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MODEL 224 OWNER'S MANUAL BRIEF OPERATING INSTRUCTIONS

2.0 BRIEF OPERATING INSTRUCTIONS - VERSION 3 (AND HIGHER)

POWER-ON DIAGNOSTICS:

Digital ayatema diagnoatics are performed at power-on or "RESET". The
teat begina by illuminating all remote panel LEDS for a few seconds,
while diasplaying = "P" and the software version number. Errors
diaplay with an "E" and an error code.

If no errors are found the 224 atarts reverberation with program #1 in
the "CALL" mode. Recommended parsmetar settings are automatically
loaded and the 224 can be used for reverberation without further
adjustment. Notice that program buttons #7 and #3 are normally
1lluminated. See "Mode Enhancement™ and "Decay Optimization™.

TO "CALL"™ A REVERBERATION PROGRAM:

Presa the "CALL" button to enter "CALL® mode, and then press the
deaired program button, fecommended alider settings will losd
automatically. '

Example: T"CALL" + "PROGRAM #3" « "Large Concert Hall - B" with
recommended nlirdir settings 5 > e
e T e

TO MODIFY INITIAL SLIDER SETTINGS ("CALL" or "SET" modes)

Move the desired alider to or through the preset position. The alider
will become active. The presest or active position can be viewed on
the digital display by pushing the button below esach alider,

TO ACTIVATE ALL SLIDERS - (bypasaing the recommended settings)

Fraasa " IHMEDIATE"

TO "CALL™ A MAIN REGISTER:

Press "CALL" to enter the "CALL"™ mode, and then ths desired reglater
butteon. The previoualy stored progrmm and slider positions will be
losded, Sliders can be sctivated to modify the presets,

Exampla: "CALL®™ + "REGISTER A" a setup previoualy stored in register
-l- :

TO STORE A MAIN REGISTER:

Freas "3ET" to enter the "3ET" mode, Then push the desired reglater
button . ;
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SLIDERS:
"BASS" Reverb Time Béldw the crossover frequency
display reads in ssconda
"MID" Beverb Time above the crossover frequency

display readsa in seconds

" CROSSOVER™ Sets the Crossover [requancy beatween "BEASE" and WHID"
dizplay reads in Hertz and kiloHertz

RTREBLE DECAY"™ 3ats a FREQUENCY above which decay 13 very rapid
display reads in Hertz and kiloHertz

MOEPTH" Sats the effective distanoce between the scurce and the reve
d:upl:y reads in arbitrary units from 0 to T1

"PRE=DELAY" Sets the delay before the onset of reverb
display reads in milliseconds |

INPUTS:

> = -
Sterec feed to tre "LEFT" and "RIGHT" {inputs &5 marked. Reduced
separation may be useful,

Mono fesd should be bridged to both Llnputa.

QUTPUTS:

The main atereo outputs are outputa "A" and "C", the jscks just below
the input jecks., Outputs "B" and "D" are chiefly used for mixing with
the front channels in Quad operation., They are not recommended for
atareo,

For mono use, 1%t is best to mix "A™ and "C", but either can be used
alone.

PHASE:

Ba sure there i3 no phase reversal between any of the inputa or the
outputs af the 224,

2.3
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2.1 DETAILED OPERATING INSTRUCTIONS

After the Model 224 is installed (seotion 1), power up at the
mainframe. The on/off button applies power to the entire system,
lighting the power-on indicator immediataly. The remote control panel
will take a few seconds to sctivate while bullt-in diagnoatic
procedures verify proper machine operation. As part of the built-in
digital diasgnostics all LED displays on the front panel are
illuminated, while the numeric display shows a triple dash (Versisn 2)
or & capital P (Version 3 and higher) followed by the software version
number . The display will then g0 blank for a few seconds aa
diagnostics are completed, Machines with Version 2 software asativate
program 1 in the Iimmediate mode after diagnostics. Machines with
Version 3 (or higher)} software activate program 1 in the "call" mode.
With Verasion 3 (or higher) software the alider settings Lexicon
recommends as a atarting point for that program are automatically
sntered, and the Model 224 can be used without further adjustment. If
& different program is desired, aimply push the appropriate program
button. MAgain the proper parsmeters will be loaded. If the optional
memory board i3 installed, the progrmm and slider settings last used
in the 224 will be loaded after diagnostios. }

It*after peveral seconds the remote panel,display fails to log on, or
if the display comes on but makes no senas, check the remots cable
connections or try pushing the "RESET" button on the mainframe. The
reset button should be pushed whenever displays or cutput signals
appear to be garbled, In normal operation this problem should rarely,
if ever, be encountered.

Should the diagnostios routine locate a problem, the remote panel
display will indicats an error by displaying an "E" followed by a tuo
digit code number. The code can be read by consulting the diagnostias
table in section 6. Pushing "PROGEAM 1" will continue diagnostics to
the next teat. If the 224 must be ussd despite the indiocated
malfunction, it is possible to defeat the diagnostics by pressing the
"PROGRAM 2" button while powering up the unit at the mainframe or
while pushing resst,

LEVEL ADJUSTMENT

Input and output level sdjustments can be made with a small
screwdriver through sccess holes in the mainframe front panel. The
input levels should be set so that the peak input amplitude falls just
short of 1lluminating the 0dB indicator on the remote control unit
headrocm display (see section 2.2), The maximum input levels can be
adjusted from less than +8dBm to greatar than «18dBm. The output
levala should be set for the convenience of the user. Maximum output
levels range from less than +fdBm to greater than +18dBm peak cutput
depending upon the ssatting of the osutput level pots, The input and
output adjustments oome factory set for unity gain at a level of
+12dBm.
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MODEL 225 OWNER'S MANUAL GENERAL OPERATING INSTRUCTIONS

MOTE: The reverberation programs should not be used with a pure tone
input to set output levels, The frequency response of  the
reverberation programs 1is inherently very complex. To set output
levela use the delay line diagnostic program. This diagnostic 1is =
sterec delay line of about 0.4 seconds. The "LEFT" input goes to
outputs 4 and D, while the "RIGHT" input goes to outputs B and C, A
tone at the maximum input level ocan be applied as above, and the
output level can be adjusted, The delay line diagnostic is entered by
preasing the "DELAY"™ push button while holding "SHIFT", Pushing any
program button reatores reverberation.

Audie Channel Assigrment

The "LEFT" and "RIGHT" inputs to the 224 can be used independently for
a stereoc source, They should be paralleled for a mono source,
Outputs of the 224 are intended to be used &s echo returns combined
with the source for listening, and are not intended for listening by
themselves, For stereo, outputs "A" and "C" are recommended as left
and right echo returns, respectively. For mono, sither output "A" gp
"C" can be used, For quad, which can be derived from the cancert hall
programs, nﬂu "BE" and "D" should be used as scho returns for left
and right front channels, while cutputs "A" and "C" should go to  laft

and right rear channels directly. -
T a3 | L =
WOTE: Hn'ger feed the 224 cutputs beck to the 224 inputs.
LEFT
LEFT
W, Imxicon | LEFT
SOURCE  ggyp Rrcar| 224 pBouaN —  OUTPUT
REVERB |- RIGHT
RIGHT

FIG. 2.0 STERED REVERB DIAGRAM

Phasing

It ia extremely important that there be no phase inuruinni in the
scho send-receive paths or in the csbling toc the 228, The 224 ia
totally transformer doupled and provides no net phase inversion.

Impropar phasing in the sterec echo send path will cause cancellstion
of low frequencies and can areate a thin or weak sounding mix. Since
Program 4 "acoustic chamber™ digitally averages the two inputa
practically no output will be heard from this program if the input
phases are different. A phase reversal in one of the echp returns can
also csuse a wesk mix, but it may alsc change the apparent” width of
the reverb on some material., On percussive material m-wirll.l_ phase

2.5
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inversion between the inputs and the outputs of the 224 can be easily
heard - experimentation with these effects is encouraged.

Mix Ratio

The mix ratio of the reverberant returned to the dry feed is basically
up to the user to decide, It is recommsnded that the returns from the
chamber and plate programs be used with restraint, but some material
can benefit from a large amount of the concert hall programs.

Bridging of Inputs

It is usually recommended that mono sources be bridged to both "Left"
and "Right" inputs - refer to Individual program descriptions in
Ssction 3 for specific recommendations.

Program Sslection and Use

The 224 allows the user great flexibility in progrem selsction and
parmmeter asstticg, Software versions beginning with Version<f¥ have
been deaigned to make cbtaining a natural sound as easy aa possaible.
With these versions the basic mode of the 224 is the "CALL" mode.

