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Egmvennon relates to telecine apparatué,

aratus for scanning ‘continugtisly
Fi g. lnwvlmﬁ m&m@mdxa to produce
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stationary mouon pic %ﬁgnggqo E’sames 0]

duce television signals therefrom, the; scan-
ning rate being responsive to the rate of ! move~
ment of the motion picture film. " °

In telecine transmission systeéms, ﬂymg spot
scanning devices have often been used 1o scan
the frames of a motion picture film"in. a -scan-
ning raster pattern to produce interlaced ‘tele-
vision fields representative of the * scanned
image frames. The Scanning raster pattern
light beam is miodulated by the image pattérn
of the film frame, and the modulated- light is
detected and transformed into a_video' signal
by photoresponsive devices. The ' transmitted
video signal controls the electron beam of the
television receiver turned to the transmlttmg
station to reproduce the motion. picture 'film
frame on the television screen. Since it is

desirable that -the motion picture “film be

moved continuously’ and transversely to ' the
beam of light produced by the flying spot
scanning device at ijts normally projected
frame rate, it is also desirable to deflect the

_scanning light beam in the direction of move-

40

45

ment of the film at the frame rate frequency'

Thersefore the frame area of the film scanned
remains constant for each scanning ﬁe!d and

each film frame is scanned by an mtegralt

number of scanning fields.
Prior art systems have used opttcal nnage'
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The detection of the |light by the photo-

film

to.both the 20

Sensors produces—theputse—signal s
The | eadi ng and | aggi ng by the wave

phot osensors of each pair are

spaced apart
by 65 5 The pul se signals of wave forns 6a, 6b and a d%gﬁpnce t hat,
when traversed by a sprocket -: 6¢-are added by OR gate .128 d applied
hole or indi g rames termnal T
the mnos%&tﬁfmﬁ‘ ?m&ﬁmt he - pr%auctigﬁzéo
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ter % preppticnal %? iiginy _}u Y .. . applied to thA inal T of
t he Mriul ¢P-In ta“e nerated by - tRQ ator 78 of
- Fig. 1. TheH éﬁ% 71 ﬁ%& @nsors of THe=p2 s are added
.75 15 nult|V|brame omm by wave onm 6e by OR gate 138 and passed

i'nput

frame per second rate of
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hhvéhg an ;n%‘;ﬁﬁ:d‘égfp %’uose descri bed

wave form to the vertical deﬂectmg c01ls of 5% 0 Figs.

5

thg Bying spot scanning device to defigétithe r espect to

scanning light beam in the ditection of film

t Such systems may be relatively
Yive)Shid Sn “many instances, are not
direcdy synchronized to the- actual rate of
movement of the film frames:

Accordmgly, it is an object of the present
inyention - to provxde an improved telecine
apparatus,”’

Accordmg to the present ‘invention, there
is ‘provided a telecine apparatus, for repeti-
tively scanning an. information bearing
medium haying a plurality of successive image
frames thercon, at a _scanning station, by
means of a raster comprising a plurality of
lmes, the ‘apparatus . comprising means for
moving ' the information - bearing medium
through the station at a ﬁxed film frame rate,
in ‘a diréction transverseé to the lines, means
for deriving from . the means for moving, a
signal indicative. of the scanning rate and
indicative of the rate of movement of the
medium the signal also being dependent on a
predeétermined rato of said rates, and means
for controlling the raster, as a function of the
signal “in ‘@’ direction transverse to the lines
and for spacing the lines so that, on opera-
tion of the moving means, the raster is initi-
ated at a transverse edge of an image frame
and the dimension of the raster in the direc-
tion transverse to the lines is made equal to
the effective dimension of an. 1mage frame in
the same direction. -

The mvennon will be descnbed futther, by
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is moving. at the frame rate tatl Iwﬂlcﬁ it was
rmpllyebes pfC
an integra
interlaced
pattern of line scans, it is necessary to syn-
chronize the vertical deflection of the scanning
beam of the flying spot scanning device with
the: film frame rate. Iri the embodiment shown
in Fig. 1, this synchronization is accomplished
with the timing disc and vertical deflection
circuit described hereafter.
The scanning system includes a cathode ray

- tube 10 having a cathode 12 that emits- an

electron beam 14, the strength of which is
controlled by an intensity control circuit 16.
A horizontal deflection yoke operates in the
well known manner under .the influence of a
horizontal deflection. circuit 18 to direct the
beam 14 horizontally across the screen of the
cathode ray tube .10 at a scanning frequency
of 15,750 Hz. A vertical .deflection yoke oper-
ates to deflect the electron beam 14 vertically
in response to a complex vertical deflection
wave form signal generated by. verucal deflec-
tion circuit 20.

