Simple MIDI for Virtual Organ

(using Midi-Ox)
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Introduction

The aim of this document is to provide an understanding, and tools required to demystify the ‘invisible’
MIDI signals that drive a Virtual Organ, specifically the MIDI signals from your physical console to the
input of Virtual Organ software. This information is generic and will be of assistance as a basic
knowledge base for all Virtual Organ applications. I have chosen to use MidiOx as a freely available
MIDI viewing program. There are other programs that will provide a similar function.

The technical level will be kept simple and only cover MIDI aspects specific to the main common
functions. The information gained from this will be a big help for those with no MIDI experience at all,
to set up a Virtual Organ, and provide a useful base for those wanting to configure more advanced
console functions.

It may initially look complicated, but it is broken down into each small step, with pictures of what you
need to do, and what you will see happening.

We will cover:
The basic setup of Midi-Ox as a means of viewing (otherwise invisible) MIDI signals
The difference between Hexadecimal and Decimal, how to tell which is which and convert them
The three basic MIDI functions used by Virtual Organs, how to recognise them and read them

Requirements

To use this as a tutorial you will need:-
- A keyboard or console producing MIDI out
- A MIDI interface to USB or soundcard game port input
- Software Drivers for the MIDI interface
- Midi-Ox software http://www.midiox.com/ (free download)
(MidiOx is a 32 bit program, and will function on 64 bit platforms. These notes are based on a
Windows XP 32 bit installation)

To start we will assume:-
- You have at least a MIDI keyboard
- You have a MIDI interface and cable connecting the keyboard to your computer
- You have software drivers loaded for the MIDI interface
- You have the MIDI-Ox program installed on your computer

Note: Always make sure you have your MIDI interface connected and operating before starting a
program that will be looking for MIDI input.

Don’t start MidiOx or your Virtual Organ program till after your MIDI interface is connected.
Eg. If a USB device, its power LED is on, and you have heard the USB start-up “DING>ding” sound.

If connecting the interface for the first time, (or the first time to a different USB port) make sure the
drivers are loaded properly and Windows gives the message “the device is loaded and ready to use”.

Check: Do you have an indicator showing power to your interface?
Do you have an indicator showing MIDI activity when you press and release keys?
With audio on, do you hear a DING>ding when you plug in the USB plug? This is good
Do you hear a DING<dong when you plug in the USB plug? This indicates a problem
(vou will need to delete the device using Windows Device Manager and install it again)
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Three Basic MIDI Functions - Overview

Virtual Organ applications usually only use two or three basic Midi functions to drive all the features of
the organ. They use addressing variations in these to ensure the correct function is performed when
requested. First we will look at a quick overview of the functions which could also be useful for quick
reference. Then we will look at each in detail.

If you look up generic MIDI information you will find reams of information covering hundreds of
functions. It is good to know we only need to learn two or three.

MIDI Note ON / Note OFF

Virtual Organs use the standard Midi “Note ON / Note OFF” functions as used by all the major keyboard
manufactures.

We will usually only need to verify the function and determine the Channel Number.

Example HEX 90 3C 7F Note On, Channel 1, Middle C, Full Velocity
DEC 144 60 127 as above

(DEC 144 to 159, Note On—Ch 1 to 16)

MIDI Program Change

Some Virtual Organs will use the Midi “Program Change” function to trigger the console pistons driving
the programmable combination action. Most commercial organ consoles with Midi Out or MIDI
controller keyboards will drive this feature.

We will need to verify the function, determine the Channel Number and the Program Change Number.

Example HEX CF 00 -- Program Change (Piston), Channel 16, Number 0
DEC 207 0 as above

(DEC 192 to 207, Program Change — Ch 1 to 16)

MIDI Controller

Virtual Organs use the standard Midi “Controller” function for its volume control input (SWELL). Most
Midi keyboards and organs will drive this feature. With some unique addressing changes, a second
SWELL and/or a CRESCENDO can be driven using this function. It is unlikely other equipment will
drive these functions without special configuration.

We will need to verify the function, determine the Channel Number, the Controller Number, and the
Range of the Value (min & max).

