Engineering Committee Report

Approaches to Videodisc-Based Editing

By Stanley D. Becker and Larry S. Spangler

Optical videodiscs offer many benefits for editing applications. Their interac-
tive capability provides nearly instant access to 30-minute segments of video
with two channels of audio. Videodisc players deliver frame-accurate freeze-
frame, slow motion, and reverse motion and are cost-effective and reliable. In
addition, recent advances in both DRAW disc development and edit system
hardware have made the utilization of videodiscs for editing purposes more
practical than ever before. This article describes two approaches currently in

use.

A survey report submitted by mem-
bers of the Study Group on Applica-
tions of Optical Disc Technology for
Production Use in Motion Pictures
and Television (N15.10)

The SMPTE Study Group on Ap-
plications of Optical Videodiscs for
Production Use in Motion Pictures
and Television (N15.10) has been ex-
ploring several areas of videodisc
technology that relate dircctly to mo-
tion-picture and television produc-
tion. One such area is the
documentation of cxisting practices in
the field of videodisc-bascd editing.
Two of these methods are described
below.

Production Flow
Examples — Method 1

Project Requirements for Material
Originated on 24 Frame/sec Film
to Be Released on Film

The post-production flow for this
type of project is shown in Fig. 1. The
only deviations from conventional
film preparation procedurc are the
following,.

1. Editorial. 1.og, mark, and assem-
ble film to be transterred via telecine.
On the film roll* one indexed frame at

*A 30-min film roll is most desirable as no edits need
be made at telecine transfer.

A committee report received from Stanley D. Becker,
CMX Corp., Portola Valley, CA 94028; and Larry S.
Spangler, Spectra Image, Inc., Burbank, CA 91505,
Copyright © 1991 by the Society of Motion Picture and
Television Engineers, Inc.

SMPTE Journal, August 1991

each key number discontinuity must
be identified. Identify the frame with
grease pencil and log the edge num-
ber and code number on the transfer
log.

2. Telecine. Transfer film roll to ¥a-
in. or 1-in. videotapc. The tape recl
must have continuous and increasing
SMPTE time code and be formatted
per Fig. 2. The tclecine operator must
record the approximate time code of
each assemble edit.** Disc frame cues
need not be inserted if disc produc-
tion is donc on a DRAW Disc Re-
cording System.

3. Disc Production. Prior to disc
production, the disc production oper-
ator will examine cach edit point and
record the SMPTE time code frame
number of the A-type frame closcst to
the indexed frame after the edit. This
time will then be entered into the ac-
tion point table of the videodisc re-
corder’s encoder/generator to force
the new 3/2 pulldown sequence,’ as we
will require 3/2 (i.e. 24 frame/scc)
discs.

4. Logging. On the off-line logger,
scan through the disc and enter the
following information for each scene
and take:

a. Scene and take number

b. Material involved (picture only,
sound only, or picture with sync
sound)

¢. Description of scene

d. Laser disc references to the
scenc and take

**Not required if automatic cue inserter is used.

Not required if automatic cue inserter is used.

e. Film source references to the
scene and take

The system must know the media
for final conformation, for example,
24 frames/sec, 35mm. When the log-
ging and editing are complete, assem-
bly lists and ncgative cut lists must be
outputted for final conformation.

Project Requirements for Material
Originated on 24 Frame/sec Film to
Be Released on Film and Videotape

Project requirements for this con-
figuration are the most complex due
to the difference in frame rates of film
and video. In order for film to be edit-
ed clectronically, thc optical image
must be converted to a video signal.
This conversion is done on a telccine,
the output of which is rccorded on
videotape. Film is normally shot at 24
frames/sec and vidco runs at approxi-
mately 30 frames/sec. In the transfer
process, this discrepancy is resolved
by scanning every other film frame
three times instead of the normal two
ficld scans, which make up the frame
of a television picture. This 3/2 pull-
down tcchnique results in the genera-
tion of 60 fields of video from 24
frames (1 scc) of film.