The screen of the cathode ray tube 10 pre-
ferably comprises a wide band spectral emis-
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O\M g $fa gqpa inf g down-
ward dll'CCthIl sprocket wﬁeel 2 that is

mechamcally coupled in a manner well known
in the art as indicated by a dotted line in
Fig. 1, to an electric motor 34 and driven in
the clockw1se direction. Preferably the clec-
tric motor 34 is synchronized to the 60 Hz
alternating current source and rotates in the
clockwise direction at a constant rate. The
motien picture film 28 is also engaged by a
capstan 38 and a tensioning wheel 40 which
cooperate to keep the film taut between them-
selves and the ‘'sprocket wheel 32. The supply
reel 44 is braked. to maintain the film taut in
the scanning. station. The electric motor 34
is also coupled as indicated by dotted lines
10 rotate take-up reel 42 in the clockwise
direction to wind the film 28 from the supply
reel 44 onto the take-up reel 42,

The scanning light beam 22 passes through
the frame within the scanning station 30 in
the raster pattern described and is modulated
by the color image thereon. The modulated
light beam is focused by a lens 46 and is
intercepted by dichroic mirrors 48 and 50

which are cffective to separate and pass the
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of photosensor pairs 130, 132, and 134 connection to the antenna term nals
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1s properly registered with each movvmg film
frame. In neither approach, have the prior art
practioners provided a vertical deflection
apparatus wherein the television field rate and
the raster deflection rate. are detected from the
movement of the motion picture film and syn-
chronized thereby. In accordance with the pre-
sent invention, vertical deflection circuitry is
provided that combines detected pulse trains
representative of the television field rate and
the raster deflection rate to produce a ver-
tical deflection signal having a oomplex saw-
tooth wave form.

The detection apparatus of Fig. 1 com-
prises a disc 64 mounted to rotate with the
sprocket wheel 32 (shown displaced for con-
venience of illustration) and hayving thereon,
in two_ concentric tracks 66 and- 68,. indicia
spaced apart at an angular spacing relaned to
the frequency of the television.field rate and
the raster deflection rate, respectively, so that
a predetermined ratio exists between the num-
bers of indicia in the two tracks. Photorespon-
sive devices 70 and 72 are disposed to detect
and translate light transmitted from asuitable
light source and mask (not shown) through
transparent indicia or reflected by.- opaque
indicia, * into respective television field rate
frequency and raster deflection rate pulse
trains respectively. .

As stated herembefore, the televnsmn ﬁeld
rate- frequency is the rate at which the scan-

gorrectly scan

el SR

thif -times 'in 1/20 second for a total of

| @me field scans in two film frames. The

detected raster deflection rate pulses shown in

Fiig. 2c ‘are therefore spaced apart at alter-

nate 1/30 and 1/20 second periods and are
in phase with the field rate pulses.

" The vertical deflection circuitry 20 includes
two monostable multivibrators 76 and 78 to
which are applied, at their respective input
terminals, the detected field rate pulse train
of Fig. Za, as derived from the photorespon-
sive device 70 and the detected raster deflec-
tion rate pulse train of Fig. 2a, as derived
from the photoresponsive device 72. An
integrator circuit mcludmg operational ampli-
fier 80 and condenser 82 is connected at the
output terminals .of the monostable multi-
vibrator” circuits: and_is. eflective to produce a
vertical deflection -signal having' the complex
sawtooth wave form necessary to register the
scanning raster pattern upon the - movmg
rnotlon pxcture film frames,

The representanve block diagrams of the
multmbrator circuits 76. and 78 have tngger

