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| to be edited is kept in a storage means, and brought by a transport

MOTION PICTURE AND VIDEOTAPE EDITING AND SOUND CONTROL SYSTEM

Abstract of the Disclogure

Means including both method and apparatus for editing
motlon plctures and videotapes to a partially completed or finished
state, and synchronizing and purifying their sound tracks. Footagd

from sald storage means to a presentation means which transmits
the lmage to a viewlng means; footage address notation means, by
which the vlewer may make note of points within the footage of
interest to him; address storage means, wherein are stored footage
addresses; address associatlon means, by'which footage addresses
stored in sald address storage means may be assoclated with other
data; text input means, by which text may be emplaced in the systen
and linked to footage addresses by sald address assoclation means;
graphical lnput means, by whlch graphlcal symbolism may be emplaced
in the sysfem and llnked to footage addresses by sald addresas
assoclation means; selection input means, by which said text and
graphics linked to footage addresses may be selected; footage
rearrangement means, by which sequences selected by the user may
be rearranged for viewlng; sonic analysis means, analyzing the
soundtrack of the footage into sonic components; sonic re-timing
means, re-timlng sald sonic components in accordance with some
timing slgnal; sonlc reconstlitutive means, reperforming the sound
according to the new timiné; sonic component visual dlsplay means,
dlsplaying sald sonlc components and other features of the sound-
track, an@ sonic component diaplay modification means, permitting
graphlecal modification of sald sonlic components discovered and
stored by sald sonlo analysls and storage means, and other

graphical modifications to the soundtraok.
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Background of the Inventlon

This invention relates to the art of motion-pleture and
videotgpe production, and more particularly to an improved me t hod
and apparatus for editing the created footage into intermediate
collections of shots or finlshed films or videotape shows.

It 1s to be understood that the terms "motion picture,"
"£11m" or "videotape" as used in this application are intended to
refer not obly to common motlon plctures composed of image frames
on sprocketed fllm, or to the common magnetic-oxlde videotape
recordings, but to any form of recording information to be preseni-
ed to a final viewer sequentlally asjimages, whether stored photo-
graphlecally, electronically, or by other means.

It is to be understood that the term "footaze" as used
in thls application meaﬁé a quantlty of such film or videotape,
or the contents of such a quantity of film or vlideotape.

| It 1a %o be understood that the term "shot" as used in
this application means a consecutive segment of film or videotape.

In the production of motlon-pleture and videotape photo-
plays and shows, persons produclng the work cannot oconfine thelir

production activity to exact pre-planned scenes and shots, but
create incidentally ﬁnwanted footage and shots of uncertaln final
use. The task of editing conslsts of discarding definltely unwantﬁd
footage and effecting trlal combinations from among the shots con-
sldered usable; viewlng these comblnations and selecting from
among them, and aggregating such combinatlons until a production
1s oompleted.

Although 1t is posslble to envision roughly the nature of
a planned sequence of known shots, dnexpected flaws and virtues
are frequently dlscovered upon viewlng such sequences. Thus it ls

desirsble for the editor to be enabled to plan qulckly a new
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{lunder recording eircumstances requiring hushed surroundings.

sequence of footage, and for him to view such sequence as promptly
and effortlessly as possible.

. In the past, edlting has been effected through the use
of hand-operated transport means (rewinds) and viewlng machines
(viewers), together with the physiéal operation by the editor of
cutting and splicing devices to jJoin physically strips of film into
a sequence. If he deslires to see the shots in another combination,
the editor must then elther re-separate the entire sequence and
reassemble in that new combination, or make individual changes in
the exlsting combination until 1t satisfies him.

In these aoctivitles the editor mus? devote much attentlon
to the storgge and locatlon of the footage whlch luterests him.
Usually he must keep written numerilcal records of the locations of
the shots whioh he thinka he may use, with respect both to what
reel a shot 1s on and at what position on the‘reel (generally in
terms of feet) it is to be found. The management of these physical
shot locations (or, as we shall call them, "addresses") occupies
much of his attention. |

/ | A related problem is that of recording and synchronizing
soﬁnq_tracks‘té motion plctures and prearrangsment of synchroniza-
tlon for recordings to be thus synchroniied. Good Quality.apeech
recording synchronlzed with actors' 1lip movement 1§ ordinarily best
attalnable with expensive recording equipment electrlcally linked

to the motion“picture camera or speed controlled by precislion means|,

Reodrdings made with neither electrical connectlion to the camera
nor preclsion speed control tend not to be correctly synchronized.
Recordings made under poor recording eircumstances tend to have
undesirable background nolseq.

An alternative, called "wild" recording, is the creatlon
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|| The resultling recordings usually synchronize poorly to thse film,

||while changing volume levels inbo a single soundtrack with all

of a sound recording by actors watching the film, who attempt by
mimiery to synchronize their speech with the depiected 1lip movement.

due to the difficulty of soting with realism while attempting to
match the pre-existent timing.

Summary of the Iuventlon4
It is with the above problems and considerations in mind

that the preeent lmproved edlting system has been evolved, per-
mitting the edlting of films and videotapes wlthout extraneous
physlcal operations or attentlon by the user to numerical informa-
tion, permitting the concentration of the editor'op aspects of the
task relevant to his deoision processes, 1n partlcular the oontentﬂ
of the shots and transitions among them.

It 15, accordingly, among the primary objeots of thls
inventlon to provide a method of editing in which the edlitor is
freed from mechanical operations and concerns of storage and loca-
tlon, and permitted to deal with the symbolle manipulation of con-
tents which are of editorlal concern.

