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SCAN CONVERTING VIDEO TAPIE RECORDER ]

...+ n - A video tape recorder is discloscd of sufficient bandwidth to record
7. monochrome television signals or standard NTSC ficld sequential color
.- at current Furopcan and American standards. The system includes
SEERY scan conversion imecans for instantancous playback at scanning standards R
(v, different from those at which the recording is being madc. ‘ RSN

o In l“lg,ures 2,3, and 4 of the disclosure the means and method of the new
~4% .. invention are disclosed. ‘The tape transport is shown in Figure 2,
... the scan pattern in Figure 4 and a cross section 4-4 through the flying o
: "' hecad scanning mechanism is shown in Figure 3. The rotation of thc ' e
... " scanning head 118 produce a diagonal rccording across the tape as shown ' '
P at 201, 200 in Figure 4. The recording is produced by the rotation of one
o rotating hecad 24 and playback obtained from the other rotating head 42. The .
;%7 . sccond head 24 and playback hcad 42 each rotates independently on coaxial %
.+ e . shafts 208 and 216 driven by respective independent drive means 254 and 256,
v The tape 40 is wrapped about drum 118 in a helical path over aperture 250
~ to contact heads 24 and 42. Rccording is achieved at one scan rate and
“wal 7 playback at another by the different rotation speeds of the heads. The play- -
R back head is positioned to scan the recorded material immediately followmg oy
roo ] the record head along Lhe dlagonal recording path. R

el

The invention was dcv:sed to prov1de scan conversion capability for . >
television images received from space probes and planctary or lunar BT
. landed vehicles.so that the images may be retransmitted over commercial’
.0 facilities having different scan rates than those at which the images were

" . yeceived. The invention can also be used for rebroadcast at U, S. Standards '
television transmissions {rom other countries with different standards
P - . rocoived via Satollite or olhor transmiaaion patlw. T
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SPECIFIC A TION

T0 ALL WHOM IT MAY CONCERN:

BE IT KNOWWN THAT I NORMAN I. HOLT, a citizen
of the United States of America, residing at East
3 - Pasadena, in the County of Los Angeles,.State of
California, havefinvented_a~newvand useful

~

SCAN CONVERTING VIDEO -TAPE RBCORDﬁk

of which the following is a specification:

ABSTRACT OF THE DISCLOSURE
10 . A video tepe recorder having sufficiently
| broad bandwidth capabilities for recording color
television signals, and which has the capability of
. playing back the recorded television signels at a scan

rate different frbm.that‘at‘which the signals were . /

15 _ . recorded, so that television signals of one scanning
standard may be converted to television signals of a

second scanning standard.

. This aopllcaulon is a Conelnuatlon of Appli-

" cation 668,116 filed September 15 1967.
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'ORIGIN OF INVENTION

The invention described herein was made
in the performance of work under a NASA contract

and is subject to the prdvisions of Section 305 of

. the National Aeronautics and Space Act of 1958, Public
- Law 85-568 (72 Stat. 435; 42 USC 2i57).

BACKGROUND OF THE INVENTION

It has been the pfactice.in the reception of

television signals produced at a low scanning rate, by
" a space probe, for example, to store the received signals
" on a cathode ray storage,tubé‘and subsequently to read

. the signals from the storage.tube.at.a higher scanning

rate. However, the use of such a storage tube introduced

aberrations into the recgivéd television signal due to

' " halation effects. in the screen of the storage tube. An

important feature of the present invention is the

elimination of the storage tube and the provision of a

- system in which the television signals may be converted

from one scanning standard to another, quickly and

without the introduction of any aberrations or other

‘distortions into the signals.

The video tape recorder of the present invention
was -constructed originally for recording television
signals produced, for example, by a space probe at a

relatively low scanning rate, 'and for subéequently
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reproducing the recorded television signals at a
relatively high scanning rate so that the signals

could be reproduced by eonventional'monitors, and

in order that the signals could be readdirectly into

a usual present day electronic digital computor.
The computer was usea to process the received television
signals so as to enhance their contrast and to remove
distorting interfereﬁce therefrom.
'
'Howevér, the video tape recorder of the present
invention has general utility wherever it is desired,

for example, to convert television signals from one

. seanning standard to another. Such’a conversion would
-fpermit, for éxample, television signals produced at
f;.European standard scahning‘rates'to be received in the.
._Uhited States and rebroadcast at the United States

