Dim curDevice As Long ' current midi device

Dim hmidi As Long ' midi output handle
Dim rc As Long ' retum code
Dim midimsg As Long ' midi output message buffer

Dim channel As Integer ' midi output channel
Dim volume As integer ' midi volume

Dim baseNote As Integer * the first note on our “piano”

Private Sub base_Click()
Dim s As String
Dim i As Integer
s = InputBox("Enter the new base note for the keyboard (0 - 111)", "Base note", CStr(baseNote))
If IsNumeric(s) Then
i = CInt(s)
If(i>=0Andi<112) Then
baseNote =i
End If
End If
End Sub

Private Sub Chan_Click(index As Integer)

Chan(channel).Checked = False
channel = Index
Chan(channel).Checked = True

End Sub

Private Sub device_Click(index As Integer)
device(curDevice + 1).Checked = False
device(Index).Checked = True

curDevice = Index - 1
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rc = midiOutClose(hmidi)
rc = MIDIOutOpen(hmidi, curDevice, 0, 0, 0)
If (rc <> 0) Then
MsgBox "Couldn't open midi out, rc =" &rc
End If
End Sub

" If user presses a keyboard key, start the corresponding midi note

Private Sub Fonn_KeyDown(KeyCode As Integer, Shift As Integer)
StartNote NoteFromKey(KeyCode)

End Sub

" If user lifts a keyboard key, stop the comresponding midi note
Private Sub Form_KeyUp(KeyCode As Integer, Shift As Integer)
StopNote NoteFromKey(KeyCode)
End Sub
Private Sub Form_Load()
Dim i As Long
Dim caps As MIDIOUTCAPS

' Set the first device as midi mapper
device(0).Caption = "MIDI Mapper*
device(0).Visible = True

device(0).Enabled = True

' Get the rest of the midi devices
numDevices = midiOutGetNumDevs()
Fori =0 To (numDevices - 1)
midiOutGetDevCaps i, caps, Len(caps)
device(i + 1).Caption = caps.szPname
device(i + 1).Visible = True
device(i + 1).Enabled = True

Next

' Select the MIDI Mapper as the default device
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device_Click (0)
' Set the default channel
channel =0

Chan(channel).Checked = True

' Set the base note

baseNote = 60

' Set volume range

volume = 127
vol.Min = 127
vol.Max =0

vol.Value = volume

End Sub

Private Sub Form_Unload(Cancel As Integer)
* Close current midi device
rc = midiOutClose(hmidi)
End Sub
' Start a note when user click on it
Private Sub key_MouseDown(Index As Integer, Button As Integer, Shift As Integer, x As Single, Y As
Single)
StartNote (Index)
End Sub

' Stop the note when user lifts the mouse button
Private Sub key_MouseUp(Index As Integer, Button As Integer, Shift As Integer, x As Single, Y As
Single)

StopNote (Index)
End Sub
Private Sub StartNote(Index As Integer)

If (Index = INVALID_NOTE) Then

Exit Sub



End If
If (key(Index).Value = 1) Then
Exit Sub
End If
key(Index).Value = 1
midimsg = &H90 + ((baseNote + Index) * &H100) + (volume * &H10000) + channel
midiOutShortMsg hmidi, midimsg
End Sub

' Raise the button and send midi stop event
Private Sub StopNote(Index As Integer)
if (Index = INVALID_NOTE) Then
Exit Sub
End If
key(Index).Value =0
midimsg = &H80 + ((baseNote + Index) * &H100) + channel
midiOutShortMsg hmidi, midimsg
End Sub

' Get the note comresponding to a keyboard key
Private Function NoteFromKey(key As Integer)
NoteFromKey = INVALID_NOTE
Select Case key
Case vbKeyC4
NoteFromKey =0
Case vbKeyC#
NoteFromKey = 1
Case vbKeyD4
* NoteFromKey = 2
Case vbKeyD#
NoteFromKey = 3
Case vbKeyE4
NoteFromKey = 4
Case vbKeyF4
NoteFromKey = 5
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Case vbKeyF#
NoteFromKey = 6
Case vbKeyG4
NoteFromKey =7
Case vbKeyG#
NoteFromKey = 8
Case vbKeyA4
NoteFromKey = 9
Case vbKeyA#
NoteFromKey = 10
Case vbKeyB
NoteFromKey = 11
Case vbKeyC5
NoteFromKey = 12
Case vbKeyC#
NoteFromKey = 13
Case vbKeyDS
NoteFromKey = 14
Case vbKeyD#
NoteFromKey = 15
Case vbKeyES
NoteFromKey = 16
End Select

