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[57] ABSTRACT

The invention concerns a dynamic range compressor
type encoder or expander type decoder, in which a
main signal component in a main path is boosted or
bucked by a further signal component derived from a
point in the main path by a further path having the
characteristics of so restricting the further signal com-
ponent that the boosting or bucking action is only ap-
preciable below a low level threshold. In the present
invention the further signal component is a difference
signal formed between a direct signal derived from a
point in the main path and a delayed version of either
the same signal or of another signal derived from an-
other point in the main path. At the frequency equal to
the reciprocal of the delay, and at harmonics of this
frequency, the direct and delayed signals cancel. The
compressor or expander action, and hence noise reduc-
tion action, takes place only at intervening frequencies.
The invention enables carrier components or other
repetitive components of signals to be excluded from
the compressor or expander action (which they would
otherwise choke).

78 Claims, 31 Drawing Figures

3 (@) (5) 3
DELAY DELAY FURTHER | DIRECT
FATH INPUT Trre 11 | mweyr PATH INPUT
16 6 /5 |
£ 14 ¢ £ g
c a
il 0 1 T OUTPUT
fumfﬂ DELA T'(&) (i)r =
DEL FURTHER | DIRECT
[ omecT S| PATH INPUT PATH
T rveet2 | ¢ °
‘
NPUT 4

. -
0

~ 4
A . oureyr
” .



U.S. Patent  Dec. 30,1980  Sheet 10of 19  Re. 30,468

PRIOR ART /7

INPUT OUTPUT



Sheet 2 of 19 Re. 30,468

Dec. 30, 1980

U.S. Patent

V(i

1=

L0410
C

1974107

¥IH! SI
£l

AV710

(9)

& 94



Re. 30,468

L4100 | L11dN]
o+ Z o+ :
/] h A Of

A
= ) IS 7 U=
- ALLY
o E%\ HIVd HiVd 0 9 L\
7 AViIQ | ¥3IH14NS Es 10750 L0dNI 103510 | Y4140 AV770
(?) £r
_ 104100 Of LNdN]
% ¢ H N T S
= /[ O/
2 !
%
_, — —_
g AL - o
7 | 134 G 914
wvd | KIS
Ar770 | YIHLIENS | 100K 107800 L04NI L27410 | YTHLINS ZEL,
(9) (B) o

U.S. Patent



U.S. Patent Dec. 30, 1980 Sheet 4 of 19 Re. 30,468

T
I )
B f
FILTER
23 [rri ;[
l A
25
| \/
|

/0 /1 6 ~1DELAY INPUT
INPUT ' OUTFUT



U.S. Patent  Dec. 30,1980  Sheet 5019  Re. 30,468

_________ 16,10 .
21 s 9
20 22

i
I
* > =
|
|
|
|
|
|
|
|
|

M
| FILTER |28

= Vol
|

| ,.




U.S. Patent  Dec. 30,1980  Sheet60of 19  Re. 30,468

INPUT (dB)
-30 ~20 ~10 , 32

0

F16.124 30 L,

ouTPuT(dB)
~~20
1-40
|

-10

QUTPUT
(dB)




U.S. Patent Dec. 30, 1980 Sheet 7 of 19 Re. 30,468

Vi Vour
35 354

QUTPUT ,
29 41

2V o0~ 44 INPUT
3




Re. 30,468

LN4L00 0/
-
o 9/
S
&
N
04
_ [
% < Av73a
=3
3
a

dN0 D
B

G191

U.S. Patent

LNSNY



U.S. Patent  Dec. 30,1980  Sheet90of 19  Re. 30,468

F16.16
:
20 57
4l
co?vmoz 24
O ~
g /25 iy
16 MN—26
34 15
-4
l
INPUT 10 OUTPUT
T
PHASE/GAIN
Fic17 sl
19 57 20
:
22 |56 55 iy
7 7~
5
— |4 6
INPUT 10 OUTPUT




LAdNI LV730
LdNI AV 170

H.L B\ v
wE%m w@m mﬂm
HiIVdS HLVd
_ S IHLHN 1 ﬁ - JIHLYNS - H

Re. 30,468

=
0
—

L
3 104100 L0dNT

70023(7 mqobzm
9 Hild s

-
m [0dNI L3750 %.ﬁt.g..\ SIHLYTS QN O\I.\
» LOIN/
& AV77G NWZEL;

