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4INTRODUCTION s——

Congratuiations on your purchase of the Yamaha FM Voicing Program Il. In order to appreciate the
full performance of this program, please read this Owner’s Manual carefully and completely. Keep it
in a safe place for future reference.

| Features |

The Yamaha FM Voicing Program Il (YRM-502) is a ROM cartridge which is used with the Yamaha FM
Sound Synthesizer unit to create voices. This allows a wide variety of original voices to be created
by the FM sound generation system, in addition to the 46 voices already contained in the FM Sound
Synthesizer unit. Here is a list of this program’s main features.

® ThisROM cartridge program allows the userto alter the voices contained in the FM Sound Synthesizer
unit, as well as create new voices from scratch.

® The data can be displayed on the screen as itis entered from the Music Computer (or MSX computer
equipped with an FM Synthesizer unit) keyboard. Sound can also be output for checking the voice
data as it is edited or created.

® Newly created voice data can be saved on cassette tape or Data Memory Cartridges (UDC-01) and
later utilized with the FM Music Macro and/or FM Music Composer program cartridges (sold sep-
arately).

® The voice data and the table of voices can both be printed out using an optional MSX-compatible
printer.

® The music keyboard functions of the FM Music Synthesizer unit can be called up and used for
playback when the FM Voicing Program Il is in use.

® Newly created voicing data can be saved onto a floppy disk (with SFG-05 or SFK-05 Synthesizer
unit only).

® Playback using MIDI keyboard instead of the special music keyboard becomes possible (with SFG-05
Synthesizer unit only).

How to use this manual ]

We suggest that you read this manual while actually using the FM Voicing Program Il. This way, anything

you read can immediately be put into practice, so that your hands become familiar with the various
operations.

Chapter | explains how to connect the components of your system.

Chapter Il is an introduction to the main features of this program.

Chapter Il provides a detailed explanation of the creation of voices and the management of data.
Chapter IV gives some examples of voice creation.

The Appendix contains reference material and explains the theory of FM voice generation.

If you are already familiar with the FM voicing Program (version 1), a simple look at the next page will
give you enough information to get started.

752 is a trademark of Microsoft Corporation



[A quick introduction to the new operations

Starting the pro- Enter call fmv when the initial messages of the BASIC are d!SpIayed
gram

Selecting the key  Use the [F2] and [F3] keys.

velocity

Modifying a nu- Use them —1) and [DEL] (+ 1) keys. Holding the INS] key down while
merical value using the IHOMEI and [DEL] keys produces larger changes.

Operator Use [TAB] to copy an operator, and + to restore it.

Key definition Three screen pages are provided: one for the keys used in Edit mode, another

for the keys used in Command mode, and the last one for the keys used in any
mode. Pressthe key from the desired mode, (Edit, Command, or Filer mode).

Saving and load- The TR command causes a new screen page to be displayed. This page is ex-

ing clusively used for the management of your files (File mode).
Printing The SP command allows for the selection of printer (1 = MSX; 2 = EPSON).
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SYSTEM COMPOMENTS

Here is a list of the components that you need to enjoy the full potential of the FM Voicing Program

Yamaha Music Computer or MSX computer
+ FM Sound Synthesizer unit

Color monitor or color TV

Yamaha Music keyboard

(YK-01 or YK-10/20)

MIDI keyboard plus two MID! cables

Cassette recorder

Yamaha Data Memory Cartridge (UDC-01)

plus Single Cartridge Adaptor (CA-01)

Floppy disk drive

Yamaha Thermal Printer
MSX-Compatible printer

(PN-101) or

Stereo amplifier/speaker system or key-
board amplifier

The main unit of the system. The Music Computer
is equipped with a Yamaha Sound Synthesizer Unit
(SFG-01 or SFG-05).

Necessary for visual control of the parameters and
for audio output (if you do not connect an audio
system). Consult Owner's Manual for connection
with the Music Computer.

Used to playback and to compare voices.

With SFG-05 only. Can be used instead of the
Yamaha Music Keyboard.

For storing the voice data.

For easy storing of voice data. Adaptor is unnec-
essary if your computer is equipped with two car-

tridge slots.

With SFG-05 or SFK-05 only. (Consult Owner's
Manual for connection.)

To print out the voice data and the table of voices.

To fully enjoy the high quality FM Sound.



aSYSTEM CONNECTIONS g

l Caution: Before connecting the system, be sure that the power to all components is turned OFF.

(1) Please refer to the Owner’'s Manual supplied with your Music Computer for connecting video
display, printer and cassette recorder.

(2) Connect the Data Memory Cartridge (UDC-01) or the floppy disk drive set.

* CX-5M Music Computer: You need a Single Cartridge Adaptor (CA-01). First assemble the
adaptor with the cartridge or disk drive connector, then insert the assembly into the computer’s
rear slot.

(3) Insert the Music Keyboard cable connector into the MUSIC KEYBOARD 20-pin jack at the left side
of the computer.

(4) If you are using a MIDI Keyboard, you need two MIDI cables.

MIDI Keyboard Computer (left side)
MIDIIN < —> MIDI OQUT
MIDI OUT < > MIDIIN

(5) Connect the audio output L/R (computer’s left side) to the AUX-IN jacks of your stereo system.
Make sure to connect left and right channel correctly.

Fig. 1 System configuration
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aPRECAUTIONS REGARDING THE USE OF CARTRIDGES

® Always turn the power to the computer OFF before inserting or removing a cartridge; removing or
inserting a cartridge when the power is ON can easily cause trouble.

® Always return the cartridges into their protective package after use and reinstall the rear slot cover
when a cartridge is removed from rear slot as dust on the connection pins can produce erratic
operation.

Fig. 2 Insertion of the cartridges

FM Voicing Program |l cartridge YRM-502

= /Smgle Cartridge Adaptor CA-01
@@ Data Memory Cartridge UDC-01

First, insert the cartridge into the adaptor. then insert the
©assembly into the rear slot.

CX5M

® Please carefully read the information supplied on the Data Memory Cartridge packing.
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alNITIAL DISPLAYS AND PROGRAM OUTLINE sy

[Starting the program ]

(1) Make sure that all the equipement is properly connected.

(2) With the power to the computer OFF, insert the FM Voicing Program i cartridge into the upper
cartridge slot of your computer.

©

If you are using a floppy disk drive unit, turn ON the power of the drive unit.
Turn ON the power of the computer.

=

(5) If you are using a floppy disk drive unit, the message SR ; rappears. Write
the date using two digits each for year, month, and day then press the RETURN key. You may
omit the date and just press [RETURN]

(6) The initial messages of the BASIC appear (Fig. 3), indicating that the computer is ready to accept
BASIC commands.

(7) To start the FM voicing Program Il, type cali . followed by [RETURN]I. ==!i may be abreviated
by — (underscore), and letters may be entered either as lower or upper case.

(8) The program will start automatically. An opening display will appear for a few seconds, then the
program will switch to the display shown in Fig. 4.

* Ifthe programdoes not run, turn OFF the power to the computer and make sure thatthe FM Voicing
Program |l cartridge is properly inserted.

* Always turn the power to the computer OFF before inserting or removing a cartridge; removing
or inserting a cartridge when the power is ON can easily cause trouble.

Fig. 3 BASIC initial display

MSX BASIC version 1.0
Copyright 1983 by Microsoft
28815 Bytes free

Ok
call fmv




Fig. 4 Initial display of the FM Voicing Program Il

1 iDirectory

n iSelect voice [nl
SA n 1Save [n]l _to SRUF
RE n ‘Restore SBUF to [nl
KI n 1K1i1l [nl
O n.m:Copuy [Nl to [m]
SW n,misSwap [nl_and [ml
PR n,m{Print [n) thru. [ml
HE iCommand help .
MU 1Call music monitor

H (LESC] to return?

SP a iSelect printer .
Lk _iSaverLoad all voice
n,m =voice number (1-48)
a =1 (MSX),2C(EPSON)
SBUF=cave-buffer

Printer type [ MSX 1

|Operation outline

® Modes

The FM Voicing Program has a number of functions. These are divided into three operation modes
which permit a structured use of the program.

EDIT mode
COMMAND mode
FILE mode

® Displays

Used for the actual creation of voices.
Used for the management of data.

Used for saving and loading voice data.

A total of 8 different screen pages can be displayed.

Main display

Command menu

Directory

Command key list

Edit key list

Common key list

Filer

Used for the actual creation of voices (Edit mode). The Upper part of this page
also allows for the input of commands.

This display provides a short definition of the commands otherthan those related
to loading/saving operations. When the Command menu is displayed, you are
in the Command mode.

This shows a list of voice names. When the Directory is displayed, you are in the
Command mode.

Gives a short definition of the keys used in Command mode. Thisis a “read-only”
display.

Gives a short definition of the keys used in Edit mode. This is a “read-only”
display.

Gives a short definition of keys used in any mode. “Read-only” display.

Used for saving/loading operations. This display gives a menu of related com-

mands. When the Filer is displayed, you are in the File mode, and only the
commands appearing in the Filer menu are accepted.



Keyboard function

Used for music performance on the keyboard. When this display appears, your
computer is controlled by the program built in the synthesizer unit. Consult the
Owner’s Manual provided with your Music Computer or your Synthesizer Unit.

® Computer keyboard

The computer keys are divided into three classes according to the display/mode in which they are

available.

Edit keys

Command keys

Common keys

Available in the Edit mode (main display, cursorin the lower section). These keys
are used to modify or handle the parameters of the voice currently edited or to
switch to another display.

Available in the Command mode. These keys are used for the management of
the data, for selecting various options, and for switching to another display.

Available in Edit/Command mode and when the Filer is displayed.

* Alphanumeric keys are used anywhere an alphanumeric input is required (voice name, command}).

Table 1 Operation modes vs screen pages

Screen page

Mode

Main display

Edit/Command mode according to the cursor position
(lower/upper portion of the screen)

Command menu

Command mode

Directory Command mode
Command key list No mode
Edit key list No mode
Common key list No mode
Filer File mode

(Command mode restricted to the saving/loading commands)

Keyboard function

No mode




aDISPLAYING THE SCREEN PAGES ss—

This program makes eight different displays available. The first thing you should master is how to obtain
a desired display. We suggest that you freely experiment with how to access each display.
The following diagrams will help you do this. Basically, there are two ways for switching to another

screen page:

Special key

Command

Special keys of the computer keyboard are used to switch to a desired screen
page. Fig. 5 indicates the keys used for this purpose.

The four commands & i AU and TR are also used for switching to the
corresponding screen page. This method applies when you are in Command
mode (the square red cursor is blinking in the upper section of the current dis-
play). Table 1 indicates which mode is available in each screen page. Type in
the command and press the key to activate it.

Fig. 5 Keys used for switching to another screen page
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Fig. 6 Access to the different displays
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Keyboard function
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aKEYBOARD OPERATION:

We assume that up to now you have learned how to access any desired display. This section explains
the use of the computer keys. At this step, we are not concerned with the creation of voices: we just
want to understand how the program responds to keystrokes.

]Keys used in Edit mode |

(1) From any screen in the command mode (the cursor is flashing in the upper section of the screen),
press the key. This will cause the Main display to appear and the system to be setin Edit mode.

Fig. 7 The Main display
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(2) At this point, press the key to display the Edit key list.