T inputs and Y and Y outputs in accordance
with. symbology employed by Millman and
Taub in the textbook, Pulse, Digital and
Switching. Wave- Forms - published by
McGraw-Hill Book Co., and in which suit-
able practical circuits may be found to employ
in the pracnce of the present invention. The

symbols Yand Y snnply mean that an out-
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necessary to deflect vertically “the scanning
raster pattern of the flying spot:. scanning
device 10 upon a stationary film '
slope of the wave form of Fig. 2e.is govemed
by the relative values of resistors. R, and Ry
and capacitor 82. The time constant of resistor
R, and capacitor 82 is’ adjusted 10 be ‘equal
to the retrace time t;,. The occurrence of each
pulse of the wave form of: ‘Fig." 2b charges
the capacitor 82 to the -maxzimum amphtude
potential through diode 90" and resistor R,.
The positive potential at - the’ input tenmnal
100 is inverted by operational amplifier 80,
and the output signal at the output terminal
102 decreases during the interval of time 't
to a reference- potential depicted as 0 in Fig.
2e. Thereafter, in the interval t; the capaci-
tor 82 is dlscharged to the reference poten-
tial ¢ of Fig. 2b through resistor R, and

f £t Fi
o ;?Itl(]; Ican com:muous]?rigxg'egggﬁ{alT B hel

to compress the scanning raster pattern, ie.,
to reduce the spacing bétween adjacent lines
of each television field by an amount equal to
24/60°" of the vertical dimension of a film
frame, Du¢ to' its movement the film frame
has an effective dimension in the direction of
movenient of 36/60 of: the corresponding
actial dimension. The movement of the film
in the downward direction cooperates with the
compressed scanning raster pattern to ‘éxpand
the pattern to scan the entife image frame
durmg each television field,

“In the event that a stationary film frame is
selected for viewing by the operator, a single
frame. control ‘33, which may take the form
of ‘a mechanical clutch, is interposed between
the “motor 34, the: sprocket wheel 32, the
capstan 40, and the take-up reel 42, to ‘with-
dtaw the 'sp,rock'et wheel from engagement
with the film, whilst maintaining drive thereto
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et tee smce one film frame corre-
sponds to each sprocket hole in the film. The
spacing of the raster deflection indicia is
governed by the requirement that the scanning
raster of the flying spot scanning device 10
must be deflected in a repetitive pattern at
the field rate frequency to scan -each film
frame apn integral number of timies. There-
fore, the, raster deflection indicia are in phase
with the field rate indicia and' spaced apart
by integral multiples of the field rate indicia.
For all film frame rates between 20 and 30
frames per second, the raster deflection indicia

. are spaced apart by either two or three field

rate indicia. For all frame rates between 10
and 20 frames per second, the raster deflection
indicia are spaced apart by an appropriate
combination of three or four or five or six field
rate indicia. Thus for example at:.the 20
frames per second rate, the raster deflection
indicia are in phase with, and spaced apart
by, three field rate indicia.

Referring now to Fig. 3. there is"shown an:
alternative disc 104 suitable for use with both
24 frame per second motion picture film and
18 frame per second motion picture film. As
shown, the sprocket wheel 32 has six' sprocket
teeth 74 thereon. Therefore, the numbér of
field frequency indicia in track 106 and for
24 frames per second film speed is equal to: .

60x 6

24
The number of raster deflection mdma in row
110 at 24 frames per second ‘is equal to 6,

1s.
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The mask 117 of Fig. 4 is provided in
order to allow, inr accordance wnth' the rate of
filmr movemnient, the modulated light to strike
one photosensor of each' pair of photosensors

r

114, 116. Although not illustrated, the light

mask is intended to be. supported ‘between,
and in close proximity to, the _photosensor
pairs 114 and 116 and the disc 104: The mask
117 is intended to be miovable, in the direc-
tion of the arrows, to mask one or the other
photosensor of each pair in accordance with
the desired rate of movethent of the film.

.Obviously, any numiber of tracks of raster
deflection and: field rateé ‘indicia, with asseci-"

ated masks and phOtccells, could be provided
on such o disc.

‘In Figs. 5 and 6, there is'shown an alter-
native apparatus for generating the raster
deflection ‘television “field rate pulse signals
from thie movement of the sprocket holes of
the motion picture film. At 20 frames per
second, or any other raté of movement that
is an 1megral submultiple of the 60 per second
television field rate, a. plurality of photosensors
equal in number to thie aforementioned integer

are ‘arranged equally spaced apart in the dis-

tance between the leadmg edges of two

sprocket holes. As depicted in Fig. 5, at 20
frames per second, 'three photosensors 1184,

1185 and 118¢ are arranged on a suitable sub-
strate 120 equally spaced apart: in the distance
between two successive sprocket holes 122.

