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1. What's in this Manual

This user manual is intended to provide an ovenoéwhat Wave Repair can do, but
does not describe every available feature. Therprog help system is not merely a
repetition of this manual, and it goes into morptdeabout the various options.

2. Wave Repair - What It Is & What It Isn’t

Wave Repair is an editor designed specificallyulinra-fine level alteration of the
waveform shape in WAV files. It is a 32-bit Windowsogram that runs under
Microsoft Windows 95, 98, ME, NT, 2000 and XP. jtepates only on 16bit stereo
WAV format files sampled at 44.1kHz or 48kHz. | é&dped Wave Repair for my
own use while restoring music signals retrievednfranyl records. It is specifically
targeted at identifying and repairing the clickspg and ticks that inevitably plague
vinyl replay. | wrote it because | was unable talfan affordable WAV file editor
which performed this task in an acceptable manner.

Other editors which claim to perform declicking mby algorithmic means, usually
by performing some kind of spectral analysis. Orgombarrier to using these tools
productively is that they tend to have a numbesasffiguration parameters that can
be tried, but the actual declicking is a slow pescd he consequence of this is that
the typical procedure is: set parameters; declisten to results; repeat again and
again. Wave Repair includes a real-time declickimgction, which allows the user to
interactively adjust the click detection parametende listening to the effects. In this
way, the best settings for a particular sectiowa¥eform can be found quickly.
Despite this facility, my own experience is thay &nd of automatic approach often
fails to produce acceptable results. This is probdbe to the unpredictable nature of
vinyl damage.

There are of course professional hardware and leaedsoftware systems that
perform this task (such as CEDAR), but they arg esipensive. | am unable to
verify their performance since | do not have thediito try them for myself, but
assume that since the professional recording ingissenthusiastic about them, then
they probably do a very good job. Therefore, if yave a professional with the funds
to use these kinds of tools, Wave Repair is prgbabt worth your consideration.

| have come to the conclusion that the only reéalshy to do high quality declicking
on a budget is to actually repair the damage manaalan individual click basis.
Some editors do allow the re-drawing of waveformpss, but are usually somewhat
clumsy in this respect, often restricting the zdactors under which redrawing is
possible. In contrast, Wave Repair allows the tseoom in to any degree in both
the time and amplitude domains, and to re-draw Veawes at any degree of zoom to
any degree of precision using the mouse as thdugére a pen. It also offers a
number of other methods for amending waveformegrpdlation, smoothing, muting,
and replacement (from either elsewhere in the ddener from another file).

Wave Repair is not a general purpose digital aaditor. There are other shareware
editors available which serve that purpose. | emommend GoldWave and CoolEdit
as two excellent examples. It is unlikely that W&epair could be used for all your
WAV file editing requirements, but rather might deiseful addition to your toolkit.
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Despite that fact that Wave Repair does have airaaldeclicking function, for good
results it remains primarily a manually operatestasn. The user scans through the
waveforms listening and looking for damage, anddiany found. (The main use of
the automatic declicking is for cleaning up veryefgections such as fade-outs
which can contain thousands of tiny ticks and wdagdunbearably tedious to fix on
an individual tick-by-tick basis). ConsequentlyingsWave Repair is a time-
consuming business: listen to the music; home ia olick by scanning through the
waveform; repair the damage; repeat for the nesk.cdPerforming a thorough clean
up of an entire LP can easily take 10 hours or mbreork.

2.1 Should | Use It?

Nice though it would be to sell lots of copies c&Vé Repair, it's not in my long term
interest for people to use it in inappropriate winstances.

It will be of use to you if you want to be ableremraw music waveforms at a very
fine level of precision. It also provides a numbéother easy to use mechanisms for
modifying waveforms in a manner that is approprfatehe typical types of damage
exhibited by vinyl records. It is much easier te @ these particular tasks than any
other shareware WAV file editor | know; in factilg wrote it because other editors
were difficult to use for this purpose.

» Do you want to use your PC to clean up recordiriggnyl records?

Wave Repair is specifically targeted at removinigksl and pops from LPs. The
primary mechanisms for this are manual manipulatiothe waveform.

It also has an automatic declicking function tl@hstimes works and sometimes
doesn't, depending on the characteristics of theceamaterial. Like all other
automatic declicking software, Wave Repair's alhons cannot always make a
perfect job of detecting and repairing the largatpredictable nature of LP
damage. Many other packages make bold statemens$ ieir capabilities, but
my own experience is that they often fail to ackieeceptable results. |
acknowledge that the same is true of Wave Repaitematic declicking.

» Do you want to get really good results when remg\dlicks and pops?

If you're not too bothered about the quality of tbsults, it is possible to get rid of
big clicks in a fairly clumsy way using other tools

* Do you have a huge budget?

If you have tens of thousands of dollars availdbteyour project, there are
professional hardware units that will do the jobcimmore easily.

» Are you prepared to expend effort to achieve yaaisf?

If you're lazy and want the job done automaticatgn Wave Repair can't help
you.
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2.2 Things You Can’t Do With Wave Repair

There are other very good quality shareware ed#eadable, and | saw no reason to
attempt to compete with them. Wave Repair offelty those facilities appropriate to
cleaning up vinyl records. It therefore lacks sdesures commonly found in general
purpose WAV file editors:

* Have many wave files open at once.

 Arbitrary copy/cut/paste.

» Effects such as distortion, echo, reversal, pitaft,layback rate change.
* Resampling to different sample rates and/or reswist

» Mixing of multiple waveforms into one.

3. Interface

3.1 The Main Window
Working in Wave Repair is largely carried out is mhain window:

Wave Repair - C:\Wavsimatte.way [length 03:48.946; samplerate 44100])

File Edit Markers Blocks Wiew Position Declicking Decrackling Other Effects Cue Points Help
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The caption gives the name of the WAV file beingqassed, its total length as a
time, and its sample rate. Beneath the menu latdslbar containing buttons to
execute common functions; each button has a fpaldascribing its use which pops
up if the mouse is held over the button. The tootize be switched off if the user
prefers not to use it. Underneath the toolbarstatus bar showing various attributes
of the WAV file: the part of it currently displayexh the screen, the part of it which is
currently selected, which channels are selectegléyback, the amount by which the
vertical scale is magnified, and at the far rigi¢h end the current position of the
mouse.

Page 4 of 29



The two waveforms are the left and right channel$ ¢n the top, right on the
bottom). The waveform is normally displayed in idam-white, but the part of the
WAV file which is selected is shown reversed (idite-on-black). This selected
region is important, since most of the functionthwm Wave Repair operate on the
selected region. To set the selected region, thekeft mouse button to set the start-
of-selection and the right mouse button to sektid:of-selection; alternatively click
and drag the mouse through the required selecfimthe right of the waveforms are
a pair of vertical scroll bars which control theomofactor of the vertical axis (ie. the
amplitude domain). The top scroll bar adjusts ez factor, while the bottom scroll
bar adjusts the centre-line offset. Since in mases it is convenient to work with
View | Maximise Amplitude enabled (whereby the zoom factor in the verticéd &
automatically adjusted for each displayed pagdabthe waveform is shown in
greatest detail), these scroll bars can be switoffatidesired.

Beneath the waveforms is a time bar which showsseldtime into the WAV file for
the displayed screen.

