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areas 5  New  York, 10020, United States of America, with the frequency of
alternation varying do hereby declare the invention, for which  with the
amplitude  of  video signals subject  55 we pray that a patent may be
granted to us, to recording. The form of the recorded signal and the method
by which it is to be per-  is thus a carrier frequency modulated in formed,
to be particularly described in and  accordance with video signals, In a
preferred 10  by the following statement:-               technique for
recording the information on This invention relates generally to color  a
video disc master, an electron beam subject 60 information translating
systems, and parti-  to intensity modulation in accordance with cularly to
encoding, transcoding and decoding  FM. carrier signals, impinges upon
light systems for use in conjunction with the con-  senitive material in
the master disc groove 15  veying or storing and recovery of color  bottom,
so  that subsequent development image information.
leaves the desired relief pattern in the groove  65 a variety of systems
concerned with the  bottom. use of image information, it is often desired
Where it is desired to provide capability that information concerning the
coloring (i.e., for color image reproduction from  the in- 20 hue and
saturation) of the respective image  formation recorded on the video disc,
one elements be conveyed and/or preserved in  straightforward approach  is
to  frequency  70 addition to basic information concerning the  modulate
the picture carrier with a composite brightness of the respective image
elements. color television of the familiar NTSC format Provision of such
supplemental coloring in-  (employed for color television broadxasting 25
formation is a major concern of the present in such countries as the United
States and invention, which will be described in the  Japan). In the NTSC
format, coloring in- 75 particular context of one type of image in-
formation  is  added  to . a  brightness- formation system; viz, a video
disc system. representative video signal through the use It is recognized,
however, that the principles  of a color subcarrier (at a frequency of 30
of the present invention are applicable to use  3.579545    MHz.,
hereinafter referred to as in other types of image information systems:
3.58 MHz. for the sake of simplicity) which  80 e.g., video tape recorders,
CATV  systems, is effectively phase modulated in accordance picturephone
systems, etc.                 with hue and amplitude modulated in relation
In our Patent Specification No. 1,392,202, to saturation. The color
subcarrier signal re- 35  video disc recording and playback systems
presents the sum  of 3.58 MHz. subcarrier of a variable capacitance form
are disclosed. wave of a first phase amplitude modulated  85 In an
arrangement therein disclosed, an in-  in accordance with a first
color-difference formation track incorporates geometric varia-  signal and
a 3.58 MHz. subcarrier wave of a tions in the bottom of a spiral groove in
a      second phase, in quadrature with   the first 40  disc, the surface
of which comprises conduc-  phase, amplitude modulated in accordance tive
material covered with a thin coating of  with a second color-difference
signal.  90 dielectric material. Variations in the capacit-    When the
unmodified NTSC  format is ance presented between a conductive electrode
employed for the signals used to frequency a tracking stylus and the
conductive  modulate the carrier in the above-described 45  material of the
disc occur as the disc is rotated  video disc system, several diffiulties
are by a supporting turntable; the capacitance  encountered. Certain
practical limitations in  95 variations are sensed to recover the recorded
the recording  process as to  the highest information.
instantaneous frequency readily  recordable In one particularly successful
format em-  lead to limitations on the frequency deviation    2
1,431,378                                           2 range to be
associated with modulation of the  means for subjecting said luminance
repre- picture carrier. The relatively high frequency  sentative signals to
signal component removal location of the color subcarrier and its side-  at
a first plurality of regularly spaced spectral 



bands in the NTSC format thus results in  locations throughout said  given
frequency 5    a relatively high  modulation frequency to  band, each of
said first plurality of spectral  70 frequency deviation  ratio which
tends to  locations substantially corresponding  to. a lower  the
signal-to-noise ratio attainable for  different non-integral multiple of
said line the  color signals. An  additional serious   scanning frequency;
means including comb problem  is  the development of undesired  filter
means for developing signals representa- beats when using the unmodified
NTSC   tive of the chrominance of said color image  75 format with its high
frequency location. for and occupying only said given frequency color
information.                           band;  said  comb  filter  means
effecting To appreciate the nature of the aforesaid  chrominance
representative signal component beat problem, one must recognize that a
removal at a second plurality of regularly 15  difficulty  encountered
with  the  described  spaced spectral locations, each of said second  80
recording of an FM  carrier signal in the disc  plurality ofspectral
locations substantially groove bottom  is the tendency for a base-
corresponding to a different integral multiple band signal to accompany the
recorded FM   of said line scanning frequency, and means carrier sign.
Illustrative of a cause for      combining the outlets of said luminance 20
accompaniment is a tendency for the average  signal subjecting means, and
said chrominance  85 depth of a slot to vary slighty. in proportion  signal
developing means to form a composite to  the closeness of spacing of slots,
i.e, in  signal in  which  luminance  representative proportion  to the
instantaneous frequency  signal components and chrominance repre- recorded,
whereby there is a component of  sentative signal compoents share said
given 25  capacitance variation sensed during playback  frequency  band in
substantially  non-over-  90 that varies in accordance with the baseband
lapping, interleaved relationship. video signal employed to frequency
modulate    According to a second aspect of the present the picture
carrier.                         invention there is provided, a color image
With baseband signal frequencies thus liable  translating  system
comprising:  an . input 30  to appear in signals recovered from the disc
terminal for a source of a composite signal  95 during playback, beats can
occur between  including  a  signal representative - of, the the baseband
signals and the FM  signals. luminance of said color image and including
With an unmodified NTSC format  placing  a first portion representative of
coarse picture the color subcairrier and its sidebands at the  details
occupying a first frequency band, a      - 35  high end of the baseband,
color signal pre-  second portion representative of intermediate  100 sence
can result in production of  annoying  picture details occupying a second
higher beats of frequencies falling within the pass-  frequency band, and a
thid portion repre- band  of the player's FM  demodulator out-  sentative
of fine picture details occupying a put, unless the range of instantaneous
fre-  third frequency band higher than said second 40   quencies occupied
by theFMsignal is pushed  band, said second luminance signal portion  105
considerably above the high end of the base-  including intermediate
picture detail repre band. In view of the previously noted practical
sentative signal components  subject  to limitations on highest
instantaneous frequency  occupancy of only a first plurality of regularly
conveniently  recordable, location  of  the  spaced spectral locations
extending over  said 45  picture carrier deviation range appreciably
second frequency band and lacking in inter- 110 higher than the band of
frequenpies occupied mediate picture detail representative signal by the
baseband  signal in an unmodified  components falling at a second plurality
of NTSC format is not readily available as a  regularly spaced spectral
locations interleaved solution to the noted beat problems.    with said
first plurality; said composite signal 50 . A satisfactory and readily
realizable solution  also including a signal which is representative  115
to  the noted beat problems (as well as the  of the chrominance of said
color image and noted signal-to-noise ratio problem) is pro-  which shares
said second frequency band with vided, however, hrough application of the
said second luminance signal portion, said principles of the present
invention to the  chrominance  signal including, within  said 55  color,
signal recording and recovery systems. shared second band, chrominance
representa- 120 According to a first aspect of the present  tive signal
components subject to occupancy invention there is provided, a color image
of  only said  second plurality  of spectral signal translating  system,
for use with  a  locations  and  lacking  in  chrominance source of signals
representative of the lumin-  representative . signal components falling,
at 60   ance of  said color image when  analysed by  said  first plurality
of spectral locations; 125 a line  scanning process of a given line  means,
including  first comb  filter means    3
1,431,378                                           3 a chrominance signal
output free of crosstalk  composite signal is comb filtered over a given
from  intermediate picture detail representa-  band of frequencies occupied
by the lumin-  55 tive signal components of said second lumin-  ance signal
which is to be shared with the ance signal portion; and means, including
subcarrier and its sidebarids; i.e., effectively 



