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-1
VIDEO-TO-FILM CONVERSION PROCESS

BACKGROUND OF THE INVENTION

Systems for recording a black-and-white video tape
image onto motion picture film have been known for
some time. The objective of these systems is to reduce
the cost of motion picture production by greatly reduc-
ing or eliminating the cost of film stock and processing
for the waste footage which is edited out of the finished
movie, and which often represents as much as 90 per-
cent of the total footage shot. In addition, such systems
produce considerable savings of shooting time by pro-
viding an instant replay capability.

Orginally, these systems consisted simply of a televi-
sion monitor screen on which the video image was dis-
played, and a motion picture camera to photograph the
television scieen. Later, electron beam recorders came
on the market for recording the television image di-
rectly on electron-sensitive fitm by scanning the film
with an electron beam, thus eliminating the optics.

From a quality point of view, the electron beam re-
cording process was far superior to the optical process.
Hoiwever, it did not lend itself to color recording be-
cause the conventional color television display tech-
niques are not useable on a moving monochromatic
medium such as electron-sensitive film. Because of the
difficulty of consistently obtaining on a color television
screen a picture of sufficient quality to produce accept-
able color film by optical means, the photographic ap-
proach was also fairly unsuccessful.

Several attempts wereé made to adapt the electron
beam recording process for color recording by record-
ing the three color components of the video image on
separaté frames of the motion picture film negative,
and then combining the component frames through
conventionial color filter devices during the printing
process. However, none of these attempts produced
satisfactory results because all of them relied, in one
form or another, on a real-time transfer. of a long se-
quence of video frames or their component colors from
the video system to the film. “‘Real time,” as used
herein, means that a substantial number of color or
monochromatic image frames are stored, recorded or
otherwise processed in their true sequence (disregard-
ing fields or field portions skipped for frame-rate con-
version purposes) and at the rate at which they are used
for creating the natural motion of the moving picture.

Specifically, prior art color recording systems known
to applicant are of one of the following types: '

a. Sequential systems in which the green, red and
blue components of successive fields are used, with a
single blue field being used for two frames to provide
the 30-to-24 frames-per-second frame rate conversion
needed to make video and motion picture systems com-
patible. These systems are objectionable because image
movement between fields creates color separation.

b. Single-field storage systems in which a single field
is stored in a sequential-access storage device, and
scanned several times to provide the same color scans
as the sequential system. This approach eliminates the
" color separation in motion areas but causes poor verti-
cal resolution and dancing horizontal lines because of
the alternation of A and B fields of opposite phase in
the same scan alignment.

¢. 72-frames-per-second recording systems using os-
cillating-beam techniques to record two fields simulta-
neously by moving the beam up and down between two
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adjacent lines at about a 14 MHz rate. These systems
record full color in real time, but they sacrifice vertical
resolution and cause a 10 percent image area loss at the
top and bottom of the picture. The frame rate conver-
sion in these systems is achieved by skipping full fields
and using a storage device (though not a random-
access device) for delaying purposes. These systems
are not adaptable to beam deflection enhancement
techniques such as those shown in the copending appli-
cation, Ser. No. 185,157 filed Sept. 30, 1971 entitled
Method And Apparatus For Improving The Horizontal
Sharpness Of Electronically Scanned Images, because
the beam deflection would affect two lines at a time
and thus degrade vertical resolution.

d. Laser-type systems in which separately modulated
red, green, and blue laser beams are combined into a
single full-color beam by mirrors. The full-color beam
is then scanned by a rotating mirror system directly
onto color film. Inasmuch as the scan system is me-
chanical, it does not permit the use of enhancing tech-
niques based on scan manipulation. Also, these sys-
tems, being real-time systems, have to use half-field
film advancing techniques for frame rate.conversion
The very short film advancing time allowed by these
techniques causes severe registration problems on 35
mm film, In addition, the lack of persistence of a laser
beam requires impractically accurate switching to elim-
inate annoying gaps or overlaps in the center of the pic-
ture.

e. Repetitive recording systems in which the red com-
ponent of an entire re¢l of film is recorded in real time,
the video tape is rewound, the green component is re-
corded, the tape is again rewound, and the blue compo-
nents is recorded. As in other real-time systems, half-
field film advance has to be used, with its attendant
problems as discussed above. In addition, the relatively
long time elapsing between the three runs causes regis-
tration and distortion problems due to the drift, with
time, of the parameters of the optical and electronic
components of the system, :

SUMMARY OF THE INVENTION

The system of this invention is based on the use of a
random-access memory device to store video informa-
tion in real time, and to retrieve or read out this infor-
mation in selective patterns to record the film at its
proper frame rate in non-real time. .

