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ABSTRACT

This project presents the MIDI Piano Keyboard. Its purpose is to want to teach
people who can't play the piano. And want to leamn to play the piano alone And
also to study MIDI Keyboard programming with controller board We have divided the
work into 3 parts: 1. Make the pianc 2. Add a part to teach how to play the piano 3.
MIDI Keyboard box by checking the data that we send from the MIDI Keyboard, we
can check 2 data values Is 1. Value, Binary, Hex, Dec data sent from variable resistor
value 2. Note Number is the value of data sent by pressing the button. When we
check our data against the MIDI transmission table, the results appear to match. Has

the correct transmission of information.
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2.1 MIDI Languages

MIDI (Musical Instrument Digital Interface) gnmunuluyimunmssy 1980 lag

i
as

lkutaro Kakehashi fnefau3ev Roland rowsznaeidunnnsgiutulull a.a.1982 untwiivin
Iﬁﬂauﬁ’;m@%ﬁum%mum’%‘ﬁmﬂiaﬁamiﬁ’ulﬁﬁﬂugﬂquaﬁﬂLn%LLamawfsﬁLL’J%L‘dum'ﬂ%ausia

AU MIDI Controller Lag MIDI Keyboard s

2.1.1 msdetayaves MIDI

oAU MIDI %Qﬂlﬂm’f@zﬁaﬂswm 3 Tuvi Fauansenaniug 3 881 aganInAa
aauzUan Channel Aziudvatgunsalsnaiuldaean 16 i atsfirasfioanuzliin
ifiuAINIsNAYIATeINURSILlFEDT 1978 Note On taz Note Off F1ausnasdann
slonaly hifiassavasenidioyden i viwmomansandu 127 uay 0 muddy oy
atafiaufar Value Ussnausneassaiufa Pitch uaz Velocity Tuahgvad Pitch 9z
wanaa s sldinfiduann o 8 127 Taefinnudinarserd 60 wialin €3 mulin

| . o I | ar Y o
984 Octave warludiuned Velocity tudlunisdumuanianusivaslingediaes

Y

Tu9 0 fe 127

Note Octave

-2 -1 1] 1 2 3 4 o] 6 T 8
c 0 12 24 36 48 60 72 84 96 108 120
C# Il 13 25 37 49 61 74 85 97 109 121
D 2 14 26 38 50 62 74 86 98 110 122
D# |3 15 2! 29 51 63 75 87 99 111 123
E 4 16 28 40 52 64 76 88 100 112 124
F 5 17 29 41 53 65 7 89 101 113 125
F# 6 18 30 42 54 66 78 90 102 114 126
G 7 19 31 43 55 67 79 a1 103 115 127
G# |8 20 43 44 56 68 30 92 104 116 -
A 9 2] 33 45 57 69 81 93 105 117 -
A# 10 22 34 46 58 70 82 94 106 118 .
B 11 23 35 47 59 71 83 95 107 119 -

A15197 2.1 11519n5sUSeusiisultm MIDI kU Octave



2.1.2 mswlasvaneialin MIDI
Tunounlasu Joyared MIDI Insuuaaunannseduiden (Pitch) vadlinauns

Feausanandlaoanuiviavun 128 lualasiianuduiusfumIudauranfIuIYD

aruievasaltinne octave awunts  f = 440 x 2(M=69)/12

Tnefl 440 fAnnaudvedlun A Faduldhunasgiuvesnuastlimiuiiogn 440

U

Esnuavanuvinseslineg 9 willnuiulin C Fudulipnandlaefimsulamunsay

Tvin MIDI 87l 60 uazliin A finsudaadununeiaulinyas MIDI gl 69

MIDI note number Note names Key number (Piano) Frequency
127 G9 1254385
126 FRO/GHY 11839.82
125 12 1117530
124 EQ 10548.08
123 DEU/ERD 9956.06
122 02 9397.27
121 CE2/Do9 886%.84
120 oy 8372.02
119 E8 7902.13
118 ARG EDE T458.62
117 A 7040.00
116 GHEB/MDE 5644.88
115 8 6271.93
114 F28/GbB 5919.91
113 F8 5587.65
112 E8 5274.04
111 D#E/EbE 4978.03
110 D8 4598.64
109 CHE/Db8 443492
108 B8 C8 4186.01
107 87 BT 3951.07
106 86 ART/BbT 3729.31
105 85 AT 3520.00
104 84 GET/ADT 332244
103 83 G7 3135.96
102 82 F27/GbT 2056.96
101 81 F7 2193.83
|, 200 80 ET 2637.02




99 79 D&T/EbT 2485.02
98 78 b7 2345.32
97 77 CHT/DbT 221748
96 76 c7 2093.00
95 75 B6 1975.53
94 T4 AR6/Bb6 1864.66
93 73 AB 1760.00
92 72 GE#6/Ab6 1661.22
91 71 G6 1567.98
90 T0 F#6/Gb6 1475.98
89 69 Fé 1396.91
88 68 E6 1318.51
a7 67 D#6/Eb6 124451
86 66 bs 1174.66
85 65 CR6/Dbé 1108.73
84 54 Cé 1046.50
83 63 g5 987.77
82 62 A25/Bu5 93233
81 61 AS 880.00
80 60 GE5/A05 830.61
79 59 G5 783.99
78 58 F25/Gh3 739.99
77 57 k5 598.46
76 56 £S £59.26
75 55 C#5/EbS 622,25
74 54 (B 587.33
73 53 CE5/DbS 55437
72 52 s 52325
71 51 = 49388
70 50 AZ4/ERA 466.16
69 49 A4 440.00
58 48 GRd/And 41530
67 a7 G4 392.00
66 45 FR4/Gha 369.99
65 45 Fq 349.23
64 44 Eq 329.63
63 43 D24/Ebd 31113
62 42 o4 293.66
61 a1 C24/0b4 277.18
60 40 4 26163




59 39 B3 24694
58 38 A#3/Bb3 23308
57 37 A3 22000
56 36 GEI/ARE 207.65
55 35 G3 196.00
54 34 F#3/Gb3 185.00
53 33 F3 174.61
52 32 E3 16481
51 3 D#3/Eb3 155.56
50 30 D3 146.83
49 29 CR3/Db3 138.59
43 28 c3 130.81
47 27 B2 12347
46 26 Az2/EnZ 116.54
45 25 AZ 110.00
44 24 GRELAB2 103.83
43 23 G2 98.00
42 22 FR2/GbZ 9250
41 21 F2 8731
40 20 E2 8241
39 19 De#2/EbZ T1.78
38 18 D2 7342
37 lj CH2DbZ 69:30
36 16 (2 6541
35 15 81 6174
34 4 Asl/gnl 5827
33 i3 Al 55.00
32 12 GELlAn] 5191
31 11 Gl 49.00
30 10 F21/Gb1l 46.25
29 9 F1 43.65
28 8 ) E1 4120
27 T D#1/Ebl 3889
26 6 D1 36.71
25 5 C21/Dbl 3465
24 4 C1 32.70
23 3 80 3087
22 2 ARQ/Bb0 29.14
21 1 AD 2750

H157197 2.2 A15196ER9AT MIDI Note wSeussufuaiud




Table 2: Expanded Status Bytes List

STATUS BYTE

DATA BYTES

1st Byte Value
Binary |Hex| Dec

Function

2nd Byte

3rd Byte

10000000= 80=128

Chan 1 Note off

Note Number (0-127)

Note Velocity (0-127)

10000001= 81= 129

Chan 2 Note off

Note Number (0-127)

Note Velocity (0-127)

10000010= 82=130

Chan 3 Note off

Note Number (0-127)

Note Velocity (0-127)

10000011= 83=131

Chan 4 Note off

Note Number (0-127)

Note Velocity (0-127)

10000100= 84=132

Chan g Note off

Note Number (0-127)

Note Velocity (0-127)

10000101= 85=133

Chan 6 Note off

Note Number (0-127)

Note Velocity (0-127)

10000110= 86= 134

Chan 7 Note off

Note Number(e-127)

Note Velocity (0-127)

10000111= 87=135

Chan 8 Note off

Note Number (0-127)

Note Velocity (0-127)

10001000= 88= 136

Chan g Note off

Note Number (0-127)

Note Velocity (0-127)

10001001= 89=137

Chan 10 Note off

Note Number{0-127)

Note Velocity (0-127)

10001010= 8A=138

Chan 11 Note off

Note Number (0-127)

Note Velocity (0-127)

10001011= 8B= 139

Chan 12 Note off

Note Number (0-127)