&

O 09 (9 6G _
e B bl e

1IN0

_ i- i i-
S HLVd HIvd HLivd HLVd
= Av734 | IHL8N YIHLYN LN | 7 80803 [T xvrza 8191 4
as LOINI LD7¥

! /d 700930 LNdNI 123¥17 700IN 7
“
-



NI

— [V

NFLIWIT
DEINIE
ZHK 9-1-ZHY 057

Re. 30,468

69
N
“ 0/
-
—t dILIWIT
.H R YILT A
O
. .
)
2
= YILINIT B
— X417 CHIN
X 9-1-ZHX052
9 cl
)

SILIWTT
R ENNIE

CHN 9-3°1

0/

U.S. Patent



Re. 30,468

Sheet 12 of 19

Dec. 30, 1980

U.S. Patent

CHAN 9 07
ZHN0SC




U.S. Patent  Dec. 30,1980  Sheet 130f 19  Re. 30,468

/-OMHz

4-43MHZz

40HHZ | 4-9MHZ

FI6.22




Dec. 30, 1980  Sheet 14 of 19  Re. 30,468

U.S. Patent

104100 ELOREL - z - YITOINT  LIngn/
- [ Of / \
: £6-N7 7 A-
At x
» /-t ve—/ it
P A<ty
@ f |, 6 b2 94 6§ \G68
06
98 (8 £+
¥300770 ¥700IN7
yN YN
8L

1N0 Y7000N7

JN010J

¥7003377
AN

08
¥IQ0INT |,

YN
Y3000N7

4N

(8




U.S. Patent  Dec. 30,1980  Sheet 150f19  Re. 30,468

FIG' 25 96 FILTER- AL
Dl 4 etc. LIMITER 99
iy +
R
LIMITER [T
96 FILTER-VH.F 5
LIMITER g
-l H +
[ FILTER- -
LIMITER
8
FILTER- 7
LIMITER
M
FILTER -
LIMITER |7 F

00
14 JYPE 21
-+ o
FILTER- \HF
f16.20 _ 0

FILTER- | HF
LIMITER 99
]
FILTER-
D2 96 LIMITER /F 08
/5
FILTER- |11
R P

o H %
)
C

[ypPE 21
10, DECODER

- "
+ e
INPUT



U.S. Patent Dec. 30, 1980 Sheet 16 of 19 Re. 30,468

70 DLB etc.
FIME FILTER -
DOMAIN LIMITER 109
sysTem L T+
[FILTER-
07
1061 DL A
DIRECT
INPUT
C
/5
DELAY
C
INPUT 16 103

A1 OL) £p
' —1 1 0UTPUT
A FILTER-
LIMITER

syfsﬁr% | —{*
- FILTER-
91 L 05
20-21 DL2

J04
: FILTER-
92 e wirer 105
1+ *
o {FILTER- =
70 OL3 LIMITER [

etc.

F 16 —
<7 102

GveTe
SYSTEM LIMITER )



Dec. 30, 1980  Sheet 170f 19  Re. 30,468

U.S. Patent

L70023(
Ot
Ol L1]
L0d1110,
&
°et mw:l_
06/
_,J%\\

bc//
L0dN/ L4100
A
A

YTLIWIT
Y717/

E- V770 HA-

0c/ 641 A
g2 914

LI}



Dec. 30, 1980  Sheet 18 of 19  Re. 30,468

U.S. Patent

LR e T I I I W T TR T R T W e T P




Dec. 30, 1980  Sheet 190f 19  Re. 30,468

U.S. Patent

Ld L0

ct/

STLINIT

XTL7/

v/iq

/EY

SILIWIT
7L 7/

STLIWTT
HTLT/S

9!

LN/



Re. 30,468

1
SIGNAL COMPRESSORS AND EXPANDERS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This application is a Continuation in Part of our appli-
cation Ser. No. 346,689 filed Mar. 30, 1973, now aban-
doned.