Another object of the invention is to provide a machine
or system for edliting which requires no concern wifh numerical
addresses and permits operation by the editor throﬁgh the symbolic
manipulation of contents.

Another -object of the inventlon 1s to perfect the syn-
chronlzation of wild sound and thus render unnecessary simultaneoug
recording.

Another object of the invention is tolimprove the quallty]
bf soﬁnd recordings made with inferior equipment or in nolsy sur-
roundings in order to simplify the creation of an acceptable
goundtrack.

Another object of the invention is to provide a simpli-

fled facllity for audio mixing, i.e., combining several soundtracks

-4-
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|| sorting program. The user then vliews the completed series of shotg

gounds in appropriate proportion.

These and other objects of the luventlion, which will be-
come p@reafter more apparent, are achleved by storing the footags
on videotape'or other storage means, permltting an editor to con-
trol its movement thrbugh a presenfation means while he views it
on viewlng means, such as a TV screen, and permitting him to '
Jefine pornTs within M Footage, sul permthicg L f.
annotate these points or atretohes of footage between them. 1In
aoccordance with the invention, the points in the footage are
1dentified by some signalllng means such aé a pushbutton, and the
addresses of the locations of these points on the videotape are
then stored in a locatlion storage means, such as a computer dlsk
memory. The user may then input to the computer strings of des-
criptive or mnemonlic text, which are coupled to the footage add-}
resses through an addresé.association means, such as a linked list
on'computer disk storage. Through a text presentatlon means, such
as a computer dlsplay coupled to the television seresn, the text
descriptions or mnemonles are presented agaln on a viewling means,
and the userAehooses the desired sequence through a selection
input means, such as a light pen. The user may llkewlse use sym-
bolé“or dlagrams for the deslgnation of shots and sequences he
desires. In‘'accordance with the invention, the shots thus desig-
nated, or coples of the shots, are automatically rearranged for
viewlng by a footage rearrangement means, such.as four videotape

recorders controlled by a general-purpose digital computer with a

and may then make any desired change in the sequence with sald
seleotion lnput means, or change the text descriptions as deslired.
Polnts whlch have been deslgnated in the footage may be

used as synchronization points for the sound track, which has been
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broken into its constituent sonic components by a sonic enalyzer.

These_censtituents may aleo be selectlvely removed or
strengthened as gulded by user manipulation of the visual display
to remove nolse and improve clarlty and effect.

A feature of the 1nvent1en resldes in the fact that the
user 1is unaware of the place of storage of a given shot.

Another feature of the 1nventlon resides in the fact
that the user does not need to use any numbers or coded abbrevia- -
tions, and may use only full English text as desoriptions to con-
trol the sequencing of deslred shots.

Another feature of the lnvention resides ln the faet that
thevuser mey restore to its original length a shot whlch he
previously has shortened. |

- Another feature of the invention resldes in the fact that
the user may effect fine trim between shots, and audio mixing,
by men;puiation of dlagrams.

Another feature of the inventlon resides in the fact thaﬁ
extraneous detalls of exerclslng this craft, such as physical
manipﬁlation of rewlnds and spllcers, and the.numerical annotation
of film addresaes may be eliminated from the mental field of the
working editor. '

Another feature of the lnvention resides in the abllity .
of the editor to obtaln synchronization between photographed lip-
movement and uncontrolled recordlngs. |

Another feature of the inventlon resides in the ability
of the editor to remove background nolses #hich are visually
discernible in a visual display of sonlc compounents of recorded

sound, and lmprove sound character end'clarlty by the same mechanls

Me
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|[the method of this inventlon, and their'mode of functioning, will

Brlef Description of the Drawlng

The speclflec detalls of apparatus sultable for practlcing

be described in full, clear, concise, and exaet terms iﬁ con junc-
tlon with the acceompanyling drawing; whereln:

| FIG. 1 1s a schematic parspective view of an editor's
console,\ahowlng viewlng screen and controls. - -

FIG. 2 1s a top plan view of a function button panel,
showing the different labelled function buttons.

FIG. 3 is a schematic drawling of the major parts and
eignal paths 1n the complete editing system. |

' FIG. 4 is a schematic view of the screen area showing a
simulation of a 1list of shot descriptions as seen by the editor on
é television soreen. | ‘

FIG. 5 is a schematic view of the screen area showing a
slmulation of a list of shot descriptlons and an assembly list onto
which one éhot descriptlion has been transferred.

FIG. 6 1s a schematlic view of the soreen area showing a
simulatlon of a comblned dlsplay of seript and shot diagréms as
sesn by the editor on a television screen.

FIG. 7 is a echematlo"view of the screen area showing the
simulatlion of a trim control diagram as seen by an edltor on a
televislon acreen.

FIG. 8 is a simulation of the sonic constituent display,
showing the display of an array of sonic components as seen by the
editor on a telsvision screen. ‘ |

| FIG. 9 1s a simulation of the sync mapr'showing the now
line, volume contour and sync polnts. '

FIG. 10 1s a simulation of the audlo mix map as seen by

an editor on a television screen.
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|| pumerals in the varlous figures wlll be employed to deslgnate llke

Description of the Preferred Embodiment

Referring now more particularly to the drawings, like

parts.