5  second  comb filter means coupled to said  a series of troughs are
developed in the fre- input terminal and responsive to such a  quency
spectrum of the luminance signal in composite signal and exhibiting a
multiplicity  which the subcarrier components may be  60 of nulls
correlated to said second plurality  "buried". Additionally, it is
desirable that of spectral locations, for developing a lumin-  the
modulated   color  subcarrier  signal 10  ance signal output inclusive of
said first,  ("chrominance signal") is also comb filtered second and third
portions in said first, second  (in a complementary manner to that employed
and third frequency bands, with said second  for the luminance signal) to
effectively con-  65 portion free of crosstalk from said chromin-  fine the
chrominance signal to components ance signal components.
that will fall in the troughs of the frequency 15    Embodying these
principles, a modulated  spectrum  of the comb filtered luminance color
subcarrier (which may, for example, be  signal With the illustrative choice
of half line of the general form employed in the NTSC  frequency offset,
the appropriate comb filter  70 system) is not placed at the high end of
the  characteristic to be employed in preparing luminance signal video band
as in the NTSC  troughs in the luminance signal spectrum is 20  system, but
rather is "buried" within the  one with recurring peaks at multiples of
line video band, i.e., with the color subcarrier  frequency and recurring
nulls at odd multiples frequency chosen to be significantly lower  of half
the line frequency; the appropriate  75 than the NTSC subcarrier frequency
value  comb filter characteristic for the chrominance of 3.58 MHz., an
illustrative choice being in  signal is the complement (with recurring 25
the vicinity of 1.53 MHz., with the color  peaks at odd multiples of half
the line fre- subcarrier sidebands extending  500 KHz   quency and
recurring nulls at multiples of thereabout and with the luminance signal
line frequency).                               80 band extending well above
the highest color    By the illustrative location of the sub- subcarrier
sideband frequency (to 3 MHz.,  carrier at approximately  1.53 MHz., one 30
for example).                                may provide a reasonable
bandwidth for the The precise frequency of the subcarrier is  color
sidebands (e.g.,  500 KHz. about the chosen to be offset from  a multiple
of the  subcarrier frequency, [err]) and yet retain a  85 line frequency
[err] associated with the video  moderately wide band (eg., 0-1 MHz.) at
signals by a fraction of the line frequency  the low end of the signal
spectrum  which 35  (preferably by                              will be
occupied solely by luminance signal components. Over the latter band of
fre- [err]                       quencies, the luminance signal is held
free  90 from loss of signal components. n                         When
luminance signals and chrominance signals, prepared  in  the above
described where n is a small integer greater than one). manner, -are
combined, a composite signal is a particularly advantageous offset choice
is  formed which may be recorded in the  pre-  95 a half line frequency
viously mentioned video disc recording system avoidance of the previously
mentioned beat 40                        [err]              .     problems
and with reasonable assurance of an acceptable signal-to-noise ratio. With
pro- 100 vision of appropriate comb filter apparatus offset, although other
offset choices may  be  in the video disc player, the chrominance
appropriate under special circumstances (as,  and luminance signal
components occupying for example, ..where a PAL form  is chosen  the shared
band (e.g., approximately 1-2 for the subcarrier, and a quarter line fre-
MHz.) may be accurately separated from  105 45  quency [err] offset is
suitable). An illus-  each other for application to suitable utiliza-
trative  subcarrier frequency  choice incor-  tion circuitry. porating a
[err] offset is                      In  subsequent use of the chrominance
signal components to supply the coloring in- 195          formation for an
image reproduction, spurious  110 coloring effects due to midband luminance
2                       components are substantially  avoided, the
avoidance being due to the described judicious [err] (or approximately
1,534,091 Hz., when  application .: of comb' filtering  techniques. 50  the
line frequency corresponds to the United  Also, in subsequent use of the
luminance  115 States standard for color television broad-  signal
components to supply the brightness casting of  15,734.26 Hz.).
information  for  an  image  reproduction, To avoid annoying crosstalk
effects, the  spurious dot patterns due to the brightness    4
1,431,373                            4 effects of the midband chrominance
signal  selecting the aforesaid difference frequency components are
substantially avoided, the  product of the modulator) with the combed 



avoidance being due tothedescribed judicious  midband  and.: high
frequency  luminance application of comb filtering techniques. The  signals
and: the uncombed low band lumin 5  present invention thus provides a
system  ance signals. Illustratively, a lH  delay line  70 where  coloring
information may be conveyed  (responsive to the aforementioned high: pass
and/or stored and recovered, while sharing  filter output), together with
means for sub- a midband location with luminance signal  tractively
combining thedelayline input and components, with substantial freedom  from
the delay line output, may serve as the first- 10  spurious coloring and
brightness effects. The  mentioned (chrominance) comb filter, while  75
achievement is particularly significant when  the same 1H delay line,
together with means one considers (a) that, for typical scenes, for
additively combining the delay line out- luminance components are likely to
appear  put with the composite signal input of the in. the midband region
with greater energy  high pass filter, may serve as the second 15 content
than in the upper band to which the  mentioned (luminance) comb filter.
With the  80 usual NTSC format consigns the chromiinance  high pass filter
characteristic chosen to pass signal, wherefore a severe problem of lumin-
frequencies falling in both the to-be-shared ance crosstalk into color
might normally .be midband and the previously-shared high band, expected to
accompany midband sharing; and  the output of the additive combining means
20 (b) the dot pattern associated with the display  comprises combined
midband and high band  85 of subcarrier components at midband fre-
luminance signal components together with quencies is. significantly
coarser and thus more  uncombed low band luminance signal com- visible than
the dot pattern associated with  ponents.. the display of subcarrier
components at the    Pursuant to another embodiment of such 25  highband
frequencies assigned in the usual NTSC signal transcoding apparatus, the
full 90 NTSCformat, wherefore a severe problem   band NTSC composite signal
is applied to of chrominance  crosstalk  into  luminance  a comb filter of
the. chrominance type might normally be expected to accompany  described
above, and the combed output is midband sharing.
then passed through a. high pass filter that 30    Where the color image
information to be  rejects frequencies in the not-tobe-shared  95 recorded
initially appears in NTSC encoded  low band. The high pass filter output
pro- form,. the  principles of the present invention  vides an input to
modulator apparatus having may. be embodied in transcoding apparatus,  the
previously described function of shifting i.e., apparatus translating the
color image in-  combed chrominance  signals to a new mid- 35 formation
from NTSC encoded  form to the  band location. The high pass filter output
is  100 buried  subcarrier form  described above. In  also subtractively
combined with an un- a'ccordance with an illustrative embodiment  combed
full band composite signal (illus- of such apparatus, a composite signal of
tratively obtained from- the output of the 1H NTSC form is passed via a
high pass filter  delay line element of the chrominance comb 40  to the
input of a comb filter having pass  filter). The output of the last
mentioned  105 bands centered about odd multiples of half  subtractive
combining means includes un- the line frequency and nulls at multiples of
combed low  band luminance signal com- the line frequency. The NTSC
chrominance  ponents and combed midband and high band signal selectively
passed by the comb filter  luminance signal components. This embodi- 45  is
heterodyned in  a modulator with un-  ment is thus illustrative of use of a
sub- 110 modulated oscillations of an appropriate fre-  tractive process
for  obtaining a luminance quency  (illiistratively, approximately  5.11
type of comb filter. That is, the effect of a MHz.) to obtain a difference
frequency pro- luminance comb  filter (having passbands duct that falls in
the desired midband location  centered about multiples of. . the. line fre-
50 for buried subcarrier operation. The NTSC  quency and nulls at odd
multiples of half the 115 composite signal (above the low band of fre- line
frequency) is obtained by subtracing the quencies to be solely occupied by
luminance  output of a chrominance comb filter (having signals) is also
subjected to the effect of a  passbands centered about odd multiples. of
comb filter having passbands centered about    half the line frequency and
nulls at multiples 55 multiples of the line frequency and nulls at of the
line frequency) from  an uncombed  120 odd multiples of the half lie
frequency in  composite signal. order to obtain high frequency luminance
Where the color image information to be signals from the band shared with
the NTSC  recorded is available in "raw", unencoded chrominance signals,
and also to prepare the  form, the principles of the present invention 60
aforementioned  troughs  in the  midband  may be applied to direct encoding
apparatus 125 spectrum of the luminance signal into which  as contrasted
with "transcoding" apperatus. the frequency-shifted subcarrier components
eg., to direcly translating information from may  be "buried". A new
composite signal  color separation form (such as a set of simul- is then
formed by combining the frequency-  taneous red, green and blue primary
color 65 shifted subcarrier components (obtained by  signals) to the
desired  buried  subcarrier 130    



5                                       I,431,378
5 format (without any intervening appearance  decoding of the  chrominance
signal  (after in NTSC encoded form).                     separation by
appropriate comb filtering) at Pursuant to an illustrative embodiment of
the buried  subcarrier frequency  may. be such direct encoding apparatus,
conventional  appropriate.  However, where  the  player 5  matrixing
apparatus may be employed to  apparatus does not incorporate image display
70 derive a luminance signal (Y) and a pair of  equipment but rather is
intended as a form color-difference signal (e.g., B-Y  and R-Y)  of
attachment or auxiliary equipment for use, from a set of primry color
signals (R, G and  for example, with .a separate color television B;
derived, for example, from a film scanner). receiver, it is believed
desirable that the 10  A chrominance signal is formed by modulat-  player
incorporate a form of  transcoding  75 ing a first phase of unmodulated
oscillations  apparatus which may serve to translte the at the  desired
buried subcarrier frequency  information recovered in buried subcarrier
with  one color-difference signal, modulating  format to a signal format
which the color a second  phase of such  oscillations (in  television
receiver is designed to handle (e.g., 15  quadrature with the first phase)
with the  translation to the NTSC encoded form).    60 other
color-difference signal, and additively   In  an  illustrative  application
of the combining  the  modulator  outputs.  The  principles of the present
invention to player chrominance  signal thus formed is comb  transcoding
apprartus, a composite signal filtered o  reject components  falling  at
recovered upon disc playback is applied to 20 multiples of the line
frequency. The lumin-  a chrominance comb filter having passbands    85
ance signal output of the matrixing apparatus  centered about odd multiples
of half the line is  high pass filtered to reject frequencies fall-
frequency and nulls at multiples of the line ing in the not-to-be-shared
low band. The  frequency. Heterodyning of the comb filter high pass filter
output is comb filtered to  output with  unmodulated  oscillations  of 25
reject components falling at odd multiples  appropriate frequency  (e.g.,
approximately  90 of half the line frequency. The two comb  5.11 MHz.,
which is the sum of the illus- filter outputs are additively combined with
trative buried subcarrier frequency of 1.53 uncombed low band luminance
signal com-  MHz. and the NTSC subcarrier fequency ponents (obtained by
lowpass:.filtering the  of 3.58 MHz.) is employed to shift the 30 luminance
signal output of the matrixing  separated chrominance signal to the
highband   95 apparatus) to form a composite signal in the  location for
which the receiver's chrominance desired :buried subcarrier format.
signal processing circuitry is designed. A Pursuant to another embodiment
of such  luminance  comb filter (having  passbands direct encoding
apparatus, the order in which  centered about multiples of the
line-frequency 55  comb filtering and high pass filtering is  and nulls at
odd multiples of half the line 100 effected for luminance components may be
frequency) also responds to  the recovered reversed; i.e., a full band
luminance signal composite signal, but is suitably modified to may be
appropriately comb filtered and the  allow a passage to the output without
comb- comb filter output  passed to the input of a  ing of components
falling in the unshared 40 high pass filter which rejects frequencies in
low band. The luminance comb filter output 105 the  not to be shared low
band. In such an  is combined with the shifted chrominance arrangement (as
in the second described  signal to form a new composite signal suit-
embodiment of transcoding apparatus),. the  able for receiver processing.
As in previously uncombed low band luminance signal com- discussed
recorder  transcoding apparatus, the 45  ponents, which are to be combined
with  luminance and chromince  mb filters may  110 combed  luminance and
chroimance signal  share the same 1H delay line apparatus, components to
form  the desired composite  although preferred embodiments use two 1H
signal, may conveniently be derived from the  delay lines. output of the
1H delay line element of the  In the video disc playback environent, a
luminance comb filter. As will be explained  problem may be encountered in
effecting  115 in more detail subsequently, the use of  desired processing
of recovered signals due delayed low  band  luminance signal com-  to
undesired frequeny variations of the re- ponents (in contrast to the use of
undelayed  covered signals. That is, for a variety of low band luminance
signal components) in  reasons, including turntable rotational speed 35
forming the composite signal  can provide  variations, record warp, and
inaccurate record  120 certain display  advantages  when particular
centering, there may' be undesired variations practices are followed in the
player apparatus.  of the speed of relative motion between  the In
theplayback of a video disc recording of  pickup stylus and the record
groove that color image information  encoded  in the  may result in
spurious variations of the above-discussed buried subcarrier format, the
recovered  signal frequencies.  Thus, for 125 manner in which the recovered
information  example, the  olor subcarrier sideband fre- should be
processed will differ in dependence  quencies in the recovered composite
signal upon the nature of the player apparatus. For  may be subject to
"jitter" about their other- example, where the player apparatus itself
wise expected locations in the frequency 65  incorporates image display
equipment, direct spectrum, with a similar jitter causing dis-     130 