Note Velocity (0-127)

10001100= 8C= 140

Chan 13 Note off

Note Number (0-127)

Note Velocity (0-127)

10001101= 8D= 141

Chan1a Noteoff

Note Number (0-127)

Note Velocity (0-127)

10001110= 8E= 142

Chan 15 Note off

Note Number{o-127)

Note Velocity (0-127)

10001111= 8F=143

Chan 16 Note off

Note Number (0-127)

Note Velocity (0-127)

10010000= 90= 144

ChanaNote on

Note Number (0-127)

Note Velocity (0-127)

10010001= 91= 14§

Chan 2 Note on

Note Number (0-127)

Note Velocity (0-127)

10010010= 92= 146

Chan 3 Note on

Note Number (0-127)

Note Velocity (0-127)

10010011= 93= 147

Chan 4 Mote on

Note Number(0-127)

Note Velocity (0-127)

10010100= 94= 148 Chan 5 Note on Note'Number (0427) Note Velocity (0-127)
10010101= 95= 149 Chan 6 Noteon Note Numiber (0-127) Note Velocity (0-127)
10010110= 96= 150 Chan 7 Note on Note Number(0-127) Note Velocity (0-127)

AN5199 2.3 A1s1ansansAandluwsazludusiniyl MIDI

2.2 MIDI Controller

MIDI Controller \ugunsnimuauid

]
= )

seyya MIDI sanlUlgunsaidun MIDI Controller

fisuuuuiiuanasiunainuaies lidnasluiuudau Drum-pad %3 Drum-machine

a1u130a3dYIM MIDI Weddluniuanadeg Fadsuldaruauailu Synthesizer Plugin %39

USuAnwed Effect vioniwsusuiiivanideawes Track Tu DAW (Digital Audio Workstation)




2.3 MIDI Keyboard
MIDI Keyboard %3 “Aduasall’” Wudefisinagldiden keyboard #liléd
Fpsoelusies Tnedl Keyboard Usstamiilu MIDI Controller Tuguuas Keyboard fviwiiiily

n3eetaya MIDI Note Tlvigunsaldug

2.4 Synthesizer

=

Synthesizer viiolAdasduaTziidosio n3panunididnnsedngd sonwuuniioadns
desdaedlaeldvaiafi 9 Wy mediudes, n1sandes, nsdaasied deanenn, msviili
AAuEBAREUTUILY Synthesizer filpagluviamaatiaguud shasdunismuer MD
Keyboard #l#idudmaiuny Note wagld MIDI Sound Module wWhlulusiaTeadeiu e
Tiuaunsafiszasadoddmedtuedlaslisnuiiaesonioniu Sound Module wag
aansndiegdetaya MIDI sanluiiguasalidue) wletufindesa MIDI vi3edslufl Sound Module

2/ as

dunsauAU

ot |

gﬂﬁ 2.1 619819UB4 Synthesizer



2.5 Digital Audio Workstation (DAW)

AogoNAKISHAZaNIALITNYINIU Recording, Editing, Mixing Way Mastering $Iu
MIDI Sequencing lu Program enfiuld wadeqfifevilinisduiindes Uiuudadeseanund
A nuazUlendu wilduy computer Wil Taemillumstuiinideasiagldfeidu

Wigaunaguangenaws Tunstuinuaswn builowy

sU#l 2.2 shathsedlusunsu DAW
2.6 Loop MIDI

\ugeniduasiidoya loop niuludinesnyes MIDI ssnhawendnduuussuulfianisalie

Foan3UsEWINe MIDI Lazansanas

New port-name: [(ISIME T @1

U 2.3 TUsunsu Loop MID



2.7 Hairless MIDI

\uganduislddmiudouste Serial Bridge fugunsnliwuuein Arduino Tunsesdayeyins MIDI

viialddsdayatuundanasuvasyuuuuanisal uazsasiulausi3ves Arduino

10

W\ Hairless MIDI<->Serial Bridge — X
File Help
v T 5
[V Serial<->MIDI Bridge On MIDI Out
Serial port .""‘D. loopMIDI Port -
‘EEEREED. -
USB-SERIAL CH340 (COM3) j 0 4 NN MIDI In
.'.-----..(NotComected) i
¥ Debug MIDI messages
+340.187 - Serial In: Ch-2: Controller 1 value 33 ;]
+340,187 - Serial In: Ch 2;: Controller 1 value 33
+340.187 - Serial In: Ch 2: Controfler 1 value 32 —

+340.187 - Serial In: Ch 2: Controlier 1 value 31
+340.187 - Senal In: Ch 2: Controlier 1 value 31
+340.187 - Serial In: Ch 2: Controller 1 value 30

5U# 2.4 TUsunsu Hairless MIDI

2.8 UasA Arduino

Juveselulasraulnaiaesnszga AVR fidnsiuuuy Open Source Aofin1silnue

UoyaNwinu Hardware wa Software #7 U83A Arduino gneanuuualildnuladie fmuis
wingdmsudlsuauAny Medhldnudiamnsadaudas Wiy finureyeaiamiveia vie

lsunsusalagnmenudevauain Arduino lun1sdeaunsaiiaiumeg Aegldnuauisase

1338dinnsetiadanneusnudiliensieldnauniivn VO vesuesa (gieeneguil 1) vieiiianiny

A2AINALNILERNADAUUDIAWESY (Arduino Shield) Uszinnsingd 1y Arduino XBee Shield,

Arduino Music Shield,Arduino Relay Shield, Arduino GPRS Shield \uy undeuiuuasauu

Ua3a Arduino waaligulusunsuiauiselalay
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yaiufviliuesa Arduino Wufiley hesenmsimuw Sduuuddaiugm lududeu
iz mSUgiaudu I Arduino Community nguALTisIuiuRuITudwse Open Hardware
vbigldansativesalussanltaulaaieiu s1a1liune Cross Platform aunsanmu

TUswnsuuu OS TaAls

2.8.1 upin Arduino Mega 2560 R3

vasn Arduino Meea 2560 R3 1uuesa Arduino fieanuuuindviuaufisos
T41/0 1n mufidesnsudugiaain Sensor WIBAUANNBLABS Servo viangq i)
VB3R Mega 2560 R3 9 §m1MMNEAIINAILUU Flash 1nn viliausadeulan
TWsunsy wldleunnndn D91 Analog Input port 16 %84 Digital Input 54 %84
PWM 4 a4 Flash memory 256 kB lulasraulnsawaasii 19fe ATmeea2560 Clock 16

MHz SEAULSIAUYINGIY V09 Port 5V

3
3
3
3
-
4
4
4
4.
4

ARDUINO fox Andxoid”

| DILITBLI

Al2
Al13 )
Al4
Al

SUT 2.5 uasa Arduino Mega 2560 R3
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2.8.2 93AUTENDUYY PIN

1. USB Port ddw¥usiodu Computer Wiadulwanlusunsuidn MCU wazdng Wl
b

2. Reset Button 1utju Reset ldnaidiasesnsli MCU Funsvialmi

3, ICSP Port 184 Atmegal6U2 Wuwadndilélusunsu Visual Com port uu
Atmegal6U2

4. 1/OPort:Digital 1/O fausv DO fl3 D13 wona N UM Pin awvimihitdug Wuiduse
19U Pin0,1 w1 Tx,Rx Serial, Pin3,5,6,9,10 waz 11 1uw1 PWM

5. ICSP Port Atmega328 \Junasniildlusunsu Bootloader

6. MCU Atmega328 W Mcu #lduuveda Arduino

7. VoPort usnannazillu Digital VO wéh FaUBsudiu dessuduyaeunden dausan
AQ-A5

8. Power Port lidsswasuaiaiofosell¥iuimsneuenusyneuseuilndes
+3.3\/, +5V, GND, Vin

9. Power Jack 5ulwann AdapterImaﬁm&ﬁua@lﬁwj’m 7-12 V 10. MCU Atmegal6u?2
Ju Mcu Aivhmihiiiu USB to Serial Tne Atmega328 asfinsiafiu Computer 1y

AtmegaleU2

& :
2.8.3 Msilpulusunsuitugiu Arduino

F7]
=

Arduino T8uguan s MwILUULABINUATS C/CH+ Matiuaillassainamiloury

'
2 Ve

A C/C+ Ml Buesvnlisesantsfnuldaudmsudasinnuiniw ¢/Cr+

U

] o s
[ o ot = o at

dwSudl3ulY Arduino indndrdeiinesiiieanumdsiiugiu Arduino Asiing

Y ar o)