WCALL™ MWODE

In the "CALL" mode both the register buttona and the program buttons
will load & new program in the machine. The register buttons load
alider settings preset by the user, but the program buttons load
alider settings found by Lsxicon to be good starting points for the
bast scund from each program. The valuess of these settings may be
viewed on the digital display by pressing the button under each
sl ider.

Once a program has been called the aliders on the panel are initially
insctive,  The sliders can be individually activated by pushing them
to or through the preset position. To ochange the reverb time for
sxmmple, one need only puah the BASS and MID sliders up or down until
the display indicates they have become sctive, and then sat them for
the desired sound. "CROSSOVER®™, ®“TREBLE DECAY", "DEPTH", and
RPRE-DELAY"™ will all remain at their presst valuss, The preset values
may be restored by simply pushing the program button again. In
practice a flick of a control is suffioient to activate it. Modified
programs can be saved in the reglsters for later use or modificatlion
by presaing the "3ET" button and a register butten. A loaded register
button in the call mode behaves Iidentically to a program button,
except that the preset parsmeters have been set by the user. Calla to
unloaded reglsters ars ignored.



MODEL 224 OWNER'S MANUAL GENERAL OPERATING INSTRUCTIONS

"IMMEDIATE"™ MODE

The "IMMEDIATE" mode activates all slidera, If a program butcon 1s
pushed in the immediste mode the actual parameter settings given by
the slider positions will be loaded into the machine with the new
program .

"SET"™ MODE

The "SET" function allows the user to atore programs and parameter
settings for later use. It also allows the user to medify parsmeters
or call new programs without affecting the audio, I a new program
button 1is pushed while in the "3ET" mode the recommended parameters
for that program will be displayed. This new program cen be modified
and run, or it can be atored in m register without affecting the
running program. The new program can be run in the 224 by pushing
either "CALL", which will run the displayed parameters, or
WIMMEDIATE®, which will set all the parametera to the sctual slider
poaitions,

To store a new Set-up in a main regiater, simply push one of the four
"REGISTER" buttons while in the "SET" mode. The program and settings
which are currently being displayed will be stored in that r ister.
Onoe stored, the set-up can be recalled framithe "CALL" mode 5Y"simply
pushing the reglster button.

A1l the set-ups stored in the registers, as well as &the ourrent
operating state of the mechine are retalned when the power la off Lif
the optional memory board is installed.

EXTENDED REGISTER STORAGE:

Yersion 3 sllows 32 extra program settings to be stored in four banks.
The "REGISTER™ buttona select the bank, and the "PROGRAM" Bbuttons
sslect the reglster within the bank. Thess registers ars resched by
adding "SHIFT" to either "CALL" or "3ET". To store a setting in an
.axtended register, for example register AR, enter "3ET" mode and
Ppush "3HIFT". Both "SET" and "SHIFT" should be illuminated. If you
now push register "A" AND'HOLD IT, followed by program button #1 Gthe
ourrent setting will be stored in axtended register "A1"., The
gontants of register "A" will be undisturbed. In the "3ET" - PSHIFI™
mode the program buttons and the register buttona are inactive unlesa
one of each is down at the same time. The display will blink when the
settings are corresctly stored.

To call an extra register, push "CALL", " 3HIFT", and tha daesirad
register bank button. All thres LEDS should be illuminated. The
program buttons will now call any register in that bank with & slngle
keystroke. The display will blink whan reglsters which have baan
previously loaded with programs and settings are called. Program
buttons ocorresponding to empty registers will be ignored. The "CALL®
= "SHIFT" mode allows complicated scens or mood changes %o bs made
quiekly, Pushing any "FUNCTION" button reatores normal ocperation.

ElT #
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"MODE ENHANCEMENT™ and "DECAY OPTIMIZATION™ (SUBPROGRAMS #7 AND #8)

"MODE ENHANCEMENT" is a subprogram which increases the effective
density of modes in the 224, It greatly improves the naturalness of
the sound of the 224, both in the decay and as the music 1s running.
The Iimprovement is similar to the effect of "DECAY OPTIMIZATION", but
the two work by entirely different techniques, and complement each
other. If the two subprograms are tried separately, " MCDE
ENHANCEMENT" (s more effective at controlling the coloration at the
end of the 224 decay, and 1t also produces a noticesbly warmer aound
in spesch or continuous musiae.

"MODE ENHANCEMENT" works by altering some of the internal parametars
in ths 228 oontinucusly. 2ince the ocefficients must change in
discrete steps, an inorease in the basckground noise of the 224 may be
noticeables with pure test tones of very low or very high frequenay
when "MODE ENHANCEMENT" is running. "MODE ENHANCEMENT" 13 not
necessary with such inputa, and 1t can be turned off by pushing
button #7. Thias change can be stored in the registers, The amount
the internal parameters are changed by "MODE ENHANCEMENT" i3 adjusted
differently for each program, and for certain aspeciaslized applicationa
it may be wuseful for the user use more or lags than the preset
value. See "ADVANCED FEATURES OF I0N 3*,

"DECAY OPTIMIZATION® improves the naturalnesa of the decay from the
228. It aslters internal parameters in response to changes in level at
tha input. This subprogram was first introduced with Version 2
software, and haz been very successful with users. With wverslon 3
{and higher) software the level detection algorithm has been made much
more sophisticated. The 224 can now tell the difference betwsen drums
and vocals and adjusts "DECAY OPTIMIIATION® correctly for each. The
mount of “DECAY OPTIMIZATION™ used is set by sach program when 1t 1is
oalled and can be adjusted by the user for certain specialized
appl ications, See "ADVANCED FEATURES OF VERSION 3". FDECAY
OPTIMIZATION" incresses the clarity and reduces the coloration of the
deony from the 224. However, it can also maks the decay more uneven
on some meterial. If the decay 18 notlceably uneven, "DECAY
OPTIMIZATION" can be turned off with button #8, and this change can be
stored in the regiaters. "DECAY OPTIMIZATION" can cause an increase
in noise with low frequency purs tones whioh vary in smplitude, You
may want to turn it off when using the 224 with thia material,

2.8
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2.2 REMOTE CONTROL PANEL DISFLAY
Humeric Dlsplay

The Model 228 control panel displays three digits which indleate a
variety of parameters depending upon the function chosen. CQuantities
from 0 to 999 can be displayed as well as decimals such as 2.8 with
the use of a decimal point. In wsddition, some letters can be
displayed such as "E" which indicates an error.

Units

Displayed units are seconds ("sec"), milliseconds ("ma"), Hertz
("Hz"), and kilochertz ("kHz") which are indicated by an LED lemp
lighting adjacent to the appropriate aymbel. Units are determined
automatically depending upon which parameter i3 selected. For
exsmple, "2.8 sec” i3 a typical velue for a reverberation time
parmmeter.

Overflow

Under certain conditions of high input signal levels and/or program
parsmeter settings, the arithmetic procsgsor can over?low mug ___a{ a
caloulator that attempts io produce a sum or product that exceeds ~the
range of the inatrument. When this happens, the "ovfl" indicator will
light 4indicating the need to reduce one or more of the following:
input signsl amplitudes, reverberation time settings, "CROSSOVER"
setting, or the "TREBLE DECAY" setting.

Haadroom

Headroom indicators are provided for both left ("L") amd right ("E")
input ohannels; Peak signal levels are displayed on sequentlal arrays
of LED's indicating from 24dBE below limit to O0dBE (limit) in 6dB
intervals. When the 12dB LED first comes on, for example, there is
12dB of dynamic range left before Llimit, 1i.e., 12dE of headroom.
Proper setting is with both the zerc db and overflow LEDs off.

Paramatarsa

Ths reverberation parameters were chosen primarily to emulate those
charactaristica of real rooms and halls which most effeatively
detarmine the acoustics. For instance, the complex [frequency
characteristics and the "liveness" of real halls can be approximated
with the "CROSSOVER" and "TREBLE DECAY" controls. The size of a hall
osn be approximated with the "REVERB-TIME"™ ocontrols. And ona's
apparent position in a hall can be altered with the "DEPTH" control.

The "PRE-DELAY" control is provided for the common studio practice of

inserting some delay time before going to chambers and platea. But
becauss the reverb programs were written with some pre-delsy already

2.9
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in them, the "PRE-DELAY" oontrol will pot be required in many
sltuations.