Fig. 8 The Edit key list
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Fig. 9 Location of the Edit Keys
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H Select keyboard split
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“—~[CTRL] + [E] Save the current voice in buffer change

% To modify a numerical value, move the cursor to the desired parameter by using the , [Il
and cursor keys, then use the [HOME], [INS] and [DEL] keys to alter the value.

Key Change
HOME —1
DEL +1
INS + HOME —10 (or minimum value)
INS + DEL +10 (or maximum value)

* + another key or INS| + another key means that you must hold down the first key ([CTRL
or [INS]) then press the other key.

% If you press the [SELECT] key, the system will stall until you press one key on the music keyboard.

You may experiment freely. If you get lost, just restart the program by switching the computer OFF, then
ON. The original voices contained in the synthesizer unit will be restored.
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Keys used in Command mode

From any screen in Command mode, press the key to display the Command key list.

Fig. 10 The Command key list
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CVWOI=current voilce

FPress [ESC] to return

; Printer type [ MSH 1!

Fig. 11 Location of the Command keys

— Return to Main display (Edit mode)
— Decrease key velocity

— Increase key velocity

~ Play the current voice on Instrument-2 - Select keyboard split point

i ~ [F5] Command key list { ¢ [CTRL] + [STOP
' ’ - Interrupt hard copy
’ i

i
i

ErFET= e =] s

2 & j=—
STOP I
T
b/ \
\J

E
73
-

<
~

==

< = 1
v '
(iR .y
: i To next voice
+ [P] Hard copy To previous voice

* |n the Command mode, the and cursor keys have a very special function: they switch to
the Main display like the key does, butthe systemis stillin Command mode. The voice parameters
that are now displayed correspond to the next or previous voice to the voice that was last
displayed.
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[Common use keys ]
(1) Fromanyscreenin Command mode, enterthe TR command. These causes the Filer to be displayed.

Fig. 12 The Filer

(f=Ffile name)d

Press [ESC] to return

Printer type L[ MSXK J

(2) Press the key to display the Common key list.

Fig. 13 The Common key list

v
xS
o~
[
~

[F 21 {Reduce velocity
[FE 3] i{Increase velocity
50281 12180t cplit-point
iSelect s -
CTRL+PiHard cops ! Fexn

Press L[ESC] to return

pmmm Printer tupe [ MSX ]

These keys all have already been defined and located on the computer keyboard. As these keys are
commonly used, you may use them in any display/mode (except in the keyboard function disptay which
is a feature of the synthesizer unit). This means that you may print any screen page and alter the key
velocity or keyboard split point setting any time the dot indicators are present in the corresponding
area (See Fig. 7).

* [CTRL] + [Z] switches the key click ON/OFF.
* |CODE]key switches the printing modes.
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The use of some commands have already been explained. A complete list of commands and their
definitions are given in the Command menu. Select this display by entering the *:* command from any

screen in Command mode.

Fig. 14 The Command menu

______ =T ==—=
Directory
n Select voice [
SA n Save [n] _to S
RE n Restore SBUF t
KI n Kill [n}
CO n,mi:Copry [Nn) to s
SW n,miSwap [nl_and [
PR n,miPrint [nl thru
HE Command help
My Call music mon
(LESC] to r
5P a Select printer i
TR Saverload all voice
n,m =voice number (1-48>
a =1(MSX>,2CEPSON>
SBUF=save-buffer
Printer type [ MSX

% © command: entering a number from 1 to 48 as a command switches to the Main dispiay as the
key does, but the system is still in Command mode. The parameters corresponding to the entered
voice number are now displayed.

* For commands requiring one or two parameters, first type in the command, one space, the
parameter(s) and then press the [RETURN] key.

* The filer display has specific commands. Their use is similar to the above commands, but they are
acceptedin the Filer disptay only. On the other hand, the Filer does not accept the above commands.

Fig. 15 The Filer command menu
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t
s (f=file name) (f=file name)
Cl to return Press [ESC] to return

L)
(]
]

———— Printer type [ MSKX JT__ Printer type L MSX 3

(with SFG-05 or SFK-05 (with other Synthesizer
and disk drive connected) unit or when disk drive
is not connected)
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MMAND MODE

The FM Voicing Program li uses the Command mode as the means to input commands for everything
except the editing of voice data and load/save operations.

When the cursor (L) mark) is in the command area located in the upper portion of the screen, you are
in the Command mode.

(1) Toenter acommand, type in the command name (two characters, extra ignored). If the command
does not require parameters (DI. MU. ME TR), press the [RETURN] key. If the command requires
parameter(s), press the space bar after the name is typed, type in the parameter(s), then press the

RETURN! key.

(2) To cancel a command, press the key instead of [RETURN]. You may also use the key
to erase one character to the left of the cursor for correction.

(3) Ifyouenter amistyped command, the Bad command message appears; Bad argumentisdisplayed
when something is wrong with the parameter(s).

| DI (DIRECTORY)

This command displays a list of all of the names and number of the voices stored in the computer
memory. This can be the list of the Synthesizer unit internal voices (when you start) or the list of the
voices you created or loaded. For details about the organization of the computer memory, see the
APPENDIX.

Fig.-16 The Directory

Command area — Message area

[+ - === il + - == T
C
il 17PTCCOL D] 33
B 21 18 OBOE|l 34AMBULAN
T T| A9CLARINEl 35 TWEET
S 1| 29GLOCKEN] 36RAINDRP
S 2 24V IBRFHNl 27RM. BRAS
E 1) 22XYLOPHN| 38RM.FLUT
ERIANEZI 20 oRMd GAIASLN || e
Z . |- List of the voices
Rl 25 CLAY 41R1.BASS
1 AE 1| 2HARPSICH 42R2. BASS
1 11E 2|l 27 BELL| 43|SNAREDR
1 2|E 1] 28 HARP| 4 4COWBELL
1 3{E 2| 29BEL - BRA| 45IPERC 1
1 4P 1f 3BHARMONI| 45/PERC 2
1 5P 2| SHSTEELDR| 47| CSM
1 2T IMPANIT] 48]
Printer tupe [ MSX 1]

|

Printer selected by the
SP Command
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| n (SELECT n) ‘ |

This command switches to the Main display, but you are still in the Command mode. The voice pa-
rameters corresponding to the number that you entered as a command are now displayed in the screen.
If the number n is not in the range 1 ~ 48, the message Bad argument appears.

* When you are in Command mode, pressing the or cursor keys produces a similar effect
but the number of the voice corresponds to the number of the voice last displayed, decremented
(=) orincremented ([=3)) by one.

[S4 n (SAVE n) ]

This is used to store a voice in a temporary memory (save buffer), so that you may further modify the
voice and recall it if you are not satisfied with the last modifications.

the new one when you use this commande.See APPENDIX for details on memory organization.

* If nis omitted, the data of the voice currently edited is stored in the save buffer.

| RE n (RECALL n)

This command recalls the voice saved in the save buffer. The number n designates the destination in
the voice memory and may differ from the number n you used when storing the voice data to be recalled.

* If you omit to input the number  the voice data stored in the save buffer replaces the data of the
voice currently edited.

|
% The save buffer can accept only one voice data, so that previously stored data will be replaced by
Fig. 17 SAve and REstore commands
|

Voice menory Voice memory
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[KTn (KILL n) l

This command is used to initialize a voice in order to create a new voice from scratch.
% You must specify n with this command.

% The voice data is stored in the save buffer in the state it was before the use of this command. This
means the original state can be restored after accidental deletion.

* Do not use this command when you need to modify a voice: this is used for the creation of a new
voice from scratch only.

Fig. 18 Initialization of the voice data
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D 21 Ke 8|D 2 Ks 0
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l CO n,m (COPY ntom)

This command copies the voice data specified by 11 to the location of the voice data specified by m.
Parameters are required.

[SW n,m(SWAP n and m)

This commands swaps voice data between the memory locations specified by n and m. Parameters
are required.

Fig. 19 COpy and SWap commands

Voice memory Voice memory
1 1
2 2
3 3
4 . SWzoa
5 5
|
47 47
48 48
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[PR n, m (PRINT n thru m) ]
This is used to print out the voice data from number - to number :i.. Parameters are required.

* Any screen page can be printed out by simply pressing [CTRL] + [P]. You may use this to print out
the data of a single voice.

* Use the CODE key to select the printing mode.

Default setting CODE/| key pressed once
Normal Light

| HE (HELP)

This command displays the Command menu. Note that in this chapter, commands are listed in the same
order as in the Command menu rather than in alphabetic order.

Fig. 20 The Command menu

____________ ===
T Directory
Select voice [nl
I5A Save [n] to SBUF
RE Restore SBUF to [nl
K1 Kill [n])
c 0 Copuw [n) to Cm]
IS W Swap [n)l_and Iml
PR Print [n) thru. [ml
HE Command help
M L) Call music monitor
([ESC] to return>
ISF a Select printer
IR Saverload all woices
n,m =voice number (1-48)
a =1 (MSX)>,2C(EPSON)>
SBUF=save-buffer
Printer type [ MSX 1]

[MU (MUSIC KEYBOARD FUNCTION)

This command calls the music keyboard program built in the Synthesizer unit. You now have the 48
pre-programmed voices of the Synthesizer unit plus the 48 voices contained in the computer memory.

% To exit this performance mode, press the key.
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Fig. 21 The Keyboard function display (for SFG-01)
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[SP a (SELECT PRINTER a) ]

This command sets the system in order to match the printer in use. In addition to the standard MSX
printer, a printer having EPSON standards can also be used with the FM Voicing Program II.

Printer a
MSX 1
EPSON 2

| TR (TRANSMISSION OF DATA)

This command displays the Filer and prepares the system to accept the specific commands which are
used for saving and loading.

Fig. 22 The Filer

“b-h bbb
TN+

- =~ MO000

M ==l lChow

N TOEDNOD O]

(f=file name)
[ESC] to return

0V SITAOTOO)
3 TMSWONrTTT

l] to return Press

"
U]
]

Printer type [ MSRXR J Printer tupe L MOR 1

(with SFG-05 or SFK-05 (with other Synthesizer unit or
and disk drive connected) when disk drive is not connected)
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aflLE MODE ws————————

The File mode only accepts the commands displayed in its menu.
This menu differs according to the Synthesizer unit in use (see Fig. 22).

* The device used for permanent storage (cassette recorder, floppy disk drive, Data Memory Cartridge)
must be connected before you turn the power to the computer ON.

* Only one disk drive can be used..
* A floppy disk drive unit cannot be used with Synthesizer unit other than SFG-05 or SFK-05.

| Cassette recorder

Saving
(1) Press the ptayback and record button of the cassette recorder.

(2) Type in the CS command, one space, the file name, then press |RETURN]. The message Sure?
appears.

(3) Press [Y] or [BRETURN] to save the data. To cancel the command, press any other key.
(4) When saving is completed, press the STOP button of the recorder.

Loading
(1) Position the tape at the beginning of the file to be loaded or rewind it completely.

(2) Type in the CL command, one space, the filename, then press [RETURN|. The message Sure?
appears.

(3) Press [Y] or [RETURN|, then press the playback button of the recorder. Press any other key to cancel
the function.

(4) When loading is completed, the new Directory is displayed. Press the stop button of the recorder.
* The Filer re-appears affer you press any key when the Directory is displayed.

% The tape will run until the specified filename is found. Any other file name encountered on the
tape is displayed in the lower area of the Filer.

* You may interrupt loading by pressing [CTRL] + |STOPJ.

* If you omit to specify a file name, the first data file encountered on the tape is loaded.