This invention relates to signal encoding and decod-

ing circutts the action of which are similar to those of

the compressors and expanders described in British
patent specifications Nos. 1,120,541 and 1,253,031, both
in the name of Ray Milton Dolby, and to combined
encoding/decoding circuits, i.e. noise reduction cir-
cuits. In such compressors and expanders a main signal
component is transferred by a so-called main path from
an input terminal to an output terminal, the main path
having the characteristic at least of dynamic range lin-
earity at any frequency within the band handled by the
compressor or expander. The main path is preferably
linear in all respects such that the main signal compo-
nent is proportional on an instantaneous basis to the
input signal. The main component is boosted in the case
of a compressor or bucked in the case of an expander by
one or more further components provided by so-called
further paths, having one or more inputs connected to
points in the main path and outputs connected to one or
more combining means in the main path. The combin-
ing means combine the components in the sease appro-
priate to boosting or bucking, as the case may be.
Under low signal variation conditions, the further
components significantly boost or buck the main com-
ponent, to which end the further paths have suitable
gain relative to the main path. However, the further
paths have strong limiting characteristics. Each further
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path characteristic is generally linear up to a limiting 4,

threshold, which will usually be at least an order of

magnitude (and preferably two orders of magnitude)
below the nominal peak to peak signal level. The fur-
ther components moreover do not under any conditions

exceed a level which is greater than about one-tenth of 45

the nominal peak to peak level of the main component.
With large amplitude signals, the boosting or bucking
action becomes insignificant with reference to the maxi-
mum signal amplitude, whereby a transfer characteris-
tic which 1s linear with respect to dynamic range ob-
tains.

The compressors (encoders) and expanders (decod-
ers) based upon these principles are typically (though
not necessarily) used together in complete noise reduc-
tion systems.

‘The main operative principle in the Applicant’s signal
processing devices is that a dynamically unmodified or
main signal component is linearly combined with a
dynamically modified component. The main signal
component is derived from the input, and the modified
component 1s produced by a dynamic modification
circuit, the input of which is derived from one or more
signals in the device, and ultimately from the input. The
circuit realisations of this concept are many and varied,
but the simplest for discussion purposes, as well as most
straight forward in application, is the parallel path form,
the paths are fed from conventional voltage inputs and
produce conventional voltage outputs.

30
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It is also possible to realise the invention in a series
form, whereby the input signal may be applied as a
current or a voltage to an impedance network, at least
part of which is variable in response to one or more
signals in the network. If a current 1s applied, the output
signal is derived from the voltage across the network. If
a voltage is applied, the output signal is derived from
the current through the network. In practice, the same
dynamic modification circuit is used as in the parallel
path form; however, the input, output, and signal com-
bining arrangements are such that the overall circuit
can be thought of as a two-terminal impedance network
or a series combination of two-terminal impedance net-
works. It is also possible to apply a current to a parallel
combination of impedance networks, at least one of
which is variable in response to one or more signals in
the combination; the output signal is derived from the
voltage across the combination or from the current
through one or more of the impedance network
branches.

Thus, the important feature of the invention is not so
much the input, output, or combination methods, but
that, in one way or another, a main or dynamically
unmodified signal should be transferred from the input
to the output, with subsequent signal accuracy and
freedom from distortion; the dynamic modifications for
noise reduction need take place only at low levels,
which allows a boosting or bucking technique to be
used, whether with voltages, currents or impedance
components.

A problem which arises with any compressors or
expanders 1s that the signal to be processed may include
components which effectively block the compressing or
expanding action. For instance, if the signal 1s a repeti-
tive signal such as a video signal, the frequency spec-
trum contains substantial components at the picture and
line repetition frequencies and harmonics thereof, e.g.
25 Hz and its harmonics and 15.625 KHz its harmonics
in the case of a 625 line, 50 fields per second television
signal. If such components are spread throughout any
part of a band within which noise reduction is required,
their presence may cause the output of the further path
to limit, thereby blocking noise reduction action. For
example, if noise reduction is attempted at low frequen-
cies, large variation signal components are inevitably
present at 25 Hz, 50 Hz, and so on and at 15.625 KHz,
31.250 KHz, and so on and the presence of these com-
ponents will bring the limiting characteristics of the
further paths into play and thereby prevent the signifi-
cant boosting and bucking necessary to create the com-
pressor and expander action.