Essentially, the preferred system described herein
operates on the principle of storing a group of complete
video tape image fields in real time on successive tracks
of a storage medium, such as a multi-track disc, and si-
multaneously (but at a different rate) repetitively re-
trieving the component colors of the stored fields two
at a time, with a full field interval between each pair of
fields. In this manner, the film is recorded one mono-
chromatic frame at a time with sufficient film advanc-
ing time between each frame for proper registration of
the next film frame.

The recording sequence for one full color film frame
according to the invention is as follows: blue field 1;
blue field 2; blank field for film advance; red field 2;
red field 1; blank field for film advance; green field 1;
green field 2; and blank field for film advance. The
color sequence is not material and is given as a matter
of example only. the total recording time for a full-
color film frame is therefore 9 fields, or 0.15 seconds.
The video image, on the other hand, is stored in real
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time, i.e., 0.033 seconds per frame. The extra time be-
tween the storing of n video tape frames and the re-
cording of 0.8 n film frames (which correspond to n
video frames) is used for resetting (i.e., back-spacing
and cueing) the video tape between groups of video
frames.

The system of this invention, by taking advantage of
the system’s capability of repetitive retrieval of stored
image fields in any sequence and combination, makes
possible the use of advanced picture quality enhancing
which operate on a basis of comparing’ information
from one or more successive video fields jo produce a
recordable film field. .

It is thus the object of this invention to provide a sys-
tem capable of receiving video information in real time
and recording this information on film in other than
real time.

It is a further object of this invention to provide a sys-
tem of the type described based on the use of a ran-
dom-access memory or storage device.

It is another object of this invention to provide a
video-tape-to-film conversion system specially adapted
for noise-free electron beam recording of color images.

It is yet another object of the invention to provide a
system of the type described which combines continu-
ous film recording with a random and repetitive video
image field retrieving capability to allow the use of sig-
nal processing techniques based on field comparison
procedures. _

It is a still further object of the invention to provide
a system of the type described in which the recording
cycle of a full-color film frame is composed of three
monochromatic subcycles each consisting of a pair of
adjacent monochromatic fields followed by a full blank
field during which the film advance occurs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1, the single FIGURE of the drawing, is a block
diagram illustrating the basic system of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring first to FIG. 1, the physical components of
the system of this invention in its simplest form consist
essentially of a videotape recorder 10, a field storage
device or random-access memory 12, an electron-beam
recorder 14 having a film transport mechanism 16, and
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a timing and selection logic 18. In the preferred em-
bodiment, however, for reasons set out hereinafter, the
invention further uses a motion detector and combiner
20, a color separator 22, and a color selector 24. Some
of these components can, and normally would, be com-
bined in a single physical device, and other system
components (not shown) may be provided as necessary
for proper signal interfacing, scan control, and signal
enhancement. .

The video tape recorder 10 is of an intermittently op-
erable type which can be automatically stopped and
cued to play back the recorded image fields in discrete
groups of predetermined length. Such recorders are
currently commercially available.

The storage device or memory 12 may be of the digi-
tal or analog type, depending on whether the video in-
formation to be stored is digital or analog. In the pre-
ferred embodiment using -a standard interlaced-fields,
30-frame-per-second television signal, the storage de-
vice 12 is preferably a standard twenty-two-channel
magnetic disc revolving at 3,600 rpm, so that each rev-
olution of the disc corresponds exactly to one field in-
terval of the video tape signal. ]

In the preferred embodiment of the invention, the
motion detector and combiner 20 may be of the type
described in the co-pending application, Ser. No.
209,910, filed Dec. 20, 1971 and entitled Noise Reduc-
tion System For Video Signals. This device, in its pre-
ferred form, has four inputs A, B, C, D adapted to si-
multaneously accept four different field signals of alter-
nating chroma phase. The device combines the station-
ary portions of the four input fields to achieve substan-
tial noise reduction and superior luminance-chroma
separation in the stationary portions of the image, by
using the redundancy of information contained in those
image portions over a group of frames. The moving
portions of the image are passed without combining
and are chroma-separated by using more conventional
but less effective luminance-chroma separation tech-
niques. . : ‘

The prime input of device 20 is C; that is, all portions
of the field signal applied to C are passed through de-
vice 20. By contrast, only the stationary portions of the
field signals applied to inputs A, B, and D are used.
Thus, in the following discussion, the field in the C po-
sition will be referred to as the prime field, whereas the
fields in the A, B, and D positions will be referred to as
the informational fields.
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The chart of Table I illustrates the programming of
the timing and selection logic 18 to carry out the con-
cepts of the invention. The ordinate of the chart repre-
sents time intervals equal to one field of the video tape
signal, i.e., one-sixtieth second, or one revolution of the
storage disc of device 12. The abscissa of the chart rep-
resents the 22 recording and play-back channels of the
storage disc. For clarity, the time intervals in Table I
are numbered 101 through 220, the disc channels are
numbered 301 through 322, and the fields of the video
tape signal are numbered 509 through 562.