Finally, there is a horizontal scroll bar. The smscroll bar represents the complete
WAV file, the size of the scroll bar's thumb indiesa what proportion of the file is
currently displayed, and the position of the thurmdicates where in the file the
currently displayed page is located. This scrotldean be used to navigate through
the WAV file. Alternatively menu items and/or keydyd shortcuts can be used, so the
scroll bar can be switched off if it is not requir@vhich frees up a few more pixels

for the waveform display).

By default Wave Repair shows times in the farmm:sec.millisecs but the user can
change this to bmin:sec.frames(where a frame is 1/75th sec; the standard block
size used on CDs).

3.2 Spectral View

The main window normally displays the loaded WAM fas amplitude versus time.
An alternative display mode is available, knowri$gectral View”. This shows the
loaded WAV file as a frequency spectrum versus tidere is an example:

Page 5 of 29



ﬂ Cwavs' 00 frag.wav {length 00:40.029; samplerate 44100) ] IEIIE[
File Edit Play/Record l\:’l_ar:kers_' Blacks Yiew Position Declicking Moise Reduction  Other Effecks  Cue Poinks  Help

] KL <L > 511 31] @ @St bl il Tt gl i 4 ] o
OO e e B e L

Drisplay: 00:14.198/00;05.535 Si?_,lec:t:'EID:'lB.EiEijz'DEi:'DE_.ﬂ?A Playback: Steren Wertical Sealing: 1.0:1 .{][}':2'_(]__81:31

-

|

I , ,&f&tml-r,l.._.,,._.-:,l:.”__l,_._

i.-'I-.".".n"'p-..fi:.".'|.-."l ! 3 i " i i ? zs ' A
014198 |oois028  |ooqsesy  [ooiessr (07516 |o01e3ss [o0i9a7s  [oneooos
A — i

The vertical axis of the display shows the freqydvalance at that part of the WAV
file, with low frequencies at the bottom and higbguencies at the top. As in the
normal waveform view, the left channel is showthattop, and the right channel at
the bottom. The colours used range from dark bloere/there is little energy in the
corresponding frequency band, through reds andyesrto bright yellow where there
is a lot of energy in the frequency band. In tHected region of the WAV file (the
central part of the windows above), these colotesraverted, so dark blue indicates
high energy and pale green indicates low energy.

This type of display can sometimes make the viglgitification of glitches more
obvious. For example, consider the obvious vertinal on the right channel in this
screen:

Page 6 of 29
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This vertical line is characteristic of a click theeds to be removed. It is far easier to

spot in spectral view than in this traditional weoren view of the same part of the
file:
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3.3 Positioning Within WAV Files

The slice of the file displayed in the main wind®known as a page. You can move
forward or back by a page using fResition | Next PageandPosition | Previous
Pageoptions. If you wish to move forward or back bgraaller amount, this can be
done with thePosition | Next FragmentandPosition | Previous Fragmenbptions.

A fragment in this context is a fraction of a pagetess you have re-defined it with
the Options dialog, a fragment is 16% (about 1/6trg page. Moving forward or
back by a fragment is useful if you see somethigresting at the very start or end
of the page and would like to see it in its surding context.

The number of samples displayed in a page is ciedrby a variety of options:

1. View | Standard Detail Scalesets the number of samples to that definddatail
Scale Samples/Paga the Options dialog. If you have not set thige(tisual state
of affairs), it defaults to a few samples less ttl@number of pixels across the
main window; this means that it shows one sampig@pel, which is the best
scale for visual identification of clicks and pops.

2. View | Selected Samplesets the current page to be exactly the curréattsel
region, and the number of samples per page isseta@ingly.

3. View | Zoom InandView | Zoom Outsimply halves or doubles the number of
samples per page.

4. View | Entire File sets the number of samples per page to the nuohisamples in
the file; this means that the whole file is dis@dy

5. Position | Mark Regionsets the current selected region to a start addiee, and
also sets the current page to be that region.

Other options do not alter the number of samplepage, but move the display to a
different part of the file:

1. Position | Goto Positionsets the current page such that the time specpeéars
near the start of the page.

2. Position | Start of Fileshows the page starting at the first sample irikbe

3. Position | End of Fileshows the page ending at the last sample in e fi

4. Position | Start of Selectiorshows the page starting at the first sample in the
currently selected region.

3.4 Redraw Mode

You can switch Wave Repair in and out of a speuadlie callededraw wave mode
This allows you to use the mouse to touch up theefeem manually. You can easily
tell when the mode is on since the mouse cursargdggfrom the normal one to an
up-arrow or cross (depending on which shape yoe lwvsen), and the background
colour changes.

Once in redraw wave mode, by clicking and draggiregmouse, you may repaint the
waveform to any desired shape you wish. While dragghe redrawn waveform is
shown in red; when you release the mouse buttorettrawn shape replaces what
was previously present. Although redrawing can dreedat any level of zoom, it is
normally only sensible to redraw waveforms at y@gh zoom levels, where you can
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clearly see each individual sample.

3.5 Markers

While processing a file, you may notice placesdriest to which you would like to
return at some later time. Rather than trying toember where all these places are,
you can mark them. The marks are displayed as djrezs) which provide a visual
clue to the places you wish to revisit.

There are two situations in which you may wishdd aarkers:

During the course of playing the selected regian, mmay hear many instances of
potential damage to which you would like to rettonfurther investigation. These
places can be marked by pressing the space baudsear them, which causes the
current position in the playback to be marked.

Clearly, there will be some delay between you mgasiomething to be marked and
pressing the space bar, primarily due to simpleti@atime. Since each user's
reaction time may be different, the Options diadigws you to set up an appropriate
delay (in milliseconds). Some experimentation maybcessary to determine your
own reaction time, but around 300 milliseconds goad place to start.

While you are processing the file manually (ie. doting playback), you may notice
suspicious looking waveforms that may be damagmofe sort, but you would rather
do something else before returning to them. Thé&ssep can be marked by holding
down the control key while clicking on the positiaith the left mouse button.

3.6 Use Of The Mouse & Keyboard

As well as the standard uses of the mouse (egsdlmcting menu items, pressing
buttons, etc), the mouse is used in Wave Repath#se purposes:

While Wave Repair is inedraw wave mode

» Left click and right click don't really do anythinglthough they may result in a
minuscule redraw if you happen to drag the mous&antally. Basically, if you
can't see that a redraw has occurred, it probablytwe audible; if you can see an
accidental redraw, simply undo it.

 Drag from left-to-right (either button, either diteon): replaces the current
waveform with whatever shape you draw with the neous

» Left click while holding down the control key: alls you to redraw without
needing to hold down the mouse button at the same& This may make accurate
redrawing easier. The redraw is completed by lefking once again.

While Wave Repair is not iredraw wave mode

» Left click without holding down the control key: tsethe start-of-selection
position.

» Left click while holding down the control key: sets marker at the position
clicked.

* Right click without holding down the control keyets the end-of-selection
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position.

* Right click while holding down the control key: set special “audible marker” at
the position clicked. On playback, a distinct “kligs emitted at this point, which
some users may find useful in determining the posibf a nearby audible defect.

* Right click while holding down the Alt key: begiptayback at the position where
the mouse click was made. Playback continues fdorag as the mouse button is
held down. When the button is released, playbads emd a marker is placed at
the position where playback stopped.

» Drag (either button, either direction): sets thiec#n to be the dragged region.