Example HEX BO 07 02 Controller, Channel 1, Cont 7, Value 2 (Swell low)
DEC 176 7 2 as above

(DEC 176 to 191, Controller — Ch 1 to 16)
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Three Basic MIDI Functions - Detail

MIDI Note ON / Note OFF

We will start with the MIDI Note On / Note Off messages we have seen used as the example data in
Midi-Ox “Monitor — Input”. It is really a lot simpler than it looks, because we can ignore a lot of what we
see, and also Midi-Ox is trying to help us decipher what we are seeing.

In most cases you will only need to know the Channel number.

~“Monitor - Input
P IN PORT STATUZ DATAL DATAZ CHAN NOTE EVENT

| a0 3c TF I 1 C 4 Note On

Ignore the TIMESTAMP, IN and PORT columns.
STATUS, DATA1 and DATA2 are the ones we will look at in more detail.
CHAN, NOTE and EVENT is Midi-Ox trying to help us.

As you can see in the three columns on the right, Midi-Ox is telling us what it sees in General MIDI
Code. In this case, because this aspect of Virtual Organs uses the standard MIDI coding, this tells us
everything we need to know.

CHAN/ 1 NOTE/C 4 EVENT / Note On
CHAN /1 NOTE/C 4 EVENT / Note Off

Next we need to learn how we can get this same information by learning what the STATUS, DATA1 and
DATAZ2 columns mean. This will also help us learn the other two MIDI function types.

~“Monitor - Input

T P IN PORT STATUS DATAL DATAZ CHAN NOTE EVENT

ac TF 1l C 4 MNote On

"9" iz HEX code for "Mote On"

The "Left" digit of the STATUS column
in HEX gives the function code

The left Status digit (in HEX) in this example is “9” this gives us the function “Note On / Note Off”

(There is actually also a HEX MIDI code “8” which is a “Note Off” function, but is rarely used. The
most common application of MIDI is to use MIDI function HEX “9” with “00” velocity for “Note Off”)

If this digit was a “C” it would give us the function of a Piston (MIDI Program Change)
If this digit was a “B” it would give us the function of Swell (MIDI Controller)
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" Monitor - Input

TAMF IN PORT AT, 41 DATAZ CHAN NOTE EVENT

594 a - 20 3c iF 1 C 4 Note On

"0" iz HEX MIDI code for CHAM 1

The "right" digit of the STATLIS column
in HEX gives the CHAMel number

The right Status digit (in HEX) in this example is “0” this tells us the MIDI channel 1
(HEX) 0 to F - equal (DEC) Chanel numbers - 1 to 16

" Monitor - Input

TAMPF IN PORT 3TATUO3 DATA] DATAZ CHAN HOTE EVENT

594 a - 20 3c iF 1 C 4 Note On

The DATAT column of a "Mote On" message tells
us the specific note itis. "3C" in HEX converts to
"60" in Decimal

When using commercial keyboards or consoles with MIDI the specific notes will follow the MIDI
standard. If you are adding MIDI to an old console you will need to check you are setting your MIDI
system up to send the correct note numbers. See Appendix Note number lookup chart on page 15

If you are using Note On/ Note Off messages for other functions like Piston control or Stops (Tabs) On
and Off, you will need to make lists of which note number relates to your specific stop.

(Whilst there is a “C” in this HEX code it is just a coincidence. It is not the left character in the Status
column so has no relationship to the “Program Change Function” we will look at in the next section.)

" Monitor - Input

AT41 DATAZ CHALN NOTE EVENT
3 TF 1l C 4 HNote On

The DATAZ column of a "MNote On" message tells
us the "“Welocity" of the note. "7F" HEX converts to
"127" Decimal, "00" HEX is "0" Decimal (MNote Off)

Many electronic keyboards are “Velocity” sensitive as a form of volume control or tonal change, much
like a piano. There are two forms of this function. One is the initial velocity (most common) the other is
after-touch velocity, or pressure. Most MIDI encoders often fitted to old electronic organs as after-market
MIDI, only accept switch contacts, so have no means of measuring velocity or after-touch. These are
often hard coded with “7F” as their default velocity.
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MIDI Program Change — Piston Signal

T ———r S " Monitor - Input

TIMESTAMP IN PORT STATUS DATAL DATAZ CHAN NOTE EVENT TIMESTAMP IN PORT STATUS DATAL DATAZ CHAN NOTE EVENT

The MIDI Program Change command is used by some Virtual Organ software as the trigger for “Pistons”
from the combination memory.