TUswalwaslainiin (Preprocessor directives) Aadiuiiaaulng aosagyinnis

'
ot

Ussnanauazvhnumdaeuiinriinmseon ndlusunsuauihssudeniomungla
Sn 7w (directive) wieduudnualindamunedmaey # udwhuiedomdfidenisld
91w vidertwiun Falu druiazeglu duvuge vieduhvedlusunsukaiesoguan

flerdumdnlagfiudlndlaneqiufe #include \umdlddBdlndnsuaniie

Benldiaitunseduusndnisasiavisedmualilulwaiu



3.3

5V

Ground
Ground

5V

Analog - AQ
Analog - A1
Analog - A2
Analog - A3
Analog - A4
Analog - A5
Analog - A6
Analog - A7

Analog - AB
Analog - A9
Analog - A10
Analog - A11
Analog - A12
Analog - A13
Analog - A14

Ground
Ground

Digital PWM-D13
Digital PWM-D12
Digital PWM-D11
Digital PWM-D10
Digital PWM-D9
Digital PWM-D8
Digital PWM-D7
Digital PWM-D6
igital PWM-D5
Digital PWM-D4
Digital PWM-D3
Digital PWM-D2

Digyital 01

Digital -00
Uigitai -D14
Digital -D15
1= Digpilad -016
- Oigital -Oy7
el Digitat -B18
- Digital -D19
> Digital =020
™ Digital D21

sV
5V

-ag

L

ejb
e114]
eub

epn

= R — R = —

S$S$-IdS
ISON~ |48

6vQ-
754 -1
SvQ ~
evQ
a
6£0 -

U 2.6 91 Pin 984 Arduino Mega 2560

UART -Out
UART -In

UART -Out
UART -In
UART -Out
UART -in
UART -Out
UART -In
UART -Data
UART -Clock

13
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2.8.4 n13i38nldy Library
Tuns@sulysunsuli Arduino 151iinsienld library 3 6h A
1. #include <Keypad.h>

Library thslavinisisenldiieriiniseuau Keypad iahesan1saiuemsHiy

Y

Arduino lngazinannisyineny fadl

- const byte rows WuUnN15MAUALININUATISIHBINT

2/ '

- const byte cols tHun1sivunreduIaLATISIADINTT
- byte rowPins[rows] {un1simuniusazua@auiu Pin luuved Arduino
- byte colPins[cols] {umsmuuniurazmaduiiauny Pin el Arduino

- Keypad keypad = Keypad( makeKeymap(keys), rowPins, colPins, rows, cols ); Ju

A13ATUA A1IE3 W map @15U Keypad

2. #include <Encoder.h>

Library failanazGonlfiiionisfiaasanuisnauauiagunsal Encoder iialaminsn
YU Arduine 1 lapndnisvihauwesiufifie inaedinasienn Encoder Auliidny
Pin w89 Arduino SmsfmusUSinansyuesia Encoder Ingvluazdanl i -999
finsimuaudslden Encoder wavdeaiinisdiann Serial.begin TAwAUAY Arduino

Tneluavlden 9600
3. #include <LedControl.h>

Library shilsnvstuniglunisauauln Led wanggnastagldnsaiunumiu IC

=%

9 2wyl aunsanIuAY IC {1usi Arduino ta

LedControl lc = LedContro l(dataPin,clkPin,csPin,numDevices); Wunsimua Pin

299 Arduino



- lcshutdown (addr,false); Junsssarnisdn Led

15

- lcsetintensity (addr,value); WunisiwnamnuaInwevasn Led

- leclearDisplay (addr); ﬁaﬁ%’uﬂmﬂé‘aﬂwnnmwaa Led

- lc.setDigit (addr, digit, value, point_decimal) flsdunisidadiarues Led

- lc.setChar (addr, digit, character, false) flarigunisiinduwUsves Led

lc.setDigit(0,7,1,false);
 |c.setDigit(0,6,2,true);
| Ic.setDigit(0,5,3,false);

4

3

2

1 O

|c.setRow(0,2,B00110111);

Ex Want to display “H”
segment |[dp|afbic|d|e|f|g
data 0 T 1 T RN

2.9 Virtual Studio Technology (VST)

gﬂﬁ 2.7 MO8NN15LERINEYDY LED

Dugenduisdumesinauandudesisiugenduas Synthesizer wag Effect Units 14711U Digital

Audio Workstation(DAW) wazwmaluladduilonisusyuianadyanufaviaiiodiassenions

apAlevuiinidsauuurainluguuuuveswendiuag
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ragnarokg4/1-MIDI

Custom Build Performance/Lead Synthesizer

‘tuﬂ‘len jﬂﬂ Ragnarok

l T —
‘ ‘-p DSP Coding by Full Bucket Music - Concept & Layout by CrimsonwWarlock aka TechnoGremiin

Portamento ik Pitch F? ADSR
i, L iy, AL A1/ \ 1/ L1 V1] T, A1 uy V1 A7 =
.“ ¥ ~“ ¥, “‘ (] s‘ [/ s‘ iy s‘ ¥, s‘ (/ .“‘ L/ By, “ () .‘“ ¥, '.“ {/ “ ',
= - - - - - - &
g s 3 % % C o =, e 3 I
- ose. nolue -
speed Legata Source speed Ramp Attacik Decay Sustein Release Attack Decay  Sustain  Relea AD
Envalooa

1] (L1
\ Oi ..g (9
-
-

Eﬂwlbn? Overdrive VQFI.N‘I"P

up '_91 N —
vy & ] = L] 15 - i =) =] ) 2

Maodulation

LI/ ALY LT L] .gl Ty
& & &
f : * 3‘
- - - -
nrm.

Cutoff K&'q track

L= HP
- "'05' =]
E"éq I

MDUP RPlnq ﬂBMCV

Vil "p

sU#t 2.8 TUsunsu Ragnarek VST

2.10 Rotary Encoder

Rotary Encoder Wuwuwasuidandsnzulasmmialiii (electric wave) 1duan
NNNSULL (rotation movement) sslevilinnune duanansoldinasmvanisuyu anuss
YRINSVYY MiEm1avaamsvigu Teenng aunsalfisdantinsiuarina s eauil Wy

gnndsluing gruuaztereveuvunaiilinanmsuwmdiol sanuinedddainisyuiusiug

;a'Uﬁ 2.9 gUn39i Rotary Encoder
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2.10.1 Mann15YINeTU

A5Y91U94 Rotary Encoder thilpgitugnuas e Sammaudiviwiidlidugh
deuayna pulse | Lma'ar‘hLﬁmLLaaﬁaﬂﬂﬁwuLﬁvaUgjLLc\iuﬁlﬂu waz fAIuLa(photo diode)
Lﬁa%’uLLmﬁﬂgULmumqﬁ‘umué’fy,zy;]m

ﬂﬁuﬂaqﬁfy,fyﬂmLLﬁdﬁﬁjwuLLc&uawﬂ%aaﬂmu’ﬁu“’fy,zpﬂm nAALAMAELI(square
pulse) LLamzﬂﬂﬁué’mmmaQﬁmm 2 dyanay weludaamuuiiiendu widuyn

o =3 I e

9819 wazigeaiuly 90 waesr wsNaifell 2 dyaaluimsiziiuazainsaven

@

2

lairfiamsvesnisyuneutiniullufienele lasa1vesnisiosiuvesniiu square

&y I =) o
WaVEUUE‘i']iﬂ?ﬂU’EJﬂLUuLﬁﬁJU@'IVLUU'I%bLﬂ

Output A

Output B |_

Com-r;wn Pm (

'gﬂﬁ 2.10 M3YN9TUYeY Rotary. Encoder

2.11 fmaduymuriandsuailé(Variable Resistors)
auduuriaiiauisadsuenldlasnslnuvsuiunismy) vieideuuny

(wuvdlas) axldlunuiigesnsuiummuiunudes i unuriiaiasininouuia

dwiuldlumaudeunthasuuiianansfagillivindamnuiumuriatonnasduianuspan

WPBNUTITIHIA I TLM UL UUATIARTLRA1SUDL(Carbon)VSatRatauaIn(Wire-Wound)d4

WU ABINTITAIUANUSINIYBINSERaT IIBNINIREWIN LSOl g UIRsfinTsuas s Tan Ly
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sndunuuiduandildiuiasnssuasingldiuTagussinnasueuasdunudmsumuuuui
uv) videunudwudeuwuualad) Janildiimanuiumusiatonesduianssnn
enAuildvidmusumumuuasiresiamuou(Carbonviariaiduain(Wire-Wound)
udusnazdnInsmuAUSINaYeInIsLad TR lsildiuesTins wags Tanly

szfunvuiduaindildniuinsnssuainasldiutanussiavaisuay

Color code bands

Resistance material
(carbon composition)

20 x 100000 .9 bend 10%

U7 2.11 danudunusiaUbeudla
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|
Unn 3

YUNDUNTITANLTUIY

3.1 ASEUIUNISHINUYDITEUY

TutumaunisanbunureInsiaduasaaauaulsTy MIDI Wi lakuIn1saiuau

ponu 2 @uAsludIuraIN1TYiNITEIANYad MIDI WAz dILTBIN15EIA99NINTUTRATY

synthesizer gAguaindelu

3.1.1 NFEVIUMSYINIUTDISZUUMSYIT MIDI

Input

'

Arduino

v

Loop MIDI

’

Hairless MIDI

.