End Function
Private Sub vol_Change()

volume = vol.Value

End Sub
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function manorth(infile, Sratel)

global hl hr doit

global fed shW

global filename

global fno Srate n Secs filename AXISLOC nLPC HDRSIZE

global nChannels fftSize filterWeights UpperFreq LowFreq ChanpUp
global center LPCSpec SpecUp Dur DurUp filterA filterB S1 S50
global HDRSIZE cBAxes En Be TIME centSMSP Asmsp Bsmsp OVRL WAV1 CLR
global TWOFILES wav agcsc MAX AM upFreq upFreqg2 FIX SCALE

global SHOW CRS SHOW CHN ftype ftype2 bpsa bpsa2 PREEMPH LPC_ONLY
global lpcParam fft par NAR BAND SPEC_EXP FILT TYPE VOL MAX
global VOL_NORM

global sli n samples FFT_SET XFFT

global tpc boc

global smp frg TOP

global preUp defUp w64Up wl28Up w256Up w512Up narUp

global crsUp chnUp lpcUp chnlpUp fbrd fnar

global ovlpfilt SET X AXIS LD LABELS

if (nargin < 1)

[pth, fname] = dlgopen('open','*.ils;*.wav');
if ((~isstr(fname)) | ~min(size(fname))), return; end
filename=[pth, fname]:;
else
filename=infile;
end
pos = get(0, 'screensize'); % get the screensize
sWi = pos(3);
sHe = pos(4);

WIDTH =round (0.9375*sWi) ;
HEIGHT =round(0.43*sHe) ;
LEFT =round (0.025*sWi);
BOTTOM =round (sHe-HEIGHT-40) ;

LPCSpec = 1; 5 if 0 display FFT, else LPC spectrum
TIME=1; % if 0 display spectrogram, else time
waveform ’

WAV1=0; 5 If 1, then it is a .wav file with 8
bits/sample

CLR=1; ¥ If 1 display spectrogram in color, else in
gray scale

TWOFILES=0; % If 1, then display two files

wav (1)=0; wav(2)=0; % Used in case of dual-displays for l-byte
samples, as in WAV

upFreg=1.0; % Upper frequency (percentage of Srate/2) in
spectrogram

upFreq2=1.0; % Upper frequency in spectrogram
(1.0=Srate/2)

FIX SCALE=-1; % if > 0, then channel y-axis is always 0-15
dB

SHOW_CRS=1; % if 1, show cursor lines, else dont
SHOW_CHN=1; 2 1if 1, show channel output/LPC display
PREEMPH=1; # if 1, do pre-emphasis when computing the

spectrogram
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LPC_ONLY=1; # i1f 1, only the LPC specrtrum is displayed
lpcParam(1l)=1; % 1if 1, use hamming window in LPC analysis,
else use rectangular

lpcParam(2)=0; % 1f 1, first-order pre-emphasis in LPC

analysis, else dont
% NOTE: this pre-emphasis is done in addition to the CIS &
pre-emphasis

lpcParam(3)=-1; % if 1, enhance spectral peaks in LPC
analysis

fft par(1l)=1; % if 1, use lines when plotting FFT, else use
pickets

fft par(2)=1; ¢ if 1 use hamming window, else rectangular
NAR BAND=0; % if 1, display narrowband spectrograms
SPEC_EXP=0.25; % Used in spectrogram display (root compression)
FILT TYPE='broad"; % the filter type