The 3/2 conversion technique, how-
ever, does introduce a problem: Two
of every five video frames will consist
of fields that contain information
from two differcnt film frames. The
resulting effect is that images dis-
played in freeze frame will appear to
flicker betwecen pictures from two dif-
ferent film frames. Another effect is
that the editor may select this artificial
framc as an edit (splice) point, causing
an cdit ambiguity. The obvious solu-
tion is to identify and give still frame
access to only those fields on which
cach complete film frame begins.

Notations

A video frame is always a field 1/
field 2 sequence, and is in sync with
time code; indeed the time code de-
fines the video frame. The picture
frame, however, does not have to be in
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sync with the video frames. With 3/2
pulldown, the picture frames alter-
natc between being two video fields
long and threce video fields long.

The 3/2 sequence creates four types
of picture frames, called 4, B, C, and
D.

o The A frame is a f1/f2 picture
frame.

e The B framc is a f1/f2/f1 picturc
frame.

e The C frame is a f2/f1 picture
frame.

e The D frame is a £2/f1/2 picture
frame.

It follows that 2/2 field 1 pulldown is
a series of A frames, and 2/2 field 2
pulldown is a series of C frames. The
ABCD picture frame sequence is ten
video fields long (five video frames),
always starting with a fl/f2 picture
frame (the A framce). Every five video
frames the ABCD scquence repcats.
Thercfore, if the video frame time
code for picture frame A was :10, then
the next A frame would occur at video
frame time code :15, then :20, then
:25, then :00, and so on (assuming
non-drop frame time code is used). If
the video frame time code for picture
frame A4 was :11, then the next A
frame would occur at video frame
time code :16, then :21, then :26, then
:01, and so on. A similar story exists
for when the A4 frame starts at :12 to
114 frames.

In all there are five ways that time
code can be related to 3/2 pulldown.
These will be denoted by the position
of the A frame for a particular 3/2
sequence. The position will be denot-
cdas A=0,A=1,A4=2,4=3,
or A = 4.The number corresponds to
units of the time code frames valuc.
Note that if the A frame was found to
be at a frames time code of :25, the
correct notation would be 4 = 0.

The post-production flow for this
type of project is shown in Fig. 3. The
cditor will log, mark, and assemble
film to be transferred via telecine. On
the film roll'" one indexed frame at
cach key number discontinuity must
be identified (Fig. 4). Identify the
frames with grease pencil (or punch if
negative) and log the cdge number
and code number on the transfer log.

At the transfer facility, the tilm roll
is transferred to ¥s-in. or 1-in. video-
tape. The tape rcel must have con-
tinuous and increasing SMPTE time

T*A 30-min film roll is most desirable as no edits need
be made at telecine transfer.
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Screen W/P & Select For
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'
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T
[ ]
Cut Negative ,Eut Additional Mag TrackJ
Figure 1. Post-production flow: film to film.

Sufficient tape Start Active Program End Active Program
Lead-In must be (S.A.P.). First frame (EA.P.). Lastframe
included to allow of the program is ~of the program is
racorder access defined as Frame 1. defined as frame 54,000
to the Color Bars Cue detection activated

Audio tone at 1 KHz and
0 VU in Color Bars
75% amplitude NTSC
Standard 7.5% Set Up

Tape Audio- Active Video Tape
Lead- Disabled Program Black Lead-

In Color Bars Video Black Material Disc Out

Disc Lead-In Lead-Out
le— 120 sec_*_ 40 sec___,k 30 minutes (CAVH‘_ 30 sec.,‘
SMPTE Time Code >

SMPTE Time Code must be Constant Angular Veiocity (CAV) Program:
prasent from the beginning
of Color Bars through the * Program Length = Maximum 30 minutes
end of Video Black. *Cues - Optional
The Time Code must be “Field Dominance - Must be specified if tape not cued
continuous and always *SMPTE Time Code - Must be continuous and increasing
increasing.