DAW

Output

msldunadanisfudninnsisunuaesaing

el RN VTR TN T L TE BT

- N a I3 <
Afavinandunmazgninulilululasreulnsaiaes

uwardudrgreniiumes

Loop MIDI 9s¥inn1sulasdizeanasniin

lulaspaulnsaianslvinatsluwasaduiu MIDI

§UA19N Loop MIDI Tagwdaaduniw MIDI udrdsaaan

TUFmanawIsdmsunsUsuLsaaea

godkITAmTUNTUTURARMA WA AL AR

umatialioionsiafuaingsiie

wanuganmeeniludesfiannsausuussanleann

dumasilavas DAW
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3.1.2 As¥UUMIAANTUTUNTU Synthesizer gAduaimelu

nslaBunmfanisfuAninlusinsu Synthesizer lu

Input e

JULUUTDIIL LAY B INA

_ §UA197A Synthesizer Tngwuaadun1e MIDI ud3eas

Hairless MIDI L
AU Loop MIDI
Loop MIDI azvinnsklasdisuanainain MIDI T
Loop MIDI 2 o .
naneunesndwsululasnoulniaaes
_ nsdsdaiguasalulasreulnamaiiasesn

Arduino . 282 ) o
mulusunsuliifieasngendyn
uanugAnmeantuguuuvvedliaitvemasn LED 1l

Qutput .

Andslimufdwaazli

Tunszaumahnuvesisaesdumsdsdniioiliunauisusiuuuresioyalivzay
AUNSLIUYDILAaZAIAEIU Iﬂﬂﬂzﬁ“dadLL‘Uﬂﬂﬁ'ngg'lm%aﬂLLUﬁﬁmﬂﬁluﬁ’m‘U@&ﬂ’Heﬂ MIDI vitels
wnzaufumiewedulasreuinsaweidduiitdunvves C++ Feldlunadeulusunsu
84 Arduino IDE Tagludseluanluneaziduslunmsifuteyauaynisesnuuudidildly

mMsdsruazdayaniegneluszuy
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3.2 mysenuuulandmiumuaunsdetayanieslusyuy
1Ann3vieuves MIDI BOX

3.2.1 mMs3enly Library

$#include <Keypad.h>
$include <Encoder.h>

SU#t 3.1 ms3unly Library

3.2.2 MImANsdetaya MIDI

void MIDimessage (byte 3tatus;~hyte datal, byte datal)
{

Serial.write{status):

serial;writeldataly;

Serial.writed{data2):

U7 3.2 M3RAInTsdITRLA MIDI
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4
ar

3.2.3 Msmamsiienlddmiuaing, Ju, Encoder wagsidimumuliusle
void setup() m

Serial.begin(9600);

pinMode (rotSwitchl, INPUT_ PULLUP);
pinMode (rotSwitch2, INPUT_PULLUP);
pinMode (rotSwitch3, ~INPUT PULLUP);
pinMeods{rotSwitch4, INPUT _PULLUP);
pinMode (rotSwitchS, INPUT_ PULLUP) ;
pinMode (rotSwitche, INPUTPULLUR)N
pinMogde (Xswitch,( INFUT, PULLUP) ;

pinMgde({¥awitch, INPUT \PULLUP) ;

H

SUV 3.3 naasemsBenlddmsuadad, du, Encoder wagsisnumuusuanle
3.2.4 NM399A" Keypad

const byte ROWS 4;
const byte €COLS =\3:
char keys[ROWS] [COLS] .=+
Frar. A2V
[*4', 'S, "&{DO
158, R, 8%,
i W TR
}:

byte rowPins[ROWS]
byte colPins[COLS]

{43, 41, 39, 37};
{35, 33, 31};:

Keypad kpd = Keypad( makeKeymap (keys), rowPins, colPins, ROWS, COLS );

int midC =-60;



void readKeyPad() {

if (kpd.getKeys())
{
for (int i = 0; i < LIST MAX; i++)
{
if ( kpd.kevy[i] .stateChanged)
{
if (kpd.key[i].kstate == PRESSED)
{
switch (kpd.key[i].kchar) {
case 'l's

MIDImessage (kpc, midC + transpose + 0, 127):

break;
case '2':

MIDImessage (kpc, midC + transpose + 1, 127);

break:
case "*3':

MIDImessage (kpc, midC + transpose +. .2, 127);

break;
cagse ' t4vs

MIDImessage {kpc, midC + transpose + 3, 127):;

break:
cass '5':

MIDImessage (kpc, midC + transpose + 4, 127);

break;

MIDImessage (kpe - 16, midC + transpose + 4,
break:

case “e!l°
MIDImessage(kpc — 1€, midC + transpose + 5,
break;

case '7':
MIDImessage (kpc - 16, midC + transpose + 6,
break;

case "8°:
MIDImessage (kpc - 16, midC + transpose + 7,
break;

gUﬁ'BA.nﬂsﬁﬁﬂﬁ Keypad

0)

0)

0)

0)

-
L

23
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3.2.5 N15A9A1 Encoder a@dnd

Encoder myEncl (26, 27):
Encoder myEnc2 (24, 25):
long positionl -999;
long position2 -9495;
int encVals[1l2] (64, 64, €4, €4, 64, €4, €4, 64, 64, €4, 64, ¢€4});

void readEncoder() {

long newPosl = myEncl.T=zd()>

long newPos2 = myEnc2.read();

if (newPosl > positionl) |
positionl = newPosl;
encVals[cVal]++;
encVals[cVal} = constrain{encValsfcval], 0, 127):
MIDImessage (178, cVal, encVals([cVal]):;

}

if (newPosl £ positionl) |
positionl = newPosl:
encVals{cVall--:
encVals{cVal] = constrainf{encVals([cVal], 0, 127):
MIDImessage (178, cVal, encVals[cVal]):

}

if (newPos2 > position2) {
position2 = newPos2;
encVals[cVal, + 1]++;
encVals[cVal + 1]/ = constrain(encVals[cVal + 1], 0, 127):
MIDImessage (178, cVal + 1, encVals[cVal + 1]);

}

if (newPos2 < position2) {
position2 = newPos2;
encVals[cVal + 1]--;
encVals[cVal + 1] = constrain(encVals[cVal + 1], 0, 127):
MIDImessage (178, cVal + 1, encVals[cVal + 1]);

EUﬁ 3.5 N3A9A1 Encoder



3.2.6 Msieen Rotary @3nd

const int rotSwitchl = 30;
const int rotSwitch? = 32;
const int rotSwitchd = 34;
conat int rotSwitchd = 3&;
const int rotSwitchd = 38;
const int rotSwitche = 40;
int_eV¥ad—="17

void readRotSwitch() {

if (digitalRead{rotSwitehl) == LOW) {
cVal = 4;

}

else if (digiralRsad(rotSwitch2) == LOW)
cVal = @©;

}

elge if {digitalRead({rotSwitech3) == LOW)
cVal = §8;

}

€lse if (digitalRsad(rotSwitchd) == LONW)
gval = 103

}

elsa if (digitalRead{rotSwitchS) == /LOW)
cval = 12;

}

else if (digitalRead{rotSwitché) == LOW)
cVal = 14;

}

U7 3.6 NM3ASAN Rotary aind



3.2.7 MIMARAuNIuLuuUsuAla

const int potl = AQ;
const int pot2 = Al;
const int pot3 = Ad;
const int slidePot = A3;

int potVall = 0]
int potVal2 = 0O
int potVall =.07
int slidePorcVal = 0

int/lastPorVall = 0;
int lastPorVali ='0;
int lascPotVal3 = 0:
int last3lidePotVal = 0;

veid readPots{) |

inc/diff-=|4;

potVall = analogRead (potl);
potVal2 analogRead(potl);
potVal3 analogRead (pot3):
slidePotVal = analogRsad(slidePot):