1,431,378                                          6 placement of the
luminance signal component  corresponding to a low frequency portion of
frequency locations.                         the composite signal's
unshared low band. Pirsuant to an optional aspect of the   Suitable
bandpass filtering of the comb present invention, the operation of the
player  filter output provides a chrominance signal 5   transcoding (or
decoding) apparatus may be in the frequency band  (eg., 3.58 MHz.  70
rendered less sensitive to  such undesired    500 KHz.) desired for .
delivery to the "jitter" by employing a form of comb filter  receiver.
Subtraction  of this chrominance that incorporates two 1H  delay lines; the
signal from  an uncombed version of the two  1H  delay line form can
provide a  modulator output provides an output sub- 10  "comb"
characteristic with broader rejection  stantially free of chrominance
signal com-  75 notches than is obtainable with a one 1H   ponents;
illustratively, where a two IH delay delay  line form, and, accordingly,
more  line form of comb filter has been employed, accurate luminance
chrominance separation  the uncombed input to the subtractor is (e.g., less
luminance-chrominance crosstalk)  derived from  the junction :of the
cascaded 15  can be obtained in the face of a given degree  pair of 1H
delay lines. The output of the  80 of component frequency "jitter".
subtractor is applied to an envelope detector; In another approach to
solution of the  the detector output is low pass filtered and "jitter"
problem, featured and claimed in our  additively  combined  with  the
separated Application 21364/73, (Serial No. 1,425,273)  chrominance signal
to form  the new  com- 20  player transcoding apparatus arrangements are
posite signal desired for receiver use.    85 disclosed in which
heterodyning of the re- A  variety of additional forms of player covered
buried  subcarrier composite signal  transcoding arrangements are also
feasible (or a portion thereof) with local oscillations  involving
variations of the above-described precedes comb filtering. The source of
local  illustrative embodiments, as will be sub- 25  oscillations however,
is caused to have sub-  sequently developed herein.                  90
stantially the same "jitter" as the recovered  .:.Pursuant to a further
optional feature of signal components (by, for example, render-  the
present invention  the same delay line ing the local oscillation source
responsive to  apparatus employed for comb filtering may the frequency
variations suffered by the color  be associated with additional circuitry .
for 30  synchronizing burst whichaccompanies the  controlling aperture
correction of the lumin-  95 buried  subcarrier chromince signal). The
ance signal. product  of heterodyning  with  such  local    Object and
advantages of the present in- oscillations  is substantially jitter-free,,
and  vention will be readily recognized by those comb filtering of that
product may be carried  skilled  in the art upon  a reading of the 35  out
with crosstalk freedom  relatively inde- following detailed description and
an inspec- 100 pendent of the original "jitter".           tion of the
accompanying drawings in which: Illustrative of player transcoding
apparatus    Figure la illustrates in block diagram form embodying the
principles of the present in-  transcoding   apparatus   embodying   the
vention and incorporating the latter jitter  principles of the  present
invention, . the 40  correction approach  is an arrangement in  apparatus
being suitable for transcoding an  105 which the entire buried subcarrier
composite  NTSC  encoded signal to buried subcarrier signal recovered
during   playback  : is  form for use in video disc recording systems;
heterodyned. with  local oscillations in  a    Figure lb illustrates in
block diagram form modulator. The local oscillations are nomin-  apparatus
for performing a transcodingfunc- 45  ally  at a  frequency  (e.g.,
approximately  tion complementary to that of the Figure  110 5.11 MHz.)
corresponding to the sum of  la in accordance with further principles of
the nominal buried subcarrier frequency (e.g., the present invention, the
apparatus being 153 MHz.) and the subcarrier frequency. suitable for video
disc player use in trans- desired for receiver operations (e.g., 3.58
coding signals from a buried subcarrier form 50  MHz), but are subject to
frequency varia- to the general form. of an NTSC encoded  115 tions
substantially corresponding to the jitter  signal; suffered by the
recovered signal components.    Figure 2a illustrates a modification of the
The modulator output is applied  via  a  apparatus of Figure la, which
provides a vestigial sideband filter  to the input of a  variation of a
peaking effect obtained with 55  chrominance comb filter (ie., one having
the Figure la apparatus;                        120 multiple pass bands
centered  about odd    Figure 2b illustrates a modification of the
multiples of half the line frequency and nulls  apparatus of Figure. lb  to
incorporate a at multiples of the line frequency). The  vertical aperture
correction function; vestigial sideband filter limits the comb filter
Figure 3 illustrates another variation of the .60  input  primarily to the
differeence frequency  recorder transcoding apparatus of Figure la;' 125
product of modulations (i.e., primarily the    Figures 4, 5, 6, and 7
illustrate further lower sideband of the modulated local oscilla-
embodiments of the present invention 'suit- 



tion  frequency) although also passing the  able for performing the player
transcoding local oscillation frequency and a very limited  function of the
apparatus of Figure 1b; 65  portion  of the sum product (upper sideband),
Figures  8  and 9  illustrates encoding  130    7
1,431,378                                        7 apparatus embodying
principles of the present quency [err] provided by an oscillator invention,
the apparatus being suitable for  45. The difference frequency products of
accepting a set of color signals and providng  modulation are selectively
passed by a band- an encoded signal output in buried subcarrier  pass
filter 47 coupled to the output of 5  form for video disc recording
purposes.    modulator 43. The passband of filter 47 is  70 In the recorder
transcoding apparatus of  centered about the buried subcarrier fre- Figure
la, an input color image signal in  quency [err] and has the desired output
NTSC encoded form is applied to a high pass  chrominance signal bandwidth
[err]   500 filter 20. Illustratively, the high pass filter   KHz.). 10 20
is:of the form employing the combination    A comb filter characteristic
complementary  75 of a low pass filter 21 for the input signal, to that
provided at terminal [err] of filter and a combiner 23 for subtractively
combin-  apparatus 30 may be obtained by additively ing the low pass filter
output with an- un-  combining (as contrasted with the subtractive filtered
version of the input signal passed via  combining performed by element 33)
the 15  a delay element 25 having a delay chosen  output of 1H delay line
31 with its input. 80 to substantially match the delay imposed by  Such
additive signal combining is performed low pass filter 21 on signals
passing there- by signal combiner 35, with the signal to be through. The
cutoff frequency of high pass  combined with the delay line output derived,
filter 20 corresponds to the cutoff frequency  however, from  the input of
high pass filter 20  of its low pass filter component 21 (idealized  20
(rather than its output at terminal [err]) and  85 filters being assumed
herein for ease of pre-  passed via a delay element 32 (having a sentation)
and desirably is just below the  delay corresponding to the delay imposed
by lower sideband of the output subcarrier. For  delay element 25). The
output of combiner an  illustrative example,   where the buried  35
appearing at output terminal [err] comprises 25  subcarrier frequency [err]
choice is the afore-  uncombed  components of the input signal  90
mentioned  half line frequency offset example  falling in the frequency
band below [err] and in the vicinity of 1.53 MHz. and the chromin-  input
signal components, in a frequency band ance  signal bandwidth choice is
[err] 500  above f,, which have been combed in accord- [err] a suitable
choice for the cutoff fre-  ance with a comb filter characteristic of the
30  [err] of high pass filter 20 is approxi-  previously mentioned
luminance comb filter  95 mately 1 MHz.                             form
(i.e., having multiple pass bands centered The output of highpass filter
20, com- about multiples of the line frequency and prising input signal
components having fre-  nulls at odd multiples of half the line fre-
quencies above [err] is passed to an input quency). 35 terminal [err] of
comb filter apparatus 30. The    The output of combiner 35 is applied via
100 comb filter apparatus 30 includes a 1H delay  delay element 42 to
combiner 50 for addition line element 31 (i.e., an element which delays  to
the chrominance signal output of band signals applied to its input for a
time duration  pass filter 47 to form a new composite signal corresponding
to a line period of the video  in buried subcarrier format, suitable for
use 40  signals being handled), which receives an  in video disc recording
as previously indi- 105 input from terminal [err]. Signal combiner 33
cated. subtractively combines the output of the 1H   It is important to
note that in operation delay line 31 with the input signals appear-  of the
above-described transcoding apparatus ing at terminal [err] to provide a
first comb  the comb filter apparatus 30 has performed '45 filter output
signal at output terminal [err]    several functions which contribute to
the 110 It should be appreciated that the subtractive  successful
utilization of the buried subcarrier combination of the delay line input
and out-' format. A first function performed is one of put results in
provision of a comb filter  component separation: i.e., (a) selection of
characteristic of the previously mentioned  chrominance  signal  components
to  the 50  chrominance comb filter form  (i.e., having  relative exclusion
of luminance signal  com-  115 multiple  passbands  centered  about odd
ponents, in the signal output at terminal [err]; multiples of half the line
frequency and nulls  and (b) selection of luminance signal com- at
multiples of the line frequency. The  ponents to the relative exclusion of
chromin- chrominance comb filter output signal at ance signal components,
in the signal output 55  terminal [err] is passed to a bandpass filter 41,
at terminal [err].                       120 having a pass band centered'
about the input    The availability of comb filter techniques signal
subcarrier frequency  [err] (3.579545  to achieve such relative separation
of the MHz., or approximately 3.58 MHz. for the  chrominance  and
luminance  signal com- illustrative NTSC encoding) anda bandwidth  ponents
of an encoded signal of the NTSC 