standard scanning rate. -

The video tape recorder to be described is

~capable of converting television signals of one frame

or field rate into television signals of agéécond

£

frame rate. The recorder could be construhted to
convert television signals of a first line:séanning

rate into television signals of a second line scanning

rate. However, this would normally require excessively

high speed operation, construction to excessively close
. B

- tolerances, and discs of extremely small diameter.
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A more convenient line scan conversion may

be achieved by using the recorder of the invention

‘to convert the frame rate to a desired relatively

high value and to reproduce the picture on a high

‘resolution cathode ray tube. The reproduced picture

may then be scanned by a usual television transmitting

tube and re-broadcast. There is no material "storage"

of.the television signals in the cathode ray tube, since
the pictures reproduced thereby are immediately sensed
by the transmitting tube. Therefore, there is no

aberration problem as in the prior art storage tube.

Thus, the apparatus of the invention may be

‘used to perform the functions of the prior art storage
. tube'system without the.aberration effects due to
~ halation or "blooming" of the storage tube écreen;

5-.wifh highér intensity and with a longer grey scale.

In addition, the video tape recorder of the
present invention may be used for,record'stobage

purposes. For example, a large number of printed or

-pictdrial’documents may be stored in a record storage

system which includes the tape recorder of the invention;

and any one'of these records may be selected at a

~relatively rapid :etrieval-fate»

Therefore, the scanning converter video recorder
of the-present'invgntion may be advantageously used in
the recording of slow-scan television signals, and in

converting the slow-scan television signal into a relatively

e
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high scan type which may be readily processed by
conventional present‘day digital computers and which
can be readily displayed by présent'day conventional
television monitors. Furthermére, the recorder of
<}he invention can be used advantageously in a document
storage and retrieval system because of its high
storage capabilities and high refrieval speed. In
this latter aspect, and as will be described herein,
.apprqprigte indexing indicia may be recorded along

the tape to assist in the data retrieval.

The output of the video recorder of the

invention may be fed directly to a standard television

‘monitor, or re—recdrded, or routed through an electro-

optic interface as mentioned above to a television,k
transmitter for re-broadcast. The electro-optig inter-
face allows all world standafds, monochrome or color,
to be translated from any one standard to another.

"~ A constructed embodiﬁent of the invention,
for example, exhibits the capability of recording a
frequency modulated television signal of a mean carrier
frequency of 8 Mz, and with a frequency vagiétion of 0.1

MHz to 10 MHz. In addition, the constructed embodiment

‘ exhibits the capability of recording and playing back

' documents in color; of recording binary bits at rates

up to five million bits per second; and of providing

.storage up to 360,000 frames on a 10,000 foot roll of

one inch magnetic tape. The constructed embodiment

e
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also has the capability of erasing and reinserting

new data at any bit or word position.

SUMMARY OF THE INVENTION

The scanning converter video recorder of
the invention includes a fixed drum and magnetic tape

wound helically around the drum. A pair of electro-

‘magnetic transducer heads is mounted within the drum

* for rotation about the longitudinal axis of the drum.

The two transducer heads are positioned adjacent one

another, and they extend through a peripheral opening

in the drum so as to sweep diagonally across the

.magnetic tape while it is momentarily held stationary

during its helical traverse of the drum. By such an -
assembly, the two heads are swept in a series of

diagonal paths across the drum. .

One of-the two transducer heads is a record
head, and it is rotated withiﬁ the fixed drum at a
first rotational speed,"so that signals introduced
to that head may be recorded in the diagonal tracks on
the tape at a first predetermined scanning rate. The.
second transducer head is a playback head, and it .is
rotétgd within the drum at a rotationql speed different |
from tﬁe speed of rotafion of the recording head. .
This enables the signals recorded in the diagonai tféck
by the recording head to be instantly réppoduced'by éhe
playback head, but at a different predetermined scannfhg

rate.
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'Normal operation of the assembly will record
one frame or field of a received television signal per
revolution of the record head. As mentioned above,
however, under high speed shaft conditions requiring
discs and bearings of extremely precise construction,
a single line of the received television signal could
be recorded for each revolution of the record head.
However, this Qduld ﬁequirg discs of the ordér of 0.5
" inches diameter and a correspondingly dimensioned tape

_ carrying drum. As noted above, the construction for line
~conversion of tﬁe signal, rather than frame conversion
"does not appear to be too fgasible from a mechanical

construction'standpoint.A

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a t&pical system
suitable for processing the video signals for recording
on the tape, for controlling tﬁe tape, and for sub-