In order to display a given slide pot parmmeter, the corresponding
contrel button must be held down. The parsmeter control pots will be
sctive, however, even if they are not being displayed. When none of
the parameter buttons are being hald down, the display will indicate
an average of the "BASS" and "MID" reverb time paramasters,

REVERE TIME

The reverberation time refers to the time it takes for the programmed
reverberation to die away following a momentary excitation. The
reverberation time is broken down into two banda, the "BASS™ and "MID"
banda, which are separated at a frequency determined by the
"CROSSOVER™ control.

BASS
Holding down the "BA33" button ‘tha bass raverb time €to be
displayed 1n seconds &3 long k= button remains pressed. The

revarb time ranges to 70 ssconds in coarse Increments.

MID

Similarly, holding down the DWID® huttnu"':ml_; _t mid frequency
reverb time to be displayed to a maximum of 70 seconas.

CROSSOVER

The frequency whioh divides thes "BASS" band from the "MID" band 1a
controlled by moving the Y"CROSSOVER" alide ocontrol. When the
corresponding button i3 held down, the crossover frequency is

displayed ranging from 100Hz to 10.9kH=z.

TREBLE DECAY

The "TREELE DECAY" refera to the frequemcy sbove which reverberation
falla off. It 13 controlled by the “THEBLE DECAY" slide pot,
displayed when the button i3 held down, and rangeas from 100Hz to
10.9kHs .

"DEPTH" is 2 non-dimensicnal parameter and is displayed (when holding
the "DEPTH" button down) on an arbitrary scale from 0 to T (software
versions 1 and 2) or frem O to 71 (softwwre versions greater than
veraion 3). In concert hall programs the function of the "DEPTH"
control is to simulate reverberation at varying distances f{rom the
sound source in @ hall. As the control 18 moved up, the displayed
nimber increases, and the spparsnt diastance from the source lnoresasss.

PRE=DELAY
The "PRE-DELAY"™ parasmeter produces a delay between the asound source

2.10
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and the onset of reverberation from the 224, With the "PRE-DELAY"
slider all the way down the displayed delay value will be that value
inherent in the particular delay prograem being used., Refer to Section
3 for the apecifics of each program,

SHIFT CONTROL

Tha "SHIFT" functicn has been reserved for diagnostica and special
functiona which will become available to 224 usera as they are
developad.

2.3 ADVANCED FEATURES OF VERSION 3 (AND HIGHER)

Version 3 (and higher) software allows the interested user to “sdjust
tha two subprograma "HODE ENHANCEMENT" and "DECAY OPTIMIZATION". Both
subprograms work by altering some of the reverberatlen parameters as
the music is playing. The rate and the smount Gthese perameters are
altered are preset by easch program when it is loaded, and can be
ad justed by the user, "HODE ENHANCEMENT® i3 set normally with 5 rate
paramater value of 2. This setfing produces excellent reverberation
‘m:_fﬂll keeping %36 1induced nolse lovs, _{g:ll;htl:,r more natural souncs
can be obtained {at the expense of more interaction noise) by setting
this parameter to 1. Setting the parameter to 3 or higher reduces the
amount of alteration. The parameter 13 adjusted by using the "SHIFT"
button, x
T
To change the paramater, enter the "CALL"™ mode and select the desired
program. NHow push AND HOLD both "BHIFT" and program button #7. Ir
¥ou now move the "PRE-DELAY"™ slider while holding the two buttona the
alteration parameter cen be sat from 1 ko 16, The digital diaplay
will show the value sst., Notioe the control must be wsotually moved
to sat the parameter, Pushing any of tha buttons under the aslidesrs
will restore the normal display.

Once the parameter has been changed the new valua can be stored along
with the program and the slider settings in a register for later use.
Calling & register alweyz a2ts these parameters to the values
praviouasly atored. However, pushing ths running program button agailn
does not restore the original settingas of either "MODE ENHANCEMENI™ or
"DECAY OPTIMIZATION®. The recommended settings are only loaded when a
different progras 13 loaded, or if button T 18 awitched off and then
on. To compare your modified settings with the original it 1s best to
stores both an un-modified and a modified version of the program in the
registers, '

Satting this parameter has been deliberately made difficult. It 1ia
not recommended that users adjust "HODE ENHANCEMENT™ or "DECAY
OPTIMIZATION" unless they are willing to devote considerable time
listening for the resulta. i Al

2.1
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The "DECAY OFTIMIZATION" parsmeter is normally 5 for the concert hall

programs and T for the plates. Again higher paramater values mean
less slteration. To set this parametar use the same procedure as for
»MODE ENMANCEMENT®, except hold button #8 inatead of #7. (nce again
the changed program oan be storsd in a reglster for later use or
comparison. Small values of the parametsr tend to maks the program
sound clearer and less colored in the decay, but at the expense of the
avennass, When the parameter 13 too small there can be a noticeable
left-right shifting of the decayed sound, especially with a atrong
input in one channel only, This affect 1s reduced Dy the new level
detecting algorithm, which can differentiste between strong burata of
sound and continuous muaic whish stops suddenly. Once again, the
"DECAY OPTINIZATION® parameter has been deliberately made difficult to
adjust. Users should not attempt to adjust this parameter without
gareful listening. .

2.4 OPTIONAL MEMORY BOARD

Veraion 7 (and higher} software supports a memcry board which plugs
into the option slot on the 224, Thia board (available fall 1580)
al 1aws additisnal reverberation progrems, permanent storage of
registers preset by tim--dr, and the restoration af the oqufrent
operating astate after the power has besn turned of f or has failed.
Sse Section 5 for a complete description of this board.

i
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3.0 PROGRAMS

3.1 INTRODUCTION TO PROGRAM OPTIONS

The Model 224 may be ordered with or retrofitted with 3several
differeant programa,

Esch program has characteriastics which optimize it for particular
applications, MAlthough adjustment of front panel controls can change
the sound of a program it can not change the basic character of a
progrmm eg. change a chamber to a plate,

It 48 strongly reccmmended that the user carefully study the
dascriptions of sach program to sslect those programs which suit his
nesds. Development of new programs and revision of old cnes is
ongoing at Lexicon so that a substantial program 1library (including
programs for apecial effecta) is anticipeted, Of course new program3
and revisions of old one2 will be available to every 224 owner,

In order to receive new and updated progrmms, it will be necessary to
ship the program cireuit bosrd (SBC bosrd) module back to Lexicon.
Or, 4f the 228 must remain in operation, it will be possible to
sithar garchase & _new module with the new programs installed or to
purahase a nev et of 2716 Music Program ROM IC's for fleld
installation. Refer to seation 6.,5.1 for procedures required to
install the ROM's. Extrs modules can also be purchased in the event
that mors than eight programs are desired. See section 6.3, Module
Exchange Program, for instructions on removing, refitting and shipping

the program module, "

3.2 OPERATING SYSTEMS

In order ta co-ordinate and malntaln numerous programs and revisions
of programs each different set of programs ia aasigned an “cperating
system" identification number. This number has the following format:

Yx.r

whare X 18 the unique number or letter of esch cperating system and Y
is the revision level,

The initial operating system in production i1s ¥ 1.1. This number will
uniguely define what programe are installed in a 22%, what Tevialon
level they are and what program number on the front panel "callz" a

given program,

L1
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New Music Programs Added:

In addition, several entlirely new programa were introduced with
VERSION 2. {See the program lists below and the program description
section of the manual.) The new programs and the improvements to the
old ones represent a major improvment in the sound of VERSION 2 and
VERSION 3 over the originsl VERSION 1. Lexicon resommends that owners
of machines with the original operating systems upgrade them to
VERSION 2 or higher softuare.

Field Hardware ECO Needed for VERSION 2 and higher softwara:

Upgrades from the original VERSION 1.1 and 1.2 software require a
simple field ECO. Refer to section 6.5.2 for details.

o
ot -
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VERSION 3 DESCRIPTION (all Rev. Levala)

VERSION 3 software offers easier operation, 32 more storage reglasters
for preset effects, and the new subprogram "MODE ENHANCEMENT". (See
section 2 of this manual for descriptions of these new features.)