As seen in FIG. 1, the uéer's apparatus for practicing
the inatant lnventlon is shown in connection with a conventional
televlision screen 1. Faoclng the user lun front of the televlision
screen are an arfay of functlon buttons 2, a ouilng pushbutton 3,
forward-and-back control whesel contalning binary shaft encoder 4,
a typewriter ke&board 5, and a light pen 6. |

“As-seen in FIG. 2, the user selects functlons from among
various pushbuttons, 7 through 15. Their respective uses will be
described in conjJunction with speolfic operations.

| As seen.in‘FIG; 3, the user's controls 18 are interfaced
by input lines 19 to a general-purpose diglital computer 20, such afg
a Digital Equipment Corporation PDP-8 or IBM System/360 mod 92,
havipg a maénetio disk memory 21. The user's contfols are lnter-
faced along lnput lines 19 as input devices in the standard manner,
as will bve éppreciated by those skilled in the art} in suech a way
that the user's actions upon them will be transmitted to the com-
puter in thé fofm of binary lnformation in respeptive codes for
those units.v Videotape recorders or VIRs 22, 23, 24, 25, 26 are
likewlse interfaced with the computer by output lines 27, 28, 29,
30, 31 in éuoh manner that slgnals from the computer may cause
them to start playing, stop playlng, staft recofding, and stop
recording. The computer is also 1lnked to switehlng and attenuatoq
matrix 32 by control line 33, in such manner that signals from
the computer may command imnput to any VIR through input lines 34,

ostpol from

35% 36, 37, 38 andAthe output lines 39, 40, 41, 42, 43 of any VIR

n
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|| through which it recelves information from VIRs 22-26 telling the

to be connected to the input of any VIR or to the user television
screen 44. The oomputer 20 also has input lines 45, 46, 47, 48, 49

positlon of thelr tapes. The computer is also lnterfaced by meana
of analog-to-digital converters (nét shown) to attenuator controls
(not shown) which permit the computer to direct volume and bright-
ness settings of the VIR outputs to any destinatlon. Audio output
from VIRs 22-26 may also be directed to user 1oﬁdepeaker 50.

The computer 1s also interfaced to an instrumentation
tape récorder and audio recorder 51, 52 by means of output lines
53, 54 and input 1lines 55, 56 which permit the computer to control
the units and ascertaln the position of théftapea. Slgnals repre-
senting the sonic outputs of these units travél on output lines
57, 58 to switch matrlix 32 where they may be combined as output to
user 1ou63peakéf‘50 or routed to 1nput-11nes 34-38 of VTRs 22-26
or their own input lines 59, 60. Audio leaving switch matrix 32
may also be directed by the computer 20 on 11ne}61 to sonic analyzq
62; where 1t 1ls converted to lts constituent frequencles whose
measurements pass in digital form on line 63 to computer 20, which
storeé then on;disk 21 or displays thelr représentation, with or
witnoﬁt modifications on screen 44 by means of computer-to-video
display 64, or sends them to sonlc restructuring unit 65 from
which they may be heard as reconstituted sound from user loudspeakse
66. The reconstituted sound may also go via llne 67 to switch
matrix 32 and thence to inputs of VIRs 22-26.

- To provide for the automatle finding and control of sig-
nificant portions of stored motion plctures and videotapes, the
addfesses of points of interest in videotapss moﬁnted on VIRs 22-26
are transmitted from VIRs 22-26 through address lines 45-49 to

combuter.ao; Such addresses are wben‘required storeq 1n disk

-

r
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||age the location addresses of event-polnts selected within a series|

memory 21 in a format illustrated below. This 1s the point location
list. The format indicates the method of listing in digital stor-

df shots.

VIDEOTAPE POINT ADDRESS LIST
point's pogition in 1list videotape address

(n)  videotape address of point n
(n+1; videotape address of point n+l
(n+2 videotape address of point n+2

A point in the videotape to be designated in the computer program
as point n has its vlideotape address stored in location n of sald
list, 1its successor the addresa of poinfvgrl in the film is stored
in location ntl, eto.

To provide for the labelling of portions of film by
written information, means l1ls required for storing and indexing
sald written information on computer disk 21. This means is 1llus-
trated beiow, in a format which represents the form of 1ndéxing
textual information in diglital storage.

TEXT-STRING LIST

point's position ADDRESS OF TEXT STRING
in 1lst : ‘

start , end

(n) address of start. address of end.
of text string n of text string

(n+l) address of start address of end

of text string . of text string
n+l ‘n+l

-10-
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The actual textual information is stored elsewhere in an undivided

text area on the disk. Strings of text charaoters are denoted by

{la starting polnt representing the starting addresses of saild text

strings on the disk and endpoints representing the end addresses
of sald text strings on the dlsk. The nth location in sald 1list
stores the starting polnts and endpoints of the string to be known
by the computer as string number n, the (nil)th location in sald
1ist stores the starting polnts and -endpolnts of the string to be
known by the computer as string number nfl, ste.

To provide a means for denotlng a shot or portion of
videotape anq linking it to a textual name oOr description, a means,
1llustrated below, is provided for listing in digital storage the
links between text strings and location  addresses. Thls, the shot

list, 1s composed of three parallel lists which correlate a shot ox

j{|portion of f£ilm, as denoted in the shot-endpolnt columns with a

string of text in the text-string 1list. Numbers in the shot end-
point 1ists denote points in the videotape point location 1ist
representling reépectively gtart and finish of a shot or signiflcant
portion of fllm, and the number in the corresponding position of
the text'description 1ist represents the textual étring (as entered

in the téxt-étring 1lst) with which the shot is correlated.