VOL_MAX=0; % used for controling the volume

VOL_NORM=1; % if 1, then volume is normalized

FFT_SET=0; % if 1, use user defined FFT size

XFFT=0; % same as above

SET X AXIS=0;
ovlpfilt=0;
LD LABELS=0;
TOP=0;

fp = fopen(filename, 'r');

if fp <=0
disp('ERRCR! File not found..")
return;
end
ftype='short'; bpsa=2; % bytes per sample

ftype2="short'; bpsa2=1;

indl=find(filename == '.');
if length(indl)>1, ind=indl (length(indl)); else, ind=indl; end;
ext = lower (filename (ind+1:length (filename)));

[HDRSIZE, xSrate, bpsa, ftypel] = gethdr (fp,ext):

if xSrate==0, return;
else Srate=xSrate; end;

if strcmp (ftype, 'ascii')
x=fscanf (fp, '¢f',inf);
else

x = fread(fp,inf, ftype):
end

fclose (fp) ;

if Srate<6000 | Srate>45000 & nargin<2
h=warndlg('Sampling rate not in the range: 10,000 < F < 45,000
Setting it to 10,000 Hz.','WARNING!'):;



disp('Warning! Sampling rate not in the range: 6,000 < F <

7h o laYatali
40,V Uu ) H

disp('...Setting it to the default value of 10,000 Hz.'");
Srate=10000;

end

X= X — mean(x); i-—-———-——-——- remove the DC bias----

if (nargin==2)
Srate = str2num(Sratel):;
if Srate<10000 | Srate>45000
error('Invalid sampling frequency specified: 10,000<F<45,000");
end
end

MAX AM=2048; % This allows 12-bit resolution
mx=max (X) ;

agcsc=MAX BAM/mx;

n_samples = length(x);

n_Secs = n_samples/Srate;

Dur=10.0; % Duration in msec of window

Sl=n_samples;

S0=0;

Be=S0;

En=S1;

OVRL=1; % if 1 then hold off plots, else hold on plots in 'pllpc'

fprintf ('Samp.Freqg: %d Hz, num.samples: 3d (%4.2f
secs)\n',Srate,n samples,n_Secs);

fno = figure('Units', 'Pixels', 'Position', [LEFT BOTTOM WIDTH
HEIGHT], ...
'WindowButtonDownFen', 'mclick', ...
‘Resize','on', 'Name', filename, 'NumberTitle','Off', ...
'‘Menubar', 'None', 'WindowButtonMotionFcn', 'showpt', ...
'KeyPressFcn', 'getkb', 'Color', 'k'"):

G deterime the dimensions of the axis ---——--——--——--
le=round (0.2*WIDTH) ;

bo=round (0.174*HEIGHT) ;

wi=round (0.773*WIDTH) ;

he=round (0.739*HEIGHT) ;

AXISLOC = [le bo wi he];

cAxes = axes('Units','Pixels','Position',AXISLOC) ;

axes (cAxes) ;

Et=1000*n_samples/Srate;
xax=0:1000/Srate: (Et-1000/Srate) ;

plot (xax,x, 'y")
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xlabel ('Time (msecs)’);
ylabel ("Amplitude');
set (gca, 'Color', 'k'); set(gca, "¥color®, 'w');
set (gca, 'YColor','w');
%set (gca, 'Units', 'points', "FontSize', 9);
if min(x)<-1000 | mx >1000
axis ([0 Et min(x)-200 max(x)+200]):
else
axis ([0 Et min(x) max(x)]1);
end

zset (gca, 'Color', 'k");

set (gca, 'XColor', 'w');

set (gca, 'YColox','w');
xywh = get(fno, 'Position');
axi=AXISLOC;

% Buttons.

left = 10;

wide = 80;

top = xywh(4) - 10;
high = 22;

high=22;

if 9*(22+8) > xywh(4), high=17; end;

inc = high + 8; g

Gommm——m == Display the slider and the push-buttons-------------

sli = uicontrol('Style','slider', 'min’,0, 'max’',1000', 'Callback’, ...
"getslide', 'Position’, [axi (1) axi(2)+axi(4)+2 axi(3) 12]):

Zin = uicontrol('Style', 'PushButton', 'Callback’, 'zoomi{''in'")"',
'HorizontalAlign', 'center', 'String', 'Zoom In',...
'Position', [left top-high wide high]);

top = top - inc:
Zout = uicontrol('Style', 'PushButton', 'Callback','zocomi{''out'')’

'HorizontalRlign','center', 'String', 'Zoom Out',...
'Position', [left top-high wide highl]);
if Srate>12000

nLPC=14;
else

nLPC=12; % initialize LPC order
end

top = top - inc-20;
uicontrol ('Style’', 'Frane', 'Position', [left top-high-10 wide+5
high+30],...