I

int potValldiff =-potVall —lastPotVall;
int potVal2diff = potVal2 - lastPotVal2;
int potVal3diff = potVal3 - lastPotVal3;
int slidePotValdiff = slidePotVal - lastSlidePotVal;

26



if (abs(potValldiff) > diff)

{
MIDImessage (177, 0, map(potVall, 0, 1023, 0, 127)):
lastPotVall = potVall;

if (abs(potVal2diff) > diff)

{
MIDImessage (177, 1, map(potvVal2, 0, 1023, 0, 127)):
lastPotVal2 = potVal2;

if (abs(potVal3diff)>diff)

{
MIDImessage (177, 2, map(potVal3d, 0, 1023, 0, 127)):
lastPotVal3 = potVal3;

if (abs{slidePotValdiff) > diff)

{
MIDImessage (177, 3, mapi{slidePorVal, 1023, 0,0, 127)):
lastSlidePotVal = slidePotVals

delay(2)s

SUN 3.7 mMsssansaimuniusuuUsuanla

3.2.8 msaAn Joystick

CORST Ant jovE = AS;
congt-ant JovE Ad;

conat int Xswitch = 52;
const int Yawitch = 50:»

int jJjoyvEwval = 07
int, joyv¥val = 0;
int lastJoyXval = 0;
int lastJoyY¥val = 0;



void readdJoystick() {
int diff = 2;
if (digitalRead(Xswitch) == 0) {

joyXval = analogRead(joyX):
int joyXvalDiff = joyXwval - lastJoyXval;

if (abs(joyXvalDiff) > diff)

{
MIDImessage (176, 1, map/(joyXval, 379, €37, 127, 0)):

lastJoyXval = joyXwval;

}
delavy(2) ;

if (digitalR=ad(¥switch) == 0) |

joy¥val = andlogRead(joyY):
int joyYvalDiff = joyYval -!/lastdoyYval;

if (abs (FoyYvalDiff) - diff)
{

int modulation = map(joyY¥val, 3€l, &35, -S8000, 8000);
unsigned int change = 0x2000 + modulation;

unsigned char low ="change &. 0x7F;

unsigned char high = (change >> 7) & 0x7F;

MIDImessage (224, low, high);

lastJdoyY¥val = joyYval;

}
delay(2):

}

SU#l 3.8 mshaAn Joystick

28
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1AAN15%I1914Y94 LED dauauialy

3.2.9 nMs3enld Library

#include <LedControl.h>

5U 3.9 mM3i3enld Library

3.2.10 NMIMAMTETEYATENIN IC Wag Arduino

LedControl lc-= LedControl (10, 12, €. 1):;
byte incomingByre:;| byte notes byte) velogity, int action;

JUT 3.10 MsAsAMsastaya

} A
a

3.2.11 msseamsiliala LED luusazviasn

void onLED () { if (note==36){lc.setLed(0,7 4 true);} if (note==37){lcsetled(0,7,3,true)} if (note==38){lc.setled(0,7,2,true);} if (note==39)
{lc.setLed(0,7,1,true);} if (note==40){lc.setLed(0,7,0,true)} if (note==41){lc.setLed(0,6,7.true);} if (note==42){lc.setLed(0,6,6,true);} if (note==43)
{lc.setLed(0,6,5,true);} if (note==44){lc.setLed(0,6,4,true);} if (note==45){lc.setled(0,6,3 true);} if (note==46){Ic.setLed(0,6,2 true);} if (note==47)
{lcsetLed(0,6,1,true);} if (note==48){lc.setLed(0,6,0,true);} if (note==49){lcsetled(0,5,7 true);} if (note==50){lc.setLed(0,5,6,true);} if (note==51)
{lc.setLed(0,5,5,true);} if (note==52){lc.setled(0,54,true);} if (note==53){Ic.setled(0,5,3,true);} if (note==>54){Ic.setLed(0,5,2,true);} if (note==55)
{lcsetLed(0,5,1,true);} if (note==56){ic.setLed(0,5,0 true);} if (note==57){lc.setLed{0,4,7 true);} if (note==>58){lc.setLed(0.4,6,true);} if (note==59)
{lc.setLed(0,4,5,true);} if (note==60){lc.seted(0,4.4 true);} if (note==61){IcsetLed(0,4:3 true);} if (note==62){Ic.setLed(0,4,2 true);} if (note==63)
{lcsetLed(0,4,1,true);} if (note==64){lc.setLed(0,4,0,true);}if (note==65){lcsetled(0,3,7 true);} if (note==66){Ic.setLed(0,3,6,true);} if (note==67)
{lc.setled(0,3,5,true);} if (note==68){lc.setLed(0,3,4 true);} if (note==69){IcsetLed(0,3,3 true);} if (note==70){lc.setLed(0,3,2 true);} if (note==71)
{lcsetled(0,3,1,true);} if (note==72){lc.setLed(0,3,0,true);} if (note==73){lc.setLed(0,2,7 true);} if (note==74){lc.setLed(0,2,6,true);} if (note==75)
{lcsetLed(0,2,5,true);} if (note==76){lc.setLed(0,2,4,true);} if (note==77){lc.setLed(0,2,3,true);} if (note==78){lc.setLed(0,2,2,true);} if (note==79)
{lcsetled(0,2,1,true);} if (note==80){lc.setLed(0,2,0,true);} if (note==81){lcsetLed(0,1,7 true);} if (note==82){lc.setLed(0,1,6,true);} if (note==83)
{lc.setLed(0,1,5,true);} if (note==84){lc.setLed(0,1,4,true);} if (note==85){lc.setLed(0,1,3,true);} if (note==86){Ic.setLed(0,1,2,true);} if (note==87)
{lc.setLed(0,1,1,true);} if (note==88){lc.setLed(0,1,0,true);} if (note==89){lc.setLed(0,0,7 true);} if (note==90){lc.setLed(0,0,6,true);} if (note==91)
{lc.setLed(0,0,5,true);} if (note==92){lc.setLed(0,0,4,true);} if (note==93){lc.setLed(0,0,3 true);} if (note==94){Ic.setLed(0,0,2 true);} if (note==95)
{lcsetLed(0,0,1,true);} if (note==96){lc.setLed(0,0,0,true);}

}
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void offLED (){ if (note==36){lc.setLed(0,7 4,false);} if (note==37){Ic.setLed(0,7,3 false);} if (note==38){lc.setLed(0,7,2 false);} if (note==39)
{lcsetled(0,7,1,false);} if (note==40){lc.setLed(0,7,0 false);} if (note==41){lc.setLed(0,6,7 false);} if (note==42){Ic.setLed(0,6,6,false);} if (note==43)
{lcsetled(0,6,5 false);} if (note==44){lcsetLed(0,6,4 false);} if (note==45){Ic.setLed(0,6,3,false);} if (note==46){Ic.setLed(0,6,2 false);} if (note==47)
{lcsetLed(0,6,1,false);} if (note==48){lc.setLed(0,6,0 false);} if (note==49){Ic.setLed(0,5,7 false);} if (note==50){Ic.setLed(0,5,6,false);} if (note==51)
{lcsetLed(0,5,5,false);} if (note==52){lc.setLed(0,5,4 false);} if (note==53){Ic.setLed(0,5,3 false);} if (note==54){lc.setLed(0,5,2 false);} if (note==55)
{lcsetLed(0,5,1,false);} if (note==56){lc.setLed(0,5,0 false);} if (note==57){lc.setLed(0,4,7 false);} if (note==58){Ic.setLed(0,4,6 false);} if (note==59)
{lc.setLed(0,4,5false);} if (note==60){lc.setLed(0,4 4 false);} if (note==61){Ic.setLed(0,4,3 false);} if (note==62){Ic.setLed(0,4,2 false);} if (note==63)
{lc.setLed(0,4,1,false);} if (note==64){lc.setLed(0,4,0 false);} if (note==65)c.setLed(0,3,7 false);} if (note==66){Ic.setLed(0,3,6,false);} if (note==67)
{lcsetled(0,3,5 false);} if (note==68){lc.setLed(0,3 4 false);} if (note==69){Ic.setLed(0,3,3,false);} if (note==70){Ic.setLed(0,3,2 false);} if (note==71)
{lcsetLed(0,3,1,false);} if (note==72){lc.setLed(0,3,0,false);} if (note==73){lc.setLed(0,2,7 false);} if (note==74){lc.setLed(0,2,6,false);} if (note==75)
{lc.setled(0,2,5 false);} if (note==76){lc.setLed(0,2 4 false);} if (note==77){lc.setLed(0,2,3 false);} if (note==78){Ic.setLed(0,2,2 false);} if (note==79)
{lcsetled(0,2,1,false);} if (note==80){lc.setLed(0,2,0 false)} if (note==81){lc.setLed(0,1,7 false);} if (note==82){Ic.setLed(0,1,6,false);} if (note==83)
{lcsetled(0,1,5,false);} if (note==84){lc.setLed(0,1,4 false);} if (note==85){Ic.setled(0,1,3,false);} if (note==86){Ic.setLed(0,1,2 false);} if (note==87)
{lcsetLed(0,1,1,false);} if (note==88){lc.setled(0,1,0,false);} if (note==89){lc.setLed(0,0,7 false);} if (note==90){Ic.setLed(0,0,6,false);} if (note==91)
{lc.setLed(0,0,5 false);} if (note==92){lc.setLed(0,0,4 false);} if (note==93){Ic.setLed(0,0,3 false);}if (note==94){Ic.setLed(0,0,2 false);} if (note==95)
{lc.setLed(0,0,1.false);} if (note==96){lc.setLed(0,0,0,false);}