Some Virtual Organ software will also accept MIDI Note On / Note Off to trigger this function, or in
other cases any command you configure it to look for.

To get your console Pistons working with your Virtual Organ software you will need determine two
things.

1/ What messages are coming from your console

2/ What messages is your Virtual Organ software looking for (or can you configure this?)

These instructions will help you identify the messages coming from your console. You will need to know

What type of MIDI message it is (HEX Status left)
What MIDI channel the messages are coming on (HEX status right [plus 1])
Which number the message is (DEC Datal).

To read the message:

Ignore the TIMESTAMP, IN and PORT columns.

STATUS and DATAI are the ones we will look at in more detail. (DATAZ2 is not used with this function)
CHAN, NOTE (not used) and EVENT is Midi-Ox trying to help us.

Again in the three columns on the right, Midi-Ox is telling us what it sees in General MIDI Code. In this
case, only the CHANnel information is useful. The rest relates to General MIDI and is not used in this
form for Virtual Organ applications.

The left Status digit (in HEX) in this example is “C” this gives us the function “Program Change”
The right Status digit (in HEX) in this example is “F” giving us MIDI Channel 16
(To convert to DECimal, the HEX “CF” = DEC “207”, Program Change commands can be: 192 - 207)

DATALI in this example is DEC “0” so this the first of the possible 128 Program Change commands
available on this MIDI channel.
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MIDI Controller — Swell / Crescendo signal

"Monitor - Input

TIMESTAMP IN PORT STATUS DATAL DATAZ CHAN NOTE EVENT

" Monitor - Input

TIMESTAME IN PORT RTATUS DATAL DATAZ CHAN NOTE EVENT

The MIDI Controller command is used by Virtual Organ software as the console signals for Swell and
Crescendo control. This command allows the continuous variation between 128 levels, so is ideally
suited to the control of Swell (or volume). This type of control is sometimes referred to as “analogue’
control. (The other functions we have looked are either on or off, therefore referred to as “digital”
control, or only having two states.)

To get your console Swell and/or Crescendo functions working with your Virtual Organ software, you
will need to follow a very similar strategy to what we discussed for the MIDI Program Change to setup
Pistons. Following are the specifics relating to the MIDI Controller command.

What type of MIDI message is it (HEX Status left)

What MIDI channel the messages are coming on (HEX status right [plus 1])
Which number is the message (DEC Datal)

What is the range of the messages (DEC Data2)

To read the message:

Ignore the TIMESTAMP, IN and PORT columns

STATUS, DATA1 and DATA2 are the ones we will look at in more detail.

CHAN, NOTE (not used) and EVENT is Midi-Ox trying to help us.

Again in the three columns on the right, Midi-Ox is telling us what it sees in General MIDI Code. In this

case, only the CHANnel information is useful. The rest relates to General MIDI and is not used in this
form for Virtual Organ applications. (you can see though that CC-7 is common in MIDI as Volume)
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The left Status digit (in HEX) in this example is “B” this gives us the function “Controller”
The right Status digit (in HEX) in this example is “0” giving us MIDI Channel 1
(To convert to DECimal, the HEX “B0” = DEC “176”, Controller commands can be: 176 — 191)

DATAI in this example is DEC “7” so this is referred to Controller 7 or CC7.
(In Virtual Organ software you will also see CC11 [often a second swell] and CC1 [often crescendo])

DATAZ2 is the range of the output. As you move your swell pedal you will see these numbers go up and

down. [t is important to note the Minimum and Maximum values sent by your pedal(s) as you will often
need to enter these values into the software so you get the full travel effect in the software.
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MidiOx Setup Steps

MIDI device, interface and cables connected

Start MIDI-OX software

i MIDI-0X =10l x|

File: View Actions Options Window  Help

2z EHEe = B == - e e 8% Bllalm 2]

MIDI-OX MIDI-OX  MIDI-OX

|N|:| Dukput Device |N|:| Input Device m W ’ﬁ lﬁ 7

Click the Blue DIN plug symbol (or Options, MIDI Devices...)