LData Memory Cartridge (UDC-01)

Saving
(1} Type in the RS command, one space, the file name, then press |RETURN|. The message Sure?
appears.

(2) Press or |[RETURN] to save the data, or another key to cancel the command.

* You may save only one file on the same cartridge. Saving a second file will erase the previous
one.
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Loading

(1) Type in the RL command, one space, the file name, then press [RETURN]. The message = . r¢7
appears.

(2) Press [Y] or [RETURN] to load the data, or another key to cancel the command.
* Data will be saved even if you omit the file name.

* If the specified file name differs from the file name recorded on the cartridge, the datais notloaded,
but the recorded file name is displayed in the lower portion of the Filer.

* Whenloadingis completed, the new Directory is displayed. Press any key and the Filer re-appears.

Floppy disk drive
Used with SFG-05 and SFK-05 only.

Saving
(1) Type in the DS command, one space, the filename, then press [RETURN|. The message Sure”
appears.

(2) Press or |[RETURN] to save the data, or another key to cancel the command.

* The device name VG must be attached to the filename.

* Use the FORMAT instruction of the MSX BASIC to format the disk before trying to save data on

a new disk.
Loading
(1) Typeinthe DL command, one space, and the file name, then press |[RETURN|. The message &:.r="
appears.
(2) Press [Y] or [RETURN] to load the data of the specified filename, or another key to cancel the
command.
Deleting

This is used to erase a file from the disk.
(1) Typeinthe DD command, one space, and the file name, then press [RETURN]. The message 3u27

appears.

(2) Press or {RETURN] to delete the data of the specified file name, or another key to cancel the
command.

File list

This command displays the list of data stored in the floppy disk.

(1) Type in the DF command, one space and a file name, then press [RETURN|. Next7? appears when
there are too many file names to display in the lower portion of the Filer.

(2) Press or [RETURNJ to go ahead with the list, or another key to cancel the command.

* Only the names of those files containing voice data are displayed. Files containing other kinds
of data are not displayed.

—_24—



The main feature of the FM Voicing Program Il is its edit mode, which is used to create sounds. The
various functions of this mode are explained below.

l Switching to the edit mode

The FM Voicing Program automatically enters the command mode when the power is turned on. Let’s
assume you are going to edit the BRASS 1 voice, located in voice memory number one. While the
computer is still in the command mode, type in 1 and press the key. The voice data of BRASS
1 will be displayed, but the cursor still remains in command mode. To enter edit mode, press [F1].

* if you press when the system is in Command mode, the main display will always re-appear,
with the data of the curently edited voice. The cursor is located on the algorithm setting area.

% Pressing the or cursor keys when the system is in Command mode switches to the main
disptay without exiting the Command mode. The voice number of the data is increased ([=]) or

decreased ([«<]) by one.

The display of the voice data is divided into five blocks. The lower four blocks correspond to the four

operators and display the data (parameters) for setting each operator.

Fig. 23 Edit area blocks

O
Overall settings
O ]
Operator 1 Operator 2
O O
Operator 3 Operator 4

| Editing

(1) Use the cursor keys to move the cursor to the parameter to be edited.

(2) Use the [HOME], INS] and [DEL] key to alter the value.

Change

—1

+ 1

—10 (or minimum value)

Key
DEL
[INS] + [HOME]
[INS] +

+10 (or maximum value)

You may also alter a parameter by moving the cursor over it, and then typing in a new value. In this
case, the new value is entered after you press [RETURN]| or after you move the cursor to another area.

* To change the voice name, move the cursor to that name and type a new name. The key erases
one character to the left; the space bar creates a biank space. Pressing the |RETURN] key moves

the cursor back to the beginning of the name.
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| Parameters 7

Algorithms (Al)

This setects the algorithm from the eight algorithm patterns available. Select the number of the desired
algorithm after moving the cursor to the Al position. Changing the algorithm can cause a significant
change in the voice. The various algorithm patterns have the configurations shown in the following
diagram. An operator functions as a modulator when its output goes to another operator, and as a
carrier when its signais are output directly. A general rule of algorithms is that the fewer carriers there
are (thus the more modulators), the more complex the voice will become, and the easier it will be to
create noise components (broad band frequency spectra).

Fig. 24 Algorithm patterns of the FM Sound Synthesizer unit

Feedback (Fb)

Operator 1 has a feedback feature which allows that operator to modulate itself. The high-frequency
components will increase and the voice will change considerably as the amount of feedback increases.
The amount of feedback can be set within the range of 0to 7. You may check the effect of the feedback
by using algorithm 8 and turning operators 2, 3, and 4 OFF.

Fig. 25 Feedback

Operator 1 Feedback
0~7
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Operator ON/OFF

Each of the four operators can be switched ON/OFF during editing so you can quickly hear the effect
of cutting the output of an operator. Switching is done by pressing the number key corresponding to
the desired operator ([{] ~ [4]) while holding down the key. For example, operator one can
be turned OFF by pressing the [1] key while the key is held down. when the [] key is pressed,
the color of its indicators will be reversed both in the algorithm pattern and in the heading of its data
block, and the operator function will be suspended. The operator can be turned back ON by pressing
the [I] and keys again in the prescribed manner.

* An operator can also be turned OFF by moving the cursor over its number in the operator block,

and then pressing [HOME]. Pressing will turn it ON. You may also move the cursor over the
operator number and type in a different number to turn it OFF or the correct number to turn it ON.

Such a change is actually entered after you press the [RETURN| key or move the cursor away from
the operator number.

Fig. 26 Operators ON/OFF
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% An operator is functioning when the background color of its indicator is yellow; it is not functioning
when the background is inverted and becomes black.

NOTE: Sound does not pass through an operator that is OFF. Therefore, if you turn OFF a carrier
you will not hear the modulators connected to the carrier. Similarly, if you turn OFF a modulator
that feeds into a carrier, any modulator feeding that modulator will have no effect.

Let’s analyze the voice data for BRASS 1 by using this operator ON/OFF feature. The algorithm pattern
is 3 which means that operators one to three are modulators, while operator four is a carrier. Turn
OFF operators one to three and play a few notes. You are listening only to the carrier (operator four).

The pure sound that you hear is the sound of an unmodulated sine wave. Turn ON operators one to
three in reverse order (3, 2, 1) and listen to how the sound changes after you turn each operator on.
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Output level of operator (O and 4j)

® O (Output level)

This sets the output level of the operators. With the FM Sound Generation system, the volume and the
timbre will change according to the output level of the operators.

The setting range is 0 (minimum) to 127 (maximum). Try changing the output level of BRASS 1 with
operators two and three OFF. First change the output level of operator four (default setting is 127).
This will change the volume because operator four is the carrier. Next, change the output level of
operator one (default is 112).

Operator one is modulator, thus the output level affects the degree of modulation. As the level is raised,
the amount of modulation willincrease and the sound will become more brilliant as the level and number
of the harmonics increase. Increasing the output level of the modulator still further will cause the sound
to become noise. Lowering the output level of the modulator will cause the sound to become more
pure as the degree of modulation decreases. There will be no frequency modulation (if operator 3 is
OFF), and the voice output will become a sine wave when the modulator output level drops to 0.

® Aj (Adjust)

The perceived volume or loudness of different voices will vary depending on the algorithm and the
individual operator setting of each voice. In order to make different voices sound similar in volume,
anoutputlevel “scaling” featureisincluded. Thisis called Adjust (). Instead of changing the operator
output level values for each operator in a voice, you change the 2 settings. Quiet voices cannot
generally be made louder, but louder voices can be made quieter. The setting range is 0 to 15. In this
case, Oisthe maximum outputlevel and the outputlevel of the operator will be decreased as the numeric
value is increased. All carriers of a voice should be set to the same 4 value.

Frequency of operator (F, IF, Dt)

® [ (Frequency)

This setsthe frequency of each operator as a ratio of the standard keyboard pitch. The setting range
is0to 15. The keyboard frequency is halved when the value is 0. One is equal to the keyboard frequency
(based on eight feet). Higher ratios create frequencies which are equal to the keyboard frequency
multiplied by the ratio. Forexample, setting the value to eight will resultin a frequency eight times higher.

F Pressed key pitch ratio
0 0.5

1 1

15 15
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¢ " (Ilnharmonic Frequency)

This also sets the frequency of the operators but in terms of non-integer multiples or odd-numbered
harmonics of the reference frequency. The setting range is 0 to 3 and the set frequency is determined
as follows:

Set value Frequency ratio
0 1 times the set ratio (1 x F)
1 1.41 times the set ratio (1.41 x F)
2 1.57 times the set ratio (1.57 x F)
3 1,73 times the set ratio (1.73 x F)

Thus, for example, if - = 2 and = = 3, the frequency will be 2 x 1.73 or 3.46 times the keyboard pitch.
Generally, ¢ will be set to 0 for most voices; high .- values are useful for creating unusual timbres.

Table 3 Frequency ratio determined by and  settings

F 0 1 2 3 4 5 6 7 8 9|10 1t} 12} 13| 14| 15

0 0.50(1.00{ 2.00( 3.00{ 4.005.00( 6.00(7.00]8.00{9.00(10.00[11.00{12.00113.00114.00{15.00
1 071]11.411282}4.33|5.64)7.05| 8.4619.87[11.2812.6914.10[15.51]16.92/118.3319.7421.15
2 0.7911.57(3.1414.7116.28 | 7.85( 9.42 |10.99112.56{14.13{15.70]|17.27]18.84]{20.41}21.9623.55
3 0.8711.73]3.4615.19(6.92 18.56[10.38|12.11[13.84{15.57{17.30]19.03|20.76|22.4924.22125.95

Turn ON operators one and four only for BRASS 1 and listen to the changes in sound as the frequency
ratio changes. The pitch will increase as the frequency of the modulator (operator one) increases,
resulting in a more brilliant sound.

® 7 (Detune)

This feature allows the sound to be modified by slightly shifting the pitch of the operators. The setting
range of the operators is —3 to 3 (0 is the normal setting). A sound effect similar to a phaser can
sometimes be created by slightly shifting the pitches of the carrier and modulator. “Honky-tonk” piano
is also aided by pitch detuning. Shifting the pitch of the carriers of algorithm patterns which have more
than one carrier, such as algorithms 5 to 8, will allow the creation of a chorus-like effect.
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Envelope generator (A, D, S, D, R)

The envelope of each operator is set in the order A, D, S, D, R. The setting range of these components
are as follows:

Screen display Function Setting range
A ATTACK RATE 0~ 31
D 1st-DECAY RATE 0~ 31
S SUSTAIN LEVEL 0~ 15
D 2nd-DECAY RATE 0~ 31
R RELEASE RATE 0~15

Fig. 27 The parameters controlled by envelope generator

Note length
!

A f
1

1

|
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|
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I

EG output level

Sustain level
] P Time
Attack 1st decay 2nd decay | Release
; fime time time | time

1 L

Key is pressed Key is released

-

Gate time

The RATE is the rate at which change occurs. Change will occur at a higher rate as the setting value
becomes larger. An exception is that there will be no change if the RATE of the ATTACK, 1st DECAY,
or 2nd DECAY is set at 0. For example, if A is set t0 0, the EG output level will not rise for ATTACK (there
will be no operator output). If the second D is 0, the output fevel will not fall for the second DECAY so
the level will remain at the sustain level until the key is released.

Try various envelope combinations with only operator four ON. Alter values after moving the cursor
tothe A D, S D, andR of operator four.
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Key scaling (Ks, Kd. Rk)
This feature changes the EG response in relation to the pitch.