SHOT LIST
SHOT ENDPOINTS TEXT STRING DESCRIPTIVE
start of end of OF SHOT
shot on shot on
tape tape
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To provide a means of selecting shots, a viewing means
lncorporating also a selection faciiity is lncluded in the system,
as illustrated luw FIG. 4. 1In thls description 1list, the computer
displays on the television screen 68 an array of textual descrip-
tions 69, 70, 71 which have been igdexed through the shot-list
and text-string list from their locations on disk 21.

To provide a means whereby shots chosen for assembly int¢
gsequence may be_kept in mind and rearranged, a viewing means for
i1dentifying shots already chosen is provided by this system, as
seen in FIG. 5. The sereen 72 functions as the rearrangement
buffering device for temporarily holding tentative assembly lists.
The description 1list T3 contailns textual desoriptions T4, 75, 76
which are 1f selected trgnsferred to assembly list 77 as seen in .
example 78.

| Io provide a means for internal accommodation within the

digital computer system of the assembly lists thus created, a form

of listing these materlals 1s needed. Such a form is given below,
in the assembly list storage llist. |
ASSEMBLY LIST STORAGE LIST

shot no. | text point no. of | point no. of
R string ~start trim point | end trim polint

:
This llst provides correlated positions of storage wherein are
contained indexes of the starts and endpoints of the different
shots. | ;

To provide a means of surveying the avallable shots
matehing a portlon of the seript, a soript map facility is provided’
as may best be seen in FIG. 6. On the screen T9 appear lines and‘

, 81,82, 33 ;- "
directions in the sorf%%Aéisually correlated with shot descriptionsg
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1l 11st, proportion numbers are stored on percentage-of-script-string

8%, 85, 86, 87, 88, 89 and 1ines of variable length representing
those shots 90, 91, 92, 93, 94.

. To provide a means for the storage of lnformation
required for the display of the soript map aslin FIG. 6, a storage
means ls requlred as shown in the format.BéIOQQ This is a schem-
atic drawlng of the script li;E?ﬁghowing the indirect method of
listing in dlgltal storage the locatlon addresses of soript lines
and descriptions and thelr correlated shots and videotape points.

SCRIPT LIST STORAGE:

seript . film film ltenm percentage Of
string Information identity = script
code string
. 8tring no. n| point or 1 : ‘ XX
shot no. n
string no. n+l| polint or i XX
: shot no. ntl

Lines and directions in the soript are stored as indexed strlings
referred“to by reference to their positionsﬁon'the text-string
115#, as are shot desceription strings. The film item identity
code 1is aé follows: 1 =shot start, 2=shot end, 3= single polut.
Script strings are stored in the script string‘list; corresponding
film information units are stored on the £ilm information 1ist cor-
related with the script string 1llst, identity codes are stored on
the filﬁfféentity code list correlated with the fllm lnformatlon

1ist correlated with the film lnformation 1ldentlty code 1list. The
nth position in each 1llst 1s occupled by the ltem known to the
computer as the nth item on that 1list, the (nil)th positiqn‘on
each list is occupled by the item known to the computer as the
(n4l)th item on that 1ist, ete. The fllm informétLOP in the film
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|lshot beglinning, 2 Lf it i1s a shot end, and 3 if it is neither of

information 1list is a point from the polnt 1list, correspondinsly
encoded in the film ltem identity code list with a 1 if it is a

those. The number in the percentage-of-script-string list repre-
sents the usqp's assignment to the.indicated point of approximately
where in the seript string the polnt falls, a parameter required
for the relative posltioning and lengths of the shot-lines in the
script map (FIG. 5). '

To provide to the editor a graphlcal lndication of trim-
ming alternatives, the system lncludes a facility for displaying

a "trim map,"

ag seen in FIG. 7, which likewise uses screen 95 as
a control mechanism. Two shots are schematically i1llustrated 96,
97, the leading shot 96 belng distingulshed by an arrow tall and
the tralling shot 97 having an arrowhead. The two shots are shown
annotaied wifh the user descriptlons of those two shots 98, 99.
Polnts in the shots are shown as having been marked by the user
100-111. Annotated shot portions 105-106, 107-108, 110-111 are
displayed with their annotations 112, 113, 114. Another shot-point
109 1s annotated 115. Other non-annotated shot-points 100, 101,
102, 103, 104 are shown with contemplated trim-lines 105, 106, 107,
108. | |

To provide a means whersby prospectlve trim points may
be indexed for referenée and for modificatlion, and convenlently
dlsplayed ln‘the trim map of FIG. 7, a trimming 1list is provided
on the disk flle, as may beat be seen below.  What follows schem-
atically represemsthe trim llist, showing the method of llsting in

digital storage the trim addresses assoclated with a serles of shof

-14-
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|ln, the @+l)th address is obcupied by the locatlon on the videotape

TRIM LIST

location in list trim address no.
(n) ADDRESS n
(n+l) ‘ ADDRESS n+l

Thgs 1ist gathers together videqtape points as -listed in
the videotape point list in the sequence required for display of
trim alternatives. The nth address is occupled by the locatlion on

the videotape point list of what the computer knows as trim addressg

point 1ist of what the computer knows as trim address n+l, etc.

To provide a séquential record of the sonic oonstituenté
of a portion of the sound required in digital storage, a sonic con-
stituent list 1ls provided, as will be seen below.