Figure 2. Format for videotapes to be used in videodisc recording.
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code and be formatted as shown in
Fig. 2. The telccine operator will re-
cord the approximate time code of
each assemble edit.

Prior to disc production, the disc
production operator will examine
each edit point and record the
SMPTE time code frame number of

PIX Function

Exposed 35/16 mm daily
Camera Neg.

’L Develop'DaIIy Neg

SND Function
|1/4" "T.C." Nagra Sound

[+ Sync 1/4" ATR to Neg. ja———
[]

ITransfer to 1" VTR & 3/4" Dig. Cass. Slmultanoouslyl

I Make 3/2 Laservision Dlsf]

Log Scene, Take, Roll #
and TC at head/autofill

Log Rolt # & TC

Log Edge # and Flim Roll

! Kaurornl |

at head/autofill

EDL & Neg Asm List '[

Auto Asmto 1" VTR
with Titles & EFX

]
Auto Asm Sound to
Multl-track ATR

Mag Transgfer

Correctlon

Work Cut Additional Mag Trackl
Cassette
Electronic Color

| Cut Negative [

Mix Film to Mag
1" or 1/2" ATR

Figure 3. Post-production flow: film to tape and film with Ya-in. ATR (T.C.) interlock transfer, film mix,

and electronic color correction.

A3X 1366537.02, etc.

Find the Key Number closest and preceding the frame you intend
to physically identify as the INDEX Frame.

The frame closest to the Alpha (Start) part of the Key Number is
the REFERENCE Frame for that Key Number.

In the example below, if the INDEX Frame (i.e. the frame with the
grease pencil X) is A, it is identified as A3X 1366537.00. If the
INDEX Frame is B, it is identified as A3X 1366537.01, and C is

The INDEX Frame is always identified as the Key Number pius frame number.

I the first character of the Key Number is at the center of the
frame line, the preceding frame shall be the reference.

oooooooobooooooo

A B

C D

oonoad

A3X1366537

OOo0o000000oo0aoao

Figure 4. Key number—index frame correlation.
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the A-type frame closest to the in-
dexed frame after the edit (Fig. 4).
This time will then be entered into the
action point table of the videodisc re-
corder’s encoder/generator for a new
pulldown sequence. The SMPTE time
code number of the indexed frame
and frame type will also be entered
into the transfer log.

If an automated transfcr system
that can force an A4 scan at the edit
point is available, manual identifica-
tion can be avoided. The assembly
starts with the first edit at :00 framcs
of time code. At the end of the film
material the VTR is “bumped out” of
record. The In time of the next edit is
an over-record set at a SMPTE time
code of :00 frames, or any multiple of
5 (e.g. 05, 10, 15, etc.). Since all In
edits 4 scan and the time codc se-
quence is maintained, the videotape
has a contiguous ABCD sequence and
only one action point is required for
the 3/2 disc. Furthermore, only onc
time code need be logged at the disc
editor.

The two different frame rates for
film and video cvoke some additional
requirements. The first is the conver-
sion of disc addresses prepared in the
3/2 mode to editorially frame accurate
SMPTE time code addresses. The
second problem is one of duration. If
every cdit of a completed production
happened to have an odd number of
film frames and the first film frame of
each edit happencd to be a three field
scan, each video edit would run about
8.3 msec longer than the equivalent
cut film edit. A run time error of 1 sec
could be accumulated in approxi-
mately 120 edits. Thesc problems arc
avoided by a proprictary algorithm for
film frame-to-SMPTE conversion.
The result is all video edits will match
film edits #+ 1 field and the cumula-
tive run time error will never exceed |
TV field.

Another run time error is due to the
fact that the color video rate is 29.97
frames/sec. When transfer occurs,
each 1 sec (24 frames) of film is
scanned by 30 frames of color video
(33.366 msec/frame). This will intro-
ducc 4 0.1% error in run time between
the projected film and video versions.