* In the special case where an overlay block has les@blished (see later in the
Overlay Blocks section for a discussion of overlay blocks), imause drag is
initiated within the displayed overlay block, thiére overlay block is moved with
the mouse.

In either mode, the mouse scroll wheel (if pressamd activated) navigates through
the WAV file: by a page at a time normally, or agment at a time if the control key
is also held down.

In normal working, Wave Repair doesn't need anybkayd input, so all keystrokes
are available as shortcuts for various menu itérherefore, rather than requiring you
to press key combinations or sequences, the mesimoaoly used accelerators are
single letter keystrokes (eg. thekey interpolates the left channel). This strategy
very convenient if you need to use the mouse agfdaad together: use the mouse
for waveform editing, and your other hand to execobmmon editing functions
without having to constantly move the mouse up teeau item. All the shortcuts are
shown on the corresponding menu items. In additidhose, the following additional
shortcuts can be used to move through the WAV file:

* space bar: next fragment (or sets a marker dynlangpack)
* escape: previous fragment (or pauses/resumeasgdoiayback)
 return/enter: next page

* '+'above enter: previous page

3.7 Customisation

3.7.1 Macros

Wave Repair includes a facility whereby you canugemacros that execute a
sequence of operations. Up to 24 such macros careb&d via the Macros dialog.
The first 12 macros can be invoked by pressingafiiiee keyboard’s 12 function
keys or a corresponding button on the toolbar. &3 to 24 can only be invoked
by pressing one of the 12 function keys while hajdilown the Shift key; in this case
the macro which is invoked is 12 plus the funckey number (eg. Shift+F3 invokes
macro number 15). Note that during macro executfam operation involves the
display of a dialog box which has a Cancel buttban pressing the Cancel button
will abandon the remainder of the macro execution.
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3.7.2 Colours and Menu Shortcuts

The colours used for the various items in the maandow display and the keyboard
shortcuts assigned to menu items can be changrdttihe user’s taste via the
Options dialog.

4. The Restoration Process

The process of restoring a vinyl record comprises $teps: recording, trimming,
locating damage, repairing damage, and archiviagdbults.

4.1 Recording

The first step is to record the WAV file onto hatidk. Wave Repair can do this for
you (via the Recording dialog), or you might prefeuse another recording package:
Wave Repair is quite able to read in a standard Vil&EMfrom hard disk. One thing to
bear in mind is that Wave Repair only works on 43t.48 kHz 16 bit stereo WAV
files, so you should be sure to record in that firm

If your eventual aim is to write the results of tiestoration to CDR, remember that
CDR must be written at 44.1 kHz, so you should réed that sampling rate. If you
already have your analogue sources digitised oresxternal format (eg. DAT or
Minidisk) then it makes sense to transfer to has# digitally if you have a
soundcard capable of digital 1/O: this avoids tbegible degradation involved in an
extra D/A and A/D conversion stage. However, if yave DAT tapes recorded at 48
kHz and wish to write the results to CDR, then yollineed to perform a sample rate
conversion at some stage. Wave Repair does nobduggimple rate conversion; you
will need to use another package (such as GoldWwa@»olEdit).

When processing an LP side or lengthy tape, db@adémpted at the recording stage
to try and split the tracks into separate WAV fjlsiice you are likely to lose the
timing of the inter-track gaps. (You might be sispd at how unnatural the results
sound if the inter-track gaps change on an albutim which you are familiar).
Moreover, if tracks segue into one another, it Wélvery difficult to arrange for the
segues to remain correct if you split the trackeatrd time. When the time comes to
write a CDR, you may need to split the tracks sgparate WAV files: this is simple
usingCue Points | Split Tracks

Don't try to cue up the recording to start and gtiggeisely. Instead, allow a little time
before and after the music to be included in theWNife. It is easy to remove this
later by using Deletion Marks, and removal by thisthod is far more accurate than
trying to start and stop a recording at the rigbtmant.

4.2 Hum and Rumble Removal
If it is necessary to treat hum and/or rumbles ibést to do so first.

Hum is generally caused by incorrect groundingtf@ag) of the stereo system and/or
PC. Often it is due to different ground potentetishe stereo and the PC. Ideally you
should aim to eliminate hum before recording. Hogveif it proves impossible to do
this, you may be able to reduce or remove the huthd recorded WAV file using
Wave Repair’s filtering facility. Invok®ther Effects | Filter Previewto listen to the
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WAV file while experimenting with the filter settys. Hum is best removed by one or
more notch filters, using the steepest possilterfdharacteristic which removes the
hum. There are some presets that ought to workfarefium for the two common
mains frequencies of 50Hz and 60Hz. However, you fimal that some minor
adjustments are necessary. For example, hum is oalyifound at both the mains
frequency and double that frequency (eg. 60Hz &@Hz%), but | have also seen hum
at three times mains frequency, so if the presatd dvork, try adjusting the filter
frequency accordingly. After finding the appropeidilter settings, invok©ther

Effects | Filter to actually apply the filtering.

Rumble is a low frequency “grumbling” caused bsslthan perfect turntable
bearing. Even though it is often almost inaudihle tb the extremely low frequencies
involved, it soaks up amplifier power and can casyseaker cones to “flap about”,
sending them into a non-linear part of their opagatange. As with hum, ugether
Effects | Filter Previewto find the correct settings, then invoRéher Effects |

Filter to actually apply them. Rumble requires a higrsgdi®r, again with as steep a
slope as possible. The preset supplied is unliteebye a perfect setting for all
turntables, but it provides a reasonable startoigtgor experimentation.

4.3 Decrackling

Some records suffer from a constant backgroundnafigicks and crackles. (In many
cases it is only a problem in quiet sections).roteo to reduce crackle it is necessary
to be able to take a "fingerprint" of the backgrdumise on its own, and so this must
be done before any "dead space" is trimmed away fh@ recording:

1. Select a region of the recording which contgiss background noise and crackle.
Do not include any of the music itself or any ladljeks and pops.

2. InvokeNoise Reduction | Get Fingerprint This analyses the region of noise to
take a "fingerprint" of what the background cradkléke.

3. The next step is to discover the best settingthe two parameters Wave Repair
uses to carry out the decrackling. Due to the cemphture of decrackling, there
is no realtime preview available. Therefore itésbto first try decrackling a short
section using a variety of different settings:

a) Select a fairly short region (10 seconds omgugh contains music with
background crackle.

b) InvokeNoise Reduction | Decrackle (With Unda)A dialog will appear
which allows you to set two parameters that coritrelamount of decrackling.
Briefly, you should aim to set tteensitivity as low as possible and the
threshold as high as possible while still achieving a megfuhdegree of
decrackling. Pressing th¢elp button will provide a more detailed discussion
of the use of these parameters.

c) Listen to the results to determine whether therackling is acceptable. Bear
in mind that decrackling does not remove largarksliand pops, so you
should expect these to remain.

d) If some crackling remains, increase the amotideorackling by increasing
the sensitivity and/or decreasing thiereshold. Which of these should be
adjusted depends on the precise nature of the baakg noise on the
individual record and it is difficult to predict tnoeach will respond, so it is
best to experiment with both.
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e) On the other hand, if the music sounds obviodsported, it will be necessary
to reduce the amount of decrackling by decreas$iagédnsitivity and/or
increasing théhreshold. The aim is to find settings that remove moshef t
background "hash" without distorting the music sigBe aware that reed and
brass instruments such as saxophone, oboe andetramgpmost susceptible to
distortion due to excessive decrackling.

f) Invoke Edit | Undo, then repeat steps (b) to (e) with the revisedipater
settings until you are happy with the results. Nb#d it is inevitable that
some records will have a combination of crackle mdic which means that
you cannot remove all the crackle without damagfreggmusic unacceptably.