* . sequently proceésing the video signals réprdduced from

the tape; o L

Figuré‘2 is a schemafic representation of the
tape transport showing the maﬁher in which the tape is
drawn around a fixed drum, in the practice of thé invention;

Figuée 3 is a cross sectional ivew of the
afoiesaid fixed drum assenbly, showing the manner in
which the transducer heads are rotataﬁly mounted within

" the drum; and
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Figure 4 is a schematic representation
of the tape, showing the manner in which the videc
signals are recorded in diagonal paths extending

across the tape.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The system shown in Figure 1 includes a
video amplifier 10 which responds to the incoming video
input and amplifies it. The output from the vicdeo
amplifier 10 is introduced to a reactance tube modulator

12 which, in turn, is coupled to a modulated oscillatop

14,

' The output'from the modulated oscillator 14
is heterodyned to a predetermined intermediate frequency
by a heterodyne mixer 16. A fixed frequency oscillator

18 is also coupled. to the' heterodyne mixer 16. The

output from the heterodyne mixer 16 is amplified in a

video frequency amplifier 20 whose output, in turn, is
amplified in a power amplifier 22 and applied to a

record head 24.

The video input is also introduced to a white
level pulse amplifier 26, the output of which is passed

to a metering circuit 28. The reactance tube modulator

~ 12 is also coupled to a "tip of sync" amplifier 38 which,

in turn, is coupled back to the metering circuit 28.

The'dutput from the metering'circuit is applied to the
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reactance tube modulator 12.

The record head 2% is magnetically coupled to
a tape 40, as is a playback'head 42, as will be described
in more detail subsequently. The output from the play-

back head is amplified in a preamplifier u44, and the

.output‘of the preamplifier is'passed through a pre-

emphasis filter 46 to a frequency discriminator detector

48. The resulting video.ou;put from the detector 48

is amplified in a video amplifier 50 and passed to the

output terminal 52 of the system.

It will be appreciated that a frequency modulated

"video signal is applied to the record head 24. The in-

coming video information is amplified in the video

amplifier 10, and is applied to the reactance tube
modulator 12. The reactance tube médulator, in
accordance with usual practicé, is voltage regulated

so as to be frequency stable. Therefore, any variations

" in the output of the reactance <tube medulator are cue

solely to the amplified video signal derived from the

video amplifier 10. The reactance tube modulator produces

an analog output voltage which varies in amplitude in

. accordance with variations in the incoming video signal.

This voltage is used to modulate the modulated oscillator
14. The resulting modulated carrier signal from the

modulated oscillator 14 is heterodyned to the selected video

- frequency by the heterodyned mixer 16. . This is achieved

by heterodyning the output from the modulated oscillator

14 with the fixed frequency oufput from the osecillator

.
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14 with the fixed frequency output from the

oscillator 18, .

The aforesaid heterodyne action is such,

for exampie, that the cénter frequency of the signal

- applied to the video frequency amplifier 20 is of the

order of 8 MHz. The output of the video amplifier is

subsequently ahplifiéd by the power amplifier 22,

'which is impedance matched with the recording head 24,

and which is capable of driving the recording head with

- optimum efficiency.

The white level pulse amplifier 26 is also

- driven by the video amplifier, and the white level

amplifier drives the metéring.circuit 28. The metering
«circuit 28 is of aﬂy known type, and‘it operates to set
the level of the white peaks of the incoming video signai
and the fips of the synchronizing components of that

signal.f The amplifier 38 responds to the peak output

' of the reactance tube modulator 12, and applies it,

after amplification, to the metering circuit 28. The
reactance tube output is also clamped to return the

signal to the reference black level so as to prevent

" drift over the Gray scale. This action clamps the

~modulated oscillator at a fixed frequeney at the

beginning of each horizontal synchronizing componeit
so that each line of the successive frames commences
at the same basic frequenCy-representing,'for exanple,

the black level of the incoming signals.

.10
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The playback circuit made up of the _
components M4, 46, 48 and 50 is also a conventional
fraequency modulation deteeting system. This latter
system accepts the signal from the playback head and
amplifies it in the pre-amplifier 44 which is impedance
matched with the playback head 42. The output of the

pre-amplifier 44 is passed through the pre-emphasis

filter 46 to equalize the frequency response. The sig-

nal is then applied to the frequency discriminator
detector 48 which detects the video signal and the re-
sulting video signal is amplified in the video amplifier

50 and applied to the output terminal 52.