}

guﬁ 3.11 n1s@aAn1ssUals LED

3.2.12 madeuldaiitedernmasudayauasdsioyalugs Output (LED)

vold setan(}

{ Serial.begin (9600) ;

pinMode (135 \CUIFUT) ; Lle\shuatScown$dy/false)
lo.setIntensigy (0, 8Y:»

le.clearDiaplay0)e:

digitalWrite [13,N\DGH) =0

void loop() { if (Serial.available() > 0)
{ incomingByte = Serial.read():

if [(incomingByte==144)({ action=l; }
elae 1f (incomingByte==128){ action=0; }
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¢lse if ( (action==l) &&(note==Q0) }{ nore=incomingByte; onLED():
velocity=incomingByter }

glge 1f (| (action==0) &L (note==0) ){ noce=incomingByte; offLED():
velocity=incomingByte: }

if (velocity=—=0){ offLED():}

note=0J;

JUA 3.12 msssAnmsudeyauasnididoyn

3.3 gunsaldiulsensy
3.3.1 gun3aldmiu MIDI Controller

1. Arduino Mega 2560 18
2. Keypad madule 1.8
3. Rotary Encoder 2.0
4, Rotary Switch 1.1
5. fEUNIUMUUUSUAT B10K 4 @
6. Slide Switch 2 9

7. Joystick module 1 61



3.3.2 qunsaldmiunsvin Led aswauielu

1. LED

2. Ic Was MAX7219CNG

3. Arduino Mega 2560

4. Feun1uIuIn 28 K lawu
5. ffiudszuuin 100 nF
6. ffiuuszquunm 10 uF

7. Prototype Board

3.4 N9RALUUNIT
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JUT 3.13 m3segunsalniglunaes
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unil 4
NANISNAEDY

4.1 HanN1sNAaBY

P o v al o &
4.1.1 Mveaseil 1 nMsveassmsiiuAjulilin MIDI Wisuiultin Octave

Note Octave Number Value
C 60 60
CH# 61 61
D 62 62
D# 63 63
E 64 64
F 65 65
F# 66 66
G 67 67
GH# 68 68
A 69 69
A# 70 70
B 71 71

A15799 4.1.1 msuman1snaaInsfiumUulin MIDI Weuiulun Octave

INHANTNARDINUTINITAUAT Velocity 1Yy Keypad fiduanalinlanseiulin

Octave 7uanslumondnls DAW Fadoyaiininuuiug msannumnud



A 1 o 1 1 d 1
4.1.2 N1IVARDIN 2 VIAABUANUNUEIYBINITEAT Value matﬂeumeuu DAW

+751.301 - Serial In: Ch 2: Controller 2 value 3
+751.526 - Serial In: Ch 2: Controller 2 value 3
+751.545 - Serial In: Ch 2: Controller 2 value 2
+751.56 - Serial In: Ch 2: Controller 2 value 1

+751.577 - Serial In: Ch 2: Controller 2 value 1
Volume +751.587 - Serial In: Ch 2: Controller 2 value 0

+817.041 - Senial In: Ch 2: Controller 2 value 68
+817.041 - Senal In: Ch 2: Controller 2 value 67
+817.919 - Serial In: Ch & Controller 2 value 67
+817.919 - Serial In: Ch 2: Controller 2 value 67
+818.267 - Serial In: Ch 2: Controller 2 value 67
+818.268 - Serial In: Ch 2: Controller 2 value 67

58

+850.275 - Serial In: Ch 2: Controller 2 value 123
+850.285 - Senal In: Ch 2: Controller 2 value 124
+850.295 - Serial In: Ch 2: Controller 2 value 125
+850.31 - Serial In: Ch 2: Controller 2 value 125

1 | +850.319 - Serial In: Ch 2: Controller 2 value 126
Vollme +850.327 - Serial In: Ch 2: Controller 2 value 127

N

JUT 4.1 sUuanamsmaaeinsdstoya Value Asus 0 Ui 127 Walauseuy DAW

INNITNARDINSNAABUANLLIUEGVBINTTAIAN value Yaan1suSuAaInduiuleain
Au1T0aAIlARaA 0 83 127 amrsadsuamasdinesateglu DAW ladaus Minimum £

Maximum Taaeguuen



| 1 ar
4.1.3 N15NAABIN 3 AMTVIAaBINSRanIATIW LED Wisufiu MIDI
Avunlivasnnad 1 89anan 8 1Wultinsnf 63 84 70 suaisiu

wivinsasdoyalaenisadinnauslini 63 fla 70 wuimsiaaeuinlv LED 3ol
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waoalni Tun #n1ue
1 63 GeRd
2 64 a7
3 65 N
4 66 a7
5 67 a7
6 68 AN
Y 69 an
8 70 a7

AN57199 4.1.2 91519 A1SNAEDINISHAAIA W LED tipuiu MIDI

NNNTNAFBINSHITRYAlAENTALURLNNSIIED UARTUNT0YINIUYMABALN LED tu wui

Liimii 63 fie 70 Simsedayalinsannuvaenl LED ynAds
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< 19 [ [ .
4.1.4 MIVAaR 4 NMIVAABUANWILE1TDINITAIAIEA MIDI Uu Synthesizer

mMsvaaadlagn1snalinuulsunsy Synthesia WnnIagA1LUR MIDI U Bridge dnfif

waiugmsalal

FB Hot Cross Buns - Synthesia 10.6.5425 ] x

Back | | Help > o — 0+ L PEA Y

Song Paused

W Hairlessid
:f'
[V Serial<->MIDI Bridge On MIDL Out
Serial port = vy ® I(N"t =Denci) :J
LI B B B B B ) -
USE Serial Device (COM6) j @ 4 MIDI In
- 2
'-........|LoopMIDIPort1 :J

[v Debug MIDI messages

+376.559 - MIDI In: Ch 1: Note 64 on velocity 0 -

+376.559 - MIDI In: Ch 1: Note 62 on velocity 64
| |+377.142 - MIDI In: Ch 1: Note 62 off velocity 0
+379.426 - MIDI In: Ch 1: Note 62 on velocity 0
+379.426 - MIDI In: Ch 1: Note 60 on velocity 64
| +379.609 - MIDI In: Ch 1: Note 60 off velocity 0 j

JUN 4.2 MIUanINIVARedEer19n synthesia Wiguuw bridge ATIN 1



B A Tisket, A Tasket - Synthesia 10.6.5425 ] *

Back  Help oo — 1%+ L PHNYO

R
Song Palised

“} WSS 1D SE[ALErCdgE

[v Serial<->=MIDI Bridoe On

Serial port > 220 &) (Mot Connected) L|
[

USB Serial Device (COM®) :J 0 MIDI In

.0......-O’L009M1D1‘Port1 LI

-,
-

v Debug MIDI messages

+163.464 - MIDI In: Ch 1: Note 64 on velocity 0 -
+163.464 - MIDI In: Ch 1: Note 63 on velocity 64