Upgrades from VERSION 1 should perform the hardware ECO described in
ssotion 6.5.2

V3.0 DESCRIPTION

V3.0 is supplied with two programa. They are:

PROGHAM # PROGRAM PART #
1. SMALL CONGERT HALL - B nTﬂﬁ*
5, PERCUSSION PLATE - A 075=01
(7.) MODE ENHANCEMENT (mll programs)
(8.) DECAY OPTIMIZATION (all programs)
s ¥3.1 DESCRIPTION @

V3.1 is supplied with four programs., They are:

PROGRAM # PROGRAM PART #
. SMALL CONCERT HALL - B 075-01846
3. LARGE CONCERT HALL - B OT5=01847
5, ACOUSTIC CHAMBER 075=01793
5, PERCUSSION PLATE = A 075-01794
{7.2 MODE ENHANCEMENT (all programs)
(8.) DECAY OPTIMIZATION (all programs)

¥3.2 DESCRIPTION

V3.2 i3 supplied with six programa. They are:

PROGRAM # PROGRAM PART #
i o

| SMALL CONCERT HALL - B 07T5-01846
2. VOCAL PLATE 075=017T91
3. LARGE COMCERT HALL - B O0TS-0184T
. ACOUSTIC CHAMBER 0TS5=01793
5. PERCUSSION PLATE = A O75=01T94
6. SMALL CONCERT HALL = A 075=-01790
iy MODE EMHANMCEMENT (sall programs}
(8.} DECAY OPTIMIZATION (all programs)

3.3
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3.4 INTRODUCTION TO THE PROGRAM DESCRIFTIONS

Programs in the Lexicon 228 are mathematical algorithms which simulate
the sounds of reverberation. Because the time avalilable for
computation is finite, 1t 18 not possible to exactly duplicate the
properties of natural reverberation. The programs differ greatly in
both the type of natural acoustics they try to simulate, and in the
ways they differ from the ideal. 3tandard scoustical terminolegy ls
not always sccurate in desoribing the sound from the 224. In this
section we define the terms we use in the program descriptions both as
they apply to natural scoustics and to the 224§,

3.4.1 Raverberation Time and Decay

The decay is the reverberation which is heard when the muslc atopa.
it is alsc called stopped reverberation. The reverberation time
sontrols on the 224 set the rate of decay. Decay is usually assumed
to be at a constant rate, a certain number of decibels per second .
However, in most buildings the initial rate of decay is much ~faster
than the final rate. Churches, where msny fine recordings are made,
frequently show this type of non-uniform decay. A slower final rate
of decay gives a sense of space and dapth in & recording, while a
quick tnitial deday can keep the music from Dbecoming }mud:l:.r.' The
numbers displayed with the reverberstion controla on”the 228 usually
indicate the =ffective reverberation time of the [firat 20 decibels of
deony. Lexicon 224 programa differ in the amount of difference
batwean tha fnitial end final rate of decay, and in how the
difference varies with the reverberation time setting. The "DECAY
OPTIMIZATION" and "MODE ENHANCEMENT" options availsble with Version 2
and higher softwere operating systems make the decay rate more uniform
on all the programs.

3.8,2 Sound heard before steady decay, or Alnitial Sound®

In = concert hall the first sound to resch the llstener is tha direst
sound, followed closely by reflections from the stage floor and walls.
Somewhat lmter the hall walls, floor, and oceiling contribute thelr
reflections. Finally the reflections from the back wall arrive.
Puring all this time it i» mesningless to speak of "smooth decay"”.
The s=moothness of these initial sounds depends on the size and shape
of the hall and the position of the listener. Steady decay i3 reached
only after sound has had time to bounce through the hall several
times. Small rooms or chambers achieve even decay much scomer, and
the ear precelves these rooms sz smaller. The duration and the
moothnass of the infitisl sound is vital to oreating @ sanae of being
in & specific mooustic location., The duration of the initial sound is
bullt inte the varicus 228 programs., It can be as long ass 200ma in
the oconcert hall programs and less than 50ms in the plate programs,
The initial sound is also very important in determining the character
of the "running reverberation®, or reverberation which 18 heard while
tha music 1s playing. "ag .,
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MODEL 224 OWNER'S MANUAL PROGRAM3

SMALL CONCERT HALL = B: (PART NO. O75-01846) REV. O

Initial sound: Hall-like - uneven for 200ms

Decay: Moderately non-uniform

Initial Diffusion: Moderate - some clicking on an impulse

Coloration: Low

INPUTS MONO: both "LEFT" and "RIGHT" in parallel
STERED: left "LEFT" right "RIGHT"

OUTPUTS MONO: either "A" or "C" {plus source)
STEREO: left "A", right "C" (plus source)

QUAD: left front "B", right front "D" (plus source)
left rear "A", right rear "C"

REVERE TIME BASS: 0:.6=TD amc

REVERE TIME MID: 0.5=T0 aaa

CROSSOVER FREQ: 100HZ=10.9kHz

TREBLE DECAY FREQ: 100HZ=10. 9kHz
DEFTH: 0=T1

PRE-DELAY: 24=152 ma

This program is basically a modification of "SMALL CONCERT HALL - A",
In the old program the "TREBLE DECAY" control affected the sound only
aftar .tha firat 300ms, In "3MALL COMCERT HALL - B" "TREBLF, DECAY"
affects the early sound too, and reduces the' decay more rapidlly, It
mimics the effecta of air absorption better than "™SMALL CONCERT HALL
= A" and sounds more natural.

The "3MALL CONCERT HALL - B" is useful whenever a sense of space and
depth needs to be added to music, It is beat on classical music or on
popular music which has already been mixed, although it cen be used to
fill=out a wvocal or drum track if clicking is not too apparent. All
the concert hall programs are intended to put their sound behind the
music, not with it. This program produces best results with reverb
time sattinga of 1.5 to 5 seconds. Program 3, "LARGE CONCERT HALL -
B" has leas coloration and 13 recommended for long reverb times,

Recommended Settings

When used with "Mode Enhancement™ and/or "Decay Optimization" "SMALL
COMCERT HALL - B" sounds moat natural if the "BAS5S" and "MID"
eontrol are relatively close to the ssme setting, "BASS" should be
usually set somewhat higher than "MID®, The "CROSSOVER" control is
usaful over the entire range. If it ia set to 200Hz, the "BASS" will
tand to be emphasized. If it is set to 1.5kHz it can be used to
change the character of the high frequancolas. Whan the subprograms
are not used "BASS" should be set about a factor of two higher than
"MID". Whan neither subprogram is used the setting of the "TREBLE
DECAY" control is very important to achieving a natural sound, but the
oorrect position depends strongly on the type of music and the desired
revert time. With chamber music, or for film sound, m short reverb
time (1.5 to 1.7 sec.) 13 useful, and the "TREBLE DECAY" might sound
best at 3.0 kHz. A longer reverb time might sound best with a "TREBLE
DECAY" of MH.4kHz or higher. If reverb times longer than 3 ssconds
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A3 new programs are developed at Lexlcon they will be made avallable
for installation in operating systems 2 and 3. Up to seven different
programs can be installed on the SBC/BLC board along with the VERSION
2s VERSION 3 holds 6 programs along with the two subprograms on
buttons #7 and #8. If more than 3ix programa are desired an extra
read only memory board is avasilable which fits in the option alat on
the 224 mainframe, providing storage for an almost unlimited number of
programs. This board also contains a battery back-up memory to retain
the register storage when power is off. The extra programs are called
by pushing two program buttona at once (double-digit program numbera, )
Oaly the program buttona which correspond to programs actually
installed in the machine respond when thay are pushed, All others are
inactive. The non-volatile register storage is sctivated
automatically when the optional memory 18 installed. For more about
the option beoard, see section 5.
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Tha Lexicon 224 varies the time dependence of the initial sound with
the depth control. Low depth emphasizes the early parts of the
initial sound, simulating & close listening poaitien. Higher
poaitions of the depth control tend to increase the running
reverberation without changing the amount of reverberation when the
music 4is stopped. In programs which simulate small environmenta such
as a chamber or plete, "depth” controls the explosiveness of the
initisl sound by compressing it or stretching it out.

3.4,3 Diffusion

Diffusion is the ability of an accustic chamber or the 224 to spread a
single pulse input into a very oclosely spaced series of pulses, The
beat scoustic example is the reflection of a elick from an irregularly
shaped wall. Very high diffusion causes a click to be spread into a
swish of sound, Less diffusion caussa a more grainy sound, and low
diffusion can produce an obvious series of discrete clicks. Contrary
to populsr opinion, high diffusion i2 not always desirable, at least
for the first 200ms or sc after an impulsive input. In concert halls
the floor and stage walls are usually not very irregular. In halls
diffusion is a funotion of time. As sound bounces around tha room
diffusion builds wup. Low diffusion 4in the initial arrivals
contributes to a very clear uncolored sound. Small rooms and echo
ohambers are designed to produce high diffusion initially, and work
well on impulsive material. Such reverbenstion tends =% spread -out
and color the sound it 4is applied to, giving it a louder, Tatter
sound, All Lexicon 224 programa have high diffusion aflter Ethe
reverberation has bullt up, but they have different degrees of initial
diffusion. Symphonic music sounds best with low initisl diffusion,
vooals with moderate diffuaion, and drumas with high diffusion.