The object of the present invention is to provide
signal encoders and decoders capable of providing com-
pressor and expander action in the presence of large
variation signals which have a defined, and generally
non-continuous, frequency spectrum. It will be conve-
nient to refer to the encoders and decoders generically
as circuits for modifying the dynamic range of a signal.

According to the present invention there is provided
a circuit for modifying the dynamic range of a signal,
comprising a main signal path arranged to transmit a
main signal component with dynamic range linearity
from an input terminal to an output terminal, and a
further path including means for forming the difference
signal between a signal derived from a point in the main
path and a delayed version of a signal denved from a
point 1n the main path, and an output connected to
combining means in the main path so as to combine with
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the main component the said difference signal, which
difference signal either boosts or bucks the main compo-
nent appreciably under low signal variation conditions,
and means for restricting the said difference signal to a
predetermined amplitude which is not greater than
about one-tenth of the level of the maximum amplitude
of the main component.

In order to process a repetitive signal, the delay
means introduces a delay period equal to the period of
the fundamental repetition frequency, or an integral
multiple of this frequency. Provided the gains via the
two further path inputs are substantially equal, compo-
nents at the fundamental repetition frequency and har-
monics thereof (referred to together as the cancellation
frequencies) will cancel out, i.e. will not appear in the
said difference, and will accordingly not choke the
encoder or decoder. As will be explained below, several
different delays can be used, with delays which are
different integral multiples of the aforesaid delay per-
tod.

In order to avoid the possibility of self oscillation, the
present invention preferably employ the configuration
described as Type 2 in British specification No.
1,253,031, in which the undelayed or direct further path
input is connected, in the case of the encoder, to the
output side of the combining means in the main path,
and in the case of the decoder to the input side of these
combining means. If the further path gain in this config-
uration s 0.684 below the aforementioned limiting
threshold, the amount of compression or expansion
varies from zero at the cancellation frequencies to a
maximum of 14.5 dB at frequencies midway between
adjacent cancellation frequencies.

For processing television signals, a suitable delay is
one or more field periods, although this requires expen-
sive delay means if adequate time-stability is to be
achieved. Good results are also obtained using one or
more line delays for both chrominance and luminance
components in the case of NTSC signals (and two-line
delays for chrominance and one-line delays for lumi-
nance in the case of PAL signals). It is furthermore
possible to use closed loop control to maintain the de-
lays at the correct values, as explained below.

The invention is not restricted to use of delays related
to a repetition frequency. For example, the delays can
be short compared with the periods of the major infor-
mation components of a signal, which will thereby be
excluded from the compressor or expander action. In a
television system, such delays can range from a fraction
of a microsecond to several microseconds, for example.
The action of the invention will be confined to higher
frequency components, such components typically in-
cluding the major noise components required to be
reduced by complementary compressor and expander
action.

The invention will be described in more detail, by
way of example, with reference to the accompanying
drawings, wherein:

FIGS. 1 and 2 show the basic, known configurations
of Type | and Type 2 compressors and expanders to
assist in understanding the invention,

FI1GS. 3 and 6 show the basic configurations of four
types of encoders and decoders embodying the present
invention.

FIG. 7 shows a switched version of FIG. 6 for pro-
viding either encoder or decoder action,

FIGS. 8 and 9 show more detailed versions of the
encoeder and decoder of FIG. 6,
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FIGS. 10 and 11 show modified forms of FIGS. 8 and
9,

FIGS. 12A and 12B illustrate compressor and expan-
der characteristics suitable for a video signal,

FIG. 13 shows a limiter circuit for obtaining a
downturning limiting characteristic,

FIG. 14 is an explanatory diagram relating to FIG.
13,

FIG. 15 shows a modified form of FIG. 10 in which
automatic gain and/or phase control is applied to the
delayed signal,

F1G. 16 1s a block diagram of an encoder suitable for
use in a colour television system for the colour sub-car-
rier region,

FIG. 17 is a diagram of the decoder complementary
to FIG. 16,

FIGS. 18 and 19 show how circuits may be combined
to deal separately with different frequency bands,

FIG. 20 shows a specific example of FIG. 18 for
providing wide-band noise reduction in a monochrome
television signal,

FIG. 21 shows the encoding portion only of another
example of FIG. 18 for providing wide-band noise re-
duction in a colour tefevision signal;