Once you have determined appropriate settings;tsble region to have the crackle
reduced and invokRoise Reduction | Decrackle

4.4 Broadband Noise Reduction

After decrackling, it may be appropriate to redaoastant background noise, such as
tape hiss from historic recording. As with decraal/ this is achieved by first taking

a "fingerprint” of the background noise. It is innfant to appreciate that the
fingerprint that was taken for decrackling is uslikto be suitable for broadband
noise reduction, as it will contain crackles thdt have been removed. Therefore
after decrackling, a new fingerprint should be takenoise reduction is to be
performed.

The procedure is very similar to decrackling:

1. Select a region of the recording which contgiss background noise and crackle.
Do not include any of the music itself or any ladljeks and pops.

2. InvokeNoise Reduction | Get Fingerprint This analyses the region of noise to
take a "fingerprint" of what the background noisdike.

3. Next, determine the appropriate level of noestuction. Unfortunately, due to the
complex nature of noise reduction, there is ndirealpreview available. Select a
fairly short region and invokloise Reduction | Reduce Noise (With Undo)

Try different settings o$ensitivity and listen to the results. Between each
differentsensitivity setting experiment, ugedit | Undo to restore the original
music. The aim is to find a degree of noise reducivhich achieves a worthwhile
reduction in the background noise without introdigciinacceptable degradation
of the music. There are two basic types of degradldhat can occur: (i)
excessive removal of parts of the music signglife introduction of random
"tweeting" noises, which is an inevitable side efffef the way that the noise is
subtracted from the signal.

4. Once a suitable setting feensitivity is found, select the region to be de-noised
and invokeNoise Reduction | Reduce Noise

4.5 Trimming

The next step is to trim away unwanted leadingtaaiting sections.

It is a good idea to try and get the music to stary close to the beginning of the
WAV file; | recommend that you include no more thHaBth second before the music
starts, and bring the level up from zero to fullwoe (usingedit | Fade In) during

this 1/5th second lead-in time.
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At the end of the WAV file, don't chop the musi¢ sfiddenly as it ends. It is usually
better to leave a few seconds of trailing spacer #ife music ends, and gradually
bring the level down from full volume to zero (ugiadit | Fade Out) during those
few seconds.

Once you've decided which parts of the leadingteaiting areas you wish to trim
away, there are two basic approaches:

1. Select that part of the WAV file you wish to kege. make the selected region start
about 1/5th second before the music starts, andileodt 3 seconds after it ends),
and usd-ile | Save Selected Samplés write the part you want to keep to a new
WAV file. Once the new WAV file has been writtergiycan delete the original
file.

2. Mark the leading and ending sections as arelbs temoved (usingdit | Mark
Selection for Deletior) and then usidit | Execute Deletions/Insertiongo
remove them.

4.5.1 Inserting Samples

As well as trimming unwanted samples out of the WIA®/, it may be appropriate to
add some (for example to adjust gaps between fradekra silent samples can be
added by placing a marker \galit | Add Silence Insertion Mark, which will ask for
the length of silence to be inserted. A subsequeotcation ofEdit | Execute
Deletions/Insertionswill then physically insert the desired periodsdénce.

4.6 Declicking: Locating Damage Manually

In this section | will discuss techniques for fingidamage by hand. Fixing it is
addressed in the next section, and automatic methieddiscussed in the section after
that.

4.6.1 Listen & Mark

One approach to finding damage is to listen thrahghWAV file and mark the
places where damage is heard. As the file plagssthe space bar every time you
hear something which needs to be repaired. ThideaVe a marker at that place to
which you can return later.

4.6.2 Manual Visual Scan

Another method of finding damage is to manuallynsttaiough sections of the WAV
file. This is best done at a level of zoom whicbwh one sample per horizontal pixel
(which by default corresponds to the degree of zeelacted byiew | Standard
Detail Scalg. As you scan through the pages, be on the lodkoutbvious
discontinuities in the waveform shape. If you fonk, you can listen to see if it is an
audible glitch by making the selected region jusuad it and then playing it within
its surrounding context usirigle | Play Selection With Context
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4.6.2.1 Example Screen Shots

This section presents a few screen shots of viaglate to give you an idea of the
kind of things to look for.

The “classic” LP click is a very obvious spike liltes:

ﬁ‘w’ave Repair - F:3YWWAY WORKAGSOUT WwWAY [44100 samp/sec]

Flle Edit Blocks “iew Poszition Declicking Cue Pointz Help

RN E
»3#&@31.5;@'—', i

File Length: 23:35.156 Dizplay: 20:50.022 -> 20:50.035 Selec:tlon 20:50.028 -» 20:50. D2EI At Cllc:20 50 03()

=

|20:50.022  |20:50.024  |2050025  |2o5002F  |2osnoes |zosnoan |zosnosz |zosooss  [eoso

Finding spikes like the above is relatively easy] they can easily be removed using
a Bezier interpolation. Where a spike appears ersithe slope of a waveform, such
as this:

&Wave Repair - F:AWAY WIORKAGSOUT WAY [44100 zamp/sec])
File Edit Blocks “iew Pozition Declicking LCue Points Help

File Length: 23:35.156 DISD|EI_|.J. 01:02.658 = 01:02.671 Selectn:-n 01:02. EE4 - EI'I 02665 AtClic] 35 {” 8

01:02.658 01:02.660 01:02.E61 | 01:02.663 | 01:02.664 | 01:02.6EE 01:02.668 01:02.669 | 01:02
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it can often be repaired using linear interpolaaithough a Bezier interpolation will
be just as good).

Some audible clicks and ticks are visually surpght small when you finally track
them down:

ﬁ\#ave Repair - F:yway WORKAGSOUT WwWaAY [44100 samp/sec])
Flle Edit Blocks Yiew Pozition Declicking Cues Paoints

Help

3|<3____<__§> >l
» ’+ = |I_“‘ /f/fﬂ

File Length: 23:25.156 Digplayw: 01:56.885 -» 01:56.837 Selection: 01:56.890 -> 01:56.892 At ClicO1 (56 896

hdl

|pi:eeses  |o1:sesss  |o1sesss  |oisesms  |o1ssmmt |oissssz  |o1ssess |oisesss  [oiss

Some damage isn’t a distinct click, but more a ebtscuff”’ or fleeting “buzz”. This
is often seen as a brief section of “spikiness’esupposed on an otherwise smooth
waveform:

a‘w’ave Repair - F:AWAY WIORKAGSOUT WAY (44100 zamp/sec]) _ [O] x|

File Edit Blocks “iew Position Declicking LCue Pointz Help

File Length: 23:35.156  Dizplay: 23:29.328 -» 2329379 Selection: 23:29.339 = 23 29.368 AtCic23:29 374

.

2329328 2320335 |23293m1 (2320347 |2329354  |2320360 2329388 |23zaava |23o;
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Repairing “scuffs” like this can be tedious. Scawgnihrough the affected region and
redrawing the waveform to remove the spikinessmetimes the only way, but you

can experiment with spectral replacement, smoottiiagvaveform or trying to find a
replacement from nearby.