In the preferred embodiment of the invention, each
field group transmitted by the recorder 10 to the stor-
age device 12 consists of fifteen full-color fields. This
number is not inflexible, but too long a group requires
too many channels on the disc with no offsetting advan-
tages, and too short a group provides insufficient time
for proper resetting (i.e., stopping, backspacing, re-
starting, and cueing) of the video tape between field
groups.

In the discussion of Table 1, it has been assumed that
at some time prior to time interval 101, fields 509
through 530 of the video tape were stored in channels
313 through 322 and 301 through 312, respectively, of
the storage disc of storage device 12 or in the corre-
sponding memory channels of whatever random-access
memory device is chosen to constitute the storage de-
vice 12. It will be understood that the storage device is
cyclic in nature, i.e., channel 301 is the next channel’in
sequence after channel 322.

The timing and selection logic 18 contains a master
clock circuit, which is part of the timing and selection
logic 18 and which may be driven by a conventional 0s-
cillator (not shown). The master clock circuit provides
the time standard or synchronization reference for the
video tape recorder 10, the storage device 12, the scan
circuits of the electron beam recorder 14, and the film
transport mechanism 16. The logic 18 itself consists es-
sentially of conventional counting circuits which switch
the various components of the system in conventional
ways in accordance with the operational pattern of
Table L 7

Referring now to Table 1, the logic 18 during time
101 applies the contents of storage channels 303, 305,
307 and 309 (which contain adjacent video tape fields
of the same, i.e., odd, parity) to the inputs A, B, C, and
D, respectively, of combiner 20. At the same time, the
logic 18 switches color selector 24 to select the blue
component of the full-color combined signal produced
by combiner 20, Inasmuch as C is the prime field input
as described above, the electron beam recorder 14 thus
records the blue component of video tape field 525
(the field previously stored in channel 307) on the first
frame of monochromatic film. In each instance men-
tioned herein, the recorded field component is a com-
parison-enhanced version of the corresponding video
tape field component.

During time 102, the logic 18 connects storage chan-
nels 302, 304, 306, and 308 (which contain adjacent
video tape fields of even parity) to inputs A,B,C,and
D, respectively, of combiner 20. With the other settings
unchanged, this results in the recording of the blue
component of video tape field 524 (which has previ-
ously been stored in channel 306.)

During time 103, logic 18 again connects channels
303, 305, 307, and 309 to combiner 20. However, dur-
ing time 103, logic 118 applies a blanking signal to re-
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corder 14 to render it inoperative. At the same time,
the logic 18 triggers the film advance to advance the
film to the next frame. It will be noted that the film ad-
vance has an entire field interval at its disposal, a fact
which is very important, as pointed out hereinabove, to
achieve proper registration of the film for accurate sub-
sequent optical combining of the three monochromatic
film frames containing the blue, red and green compo-
nents of the picture into a single frame of color film.

During time 104, channels 302, 304, 306 and 308 are
again connected to combiner 20. At this time, however,
logic 18 switches the color selector 24 to red, and the
red component of field 524 is recorded on the second
frame of the monochromatic film. In the same manner,
the red component of field 525 is recorded during time
105.

Following a film advance, with the recorder 14
blanked out, during time 106, the green component of
field 525 is recorded during time 107, and the green
component of field 524 is recorded during time 108.
Another film advance follows at time 109 to complete
the recording of the three monochromatic film frames
which are combined by the optical printing process 10
form the completed color film frame composed of
video tape fields 524 and 525.

It will be seen that the operational pattern of the sys-
tem is such that odd-numbered fields are always read,
processed, and recorded during odd-numbered time
intervals, and even-numbered fields are always read,
processed, and recorded during even-numbered time
intervals. This assures the proper alternation of odd-
field and even-field signals in the system in synchro-
nism with alternating interlaced odd-field and even-
field scans. At the same time, the A, B, C and D inputs
to combiner 20 are always successive odd fields or suc-
cessive even fields of the video tape signal; hence they
are always in the proper alternating phase relationship
to permit operation of the chroma separation circuitry
of combiner 20 as described in the aforementioned co-
pending application, Ser. No. 209,910.