SONIC CONSTITUENT LIST |

time division . ampllitude of frequency components

(milliseconds) (128 frequency divisiouns)
% 5128 t.mmbers; |
tt+l 128 numbers

This table 1s‘évschematic drawlng of the sonlc constituent list,
showlng the method of listlng sonlc constituents in digital compute
sforage. Times %t are recorded.in tbeiflme—diiiaion list, and the
values of 128 frequency components aré recorded in correlated posi:
tions of the amplitude list. | |
Furnishing the editor with means for altering frequency

constituents of a recorded sound, the system has a sonlc constituent

n

r

-15-
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screen dlsplay provided by the computer, best seen in FIG. 8. An.
array of 64 x 64 dots is displayed on the sereen 142, each dot

|| having eight degrees of brightness (including extinction). .The

brightness of a polut represents the comparative amplitude of a
particular frequency (vertical diménsion) at a particular time
(horizontal dimension). The sound may be reconstituted through
sonic restructuring unit 65 and played out through user loudspeaken
66, at which time the image of frequency-points displayed 110
moves past the now-line 111. The sonic ouﬁput from the sonic re-
oonsfitution unlt 65 at a given instant exactly reproduces the
frequency-volume oharaoteristiocs specified by the column of dots
nearest the mow-line at that instant.
To furnish the editor with similar but simplified means

for synchronizing analyzéd sound with exlisting fillm images, a
sync map 1s provided as may be seen in FiG. 9. Like the sonic
constituent screen‘diSplay in FIG. 8, the sync map uses the screen
112 to display a visual presentation of sound 113 which the user
may move in reiation to a now-line 114 while hearimg the output
through sonle reconstitution unit 65 and user loudspeaker 66.
In‘this‘case only some measure of the overall voiume is indicated
1nAfhe visual presenfation of sound 113, but the user may annotate
it with a text string 115 representing the dialog to be heard in
the sound. Markings 116, 117, 118, 119, 120, 121, 122, 123 are
also added by the user to ilndlcate points of stress or mouth closuy
in speech, or other events iln the audio. |

| To provide a sequential plan for computer reference in
ad justing audio levels, an audio cue list is provided, whlch may
be seen ﬁeiow. This shows the method of listing>the audio cues in
digital computer storage. | o

<]




10

15

20

25

AUDIC CUE LIST.

timing action
- (milliseconds) :
X XX $XX : change audlo setting of
tape #__ to __
TiYYiyy change audlo setting of
' tape #__ to __

The adjustments to be made in audio playback from different units
are listed in the actlon llst whlle the instants at which the ad-
Justment is to be made are llsted in the.timipg list.

Furnishlng an overall view of the separate sources of
sound for a final audio ﬁix, the 1nventi§n provides an audio mix
map, as will be seen in FIG. 10. This overview combines on the
screen 124 views of different sound-sources 125, 126, 127, as
previously seen, moving in the present instance together past
a now-line 128 in conjunction with the mixture}of these sound
sources in playback or recording. The user may similarly'control
thelir movement.past the now-line in order to make adjustments.

To provide a means for splitting one audio channel into
two or more for stereophonic effect, or for assemblling two or more
audio channels from portions of others, the system provides
geparate-channel ¢sonic constituent lists, as above, for each of

the channels to be thus assembled.
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fin praqticlng the method of this invention to edit videotapes and

Ogeration
In use, the foregoing described apparatus may be employed

films and mix and match their soundtracks.

To operate the system, videotape footage, original or
copled from film, is placed on VTR 22 and the controlling computer
program is initlated. The user directs the preaehtation of the
videotape on screen 1, and its motion forward of backward, by mean
of control wheel 4. The motion of this control wheel reaches the
computer through a shaft encoder and is analyzed by the computer
progrém. Depending on the wheel's movement, the computer dirscts
the forwafgfzszﬁon of sourceVVTR'22 at full speed, reduced speed,
or halted viewing.

| If the viewsr wishes to change scenes, he pressss SELECT
button 15, and.receives a sequence of présentaﬁions in the current
moée. Ubon reachling the desired part of the productlon he presses
the MARK AND ANNOTATELbutton 7, thereby causing the select functior
to end.

The leftmost function buttons MARK & ANNOTATE 7, SCRIPT
MAP 8, ASSEMBLE 9, TRIM 10 and AUDIO 11, are the principal definerd
of the activity state of the system each 1nitiatibg a state des-
cribed by its name. The five funotlons MARK & ANNOTATE, SCRIPT MAR,
ASSEMBLE, TRIM and AUDIO are interlocked so that the user using ond
of the functions in relation to a Specific:scene may at any time
switeh to another of the funetions, which will thén relate to the
same scebe. 8inoce materials stored in the aystem tend always to
have a sequence, it is permissible for'the user to enter any of

these states from another and. continue to work with approximately
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the same material in approximately the same part of the corpus of
his videotapes.
. The MARK & ANNOTATE function permlts polints and portions

of footage to be marked and annotated. When the user reaches a
polnt on the footage which is of iﬁterest to him, he halts the
videotape and designates the point of interest by cuing pushbutton

| The computer program's response to the pushbutton signal
is to examlne the current address of the operating VIR from the
current address line 45-49, and store that address in a table in
the videotape polnt address list. As that specific frame on the
videgtape 1s thenceforth identifled to the computer as a marked
polnt, whenever the same footage is shown the’computer flashes at
that frame a culng mark on computer-to-video display 64 which is
then seen on the screen 4. -

