Appencix B
Synchronizztion

synchreonization is a process which forces two or more
audic or video transports to run at a pracise speed and
0051‘1on in relation to esach other. The device used tc
perform these functions is a tape synchronizer, In common -
usace, “synchronlzatlon“ is considered to be taking plac
while the synchronizer is in the act of achieving this

precise relationship, or "synchronism" When synchronism
has been achieved, the transports are sald to be running in
synchnronism, in "sync", synchronized, "locked up", or in
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lock™.

Running multiple transperts "in sync" permits time- ancd
avent-related material to be listened to and/or viewed
simultaneously in their correct relationship.

For example, when preparing to build an audio track to
complement an edited video tape. it is standard practice t
first transfer the dialcg audic from the video tape to =z
multi-track audio recorder. The transports carrying the
sicture andé sound, respectively, can then be run in sync
while additional dialog, sound effescts or music is reccrded
sn the multi-track recorder. This material might come Zrom
2 -ape plaved on an additional sudio transport, which is
itself synchronized to one of the other transports.

After the track-building procedure (sometimes callz
dio editing") has been completed, the audio material on
mulii-track recorder is usually mixed down tc make 2
ngle or stereo audic track. This can be done with both
multi-track (which is now a "source" transport) and a
aTler "record" audio transport synchronized to the same _
(carrying the same "work-print" of
prev1ouslv edited video material) a process sometimes
o as "mix-to-picture”, Finally, if the transport
the completed audio mix is synchronized toc the
o transport carrying the video edit master, the mix can
recorded back onto the video tape's audio channels again,
what is often referred to as z "lay-back" session.
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Another application of synchronization is to make
~arger “ransports out of smailer ones (increase the number
~f available *+racks). For example, two 8-track recorders,
wnen synchronized, perform exactly like a lé-track recorder

“aree syncnronlzed 24-track recorders operate as a 72-track
recorder. There is no iimitation to the number of
-ransports which can be made to operate in sync.

In order “or a tape synchronizer to do its job = it must
=2 able to idencifv imcatione on both tapes with a high
jearee of precision. Longitudinal time code (LTC), a serial




digital code centaining signals which can be handled by
audio amplifiers at nlav speed, s now used aimost
exclusively for this purpose. See Appendix 3 Zor an
explanation of time code.
Synchronizers use two techniques for reading
longitudinal time code fIr ta

The first technigue requirss the use of z wide-speed-

range LTC reader to read the cocde (Adams-Smi:h wide-speed-
range LTC readers will recover LTC at all speeds from about
1/20 play speed to 107 times plav speed). Adcztlona__v, the

tape transport carrying the time-coded tape must be capable
of reproducing the time code at those speeds. One-inch
C-format VTR's and some VCRs contzin wide-bané address
tracks and heads which can provide continuous code. Mosgt
VCRs.do not have an address %rack, and may not sven keep the
tape against the audio heads when in FF and RW. Thess types
of VCRs must be modified by the user to use this firse
technique. Almost all audio reccrders (the exception being
the new center-track time code track transports) must be
modified by wide-banding the plavback amplifier of the track
on which time code is recorded. Aadditionally, the tape
lifters must be defeated to allow the tape to remain zgainst
the heads while in Fast-Forward and Rewind.

The seconcd technique used bv synchronizers for reading
“ime code raquires on'y a play sveed LTC reader. At other
speeds, the time code is updated using tach pulses ang
direction signais frem audio recorders, or con=rol track and
direction tally signals from VTRs. Since all recorders can
raproduce LTC at playspeed, no recorder modifications are
requirad, and the tape lifters of audio recorders can be
allowed to operate normally. Since the second technigue is
less costly, and does not requirs recorder modification, it
is almost always used in audio-for-video post-production
aven though tape cueinag and parking may not be quite as
accurate as when reading LTC at 211 speeds, bacause of tape
slippage and tach errors.

Normally, it is only necessary tc read LTZ at 21l “imes

‘the first technique) when a tave contains discontinucus
code, as it may if it is an original source tape. Time code
discontinuities occur in source tapes if the time code
senerator s Kept runninag continuously, perhaps to record
time-of-day time code. instzad of being stopped when
ecording stops and started again when recording starts
again.

Before synchronizing cz2n begin, *he synchronizer must
ce told what posiktional relationship exists between the
mastar and slave zime code zddresses. mHis rz2lationsnio.
czlled the "cIifset" is calculatad by ss2iecting a pair of
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corresponding addresses on the two tapes ancd subtracting the
master address from the slave address.

For instance, assume a video transport nas been
designated as the master in a syncnronlzlna svstem, and an
audio transport has been designated as the slave (a lay-back
configuration). If the time code address of a door
slamming, as seen on video tape. is one nour zanéd 20 minutes,
and the corresponding sound of the door slam on audioc tape
is one hour, 20 minutes and 13 seconds, then the offset is
15 seconds, obtained by subtrzczing the master address from
the slave address.

In post-production operztions, the offset netween the
master video tape and the sizve multi-track audio tape is
srften deliberately made zero for zonvenience This is
accomplished by 51multaneous'v cooying the time code zlong
with the audio program material from the video recorder to
she multi-track audio recoréer. In situations where the
nffset between the material on the video ané multi-track
racorder is not zero, then the offset value must be antered

by the user into the synchronizer. Offsets may be Xnown as
a result of prior work and en*ernc into the svnchronizer, or
captured from 1ncomlng master andé slave time codes wnile the

Ltzpes are running in sync; or an individual svnc point on
aach tape may be captured or sntered with the synchronizer
automatically calculating the oiiset.

Using time-code from each transport as speed and
sosition references, a synchronizer first achieves, a
saintains, =z zero offset srror.

nd then

There are three distinct routines in the synchronizing
orocess. Assume that the tapes have been plaved, at least
momentarily, and the synchronizer knows their locations and
status (stcopped). When the "synchrenize® {or "chase")
~ommand is given, the first step wegins. The synchronizer
-ompares the MTC and STC addresses, computas the current
~ffset, compares it to the desirsd offset, and determines

-ne offset =2rrasr. The svnchronizer will then issue motion
~emmands to the slave transport in order toc cause the
quickest resduction of the oflset error. The =ransport will

chan be commanded to stop or “park"

When “he master =ape is put into Play, %the second
~outine begins. In this routine the capstan cof the slave
-ransport is controlled by *the synchronizer to make the
siave tape move faster or slower than play speed, as
secessary, to reduce the offset =rror to zero. achieving
'ock from vark usualﬁ_ -akes no more than a very few

z2conds.,
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synchro
minutely speeds up
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Taintain a zerc cffset srror. The accuracy of synchronism
TMust be on the orger oI micrsseconds, equivalent to 1/10@0
of a TV frame and stzble enough not to add any audible
Sisteortions.

Additional information on the process of
synchronization is available throughout the ZETA-THREE
manual.
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