'60  appropriate to the desired output chromin-  type has long been known
in the art, this 125 ance signal bandwidth (e.g.  [err] KHz.). having been
the subject matter, for example, The output of bandpass filter 41 is sup-
of U.S. Patent No. 2,729,698, issued on plied to a modulator 43 for
heterodyning with  January 3, 1956 to Gordon L. Fredendall. oscillations of
a frequency corresponding to    Use of the separation function in the 65
the sum of input and output subcarrier fre-  system under discussion (1)
enables the appli- 130    cation of chrominance signal components to    In
the arrangement of  Figure  1a, modulator 43 to effect their shift to the
mid-   dianal" luminance signal components that band location  desired for
recording purposes,  thus pass through the chrominance comb with the
assurance that there will not be a  filter to terminal [err], and also-fail
within the 5  concomitant shift of high frequency lumin-  passband -;of
bandpass filter 41, are indeed  70 ance components of the NTSC encoded
signal shifted down to the passband of filter 47 that :fall at or near
multiples of the line  along with the desired chrominance signal frequency,
and (2) enables retention of all  components, and remain inseparable com-
of such  high  frequency  luminance corn-  panions of the chrominance
signal com- 10  ponents for inclusion in the output signal ponents, so as
to ultimately produce the  75 (as by passage from terminal [err] to the
out-  effects of luminance crosstalk into color. The put combiner 50), with
the assurance that  effects of this crosstalk are, however, not such
inclusion will not be accompanied by  viewed as intolerable, especially
since (a) the the inclusion of chrominance signal com-  effects of such
crosstalk are equally present 15  ponents falling at near odd multiples of
half  in  operation of conventional  color TV   80 the line frequeny in
their original high band  receivers of the  NTSC type (along with the
location (undesired for recording purposes,  crosstalk effects of the more
prevalent lumin- in  view  of  previously  discussed  beat  ance signal
components falling at multiples problems).
of the ine frequency), and (b) the effects 20   .  It will be noted that
the discussed separa-  of  such crosstalk are likewise present even  85
tion functions, there is no need to effect in operation of NTSC  color TV
receivers combing of the  NTSC encoded signal below  employing comb  filter
separation for  im- the lowest sideband frequency (e.g., approxi-  proved
crosstalk freedom. mately 2 MHz.) associated with its 3.58    However, the
foregoing comments relative 25  MHz. color  subcarrier. However, ::pursuant
to the tolerability of "diagonal" luminance  90 to the principles of the
present invention,  component  crosstalk  into color directly there is  a
further function to be performed  pertain to such components as are
encountered by comb filter apparatus 30(in addition to  in .the  high
frequency band in  which the discussed separation functions) which
chrominance signal components lie in the 30  further function leads to the
desirability of  usual NTSC format. In the buried subcarrier  95 effecting
input signal combing in a band of  format of the present invention, another
frequencies below  the lowest NTSC  color  aspect of "diagonl" luminance
component sideband frequency. In particular it is desired  crosstalk is to
be considered: i.e., the effect that combing of the luminance signal  be
pro-  of crosstalk from "diagonal" luminance com- 35  vided over the
midband (eg., 1-2 MHz.)  ponents falling within the midband which is  100
to be shared with the buried subcarrier side-  to be shared with the buried
subcarrier form bands passed by filter 47; for this purpose,  of
chrominance signal. To allow  crosstalk the cutoff frequecy [err] of high
pass filter 20  into color from midband "diagonal" lumin- in the Figure la
arrangement is lowered  ance components is believed to be a more 40
sufficiently to permit passage of signal  com-  serious matter than
permitting such cross- 105 ponents falling in the to-behared midband.  talk
from highband  "diagonal" luminance To appreciate the purpose served by the
components because of the general ikeihood above mentioned precombing of
the midband  of greater energy  content for midband com- of the luminance
signal prior to its combina-  ponents rrelative to highband components. 45
tion with the frequency shifted chrominance    Thus, the significant
consequence in the 110 signals, it is necessary to understand that,  Figure
1a  arrangement of extending comb depending upon picture  ontent (i.e., the
filtering of the luminance signal through the nature of the image being
scanned), the  to be shared   midband is substantially  pre- luminance
signal may contain components  cluding crosstalk into color from  midband
50  having frequencies falling at or near odd  "diagonal" luminance
components. That  is, 115 multiples of half the line frequency. Informa-
the output of  the luminance  comb  filter tion  (e.g., edges and other
transitions)  appearing at terminal [err] is substantially oriented at an
angle to both deflection  axes  purged of components falling at or near odd
results in the production of video signal com-  multiples of half the line
frequency. In sub- 55 ponents that depart from  the  condition of
of the new composite  signal 120 being multiples of the line frequency. To
formed  by combiner 50, one may employ the  extent: that the presence of
such  comb 'filtering to separate the buried sub- 



"diagonl" information results in the presence  carrier chranminance signal
components with of luminance:. components falling within the  confidence
-that such components may be 60  pss bands of a chrominance comb filter in
obtained therefrom  substantially free from  125 the aforesaid Fredendall
arrangement,  for  acompaniment by crosstalk-producing mid- example, full
separation of  chrominace and  band "diagonal" luminance components.
luminance components is not effected by the    Figure 1b is illustrative of
equipment for combing, and some luminance crosstalk into  such subsequent
use  of composite  signals 65  color still occurs,for example.
formed by the equpment of Figure 1a, and  130    .9
1,431,378 transcoding apparatus   MHz.), with a  bandwidth  appropriate to
that may be employed in a video disc player,    selection of the sidebands
of the buried  sub- responding to a buried subcarrirer  composite   carrier
signal (e.g. [err]).The out- signal recovered from a video disc  during
pull of  filter 81 thus corresponds  to the posite  signal of buried
subcarrier format  selected chrominance  signal is shifted upward 10
(derived, for example, from  play back of a      in  frequency to a band
desired for output video disc) is applied via an amplifier  60  to   signal
use  by heterodying in modulator 83 the input terminal [err] of comb filter
appara-    with the output of oscillator 85. Illustrativly, tus 70. For
illustrative purposes, the comb the latter operates at a frequncy  of [err]
filter apparatus 70 (in this example as well as  (e.g., 3.58 MHz.+1.53
MHz.=5.11 MHz.) 15  succeeding examples of player equipment) is  so that
the difference frequency  product of    80 shown as being of the type
employing two  modulation falls in a band centered about the 1H  delay
lines (71, 72) in cascade, as pre-  desired output subcarrier frequency,
[err] (e.g. viously mentioned, this type of comb fllter  the NTSC
subcarrier frequency, 3.58 MHz). offers particular advantages relative to
the  Bandpass filter  87, with a passband of the 20   single 1H  delay
line type with regard to    appropriate  width(e.g. [err]) the shape of the
rejection notches in the  centered about [err] is coupled to the output
comb like frequency characteristic obtained,  of modulator 83 and
selectively  passes the rendering the  ability to accurately separate
desired difference  freqency  modulation luminance and chrominance signal
compnents  product. 25  less dependent on the frequency  stability    The
comb filter apparatus 70 of the Figure   90 of the components   of the
input composite  lb arrangement further includes a combiner signal (such
frequency stability being part-   76 for  additively combining the midpoint
cularly diffcult to maintain in the video  disc    signal (the output of
delay line 71) with the player environment, as  previously noted).
weighted sum of input and output signals 30  However, it should be
recognized that single  (i.e., with the output of combiner 73) to  95 1H
delay line versions of each example may  provide a comb filter of the
aforementioned alternatively be employed particularly where   luminance
comb filter type(i.e., passbands appropriate frequency correction
techniques  at multiples of the line frequency and nulls may be used to
ease the instability problem,  at odd multiples of half the line
frequency). 35  or,for example, in other environments where   The output of
combiner 73 is applied to com- 100 component frequency stability is
inherently          biner  76,   however, via a high pass filter       77
not a difficult problem.                    so as to avoid combing of the
unshared  low- To obtain a comb filter characteristic of the  band  portion
'f  the  luminance  signal aforementioned chrominance comb filter type
spectrum. Illustratively, the high pass filter 40  (i.e., passbands at
odd multiples of half the  (HPF) 77 is of a form similar to that shown  105
line frequency, and nulls at multiples of line     for HPF 20 in Figure 1a,
employing the frequency), the signal at the midpoint of  combination of a
low pass filter [err] 77A the delay line array  (i.e. at the output of
for the applied signal, and a combiner 77C de lay line    71) is
subtractively combined  in  for subtractively combining   the low pass 45
combiner 74 with the sum of the input signal  filter output with an
unfiltered version of the      110 (at terminal [err]) and the output
signal (i.e.,   applied signal passed via a  delay element the signal
output of delay line 72). The  77B (substantially  matching the delay of
summing of input and  output signals is  LPF 77A). Similar to HPF 20,the
cutoff effected by combiner  73; the input and out-  frequency of HPF 77
is preferably chosen 50  put signal contributions must be properly   to
fall  just  below  the lowest buried sub- weighted in amplitude relative to
the mid-  carrier  sideband   frequency (e.g. [err]) point signal to
achieve the desired cancella-     MHz).The  midpoint signal is applied to
tion of line frequency multiple signal  com-  combiner 76 via a delay
element  75(substanti- ponents, and for the illustrated arrangement,
tially  matching the delay of delay element 55    the appropriate weighing
ratio is 1:2. Thus,
120 it should be assumed that combiner 73  in-                      The
output of additive combiner 76 appears corporates suitable attenuation
means to pro-    at filter output terminal [err] and  comprises vide an
output corresponding to the sum  uncombed lowband luminance  signal com- 