'BackgroundColor', 'b');

uicontrol ('Style', "text', 'Position', [left+wide/3 top 40 high-
3], '"BackGroundcolor*,'B', v
'HorizontalAlignment', 'left', 'ForeGroundColor’, 'w', 'String’', 'Play’

):

plUp = uicontrol('Style', 'PushButton', 'Callback', ‘playf(''all'")’,
'HorizontalAlign', 'center’, 'String', 'all',...
"Position', [left top-high wide highl);



3---Draw the squares in case its TWOFILES

wwi=xywh (3); whe=xywh (4);
tpc=uicontrol ('Style', 'text', 'Position', [wwi-10 2*whe/3+10 10
10], 'sString',"' ', 'BackGroundColor', [0 0 0]):
boc=uicontrol ('Style', 'text', 'Position’, [wwi-10 whe/3-10 10
10], 'String', " ', 'BackGroundColor', [0 0 0]);

%———-Draw the time and freq numbers----------
smp=uicontrol ('Style', 'text', '"Position', [10 30 wide+10
15], 'BackGroundColor', [0 O 0],...
'HorizontalAlignment','left');
frg=uicontrol (‘Style', "text', "Position', [10 10 wide+10
15], 'BackGroundColor', [0 0 0],...
'HorizontalAlignment','left!');

Hh o°

f=uimenu ('Label’, 'File');

uimenu (ff, 'Label', 'Exit','CallBack', 'quitall’', 'Separator’, 'on'
q ¢

fd=uimenu('Label', 'Display');

%uimenu (fd, 'Label', 'Enerqgy Plot', "Callback', 'engy');
fdfO0=uimenu(fd, 'Label', 'FO contour’);
uimenu (£df0, 'Label ', "Autocorrelation
approach', 'Callback', 'estfO (' *autocor'') ') ;

B R e i Initialize handles to cursor lines —-———-——-————--

np=3; Ylim=get(gca, 'YLim');
hl=line('Xdata', [np npl, 'Ydata',Ylim, 'Linestyle', '-%, ...
‘color', [0 O 0], 'Exrasemcde’, *xor');

hr=line('Xdata', [np npl, ‘Ydata',¥1lim, 'Linestyle', "==', ...
‘colox', [0 O 0], 'Erasemode', "xor');
doit=0;

r
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function crsrline(np,Ylim,button)

global TWOFILES TOP hl hr doit
global htop hbot lastClick hwi frstl frstO doitO doitl

if strcmp(button,'left') % -- left mouse button was clicked
if TWOFILES==

if TOP==
if doitl= | frsto==1
hwi (1, l) =line('Xdata’', [np npl, 'Ydata',¥Ylim, ...
"Linestyle', '-=-"', ...
'color','r', 'Erasemode’, 'xor');
hwi(l,2)=line("' Xdata',[np+4

np+4], 'Ydata',Ylim,...%"'Linestyle', "==", ...
tcolor', [0 O 0],'Erasemode' )xor');
frst0=0;
doitl1=0;
else
set (hwi(l,1), 'Xdata’, [np npl, 'Ydata',¥lim, 'color’,'x');
end
else
if doit0O==1 | frstl==
hwi (2,1)=line('Xdata', [np npl, 'Ydata',¥lim,...%
'Linestyle', '-=',...

‘color','r', '‘Erasemode’, 'xor');
hwi (2,2)=line('¥Xdata’, [npt+4
np+4], 'Ydata',¥lim,...%'Linestyle','-=", ...
‘color', [0 0 0], 'Erasemode', 'xoxr');
frst1=0;
doit0=0;
else
set (hwi (2,1), ‘Xdata', [np npl, 'Ydata',Ylim, 'colox', 'r');
end
end
else

invalid=0;
eval ('findobj(hl); ', "invalid=1l;");

if doit==1 | invalid==1

hl=line('Xdata', [np np], '¥data',Ylim,...% 'Linestyle','-=',..
‘color','r', 'Erasemode’, 'xor') ;

hr=1line('¥data', [np+4 np+4], ‘Ydata',¥lim, 'Linestyle’','-~",...