4.6.3 Combining Listen/Mark With Manual Scanning

In practice it is often best to combine the two moels described above. It is generally
not feasible to listen through the entire WAV faeone sitting, and it is certainly not
feasible to manually scan through an entire LP atdbe one-pixel-per-sample zoom
factor (at an 800 x 600 screen setting, there aee 8000 pages per minute at this
level of zoom!)

My own technique is to deal with a short sectidmofz 30 to 60 seconds) at a time.
Having selected the next section, | listen to d amark damage with the space bar as
it plays. | then revisit each mark and scan the éalistely surrounding area to
visually locate the damage.

4.6.3.1 Homing In On Damage

Once you've found a glitch of some sort, it's uspabsy to isolate a section of about
a second which obviously contains the glitch (lmy listening to that section).
Homing in further on the damage can be a littlekyri You can’t simply play shorter
and shorter sections, since below a certain timae gs difficult to hear anything
meaningful.

My own technique is to leave a reasonable lengtr #e glitch, and to try and get
the start of the selection as close to the glicp@ssible. Keep moving the start of
selection further forward, playing each time. Atn&point, the glitch will disappear
on playback, which means you’ve moved the stasetdction too far forward. Move
it back a touch until you can definitely hear thigch on playback. This method
usually gets to within 1/5th or even 1/10th secohthe glitch, at which point you
can switch to manual visual scanning of the wavefat one pixel per sample. The
glitch is usually found within a few pages of tharsof the selected region.

Other users have reported that they have had siacgmilar procedure, but where
they move the end of the selection (rather tharbdggnning) towards the audible
click to see when it disappears.

Finally, you can place a special “audible mark&mnticated by a vertical red line) at
any desired position by right clicking with the nseuvhile holding down the control
key. During playback, a distinct “click” is outpat the position where the audible
marker has been placed. Listening to the relatogtions of the audible marker and
the glitch being sought can help to get a feelxbere the glitch is. The marker can
be moved by simply right clicking at a differentsitn.

4.7 Repairing Damage Manually

Once you've located the damage, there are a nuwib@ptions for fixing it:
interpolation, redrawing, replacement, deletingpsthing and muting. Having used
one or more of these repair options in an attempéepair the damage, you can listen
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to the results before saving the changes. If tlselt® are unsatisfactory, you can
discard them using tHedit | Undo option.

Warning: only save the changes when you are happy withabgts. Remember that
in order to achieve good performance, Wave Repatesvthe updates directly back
over the original WAV file; once you save the chasigthe original is overwritten.

4.7.1 Interpolation

If you have a simple spike type click that intetugn otherwise smooth wave shape
(eg. on the up- or down-slope of a clearly definede cycle), interpolation will
almost certainly do the trick. Simply select thgiom immediately around the spike,
and execut&dit | Interpolate or Edit | Bezier Interpolate for the appropriate
channel.

47.1.1 Linear

Linear interpolation replaces the selected regith @ straight line joining the
waveform up on either side. Linear interpolatiosasnetimes good enough (eg. when
removing a spike contained entirely on the up avrdslope of a single wave peak,
but in general better results are achieved usirmeBaterpolation. Also, if the

region to be interpolated extends for more thaemadozen samples, linear
interpolation often results in an audibly bettgyaie.

4.7.1.2 Bezier

Bezier interpolation attempts to draw a curve stidable shape to replace the
selected region. In many cases the curve is a gpprbximation to how the original
waveform would have looked before the damage. Natethe shorter the selected
region that is interpolated, the more likely ithait the curve will be a good fit.

4.7.1.3 Spectral Replacement

Strictly speaking, spectral replacement is a fofriolack replacement (see later)
rather than interpolation, but it is worth considgron even quite short sections if
Bezier and linear interpolation have failed to proel an acceptable fix. To try it out,
invokeBlocks | Spectral Replacement

4.7.2 Redrawing

Redrawing the waveform with the mouse is the mesgillle mechanism available. In
theory you can of course draw any waveform you, likg in practice it is virtually
impossible to predict what a complex drawn wavefarthsound like.

Redrawing tends to be useful when the damageitdeanhore extensive than a simple
spike. Having identified the damage to be repaisadich onEdit | Redraw Wave
Mode, and by clicking and dragging the mouse, simpwndover the damage with
the waveform you regard would have been there Irad@mage not been present.
You will see this new waveform in red as you ditag inouse. When you release the
mouse button, the redrawn waveform will replacedamage. You may find that
zooming in to a finer level of detail in the timerdain will make the redrawing
easier. In this case, you'll find yourself switanin and out of redraw wave mode,
and swapping between zoom at one pixel per samplgker degrees of zoom. This
is the reason behind many common options havirgjeskeystrokes as shortcuts: you
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can use the mouse in one hand to define the seélesgeon you're interested in and to
redraw waveforms, while using the other hand tes$W¢ (toggle redraw wave
mode),S (show selected region) afd(show standard detail scale - one pixel per
sample).

4.7.3 Replacement

Some damage extends for too long a time to benexpay interpolation or
redrawing. Such damage is typically a burst ofadtgin superimposed over a
complex waveform with a lot of high frequency caritéeven though it isn't a single
click visually, it often sounds like one (althougimay sound more like a smeared
"splat” than a well-defined click). The problem these kinds of waveforms is that
it's virtually impossible to distinguish the damdgmn the music. You can try
redrawing bits and pieces, but my experience isytha just end up with a different
and equally objectionable splat.

4.7.3.1 From The Other Channel

If the damage is to one channel only, and the steifeerence between the channels
is small, replacement of the damaged section ftaother (undamaged) channel
may well produce a good repair. To try this, hightithe damaged section and use
Blocks | Copy Left to Rightor Blocks | Copy Right to Leftas appropriate to copy
over the other channel.

4.7.3.2 From Nearby In The File

Another option is to replace the damaged regioh @itopy of some other portion of
the same WAV file that looks pretty much the same.

4.7.3.2.1 Preceding Block

During the 1970’s, analogue devices came onto tudéen that performed some
degree of declicking for record players. The wagyttvorked was to substitute likely
clicks with a copy of the immediately precedingnsifj on the assumption that it
should be pretty much the same. Wave Repair hagainalent of this very
inaccurate approach, via tBéocks | Copy Preceding Blocloption: this simply

grabs the same number of samples as are curreftigtad from the immediately
preceding part of the WAV file and copies them oVieyou can see that the
preceding part of the WAV file looks right, and aageful about defining the selected
region, this can work well.

4.7.3.2.2 Compatible Blocks

Wave Repair also has a more sophisticated versigred’receding Block
mechanism. It can scan backwards (or forwardsutjinahe WAV file, looking for a
block of samples that start and end with sampleesthat are close to those that start
and end the selected region; the hope here istichta "compatible” block may be
suitable to replace a damaged area. Usin@lbeks | Set Compatible Block
Paramsdialog, you can define the extent of the WAV fibebe searched for such a
replacement block. It is unlikely that a suital#elacement block will be found more
than 1/10th second away from the damaged aresaaiso common that searching
backwards is more likely to find a suitable replaeat. Repeated usesRBibcks |

Find Compatible Block will search further afield for the next block tltatalifies.