3.4.4 Coloration

The word coloration can be used to desoribe almoat anything. Wa will
use it in the program deseriptions to refer to a "bathroom-y® quality
which tands to cccur whenever the initial diffusion is high. Programs
with low initisl diffusion sre ususlly unoclored, although coloration
san become noticesble at the very end of the decay unless " MODE
ENHANCEMENT" or "DECAY OPTIMIZATION" 1is used.

3.5 Control 3Settings

Frequently the programs will sound most natural only within a subset
of the possible settings of the 224 controls. In general there la no
good way to set these controls from a lnowledge of mcoustical theory.
Different types of music may require very different settings of the
aentrols. The settings given with program desriptions (which load
automatically with version 3 end highsr software) are only @ atarting
peint.
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are desired, "LARGE CONCERT HALL - B" might give a more natural sound.

We have alsoc found that equalizing the return from the 224 (adding
sbout +3dB below 200 Hz) ocan add to the richness gnd naturalness of
the reverb. This effect cannot be schieved with the reverb time
controla, _Boosting the reverb time of the "BASS" excessively makes
the bass reverberate too long without inecreasing richness.

The pre-delay display reads a minimum of 2§ ms with this program.
Actually there is some output before this time, bullding to a peak at
about 27 ms in the left channel and 20 ma in the right. The time
difference in the pre-delay for the two channels can make a pleasant
spread in the sound of a mono source. However, with a mono feed solo
instruments or voice will sound stronger on the right. If the soloiat
appears on the left in the mix 1t may sound more natural o reverse
the returns from the 224,

BASS: 3.0 sec

MID: 2.0 seo

CROSS OVER: BHQ Hz

TREBLE DECAY: 4.8 kHx _ ':'“F
DEPTH: 10 ko 40

PRE-DELAY: 26 to 50 ma

In both stereo and quad the feeling of spagiousness ia enhanced by
using a at~rec feed, eibthodi similar in placem3nt o the source or
reversed, feversing the returna may decrease the apparent width of
thes reverb. In sterec or mono operstion the outputs "A" and/or "¢
should be used ss the main echo returns snd summed with the source
{through & mixer)., For quad operation ocutputs "A" end "C® should be
sent directly to the rear, not the front. The "DEPTH" sentrol affects
only cutputs "A" and "C" and should be set from 0 to 10 for Quad,
providing a strong early delay to the rear channels. The outputs "B
and "D" should then be summed with the source at the front.

NOTE: Outputs "B" and "D" are not as satisfactory as nA" and "C* for
purposes other than gqued.
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3.3 OPERATING SYSTEMS LIST

V1.1 DESCRIPTION

V1.1 is the original operating system releassed by Lexicon in April
1979. It consists of four music programs in the followlng order:

FROGRAM # PROGRAM PART #
1. SMALL COMCERT HALL - A 075-01790
2 VOCAL PLATE 075-01791
3 LARGE CONCERT HALL = A 0T5=01792
4, ACOUSTIC CHAMBER OT5=01T793

Pra-delay inherent in each program 1is not displayed sc that Ehe
"PRE-DELAY" display only shows the amount of pre-delay added to the

inherent pre-delay of each program. This cperating system contains no
disgnostics. Changes to pre-delay ccour in 1 ms steps and will create

some artifacts if modified during use.

V1.2 DESCRIPTION

¥1.2 contains the same four music programs as V1.7 but with some minor
changas in operating clutacteristics. R

The diaplayed pre-delay {s the actual amount used rather than the
inoremental value as In V1.%.

Changes in pre—delay will cause a controlled aweep from %the original
delay setting to the new one selected. This "aweep" through time will
oause piteh shift to be heard while delay is changing.

¥1.3 DESCRIPTION

¥1.3 1is identical to V1.2 with the exception that two muaic programa
are provided instesd of four - they are:

PROGRAM # PROGRAM PART #
, SMALL CONCERT MALL = A 075-01T90
2. VOCAL PLATE 075=01T91

3.2
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V2.0 DESCRIPTICN

V2.0 is supplled with two programa. They are:

PROGRAM # PROGRAM PART ¢
¥, SMALL CONCERT HALL - B 075-01846
5. PERCUSSION PLATE - A 075-01794
(8.} DECAY OPTIMIZATION {(all PTE‘TI'HS]
V2.1 DESCRIPTION -

¥2.1 is supplied with Tour pruﬁrmr-. They are:

PROGRAM # PROGRAM PART #
1. SMALL CONCERT HALL - B 075-01846
3. LARGE CONCERT HALL - B 075=-0184T
4. ACOUSTIC CHAMBER 075-01793
Sa PERCUSSION PLATE - A 075=01794
(8.) DECAY OPTIMIZATION (all programs)
- 3

V2.2 DESCRIFTION

V2.2 i3 supplied with six programs. They are!

PROGRAM # PROGRAM PART #

| i SMALL COMCERT HALL - B 075-01846
2. VOCAL PLATE CTS=01791
3 LARGE CONCERT HALL - B 075=01847
L, ACOUSTIC CHAMBER 0T5=01793
5. PERCUSSION PLATE - A OTS=01T794
é. SMALL CONCERT HALL - A 0T75=01T790
{8.) DECAY OPTIMIZATION (all programs)
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PLATE: (PART HO. OT5-01791) REV. 1

(The original "FLATE PROGRAM" - now called "VOCAL PLATE")

Initial sound: Explosive = decay starta within 50ma
Decay: Uniformity depends on Revert Time ssttings
Initial diffusion: Moderate to high = good for vooals
Coloration: Low to moderate
INPUTS MONO: both "LEFT" and "RIGHT" in parallel
STERED: left PLEFT" right *"RIGHT"
QUTPUTS MORO: mix "A" and "C" equally (plus sourca)
STEREO: left "A" or "D, right "C" or "B" (plua source)

REVERE TIME BASS: set by sar - displey only for reference
REVERE TIME MID: 0.6-=T0 sec
CROSSOVER FREQ: 100Hz=10.0kHz

TREBLE DECAY FREQ: 100HZ=10 . 9kHz
DEPTH: 0=T1
PRE-DELAY: 20=12T m3

The "YOCAL PLATE® sounds like., &8 plate, but with less initial
diffusion. A3 a8 conasquence it = olaarer, brighter sound. It is
usseful for most popular muul'n‘:‘m,um sound alightly gralny on
drums. Again the "BASS" can be.-set higher than the "MID" if the two
subprograms are not desired. Jome plates emphasize the treble, and
you may wantte jexperiment with that. You may alsc want to try
equalizing the return for more high treble. The "VOCAL PLATE" i3 not
a8 good &3 the peroussion plates at very low decay settings, and 13
not as good aa the hall programa at very long settings. Try:

BASE: 2.0 sac
"mt Eiﬂ a8
CROSS OVER: 1.0 kHg
TREBLE DECAY: 8.8 kHz to 10.9 kHz
DEPTH: 0 to 30
PRE-DELAY: o beate

The indicated reverb time for "BASS"™ i3 not sccurate in this program
30 that users should rely on their ears more than the panel settinga
when sdjusting the "BASS" parameter. MNote that it is possible to
osuse interpal feedback by setting the "BASS" control much higher or
lower than "MID", The "DEPTH" control affects the first "reflection”
in settings O-U0, making it progressively less pronounced. In
settings 50-71 it progressively emphasizas later "reflections®. Tha
outputs of this program are identical pairs: "A" is the same as "D"
and "C" is the same as "B". This program is recommended for use with
starsc inputs since the reverdb is more natursl and interesting than it
18 in mono. However sharp transients will sound best LT panned to the
middle. With sterec input the apparent width of the reverb may be
altarsd on some material by reversing the 228 outputa 30 that "C" goes
laft and "A™ goes right.
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PERCUSSION PLATE - A: (PART NO. O75-01T94) REV, O

Initisl scund: Exploaive
Decay: Moderately non-uniform
Initial diffusion: Extremely high - becomes rapldly very dense
Coloration: Moderate
INPUTS MONO: both "LEFT" and "RIGHT" in parallel
STEREO: left "LEFT" right "RIGHT™
OUTPUTS MONO: mix "A" and "C" equally (plus source)
STERED: left "A" or "D", right "C" or "B" {plus source)
REVERB TIME BASS: sat by ear - display only for refarsnace
BEVERB TIME  MID: 0.6=70 zac
CROSSOVER FREQ: 100HZ-10, 9kHz
TREBLE DECAY FREQ: 100HZ=10.9kHz
DEPTH: 0=T1
PRE-DELAY: 0=10T7 ms