'color',[0 O 0], 'Erasemode', "xor');

else
set (hl, 'Xdata', [np np]l,'Ydata',Ylim, 'color’,'r');
end
end
elseif strcmp(button, 'right') %#---rigt button was clicked

if TWOFILES==
if TOP==
if doitl==1 | frstO==



hwi(l,1)=line('Xdata’', [np+4 np+4], 'Ydata',¥lim,...%
'Linestyle','--", ...
fcolor', [0 O 01, 'Erasemode', "xor');
hwi(1,2)=line('Xdata’, [np np]l, 'Ydata',Y¥lim,...
%'Linestyle','-=-", ...
‘coloxr!', 'm', 'Exrasemode"', 'xor');
frst0=0; doitl=0;

else
set (hwi(1,2),'Xdata’', [np np], 'Ydata',Y¥lim, 'color','m");
end
else
if doit0O==1 | frstl==

hwi (2,1)=line('Xdata’, [np+4 np+4],'Ydata',¥lim,...%
'Linestyle', "--", ...
'color', [0 O 0], 'Exasemcode', 'xoxr');
hwi(2,2)=line('¥data', [np npl, 'Ydata',¥lim,...
%'Linestyle', '--", ...
‘color','m', 'Erasemode’, 'xor') ;
frstl=0; doit0=0;
else
set (hwi(2,2), '¥Xdata', [np npl, 'Ydata',¥Ylim, "coloxr', 'm');
end
end
else

invalid=0;
eval ('findobi (hr); ', "invalid=1l;");
if doit==1 | invalid==1
hl=line('Xdata', [np+4 np+4], 'Ydata',¥lim, ‘Linestyle', '-", ...
‘color', [0 O 0], ‘Erasemode', 'xoxr');
hr=line('Xdata', [np np]l,'Ydata',Ylim, 'Linestyle','--7,...
'color', 'm', 'Erasemode’', 'xor');

else
set (hr, '¥data', [np np]l,'Ydata'’,Ylim, 'colox', 'm');
end
end

end



function engy

global nChannels filename filterA filterB Srate eFig

global HDRSIZE SO S1 ratePps En Be bl al WAV1 n_Secs En2 Be2
global filename2 TWOFILES n Secs2 Srate2 TOP HDRSIZE2

global ftype ftype2 bpsa bpsa2

pos = get(0, 'screensize'); ¥ get the screensize

sWi = pos(3);
sHe = pos(4);
rate=200;

WIDTH =round (0.9375*sWi) ;
HEIGHT = round(0.5*sHe);
LEFT =round (0.025*sWi);
BOTTOM =20;

if TWOFILES==1 & TOP==
fname=filename2;

hdr=HDRSIZE2;

n_samples=En2-Be2; %round(n_Secs2*Srate2)
strt=Be2;

offSet=strt*bpsa2+hdr;

ftp=ftype2;
else

fname=filename;

hdr=HDRSIZE;

n_samples=En-Be; “round(n_ Secs*Srate)
strt=Be;

offSet=strt*bpsa+hdr;

ftp=ftype;
end

fp = fopen(fname, 'r');

if fp <=0
disp ('ERROR! File not found..')
return;

end

st = fseek(fp,offSet, ‘bof');
x=zeros (1l,n_samples);
x = fread(fp,n_samples, ftp);

fclose(fp)
%---— Do some error checking on the signal level ---
meen=mean (x) ;
X= X - meen; %-—————-—--- remove the DC bias---

nmF='Energy Plot';



if (isempty(eFig))
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eFig = figure('Units', 'Pixels', 'Position', [LEFT BOTTOM WIDTH