® Ks (Key Scaling select)

Choose either 0 or 1 as the level scaling curve (scaling in relation to EG output level). The value 0
decreases the output level as the pitch becomes higher (the “normal” setting); the value 1 decreases
the output level as the pitch becomes lower.

Fig. 28 Key Scaling Select

EG output level

Low - Pitch » High

¢ Kd (Key Scaling depth)

This sets the amount of level scaling. The setting range is 0 (minimum) to 15 (maximum). The level
scaling will increase or decrease the level as you move up and down the keyboard according to the

curve set with Ks.
® Rk (Rate Key Scaling Depth)

This sets the amount of rate scaling (the EG rates change more rapidly as the keyboard pitch becomes
higher). The setting range is 0 (no effect) to 3 (maximum rate scaling). This is not affected by the Ks
setting.

Fig. 29 Rate Key Scaling Depth

«+—— |low PITCH High ——»
Note Note

Envelope Envelope

LFO (LFO. Syc, W1, Spd. Amd. Fmd. Ams. Pms)

The LFO (Low-Frequency Oscillator) generates very low frequency signals which are used to modify
the voice. It allows the creation of vibrato and tremolo effects by changing the pitch and amplitude
of the voice. The LFO section has several related parameters that all affect the voice.
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® Wi (Waveform)

This selects the waveform of the LFO. The changes in pitch and/or amplitude (volume) will follow the
selected waveform. The setting range is 0 to 3:

Fig. 30 Wave form shapes

Setting Waveform name Pitch waveform Volume waveform

+
o /

© Sawtooth wave  _ o
+

(1 Square wave o
- o}
+

2) Triangie wave o
- e}

(3) Sample & Hold

(random values) o

® Spd (Speed)

This sets the speed (frequency) of the LFO. The frequency can be set between approximately 0.008Hz
and 53Hz. The LFO frequency becomes higher (more rapid changes) as the [, .; value becomes larger.
The setting range is 0 to 255.

Fig. 31 Relationship between set Frequency value and LFO speed
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® Amd (Amplitude Modulation Depth)

This is a scaling factor which determines how much the LFO will affect volume (output level of the
carrier). The setting range is 0 to 127. The depth increases (more volume change) as the Amd value
becomes larger.

® Pmd (Pitch Modulation Depth)

This is a scaling factor which determines how much the LFO will affect the pitch of all operators. The
setting range is 0 to 127. The depth (amount of pitch change) increases as the value becomes larger.

® Syc (Sync)

This sets whether or not the LFO is synchronized to the playing of a note. Pressing activates
synchronization, pressing releases it. The Synchronization ON mode (1) means that the
waveform of the LFO will re-start each time the key is played whereas a 0 setting may catch the LFO
in the middle of a waveform. This is shown in the following diagram:

Fig. 32 Starting point of the LFO

Synchronization ON (1) Synchronization OFF (0)
Example of
synchronization

~N

Key on Key on

~N

® LFO (LFO Enable)

The FM Sound Synthesizer unit is capable of simultaneous output of a maximum of eight voices. This
means thateach of the eight sound generators (called channels to distinguish them from the operators)
may contain different voice data. Although there are eight channels, there is however only one LFO
inthe FM Sound Synthesizer Unit, and it can have only one voice-controlled setting at at time.

This may create difficulties at times, such as when you want to use the simultaneous output of “strings”
which require the LFO, and percussion which does not use the LFO.

The synthesizer LFO will always be reset by the Li-0 data of the latest voice being played which could
make it impossible to define the 1.+ data for strings when they follow percussion voices which do not
use the LFO. This problem is solved through the use of the L. FQ Enable feature, which is usually set
to 1 (ON). Setting it to . (OFF) will prevent LFO data, contained in the voice data, from being reset
by a newly selected voice.

* Software such as the Yamaha FM Music Composer (YRM-101) is needed for the simultaneous output
of eight voices.
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® Ams (Amplitude Modulation Sensitivity)

While the Amd setting determines how much LFO signal can be applied to the voice, it does not directly
affect the voice. Amd signal must go through a “gate” known as A:s. The sensitivity of the voice to
amplitude modulation can thus be altered for proper response when a number of voices are simul-
taneously output. Ams scales the voice’s LFO sensitivity to change the voice output level or volume.
The setting range is 0 (no amplitude modulation) to 3 (maximum amplitude modulation).

® pms (Pitch Modulation Sensitivity)

Once again, thisis a “gate” or scaling factor, but it controls how much the set =r;.-; will affect the voice’s
pitch. The setting range is 0 (no pitch modulation) to 7 (maximum pitch modulation).

Fig. 33 Biock diagram showing the reiationship between /.y, #11¢, and 45, i#ms, for each channel
AMS

_’? ]
PMS CHANNEL 1

CHANNEL 2

AMD I N ’g —
LFO é

WAVE
SPEED PMD |
SYNCHRO | ewms CHANNEL 3

PMS CHANNEL 8

There will be no LFO effect in relation to pitch when either #md or 2m< is 0. Similarly, there will be
no LFO effect in relation to volume when either Amd or Ams is 0.
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Velocity

The volume and timbre of the notes played on a piano will change when the keys are played harder
(keys pressed down faster). Some synthesizers have an initial touch response feature to simulate these
velocity-affected characteristics. These features normally monitor the speed at which the keys are
played (velocity) and adjust volume and other factors accordingly. The FM Sound Synthesizer unit
also has a feature which controls the volume and timber in accordance with velocity data. The Music
Keyboards (YK-01 and YK-10/20) have no ability to generate velocity data. However, velocity data can
be generated during automatic program playback, or when a MiDI Keyboard is used to allow notes
to be output from a velocity-sensitive DX synthesizer keyboard which then controls the computer's FM
Sound Synthesizer unit.

The current strength of the velocity input data from MIDI or a remote keyboard is indicated on the
keyboard split line by a yellow mark (®). The (*) mark will move when the velocity is changed. The
velocity will become stronger as the mark moves to the right. The veltocity data is normally set to the
central value. The strength increases when the key is pressed and decreases when the key
is pressed. These keys let you test the velocity sensitivity without having a velocity type keyboard.

Fig. 34 Velocity setting

Velocity indicator

® Vs (Velocity sensitivity)

This sets the operator’s sensitivity to velocity data. In other words, it sets the degree to which the velocity
data causes changesin the output level of the operator. Each operator can be set separately. Increasing
the sensitivity of the carriers will cause changes in volume, whereas increasing the sensitivity of the
modulators will cause changes in timbre. The setting range is 0 (no effect) to 7 (maximum sensitivity).

Fig. 35 Velocity sensitivity

Vs =7
Output level of
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Noise generator (Ne, Nf)

The FM Sound Synthesizer unit has 32 operators (8 voices x 4 operators) one of which can be used
as a special noise generator or as a normal operator. The use of this noise generatoris somewhat limited
and can only be used for sound output of the section of the keyboard designed for comparison. The
key must be pressed after each new value is input during editing to allow the editing results to
be heard when the keyboard is played.

® Ne (Noise Enable)

This switches between the operator function and the noise generator function. The noise generator
is selected when the value is 1. To cancel the noise function during an editing session, set this value
to 0, then change the keyboard split point by pressing and playing a note on the keyboard,
then press [F4].

® Nf (Noise Frequency)

This selects the type of noise. The setting range is 0 to 31. The bandwidth of the noise wil increase
as the value increases. The set noise appears on one side of the split point when the saved voice is
again loaded. This can be useful in conjuction with automatic playback.

Additional parameters

® Tr (Transpose)

This allows transposing in half steps. The setting range is — 128 to 127 (change this value by 12 to
transpose one octave). If the transposed pitch of the note played exceeds the range of the sound
generator, the FM Sound Synthesizer will raise or lower the actual pitch in one octave units as required.
The transpose feature is very useful when you are using the keyboard for comparison. You may adjust
the overall pitch of instrument-1 so that exactly the same pitches are available on instrument-1 and
instrument-2.

® | R (Left Right Switch)

The FM Sound Synthesizer unit has stereo audio outputjacks. Eachjack can be selected (turned on/off)
for each voice. 10 is input when output from only the left side is desired, and 01 is input for output only
from the right. 11 specifies output from both jacks.

The input of 00 will result in no sound output.

00 no output

10 left channel
01 right channel
1 both channels
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® Voice

There is a voice number displayed on the directory adjacent to each voice. The number appears in
parentheses at the top of an initialized voice. A name of up to eight characters and numbers can be
substituted in the parentheses, and will appear on the directory when the voice is saved. Use the
key to correct any mistake made when entering the voice name.

8 Code

Numeric data within the range of 0 to 99 having absolutely no affect on the voice data can be entered
into the voices. This feature is useful for making persona! memos such as to distinguish between voices
having the same name or to mark that is the standard key for a percussion voice, etc. You can keep

your own code list which defines, to you, what each code number means (the list is not a computer
function).

[ Other cditing features 1

Loading the current voice to instrument-2

During the editing, when you want to compare current editing data with anticipated voice settings,
press to load the current settings to instrument-2 (lower keyboard section) and edit the same data
to compare.

This is also used when you want to check the effect of the noise generator.

Copying operators
You may want to copy the data of an operator to another operator in order to save time.
(1) Position the cursor over the data block of the operator to be copied.

(2) Press the key. The message G copy n to appears in the command area. nis the number
of the operator to be copied.

(3) Type in the number of the destination operator and press [RETURN].

Restoring an operator

You may restore an operator in the state it was before copy (see above).

(1) Press [CTRL| + {TAB]. The message = - i appears in the command area. n is the number
of the last operator whose data had been altered by a copy (see above).

(2) Press or |BETURN] to restore the operator. Pressing another key will cancel the function.
* You may only restore the last operator altered by a copy.
* This will work even if you modified the data of the last operator obtained by copy.

Saving a voice in the temporary memory (buffer)
Pressing [CTRL] + [S] has the same effect as the SA command.

Restoring a voice
Pressing [CTRL] + [R] has the same effect as the “* command.
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aKEYBOARD SPLIT FEATURE mum———

The music keyboard can be split at any note into two sections: one for editing and the other for
comparison. The section of the keyboard designated for editing can played to allow you to hear the
effect of modified voice data as it is entered for the purpose of checking. The voice sounded by the
comparison section of the keyboard will remain unchanged until you reset that section. This allows
sound creation to be carried out in the edit mode while comparing the previous voice on the comparison
section to the new voice on the editing section.

LKeyboard Jor editing T
(displayed on command and special-function tables as Instrument — 1)

The section of the keyboard above the split point is designated for editing; it can output a maximum
of seven voices simultaneously. The voice data specified when the edit mode is first selected is the
voice which is automatically set for this portion of the keyboard.

Fig. 36 Keyboard for editing

M

I_ Keyboard for editing (Instrument-1) —— g

LKeyboard Sor comparison 1
(displayed on command and special-function tables as Instrument — 2)

The section below the keyboard split point is a monophonic keyboard to be used for comparison
purposes. The current voice data is set for this keyboard by pressing the key in the edit mode.

Fig. 37 Keyboard for comparison

-=——— Keyboard for comparison (Instrument—Z)_l
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iSetting the keyboard split point ]

The keyboard split point is automatically set as the lowest key on the keyboard when the program is
started. In other words, the keyboard for editing uses all the keys on the keyboard. To change the split
point, first pressthe key. The color of the (#) indicator on the line directly below the command
area will change from green to red. Next, press the key on the keyboard corresponding to the desired
split point. The red (®) indicator will return toits original green color and move to the selected position.
The green mark indicates the current position of the keyboard split point. The C on the line shows the
position of C notes on the keyboard to provide you with a relative index of the key position.