"PERCUSSION PLATE = A" ia ideal for adding to drums and vocals at
shart reverberation times, It has very high initial diffusion, and a
vary amooth sound on tranailent meterial., Coloration 13 notlceably
greater than the vocals plate, although this sound can be deairable,
Coloration inoreases at the end of the decay unless "MODE ENHANCEMENT™
or "DECAY OPTIMIZATION" are used. As with the "VYOCAL PLATE" a atereoc
input 13 provided, and may be interesting on some material. For beat
_diffusion the two inputs should be driven in parallel. It may alsc_be
ussful to squalize the return for meT) brilliance on aFims, Tryt

BA33: 2.0 sen
MID: 2.0 sap
CRO3S OVER: 1.0 kHz
TREBLE DECAY: &.8 kHz to 10.T7 kHz
DEPTH: 0 to 30
PRE-DELAY: to taste

The indicated reverb time for "BASS" 1s not sccurate in this program
80 that users should rely on their ears more than the panel settings
when ad justing the "BASS" parameter. MNote that it 13 posaible to
cause internal feedback by setting the "BASS" control much higher or
lower than "MID", The "DEFTH" control affects the first "reflection®
in settings 0-40, making it progressively leas pronounced. In
settings 50-T71 it progressively emphasizes later "reflections®. The
outputs of this program are identical pairs: "A" is the same as "D"
and "C" i85 the same az "B". Thia program is recommended for use with
sterso inputs since the reverb is more natural and interesting than 1E
is in mono. However sharp transients will sound best Lif panned to the
middle. With sterec input the apparent width of the reverb may be
altered on some material by reversing the 228 ocutputs 3o that "C" goes
left and "A™ goes right.

PRCGRANS

-
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LARGE CONCERT HALL - B: (PART NO. O75-01847) REV. O

This program replaces "LARGE CONCERT HALL - A" on all syatems V2 and

later.
Initial Sound: Hall-like - uneven for 200ms
Decay: Much longer final rate than initial rate
Initial Diffusion: Very low - obvious clicking on transients
Coloration: Very Low
INFUTS MONO: both "LEFT" and "RIGHT" in parallel

STEREQ: left "LEFT" right "RIGHT"
QUTPUTS MONO: either "A" or "C" (plus source)

STERED: left "A", right "¢" (plus source)

QUAD: left front "B", right front "D" (plus source)

left rear "A", right resr "C"
REVERE TIME BASS: 0.6=T0 sec
REVERB TIME MID: 0.6-T0 sec
CROS30OVER FREQ: 100HZ=10, GkHz
TREBLE DECAY FREQ: 100Hz=10,9kHz
DEPTH: 0-T1
PRE-DELAY: 24=152 ma

This program is basically s modificatlon of "LARGE CONCERT HALL - A".
In the old program ths "IREBLE DECAY" control affected the sound onl, ?
after the firstc 300ma. In "LARGE CONCERT HALL - B" "TREBLE DECAY"
affacts the early sound too, and reduces the decay more rapidly. It
mimica the effects of air absorption better than "LARGE CONCERT HALL -
A". and sounds more natural.

This ia not the program to use with material containing beld
transiental Its very low coloration is terrific om aymphonlic muale,
organ music, or any smooth music. The final rate of decay is =uch
longer than the initial rate. This program is excellent whenever a
very long reverb time is needed, It will sustain a guitar or (flute
tone besutifully.

Reccmmended Settings

When used with "Mode Enhancement” and/or "Decay Optimization" "LARGE
CONCERT HALL = B" sounds most natursl if the "BASS" and “HID"
gontrol are relatively close to the ssme setting, "BASS" should be
usually set somewhat higher than "MID". The "CROSSOVER" control is
useful over the entire range. If it is set to 200Hz, the "BASS" will
tand o be amphasized. If it is set to 1.5kHz it can be used to
change the character of the high frequenciea. When the asubprograms
ars not used "HBASS" should be set about a factor of two higher than
"MID". When neither subprogram 1s used the setting of the "TREBLE
DECAY" control is very important to schieving s natural sound, but the
sorrect position depends strongly on the type of music and the deaired
reverb time. With chamber music, or for film sound, a short reverb
time (1.5 to 1.7 sec.) is useful, and the "TREBLE DECAY" might sound
past at 3.0 kHz. A longer reverdb time might sound best with a "TREBLE
DECAY" of WU.5%Hz or higher, If reverb times shorter than 2 ssconda
ars desired, "SMALL CONCERT HALL - B" might give a more natural sound.
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ACOUSTIC CHAMBER: C(PART NO. O7TS5-01793) REV. 1

Initial sound: Gradual - flat for 150ma, then decays
Dacay: Moderately non=uniform
Iniciel diffusion: Moderate
Coloration: HModerats
INPUTS MORD: both "LEFT" and "RIGHT" in parallel
STEREC: left "LEFT" right "RIGHT™
QUTPUTS MONO: mix "A" and "C" equally {plus source)
STEREOD: left "A® or "D", right "C* or "B" (plus source)
REVERB TIME BASS: 0.6=T0 amc
REVERR TIME MID: 0.5=T0D sec
CROSSOVER FREQ: 100H=z=10, 9kHz
TREBLE DECAY FREQ: 100HZ=10, 9kHz
DEPTH: 0=T1
PRE.DELAY: 25=255 ma

The "ACOUSTIC CHAMBER" sounds like a chamber, but with less initial
dirfusion. It i3 good on many types of populer music. It sounds very
differant from the "PLATE", mostly due to its very different initial
sound, and the way the diffusion builds somewhst siower. It i3 not
very pgood at very long reverbt GCimes, but short times may be
interesting, Try:

= = R
#

BA3S: 2.8 o

NID: 2.2 sec

CROSS OVER: 1.0 kHz

TREBLE DECAY: 4 kHz to 10.7 kHz

DEPTH: 0 to 20

PRE-DELAY: to taste

The chamber program digitally averages the two inputa to mono. If

only one input feed is available, it should be bridged to both lnputa.
The main outputs are "A" and "C", It should be poted Gthat there is
less inherent pre~delay Iin output "A" than cutput "C¥, a differance
which can be distinguished on some meaterial. Outputs "E" and "D",
which ere derived from "A" and "C" through a form of time delay
matrixing, do not differ in their inherent pre.delays. Thus outputs
"B" and "D" may be used instead of "A" and "C" for better timing
charsoteristics but at the sxpense of marked coloration from output
D", For a single (mono) output "D" should not be used because of its
ealoration,

The best guide for using this program is to keep Che reverb time
batween 2 and 5 ssconds. The moat chmmber=1lke sound 18 schieved with
the "DEPTH™ at 0. Bsware that if the "MID" reverb time 13 long
compared to the “BASS" reverdb time, and 4ir the "“TREBLE DECAY"
frequency 1s high, then the machine ia apt to feed back internally.
This condition will be readily apparent and can be useful as a special
erfect. It can be defeated by raising the "BASS" or lowering the
"TREBLE DECAY" controla.

PROGRAMS
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We have also found that equalizing the return from the 224 (adding
sbout +3dE below 200 Hz) can add to the righnesa and naturalness of
the reverb. This effect cannot be achieved with the reverb Gtime
controls, Boosting the reverb time of tha "BASS" sxcessively makes
tha bass reverberate too long without Iincreasing richness,

Tha pre-delay display reads a minimum of 2§ msa with this program.
Aotually there is a strong single reflection at 27 ms on the left and
at 20 ma on the right. The time difference in the pre-delay for the
two channels can make @ plessant apread in the sound of a mono source.
However, with a mono feed solo instruments or voice will sound
stronger on the right. If the soloist appeara on the left in the mix
it may sound more natural to reverse ths returns from the 224,

Basa: 3.4 sac
MID: 2.6 sec
CROS8 OVER: 540 Hz
TREBLE DECAY: 4.0 kMz
DEPTH: 10 ko 4O
PRE=DELAY: 2U to 60 ma

In both stprec and quad the feeling of spaciousness i3 enhanced, DY
asing a stereo feed, either similar in plecament to the sourceé or
revarsad . Reversing the returns may deorsase the apparent width of
tha raverb. In starec or mono operation the outputs “"A" and/or "O"
should be usad as the main echo returns and summed with the source
{(through a mixer). Feor gquad operation outputs "A" and "C" should be
sent directly to the rear, not the front. The "DEPTH" control affects
only outputs "A" and "C" and should be set from 0 to 10 for Quad,
providing a strong early delay to the resar channela. Tha outputs "B"
and "D" should then be summed with the source at ths front.