The current potential block is displayed in gregardhe top of the selected region
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that it might replace; if you want to copy it ovaseBlocks | Copy Compatible
Block (Left or Right, accordingly). After copying a block over, the edgnay need
to be tidied up.

4.7.3.2.3 Overlay Blocks

Another way to find and copy over a replacementkbis via theOverlay Block
mechanism. In this scheme, rather than having ViR&pair look for what seems a
likely replacement section, the original damagegef@m is displayed as a blue
overlay which can be slid around the WAV file, allag the human operator to use
his or her own insight in finding a suitable re@aent block. To set up the blue
overlay for the selected region, use Biecks | Setup Overlay Blockoption. The
blue overlay can now be moved around with otheiooptunder th&locks menu or
by dragging it with the mouse. Note that you cdaradoom factors and generally
move about however you like within the WAV file Waut affecting the established
overlay block. Ultra-fine positioning of the blugeslay is best done with thi&ocks |
Back/Forward One Sampleoptions. Once the overlay has been positioned gebci
over the desired replacement segmentBilbeks | Copy Overlayoption overwrites
the original samples (ie. those of which the bluertay is an image) with the samples
underneath the overlay.

In general, the overlay block mechanism gives & bhance of success, but requires
a little more patience to use.

4.7.3.2.4 Nudging Blocks

After copying a replacement block, it is possildénudge” it up or down if it is
offset vertically. This allows the replacement idaa fit in with its surrounding
context. There are four options in tBecks menu to perform nudging (nudge up or
down, left or right channel).

The exact amount by which the block is nudgedas wWhich causes it to move by
one pixel on the display (unless the vertical stabko great that one quantisation
level covers more than one pixel, in which casentindge amount is a single
guantisation level). Thus, the vertical scale faefitects the amount of nudge, but
this is appropriate since it means the amount dfjeus a constant proportion relative
to the surrounding waveform. If you wish to exeedigier control over the nudge
amount, you can adjust the vertical scaling faatang the scroll bars along the right
hand edge of the display.

4.7.3.3 Spectral Replacement

This replacement method performs a Fourier anabfdise immediately preceding
and following blocks, computes an average, andtsisereconstructed waveform
from that average as the replacement. It can somastproduce an excellent repair of
damaged sections that last for several hundredlsanipis limited to a maximum
block length of 16,384 samples. To make this tyjpeplacement, invokBlocks |
Spectral Replacement

4.7.3.4 From Another File

In some cases, it may be that you have a suitaplacement for a damaged section
in another file. This may have been prepared wikiffarent WAV editor, or perhaps
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by a re-recording. It is possible to replace aisaatf the current WAV file with (part
of) another, provided the sampling rates of the files are the same.

To replace a section of the WAV file, proceed dbes:

1. Position the start of the selected region aetteet sample where the replacement
is to commence. You can easily check the exact kamymber selected via
Position | Selection Details

2. InvokeEdit | Replace From Fileto choose the file containing the replacement
samples. (It is possible to choose the same fiteder to paste a long section, but
if the sections overlap, the results will be wrohgiould recommend that another
more sophisticated WAV editor should be used téhitokind of update).

3. Once the file has been selected, you will beas& specify the exact sample
number and length of the section to be copied. N@eWave Repair
conventionally denotes the first sample number\WAV file as 1, not 0.

4.7.4 Deleting

A very short glitch may be successfully repaired@y by removing it (ie. deleting
the samples). Provided the number of samples deletufficiently small, the timing
inaccuracy introduced into the music's tempo magdmapletely inaudible. (It is
sometimes possible to remove several hundred samileout affected the perceived
timing).

To determine whether a deletion will make a suéabpair, select the region you
think could be deleted and invokde | Play Context Around Selection This will

play a little before and after the selected regout,miss out the selection itself. By
comparing this to the sound Bile | Play Selection With Contextyou should be

able to judge whether deleting the region will wdfkt sounds right you can then go
ahead and delete the selected region. Some caeeded in selecting the precise start
and end of the region to be deleted to avoid ttrediiction of a tick where the ends
join up. You should aim to place the ends of tHect®n such that the waveform
immediately preceding the start looks like it viidlw seamlessly into the waveform
immediately following the end.

To delete the selected region, mark it udtatit | Mark Selection for Deletion. At
this stage, the samples are not deleted, since $o dvould alter the number of
samples in the WAV file, which means that the entile will have to be re-written (a
lengthy process). Rather, the marked section ischfalr future deletion. You can
continue to mark as many other regions to be dile$eyou wish, and then finally
delete them all in one go usiiglit | Execute Deletions/Insertionsthis means that
only one complete re-write of the WAV file is nesasy to effect multiple deletions.

While a section is marked for deletion, it will benitted during any playback so you
can hear the effect of making the deletion befotaadly carrying it out. If you are
unhappy with a deletion mark, it can be removedddgcting a region which
completely includes it and invokirtedit | Clear Deletion Mark(s).
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4.7.5 Smoothing

Where a lengthy section (by "lengthy”, we're tatkabout a few tenths of a second at
most) has been damaged by an abrasion, you cémdrgooth it out. Select the
region to be smoothed, and exedttkt | Smooth Abrasion The general shape of
the waveform is retained, but the "spikiness" dueed. This is somewhat similar to
performing low-pass filtering on the selected ragialthough filtering is not actually
the way it is achieved).

Repeated applications Bfit | Smooth Abrasionwill make the waveform smoother
and smoother. Listen at each stage to determinéhehany improvement is
achieved. If you execute one smoothing too mang,stmple toEdit | Undo the last
smoothing.

Due to the nature of the smoothing algorithm, a stay appear at the start and end
of the smoothed region. If this happens, you cachat up by interpolating or
redrawing the boundary.

4.7.6 Muting

It is very rare that muting (usirtgdit | Silence makes a satisfactory repair. However,
it may be that a particular piece of damage isqadrly objectionable and can't be
otherwise fixed; in this case, muting the damagg reault in a less objectionable
sound, even though it will still be audible.

4.8 Automatic Methods for Finding and Repairing Danage

The automatic click detection process in Wave Reganprises two aspects: finding
clicks, and removing them.

The mechanism which finds clicks can be helpfubrating damage that requires
repair. This mechanism is invoked via teclicking | Find All Clicks option, which
scans the currently selected region for possiliéé! It basically works as follows.
The portion of the file to be declicked is scanseduentially in chunks (typically
each chunk is about 100 samples or less). Withth eaunk, an average amplitude
change is calculated; this gives a sort of "basgel lef activity". The aim is then to
find amplitude changes within the chunk which exctde average change by a
certain degree. Any such excessive change is redasla potential click. The
various parameters are definable via@tek Detection/Repair Parametersdialog.

Find All Clicks gathers the candidate clicks into a list which lbarbrowsed later by
hand using th&oto Next Click and/orGoto Previous Click options. Each such
click can then be considered for manual or autamatiair. Manual repair involves
either redrawing the waveform with the mouse, terpolating the damage out.
Automatic repair, invoked viBeclicking | Remove Current Click attempts to
interpolate a suitable area around the damagen loaany cases it will of course
provide inferior results to manual repair. In sarases, you may find thRemove
Current Click manages a partial repair, but the tail end otctiok remains.

In addition to automatic repair of individual clekisingRemove Current Click, the
optionDeclicking | Remove All Clicksautomatically interpolates every click in the
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current list; the effect is identical to manualtggping through the list and invoking
Remove Current Click on each one.