The user may create an aunnotatlon to such a videotape
address polnt, or create an annotation between tw6 videoﬁape addred
polnts, thus defining a shot or portion of film. To annotate a

point in the vldeotape he presses POINT 12, after stopping the
videotape beinngiewed at the desired polint; to annotate a shot
he presses SHOT after stopplng the videotape belng viewed at oune of
two deslired endpolnts, then moves that videotape fd the other end-
point,Awhich must have been previously defined by means of MARK &
ANNOTATE/POINT. To annotate a sequence, the user presses MARK &
ANNOTATE, followed by SEQUENCE 14. The sequences associated with
the reglon wherein he is working will then be available, first as
assembly lists (to be discussed below) which he may name or, if he

turns odntrol wheel 4, as sets of shots which‘he.may view, ln whiech

case the sequence will be defined as the next two locations at
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{leription into the typewriter keyboard 5. The characters are trans-

locatlions at whilch he presses button POINT 12.

To create an annotation, the user types a textual des-

mitted as parallel digital slgnals.in the standard manner to digitdl
computer 20, which stores them on disk file 21 and stores their
string address on the text-string list. A text prosram then dis-
plays the text by means of computer-to-video diaplay 64 on tele-
vision screen 44 by methods well known to practitioners of the art.
The user watches the television soreen 44 for confirmation of his
typing as it takes place. If he desires %o make any changes in the
text,hs has typed, to correet errors or change phrasing, he presse
editing buttohs 124, 13A, 14A in order to perform operatlions of
inseétion, deletlon or rearrangement of characters or words upon
the screen. He then effects the desired editorial changes through
the use of 11ght peﬁ and typewriter kefboard”upon the television
screen, as will be understood by practitioners of the art.

| When an annotation has been completed, ‘the user so in-
forms the computer by re-activitating control wheel 4 or one of the
fupct;on buttons T-15.

Lookﬁp of materials 1n the system takes place through
the SELECTVfunofion, as controlled by SELECT button 15. The.
SELECT function permits the user to obtaln what has previously been
labelled by means of MARK & ANNOTATE. By pressing SELECT 15
followed by POINT 12, the user sees a list of‘the previously-
annotated points. By pressing SELECT 15 followed by SHOT 13,

the uger sees a list of the eviouslv -annotated shots. By gressing
SELECT 1 follo§e%ﬁ§ SEQUEN the user sees a list of

previouslypgnjoza 8§8EBP°$§fh 1light-pen 6 at a specific

element on the list thus brought up, and then specify a function
from among function buttons MARK & ANNOTATE 7, SCRIPT MAP 8,
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|{1ight-pen selection.

ASSEMBLE 9, TRIM 10, AUDIO 11l. Work under the new function will

commence at the portiom of the corpus that has-been defined bj the

Through the use of the SCRIPT MAP function, the user
creates a vislble correlation between the footaze and g photoplay
script. When the user has seen a shot he wishes %o map to the
script, he presses MARK & ANNOTATE button 7 fqllowed by SCRIPT MAP
button 8, causing the gystem to enter SCRIPT MAP state. A display
of the secript, which has already been entered in the computer abd
ls stored on the computer disk file, then occurs. The control
wheel 4 now contro1s the movement of the script up and down the |
soreen. .When‘the appropriate portion'of the script i1s reached, the
user points with the 1igbt pee to the approximate point in the
serlpt to which the shot. address most recently viewed corresponds.
The cemputer program then prepares entries for the script 1list,
causing the polut address no. to be stored in the film information
lisf; its 1ltem code to be stored in the film item identity cods,
and 1te'percentege of script string to be estimated by the program
on the basis of the point selected with the 11ght pen and entered
in that column. The computer then, through a oomputer program,
emplaces a vertical line on the right-hand side of the screen to
represent the shot, and shows as well the shot description, as
11llustrated in examples FIG. 6.

Resequencing of shots in this system takes place through
the use of the ASSEMBLE function, effected by the ASSEMBLE button
9. Pressing the ASSEMBLE button 9 causes the system to enter
ASSEMBLE stats. This causes an assembly 1ist to -appear on the
acreen. Depending on whether ths previous function was SCRIPT MAP
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or SELECT, a vislble part of the script map or the shot directory
will remaln on the screen. In FIG. 5 the assembly list 1s shown

|| 1o conjunction with part of the shot directory.

The editor may dictate the rearrangement of shots by the
following method: pointing at desofiptions of the desired shots in
the lefthand description 1lst T3 causes these deseriptions to move
to the righthand assembly 1list 77 through the intercessionrof the
ASSEMBLE computer program. To the assembly 1ist as viewed on the
screen corresponds an aasembly list on the oomputer disk flle
(not shown), holding numbers deslgnating enfries on the shot 1isf
in the format shown on p. 12. | | o

To view the resequenced materials, the user presses the
SELECT button while in ASSEMBLE state and is shown a succession of
asgsenbly lists on the scfeen; He moves through these using control
wheel 4 until he finds the desired shot list.' fle then touches the
1ightpen to the desoription of the shot .he wishes %o view at the
beginning. | o

Whén a shot description is coplied to the assembly 1list,
1t may at any tlme be repositioned in the righthand list by
pressing MOVE 144 and polntling to a position between descriptions
already on that 1lst. I¥ will then be transferred in the display
to the point designated, and the data entries on the corresponding
computer_list correspondingly rearranged. | ‘

' The user may perform the MOVE editing operation on the
assembly list at any time, to change the order of the shot descrip-
tions,.the corresponding lists, and any resulting pfeséntation.