MOTE: Outputa "B" and "D" are not as satiafactory as "A" and "C" for
purposes other than quad,
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SMALL COMCERT HALL - A: (PART NO. 075=01790) BHEV. 1

Initial sound: Hall-like - uneven for 200ms

Decay: Moderately non-uniform

Initial Diffusion: Moderate - some clicking on an impulse
Celoration: Low

INPUTS MONO: both "LEFT" and "RIGHT" in parallel
STEREC: left "LEFT" right "RIGHT"
OUTPUTS MONO: either "A" or "C" (plus source)

STEREO: left "A", right "C" (plus source)
QUAD: laft front "B*, right front "D" (plus source)
left rear "A", right rear "C"

REVERB TIME BAS335: 0.6=TO sec
REVERB TIME MID: 0.6=T0 sea
CROSSOVER FREQ: 100Hz-10,9kHz
TREBLE DECAY FREQ: 100Hz-10,9KHE

DEPTH: =71

PRE-DELAY: 24=152 ms

The "SMALL CONCERT HALL - A" is useful whenever a sense of aspace and
dapth needs to be added to music, It is best on popular music which
has already been mixed. The initial sound 1is b-!jhter than “hSMALL
CONMCERT HALL - B", and the * [REBLE DECAY" control is more gentle,
This program can be used to fill out a voaal or drum track if oclicking
is not too apparent. All the concert hall programs are intanded to
put their sound behind the music, not with it. They do not try to
altar » close miked sound. Thia program produces best results with
Fevert GCime setiings of 1.5 %o 5 secomda. Program 3, "LARGE CONCERT
HALL = B™ has less coloration and ia better for long reverb times.

Reccmmended Sattinga

When used with "Mode Enhancement™ and/or "Decay Optimization® “SMALL
CONCERT HALL = A" sounds most natural Iif the “BA3S" and "MID"
sontrol are relatively close to the same setting. "BASS" should be
usually set somewhat higher than "MID®. The "CROSSOVER" control ia
ussful over the entire range. If it is set to 200Hz, the PBASE" willl
tand to be emphasized. If it is sat to 1.5kHz it can be used to
change the character of the high frequanalea. When the subprograma
are not used "BA3S" should be set about a factor of two higher than
"MID®, When neither subprogram is used the setting of the "TREBLE
DECAY" control is very important to achisving a natural sound, but the
gporrect poaition dependa strongly on the type of music and the desired
revarb Lime, With chember music, or for fllm sound, a short reverb
time (1.5 to 1.7 Bec.) 15 useful, and the "TREBLE DECAY" might sound
best at 3.0 kHz. A longer reverdb time might sound beat with a "TREBLE
PECAY" of U.4kHz or higher. I reverb times longer than 3 ssconda
are desired, "LARGE CONCERT HALL - B® might give a more natural sound.

Wa have alsc found that equalizing the return fron the 224 (adding
sbout +3dB below 200 Hr) csn add to the richness and naturalness of
tha reverb, Thia effect cannot be wohieved with the reverb time
aontrols. Booating tha reverb time of the "BASS" sxcessively makes

P25
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4.0 THEDORY OF OPERATION

The 224 is partitioned into 9 major fumctional blocks (mot 1including
the option module). They are: :

1. Single Board Computer - SBC/BLC
2. Data Memory - D=MEM

3. Timing and Control - T & C

i, Arithmetic Unit = ARU

5. Floating Point Converter - FPC
6. Audio Input - A=IN

T. Audio Output - A=DUT

8. Remote Panel

9. Power Supply - P31, P32 and P33

4.1 SBC SINGLE BCARD COMPUTER

The single board computer controls all funections of the front panel
such as reading switohes, slide pots and display of data, The 3BC
also contains the 224 music software which 1is used to ocontrol the
"Digital Processor™, Thesa programs are stored in Aeacd; Only Memories,
"ROM' 5", It is ther~ ROM's which have 0 be re-programmed "W cever
software 13 updated,

An RS232 interface is also provided on the SBC board to allow
automation interface =a well sa diagnostic procedures to be executed
with no sdditional hardware, This interface may be set to any data
rats betuween 9600 and 110 bawd.

8.2 INPUT/OUTPUT SIGNAL PATHS

Input analog signals are transformer ooupled, gain conditioned and
filtered prior to digitization. The input digitizer sequentially
ponverts sach @analog signal into a digital represantation which the
FPC card tranafers to the digital processor as a 16 bit offset binary
word .

The FPC card is also used to proceas output dats to the output DAC.
The output DAC circuitry reconstructa the snalog information which i3
then low pass filtered and transformer coupled to the output channels.

§.2.1 5Salf Test
In the event of operating difficulties it is poasible to determine

proper operation of the Input, Output and FPC cards by =nabling selfl
test mode. This mode i3 @ reasonably good test of Audio and FPC

subsyatems. Additional information about self test is obtained in
Ssction 6 of this manual. Self test mode is enabled by loosening the
D=MEM, TAC and ARU Dboarda. Whan these cards ars loose a control

aignal to the FPC card is allowed te fly high placing it in selfl test

4.3
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the bass reverberate too long without inoreasing richnesa.

The pre—delay display resds a minimum of 24 ms with this program.
dctually there is some output before this time, bullding to & pesk at
sbout 2T ms in the left channel and 20 ms in the right. The time
differsnce 4in the pre-delay for the two channels can make & pleasant
spresd in the sound of a monp source, However, with a mono feed solo
instruments or volee will sound stronger on the right. If the scloist
sppears on the left in the miz it may sound more natural to reverss
the reaturns from ths 224,

BA3S: 3.0 sec
MID: 2.0 sec
CROS3 OVER: 540 Hz

TREBLE DECAY: 4.4 kHz
DEFTH: 10 ko 40

PRE-DELAY: 24 to 60 ms

In both stereo and gquad the feeling of aspaciousness is enhanced by
using & sterec feed, either aimilar in placement to the source or
reversed, Reversing the returns may decresase the apparent width of
tha reverb. In sterec or mono operstion the outputs "A" and/or "C"
should be used as the main echo returns and summed with the source
(through a mixer). For quad c=uration outpdds "A" jnd “c* should be
sant directly to the rear, not the front. The "DEPTH" control affects
only outputs "A" and "C" and should be set from 0 to 10 for Quad,
providing a strong early delay to the rear ohsnnela. The oubputs g
and "D" should then be summed with the source at the front.

NOTE: Outputs "B" and "D" are not as satisfactory as "A" and "C" for
purposes other than gquad.

PROGRAMS
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the =15 Volt supply is a 7912 controlled by a 3071 op amp which senses
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§,5,2 +12 and =12 Volt Supplies

The + and - 12 Volt supplies are both derived from a aingle secondary
fused in both legs by a pair of 2 smp slo fuses, Refer to Section 6

for fuse locations.

The +12 Volt supply i3 = [LM317K monolithic voltage regul ator

programmed by a palr of 1% resistors. This supply is both tharmal
and current protected - it will provide 1.25 amps.

The -12 Velt supply is derived from 7912 monolithie regulator which 1a
thermal and current protected - it will provide 150ma.

It should be noted that the +12 Volt supply is sequenced by the -5
Volt supply so that +12 Volts can not come up until after -5 Volta is
available. Should any problems occour with +12 Volts the presence of
=5 Yolts should also be checked.

4,5.3 +15 and =15 Volt Suppliea -
The + and - 15 Volt supplies are a tracking design which allows the
=15 Volts to track the +15 Volt supply. Both supplies are derived
from 8 single fused secondary. The +15 Volt supply 1s a LMNIT
programmed with an adjustable reslstor network.

i =

-
- e S i

the +15 and =15 Volt outputs and forces the =15 Volt output toe track
the +15 Yolts. A balance control 1a provided to trim the =15 Volt
autput. It should be noted that the +/=15 Volt supply is not ground
referenced to the «/=5 and +/=12 Volt aupplies unleas the analog
bosrds are inatalled in the 224 chasals. When measuring voltages it
is essential to refer all measurements to the correct ground.

The +/=15 Volt supplies will provide 750ma and are current and
thermally protected.