Fig. 38 Keyboard split indicator

Green dot

Keyboard split position when
the power is turned on

Fig. 39 Example of change of the keyboard split point

-=—— For comparison —J|— For editing E—

-—— For comparison —JL— For editing ——=
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aTHE BASICS OF VOICE CREATION

! Basics of voice creation using FM sound generation ]

The most simple algorithm possible for use with FM Sound Generation is one having a single carrier
and a single modulator. The first step is to master the basics of voice creation using only this simple
algorithm. Of course, all 8 algorithms available have 4 operators, so you will have to simply use 2 of
the 4. The “unused” operators can be turned off during editing by pressing plus the number
of the operator. For permanent disabling of an operator, set the output levet (©) to zero (0). The
waveform of the sound can be altered by the manipulation of the parameters of the algorighm. The
following items may be altered to obtain major changes in the sound:

Table 3 The fundamental parameters of a sound

Abbreviation in the min max
it L ;
em FM Voicing Program setting Sound change setting
Output level of carrier 0 (_ . — a7
O (output level) of Minimum level Maximum level
each operator 0« - 127
Output tevel of modul

utput fevel of modulator Mellow tone Bright tone
- 0« - 7

Feedback level Fo (F i
v (Feedback Level) Normal tone Bright tone (noise)
0.50 « F — 15
Carrier frequency F (frequency) and Low pitch High pitch
IF (Odd-Harmonic 0.50 « i — 2595
Frequency) of each 0.50 «— - —15
Modulator frequency operator Close harmonics  Separated harmonics
0.50 « H — 2595

The frequency of the modulator and carrier shown is not the set value. it is, instead, the final frequency
ratio determined by F and IF (refer to page 30). The following items are the same.

Skillful manipulation of the above parameters allows the the use of the FM Sound Generation section
for determining pitch, timbre and volume.

Algorithm

If you are not already there, press to return to the command window and clear the data of voice
number one using Kl 1 then switch the unit to the EDIT mode (by pressing key). Enter the following
data:

Algorithm — 5 (OP is the addreviation for operator)
OP1,2 — ON
OP3, 4 — OFF
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Output level of carrier

This can be considered to be the audio signal volume control because the carrier output is converted
to an audio signal output.

OP2 Output level — 0 ~ 127

Output level of moduiator

In the FM Sound Generation process, the modulator output signal modulates the carrier to produce
harmaonics which did not exist in the original carrier. This creates the tone or timbre and thus the output
level of the modulator can be considered to be equivalent to the timbre control. (This is an over sim-
plification of this process as modulators can affect volume, and carriers can affect timbre.)

OP1 Output level — 0 ~ 127

Raising the output level of OP 1 (modulator) will cause the generation of brighter voices.

Feedback level of an operator

Feedback means that the operator (always OP1 in the FM Sound Synthesizer Unit) is frequency mo-
dutating itself. Applying feedback to the carrier (OP1 is a carrier in algorithm 8), will affect timbre in
almost the same way as adjusting the output level of a modulator. However the modulator has this
function in most algorithms. When feedback is applied to operator 1 and that operator is serving as
a modulator (as it does in algorithm 5) |, the additional modulation will further strengthen the effect
of that operator and you may wish to lower its output ievel.

Feedback level = 0 ~ 7

Setting the output of the modulator to a high level (more than 115) and then increasing the feedback
level (assuming OP1 is a modulator) will tend to generate noise. The noise components will vary ac-
cording to the set modulator frequency. The same effect can be obtained by employing up to three
modulators in series with one carrier and setting the output of each moduiator to a high level.

Carrier frequency

The carrier output is converted to the actual audio signals. When there is one carrier, the pitch of the
audio signal is determined primarily by the carrier frequency (modulators can affect this, too). What
happens when there are two carriers? The following example uses OP4 as well to answer that question.

OP2 — ON
OP4 — ON
OP1,3 — OFF

The following three effects can be created by altering the ratio between the pitch of the two carriers.

® When the pitch ratio of the two carriers is set to low integers (1:1 through 1:6)

OP2 Frequency — 0 ~ 6
OP4 Frequency — 1

The pitch of the two carriers will harmonize to create a new voice (as does the couplereffect of an organ).
In this case, the carrier having the lower frequency determines the perceived pitch.
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® When the pitch ratio of the two carriers is set to high integers (1:7 through 1:15)

OP2 Frequency — 7 ~ 15

The pitch of the two carriers is far apart and two separate sounds can be heard: a high one and a low
one. If the pitch ratio does not have harmonics of 2, 3 or 5 (for example 1.7}, the pitch of the two carriers
will not harmonize and a dissonant sound will be heard.

® When the ratio is a non-integer

OP2 Frequency — 1
OP2 IF value > 1 ~ 3

The pitch ratio can be made to be a non-integer through the use of the Odd-Harmonic Frequency
feature. There will be absolutely no harmonization and the sound will seem to come from two separate
sources.

Voice effects which can be created by altering the pitch ratio of the carriers

Pitch ratio Effect

Perfect harmonization of the two carriers

Low integer 1:1 ~ 1:6 A new voice is created (Coupler effect)

High integer 1:7 ~ 1:30 (= 0.5:15) The two sounds seem separated

Non-integer 1:1.41 ~ 1:51.9 (= 0.5:25.95) The two sounds are totally separate

Modulator frequency

The modulator is the signal which,when fed into the carrier, creates harmonics which were not in the
original carrier. This produces the timbre characteristics of various voices. The modulator frequency
(or, more correctly, the frequency ratio in relation to the carrier) determines the frequency of the har-
monics to be produced. The modulator output leve! determines the relative level of each harmonic. A
feel for the use of this function is very important when creating original voices.

Al —5

OP1,2 — ON

OP3, 4 — OFF

OP1 Output level — 115
Feedback level — 0
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® When the pitch of the modulator is higher than that of the carrier

Leave the pitch of the carrier (OP 2) at 1 and raise the pitch of the modulator (OP 1).

OP1 Frequency (F) > 0 ~ 15
OP1 IF value - 0 ~ 3

Moderately increasing the frequency of the modulator (raising the pitch ratio in relation to the carrier)
will cause the generation of higher-frequency harmonics and a brighter tone. Further increases will
create higher harmonics while simuitaneously creating harmonics lower than the carrier pitch. As the
pitch ratio of the modulator to the carrier approaches the maximum, the normal pitch relationship
may be destroyed and the timbre may suddenly change to a new one. This effect is created when the
higher harmonics extend beyond the audible range and the lower pitch takes over the control of the
pitch effects.

® When the pitch of the modulator is lower than that of the carrier

This permits the creation of various effects through the manipulation of the carrier (OP2 in this case).

OP1 Frequency — 0

OP1 IF value — 0

OP2 Frequency — 0~ 15
OP2 IF value & 0 ~ 3

l The concept of algorithms ]

Algorithms affect a great number of voice attributes. The algorithm currently being used for exper-
imentation can create a large number of voices, but even more can be created with different algorithms.
For the sake of clarity, the following description classifies algorithms by the number of carriers they
contain.

Algorithms having one carrier (1 — 4)

When one of the operators is being used as a carrier, the rest may function as modulators. This means
that bright sounds wilt probably be produced. Switching between the algorithms and comparing the
generated voices will show that algorithm patterns having one carrier are used for the brightest sounds.

OP1 ~ 4 Output level — 110
Feedback level — 0
Algorithm — 1 ~ 4

When algorithm one is selected, setting the feedback and output levels of all the operators at their
maximum, produces a voice containing excessive noise components.

Algorithm — 1

OP1 ~ 4 Output level — 127
Feedback level — 7

OP4 Frequency — 15

OP4 IF value — 3
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This sound is called white noise. There is absolutely no pitch created by the carrier because all fre-
guencies are present already. White noise means that noise components are randomly generated
across the entire audio frequency range. This is similar to the sound of hiss when you blow through
closed teeth, or the sound of the wind. (Analog synthesizers use a special noise generator to create
this sound.)

Algorithm patterns using one carrier can be used to create voices having extreme harmonics, but subtle
voices having complex waveforms can also be generated. It depends on the specific value selected
for the output level of each modulator. This kind of algorithm is most appropriate for the creation of
single instrument sounds.

Algorithms having two carriers (5)

This type of algorithm is an all-purpose pattern which permits a wide variety of voices to be created.
Elaborate voices can be produced because there are two modulators in addition to the two carriers.
Shifting the pitch of the two carriers can create a chorus effect, or the algorithm can be divided into
two halves, each with completely different sounds, for more complex voices. For example, algorithm
five can be used to create a flute voice. Operators three and four can be used to create the basic flute
“pure tone” sound, while operators one and two add a breathy character.

Algorithms having three or four carriers (6 — 8)

This type of algorithm pattern is used for the creation of rich and textured voices. For example, shifting
the pitch of each carrier slightly will result in a chorus effect similar to the sound of a number of in-
struments being played simultaneously. Select algorithm eight and use the DETUNE feature to slightly
shift the pitch of each of the four carriers relative to each other. This allows the creation of a ensemble
(string, vocal, etc.). Algorithms, such as number eight which has four carriers, are perfect for the creation
of organ-like voices through the coupler effect.

| The concept of voice creation ]

The following is an actual example how to create a voice from scratch. The example used is the creation
of the voice of an electronic piano.

Voice creation flow chart

There are a number of different procedures for the creation of voices. The approach outlined below
is a reasonable way to proceed.
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Operation Parameter of FM Voicing Program

[ 1 Initialization of voice data | ! command
[ 2 Selection of algorithm | A
[ 3 Setting of operator frequency | “and iF

[ 4 Setting output level of operators |

5 Setting FC A D S5 DandR
!
[ 6 Setting of key scaling | s Ko and Rk

[ 7 Re-adjustment of voice data |

[ 8 Adding effects | LU0 Dt and Vs

Initialization of voice data

Initialize voice number one by using the KILL command. This is done by entering KI 1 followed by
. Initialization of voice data means that the voice data is set to a state which can be likened
to that of a blank sheet of paper. This does not mean there is no data but, instead, it means that there
are certain parameters which create a “pure” sound which is then edited to obtain the desired voice.

Selection of algorithm

After the voice data has been initialized (using , then i 1), switch from the command mode to
the edit mode. Voice number 1 was initialized so 1 is entered and the key pressed. The in-
itialized voice data from voice 1 will be displayed on the screen. Algorithm 8 is selected for the initial
voice. A different algorithm which is more suitable for the sound of an electronic piano is selected. Set
Atto 5 for the selection of algorithm 5. This algorithm pattern has two carriers, is easy to use, and allows
the creation of a relatively wide variety of sounds. In this example, OP1 and 2 are used for the main
piano tone while OP3 and 4 are used to create a metallic echo-like “tine” sound.

Fig. 40 Algorithm

Feedback

Moduliator

Carrier

Modulation signal

Audio signal




Setting of operator frequency

The next step is to set the frequency of each of the operators. The frequency can be set by F and IF,
but in this example only F is set. The frequency of OP3, which is the modulator of OP4, is set to 10 in
order to create a metallic ring. The other operators are all left at 1.