Note: If you invokeEdit | Undo after performing &emove All Clicks all the
removals are undone; the clicks are not reinstaiedat a time.

While Remove All Clickscan be effective in some circumstances, it shbald
viewed as the "lazy" option; manual repair of cliclearly always yields better
results.

Note that if the detection parameters are set agiyely (such that just about every
real click is almost certain to be found), therd e a great many "phantom” clicks

in the list. On the other hand, if the parameteessat so as to avoid these phantoms, a
number of more subtle clicks are bound to be mid$éésibest to try experimenting

with a few settings to find the best compromise.

| have found through experience that it is all ¢éasy to set aggressive parameters and
find that they appear to work well on one sectibmasic. Then, when applied to

some other section they result in unpleasant clgppifects. For the very best results,
the automatic declicking mechanism is probably mgsired. You are much better

off simply listening to the waveform, noting thepapximate times where clicks are
heard, then going in and manually scanning thrdbglrelevant sections zoomed in

to one pixel per sample, and with the amplitudéesagaximised.

4.8.1 Unattended Declicking

The optimum declicking parameters will nearly alwasary within a long WAV file.
Therefore for best results, you should declickreglgVAV file in sections. This is of
course a time consuming task. If you are prepareattept less-than-ideal declicking
in order to save time, the opti@eclicking | Find and Remove All Clickswill

process the selected region in one go: findinglicks and removing them according
to the currently set parameters. The best waydadhis option is to establish the best
compromise of declicking parameters using the tiea-declick preview feature.

Warning Note that in order that this operation can ruitkjy, it directly amends the
original WAV file on hard disk, and its effects cart be undone. You are strongly
advised to make a backup copy of the original WA¥ lbefore proceeding in case
the results are unacceptable.

Note that in an unregistered copy of Wave Rephais, dperation works only on the
left channel (this allows an evaluation of its effeeness while preventing it being of
any practical use).

4.8.2 Realtime Declick Preview

Wave Repair has a mechanism knowmaslick Previewthat looks for clicks while
playing (a section of) the wavefile. The purposmiallow the user to adjust the click
detection parameters while listening to their éfe®his makes automatic declicking
a much more useable process than by setting paesnainning a declick/remove
pass, listening to the results, and then startugy again.
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Note: This real-time mechanism does not actualate amendments to the wavefile
in the way that th®eclicking | Remove All Clicksoption does (although the
algorithms used to detect and repair the clickeessame); rather it monitors the
samples and removes them on-the-fly in the outptiels which are being sent to the
soundcard. So, although what you hear is the re$alicks having been removed, no
actual updates are made; they can be made latee mormal way using the
parameter settings selected during Declick Preview.

To use this function, select the range of sampbeswish to declick and run
Declicking | Declick Preview The Declick Preview modeless dialog appears led t
selected sample range will play over and over agaioop mode. While it is playing,
you can adjust the parameters in the dialog box. &m also re-select a different
region in the normal manner and, starting withribgt pass of the playback loop, the
new selected region will be played. Once you atiefsad with the parameter
settings, press tH&top button to end Declick Preview. Since the last peater
settings you chose will have been retained, yownavein a position to run
Declicking | Find All Clicks and therDeclicking | Remove All Clicksto actually
perform the declicking should you be happy withdgults you heard while in
Declick Preview. As a shortcut, the Declick Previgialog has a button labelled
Removewhich automatically invokesind All Clicks followed byRemove All

Clicks.

Note that Declick Preview requires quite a lot #flCpower to run successfully. |
have verified that a 133MHz Pentium is fast enomgmost circumstances and that a
100MHz 486/DX4 is marginal. Note however that datecof "hill" shape clicks
requires rather more CPU, and depending on the&pkmt combination of parameters
may not work on a P133; it certainly doesn’t workap486.

4.8.2.1 Some Notes on Using Declick Preview

Declick Preview is most useful when you wish tcadeip a section of quiet music
(eg. the fade out of a song) that has a great nuafldew level ticks which would be
very tedious to find and repair by hand. For renho¥add clicks here and there,
manual homing in, scanning and redrawing remaias#st option in many cases.

Work on fairly short sections (a few seconds) whkie try to find the best settings.
This allows you to adjust the settings and hear gféect while you still have a good
memory of what the music sounded like on the previjoass, and thus be able to
judge if the change is an improvement.

Low level ticks have different characteristics tgder clicks and pops, and it is futile
to try and fix them both in one pass. Try to gdtai the more obvious clicks first,
then make another pass to deal with the littlestitkyou try to find settings that do
them both together, it is likely that serious distm will be introduced. (This is
because big clicks typically need large click widthelative amplitude settings,
while small ticks need small width & amplitude s&gs: to find both in one pass
needs large width and small amplitude settingsiltieg in the removal of lots of low
level musical peaks).
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There are of course a fairly large number of patarseyou can fiddle with during
Declick Preview:

1. The fundamental goal is to remove clicks with theaimum "collateral damage".
Once you've found settings that remove the cligis, should try to find the
largest settings faelative amplitude and the smallest settings fdick width &
repair width that still get rid of the clicks.

2. If you hear clicks during Declick Preview, the fiesljustment to make is to reduce
therelative amplitude setting. Keep bringing it down until the clickaugtto
disappear. If, when they do, they are replaced tmughness to the sound, try
increasing thelick width setting and bring theelative amplitude back up a bit.

3. In general the most worthwhile click shapes to lmkarespike andinstant.
Although very big pops probably won't be found gotcashill shapes, setting that
shape will usually find too many musical peaks #ran't clicks or pops.
(Basically, it is best to fix big pops manuallyhdstep shape sometimes finds the
odd discontinuity that is missed bystant, but if you do trystep, don't set the
relative amplitude too low or else literally thousands of completiglgocuous
samples will be singled out for elimination. Onty hill or stepif you've
exhausted the other adjustments first.

4. If your CPU can handle it, it's usually best tovieeepair with bezier curves
switched on; the cases when a straight line intatjom gives better results are
extremely rare.

4.8.3 Analysis of Manually Found Clicks

Wave Repair has another facility that can helpeitirsg up suitable declick
parameters. Having manually found an isolated cljoki can ask Wave Repair to
analyse it (using thBeclicking | Analyse Clickoption). Here, you place the start of
selection right on the found click, and then Waep®&r attempts to find the least
aggressive declick parameters which successfuitythat click (while at the same
time finding no other clicks nearby; for this reagbe click must be on its own with
no other clicks nearby).

4.9 Equalisation

This process adjusts the tonal balance of the milawe Repair provides a
mechanism that operates very much like the gragipi@lisers that are found in some
home stereo systems, with ten frequency bandsmffeip to 12dB of boost or cut.
The procedure to follow is to usgher Effects | Equalise Previewto listen as you
adjust the equalisation settings, and once yohapey with them apply the
equalisation over the desired region by invokdtger Effects | Equalise

When restoring vinyl LPs the most likely requirerfar equalisation will be to add a
bit of extra "sparkle" at the top end. There are t@wmmon reasons why vinyl LPs
can sound a little dull:

* A small amount of wear is inevitable every timeeaard is played. This wear
tends to remove high frequencies more than others.
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* Some records (especially cheap reissues) are nsaug 'ligh mileage" stampers
that are frankly beginning to wear out; againsitie high frequencies that wear
out first.