+163.896 - MIDI In: Ch 1: Note 65 off velocity 0

+164.763 - MIDI In: Ch 1: Note 65 on velocity 0

+164.763 - MIDI In: Ch 1: Note 67 on velocity 64

+165.044 - MIDI In: Ch 1: Note 67 off velocity 0 z‘

UM 4.3 NMSUaRININARBIAIANN synthesia WBUUY bridge ASH 2
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P A Tisket, A Tasket - Synthesia 10.6.5425 O x

fack  Help Y YL N

SongjPaused

- [ laxe] :
¥ serial<->MIDI Bridge On MIDI Qut

Serial port ) "ylm"‘ Connected) il

- LB B e B B BN -
|UT§BSEH.3I Device (COMS) j (3] 4_ .. MIDI In
-
'0-------%[\DOQMIDIP0H1 j

¥ Debug MIDI messages

+165.044 - MIDI In: Ch1: Note 67 off velocity O :J

+260.461 - MIDI In: Ch 1: Note 67 on velocity 0
+260.461 - MIDI In: Ch 1: Note 64 on velocity 64
+261.061 - MIDI In: Ch 1: Note 64 on welocity 0
+261.061 - MIDI In: Ch 1: Note 65 on velocity 64

+261,445 - MIDI In: Ch 1: Note 65 off velocity 0 j

UM 4.4 MILERIMITNARBIANAIRIN synthesia WBUUY bridge ATYIN 3

NN1TNARDILUNTNAFDUANULLUEIVBINTTAAILER MIDI n13asriluds bridge Tun1snalim
WAIABUAUAITIY octave (M99 2.1) WUT1A1389AT MIDI 21ATHRTIANLKLUETINTIN

Vg uiues octave WWuaened
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5.1 ayunaniivaaey
NMveaadlunisdidayaiaruaninaaanluzuiuurain1w) MIDI Tutayan 3 Tuv

2/ '

wuhmsdsteyarigueriuiiinnugnesusiuglundunswieuiieuiualinues Octave

U

warnTUSUATUUBULnSWAL e T laATiRBInIS

2
()

MNMMRaedaeIAsIagn nlivihnmeasaieIfunsuAdeyannlusunsy
Sythesia lngilusinsuavdsdyaueanutdunte MIDHaeis1aglflusunsy Hairless Lﬁ:@@
Tifudedoyaerlsoonin udhdeyathud Arduino felusuns lopMiDl aisléfeyaun
# Arduino Vi3eamnealnaimeTazianud meeenuwmasa LED salusunsuiisndenly e
udeiinfieanumuifmmessiuadiisdeen vl smauiitusunsuilivinnlfeds
QnAea
5.2 39130IN15AADY
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h
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MAXIN

Serially Interfaced, 8-Digit LED Display Drivers

General Description

The MAX7219/MAX7221 are compact, serial input/out-
put common-cathode display drivers that interface
microprocessors (pPs) to 7-segment numeric LED dis-
plays of up to 8 digits, bar-graph displays, or 64 indi-
vidual LEDs. Included on-chip are a BCD code-B
decoder, multiplex scan circuitry, segment and digit
drivers, and an 8x8 static RAM that stores each digit.
Only one external resistor 1s required to st the seg-
ment current for all LEDs. The MAX7211 is compatible

with SPI™, QSPI™ and Microwire™, and has slew-rate-

limited segment drivers to raeduce EMI

A convenient 3-wire serial inferface connects te all
common pPs. Individual digits may be addrassed and
updated without rewriting the entire display. The
MAXT219/MAX7221 also allow the userto/select code-
B decodingor mo-decode for each digit.

The devices include a 150uA low-power shutdown
mode, analeg and digital brightnes: control, 2 scan-
limit rezister that allows the nser to display frem 1 to 8
digits, and a test moda that forces all LED: on

Applications
Bar-Graphk Displays

7-Segment Display:
Industnal Controllars
Fanel Meters

LED Matnix Displays

Pin Configuration

TOP VIEW N =2
DG E gic'ﬁ ne
i . MAXT219 Irfef G
NN 727 -
DG E Zl SEG
DG E jﬁiﬁf
ora {1} 5] sza »

LoanTeds] 7] cux
() MAX7221 ONLY DIP'SO

Features

o 10MHz Serial Interface

o Individual LED Segment Control

o Decode/No-Decode Digit Selection

o 150uA Low-Power Shutdown (Data Retained)
o Digital and Analog Brightness Control

o Dizplay Blanked on Power-Up

¢ Drive Common-Cathode LED Display

o Slew-Rate Limited Segment Drivers
for Lower ENMT (MAXT7221)
o SPI, QSPI, Microwire Serial Interface (MAX7221)

© 24-Pin DIP and SO Packages

Ordering Information

PART TEMP. RANGE PIN-PACKAGE

MAX7219CNG G:C to +70°C 14 Narrow Plastic DIP
ALAX10CWE 0*C to =70°C 14 Wide 50
MAXT2 16D 0% to +70%& Dice*

MANTHOENG -39°C to +33°C 14 Narrow Plastic DIP

MANTIISEWG -40°Crto +835C 14 Wide SO

AAXTICERG 24 Narrow CERDIP

=40°Cito +85°C

Ordering Information continued &t end of data sheet.
*Dite 2re specified at Tas+15%C

Typical Application Circuit

38858868

Vsl

K 23 G SEG A-G
SEG D
. SEGMENT
an
:
) MAXT7221 ONLY s-piciT vP DISFPLAY

SPI and QSPI are trademarks of Motorol2 Inc. Microwire is 2 trademark of Nation2l Semiconductor Corp

MAXIMN

Maxim Integrated Products

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800.

LCCTIXVIN/6LTLXVYIN



MAX7219/MAX7221

Serially Interfaced, 8-Digit LED Display Drivers

ABSOLUTE MAXIMUM RATINGS

Voltage (with respact to GND)

Operating Temperature Ranges

45

WY e, veree0.3V 10 6V MAX7219C_G/MAX7221C G ... 0°C to <70°C
DIN, CLE, LOAD, CS ............. LW 106V MAX7219E_G/MAX7221E_G v -40°C to +85°C
All Other Pins <03Vt (V= +0.3V) Storzge Temperature Range ~65°C 10 +160°C
Lead Temperature (soldering, 10szec) +300°C
DIGO-DIGT Sink CUITERL.........coiiiiiiiiiiciiicciininins 500mA
SEGA-G, DP Source Current ................... 100mA
Continuous Power Dissipation (Ta=+33°C)
Namow PlasticDIP ... e 0.8TW
Wide 50 oo ...0.76W
Narrow CERDIP... TIw
Strensex beyond thoxe listed ander “ Ab#eTaic MBTimem Ratings”™ may cause pormancot Jamrligee (heldevice. Thoss arc sircas vatings enly, snd functionsl
wperat of the device at these udfEny allkc veesion sl the specificstives ix not implicd. Exposure to
shsolute meximum tating coaditiond Tor ¢ periody mhy Affecl dievieg oflighilicy
ELECTRICAL CHARACTERISTICS
(V+ = 5V 210%, Rasr =0 53kQ 1%, Ta= Tyt Tiea x, unless otherwise noted )
PARAMETER SYMBOL COXNDITIONS MIN TYP MAX UNITS
Operating Supply Voltage 2 40 33 v
Shutdown Supply Cumrent 2 All digital ipputs 21 Ve or/GND, TA=<25C 150 A
Rsr 1= open Circuit 8
Operzting Supply Current ' All segmentd 2nd dacimal point 0%, - mA
Faro =-40m4 =
Display.Scan Rate fose 8 digits scanmed 300 800 1300 Hr
Digit Drive SinkgCurrent Fwiciy XHF N,/ VA =065V 3N mA
Segmaent Drive Source Current I 56 Tam 250 Veu SV Y = (V+- IX) 40 -4 43 mA
Segmenmt Curzent Slew Rate AT A T Ay o T BT RLY ol 1 X - .
(MAX7221 oniy) T =#153%C, V== S\ Vo= (V- 1V) -y 20 0 mA‘us
Segment Drive'Current Matching Alsa 30 %
Digit Drive Leakage AL Nixig BT | i i
(MAX’!Z; ﬂl‘l':'_f} 1 DI 1EM 01T, MGIT = - n
Segment DrivaLeakage Xl Sezment off, Virh =0V | uA
(MAX7221 oniy)
Digit Drive Source Current R \ \ ) <
{M:\X"'.'ls‘ aiiy) Toica Digia 82, Valkor= (V=--0.3\) -2 mi
Segment Drive Sink Current el e IS =
(MAX7218 only) Isea Segment off, Vsea =03V 3 mA
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Serially Interfaced, 8-Digit LED Display Drivers