Setting output level of operators

This step alters the output level of the modulators to adjust the timbre. When adjusting the level of
OP 1, set OP 3 and 4 to OFF ( + , + ) so that sound is output only from OP 1
and 2. Set OP 1 to about 115 for a fairly bright sound, and set OP 3 to 80 so the pitch sensitivity is not
decreased and a metallic echo-like sound is produced. There is only feedback for OP1, and it is set
to 2 in order to increase the brightness of the voice.

Setting EG

It is now time to set the volume and timbre envelopes. This will transform the voice, which now sounds
like an organ, into that of an electronic piano. OP 1 ~ 2 and OP 3 ~ 4 should be adjusted separately,
then put together in the final stage to let you hear the total sound. OP 1 ~ 2 are adjusted first. The
attack of this portion of the voice is given greater emphasis by altering the OP1 and OP2 envelopes.
OP 1 is the modulator. There will be a greater number of harmonics, but only on the attack, after which
the character of the voice changes very little.

ATTACK 1st-DECAY SUSTAIN 2nd-DECAY RELEASE
OP1 31 15 13 0 6
OoP2 31 12 13 15 8
Fig. 41 Envelop shape for OP1 and OP2
EG of OP1 EG of OP2
\_

The settings of OP3 and of 4 are adjusted next. This is the metallic echo effect, so an envelope sharper
than that of OP1 and 2 is desired. The setting of the carrier (OP4) is the same as that for OP2, and is
adjusted later by key scaling. Set the envelope of the modulator (OP3) so that there is relatively little

change in the character of the voice.

ATTACK 1st-DECAY SUSTAIN 2nd-DECAY RELEASE
OP3 31 7 11 3 6
OP4 31 12 13 5 8
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Fig. 42 Envelop shape for OP3 and OP4

EG of OP3 EG of OP4

Key scaling

The above setting will create a voice very similar to that of an electronic piano. Next, use key scaling
to shorten the high notes and compensate for the high timbre notes which are too bright. Rate scaling
adjusts the attack and release times of the notes, while level scaling is used for tonal character and
volume. The level scaling curve is 0 in order to reduce the intensity of higher pitched sounds.

Ks Kd Rk
OP1 0 6 2
oP2 0 3 2
OP3 0 6 6
OP4 0 4 3

The use of this key scaling procedure to edit the envelope shortens the overall length of the envelope
across the keyboard, through more or higher notes. The originat EG settings were selected with this
scaling in mind. The length of the envelopes can be adjusted by the individual operator EG settings.

Re-adjustment of voice data

The setting of the voice components is now complete. However slight changes in almost any setting
such as the EG, can still change the voice. The final voice can be “fine tuned” by the adjusting the
output level of the operators and the level of feedback. For example, if you think the metallic echo is
too strong, the output level of operator four can be reduced. There will be cases where the maximum
or minimum frequency of the operators is exceeded and the sound will thus automatically be lowered
or raised by one octave. This is changed manually by the transposing (Tr) feature.

The volume is more likely to become too high in cases where there are two carriers, such as in the
example given here, compared to when there is only one carrier. Thus, sometimes you will want to lower
the volume while considering the balance between the carriers. The adjust feature (Aj) is useful for this.
Setting only the Aj of the carriers allows the total volume to be adjusted without changing the balance
between the carriers.
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Adding of effects

Effects such as tremolo or chorus are added in this final step to make the created voice resemble that
of an electronic piano even more.

The tremolo effectis added by the use of the LFO. Setthe the LFO to 1, then select waveform two (triangle
wave) for a moderate tremolo effect. The speed is then set to an appropriate setting of approximately
19010 195. Use the Amd feature for setting the depth of the tremolo. There is a close relationship between
the Ams and Amd features. Set Amd at 10, which gives little range to Ams. Change Ams to 1 for a
very slight tremolo effect. Pmd and Fms are set to zero because this voice does not use a vibrato effect.
The chorus effect is created by shifting one of the carriers slightly, and a phase effect is created by

shifting one of the modulators slightly. This richer sound is sound is obtained by setting the Dt of OP
1to —3 and the Dt of OP 4 to 3.

Velocity sensitivity

Finally, since the voice created is that of a piano, set the velocity to control the volume and voice
character. The simplest way to do this is to set the vs of all the operators to 1.

The velocity data can be changed, and the sound checked by the use of the and keys. If you

are using a Music Keyboard (YK-01 or YK-10/20). If you are using a MIDI Keyboard, the velocity sensitivity
setting can be checked immediately.
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T

oDSOME EXAMPLES OF SOUND CREATION sy

There is a shortcut which can be used to create sounds much more easily. This is through the copying
of existing voices. This is not simply wholesale imitation, but instead is the process of creating a new
voice while checkingit against the sound of an existing voice. Itis often much easier to modify an existing
voice to fit your image of some original sound you wish to create than to start from scratch. This section
chooses a number of voices from those stored in the FM Sound Synthsizer unit and explains the process
of sound creation after the voice has been initialized.

l The creation of brass voices

Let’s_ create a voice in the FM Sound Synthesizer unit from scratch. This example uses voice three
(TRUMPET) as a base. Be sure to follow the following steps carefully when creating a voice from scratch.

Algorithm

|
i
The algorithm of BRASS 1 is 3. This pattern uses one carrier, and is perfect for the creation of brilliant |
/ brass sounds. The three modulators each with its own EG, permit the generation of a wide range of
| changes within the harmonic structure.
|
4

Operator output level and Feedback

The output level of the carrier OP4 can be left at 127. The output level of OP1 ~ 3 can be moderately
adjusted within the range of 90 ~ 110. Feedback is very important for this voice and is set to its highest
1 value(7).

Frequency of operators

The basic setting of all the operators can be 1. OP2 can be set to 2 for a slight metallic echo, further
improving the sound of the brass instrument. The output level of OP2 is set at 94 for a very subtle sound.

EG

The EG is also very important for creating a brass voice. All of the operators have a slow attack. Set
attack, or A, for the modulator (OP1) so that it is slightly slower than any of the carriers. This creates
the special attack characteristic that brass instruments have. If carrier (OP4) attack is slower than the
modulator attack, there will be no character change detectable in the attack section, and the sound
wilt resemble that of an organ. The A data (attack) of the three modulators should all differ slightly to
create even more realistic character changes.

Key scaling

The sharpness of the higher keys will be lost when a slow attack envelope is set. The rate scaling feature
corrects this so that the voice sounds natural when fast passages are played. Rate scaling is set at 1
to 2 for all operators to preserve the rapid attacks of the higher notes of brass instruments.

LFO

With brass instruments, the pitch of notes played for a long time is going to waver no matter how good
the musician is. This effect is emulated by the i.F>. Set the vibrato effect to a barely detectable level
(LFO assigned to pitch via ¥mid and Fiis),
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Fig. 43 Settings for a brass voice
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| The creation of string voices ]

The next example uses as its base STRING 1, which is voice number 4.

Algorithm

Algorithm pattern 3 is also used for STRING 1. This has one carrier and three modulators, an algorithm
used for voices having a high degree of character change. It is used in this example to reproduce the
complex sounds of string instruments.

Frequency of operators

OP1, 3 and 4 remain at 1. The pitch of OP2 is set to 5 for creating the delicate texture associated with
string instruments.

Output level of operators and Feedback

The output level of the modulator must not be too high. The appropriate setting is about 80 to 120. If
the output level of the modulators is raised above this, the voice wili begin to resemble that of a horn
instrument, with some additional noise components. The feedback is used to reproduce the feeling
of the vibrating string, and is setto 7.

EG

String instruments also have a slow attack, so that attack, or A, of the carrier is slowed down slightly
by setting it between 13 and 15. The modulators are set faster than the carrier. The R (release) of the
carrier is also slowed down slightly (5-6) to simulate the sound of an ensemble. This causes the sound
to linger after the key has been released.

LFO

Vibrato is one the most important characteristics of string instruments. However, since this is an or-
chestral sound, there is no need for the deep vibrato heard with solo string instruments.

Transposing

Transposing lowers the pitch by one octave to obtain a richer middle and lower range sound.
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Fig. 44 Settings for a string voice
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LT he creation of pipe-organ voices ' J

The final example uses PORGAN 1 which is voice number 14. This voice uses two carriers.

Algorithm

PORGAN 1 uses algorithm pattern 5, which has two carriers and two modulators. This “all-mighty”
voice allows close control over the sound because the voice components can be divided into two parts.
In this example, the voice is divided into the set of OP3 and 4, used for the deep reverberations of the
pipe organ, and the set of OP1 and 2 for the high-frequency reverberations. Both of these can be
programmed independently.

Frequency of operators

OP3 and.4 are set at 0 for the deep, low reverberations of the pipe organ. OP1 and 2 for the high-fre-
quency reverberations of the organ are set to 8 and 4 respectively. The harmonic ratios are thus 1:2
and 4:8. This produces the couple effect of the organ (two pitches harmonizing to create a new sound).

Output level of the operators and feedback

Output level of the modulators must be prevented from becoming too high. There is no need for
feedback.

EG

The attack of the pipe organ is probably not as slow as you think. If it is too slow, the sound will begin
to resemble the old foot pedal-driven organs. The appropriate level of the A of the carrier is 16 to 18.
Taking the construction of a pipe organ and the conditions of the hall where it played into account,
together with the intention of causing some reverberation to remain after the keys are released, the
Rsetting of both the carrier and modulator is between 5 and 7.

Key scaling

Rate scaling corrects the overly long reverberation that tends to occur after the higher keys are released.
Level scaling is applied to the modulators and limits the frequency modulation on the higher keys for
a clearer voice.
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Detune

The sound is made richer by the use of the detune feature with the two carriers and two modulators.

This provides both a chorus and a phase effect.

Fig. 45 Settings for a pipe-organ voice
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4/NTRODUCTION TO THE FM SOUND SYNTHESIS sy

| Basic knowledge needed to create sound

A piano and a flute both cause air to vibrate, which we perceive as sound. Both can piay an “A” at
440 Hz or so, depending on their tuning, yet each instrument has its distinctive sound. Differences in
the way each instrument creates sounds are identifiable, and explain why they sound different. Syn-
thesizers can be programmed to create sounds with similar pitches, but with different harmonic content,
volume “envelopes”, and so forth — factors that aid in creating widely varied sounds.

The FM Voicing program Il lets you create various sounds by controiling the factors which comprise
and particular sound. Before the FM Voicing Program |l can be fully enjoyed, the factors that govern
the sound must be understood.

What is sound?

Sound can be considered to originate from the vibration of a object. This vibration passes through
the air and reaches our ears as “sound”. It is difficult to imagine the components of this sound because
sound can not be perceived by the eye.

To help you visualize sound, a microphone can be used to convert the vibration of the air (changes
in air pressure) into electric signals. These electric signals can then be converted into visual images
by connecting the microphone to an oscilloscope. The visual images which appear on the screen of
the oscilloscope are referred to as waveforms. This explanation wilt frequently refer to the term
waveform. It is best to simply consider waveforms to be the same as the visual image of a wave.

Fig. 46 Visualisalization of a waveform

Vibration of air Electric signals Oscilloscope

:z:::el‘Jmn)))))))) |t s’ > »

Preamplifier

The three components of sound

® The pitch

A piano or guitar produces a sound which has a fundamental frequency (or pitch) proportional to the
length of the struck or plucked string. The pitch of the sound can be changed by altering the length
of the vibrating section of the string. This alters the number of times that the string will vibrate in a
given time period. For example, a iow pitch means that the string is vibrating retatively slowly. This
principie allows the pitch of the sound to be expressed in terms of the number of vibrations per second
(frequency).