Correction of this crror would be
necessary if a sound track that had
been prepared in synchronization
with a videotape picture needed to be
utilized with a film-conformed pic-
ture. Resynchronization of such a
sound track can be achieved by laying
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Figure 5. Electronic post-production.

down a 59.97-Hz pilot tone on the
ATR, which would then be used to
adjust the ATR’s speed during the
transfer to mag film. All off-line edi-
tors share the same fundamental
problem; that is, to accurately transfer
the edit decision information to con-
form the final releasc media. The ran-
dom access disc editor provides an
environment to not only off-line vid-
eotape projects, but film projects with
release requirements for both tape
and film.

Production Flow
Examples — Method 2

The post-production flow charts for
both film-original and video-original
projects are shown in Fig. 5.

1. Shoot Film or Videotape

Film: Single or multiple cameras.
Audio is recorded on a Nagra Ya-in. or
on a Y-in. 4-track audio deck with
SMPTE time code.

Videotape: 1-in. format and multiple
cameras arc generally utilized. Stcps 2
and 3 below arc skipped, as these 1-in.
tapes are transferred directly to 2/2
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pulldown recordable laser videodiscs.

2. Dailies/Telecine

After processing, film is transferred
to 1-in. videotape. Normal 3/2 proce-
durcs are utilized for 24 frame/scc
film transfers.

3. Audio Sync Dailies

Audio from the Y2-in. 4-track
source is synced with and laid down
on the 1-in. film transfer recls. This
audio gencrally consists of two chan-
nels of program audio plus the
SMPTE code from the Y2-in. source.
If thc show was shot with multiple
cameras, audio can be synced to all
the video source reels simultaneously.

4. Videodiscs

The 1-in. vidcotapes are then trans-
ferred to recordable laser videodiscs.
SMPTE time code is encoded on the
discs as a superset of the normal La-
servision Philips code. This superset
currently includes SMPTE code, disc
identification information, and six al-
pha-numeric characters for camera
identification. The SMPTE time code

does not have to be continuous or se-
quential. The videodiscs are encoded
for 2/2 format so they will reflect ex-
actly the source tape reels, even if the
original source material is film. This
does not create a problem if the final
release media is to be videotape. If the
final product is to be film, a computer
program is utilized in conjunction
with a logging process to corrclate film
clap frames with disc frame numbers,
and then create a negative cutter’s list
of edge numbers after the disc edit
process. This list is then used to con-
form the negative and produce the
finished picture.

5. Disc Editing

Editing is done using the video-
discs. The Philips code superset en-
coded during disc recording is
automatically recovered by the dual-
headed disc players, thus climinating
a manual logging stcp usually neces-
sary to correlate scene and take starts
with SMPTE time code. The finished
products of this step are an edit deci-
sion list on a 3'2-in. floppy disk, and a
Va-in. master for usc as a reference
source for on-line auto-assembly. A
hard-copy cdit list printout is also pro-
vided.

6. Auto Assembly

For video rclease, the 1-in. is auto
assembled using the floppy disk cre-
ated during the disc editing session.
Titles, effects, and clectronic color
correction are also completed during
this step. If audio was originated on
Va-in. or Y2-in. tape, the floppy disk list
can be used to auto assemble a Y2-in.
audio master from the original source
reels. This audio can be used with a
Ya-in. video dupe with visible code for
sweetcning and other audio post pro-
duction.

7. Audio Layback

After audio post-production and
sweetening, the completed audio is
laid back on the 1-in. video master for
tape releasc, or used to gencrate a
Mag track for projects that finish in
film.

Other areas being investigated by
this study group include developing
recommendations for standards con-
cerning the creation and interchange-
ability of optical discs used for editing
purposes, and for the tormulation of a
format for encoding editing-related
data that will allow conforming to film
or vidco original material.
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