FIG. 22 shows frequency bands applicable to FIG.
21;

FIG. 23 shows a system operable with decoded col-
our signals such as Y, U and V signals:

FIG. 24 shows a simple field delay encoder and de-
coder:

FIGS. 25 and 26 illustrate further paths using multi-
ple delays in parallel;

FI1G. 27 illustrates a further path using multiple de-
lays in series;

FI1G. 28 shows a further encoder and decoder em-
bodying the invention and in which operate in a series
combination mode rather than a parallel combination
mode;

FIG. 29 shows a modification of FIG. 28: and

FIG. 30 shows a modified decoder using multiple
delay paths.

To simplify presentation of the invention the conven-
tion is adopted throughout the drawings that, wherever
signals are combined they are combined, (i.e. mixed)
additively (by blocks denoted ““4') and inverters are
shown (by blocks denoted ““ — ™) when subtractive com-
bination is required. It will be appreciated that the same
overall result may be achieved in various ways with
inverters in places other than those shown and/or with
the use of combining circuits such as differential ampli-
fiers which actually do subtract one signal from the
other. It is merely necessary that closed loops illustrated
as inverting should, overall, remain inverting; that non-
inverting loops should, overall, remain non-inverting;
and that the results of combining signals should remain
additive or subtractive, as the case may be.

In FIGS. 1 to 6, the symbols C and E denote com-
pressors and expanders. In FIGS. 1 and 2 the compres-
sors and expanders are the encoders and decoders re-
spectively. In FIGS. 3 to 6 the compressor and expan-
der loops form parts of overall encoders and decoders.
The broken connections between encoders and decod-
ers denote that the encoded signals are transferred to
the decoders cither via a record/playback procedure or
via a transmission or signal processing path, referred to
generically as an information channel. As explained in
the aforementioned specifications, the overall action of
an encoder followed by a decoder is to reduce noise
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introduction in the record/playback procedure or in the
transmission or signal processing path. The symbol N is
placed in the information channel in FIGS. 1 to 6 to
denotv that it is here that the noise which is to be re-
duced is introduced. h_

In all of FIGS. 1 to 6 a main path 10 extends horizon-
tally through a combining circuit 11 at which there is
combined with the signal in the main path the output of
a further path 12 (FIGS. 1 and 2) or 13 (FIGS. 3 to 6).

In an encoder or a decoder, more than one combining 10

means and further path may be used. Moreover, as will
be seen (e.g. from FIG. 27), a further path may include
several individual signal paths, operative for example
with the same or different time delays and/or in the
same or different parts of the frequency spectrum. It is
convenient to refer to a further path in the singular
whenever only a single further path output signal is
created, even though more than one further path input
signal may be used.

In FIGS. 1 and 2 the essential characteristic of the
further path 12 is that it shall contribute a boosting
(compressor action) or bucking (expander action) signal
which has a significant effect such as +10 dB or —10
dB for low amplitude signals but which 1s so limited
above a low threshold, that with higher amplitude sig-
nals, the output of the further path has an insignificant
effect, as already explained above. Inverters 14 create
the subtractive combination in the case of the expan-
ders. The distinction between Type 1 and Type 2 de-
vices lies in where the further path 12 derives its input:

Type Further Path Input derived from

Type 1 Compressor
Type 1 Expander

Main path input

Main path cutput, i.e. output
of combining means 11,
Main path output, i.e. output
of combining means 11.
Main path input.

Type 2 Compressor

Type 2 Expander

The more general terms encoder and decoder have
been used above in place of compressor and expander
respectively. This 18 because, for reasons which will
become apparent, it is better to utilize the general terms
in relation to FIGS. 3 to 6.