® The timbre

However, while the pitch of a certain note is the same for a piano and guitar, the waveform and tonal
character (timbre) are quite different. This is determined by the way that the sound is generated. The
size and shape of these instruments are going to result in the strings of the instruments vibrating dif-
ferently. The way the vibrationis produced can be expressed by a waveform. The shape of many musical
instrument waveforms may appear at first glance to have no rhyme or reason to them, but actually
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all waveforms are composites of sine waves. if we state this in reverse, a waveform of any shape desired
can be created by combining sine waves together. For example, the diagram shows what happens
when sine waves which are multiples (double, triple, etc.) of the original sine wave are added. The wave
begins to resemble a saw tooth wave as higher-multiple sine waves are added to the original sine wave.
The original sine wave is called the fundamental and subsequent sine waves are composed of differing
harmonics. The tone or timbre (waveform) of an instrument is determined by the number and relative
votume level of harmonics.

Fig. 47 Sawtooth waveform as a superposition of sine waveforms

Sawtooth Waveform

Amplitude Fundamental Waveform plus harmonics 1 through 8
Fundamental Waveform plus 1st and 2nd harmonics
Fundamental Waveform plus 1st harmonic

Fundamental Waveform

Time

/

2nd harmonic

|

1st harmonic

The following BASIC program will display the above diagram on your monitor screen, showing how
addition of harmonics progressively approximates the sawtooth waveform. This program also allows

for similar representation of square and triangular waveforms. To stop this program, press [CTRL
+ [STOP§,

10 DIM W(le®) :P=ATN(1)/20:SCREEN @:COLOR 15,4,7:PRINT"Which waveform?" :PRINT

20 PRINT"1=Saw tooth :PRINT"2=Square” :PRINT"3=Triangle" :PRINT:PRINT"1/2/3 7"
30 AS=INPUTS(1):IF INSTR{"123",A%)=0 THEN RUN 1@ ELSE C=VAL (A$)

4@ SCREEN Z2:COLOR 15,4,7:0PEN"GRP:"AS1:H=0:N=1

5 ON C GOSUB 1zB,130,140:IF A<>® THEN H=H+1:CLS:0ON C GOSUB 170, 180,190:ELSE 90
6@ PRESET(16,180) :PRINTEL, "Fundamental ";:IF N>1 THEN PRINT#1,"+":H-1;"Harmonics"
7@ GOSUB P@B:PRESET(100,0) :PRINT#1,"Hit Space Bar"

80 IF INKEY$<>CHR$(32) THEN 80

OB N=N+1:1F H<1® THEN 50 ELSE LINE(®,0)-STEP(255,8),4,BF

1% PRESET (16,2 :PRINT#1,"Hit Space Bar to restart”

11® IF INKEY$=CHR$ (32} THEN RUN 1@ ELSE 110

120 A=2/N/P:RETURN

13@ IF N MOD 2= THEN A=0 ELSE A=3/N/P:RETURN

148 IF W MOD 2=0 THEN A=0:RETURN:ELSE S=(N-1)/2

150 IF S MOD 2=0 THEN A=1 ELSE A=-1

160 A=A/10/ (NxP>"~2:RETURN

170 PSET(40,90) :DRAW"USE F166 UBEG L.160" :RETURN

189 PSET(40,9@) :DRAW"U6EB R8® D120 R8® UsK L16@" :RETURN

190 LINE(46,90)-STEP(16@,0) :LINE(40,90)-STEP(4@,-8Q) :LINE STEP(Q,0)-STEP(80,160)
LINE STEP(D,0)-STEP (40, -80) :RETURN

200 F=0:FOR I=2 TO 1680 STEP 2:HR=AXSIN(IxPxN) :W(I)=W(I)+HR

210 PSET(40+1,90.5-HR) :L INE(38+1,98.5-W(I-2))-(4@0+1,90.5-W(I)) :NEXT:RETURN
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The pitch of the sound is determined by the number of times per second (frequency) at which the
fundamental vibrates. Strictly speaking, pitchis a subjective value and also depends on absolute volume
level. We often use the term pitch when we are really concerned with the fundamental frequency.

® The volume

The ampilitude of the vibrations (in the above example, the height of the sawtooth waveform) corre-
sponds to the volume of the sound.

Thus, we can say that the subjective differences that we perceive in sounds are a product of the dif-
ferences in pitch, tone, and volume. The three components of sound that affect these differences are
the frequency of the fundamental, the waveform (or harmonic structure) and the amplitude.

Changes in sound over a period of time

There is another principle which must be grasped regarding the differences in sound. When a note is
played on, for example, a piano, an initial sound (attack) will be heard when the key is first struck. The
sound will gradually change as the key is held down. In terms of volume, there is a sudden, loud initial
sound which then gradually diminishes. In terms of harmonics, the beginning of the note will contain
a large number of harmonics but the number will decrease as the note decays. Many complex changes
occur in the note from the instant it is produced until the point where is decays to inaudibility. We refer
to this relationship between time and the change in the sound as the “envelope”. This is very important
from the viewpoint of sound creation because differences in the envelopes of two voices will result in
two completely different voices even though the frequency of the fundamental and each harmonic
may match exactly. There are envelopes for overall volume, as well as for harmonic structure. However,
the harmonic envelope is nothing more than a series of volume envelopes: one for each individual
harmonic.

Fig. 48 Volume envelope model for the (har- Fig. 49 Voice envelope model fundamental of a
monic envelope) piano note for a piano
Volume Timbre (number of harmonics)
— Attack directly after key is struck . Comple>.< waveform with many
harmonics during attack

Harmonics decrease and waveform
begins to resemble
sine wave

Sound decreases as key is held down

< %

Key is struck Time Key is struck Time

What is sound synthesis?

The electric signals visualized in Fig. 46 can be re-converted into sound by using an amplifier/speaker
system. Actually, an electric guitar is working according to this principle: the sound created by the string
vibrations is converted into electric signals by microphones, then the electric signals are sent to an
appropriate amplifier. This amplifier is provided with several control functions such a volume, tone,
etc., allowing for an easy control of the output sound, that is impossible with acoustic instruments.
Sound synthsizers use a different method: electronic circuitry directly produces electric signals. Thus,
a synthesizer does not produce sound by itself and, as a consequence, the electric signals generated
by a synthesizer are completely free of ambient noises. A sound synthesizer essentially consists in a
multitude of oscillators (circuits generating elementary waveforms) associated with several control
functions allowing you to combinate elementary waveforms in order to obtain a desired resulting
waveform.
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B"M sound generation

What is FM?

You probably associate the word “FM" with a type of radio transmission. The “FM” band on your radio
and the “FM”of “FM Sound Generation” are the same. They both stand for “Frequency
Modulation:”. Thisis the technique of varying the frequency of a sound by the use of another frequency.

Although both the FM of your radio and the FM of FM Sound Generation have the same narrow,
technical meaning, the application is quite different.

The audio signals (contents of the brodcast)of an FM bradcast ride on a very high frequency radio
carrier. The frequency of the carrier is changed slightly by the audio signals. The carrier frequency is
the frequency allocated to each station, the same as that which appears on your dial. This frequency
is extremely high (millions of Hz) so as to permit the transmission of radio waves through the air and
reception with small antennas. The audio signals are in the range audible to the human ear (approx.
20 to 20,000 Hz) and are known as the modulation signal. The difference in frequency between the
carrier and audio signal modulator (so called because it modulates the frequency of the carrier) is
great. Therefore, the carrier frequency changes about 1% at most due to the modulation, and its
waveform is not greatly affected.

What happens when the frequency of he carrier is lowered, thus making the frequency of the modulator
and carrier closer to one another? In this case, when both carrier and modulator are in the audio
frequency range, the carrier waveform will be altered significantly, and a wide range of high and low
frequency components will be produced. This is the operating principle used to generate the sound
of musical instruments through FM synthesis.

Fig. 50 Changes in the waveform caused by FM

Carrier waveform

i

MODULATION
Modulator waveform

/\ /\ /\ Frequency modulated waveform

FM Sound Generation allows direct control of the frequency, timbre and volume of sounds. This is a
radical departure from analog synthesizers which have been used up to now. Analog synthesizers
function by filtering out unwanted harmonics from harmonic-rich waveforms created in the
sound-generation section (oscillator) to obtain a desired waveform. FM Sound Generation allows the
desired waveform to be created directly by adding and moduilating sine waves, allowing a much wider
range of possible sounds with more precise control of harmonic structure. Traditional electric organs
have used purely additive synthesis, where sine waves had to be supplied for each harmonic, but FM
creates additional harmonics through the interaction of sine waves (modulation), and is therefore
more efficient. The efficiency of FM makes it possible to synthesize more complex sounds with far less
complex circuitry than additive synthesis.
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The following BASIC program will display diagrams similar to Fig. 50, giving also the waveform resulting
from a pure additive synthesis (two carriers) for comparison. You may vary the amplitude of operator
1 by using the and cursor keys; the and cursor key control its frequency. Press the
space bar to enter the selected values. To stop this program, press [CTRL] + [STOPJ. Foreach setting,
the FM waveform structure is more complex than the structure of the waveform obtained by pure ad-

dition. You can also observe that a small change in modulator amplitude causes significant changes
in the FM waveform.

1@ SCREEN 2:COLOR 15,3,7:CLS:OPEN"GRP:"ASL

20 P=ATNC(1Y/12:F=3:L=20:DIM W3, 1) ,5W(95) : IL.=11:G0SUB 130

3¢ PRESET(32,116):DRAW"CL RS BR16 R& ND16 BR32 R8 1J206 L8 R8 D1B R4B"
4@ GOSUB 140:J@=0:G05UB 170:J0=1:1L=3

S@ IF INKEY$=CHR$(32) THEN RESTORE :FOR I=1 TO 3:

60 IF INKEY$=CHR$(32) THEN RESTURE 286:G05UB 13¥:GOSUB 170

70 S=STICK(®):IF S MOD 2=0 THEN 60 ELSE IF 5=1 THEN L=L+2 ELSE IF S=5 THEN L=L-2
80 IF L<® THEN L=@:BEEP:GOTO 6@ ELSE IF L>100 THEN L=10@:BEEP:GOTO 60
98 JF S$=3 THEN F=F+1 ELSE IF S=7 THEN F=F-.5

190 IF F=.5 THEN F=INT(F)

11® IF F<.5 THEN F=.5:BEEP:GOT0 6@ ELSE IF F>10 THEN F=10:REEP:GOTD 60
120 GOSUB 140:G0OTO 62

132 FOR I=1 TO IL:READ X1,Y¥1,X2,Y2,¥3,Y3,C,A%:605UB 160 :NEXT:RETURN
140 LINE(16,68)-STEF(96,8),9,BF :PSET(17,69)

150 PRINT#1,"F=";RIGHT$(STR$(F),2);" L=";RIGHTS(STRS(L),3);"%":RETURN
168 LINE(X1,Y1)-STERP(X2,Y2),C,BFiPSET (X1+X3,Y1+¥3),C:PRINT#1, A% :RETURN
178 FOR J=48 TO 3:W(J,0)=0:NEXT:A=L/4:FOR I=2 TO 96 STEP 2:B=IxF