of a half amplitude input signal and a half  ponents(falling at frequencies
below [err])and 60  amplitude output signal.                  combed
midband and highband luminance              125 The output of the
subtractive combiner  signal components, to the substantial ex- 74 appears
at filter output terminal [err] and  clusion of midband chrominance signal
com- is applied  to  a bandpass  filter 81, having a  ponents.  The  output
of combiner 76 passband   centeted   about the buried  sub-  applied  to a
delay element 82  which delay 65  carrier   frequency,  [err]
(illustratively,  1.53   the  luminance  signal components for a time   130
10                                          1,431,4378
10 period chosen to substantially equalize the  response level for the
uncombed lowband  65 total delay of the luminance signal com-  components.
ponents with the delay of the chrominance    If highs peaking of this
magnitude, location signalcomponents (suffered primarily in pass-  in the
spectrum  (determined by choice of 5   ing from terminal  [err] to the
output of BPF  [err] and rolloff shape (determined by rolloff 87). The
luminance signal output of delay  of the characteristic of LPF 21) is
indeed  70 element 82 is combined with the frequency-  found desirable, the
Figure la arrangement shifted chrominance signal output of BPF  may be used
unmodified. Alternatively if it 87 in combiner 90 to provide the composite
is desired to remove this peaking of the 10  output signal, illustratively
of NTSC encoded  highs, the Figure 2a modification is appro- form suitable
for processing by a color tele-  priate. The input to combiner 40 from LPF
75 vision receiver of normal NTSC type.          21 supplements the lowband
component from In construction of the transcoding apparatus  terminal [err]
to effectively  double the low- of Figure la and of Figure 1b, the 1H delay
band response level equalizing it to the peak 15  lines (31, 71, 72) may
illustratively be of a  response in the combed spectrum  portion. wideband
ultrasonic type available from  the  If some degree of the noted highs
peaking  80 Corning Glass Co., the modulators (43, 83)  is desired, short
of the 2:1 peaking pro- may  conveniently  be of doubly  balanced  vided by
the unmodified Figure la arrange- form, the short delay element (25, 32,
42,  ment, the Figure 2a modification may be 20  75, 77B, ,82) may
illustratively be appro-   employed, -with means for effecting some priate
lengths  of coaiial line, and  the  desired degree  of attenuation of the
output  85 oscillators (45, 85) may illustratively be of a  of LPF 21
associated with adder 40. By start-stop variety  suitably controlled by a
making such an attenuator variable, a facility line frequency signal (H)
related to the com-  canbe provided for variable highs peakng 25  posite
signal being processed.               of the luminance signal. Figure 2a
illustrates a modificaton o             form   f high frequency peaking
com-  90 bines the signal at terminal [err] with  apparatus    of  Figure
recorder  transoding apparatus of Figure 1a     tion with Figure la is also
inherently pro- wherein an adidtional combiner  40 is inter-  vided in the
player transcoding apparatus of posed  between the luminance comb filter
out-   Figure 1b. That is for 30  put terminal [err]and  the input  of
delay  filter ouput at terminal [err] the response level       95
cancellation  at odd multiples of half the line  signal  applied.The output
of LPF  100 frequency) is 1:1; thus, full  amplitudede  supplements the
midpoint  signal contribu- versions of the delay line input an output
tion to adder 76 for lowband frequencies so  115 are supplied to adder 35,
and.. these reinforce  as to raise the lowband response level as (at
multiples  of the line frequency( to effec-  desired. As  in Figure 2a,
incorporation. of a tively provide  double amplitude luminance    variable
attenuator  for  the  supplemental signal components (at the passband
peaks)  signal will provide a facility for variable 55  for component
frequencies above the cutoff  high  requency peakng.
120 frequency [err] of HPF  20. However, or    The only other departure
from the Figure luminance signal components in the unshared  lb
arrangement shown in Figure '2b involves lowband (below [err]) there is no
contribution the coupling of the  output of' the low pass from  the  delay
line output;  i.e. lowband   filter 77A  (the LPF. element of HPF  77) 60
luminance  signal  components are supplied to  via a phase inverter 102 to
adder 101. The  125 adder 35 only from terminal [err].As a con-      effect
of these added connections is to in- sequence, luminance  components
troduce a degree of vertical aperture correc- combed midband and highband
are subject tion  (i.e., vertical detail enhancement); control to  a  peak
response   effectively  the of the magnitude of the. supplemental signal
11                                      1,431,378
11 from inverter 102, as by use of a variable  31 and is fed to combiner
135 via a delay attenuator in the coupling to combiner 101, element 132
(substantially matching delay will provide means for varying the amount  of
delay element 125). With inclusion in 