In each of FIGS. 3 to 6 encoder configurations ap-
pear at (a) and decoder configurations at (b). The fur-
ther path 13 now has a direct input 15 and a delay input
16. Examples of the further path 13 of varying degrees
of complexity will be described below. The further path
delays the delay input signal, using one or more delay
means. It then forms the difference between the delayed
signals and the direct input signals; (one of which will
be seen always to be preceded by an inverter 14). This
difference 1s then limited to a low amplitude. The limit-
ing threshold is preferably at an amplitude between 1%
and 10% of the maximum peak to peak signal amplitude
(1.e. one of two orders of magnitude less than the maxi-
mum signal amplitude). While the limiting characteris-
tics can be abrupt or gradual, the output of the limiter
should level off with increasing applied signal ampli-
tudes (it can even decrease, if a down-turning limiter
circuit is used). The contribution of the further path
signal component to the encoder or decoder output
signal is preferably less than about one-tenth of the
maximum peak to peak amplitude of the main signal
component. In this way overshoots, which can cause
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6

problems in the recording or transmission channel, are
suppressed.

It is desirable so to organize matters that the limiters
are operative for the smallest possible proportion of the
time, since the noise reduction action of the decoder is
diminished or even eliminated whenever limiting oc-

‘curs. The use of filters, generally high-pass, 1s helpful in

this regard; the use of several different frequency bands
for the limiting action is then usually required. It is
possible to reduce the number of bands required to
achieve a given noise reduction effect by means of auto-
matically variable filters (controlled by signals within
the encoder or decoder), instead of fixed filters fol-
lowed by limiters. The variable filter can be made to
effect a narrowing band action with high signal ampli-
tudes. The frequency band passed by the filter 1s nar-
rowed to exclude high amplitude signal components,
thereby limiting or restricting the filter output. As soon
as the high amplitude signal ceases, the band-pass of the
filter is quickly increased to permit passage of a wider
range of frequencies in order to achieve a good noise
reduction action. Variable filters with control circuits
are possible, but it is convenient in video systems to use
a simple, automatically variable circuit known as a fil-
ter/limiter (see British patent specification No.
1,120,541). Such a circuit comprises a series impedance
(which will usually be either a capacitor or a parallel
resonant trap circuit, for dealing with a carrier fre-
quency) and a shunt resistor. The resistor is shunted by
oppositely poled limiting diodes. As described in the
previously mentioned patent, the diodes conduct and
shift the pass band of the circuit upwards (or away from
the carrier frequency).

Circuits which either limit in a straightforward way,
such as diode limiters, or limit by means of a restricting
action involving a variable filter, can be referred to
either as signal limiters or as signal restricting circuits.

Each of the eight signal processing circuits of FIGS.
3(a) to 6(b) has both a compressor loop labelled C and
an expander loop labelled E; (hence the preference for
encoders and decoders as the names for the complete
circuits). The loop via the direct input 15 establishes the
basic encoding or decoding action whose type is de-
noted by the first digit of the designations Type 1.1,
Type 1.2, Type 2.1 and Type 2.2 applied to FIGS. 3 to
6. This action is cancelled out under precisely repetitive
signal conditions by the complementary action of the
loop via the delay input, which loop is of the type de-
noted by the second digit of the aforesaid designations.
This cancellation is not effective in respect of signal
components which are not the same at intervals equal to
the delay to which the delay input signal is subjected.

One way of looking at the effect thereby created is to
realize that the opposing actions of the direct and delay
inputs create a comb filter with notches at frequencies
of 1/t, 2/t, 3/t, etc., where t is the delay. The encoding
or decoding action is excluded at the notches. In be-
tween the notches, encoding or decoding action of the
type denoted by the aforesaid first digit is effective. If
the signal being treated includes a carrier or other peri-
odic feature whose period is equal to t or an integral
sub-multiple thereof, the periodic feature i1s excluded
from the encoding or decoding action, this being neces-
sary because the periodic feature will otherwise always
cause the limiting action of the further path to be opera-
tive, and so prevent the encoding and decoding neces-
sary for noise reduction to take place.
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If the delay is short compared with the period of the
major components of the signal, an alternative way of
looking at the situation is more helpful. The major com-
ponents of the signal are then excluded from the encod-
ing or decoding action since such components do not
change appreciably over the delay time t. Higher fre-
quency components are however, subject to encoding
and decoding whereby noise, which is typically high
frequency, introduced between encoding and decoding,
is reduced. In terms of the explanation of the preceding
paragraph, the said major components occur in the first
notch of the comb filter. Components present in the
signal with higher frequencies than the said major com-
ponents will be subject to the higher order notches.