As will be readily apparent from Table I, the reading
patterns from the storage device 12 during times 101
through 109 falls into a block (defined in Table I by
solid vertical lines) encompassing the eight channels
numbered 302 through 309. The prime fields of this
block are confined to channels 306 and 307, as shown
by the dotted vertical lines. Each of the channels 306
and 307 is read as the prime field three times, once dur-
ing each three-time-interval color segment. With video
tape fields 524 and 525 stored in channels 306 and 307,
respectively, the color film frame produced during the
time block 101 through 109 will consist of video tape
fields 524 and 525. .

During time intervals 110 through 118, the logic 18
shifts the reading operation to the block encompassing
channels 304 through 311, i.e., a two-field shift. As a
result of this shift, fields 526 and 5§27 (stored in chan-
nels 308 and 309, respectively) now become the prime
fields, so that the color film frame produced by the time
block 110-118 will consist of video tape fields 526 and
527.

At time 119, the logic 18 shifts the reading operation
by three spaces instead of two. As a result, fields 5§29
and 530 (channels 311 and 312) become the prime
fields. Field 528 (channel 310) thus never becomes the
prime field, although it is used as an informational field
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during time intervals 110, 114, 116, 120, 122, 126,
128, 132 and 134. With the logic 18 alternating be-
tween two-channel and three-channel shifts at the end
of each nine-time-interval time block, the same is true
of fields 533, 538, etc.; in other words, every fifth video
tape field is used for informational purposes only.

In this manner, the 30-frame-per-second frame rate
of the video signal can readily be converted to the 24-
frame-per-second frame rate of motion picture film
with a minimum loss of picture information. It will be
understood that other frame rate conversions may be
achieved, or frame rate conversion omitted entirely, by
appropriate modifications in the shift pattern of logic
18. ,

In Table I, the storage channels were assumed to con-
tain fields 509 through 530 prior to time 101. By time
119, fields 529 and 530 become the prime fields, and
the “D" input of combiner 20 requires fields 531 and
532 for informational purposes. Consequently, the next
group of 15 color video tape fields must be stored in
storage device 12 in time to meet this need.

The video tape on recorder 10 may, for the purposes
of this system, be equipped with a cue track on which
a cue signal is recorded every 15th field. Immediately
following the storage of a group of 15 fields, the re-
corder 10 is reset. This is done by stopping and back-
spacing the video tape by a predetermined amount de-
pending on the mechanical parameters of recorder 10.
Then, at the appropriate count of timing logic 18, the
tape is re-started, brought up to speed, and synchro-
nized with the master clock 26 through the timing logic
18 so that odd fields will be played back during odd
time intervals and even fields during even time inter-
vals. _

When the cueing head of recorder 10 detects the cue
signal, fifteen video tape fields are fed to the input of
storage device 12 in real time. These fields-are chan-
neled by the timing logic 18 to successive channels of
storage device 12, where they are stored in the appro-
priate odd-even sequence. Each storage operation (de-
noted in Table I by the number of the field stored) is
preceded during the next previous time interval by an
erasing operation (denoted “E” in Table I) which de-
letes the information previously stored in that channel.

Mechanical devices being what they are, it is possible
for the video tape to mis-cue by locking into synchro-
nism with the master clock 26 too early or too late.
Consequently, the storage of video tape field 531 in
channel 313 may occur at time 109 or 113 instead of
time 111, An examination of Table I will readily show
that the system of this invention provides for such a
contingency by allowing the storage sequence to be
shifted up or down by several odd (or even) spaces
without encroaching upon a reading block. -

In the normal operation of the system, a minimum
one-channel clearance (channel 312 at times 110, 111
and channe! 306 at times 124, 125) is provided be-
tween each erase-record operation and the nearest
reading block, to prevent interference due to spill-over.
However, in an emergency a head failure in one of the
storage channels can be temporarily coped with by
switching the timing logic to skip the defective channel
and one other one, so as to reduce the storage device
from a twenty-two-channel device to a twenty-channel
device. Elimination of channels in pairs is necessary to
preserve the proper even-odd relationships of the sys-
tem. :

10

In the system of Table I, the storage of a group of fif-
teen color video tape fields (which takes place in real
time) requires 15 time intervals. The recording, on
monochromatic film, of the 36 monochromatic film

5 fields corresonding to the 15 color video tape fields re-
quires 54 time intervals, leaving thirty-nine time inter-
vals (about two-thirds of a second) available for reset-
ting purposes. In practice, as Table 1 shows, the reset
time alternates between 40 and 38 time intervals due
to the necessity of maintaining the proper odd-even re-
lationship between all the system parameters. It will be
seen that the minimum length of the field group stored
during each store-reset cycle is determined by how fast
the video tape can be reset, and that its maximum
length is determined by the number of storage channels
which can economically be provided.