HEIGHT], ...
‘Pointer', 'crosshair', ...
'Resize', 'on', '"Name', nmF, 'NumberTitle

else

figure (eFig);

set (eFig, 'Name', nnF) ;
end

fRate=round (Srate/rate); %--— Number of

nFrames=floor (n_samples/fRate);

zcnt=zeros (1, nFranes) ;
ampl=zeros (1,nFrames) ;
k=1;
for t=l:nFrames
yin=x (k:k+fRate-1);
eng(t)=10*10ogl0 (norm(yin,2));
zc=0;
x2=zeros (fRate, 1) ;
%2 (1:fRate-1)=yin(2:fRate);
zc=length (find( (yin>0 & x2<0)
Crossings
zcnt (t) =zc;
%fO=pitch(yin);
tpit (t)=£0;

k=k+fRate;

end

samples in each frame

| (yin<0 & x2>0))):; %-- Zero

%--- Plot energy, zero crossings, and waveform -—--—------—-

subplot(2,1,1),plot (eng};

set (gca, 'X1im', [0 nFrames-1]);
ylabel ('dB');

%subplot (3,1,2),plot(pit):

“set (gca, 'X1lim', [0 nFrames—-1]);
tylabel ('#zc');
subplot(2,1,2),plot(x):

set(gca, '¥lim', [0 n_samples-1]);
ylabel ("Ampl."');

xXlabel ('Samples');



function estf0(type,action)

global nChannels filename Srate eFig

global HDRSIZE SO S1 ratePps En Be n _Secs En2 Be2
global fileéname2 TWOFILES n_Secs2 Srate2 TOP HDRSIZE2
global bpsa bpsa2 ftype ftype2 bf0 af0 SrateChange

if nargin==1, action='plot'; end;
pos = get (0, 'screensize'); % get the screensize

sWi pos (3);
sHe pos (4);

WIDTH =round (0.9375*sWi) ;
HEIGHT = round(0.5*sHe);
LEFT =round (0.025*sWi) ;
BOTTOM =20;

if TWOFILES==1 & TOP==
fname=filename2;
hdr=HDRSIZEZ2;
n_samples=En2-Be2;
strt=Be2;

sr=Srate2;

offSet = strt*bpsa2+hdr;
ftp=ftype2;
else

fname=filename;
hdr=HDRSIZE;
n_samples=En-Be; %round(n_Secs*Srate)
strt=Be;

sr=Srate;

offSet = strt*bpsa+hdr;
ftp=ftype;
end

fp = fopen(fname, 'r");
if fp <=0
disp ('ERRQR! File not found..")

return;
end

st = fseek(fp,offSet, 'bof');

x=zeros (1,n_samples);
x = fread(fp,n_samples, ftp);
fclose (fp):;

B select a method for pitch detection —-—-—--=-—-——=-

»

if strcmp (type, 'cepstrum')

CEPSTRUM=1;
else
CEPSTRUM=0;

if isempty(bf0) | SrateChange==
[bf0,af0]=butter(4,900/ (sx/2)):
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4---- Do some error checking on the signal level ---
meen=mean (x) ; -
X= X = meen; H--=—sso—m= remove the DC bias---

nmF='F0 Contour Plot':

if isempty(eFig)
eFig = figure{'Units', 'Pixels', 'Position', [LEFT BOTTOM WIDTH
HEIGHT], ...
'Pointer’', 'crosshair', ...
'Resize','an', 'Name',nmF, 'NunberTitle', "O£f£f") 2
crM=1;
else
figure(eFigqg):
set (eFig, "Name',nmF) ;
crM=0;
end

updRate=floor (20*sr/1000); ¢-- Update every 20 msec
if CEPSTRUM==1

fRate=floor (40*sr/1000); &% -- Use a 40 msec segment
else

fRate=floor (30*sr/1000); % -- Use a 30 msec segment
end
nFrames=floor (n_samples/updRate)-1;