Y™ Table 5. Code B Font
N REGISTER DATA ON SEGMENTS =1
N 7-SEGMENT
; CHARACTER D™ | D6-D4 D3 n Dl n | Dp* A B i D E F G
q 0 X 0 0 0 0 i 1 1 1 1 1 0
1 X 0 0 0 1 0 1 1 L} 0 0 0
: 2 X 0 0 1 0 1 1 0 1 1 0 1
3 X 0 0 1 1 1 1 1 1 0 0 |
>
— - X 0 1 0 0 0 1 1 ) ] 1 1
N s X 0 1 0 1 L 0 1 1 0 1 1
N 6 X o 1 ] 0 0 1 1 1 1 1
x 7 X 0 1 1 1 i 1 0 0 0 0
< 8 X 2 0 0 1 1 1 1 1 1
E g X o 0 1 L 1 1 1 0 1 1
— X 0 ') 0 0 ] [} L} ] 0 1
E c 0 1 1 i 0 0 1 1 1 1
H X 1 1 1] 0 & 4 1 0 1 1 1
L X i 1 0 1 ] 0 0 1 1 1 0
P X |, 1 1 2 L 1 \ij 0 1 1 1
blank X i 1 1 1 ¢ 0 0 0 o 0 0
*The dacimz] point is ae2p by bit D7 =1
Table 6. No-Decode Mode Data Bits and S
Corresponding Segment Lines B o r——L
P Sl 17, The MAX7219 MAX7221 zllow display brightness to be
i controllad with an external resistor (RSET) connected
| - between V= and ISET. The peak current sourced from
the segment drivers 1s nomnally 100 times the current
d “ entering ISET. This resistor can either be fixed or vari-
p able to allow brightness adjustment from the front -
AP STANDARD 7-SEGMENT LED panel. It minimutm valae should be 9.53 €. which typi-
h cally sets the segment current at 40mA. Display bright-
ness can also be controlled digitally by using the
3 O intensity register.
o Ll Digital control of display brightness is provided by an
internal pulse-width modulator, which is controlled by
REGISTER DATA the lower nibble of the intensity reg_ister. The modulator
- — scales the average segment current in 16 steps from a
D7 |D6 | D5 D4 | D3 D2 DT | DO maximum of 31/32 down to 1/32 of the peak current set
- = ! / o 5
Comesponding o | a 3 e D z F by RSET (15/16 to 1/16 on MAXT221). Table 7 lists the

Segment Line

intensity register format. The minimum interdigit blank-
ing time 1s set to 1/32 of 2 cycle.

MAXIMN




. 90" Oulput phase difference, CW rolation

Shaft dameter ®6 mm or @8 mm , clamping
flange, housing diameler ® 38 mm,

Low price at high performance, small volume,
hght weight. easy for installing

Applications:

Measure the distance, stop dog pesiticning,
curtained door, textike machines

> Output waveform

(CW rotation as seen from fit surface)

A !’.mhi
caW'A ’2_,_‘ LJ. T~ 00
aengaraluty. scanre (L7 T 77 253~
"' __.._I_ _.nl& Ty

pmcic. [ [

: .....J....!'C"':..“ o

Fagn | Brog '_‘_ I
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The Potentiometer Specialists®

Providing quality parts on time - with the I
expertise to meet your most challenging
design requirernents.

With Satisfied
Customers Around

The World

48

L e—49/64 £1/64 hounting Surface
[19.45mm]
#1/4 OR 3/8-32-NEF-3A

Thread

¥
]| 124 Diameter

016 g
| [0.41mm]

he—— 55 ——
[13.97mm]

I| [Bushing
e | L
J
0

Shaft L
55

| [140mm]
140

[3.56mm)

Rotary, Linear, and Multi-Turn Potentiometers and Encoders

Custom Potentiometers Built To Your Design Specifications Within 48 Hours*

MODULAR CONSTRUCTION

THE BEST CHOICE FOR MEETING YOUR EXACT REQUIREMENTS!
SHORT LEAD TIMES - TYPICALLY NO MINIMUM ORDER REQUIREMENTS

588 Conductive Plastic
S89 Cermet

« 1/2" Square Modules

* Concentric Shafts

* Panel & Shaft Seals

e Up to 8 modules

¢ Solder Hook or PC Pins

e Rotary & Push-Pull Switches
* Linear & Log taper

¢ Center & Multiple Detents

¢ 1/2 W Conductive Plastic 588
¢ 1 W Cermet 589

* “The New Mod-Pot 2 ™"

* RoHS

Conducitve Plastic and Cermet

S159 Series

+ 5/8" Square Modules

« Up to4 modules

» Conductive Piastic or Cermet
elements

* Linear, Audio, Reverse Audio
Tapers

+ Metal Shaft and Bushing

¢ Bushing or PC board Mount

* 2 Watts Cermet

+ 1 Watt Conductive Plastic

* Rotary Switch option

« IP40 Rating

* “The New Mod-Pot 2 ™"

* RoHS

S$127 Conductive Plastic
# IP67 Rated

]

* 1/2" Square Modules

+ IP67 Sealed Standard

* 1/2 W Conductive Plastic
® Linear & Log taper

¢ Up to 4 Modules

« Single Shaft 1/8" or 1/4"
¢ Solder Hooks or PC Pins

* Rotary Switch Option

s Center & Multiple Detents
¢ RoHS

Click Here for a Mod-Pot™ Series Comparison
* Normal lead time less than 2 weeks, 43-Hour VIP service subject to component availability
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Custom Potentiometers Built To Your Design Specifications
INQUIRE ABOUT LEAD TIME & MINIMUM ORDER REQUIREMENTS

Series S1278B

* 1/2" Square Modules

* Up to 2 modules

* Conductive Plastic or Cermet
elements

* Linear, Audio, Reverse Audio
Tapers

* Metal Shaft and Bushing

¢ Bushing or PC board Mount

s 1 Watt Cermet

* 1/2 Watt Conductive Plastic

* Rotary or Push-Pull Switch

* Sealed IP64/1PE5 Standard

* RoHS

Series 70
Series 72

&

¢ 5/8" Square Modules

* Concentric Shafts

* Panel & Shaft Seals

s Modular Construction

e Up to 6 modules

¢ Solder Lugs or PC Pins

* Rotary & Push-Pull Switches
* Linear & Log taper

* Vernier Drive Availabie

* 1/2 W Conductive Plastic
o2 W Cermet

* "The Original Mod-Pot"
* RoHS

5159-10 Series

* 5/8" Square Modules

* 10-turn modular

* Up to 2 modules

* Wirewound or Hybritron®
elements

* Linear Taper

* £0.25% Independent Linearity

* Metal Shaft and Bushing

* Bushing or PC board Mount

* 1 Watt Power Rating

« IP40 Rating

* RoHS




The full spectrum of potentiometer products available through State Electronics can produce a solution
for nearly every potentiometer requirement. Contact your State sales representative for additional

information.

Modular Potentiometers

Millions of combinations
available including: single,
dual, trple, quad modules, as
well as customized switches,
shafts and terminals.

Precision Potentiometers

Precision potentiometers
provide reliable control for
applications in heavy
equipment, robotics,
industnal, test and lab
equipment

Mil-spec Potentiometers

Mil Spec units are offered with
Conductrve Plastic or Carbon
elements. Housings are either
metal or plastic depending on
Mil-Type. Stainless steel shafts
are standard.

Commercial Potentiometers

High performance, low
cost potentiometers for
panel or pc board
applications.

Multi-Turn Potentiometers

A wide selection of
multi-turn
potentiometers can
meet your
requirements for
accurate and stable
control input.

Linear Motion Potentiometers

For applications that
require precision linear
feedback. An extensive
line is available for
industnal, marine,
medical, laboratory and
robotics applications.

Joystick Controls

Our comprehenswve line of
industrial joystick controflers
offers resistive and non-
contact control in'l, 2, or 3
axes. These units can be
configured to your
requirements

Rotary Encoders

Optical and mechanical rotary
position encoders with direct
digital output. Models for
commercial, precision and

y high-resolution are available.

&)

Hall-Effect Rotary Position Sensor

A non-contact sensor
with direct analog
voltage out - for the
Highest Reliability at
low cost. Long life,
rugged, and
programmable to your
application!

Turn-Counting Dials

Analog and digital dials
give excellent

~ readability and
precision feel, as well
as high accuracy. Most
models include a
locking brake to keep
the dial set in place.

Control Knobs & Dials

Traditional and contemporary
styles for rotary and slide
potentiometers.

e
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