It is often best to perform equalisation beforelid&mg. The reasoning behind this is
that equalisation may change how audible someshek; therefore if you equalise
after declicking, it may be necessary to do anodleetick pass afterwards.

4.10 Mixing Channels

This facility can be used to adjust the contentheftwo stereo channels. Various

proportions of the two channels may be mixed togreimd sent back to the channels.

Typical uses for this would be:

» Swapping the channels (if they were accidentaliprded the wrong way round)

» Converting stereo to mono (in fact, to "double nmowbere both channels are
identical)

* Narrowing or widening the stereo image

» Switching the phase (to correct a recording that acidentally made out of
phase).

To set up the channel mixer, first invok¢her Effects | Channel Mix Preview and
listen to the effect as you adjust the settingscéhe desired settings have been
established, invok®ther Effects | Channel Mixto actually apply the mixing.

4.11 Normalisation

This is used to bring the level of the recordingaip specified maximum. It is a
simple procedure, whereby the WAV file is analysaaj then an amplification factor
is applied so that the loudest peak(s) are atetie Qiven (which as a general rule
would be specified as 0db). If you have manageéedord the WAV file so that the
peak record level was close to 0dB, then normadisatill have little effect; it is

more relevant if the WAV file was recorded at a liewel.

It may not always be appropriate to normalise anding. For example, if the
recording is of a quiet instrument, such as fltlien the listener would not expect it
to be particularly loud on playback.

There are some disadvantages to normalisatiortly;iasy noise (such as hiss or
vinyl surface noise) is amplified along with the srms Secondly, there is a very minor
reduction in resolution due to rounding errorshie arithmetic, although when
dealing with recordings of analogue sources tHecefs likely to be unnoticeable.

An option in Wave Repair's normalisation allows yowemove any DC offset there
may be (ie. to correct an off-centre waveform).

Normalisation is a straightforward process: sdlleetregion you wish to normalise
(usually an entire track or WAV file) and invoksher Effects | Normalise
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4.12 Amplification

To adjust the volume of a file to an arbitrary \v&luse the amplification section of
the Other Effects | Amplify/Compress Previewoption to establish the desired
degree of volume increase or decrease. (Leaveothpression factor set to 1.0 to
adjust only the peak volume). If you are increasghegvolume, take care to avoid
introducing clipping distortion (Wave Repair waywmu if this happens). Once the
desired degree of amplification is found, #ner Effects | Amplify/Compress
option can be used to actually apply the update.

4.13 Compression

Another optional step, compression reduces therdimeange of the louder parts of
the music so that the overall volume can be ine@athe more compressed music
becomes, the higher its perceived volume (evenghds peak volume is no greater
than before it was compressed). Compressed mumis te sound more "punchy”, so
it is particularly suitable for rock and pop mudimnically, many people perceive
compressed music to have greater dynamics, whiattnnhe opposite is the case. If
you wish to make a faithful restoration of vinyl$,Rhen it is best not to apply any
compression, although of course the choice isagtyours. You might, for example,
wish to make your CDR transfers of LPs sound ad bmicommercial CD releases,
which in the rock & pop field tend to be very higldompressed. The main situation
where compression is useful is in balancing thegieed volume of a variety of
tracks from different sources which you are puttiogether into a compilation. This
can apply to digital as well as analogue sources.

Intuitively, you might expect to apply compressiost and then normalisation, but in
fact it is easier to do it the other way round. ©ttre WAV file is normalised,
compression can be applied in one step withouh#eel to worry about whether
further normalisation is necessary. This is bec&\iaee Repair's compression
operates in a manner which maintains the peak v@kagardless of the amount of
compression. Were you to apply compression first, would not know how much
more volume would be added by a subsequent nomials thus complicating the
whole process.

Compression should be used with discretion; itriather clumsy tool which can
make music sound initially impressive while actyatibbing it of the genuine
dynamics it may have originally possessed.

Excessive compression will certainly make hissangl surface noise much more
noticeable. After compression you may find thay titicks and ticks which were
previously unimportant or even inaudible becomeeynoticeable, so a further
declick pass may be necessary. As with normalisatmunding errors in the
arithmetic will cause a very slight reduction isetition, but this will be swamped
by the much grosser effects of the actual compoassi

Before committing any compression to your WAV fjlgsu should experiment with
Other Effects | Amplify/Compress Previewto establish what settings are
appropriate. (Leave the amplification gain set.@d8 to adjust only the
compression). Once you have found the requiredhgsttinvokeOther Effects |
Amplify/Compress to actually perform the compression.
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Choosing the right degree of compression can oalgidne with experience; there is
no rule you can follow which will work well at diimes, since the effects of any
particular compression settings depend greatlh@®ftharacteristics of the music to
start with. However, if you are trying to balanbe perceived volume of a
compilation of tracks, the following procedure ntelp:

1. Normalise all the tracks independently of onether.

2. Choose the loudest track as a reference; #uk twill remain uncompressed.

3. For every other track, use Amplify/Compress Rxeno discover the settings
which match its perceived volume to the referenaekichosen in step 2, and then
compress the track with those settings.

The easiest way to compare the reference trackttétlone you're experimenting
with is to have the tracks in separate WAV files] &0 have two copies of Wave
Repair running (one with the reference track loadeel other with the track to be
compressed) so that you can easily switch bacKkattuto listen to their relative
volumes.

5. Archiving to CDR

Once you're happy with the results of restoratyau, might very well wish to write a
CDR. The CD writing packages on the market falb itvtto main camps:

1. The majority require each track of an audio GDRe in a separate WAV file.
(Roxio's Easy CD Creator is the most widespreadhgl&). In order to use a
package of this type, you will need to split theecks in your long WAV file into
separate WAV files.

2. Other packages can write multiple tracks frosmgle WAV file. (Goldenhawk's
CDRWin is a common example). In order to use a @gelof this type, you need
to write a text file (known as a "cue sheet") whitgfines where within the WAV
file each track begins.

Wave Repair has a facility to manage track markettsn the WAV file. These
markers are known asle points To add a one at a suitable place, useCine Points
| Add Cue Pointoption. This places a cue point at, or closelte,gtart of selection
position. Since CD tracks are required to starexerct block boundaries (a block is
1/75th of a second), Wave Repair ensures that cuespare placed on such
boundaries; this is why a cue point may not beqaaexactly where the start of
selection is.

Once you have placed all the appropriate cue pdimty can be used to split the
tracks into separate WAV files (usi@ye Points | Split Trackg suitable for use by
packages like Easy CD Creator, or to write a CDR@e sheet (usinGue Points |
Write Cue Shee). Note that Wave Repair automatically assumestthek 1, index 1
begins at the start of the WAV file, so you shoudd place a cue point there. Also
note that index cue points are only of use if yashwio write a cue sheet; when
splitting tracks Wave Repair uses only the traak gaints.
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Wave Repair also has a facility which searchepdémsible track split points by
looking for places where a minimum period of timejuieter than a certain volume.
This is invoked byCue Points | Find Tracks You can modify the minimum period
and the volume level via thi@ptions dialog. It must be stressed that any kind of
automatic search of this type is bound to failome cases: either missing track
boundaries (because the inter-track gap is tod)stwrfinding "phantom™ track

breaks (because there is a section of music tivatrysquiet). Please also bear in mind
that the exact position where the track boundaedound will only be approximate.
The best way to place the cue points is to do saualdy.
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