There is also a Green DIN plug symbol which will display a “Port Activity Monitor”. Don’t get them
confused. (You can run the port activity monitor as well if you like.)

L% MIDI-0X
File Miew Actions | Options ‘Window  Help
HEEIN | I Ylilitl@| @6
- Customize Pork Mames. ..
w MIDI Filter. ..
[ata Mapping. .
Patch Mapping. ..
General...
. Folders. ., .
AdEEN 0 .. AdEEr-» & WS

In the “MIDI inputs:” window, select the MIDI interface device that you have your keyboard connected
to.
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Click on your MIDI interface item. It will now show up in the “Port Map Objects:” window.

{In my case it is item 9) 1:EDIROL UM-1 MIDI}

& MIDI Devices EI

Fle Visw Actions Op e = _HJEJ ok | Corcel |
# % E i i HID Inpits: Part Mapping: @

— 31 :ELIROL LIM-1 MICH P—
1] MID] oke WT: J
2] MIDI oke HT:
3] MIDI Yoke NT:
4] MIDI oke MWT:
8] MIDI oke WT:
E] MIDI ake NT:
7] MIDI oke NT:
8] MIDI Yoke NT:

M E D ' DI Dutputs: Fait Map Objects: D '

1] Microsoft GS Wavetable 5% Sunth a| | @0 Channels
2] MIDI Yoke MT: A% System
3] MIDI oke MT: . MID] -0 Events

4] MIDI Yoke MT:
w_ : il. Rl MIDI Yoke NT: d)  MOHSTSMAPT.oxm
M = 6] MIDI Yoke NT: i -EDIROL UM-1 MIDI

la

00 =] OO e DD D —

00 =] OO e DD D —

tlo Qutpuk Devi 7] MID] ake NT: =
MO 8] MIDI Yoke NT: v |
31 MIDI Yoke NT: LI
|7_ Automatically sttach Inputs bo Dubputs during selection,
4

Click OK to close the “MIDI devices” window.

File: View Actions Options ‘Window Help

e @ 8% S0 &

E 22 HEe B W m e

2
E
€

ey MIDI-OX  MIE

|M.:- Outpuk Device |1 Inpuk Device E

“1 Input Device” will now be displayed at the bottom of your Midi-Ox display.
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Click the red monitor icon, “Display Raw MIDI Input”.

i MIDI-OX
File Miew Ackions

Options

Window Help

[

=

=

R

B = i

o

B

=

/ |Display Faw MIDI Input|

1% MIDI-0X

File | Yiew Actions  Options

I4

Control Parel. ..
Instrument Panel.. .
MEPM Calculator. ..
MTC Tramspotk. ..
MIDI Svnc. ..
SwsEx,..

Window  Help

il &) W

o

MIDI Status,.,

Poart Status, ..
Port Roukings. ..

Displz

Device Info
Current Map
Running Sktatus

Or, View, “Input Monitor...”

This brings up the “Monitor — Input” window.

File: Wiew Ackions Opkions Window Help
<22 mEe®Eme B/ == -wm vayze e 8% Blilal® -
MESTLAMP TH PORT 3 3 DATA]l DATAZ CHAN NOTE EY%
r

slof x|

|N-:| Ciutput Device

i1 Input Device

B
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Now, press and release a note on your keyboard.

(In this case I have pressed middle C on a keyboard sending MIDI on channel 1)

This is what you should see:-

~“Monitor - Input

TIMEATAME IN PORT 3TATUS DATAL DATA= CHAN NOTE EVENT

9 - a0 3t TF 1 C 4 MNote On

If you are with me to this point, you now have the capability to view MIDI signals coming from your
keyboard or console.

Filter — Continuously streaming messages

In some cases you may not be able to see the simple messages as shown above. You may be seeing
streams of MIDI data coming, even if you are not pressing a note or piston or swell control.

If this is the case, your MIDI device is sending extra messages that are not required for our purpose of
seeing and understanding the simple common MIDI messages.