.The tape transport system shown in Figure 2

includes a take-up reel 100, and a supply reel 102.

The tape 40 is drawn from the supply reel 102 to the
take-up reel 100 around rotatable tape guides 104, 106,

108 and 110. The guides 106 and 108 are movable in

'slots 112.and ll4%, so as to maintain the tape in a taut

" condition, as it is drawn from the supply reel to the

take-up reel. This is achieved. by providing a torque
servo in conjunction with the drive motors for the reels,
; .

these servos being coupled to the respective movable

guides 106 and 108, to move them along theﬁr respecfiQé

'grooves 112 and 114 so as to maintain constant tension

on the tape.

The tape moves from the supply reel 102 and |
threads through the rotatable guide 104 and 106 past an.

w]lle ~' R
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erase head 116, and then extends helically through,

- for ekample,'370° around a fixed drum 118. The erase

head 116 is constructed to extend across the entire
tape width, so as to erase éll the information previously
stored on the tape prior to its being drawn around the

drum 118, For example, a one-inch width tape may be

used, as was the case in -the constructed embodiment.

The peripheral surface of the drum 118 may be coated
with a sultable lubricating plastiec, such as a Teflon,

for example,, in order to reduce thz fricticnal force.

This permits the tapc tc be wound *Hrouvrnut the 270°

‘without producing excessive. tape drag.

-

As will be described, the record head 24 and
playback head 42 of Figure 1 are mounted on rotating

dises within the drum 118, and these discs extend

" through a circumferential opening in the drum. This

permits the head 24 to record the successive lines of

. the video signal in successive diagonal tracks extending

. across the tape 40, and it permits the playback head 42

to reproduce the information on the successive diagonal

tracks at a different scanning rate. Reproduction of

the recorded track at a different scanning rate can only
be:carried out while the tape is stationary, otherwise,
if, the tape is moving and the fgproduce head rotatés
at' a higher réte than the record head the record head
will pick up only part of a recorded track. - If the
record head rotates slower thén the read head it will

pick up parts of successive recorded tracks.

'fl2-
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After the tapé has passed around the drum
118, it is moved across a further recording electro-~
magnetic transducer head stack 120. This further

head stack may de utilized to encods further infcrmation

on the tape along additional tracks which extend

longitudinally of the tépe. For example, the head

stack 120 may be utiii;ed to encode binary, audio

~ and gray scale‘information on the track, and may be

used for automatic retrieval of information from the

‘diagonal tracks by‘providing address information thereon.

4

The head stack 120, for example, may be a

3-track head so that two audio tracks and one control
_track may be recorded longitudinally along the edge

- _of the tape 40. Then, one of the audio tracks may be

used as a binary code track for the retrieval of

" information from the successive diagonal tracks, when

- the tape is used for the storage of documents. This

is-gchieved, for examplé, in a well known manner, by
récshding successive address information relating to
theévarious.diagonal tracks, and-then'by comparing the
address information Qith‘desired'addfess information in

comparator circuits. j
[ _ ;

| . - |
) %

Such comparator circuits, as well%as the

detailed circuitry of the blocks of Figure i, are well

_known to the art, and for that reason need not be

described in detail in the present specification.

A
(3

o =13-
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The control track may be used to re@ord a
suitable synchronizing signal, in order that the
recorded data may be maintained‘in alignment with
the usual c¢loeck pulses, thereby enabling known and

appropriate speed controls for the tape to be in-

. corporated into the system.

The system shown in Figure 2 is driven by

capstans 124 and 126. When the system is first energized

‘the rollers 128 and 130 press the tape against the

capstans. The capstans are driven by ‘a stepping motor,
synchronized with the frame synchronizing pulses of

the received television signal, to move the tape 40

incrementally from one diagonal track to the next. This

movement, for examﬁle, may.be of the order of .005 inches
from the previously recorded tradk;-'The operation of

the system is'sucﬁ that one fpamé of the received tele-
vision signal is recorded“iﬁ a diagonal track by the rota-

tion of the record head 24 while the tape is at rest, and

. then the tape is,stepped to the next diagonal track, and

the operation is repeated for the next frame. While the

tape is stopped for a record operatibn a read oper#tion
of the previously recorded track at a different rate. than
the recording operation'rate fakes.ﬁlace to causé scan
conversion. The frame syncﬁronizing pulses from the

received television siganl are used to actuate the cap-

~stans 126 and 128 to move the‘tape 40 to a new position,

0.15 inches further along the tape, to reco?d'the'next'

frame of video information by the record head 24. These

-lf-
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specific figures correspond, 'for example, to a track
width of 0.010 inches, and a track gpacing of 0.005

inches.