To carry out the rearrangement thus directed, the computs
consults the location address list, describéd earlier, and calculat

the lengths and positions of the shots on the assembly list.

[0

r

es
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By means of a sorting program, whose characteristics will
be well known to practitioners of the art, the computer pre-plans
the successlon of videotape movements required to copy the desired
shots on videotape recorders 22—26.in the most efficient menner,
in such a way that two consecutive shots are not on the same
recorder. It then effects the required copying from VIR 22, by
transferring the contents of the specified videotape recordings
to the suocession of recorders 80 spécified in the correct sequence
and position{

When the transfers necessary for showing the sequence
have been completed, the computer shows the sequence of shots re-
qugsted.l To make changes in the sequence of the shots thus viewed,
the}user calls the assembly list for the sequence and makes the
deslired chanses by rearrangiﬁg the shot descriptiouns on the sereen
with the MOVE button 144 and the light pen. The computer then
directs the OOpYing of the specified shots in some sequence which
permlits their showing in the newly specified sequence.

To méke trimning adjustments at the beginnings and ends
of shots, the system provides a function called TRIM MAP, invoked
by TRIM button 10 The editor calls a trimming map by halting the
videotape neér the eﬁd or begluning of a shot and pressing the
button TRIM 10. The button TRIM 10 communicates with a computer
progrem which displays on the television sereen 1 a trimming map,
as may be seen in FIG. 7.

| - The trimming map, generated by a computér program, is a
diégram representing two shots to be connected, and ons or more
poséible interconnectlions of interest to the editor. The leading
shot is represented pictarially by the taii of an arrow 96 at the
top of the screen, and the trailing shot is represented plctorially
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by the head of an arrow 97 at the bottom of the screen. The shot
descriptiona 98, 99 are displayed on the screen with their respec-

{ltive arrows 96, 97. Any other annotated points 100-111 are also

diagrammatically indicated and annotated 112, 113, 114. |

Any annotations of points within the shot are llkewlse
displayed as in example 115. |

When the trimming map has been called by preésing TRIM
button 10, the usér'may make fine trimming adjustments'between
shots. To indicate a cutting-polnt, or point at which to make a
transition, thé user presses the button INSERT 124 and points with
light pen 6 at the representation of the arrow, at a point along
the line proportionally representing approximately the place in
the shot at which he would 1ike to make the cut. A mark appesrs
at that polnt on the line, as shown in FIG. 7 in examples 111-115,
and the corresponding point 1s adjusted on the trim list.

To indlicate a cut he wishes to see, the editor then
presses SEQUENCE 14. With the light pen 6 he points at one
cutting-point on sach arrow. Slgnals from the light pen go torthe
computer 20, which consults a program and then adds to the screen
dlsplay a dotted line or transition-line 105, 106, 107, 108 betweer
the marks representing the two cutting-points that have been thus
speciflied together.

Tb‘see a transitlion he has so specified, the user polints
with a lisht-pen at one of the transition-lines 105, 106, 107, 108
and pressés cue button 3. The computer consults the 1list of
transitions, ascertalins the cutting-points 1nvolvéd,‘and displays
the two consecutive shots from two VIRs, lntercut in proportion to
the marks od the arrows. |

The user may adjust a transition by preésing'the MOVE
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|jon the_shot—llne. The computer program recelilves the signals from

button 144, pointing with the light pen 6 at the point in a shot
which is to be moved, and moving the light pen to the new point

the buttons and light pen, correlates them with the computer
program, adjusts the position of tﬁe cutting-point on the point
1list, and modifies the dilsplay to show the transition-line in its
new position. | |

Fades and dlssolves are specified in the trim map by
marking a cut-line with the light-pen after pressing INSERT 124,
and typing on keyboard 5 the lstter F (for fade) or D (for dissolvq)
and a number preceded by or contalnlng a decimal point, which specH
ifles iIn seconds the fraction of a second or longer period of time
over which the fade or dlssolve is to occur.

If the 1mproveﬁent of recording quallty i1s needed for
speech 6r sound stored on audlo recorder 52 or instrumentation
recorder 51, or sound tracks of videotape recorders 22 to 26, this
audio.output 1s played under control of the computer 20 by control
lines 53, 54, 27-31 through switch and attenuator matrix 32 to
sonic anélyzer 62, which performs an analog-to-digital conﬁersion
and a Fast Fourier Transform to obtain the frequency and amplitude
components of the sound, which pass in digital form through line
63 to computer 20 which stores them on disk 21 in.the sonic
constituent 1list, shown earller. ‘

| The user invokes this functlon by preséing AUDIO 11
and modifies the sound by pressing the MODIFY SOUND button 14B,
whereupon a sounlc display such as that in FIG. 8 appears on the
screen. Using control wheel 4 the user causes the sonic display
to travel through the now-iine 143, and hears concurrently its

vl
regenerated form through sonlec reoonstructionA§5 and speaker 66.

"
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Using the light pen 6 he may modify the display, pressing the

light pen 6 to the screen once to decrease the value of a point

|| indicated and iwlce to increase it. By this method he may remove

sounds (such as background hiss or an automobile horn) which are
visible through such a display but not removable by automatiec meén
or he may by trial-and-error improve the recording, as for 1nstaﬂc
by adding “realism" to a poor voice recording by accentuating
hiéher‘fréquqnciés charadteristic of a particular speaker.

o Ifnlip-synchronization is desired betweén‘fllm and
recorde@ sound on some recording unit'51, 52, 22-26, the user -
presses SYNC button 13B and the sound needful of synchronizing'is

played through sonic analjzer 62, which performs an analog-to-
diglital conversion and a'Fast Fourisr Transform to obtain the
frequency and amplitude components of the sound, which pass in
diglital form through line 63 to computer 20, which stores them on
disk 21 in the sonic constituent list shown earlier.