§.5.4 Mains Clreuit

The mains cirocuit for the 224 uses a dual primary transformer with 115
and 100 Volt taps — a pair of DPDT selector aswitches select the
operating voltage. This supply is switched on both sides of the line.
A primery fuse is provided on the chassis ahead of the HRFI fllter
unit, Fan power i3 maintained at 115 Volta by placing the fan mscrosa
ons of the 115 Yolt primarliea.

4.3
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mode, It should be noted that the SBC card must be installed simply
to provide a clock signal for the FPC board.

4.3 DIGITAL PROCESSCR

The processor unit comsists of three cards, D<MEM, ARU and T&C. These
cards provide the basic digital procesaing and data storage capability
to sllow the 224 to synthesize reverberant sound in either atereo or

monophonic formats.

Refar to Section 6 for troubleshooting information should any problems
arise,

B.4 REMOTE PANMEL

The remote panel interfaces to the main frame via a 28 conduotor
ribbon cable, 10 Volt AC power is sent to the control head where it
is rectified, filtersd and regulated to power the control head logile.
All data sent to and received from the control head is sent over an 8
bit bidirectional deta bus. Address data is sent over a 4 bit addreas
bus for pot selection and digit scan. All siide pots are digitized
under software control and converted into an B blt word for
transmission to tho SBC/BLC board, -

= _.:_ =
4.5 POWER SUPPLY

The 224 Power Supply produces six regulated de voltages and one
unregulated ac voltage to power thes control head.

§.5.1 +5 and -5 Volt Suppllies

The +5 snd -5 Volt supplies are both derived from & asingle secondary
winding . The +5 Volt supply cconaists of » us 723 regulator, current
boost transistor and a pair of high current pass tranaistora. The
regulator is s current foldbeck design which will limit short circuit
currents to less than 3 amps.

Over voltage protection is provided by s crowbar circuit and the
entire supply i{s fused by s 15 amp 3AG fuse. This supply is deaigned
to provide = continuous 10 amp - both voltage and current 1imit are
ad justable.

RFefar to Section 6 for fuse locations.

The -5 Volt supply 1s a 7905 monolithic regulator fused at 2.5 amps.
Thia supply is both current limited and thermally protected. It 13
designed to provide 250ma.
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§.2.1 Diagnostic Programa (operating system V2 and later only)

Model 228 Realdent Diagnostics are run whenever the machine la turned
on or reset, They may also be antared by holding the "SHIFT" key and
pushing the "PRE-DELAY" button. Tha diagnostics make a single pass
though all testable feastures of the msohine. II the machine passes,
it acommences normal operation. If an error 13 detected, an error
message 13 displayed,

During an error display or the panel tast display »sll controls and
buttona on the panel are insctive except the program switches.
Briefly pressing "PROGRAM " will stop the display snd go to the naxt
disgnostic test, Pressing "PROGRAM 2" bypasses all further
disgnostics and starta the regular system.

A sterec delay line program is provided which can be used for asetting
output levels, or a3 & quilck test of the machine. This program 13
resched by pressing "PROGRAM A" while the remote panel test 13
running, or by pressing "SHIFT" and "PRE-DELAY" during normal
operation. The delay is about 0.4 seconds and is not adjustable,

The diagnostica test the whole mschine, {ncluding the SBC/BLC
computer, To do this they must erase the program numbers and
parsmeters stored in the four registers A through I:I. These registers
must be repet ifter diagnostics,

Disgnostics make the following tests:

fe A /) T

ED0 to EOF h oheo ks um

Et0 to E13 Computer RAM test - destroys the aontents of all
registers unless optional memory card is installed

— Remota panel test - all LEDS illuminated for 2 seconda
and operating system version number displayed

E20 to E49 T&C board tests (may also implicate circults on DMEM)

E51 to EBF ARU board tests (T&C fellures will usually cause ARU
and DMEM errors too)

E91 to E93 Data Memory test (DMEM)

All the diagnostics work by comparing the sctual data in some part of
the machine to the data which should be there if the machine were
working perfectly. The disgnoatlic programs diasplay the axpscted data
pattern (the "good" data) on the lights in the program buttons, The
sotual data returned by the machine are displayed on the mode-register
lights. Usually an error ias displayed when the twoc patterns do not
aorrasapond . Tha pattern displaysd on these lighta i3 wital to
intarpreting the osuse of the error. If errors appear you should
write the error numbers and the light patterns in the order in which

6.7



* DIAGWOSTICS RUN WHEN:

L.MACHINE 15 TURNED ON
Z£.RESET BUTTON IS5 PUSHED
3.SHIFT & DEFTH ARE PUSHED

PUSH 8 WHILE IN
DIAGHOSTICS FOR
DELAY LINE TEST

PROGRAM BUTTON 1
SKIP TO NEXT TEST

PUSH PROGRAM BUTTON
2 TO START REGULAR
MUSIC PROGRAMS

!

CORRECT DATA

_

DATA IR ERROR

PUSH SHIFT & PHE-
DELAY TO RUMN DELAY
LINE DIAGNOSTIC

-

-
L TR

% PUSH SHIFT AND
DEFTH BUTTONS TO
RUN DIAGNOSTICS

FIG. 6.2A
ERROR DISPLAY ON CONTROL HEAD
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they coour prior to contacting Lexicon's customer service ﬂiplrhltnt.

Error displays may occur which do not indicate s fault in a vital part
of the 224. For example, there may be a problem in the error
deteation circuits themselves. This is especiaslly true if the only
srrors which display are T&C errors, On the ARU card, EB0 would
indicate a possible fault in the overload display circuit, but if no
other ABU errors cocur the machine may sound fine, If there are
several ARU errors or a DMEM error the maschine is probably faulty,
aven if it sounds OK. An error may be cccuring in a low order bit
which is not easily audible.

Errors ars al3c possible which affect the sound of the machine without
osusing disgnostic messages. If you are hearing sericus noise in
reverbsration and/or the delay line dlagnostic the machine may have
problems with the FPC or analog boarda. These can be tested with the
Sslf Teat feature, see £.2.3.

If the boards appear to work in self test, there may be an
intermittent on one of the other boards, The diagnostics are only
run through the machine once, and thay may not pieck up an intermittent
arror, Contact Lexicon for help.

Ganeral Comment

Tha diagnostics are run in @ particular order. In general, 1if tThe
diagnoatics give an error, Gthe source of the first error should be
found bafore a lot of time is spent worrying sbout the others. The
checksum and microprocessor testa come first. Errors here may not be
fatal to reverberation, and are essy to interpret. The remaining
diagnostics work by loading the timimg and ocontrol board with some
simple program, and testing the effscts of this program on the
machine. The microprocessor must be able to communicate with the T&C
card to perform theas testa. Failure to oommunicate freguently
results in an E23, an error which mesns either the timing 1s
ingorrect between the T&C and the microprocessor, or that a T&C memory
ohip is bed. Since the whole machine 13 so dependent on the T&C, any
other problem on this board will generally give errora even if the
ssotions under test are good.

Some other parts of the testa are impossible to separate. ALl tests
of DMEM require that the ARU board work at least minimally. Mush of
the misroprocessor communication and test alrouits for both T&C and
ARU @sre looated on the DMEM board. A failure hare may make the T&C
test take & long time to complete, and may alsc cause a very odd
flashing scan of the front panel, This flashing scan implicates DMEM.
A short or defective IC on the ARU or FPC pan also ocause an error
which appesrs to be on T&C. It is sometimes useful to unplug ARU and
FPC to see if the error still occcurs. The FPC 13 not testaple by Che
miocroprocessor, and the machine ahould pasa all diagnostics with FPC

unplugged .

What if the machine does not sppesr to work at all? The cable to the
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Remote Panel should be checked first. If there are no dlisgnostic
errors ths machine will eventuslly run reverberastion with €the remote
head unplugged. If the machine does thia, the Remote Panel or the
sable 18 faulty. It is however more likely that the tresnsformer plug
in the power supply has come loose, or that a power supply fuse haa
opened. The Self Test mode can be used to check the audic boards and
indirectly the power Supplies. 3elf test does not check the +12V or
the -5V supply. 3ee section 6.1 for Ppower 3upply Gtest polnta,
Failure of the machine to respond eithar with disgnostlies or
reverberation when the power suppliea are good probably means that the
23C/BLC board has feiled.



2.4 OPTIONAL MEMORY BOARD

Version 7 (and higher} software supports & memcry board which plugs
into the option slot on the 224, Thia board (available fall 1580)
ﬂl‘qx’“ additisnal reverberation progrems, permanent storage of
registers preset by tim--3r, and the restoration af the ourrent
operating atate after the power has been turned off or has failed.
Sse Section 5 for a complete description of this board.
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