Thus, the store-and-record process repeats ‘itself in
the preferred embodiment about every 54 time inter-
vals or 0.9 seconds until the entire videotape program
is recorded on film. Due to the frame rate conversion,
the end-product full-color film alternates between pairs
of frames identical in content to the corresponding full-
color video tape frames, and pairs of frames whose
even field comes from one video tape frame and whose
odd field comes from the next following video tape
frame. ' ‘

In some instances, it may be desirable to use sharp-
ness enhancing techniques requiring a double scan.
The system of this invention is readily adaptable. to
such techniques by simply programming the timing
logic to run each three-time-interval segment of Table
I twice, which causes the reset time to be increased
from 39 time intervals to an average of 93 time inter-
vals.

‘What is claimed is:

1. A method for recording color video signals on mo-

tion picture film comprising the steps of:

a. transferring a signal group consisting of predeter-
mined number of full-color video image input fields
from a color video signal source to a signal storage
device in real time; :

-b. repeatedly retrieving selected fields of said group
at time intervals differing from their real time inter-
vals;

45 ¢, processing said retrieved input field signals to pro-
duce monochromatic output frames each consist-
ing of at least two fields, each selected input field
being retrieved at least once for each primary
color; and

d. recording each said single-color output frame on
a separate increment of motion picture film.

2. A system for converting electronic image informa-

tion from real to non-real time, comprising:

a. a source of electronic image information;

" b random-access storage means connected to re-
ceive said information from said source in real
time;

c. logic means connected to said storage means and
arranged to read said information out of said stor-
age means in non-real time; and

d. means operatively connected to said storage
means for utilizing said information read out of said
storage means in non-real time.

3. A video-to-film conversion system, comprising:

a. a source of video image information;

b. random-access storage means connected to re-
ceive said information from said source in real
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time;

c. logic means connected to said storage means and
arranged to read said information out of said stor-
age means in non-real time; and

d. means for recording electronic signals on film, said
means being operatively connected to said storage
means to receive said information in non-real time,
and being arranged to record said information on
said film in non-real time.

4. A color videotape-to-film conversion system, com-

prising: ‘

a. intermittently operable video tape means for inter-
mittently playing back groups of full-color video
tape fields, each containing a predetermined num-
ber of fields;
random-access storage means arranged to store at
least said predetermined number of fields;

. color selector means;
.'monochromatic film recording means; and’

e. timing and selection logic means arranged to store
groups of video tape fields in said storage means,
to repetitively retrieve selected ones of said stored
fields for processing through said color selector,
and to operate said color selector -and the film
transport mechanism of said film recording means
to record pairs of monochromatic fields, each pair
being separated from the next by one full field in-
terval during which the film is advanced:

5. The system of claim 4, further comprising frame
rate converting motion detector and combiner means
having a prime field input and a plurality of informa-
tional field inputs, in which said timing and selection
logic means are further arranged to retrieve successive
odd-field and even-field subgroups and apply the same
to said inputs in such a sequence that selected ones of
said video tape fields are presented only to said infor-
mational field inputs but never to said prime field input.

6. The system of claim 5, in which all of said video
tape fields are used as informational fields but only pre-
determined ones of said video tape fields are used as
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prime fields.

7. A method of producing, from a color video tape,
a monochromatic film having groups of successive
frames each containing one of the three primary color
components of a given color video tape image, com-
prising the steps of:

a. storing a group of color video tape image fields on
discrete portions of a random-access storage me-
dium;

b. repeatedly alternately retrieving the odd and even
field of a selected pair of fields stored in said stor-
age medium;

c. separating the retrieved fields into their three pri-
mary color components;

d. recording the first color components of said pair
of fields successively on a first frame of said film;

e. ceasing said recording for one field time following
the recording of said first color components, and
advancing said film by one frame during said one

field time; and .
f. repeating said recording step and said recording

cessation step for the second color components
and for the third color components of said pair of
fields. ‘

8. The method of claim 7, further comprising the step
of retrieving adjacent stored fields of the same parity
simultaneously with the retrieval of each said selected
field, and combining portions of said selected field and
said adjacent like-parity fields to form a composite field
of which said selected field is the prime field.

9. The method of claim 8, in which predetermined
ones of said stored fields are omitted in the selection of
pairs of prime fields.

16. The method of claim 8, in which the retrieval of
said fields is continuous but not in real time, and the
storage operation is conducted intermittently but in
real time concurrently with said retrieval on portions of
said random-access medium not being used for re-

trieval during the storage operation.
* * * * *
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