A sync map, as shown in FIG. 9, is.then created by a
computer’program, showing the average volume contour 113.pf the

converted sound. The user may employ éontrol'whéel 4 to move this

display ﬁnder'hdw-line 114 and concurrently hear it through sonic

reconstruction unit 65 and speaker 66. The user may annotate 1t
with typewriter keyboard 5, which causes each;character typed to
appear under the now-line as an annotation 115 and thenceforward
to remain in the same relative position to volume contour 113.
The user may also create sync points (116-123) indicating points
of stress or other features In speech or sound. Upon pressing
the space bar of keyboard 5, the user now obtains the visual
presentation of the videotape scene which he last saw, which he

may move through at varylug speed using control wheel 4. At sig-

..2§ -
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||presses culng button 3. The computer lists these cue-points and

nificant synchronization points in the videotape, such as explosion

door slams, mouth closures, widest-mouth positions, etec., the user

correlates them with sync-polints 116-123 established earlier.

By pressing the space baf of keyboard 5, the user causes
the system to replay the scemne, reconstituting the sound through
sonlc reconstructlon unit 65 but in a timing which hastens or
retards the designated gync polnts of the sound in exact syndhrony
with the cue-polnts specifled by the user in the footage, all with
no modification‘of the reconstructed frequencles and with smooth
ilnterpolative stretching or compressing of the time periods so
Speoified. The user may alter the sync-polnts apd cue-points
respectively with buttons INSERT 12A, DELETE 134 and MOVE 144 until
satisfied with the resulting synohronization.

If it is desired to synchronize one recorded sound or
utterance with another recorded sound or utterancé, the two having
corresponding parfs (as for exémple one being a poor-quality
recording made in synchronlzation with a motion picture, the ofher
being a high—qualitv wild recording from the same script) the user
may call both to a sync map and mark their eorresponding parts.
The timing of either can then be applied to the re-constituted
timing of the other.

If it is desired to ¢reate more than one audio channel
from the avallable recordings, the visual sound-control facilities
are used ln two ways. By the use of light pen 6 on sync maps
such as that in FIG. 9, one for each channel of audio degired, he
may create oulng points such as-116-123 for each channel, permit-
ting the digitized sonic constituents to be reconstituted in the
desired synohronization. Such cuing points may be annotated with
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symbols such as musical notes, as well as the text mentioned

earlier. By the use of light pen 6 on sonic constituent displays

|| such as that in FIG. 5, he may indlcde certain areas of the sonic

cloud, and direct the machine to copy or transfer to the respective
gonlc constituent lists for each chaunnel, of fhe type shown on
P+ 15, the components of sound so indicated with the light pen.
With the light pen he may also divide sonic constituents, by
pressing the light pen to a dot once for each level of iﬁtensity
he wants transferred to a corresponding position on a separate
channel. This enables a retroactive division‘of the sound into
sepafété'channels. . | |

| The user may obtaln automatic ad justment of intensity
and phase of the separate audio channels to bhe reconstituted by
creating on the screen with light pen 6 a diagram of the virtual
poaifions, in an imaginary physical arrangement, qf the sound
source assigned to a channel, and the virtual positionaof the
geparate lmaglnary microphones. The system is programmed, employ-
i1ng means well understood in the field of freqﬁency'analysis and
synthesls, for the automatic re~-channeling, with appropriate volunme
and phase adjuétments, of the sound as it would have been recorded
in the setup he has diagrammed. By indicating in fhe diagram the
virtual positions of imaginary walls, the user may cause the systen
to add;to the reconstitution fhosa echoes which the walls depicted
would produce. | _

When the desired show has been completed in its visual
aspect, with respect to all the shots in their correct Sequence and
outting-points, the user may direct the nixing of the audio, in its
respective volume, by tracing a dlagram of the desired volume-

settings ofAd;fferent gound components. By pressing the MIX button
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12B he summons to the screen the gudio mix map shown in FIG. 10,

with horizontal lines representing the separate audio tracks which

polnts and annotations assoclated with the shots are shown also.
To establish mixing levels, the usér presses the INSERT button 124
and draws with the light pen upon the screen, creating desired
volume contours 125, 126, 127. These create corresponding audio -
cues in the audid cue llst deplcted earlier. The user may then usé
oontrol wheel 4 %o bezin the audio output, and hear the mixed
tracks together in the proportions specified by volume contours
125, 126, 127. To modify the volume contours he may use the MOVE:
button 144 ﬁo empower the light-pen to raise or lower a portion of
a volume contour. The complete mixed audio is played out or
recorded under user comménd, and the component diagrams 125, 126,
127 move concurrently beneath now-Iine 128 as this occurs.

The flinal production is created as follows from the
different lists within the computer 20 and disk 21: 4f the original
1s a videotape, it is placed on one VTR and a second-generation
copy is produced on another VIR. If the origlilnal is a film,
computer 20 prints out a negative-cutting list on a peripheral
printer (not sﬁown) or creates an information file'on a paper tape
punch (not shown) or .other peripheral device which may be used in
conjunction with an automated Optical printer to produce the film

master automatically from the original without human intervention.
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