In view of the above-stated preference for Type 2
devices, of the circuits shown in FIG. 3 to 6, the Type
2.2 encoder and decoder of FIG. 6 are generally to be
preferred. The operation of Type 2.2 devices will there-
fore be considered more closely. Since the main path
has a completely linear characteristic, this characteristic
can be represented by the operator 1. If, in fact, the
main path has other than unity gain, a corresponding
scaling factor can be applied to the following equations.
F1G. 6 has been labelled to show the following signals:

M

encoder input

y encoder output and decoder input (i.e. the signal
in the information channel
z decoder output

_—_——-—-———_—-—_-——-_—__-—-_-—-__-_—__—

For simplicity, only the cases of single delays will be
considered. Let the characteristics of the encoder fur-
ther path via the direct input be F and let the character-
istics via the delay input be F1F; where F; represents
the action of the delay means. Similarly, let the charac-
teristics of the decoder further path via the direct and
delay inputs be F3 and F3F4 respectively.

From inspection of FIG. 6{(a)

y—x{1 —F{F2)+y(Fy)

from which we have:

x=y(1— F()/(1—FyFp) (1)

From inspection of FIG. 6(b)
z=y(t —F1)+z(F3iF4)
from which we have:

z=y(1—F3)/(1 - F3F4) (2)

Provided now that Fi—F1 and F;=F4 it can be seen
that the right hand sides of equations (1) and (2) are
identical, whereby

L=—X

This demonstrates that, if the further path character-
istics of the Type 2.2 decoder are the same as the further
path characteristics of the Type 2.2 encoder, the action
of the decoder is truly complementary to that of the
encoder and the decoded information signal z is exactly
the same as the original input signal x.
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Similar equations can be developed for Type 1.1, 1.2
and 2.1 devices to demonstrate the exact complementar-
ity of each decoder to its encoder.

The foregoing analysis ignores the effect of the de-
coder on noise introduced in the information channel.
To examine this let the gain of the further path be A,
this same gain applying to signals introduced via either
the direct input or the delay input. The gain A 1s re-
ferred to a main path gain of unity and if the main path
gain is not actually unity, A—AFr/Ay where AFr and
A s are the actual gains of the further and main paths
respectively.

Let the noise voltage at the input to the decoder be
nyand at the output from the decoder be no. Further-
more, let the noise voltage at the output from the de-
coder at time t (the delay time) prior to current time be
np.

Again considering the Type 2.2 decoder (FIG. 6(b)).
we have

no?=np/(l—A)y+nplA’ (3)

In a practical system it can be assumed that the corre-
lation of the recirculating component of noise in the C
loop of FIG. 6(b) can be ignored, since appreciable
components of recirculating, correlated noise lead to
undesirable visual effects. Accordingly, it is appropiate
to consider the combination of RMS values. Assuming
random white noise we can put np—ng? from which
equation (3) simplifies to:

noX(1—Al=n/{l1-A)Y

Therefore

not/nf=(1 —AY(1+A)

and

Type 2.2

Ho/Hl = \ (1 — A/ (1 + A)

If A is the aforementioned value 0.684, the ratio of ngto
nsis 0.43.
A similar working can be developed for the type 1.1
decoder. In this case
noX(1+AY=ng/+Alnpr 4)
where np; represents input noise at time t prior to cur-

rent time. Assuming random white noise, nps—n 12 and
equation (4) simplifies to

Type 1.1

no/ My = N (1 + A5/() + A)

This expression is at a minimum when A—1, giving
no/n—1 V2, i.e. 3 dB noise reduction.

The derivation of the other expressions will not be
given but the results are:

Type 1.2

ne/my = 1/ \|(1 + 24
nOA | = ‘Ii 24 + 247

Type 2.1

which is a minimum, again 1/V 2, when A=—=4.
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FIG. 7 shows a Type 2.2 circuit switchable between
the encoding mode with switches 17 and 18 positioned
as shown at setting R and the decoding mode with the
switches both changed over to setting P. The settings
are labelled R and P since the encoding and decoding
modes are typically used for recording and playback
respectively. Similar schemes are applicable to FIGS. 3
to 5.