% —-=- Do some error checking in the length of the region selected ---

if nFrames<1l
errordlg('Region selected was too small..',"ERROR in pitch
estimation', 'on');
delete (eFiqg);
eFig=[];
return;
end
k=1; :
fO0l=zeros(l,nFrames) ;
fO0=zeros (1,nFrames) ;

n=1;
avgF0=0;
for t=1:nFrames
yin=x (k:k+fRate-1);

if CEPSTRUM==
a=pitch(fRate,sr,yin); % Use the cepstrum method
else
a=pitchaut (fRate, sr,yin); % Use the autocorr. method

end
fo(t)=a;
if t>2 & nFrames>3 %--do some median filtering

z=f0(t-2:t);

md=median(z) ;



f01(t-2)=md;
if md > 0
avgF0=avgF0+md;
m=m+1;
end
elseif nFrames<=3
f0l(t)=a;
avgF0=avgFO+a;
m=m+1;
end

k=k+updRate;

end

if m==1, avgF0=0; else, avgF0=avgF0/(m-1); end;
str= sprintf('Average F0=%5.2f Hz',avgFo0);
set (eFig, 'Nane',str);
Fom Save F0 values in an ASCII file --==-===--————--
if strcmp(action, 'save')
[pth, fOname] = dlgopen('save',['*.pit']):;
if ((~isstr(fOname)) | ~min(size(fOname))), return; end
fnamel=[pth, fOname] ;

fpout=fopen (fnamel, 'w');
upd=round (1000*updRate/sr) ;

fprintf (fpout, 't (msec) FO(Hz)\n------- S au il rd g ' e
k=1;
‘for t=upd/2:upd:nFrames*upd

fprintf (fpout, '%4.2%f 5528 \0, E7E0L (k)9 ;
k=k+1;
end

fclose (fpout) ;
end

Frosssmsssemam=s Plot F0O contour ———=-—-——————————-——-—————————o———

xt=1:nFrames;
xt=20*xt;

if ~isempty(xt) & nFrames>1

plot (xt, £01)

axis ([xt (1) xt(nFrames) O max(£f01)+501]);
else

if nFrames==1, plot(f0l,'0'); else, plot(f0l1l); end;
end

ylabel ('Hz");
xlabel ('Time (msecs)');
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Fmmmmmm Create the "close! button' ==s-ss—mssbacss

xywh = get (eFig, 'Position');

= Buttons.
left = 6;
wide = 60;
top = xywh(4) - 10;
high = 22;

inc = high + 8;

uicontrol ('Style', 'FushB', 'Callback', 'closem(''efig'')', ...

‘HorizontalAlign', 'center', 'String', 'Close',

'Pusition', [left top-high wide high]):

if crM==1

if strcmp(type, 'cepstrum'), str=‘estfO{('’'cepstrum'',''save''’)’;
x o

else str='estf0('Yautoc'', "'save'')"; end;
uimenu ('Label'’, 'Save pitch values', "Callback',str);
end

function [n,t]=frg2midi (f)

n=(69+12*1log(abs (f) /440) /log(2))

if nargout > 1
nm=round (n(:)):
o=floor (m/12)-1;
m=m-12*o+6*sign(f(:))-5;
a=('CDDEEFGGRARRCCDDEFFGGAAR') '
b=(' - - - - - # # # & # ')';
t=setstr([a(m) mod(o,10)+'C' b(m)]):

end
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function [HDRSIZE, Sratel, bps, filet] = gethdr (fp,ext)

bps=2; filet='short'; % bytes per samples

if strcmp(ext,'ils') #%---- ILS ---
HDRSIZE=512; % Header size in bytes
[xx, cnt] = fread(fp,HDRSIZE/2, 'short');
if cnt < HDRSIZE/2
fprintf ('ERROR in reading file %s (possibly a zer
filey\n',filename);
return;
end
Sratel = xx(62);

—-bytes

Ie

elseif strcmp(ext, 'adf') #-- ADF format -CSRE ----
HDRSIZE=512;
csre=fread(fp, 8, ‘char');
setstr(csre);
numsam=fread (fp,1, 'int32");
xx=fread(fp, 5, ‘short'); bits=xx(4); cd=xx(5);
srt=fread(fp, 1, 'float');
Sratel=1000*srt;
fseek (fp,HDRSIZE, 'bof');

elseif strcmp(ext,'adc') %-- old TIMIT format----
xx=fread (fp, 3, 'short'); % xx(l)= hdrsize<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>