of vertical aperture correction introduced. combiner 135 of means for
effecting appro- 5  Confinement of this supplemental signal to  priate
weighting of the inputs to be combined  70 frequencies in the unshared
lowband (as by  (e.g., by a relative halving of the terminal the
illustrated derivation thereof from  the  [err] contribution, to undo the
previously output of LPF 77A) is appropriate to avoid  described doubling
effect of combining), an undoing of the desired comb filtering above
output from combiner 135 may be developed 10 [err].
at output terminal [err] in which the un-  75 Figures 2a and 2b have been
illustrative  wanted components (at odd multiples of half of the manner in
which control of horizontal  the line frequency) of an uncombed signal and
vertical aperture correction effects may  have been cancelled over the
midband and be associated with the comb filtering arrange-  highband  by
subtraction  therefrom  of a 15 ments. To avoid overcomplicating the pre-
chrominance comb filter output. The signal 80 sentation of additional
embodiments, specific  at output terminal [err] is processed as in
application  of  these . aperture  correction  Figure la by being coupled
via delay element features to subsequently described embodi-  42 to
combiner 50 for formation of the out- ments will not be undertaken, but the
skilled  put composite signal. 20 worker should readily recognize
comparable   It may be noted that the uncombed low- 85 manners whereby the
subsequently described  band component of the output composite embodiments
may be adapted to incorporate  signal in the Figure 3 arrangement has
under- the aperture correction control features of  gone a line interval
delay (by virtue of passage Figures lb and 2b.
through delay line 31), whereas the uncombed 25    Figure 3 is illustrative
of a useful variation  lowband component in Figure 1a does not 90 of the
recorder transcoding apparatus of undergo such a delay (by virtue of
bypassing Figure la, in which, inter alia: (a) the  delay line 31). An
advantage of the (recorder) sequence of highpass filtering and  comb  use
of line interval delay for the lowband filtering employed in the course of
forming  component, as exemplified in Figure 3, is 30  a desired
chrominance comb filtered signal that it allows use of lowband bypassing of
95 is.reversed relative to that of Figure 1a; and  delay line structures in
subsequent (player) (b) the desired luminance comb filter charac-  handling
of the buried subcarrier signal, teristic is obtained by a subtractive
process.  without an exaggerated vertical separation of In the Figure 3
arrangement, the input lowband  components from  other related .35
composite  signal, illustratively  of NTSC  picture components in the
ultimate picture 100 encoded form, is applied in full to 1H delay  display.
Such advantage will be more readily line 31. Combiner:33 subtractively
combines  understood after consideration of additional the input  and
output of delay line 31 to  player apparatus embodiments. provide an.
output combed over the full band   . In Figure 4, a variation of the
playback 40  (with passbands centered at odd multiples  transcoding
apparatus of Figure lb is illus- 105 of half line frequency, and nulls at
multiples  trated wherein a bandpass filter confines the of line
frequency). High pass filter 120  comb filtering apparatus input to the
relatively selectively passes only those components of  narrow midband
shared by luminance signal the combed output that fall above the un-
components  and  the  buried subcarrier 45  shared. low band HPF 120
illustratively com-  chrominance signal components; both low- 110 prises a
lowpass filter.121, delay element 125  band and highband components of the
input and subtractive combiner 123, disposed in  signal bypass the comb
filtering apparatus. a configuration similar to' that of previously   In
the Figure 4 arrangement, the input described HPF 20 and with a similar
[err]  composite signal of buried subcarrier form,. 50  The  output of .
subtractive  combiner 123,  derived, for example,  from the  playback of
115 appearing at terminal [err], corresponds  to that  a video disc, is
applied via a band pass filter. previously described as appearing at
terminal  150' to the input terminal [err] of comb filter- [err] in Figure
la, and is. operated upon by  ing apparatus70'. The band pass filter 150'
BPF 41, modulator 43 and BPF 47, as in  is illustratively of the type
employing a band 55  Figure la, to develop the desired frequency-
elimination filter 150A responsive to the in- 120 shifted' buried
subcarrier chrominance signal put composite signal, and a combiner [err]
input for the output composite signal com- for subtractively combining the
filter 150A biner  50.                             output with an
unfiltered version of the input An adidtional use for the signal at
terminal  composite signal passed via a delay element 60 [err] however,
exists in the Figure 3 arrange-  150B (substantially matching the signal
delay  125 ment: namely, application as an input to  associated with filter
150A). The elimination combiner 135 for subtractive combination  band of
filter 150A corresponds to the shared with an uncombed version of the input
com-  midband ( [err] 500 KHz. for example). posite. signal. The uncombed
composite signal    The comb filter apparatus 70' employs 65  is derived
from the output of 1H delay line  cascade lH delay lines 71 and 72,
combiner  130    12                                      1,431,378
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73 for summing with proper weighting the  the narowband differene frequency
product delay line array input and output, and com-  of modulation
(falling  llustratively in the biner 74 for subtractively combining the
band: 3.58 MHz.  500 KHz) to the sub- midpoint signal with the output of
combiner  stantial exclusion of the sum frequency pro- 5  73. These
elements form a chromininance cmb  duct of modulation. However, since one
of  70 filter akin to that of Figure lb for the com-  the  contributions to
be combined in operation biner 74 output signals appearing at filter  of
the comb filter apparatus 70" is an un- output terminal [err]. The signals
at terminal delayed input signal, it is prudent to in- Tb' are processed by
BPF  81, modulator  corporate in modulator 154 suitable means 10  83, and
BPF 87, as in Figure 1b, to frequenccy  (such as a lowpass or bandpass
filter) for  75 shift the chrominance  signal to the (NTSC)  rejecting the
sum frequency product  prior to location desired for the output signl. BPF
application to the comb filter input  terminal 81 may optionally be omitted
in view of the    [err]. noted comb confining effect of the input  -
Separated chrominance signal components 15 BPF 150'.
appear at the output of subtractive combiner  80 Comb filter apparatus 70'
also includes a  74 (terminal [err]) in the spectrum location combiner 76'
for additively combining the  desired for output signal use. Selection of
midpoint signal with the output of combiner  these components by bandpass
filter 87 73. These inputs are supplied diretly to  simply provides the
chrominance signal for 20  combiner 76', in contrast with the use of
application to output signal combiner 90.    85 HPF 77 and delay element 75
in the Figure    Separated luminance  signal components, 1b arrangement The
luminance comb filter  from  the shared band only, appear at the output of
adder 76' at filter output terminal  output of additive combiner 76'
(terminal [err] only includes midband components be-  [err] but occupy the
wrong bad for output 25  cause of the noted confining effect of input
signal use(having been shifted upward from  90 BPF  150'. These combed
midband com-  their normal midband location). Downward ponents are combined
with uncombed low-  shifting of these luminance signal components band and
higband components in an adder  to  the correct midband location is
effected 160, the uncombed lowband and highband  by an additional
heterodyning with oscillations 30 components being derived from  the output
from  oscillator  152   in  modulator  156. 95 of the band elimination
filter 150A. The  Modulator 156 is illustratively of doubly adder 160
output supplies a luminance signal balanced form. The difference frequency
pro- input (via delay element 82) to the output  duct of  modulation
provides combed mid- signal combiner 90 for combination with the  band
luminance signal components, which are signal output  added to uncombed
lowband and highband  100 components from the output of band elimina- A
particular advantage of the Figure 4  tion filter 150A in additive combiner
160. arrangement is the relatively narrow band  The output of adder 160
provides the lumin- requirements (eg., about 1 MHz. bandwidth)  ance signal
input to output signal combiner 40  imposed on the comb filtering apparatus
70',  90.                                      105 which may ultimately be
reflected in less   It may be noted that the arrangements of expense for
the 1H delay line elements.    Figures 4 and 5 are illustrations of player
Figure 5 illustrates a variation of the  embodiments where bypassing of
delay lines Figure 4 arrangement wherein the above-  by the lowband
component reduces the band- 45  discussed narrow band requirement advant-
width requirements of the delay line. Un- 110 age is retained, while
introduction of fre-  fortunately, if such lowband bypassing at the quency
shifting prior to comb filtering enables  player is effectively  cascaded
with  similar use of a relatively inexpensive, commercially  lowband
bypassing at the recorder, the low- available  narrowband  form  of
ultrasonic  band components fall out of step, vertically 50  delayline
(exemplified by the Amperex Type  speaking, with compansion components to
a 115 DIA5  1H delay line). In the Figure 5  noiceable degree. If, on the
other hand, low- arrangement, the input composite signal (of  band
bypassing of the delay line is avoided buried subcarrier format) is applied
to BPF  at the recorder, one is free to use lowband 150, just as in Figure
4. However, the output  bypassing or not in the player, with a much 55  of
BFP 150 is heterodyned with oscillations  less visible out-of-step effect
in either case. 120 of the previously discussed  subcarrier sum   The
expese of a wideband delay line is frequency (i.e.  [err]) from  oscillator
152  sensibly  accepted  at the recorder if it in a modulator 154,
llustratively of doubly  facilitates the possibility of cost-saving  use
balanced form.                            of narrow  band delay lines in
the consumer 60  The arrangement of components (71, 72, instrument(i.e.,
the player).             125 73, 74 and 761 in the comb filter apparatus
Figure 6 illustrates a form of player trans- 70' of Figure 5 corresponds to
their arrange-  coding apparatus in which the previously ment in Figure 4.
However, illustratively, mentioned subtractive  process is employed the 1H
delay lines 71 and 72 are of the  to obtain a luminance comb filter
charac- 65 above-mentioned DL45 form, which will pass  teristic. The comb
filter apparatus 70A of 130  



Figure 6 incorporates the usual arrangements  of a phase detector 175. The
phase detector of elements 71, 72,73 and 74 to provide a  compares the
output of a reference oscillator chrominance comb filter output at the
output  177 operating at [err](illustratively, a crystal of subtractive
combiner 74 (output terminal 3.58 MHz. oscillator) with the synchronizing
5. [err] but incorporates no additive combiner burst output of burst gate
173. Burst gate  70 counterpart to element 76' of Figure 5. The  173, timed
by line frequency impulses derived midpoint signal, supplied to output
terminal  by sync separator 171 from the  input  com- [err], is  an
uncombed signal.                posite signal, selectively passes the
synchron- In operation of the Figure 6 arrangement, izing burst portions
(at [err]) of the combed 10 the full band input composite signal is sub-
chrominance signal output of BPF 87. The  75 ject. to heterodynmg with
[err] oscillations  described arrangement is a form  of phase from
oscillator 152' in modulator 154', which  locked loop (PLL) which tends 'to
render is illustratively not carrier balanced. One of  the output of
modulator 154' substantially the modulation products corresponds to a  free
of input signal "jitter", and is suitable 15  carrier at a frequency of
[err] (e.g., for Figure 5 use also.          80 approximately 10.2 MHz.),
with the sub-    Figure 7 illustrates a variation of the carrier falling in
the lower sideband thereof  Figure 6 embodiment in which a vestigial at a
frequency of [err](e.g., approximately  sideband filter 155' passes the
unbalanced 8.7 MHz.). A vestigial sideband filter 155  [err] carrier
product of a singly balanced 20  provides a bandpass characteristic with
the  modulator 154' (responding to input com-  85 carrier at a midpoint on
the high end slope. posite signal and VCO 152' output) as well The combed
chrominance signal corn-  as the lower sideband thereof (in which the
poents surrounding the [err] subcarrier  subcarrier falls at the desired
[err] frequency). frequency appear at output terminal [err] and  The
bandpass characteristic of filter 155' 25  are selected  by  bandpass
filter 157 for  places the [err] carrier at the midpoint 90 heterodyning
with the [err] output of  of the high end slope so that a small portion
oscillator 152' in modulator 156'. The differ-  of the upper sideband is
also passed.  The ence frequency product, comprising chromin-  percentage
of modulation of the [err] ance signals in the desired (NTSC) band  carrier
effected in modulator 154' is held 30 surrounding [err] are selected by
band pass  to a relatively low value.                  95 filter 87 for
application to output signal    The output of filter 155' is applied to
input terminal [err] of comb filter  apparatus The combed chrominance
signal output of  70A'. The internal arrangement of apparatus bandpass
filter 157 is also applied to a com-  70A' is similar to that of comb
filter 70A 35 biner 163 for subtractive combination with  of Figure 6, with
the usual arrangement of 100 an uncombed composite signal (in the up-
elements 71, 72, 73, 74 providing a chromin- shifted  spectrum  location),
obtained from   ance comb filter output at terminal [err] (the terminal
[err] via delay element 161 (substan-  output of subtractive combiner 74).
How- tially matching the delay of BPF 157). The  ever, in contrast with
Figure 6, the chromin- 40 output of subtractive combiner 163 is applied
ance signal components at terminal [err]fall 105 to an envelope detector
165. A  low pass  in the (NTSC) spectral location desired for filter 167
recovers from the detector output output signal use whereby selection
thereof a  baseband  luminance  signal comprising   by band pass filter 87
directly provides the combed midband components together with 45 uncombed
lowband  and  highband  com-  put signal combiner 90.
110 ponents. The output of filter 167 is applied  put signal combiner 90.
to combiner 90 for formation of the desired   An uncombed composite signal
(the mid- (NTSC format) output composite signal.    point signal) appears
at terminal [err] of Figure 6 is illustrative of an arrangement  apparatus
70A and is applied via delay 50  where shifting to a relatively high band
is  element 161 (substantially matching the delay employed so that the
relatively wide band  of BPF 87) to combiner 163 for  subtractive  115 of
the full composite signal appears as a  combing with the BPFF 87 output.
The  out- small percentage of the carrier frequency. A   put of combiner
163 is applied to an envelope given bandwidth may more readily be accom-
detector 165. Low  pass  filtering  of the 55 modated by an ultrasonic
delay line operating  detector output by LPF 167 recovers a at a high
carrier frequency because the per-  band luminance signal, comprising
combed  120 centage variation is smaller.              midband components
and uncombed  low- Figure 6 is also illustrative of player trans-  band and
highband components, suitable for coding  apparatus  incorporating
"jitter"  application to output signal combiner 90. 60 correction prior to
comb filtering, with the    The Figure 7 arrangement also incor- previously
discussed advantages relative to  porates jitter correction prior to comb
filter- 125 undesired frequency variations of the input  mg, employing
elements 171, 173, 175, 177 composite signal. For this purpose, oscillator
and 152' in a PLL system  comparable to 152' is illustratively a voltage
controlled  that of Figure 6. The Figure 7 arrangement 