Light ‘source 124 -and miask 126 cooperate

with each’ sprocket hole 122 as it advances
in" the. direction of movement of the film,
indicated by the arrow, to direct light succes-
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vibrators 76’ and 78" having seét S and reset
R input terminals. The positive transitions of
a signal applied to either input terminal will
determine the bistable state -of the mulfi-
vibrators 76’ and 78’.. The use of bistable
multivibrators therefor necessitates the employ- .

. ment of a pair of photosensors in place of

each single photosensor of Figs. 1, 3 and 5..
The photosensors of a pair furthcmwre must -
be spaced apart by a distance, with respect.
to the frame rate of movement of the film,

. that will provide a -time period between the.
" respective pdir of impulses generated thereby.

equal to the vertical retrace. time t1 of the.
flying spot scanning .device. . :
Referring to ‘Fig. 8, there is shown an array

- of photosensor pairs 130, . 132, ‘and . 134
arranged on a substrate 120’ in the, manner-

described with reference to the embodlment_
ot Fig. 5. The photosensor, pair. 130, for.
example, replaces photosensor 1182 of Fig..5
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Also, it w111 be apparent that .the rate of
movement of the motion picture film or other
image bearing media may be detected from
indicia; ‘instead of the sprocket holes, recorded
on the media.

Furthermore, it will be apparent that the
indicja on the rofating disk may be _opaque or
transparent to llght and may ' consist of slits
in an’ opaque disk.

As | may be seen, a systcm has been dis-
closed for transfomung the images and sound
track -of an ordinary, inexpensive motion pic-
ture film into respective  video and audio
signals for television transmission or direct

connection to the antenna terminals of the
conventional television.receiver. The system is
compatible with professional and amateur
motion- picture films, both black and white
and color, and w1th and w1thout sound tracks.
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also being dependent on a predetermined ratio
of said rates, and means for controlling the
raster, as a function of the signal in a direc-

~ tion transverse to the lines and for spacing

the lines so that, on operation of the moving
means, the raster is initiated at a transverse
edge of an image frame and the dimension of
the raster in the direction transverse to the
lines is made equal to the effective dimension
of an image frame in the same direction.

2. An apparatus as claimed in Claim 1
wherein the controlling means is arranged to
deflect the raster such that predetermined
sequential image frames are each scanned an
integral number of times.

3. An apparatus as claimed in Claim 1 or
2 wherein the information bearing medium
comprises motion picture film.

4. An apparatus as claimed in Claim 3
wherein the motion picture film has a sprocket
hole associated with each image frame, there
being means for directing radiation in a path
intercepted by the sprocket holes, and photo-
responsive means positioned with respect to the
sprocket holes to detect the radiation modu-
lated by the sprocket holes, whereby a signal
indicative of the rate. of movement of the
medium is generated.

5. An apparatus as claimed in Claim 4
wherein the photoresponsive means comprises
a plurality of photosensors equally spaced
one from the other at a distance not greater
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of the dxsc, the indicia in the first track being
equally spaced apart and of a number N equal
to the produce of PXK/M, and the number
of indicia disposed in said second track being
equal to the number P, the indicia in the

bed
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100

second track being disposed ‘in phase with

selected indicia of the first track.

9. An apparatus as claimed in Claim 7 or
8 wherein the disc is opaque to the radiation
and the indicia comprise slits in the disc
through which the radiation is transmitted, the
photoresponsive means being disposed to inter-
cept the radiation transmiited through the
slits.

10. An apparatus as claimed in any preced-
ing Claim wherein the deriving means com-
prises an integrating circuit which has a
summing input terminal and an output ter-

minal, and a first and second pair of oppo-’

sitely-directed unidirectionally conducting ele-
ments each connected to the summing input
terminal, the pairs of elements receiving
respectively signals indicative of the scanning
and image frame rates.

11. An apparatus as claimed in any preced—
ing Claim wherein the means for moving the
information bearing medium is operative in 2
first mode at the image frame rate and is
operative in a second mode for locating a
single image frame in stationary relationship
with respect to the scanning station.

12. A telecine apparatus substantially as
hereinbefore described with reference to and as
illustrated in Figs. 1 and 2, or Figs. 1 and 2
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In summary it will be readily apparent that
by virtue of the novel arrangements disclosed
whereby the vertical deflection circuit is

directly controlled by the detected film frame
rate and raster deflection rate, the deflection.

of the scanning béam is readily effected in
exact synchronism with the film movement.
The vertical deflection disclosed is adaptable
to 2 wide range of film frame rates and com-
pensates for minor fluctuations in the spacing
between film frames or the frame rate itself
since the television field rate is detected from
the actual rate of movement of the film.