The control mentioned in the preceding

paragraph may be carried out by the system represented

- by the blocks 54, 56 and 58 in Figure 1.- During the

record mode, for example, a frame synchronizing pulse

separator 54 separates the frame synchronizing pulses

- from the incoming television signal. These pulses are

used to trigger a multivibrator 56 which, in turn,

energizés a capstan drive stepping motor 58 from one

‘step to another. The motor 58, therefore, imparts the

de#ired motion to thé capstans 124 and 126 at the end
of each frame of the received television signal to step

the'fape 40 from one diagonal.track to the next, as

shown in Figudre 4.

By imparting a stepping motion to the tape,

not only is scan conversion made possible by using a

- concentrically rotating record and read head but there

are other benefits. When the tapg"is stopped it is
not under any pulling or moving tension and thus
problems created by tape skew or tape deformation are

avoided.. This is important since skew or deformation

. can cause the distortion or loss of recorded data.

i
&

The output of the video amplifiér 50 may be
applied to a high resolution cathode ray tube 60. This

tube is synchronized with the incoming television signal

-15= . ..
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to be driven at the same line scan rate, and it is
synchronized with the recorder to be driven at the

reproduce head frame rate.

The.céthode ray tube 60 forms an electro-
optic. interface ana, as explained above, it permits
all world television standards, monochrome or bolychrome,
to be translated from aﬁy.one standard to another. |
. The drum 118'may have the form shown in the
sectional view of Figure 3, and it may be mounted on a
ba§e 200 and.supported thereon by'appropriafe<brackets

202 and 204. The record head 24, for example, may be

_mounted on a first'disc_zos which is rotatably mounted

in the drum by means, for example, of a shaft 208

. mounted on appropriate bearings 210 and 212. The play-

‘back head 42 on the other hand, may be mounted on a

disc 214 which is positioned adjacent the disc 206, and
which is mounted for rotation on a tubular shaft 216

which, in turn, is supported in a fixed hub 220 by

."bearings 222 and 224, The disecs 206 and 214 are mounted

for rotation about the longitudinal"axis'of the drum 118.

The drum has a circumferential opening 250 therein through

which the heads 24 and 42 extend.

'The'tape 40 is helically drawn across the opening.
When the tape stops the head 24 which is épinning within
the drum,records:. signals.in a diagonal traék, such as

shown in Figure 4. “The tape is then stepped an incre-

- ment of motion to place the track,‘which'has just

been recordgd ﬁndgr the playback head. The playback
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head 42 follows in the diagonal track of the previously
recorded line of information: At this time the record
head is also driven to record the next frame of
information. Thus, the tape is stepped along and

each time it stops both a record and a read operation
occuré. Tﬁe disc 206, and the reéord head 24 are
rotatably driven by a first drive means 254, which is
coupled to the shaft 208. The disc 214 and the play-
back head uz; on the other hand, are driven by a second

drive means 256 which is coupled through appropriate

"gears 258 and 260 to the tubular shaft 216:_A Thé drive

'means 254 and 256 may be appropriate electric motors,

-and these are controlled to drive the record head 24
and playback head 42 at predetermined different rotational
speeds to produce any desired scan conversion, either

step up or ssgp down.

The length.of the tape 40 wrappéd around the
drum 18 in a helical ﬁath may be on the order c¢f 377°
which, in the constructed embodiment, corresponds to
about 56 inches. The track width 290 in the construcfed.
embodiment, is of the order of 0.010 inches, and the

track spacing 201 is of the order of ;OQS inches. The

.additional control and audio tracks which are recorded

‘lengthwise along the edge of the tape are not shown.

The invention provides, thereforeé an improved
’ . . 1
§7

system and apparatus which in one of its asﬁécts permits

slow scan television signals to bé converted to high
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scan without the need for a ﬁathode ray storage tube
and its attendant limitations. In another of its
aspects, the improved apparatus and system of the
invention permits television signals of any standard

to be converted to another, again without the need for
a storage tube. Also, £he scan conversion is achieved
withoﬁt any of‘the probléms which can be caused by tape
skew or moving tension.

N