MidiOx has a mechanism to stop this. It is a “Filter”

=100 ]

Filz View #ctions Options Window - Help

£ 22 wEe | me B onlm-lmm vese e 8% B0 al® 7]

~Fiter—————  Chafindls
[ Mote On
™ Mote Off

M r Dr FOX/ I™ Kep Aftertauch

[™ Control Change i |
[ Pragram Change

MEDE=OX

hatinel Aftertouch
I™ Ritch Bend

I Suster Common .- I

v Euztem Realtime | Nnnel

[ Filter out Data as well as Display

0o m Mo L P =

[ Apply Filter to nput Maritor too
W Display SysEx messages in Maritors

[ Manits fallml ill |~ Monitas N — |
ANCE
|No Ckpuk Device Uk Dievice m ’m W W 4

System Realtime and System Common are most likely to be the messages we don’t want to see.
Experiment with settings for your system to get the minimal view required. Also see extra settings under
the ““...” buttons.

(Be careful with what you select NOT to see as it could hide messages you DO need to see at some stages)
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HEXadecimal and DECimal

At this point we need to understand that MIDI messages can be written in HEX (Hexadecimal) or in DEC
(Decimal). You need to be able to recognise which is which, and keep a conversion chart handy.
See Appendix page 15.

Midi-Ox is able to display either one or the other, and again you need to be able to recognise which is
which and know how to change from one to the other.

With your mouse pointer in the black area of the “Monitor — Input”, Right Click your mouse.
You will see the following. Scroll down with your mouse to highlight “Display Decimal”.

iy MIDI-0%
File View Actions Options ‘Window Help

Mark. For Clipboard
P&tk Window
Copy ba Clipbaard

;\ F Copy ol )
F
™M 210 x| Vi C
Display Input Monitor data as hex (or decimal) Skop Display
< . -
Clear Input

Clear Status
Send Snapshat

MIDT Filtet ...
Data Mapping. ..
Patch Mapping. ..
MIDI Devices. ..

Device
Current Map

You will also notice the help text in the bottom left of the Midi-Ox window.

Click “Display Decimal”, you will now see the display on the left.

(For reference I have put the same note data as we sore before in HEX beside it to the right.)

DECimal HEXadecimal
" Monitor - Inpuk " Monitor - Input
TIMESTANF IN PORT STATUS DATAL DATAZ CHAN NOTE EVENT TIMESTAMF IN PORT STATUS DATAL DATAZ CHAN NOTE EVENT

9944 9 - 144 ] 127 1 C 4 Note On 9 - a0 3C TF 1 C 4 HNote On

Notice now that the STATUS is a three digit number.
Now “144” where before it was a two digit number “90”.
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In HEX the STATUS, DATA1 and DATA2 will only ever be two digit numbers and will sometimes have
letters with them A to F (like the “C” in “3C” and the “F” in “7F” in our first Monitor — Input display).

In DEC these values may be three digits (like the “144” in our second Monitor- Input display) but could
still be two digits, however will never have letters with them.

I believe it is easier to learn and recognise the MIDI STATUS codes in HEX, but easier to read the
DATA1 and DATAZ2 values in DEC.

In HEX, the MIDI status has a left and a right digit. The left digit tells us the “TYPE” of MIDI
message and the right digit tells us the MIDI “CHANNEL”. We will go into more detail below.

In DEC the number displayed for STATUS is the DECimal conversion of the two HEX digits. The
number displayed now gives no clue as to either the type of function or the channel without looking
up a reference chart.

Most Virtual Organ applications will show their Midi references in DEC as they mainly relate to DATALI
and DATAZ2 values. You will just need to recognise the difference, keep the conversion chart handy, and
either check or change Midi-Ox to display the information in the format you need.

To check or change Midi-Ox back and forth, right click in the black area of the “Monitor — Input”.

Scroll down to “Display Xxx”.

This item will toggle. If it says “Display Hex”, then you are currently viewing “Decimal” and it will
change to HEX if you click it.

If it says “Display Decimal”, you would be currently viewing “HEX” and it would change to “Decimal”
if you clicked it.