65  oscillator (VCO) responding to the output  advantageously avoids the
need for the post-    14                                      1,431,378
14 combing modulator (156') of the Figure 6  of combiner 250C to comb
filter apparatus arrangement.                          comprising 1H delay
line 261, and a com-  65 Figures 8  and 9 illustrate application of  biner
263 for additively combining the input the principles of the present
invention to  and output of delay line 261. The output of 5  systems for
direct encoding of color image  combiner 263 is a luminance signal lacking
information into the buried subcarrier format. its lowband component [err]
and combed In Figure 8, an illustrative source of un- above [err] to pass
luminance signal components  70 encoded color image - information comprises
at or near multiples of  the line frequency a color film  scanner 200 of
conventional but to reject luminance signal components 10 form, providing a
set of three simultaneous  at odd multiples of  half the line frequency.
video signals (R, G and B), representative    The combed luminance signal
components respectively of the red, green and blue content in the output of
combiner 263 are additively  75 of a film image being scanned. The color
combined with (a) an uncombed lowband signals are applied to conventional
matrix  component derived from the output of LPF 15 apparatus 210 for
converting the three in-  250A, and (b) the combed chrominance dependent
input signals to a different set of signal output of combiner 243, in the
output three independent signal outputs of a form  signal combiner 270 to
form  a composite  80 (R-Y, B-Y and Y, where                   output
signal in the buried subcarrier format desired for recording. Y=.3R+ .59G+
.11B)               In the  direct  encoding  environment exemplified by
Figure 8, the use of comb 20 convenient for use in encoding.
filtering for "trough" preparing is to be  85 Each of the color difference
(R-Y, B-Y)  clearly seen, for there is no concomitant signals produced by
matrix 210 is applied to  separating action to be performed in the a
respective modulator 231, 233 of doubly  encoder. Crosstalk of midband
"diagonal" balanced form. Respective phases, R-Y and  luminance components
into color is substan- 25   [err]  (differing  by  [err]), of reference
tially precluded by elimination of such com- 90 oscillations at the desired
buried subcarrier ponents from the luminance signal prior to frequency
[err] (e.g., 1.534091  MHz.) are  its initial combination with chrominance
in- applied to the respective modulators 231 and  formation. Conversely,
though  "diagonal" 233. The outputs of the modulators 231 and  coloring
information can result in chromin- 30 233 are combined by adder 235 to form
a  ance signal components falling at  or near 95 chrominance   signal
effectively   phase  multiples  of the  line  frequency, such modulated  in
accordance with  hue and  "diagonal" chrominance components are sub-
amplitude modulated  in  accordance with  stantially eliminated from  the
chrominance saturation. Illustratively, the bandwidth of signal prior to
its initial combination with 35 each modulating color-difference  signal is
luminance information. Thus each of the two 100 limited to 500 KHz. and the
chrominance  signals sharing the midband in the recorded signal occupies a
band defined by [err]500  composite  signal  occupy  only  mutually KHz.
exclusive portions of that band. In subsequent The chrominance signal
output of adder  operations on the recorded signal at the 40  235 is
applied to comb filter apparatus com- player, the respectively interleaved
luminance 105 prising 1H delay line 241, and combiner and chrominance
signals may be separated 243 serving to subtractively combine the  by comb
filtering without danger of diagonal delay line input and output. The
output of type crosstalk. combiner 243 is a chrominance signal combed
Where the player operations involve trans- 45 to pass chrominance signal
components at coding into NTSC encoded form from the 110 or near odd
multiples of half the line fre- buried subcarrier format example heretofore
quency, and to reject chrominance signal recited (i.e., buried subcarrier
frequency: components at multiples of line frequency.  1.53 MHz.; shared
midband: 1-2 MHz.; The luminance (Y) signal output of matrix  and luminance
bandwidth; 0-3 MHz.) sub- 50 210 is applied to a high pass filter 250,
sequent color television receiver operations 115 which comprises a low
pass filter 250A  on the transcoded signals (even without use responsive to
the Y matrix output, and a  of a receiver comb filter) will be free from
combiner 250C for subtractively combining  luminance crosstalk into color
since the trans- the output of LPF 250A with an unfiltered  coded
chrominance signal will lie in a band 55 version of the Y matrix output
passed via  3.08-4.08 MHz.) devoid of luminance in- 120 a delay element
250B (substantially matching formation of any type. the delay of LPF 250A).
If extension of the luminance signal cutoff The cutoff frequency [err] of
HPF 250  frequency beyond the 3 MHz. example is corresponds to the cutoff
frequency of LPF  employed for the  recorded signal,  the 



60  250A and is desirably chosen to be just below  apparatus of Figure 8
serves the additional 125 the lowest buried subcarrier sideband fre-
function  of combing  out diagonal type quency (e.g, [err]= lMz.).
Luminance signal luminance signal components in the to-be- components above
[err] pass from the output shared high band. It will further be noted    15
1,431,378 that in the direct encoding apparatus of  developing  signals
representative  of  the  65 Figure 8 there is no "built-in" crosstalk from
chrominance of said color image and occupy- highband  "diagonal" components
(as was  ing only said given frequency band; said encountered in discussion
of recorder trans-  comb  filter means effecting  chrominance 5   coding
apparatus) since there is not prior  representative signal component
removal at combining of luminance and chrominance  a second plurality of
regularly spaced spectral 70 information  preceding  the  comb  filtering
locations, each of said second plurality of operations.
spectral locations substantially corresponding Figure 9 illustrates a
modification of--the-to a different integral multiple of said line 10
encoding  apparatus of Figure 8 wherein  scanning frequency, and means for
combining luminance comb filtering (by elements 261',  the outlets of said
luminance signal subject-  75 263') precedes rather than follows high pass
ing  means and  said  chrominance  signal filtering by HPF 250. This
permits the low-  developing means to form a composite signal band
luminance component input to com-  in which luminance representative signal
com- 15  biner 270 to be passed (via lowpass filter  ponents and
chrominance representative signal 280, matching the characteristic of LPF
components share said given frequency band  80 250A) from the output of the
1H delay line  in substantially non-overlapping, inter-leaved 261'. This
arrangement avoids the use at the  relationship. recorder of lowband
bypassing of the delay    2. The system  according to Claim  1, 20 line,
advantageous for its previously discussed wherein the combining means also
receives effect on player design freedom.            signals representative
of the luminance of 85 It may be noted that if it is desired to  said color
image and fallin  within said band comb only the shared midband of the
lumin-  of frequencies lower than said given fre- ance signal and to permit
"diagonal" lumin-  quency band. 25  ance components at frequencies
thereabove    3. A system in accordance with Claim  1 to be retained in the
recorded signal, this  or  2  wherein  said  chrominance  signal 90 may be
effected by a simple modification of  developing means is responsive to an
input the Figure 9 apparatus: replacement of the  composite signal
including an input chromin- pair of matching low  parts filters (250A,
ance signal occupying a frequency  band 30  280) by a pair of matching band
elimination  higher than said given frequency band and filters each having
an elimination band co-  an input luminance signal having a portion  95
extensive with the shared midband.          sharing said higher frequency
band with said As  discussed  in  the  aforementioned  input chrominance
signal, and wherein said Specification 1,392,202, slower than real time
developing means also serves to at least 35  video disc recording
techniques may be em-  partially  separate said  input chrominance ployed
which utilize time scale expanded  signal from said higher band input
luminance  100 video signals. It should be appreciated that signal portion.
the encoding techniques of Figures 8 and 9    4. The system in accordance
with Claim (as well as the transcoding techniques of  3 wherein said
luminance signal subjecting 40  Figures la, 2a and 3) may be used for
means is responsive to said input composite "slowed down" video signals as
well as for  signal and is operative to at least partially  105 "real time"
video signals, with account taken  separate said higher band input
luminance for the fact that the line frequency of the  signal portion from
said input chrominance "slowed down" video signals corresponds to  signal.
45  the "real time" line frequency divided by    5. The system according to
any preceding the time scale expansion factor.           claim, wherein
each of said first plurality of 110 spectral locations corresponds to a
different WHAT WE CLAIM  IS:-                      odd integral multiple of
half said line scanning 1. A color image signal translating system,
frequency. for use with a source of signals representa-    6. A color image
translating system com- 50  tive of the luminance of said color image
prising: an input terminal for a source of 115 when analysed by a line
scanning process of  a composite signal including a signal repre- a given
line scanning frequency, and occupy-  sentative of the luminance of said
color image ing a band of frequencies inclusive of a given  and including a
first portion representative frequency band as well as a band of fre-  of
coarse picture details occupying a first 55  quencies lower than said given
frequency  frequency band, a second portion representa- 120 band;
comprising means for subjecting said  tive of intermediate picture details
occupy- luminance representative signals to  signal ing a second higher
frequency band, and a 