The invention has been described in detail
with particular reference to preferred embodi-
ments thereof, but it will be understood that
variations and modifications can be effected
within the scope of the inveation as defined
in the appended claims.

WHAT WE CLAIM 1S:—

1. A telecine apparatus, for repetitively
scanning an information bearing medium hav-
ing a plurality of successive image frames
thereon, at a scanning station, by means of a
raster comprising a plurality of lines, the
apparatus comprising means for moving the
information bearing medium through the sta-
tion at a fixed film frame rate, in a direction
transverse to the lines, means for deriving
from the means for moving, a signal indica-
tive of the scanning rate and indicative of the
rate of movement of the medium the signal
also being dependent on a predetermined ratio
of said rates, and means for controlling the
raster, as a function of the signal in a direc-
tion transverse to the lines and for spacing
the lines so that, on operation of the moving
means, the raster is initiated at a transverse
edge of an image frame and the dimension of
the raster in the direction transverse to the
lines is made equal to the effective dimension
of an image frame in the same direction.

2. An apparatus as claimed in Claim 1
wherein the controlling means is arranged to
deflect the raster such that predetermined
sequential image frames are each scanned an
integral number of times.

3. An apparatus as claimed in Claim 1 or
2 wherein the information bearing medium
comprises motion picture film,

4. An apparatus as claimed in Claim 3
wherein the motion picture film has a sprocket
hole associated with each image frame, there
being means for directing radiation in a path
intercepted by the sprocket holes, and photo-
responsive means positioned with respect to the
sprocket holes to detect the radiation modu-
lated by the sprocket holes, whereby a signal
indicative of the rate of movement of the
medium is generated.

5. An apparatus as claimed in Claim 4
wherein the photoresponsive means comprises
a plurality of photosensors equally spaced
one from the other at a distance not greater

than th.e;,distance between adjacent sprocket

holes of the motion picture film.

"6. An apparatus as claimed in Claim 5

wherein the scanning rate is an integral mul-
‘tiple of the motion picture film frame rate
;and wherein the number of photosensors is
equal to the quotient of the scanning rate and
the motion picture film frame rate.

7. An apparatus as claimed in Claim 3
wherein the motion: picture film has spracket
holes, and the moving means comprises a
rotating sprocket wheel arranged to engage
the sprocket holes of the motion picture film,
first and second detecting means comprising a
disc arranged to rotate with the sprocket wheel
and having repetitive indicia disposed in con-
centric tracks on the disc, the predetermined
ratio being the ratio of the indicia in the
respective tracks, means for directing radiation
in a path intercepted by the indicia on the
disc, and photoresponsive means positioned
with respect to the concentric tracks of the
indicia to detect the radiation modulated by
the indicia.

8. An apparatus as claimed in Claim 7
wherein there are P projections on the sprocket
wheel arranged to engage the sprocket holes
of the motion picture film, the motion picture
film frame rate is M, and the scanning rate is
K, and wherein the indicia are disposed in first
and second concentric tracks on the surface
of the disc, the indicia in the first track being
equally spaced apart and of a number N equal
to the produce of PXK/M, and the number
of indicia disposed in said second track being
equal to the number P, the indicia in the
second track being disposed in phase with
selected indicia of the first track.

9. An apparatus as claimed in Claim 7 or
8 wherein the disc is opaque to the radiation
and the indicia comprise slits in the disc
through which the radiation is transmitted, the
photoresponsive means being disposed to inter-

65

70

7

80

85

90

95

100

105

cept the radiation transmitted through the

slits.

10. An apparatus as claimed in any preced-
ing Claim wherein the deriving means com-
prises an integrating circuit which has a
summing input terminal and an output ter-
minal, and a first and second pair of oppo-
sitely-directed unidirectionally conducting ele~
ments each connected to the summing input
terminal, the pairs of elements receiving
respectively signals indicative of the scanning
and image frame rates.

11. An apparatus as claimed in any preced-
ing Claim wherein the means for moving the
information bearing medium is operative in a
first mode at the image frame rate and is
operative in a second mode for locating a
single image frame in stationary relationship
with respect to the scanning station,

12. A telecine apparatus substantially as
hereinbefore described with reference to and as
illustrated in Figs. 1 and 2, or Figs. 1 and 2
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