File View Actions Options ‘Window Help

TIMESTAMP IN PORT STATUS DATA]l DATLZ CHAN NOTE

A d 142 Mark For Clipboard
Mark. Window
Zopy. ko Elipbaard
Copy Al

N
o) (0] x| 7 view v

Cisplay Inpuk Monitor data as hex (or deci Stop Display
Clear Input
Clear Status
Send Snapshot

Display Hex

MIDI Filker ...
Daka Mapping. ..
Patch Mapping. ..
MIDI Devices. ..

Device
Current Map
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Advanced Functions

MidiOx is a powerful program in its own right. There are many more advanced functions that can be
used if you have a need for them. In most cases you will then need to connect the output of MidiOx to
your other MIDI software ie. Virtual Organ. This is done using a “Virtual MIDI cable”. You will need to
download a companion program of MidiOx called MidiYoke. This becomes a MIDI patch cable that
links the MIDI signals between programs running on your computer. (MidiOx is a 32 bit program only.
LoopMIDI or LoopBel are options for 64 bit operating systems.)

PC Keyboard to play virtual instrument

With MidiOx you are able to set up so you can play music notes using your computer keyboard. This can
be useful for some virtual instrument testing if you don’t have a keyboard with you.

Data Mapping — or Translation

MidiOx has a powerful function called “Data Mapping” or “Translation”. This allows the recognition of
a specific input message and have it “Mapped” or “Translated” to a different specific message you
nominate.

This feature could be useful if you have messages coming from your console that are not recognised by
your Virtual Organ software (or it is not possible to reconfigure the Virtual Organ software to recognise

your console signals).

It is beyond the scope of this document to go into any detail on this, however the MidiOx Help files
should be useful based on your newfound understanding and ability to read MIDI signals.

MiIDIBar — MIDI Recorder / Player

MIDIBar is a useful MIDI recorder function. This can capture in real time all the signals coming from
your console on their way to your virtual organ program, then play them back whenever you want. You
can “record” yourself playing a song, or maybe some mundane console test functions.
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Appendix

HEXadecimal to DECimal conversion chart for MIDI

Simple MIDI for Virtual Organs

[ HEX

HEX

HEX

HEX

HEX

HEX

HEX

HEX

00 10 20 30 40 50 60 70
01 11 21 31 41 51 61 71
02 12 22 32 42 52 62 72
03 13 23 33 43 53 63 73
04 14 24 34 44 54 64 74
05 15 25 35 45 55 65 75
06 16 26 36 46 56 66 76
07 17 27 37 47 57 67 77
08 18 28 38 48 58 68 78
09 19 29 39 49 59 69 79
0A 1A 2A 3A 4A 5A 6A 7A
0B 1B 2B 3B 4B 58 6B 7B
0C 1C 2C 3C 4C 5C 6C 7C
0D 1D 2D 3D 4D 5D 6D 7D
OE 1E 2E 3E 4E 5E 6E 7E
OF 1F 2F 3F 4F 5F 6F 7F

| HEX HEX HEX HEX HEX HEX HEX HEX
80 90 A0 BO Cco DO EO FO
81 91 A1 B1 C1 D1 E1 F1
82 92 A2 B2 c2 D2 E2 F2
83 93 A3 B3 c3 D3 E3 F3
84 94 A4 B4 c4 D4 E4 F4
85 95 A5 B5 C5 D5 E5 F5
86 96 AG B6 Ccé6 D6 E6 F6
87 97 A7 B7 c7 D7 E7 F7
88 98 A8 B8 cs D8 ES F8
89 99 A9 B9 Cco D9 E9 F9
8A 9A AA BA CA DA EA FA
8B 9B AB BB CB DB EB FB
8C oC AC BC cc DC EC FC
8D 9D AD BD cD DD ED FD
8E 9E AE BE CE DE EE FE
8F oF AF BF CF DF EF FF

HEX MIDI note number lookup chart.

Cictawee [ =0 [} L E F Fe e} =2 A A B
2 25 26 27 20 24 28, e a o € oF
k| 0 n 12 1 kT 36 ¥ i 34 ] an 1B
4 3 o 3E 3F 40 # 42 43 4 45 45 47
5 48 48 44 48 4 a0 4E 4F 50 51 52 53
il 54 55 56 57 58 o8 A =8 sC s 5E SF
T &D
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