component removal at a first plurality of  third portion representative of
fine picture regularly spaced spectral locations throughout  details
occupying a third frequency band 60  said given frequency band, each of
said first higher than said second band, said second  125 plurality of
spectral locations substantially  luminance signal portion  including
inter- corresponding  to  a  different non-integral  mediate picture detail
representative signal multiple of said line scanning frequency;  components
subject to occupancy of only a means including  comb  filter means for
first plurality of regularly spaced spectral    15
1,431,378 that in the direct  enoding  apparatus of  developing  signals
representative  of  the  65 Figure .8 there is no "built-in" crosstalk from
chrominance of said color image and occupy- highband  "diagonal" components
(as was  ing only said given frequency band; said encountered in discussion
of recorder trans-  comb  filter means  effecting  chrominance 5  coding
apparatus) since there is not prior  representative signal component
removal at combining of luminance and  chronminance  a second plurality of
regularly spaced spectral  70 information  preceding  the  comb  filtering
locations, each of said second plurality of operations              .
spectral locations substantially corresponding 10    Figure  9 illustrates
a modification of the  to a different intgral multiple of said line 10
encoding  apparatus of Figure 8  wherein  scanning frequency, and means for
combining lumminance comb filtering (by elements 261', the outlets of said
luminance signal subject- 75 263') precedes rather than follows high pass
ing  means and  said  chrominance  signal filtering by HPF 250. This
permits the low- developing means to form a composite signal band luminance
component input to com-  in which luminance representative signal com- 15
biner 270 to be passed (via lowpass filter  ponents and chrominance
representative signal 280, matching  the characteristic of LPF  components
share said given frequency band  80 250A) from the output of the 1H delay
line in substantially non-overlapping, inter-leaved 261'. This arrangement
avoids the use at the  relationship. recorder of lowband bypassing of the
delay    2. The. system  according to  Claim  1, 20 line, advantageous for
its previously discussed wherein the combining means also receives effect
on player design freedom.            signals representative of the
luminance of  85 It may be noted that if it is desired to said color image
and falling within said band comb only the shared midband of the lumin-  of
frequencies lower  than  said  given fre- ance signal and to permit
"diagonal" lumin-  quency band. 25 ance components at frequencies
thereabove 3. A system in accordance with Claim 1 to be retained in the
recorded signal, this  or  2  wherein  said  chrominance  signal 90 may be
effected by a simple modification of  developing means is responsive to an
input the Figure 9. apparatus: replacement of the  composite signal
including an input chromin- pair of matching low parts filters (250A, ance
signal occupying a frequency band 30  280) by a air of matching band
elimination  higher than said given frequency band and filters each having
an elimination band co-  an input luminance signal having a portion  95
extensive with the shared midband.          sharing said higher frequency
band with said As  discussed  in  the  aforementioned  input chrominance
signal, and wherein said Specification 1,392,202, slower than real time
developing means also serves to at least 35 video disc recording techniques
may be em- partially separate said input chrominance ployed which utilize
time scale expanded signal from said higher band input chrominance 100
video signals. It should be appreciated that   signal from said higher
band input luminance   100 video signals. It should be appreciated that
signal portion. the encoding techniques of Figures 8 and 9    4. The system
in accordance with Claim (as well as the transcoding techniques of 3
wherein said luminance signal subjecting 40   Figures 1a, 2a  and 3) may be
used for  means is responsive to said input composite "slowed don" video
signals as well as for  signal and is operative to at least partially  105
"real time" video signals, with account taken  separate said higher band
input luminance for the  fact that the linefrequency of the  signal portion
from  said input chrominance "slowed down" video signals corresponds to
signal. 45  the "real time" line frequency divided by    5. The system
according to any preceding the time scale  expansion factor.         claim,
wherein each of said first plurality of 110 spectral locatiins corresponds
to a different WHAT WE CLAIM  IS:-                      odd integral
multiple of half said line scanning 1. A color image signal translating
system,  frequency. for use with a source of signals representa-   6. A
color image translating system com- 50 tive of the luminance of said color
image prising: an input terminal for a source of 115 when analysed by a
line scanning process of  a composite signal including a signal repre- a
given line scanning frequency, and occupy- sentative of the luminance of
said color image ing a band of frequencies inclusive of a given and
including a first portion representative 



frequency band as well as a band of fre-  of coarse picture details
occupying a first 55  quencies lower than said given frequency  frequency
band, a second portion representa- 120 band; comprising means for
subjecting said tive of intermediate picture details occupy luminance
representative signals to signal ing a second higher frequency band, and a
component removal at a first plurality of  third portion representative of
fine picture regularly spaced spectral locations throughout details
occupying a third frequency band 60 said given frequency band, each of said
first higher than said second band, said second 125 plurality of spectral
locations substantially  luminance   signal portion  including  inter-
corresponding  to  a  different non-integral  mediate picture detail
representative signal multiple of said  line scanning frequency;
components subject to occupancy of only a means including  comb  filter
means for  first plurality of regularly spaced spectral    1,431,378
locations extending over said second frequency    8. The system according
to Claim  6, 45 band and lacking in intermediate picture  wherein said
multilicity of nulls exhibited detail representative signal components
fall-  by said second comb filter means corresponds ing at a second
plurality of regularly spaced  to said second plurality of spectral
locations. 5  spectral locations interleaved with said first   9. The
system according to Claim 6 or 7, plurality; said composite signal also
including  including heterodyning means to shift said  50 a signal- which
is representative of the  composite signal prior to application to said
chrominance of said coor image and which  second comb filter means, the
multiplicity of shares said second frequency band with said  nulls
exhibited by said second comb filter 10 second  luminance  signal  portion,
said  means differing from  said second plurality chrominance signal
including, within said  of spectral locations by the amount of said  55
shared second band, chrominance representa-  frequency shift. tive signal
components subject to occupancy    10. The system according to any of
Claims of only said second plurality of spectral  6-9, including output
signal forming means 15  locations and lacking in chrominance repro-
responsive to the outputs of said first and sentative signal components
falling at said  second comb filter means, for providing from   60 first
plurality of spectral locations; means, said  translating  system
luminance  and including first comb filter means coupled to  chrominance
signals including an uncombed said terminal and responsive to such a com-
luminance signal portion of said first fre- 20  posite signal and
exhibiting a multiplicity of  quency band. nulls correlated  to said first
plurality of    11. The system according to Claim 6, com-  65 spectral
locations, for developing a chromin-  prising frequency shifting means for
causing ance signal output free of crosstalk from  said chrominance signal
output of said first intermediate  picture  detail  representative  comb
filter means to occupy a fourth fre- 25  signal components of said second
luminance  quency band higher than said third frequency signal portion; and
means, including second  band, and means combining the chrominance  70 comb
filter means coupled to said input signal of' said fourth frequency band
with the terminal and responsive to such a composite  output of said.
second comb filter means to signal and exhibiting a multiplicity of nulls
form  an output composite signal in which 30  correlated to said second
plurality of spectral  a chrominance representative signal com- locations,
for developing a luminance signal ponent lies in a frequency band separate
from   75 output inclusive of said first, second and third  and above the
frequency bands occupied by portions in said first, second and third fre-
all of said luminance signal portions. quency bands, with said second
portion free    12. A color signal encoding, transcoding, 35  of crosstalk
from said chrominance signal or decoding system, substantially as herein-
components.                                before described in conjunction
with any one  80 7. A system in accordance with Claim 6  or more of the
Figures. including heterodyning means to shift said composite signal in
frequency prior to applica- 40  tion to said first comb filter means, the
JOHN A. DOUGLAS, multiplicity of nulls exhibited by said first
Chartered Patent Agent, comb filter means differing from  said first
50 Curzon Street, plurality of spectral locations by the amount
London, W1Y 8EU. of said frequency shift.                             Agent
for the Applicant. Printed for Her Majesty's Stationery Office, by the
Courier Press, Leamington Spa, 1978. Published by The Patent Office, 25
Southampton Buildings, London, WC2A 1AY, from which copies may be obtained.