180 FOR J=@ TO 3:0N J+1 GOSUB 1%@,200,210,228:NEXT J,I:RETURN

190 W@,1)=C0%SINGBY :SW{I)=W(0,1) :X=144+1:Y=38_.5:G0SUB 230 :RETURN

200 W1, 1) =AxSINFAB) 1 X=16+1:Y=38.5:G0SUB 230:RETURN

210 W(2,11=25«SINB+W (1, 11/2 5 :X=16+1:¥Y=162.5:605UB 230:RETURN

220 W3, =W (1, 10+SWD e X=144+T1:Y=142 . 5:6G0SUB 230:RETURN

230 LINE(X=2,Y~-Wid,®) )X, ¥-ul{J, 1)) :Wid,?)=Wi], 1) :RETURN

240 DATA 16,0,8,8,1,1,6,1,144,8,5,8,1,1,6,2

250 DATA 16,108,16,16,5,5,6,1,48,108,16,16,5,5,6,2

260 DATA 80,88.16,16,5,5,6,1,80,108,16,16,5,5,6,2

272 DATA 144,8,96,00,0,0,4,"",144,68,96,8,1,1,9,"F= L=100%"

28@ DATA 16,8,96,60,8,0,4,"",16,132,96,60,0,0,4,"",144,92,56,100,0,%,4,""

FM Sound-Generation System

Instead of an oscillator, something, called an operator is used in the actual FM Sound-Generation
System. The operator is a digital, computer-like equivalent of a sine wave oscillator, with envelope
generator and modulation capability. This operator can be used to create either a carrier ora modulator,
as shown below. Each operator receives the instructions (data) for determining the frequency and the
output level, then reads the sine wave from the memory according to that input data. An envelope is
added to the wave which was read from the memory, and the resultant wave is output. If the output
is to be used as an audio signal, this operator is the carrier. If the output is sent to the next operator
to control modulation, the operator is a modulator.
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Fig. 51 Configuration of operators
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Envelopes are produced by the envelope generator. The envelope controis the change in output level
over a period of time for the carrier (which controls the volume), and the change in output level for the
modulator over a period of time (which controls the timbre).

The FM Sound Synthesizer unit uses up to four operators to create each sound. Since eight sounds
can be generated simultaneously by this unit, there are 32 operators in all.

The way the four operators in a given voice are “connected”, and how they function as carriers or
modulators, follow specific patterns. These patterns are called algorithms. If there is only one carrier
and one modulator, a simple FM sound (voice) can be generated. The use of four operators allows for
the creation of voices having very complex harmonic structures.

Given four operators, there are large number of possible patterns, but eight of the most useful algorighm
patterns have been selected for the FM Sound Synthesizer unit in order to make the creation of sounds
more predictable.

Fig. 52 Example of an algorighm

F 3
1 eedbac Modutator

* Modulating signatl

@ & Audio signal

Feedback means that a fraction of the signal output by an operator is re-injected in the same operator,
resulting in a special auto-modulation. Feedback is used to obtain alarge number of harmonics (bright
sound) and to create noise.
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| Envelope generator I

Envelope generator

The concept of envelopes, which was introduced on page 58, plays an important role in the creation
of sounds. The FM Sound Synthesizer unit is equipped with an envelope generator for each operator
(EG). The EG of each operator controls the output level of that operator over a period of time. The
way that the sound changes over a period of time can be programmed according to the five components
of the EG: attack rate, 1st decay rate, sustain level, 2nd decay rate, and release rate. These five
components have the following functions.

(1) Attack rate: the rate at which the output level of the EG reaches its maximum value when the key
is struck.

(2) 1stDecay rate: the rate at which the EG level falls from its maximum level to the sustain level setting
(3) Sustain level: the level sustained after the note moves from 1st decay.
(4) 2nd decay rate: the rate at which the EG level falls to zero from the level set as the sustain level.

(5) Release time: the rate at which the EG level falls from the point where the key is released to when
it becomes 0.

The period of time the key is hold down is called the gate time.
The period of time sound is emitted is called the note length.

Fig. 53 The parameters controlled by envelope generator
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The relationship between FM Sound Generation and the EG

The Envelope Generators of the FM Sound Synthesizer unit control the operators, which, in turn, de-
termine the changes in volume and timbre over a period of time.

The envelopes for volume and those for harmonics (timbre) are created by using the EG of different
operators. Changes in volume are performed by the EGs of the operators which are used as carriers:
changes in timbre are performed by the EGs of operators which are used as modulators. Thus, the
effect of the EG will change depending on whether the operator is a modulator or a carrier.

Fig. 54 Relationship between FM sound generation and the EG
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[Key scaling feature J

What is key scaling?

The volume and timbre envelopes of the high and low sections of a piano will differ slightly. This is true
not only of the piano but of all acoustic instruments. The FM Sound Synthesizer unit has key scaling
features which allow the envelope generation to be changed according to the notes played. The key
scaling feature allows subtle nuances of the sound to programmed to change with the position of the
keys being played.

Two types of key scaling

There are two types of key scaling which allow the volume and timbre response to be precisely tailored
to the position at which the keys are being played. These two features are key scaling for EG level
and key scaling for EG rate.

® | evel scaling

Level scaling changes the EG level according to the position of the keys. It can be set independently
for each operator, allowing the volume,and timbre responses to be adjusted separately.

For example, a setting which will reduce the volume as the higher keys are played or a setting which
makes the sound more full-bodied, are both possible.

The level scaling can be adjusted according to two different laws of variation, which are represented
in Fig. 55 as two families of curves. One shows the level decreasing as the keys become higher in pitch
(straight lines). The other shows the level decreasing as the keys become lower in pitch. Both are set
by the depth of level scaling.

Fig. 55 Level scaling
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® Rate scaling

Rate scaling changes the rates within the envelope according to the position of the keys. This allows
a sharp attacking, short decaying envefope to be introduced as the keys become higher. The amount
of rate scaling is also determined by the degree of depth determined for each operator.

Fig. 56 Rate scaling
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4VOICE DATA PROCESSING

Voice data contained in
the FM Synthesizer Unit

Voice memory

When program starts running

\ 4

Save buffer

Print-out

1
2
3
*
.
Edition —> n Current memory
*
L]
47
48
A A
Data display
Performance
Monitor Music keyboard

MIDI keyboard
(with SFG-05)

— 66 —

Saving/Loading
the voice data

L1

Cassette
recorder

Printer

Data Memory Cartridge

==

Floppy disk drive
(with SFG-05 or SFK-05)




LERROR MESSAGES,

The voice number of the voice data stored in the temporaty storage buffer (Save Buffer) is usually
displayed on the right side of the screen. However, other messages also are displayed in this area when
the necessity arises. The meaning of these messages are as follows:

Message

Cause

Remedy

Bad argument

The data following the command
is incorrect.

Enter the correct data.

Bad command

The command was not correctly
entered.

Enter the correct command.

Read erros

An error occurred during the
loading of data.

Check connections.

Write error

An error occurred during the
saving of data.

Check connections.

Bad name

The file name is not correct.

Designate the correct
file name.

Not a voice

The data saved on the floppy disk
or Data Memory Cartridge in not
a voice data.

Swap the disk or cartridge
with one containing
voice data.

Not ready Designated external storage device is Connect the device.
not connected.
Not found Designated file was not found. Check the file name and

designate the correct
file name.

W protect

The floppy disk is write protected.

Remove the write protection.,

FD not ready

The floppy disk is not inserted into
the disk drive.

Insert the floppy disk
properly into the drive.

Disk fuli

Saving onto full floppy disk was
attempted.

Delete unnecessary files,
or use a new disk.
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aMIDI IMPLEMENTATION CHART s |

C FM Voicing Program II ] Cate :1985. 3.16
Model YRM-52 Implementation Chart Version : 1.0
b e o P = = = o = - - = - > - =" > - e~ - ——— - - -
| I Transmitteg | Recognized | Remarks
| Function ... | | {
| ~rmrmm e r e e LR F b -
|3asic Default | 1ch | 1ch |
IChannel Changed | X | X |
| ————memercccerenea L R T o o e m e — e e -
| Default | mode 3 | mode 3 {
{Mode Messages | (123,126,127) | X |
| Alterd | kkkkkhkkhkhhhkn | X ]
| e e e - R L T e c e e
INote | 36 - B4 | 0 - 127 ]
INumber | True voice| **xswswkhwrsnkex | 0 - 127 |
| e e e - R D it L bommmmmc e —— - T T
IVelocity Note ON I *9n, v=1 - 127 | Sn, v=1 = 127 | *fixed
| Note OFF | 8n, v=64 I 8n, vz0 !
R e et Y R B T T Ty, fmmmm e
|After Key's i X | X |
ITouch Ch's | | I
[ R it T T TR T Ty rppp—— LT Tymympap——-
IPitch Bender | X | X |
| memre e e r e ena D e D D e ettt
{ | | ]
| | 1 i
| | ] |
( | | |
I1Control | ! I
| | X | SUSTAIN (£64) |
{Change | | |
i | 1 !
| ] I |
I ! I |
| | | |
| | ! |
[ e L Ll L e A il P e Ll bt
IProg | X | X |
tChange | True # | *kwwkkkhkkhnkr | X [
| memrem e c - D R R i b L e e L T
fSystem Exclusive | X | X |
| e e - P Ll o P D et R e R e
|System | Song Pos | | |
I | Song Sel | X | X |
{Common | Tune | | |
| s — - Ll e et L e etk P R L TR bl
ISystem IClock | X | X |
IReal Time (Commandsl| X | X !
| m=——mmmem—r— e = L L T e ket e rmc e e e e e ——-
| Aux ILocal ON/OFF | X | X |
| lALL Notes OFF I X | 123 |
IMes- IActive Sense | X | X |
Isages|Reset | X | X |
I ikl te b L Db b bk R D L TP
|Notes | | I
! | | |
| | | ]
| | ] |
1 ] | |
e R e fommmme e — e R itk
Mode 1 : OMNI ON, POLY Mode 2 : OMNI ON, MONO o) Yes
Mode 3 : OMNI OFF, POLY Mode &4 : OMNI OFF, MONO x : No




ALGOTIERM (Al) ottt sttt annas 26, 61
COAB b e e bbbt b e st 37
DEIUNE (D) oottt ettt et sttt st b e tan et srrs 29
Envelop (A, D, S, D, R) e 30, 50, 62
ENVEIOD GENEIATON ittt 62, 63
FEEABACK (FD) et 26
INSIFUMENT — 1/2 et 38
Keyboard SpHt DOINT .ot 38, 39
Y ClICK ottt ettt bttt e st s ar e 15
Key scaling (KS, Kd, RK) ..ottt e 31, 64, 65
L O bttt ber ettt bt 31,32, 33
LEO €nable (LFO) ettt et eve ettt 33
LFO Synchronization (SYC) ..ottt 33
LOAAING (i ettt bt bbb bttt et rear s 23, 24
Noice generator (Ne, NI} et e 36
Operator frequency (F, IF, D) e 28,29
Operator [8VE] (O, AJ) oo 28
PHINTING oot 13, 14, 15, 21, 22
SAVE DUFTEE o 13,19, 66
SAVING et n ettt r st 23, 24
TrANSPOSE (TT) ittt a et b e se et e e 36
Tremolo (W1, Spd, PMd, PMS) .o 31,32, 33
VEIOCIHY vttt ettt st h st b et ettt en bt an s s 35
VeloCity SENSILIVILY (VS) ittt 35
Vibrato (W1, Spd, AMd, AMS) oot 31,32, 33
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