FIGS. 8 and 9 are block diagrams of an encoder and

decoder, respectively, of Type 2.2 with a simple form of 10

further path 13 shown in more detail. In FIG. 8, the
encoder, the output signal is fed back via the direct
input 15 to a combining means 19. The input signal is fed
forward via an inverter 14 and the delay input 16 to
delay means 20, where it is delayed for the required
period, e.g. that of one or a plurality of television lines
or fields. The delayed signal is fed into the combining
means 19 via an amplifier 21 and gain control 22. The
gatn of the delayed path is set by the control 22 to pre-
cisely that of the direct path 15 so that the information
recurring periodically at a rate which is the reciprocal
of the delay time of 20 1s removed by the delayed path
from the direct path 15 in the combining means 19.
The output of the combining means 19 is fed through

15

20

a filter/limiter 23 (or alternatively through a plurality of 25

filter-limiter paths as shown in FIGS. 2§ and 26), then
through an amplifier 25 and a noise reduction gain con-
trol 26. The further signal component is added to the
component contributed by the main path 10 in the com-
bining means 11.

The decoder shown in FIG. 9 restores the original

signal, since the further path 13 is identical to that of

FI1G. 8, the direct and delayed inputs merely being
transposed 1n the circuit in accordance with FIG. 6(b)
and the above analysis demonstrating z—x applying.

Since the path via the delay input 16 forms a positive
feedback circuit in FIG. 9 of less than unity gain, the
non-pertodic part of the delayed signal is recirculated as
a decaying infinite series.

Thus, in both encoder circuits only those signal com-
ponents not recurring at the rate of the reciprocal of the
delay time undergo any waveform processing. Noise
reduction, however, occurs at all times when there are
no larger changes in the image, either in the X-dimen-
sion (short delays), Y-dimension (line delays), or time-
dimension (field and picture delays). The limiters 23
will only limit when there are large changes along a line
in the short delay case or line-to-line changes in the line
delay case or where there is movement in a picture, or
other picture change in the frame or field delay case.
Such limiting will not visibly worsen the noise reduc-
tion performance, as large transitions, whether occur-
ring spatially or temporally, will mask the noise present
during the time the filter/limiters in the expander circuit
are choked and unable to yield any significant outputs
to effect noise reduction.

FIG. 10 shows a modified version of the encoder of
FI1G. 8 1in which the single filter/limiter 23 is replaced
by a filter 27 in the direct input path, another fiiter 28,

30

35
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not necessarily identical, in the delay input path, and a 60

iimiter 24 following the combining means 19. This lack
of identity between filters may be necessary if the band-
width of the delay means 20 is restricted FIG. 11 is the

complementary decoder for use with the encoder of
FIG. 10,

The circuits of FIG. 10 and 11 may be used in particu-
lar with line delays 20 to provide noise reduction over
a band typically of § kHz to 200 kHz of a television

65
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signal. This range cannot be effectively covered by a
simple noise reduction system as shown in FIGS. 1 or 2
due to the presence of high amplitude signals at line
frequency and low order multiples. In this application
the filters 27 and 28 are of the low pass type with a
typical cut-off frequency of, say, 350 kHz. The low
frequency luminance component of the delayed path
signal is subtracted from that of direct path in the com-
bining means 19 as previously described. The limiter 24
is an instantaneous diode limiter and ideally has a down-
turning output characteristic. Alternatively, a filter/li-
miter 23 (as in FIGS. 8 and 9) can be used 1n place of the
limiter 24, in which case the frequency characteristics
of the further path will be determined by the combined
actions of the filters 27 and 28 and the filter/limiter 23.

By a down-turning characteristic is meant a charac-
teristic which limits above a low threshold and limits
even more strongly as the sighal level rises to a high
level. FIG. 12A shows the input output characteristics
of the circuit of FIG. 10 on a dB plot. Line 29 represents
a linear characteristic which applies to the main path 10
and also to the complete circuit at the frequencies ex-
cluded from the encoding action by the cancelling ef-
fect of the direct and delay paths. Curve 30 represents
the compressed characteristic created by the encoding
action at the non-excluded frequencies with a knee 30A
created by the threshold of a diode limiter. Line 31
shows the noise reduction component of the signal (fur-
ther path output) assuming a sharp limiting characteris-
tic. In practice a more gradual characteristic 31A 1s
obtained (and is in fact generally more desirable) and
smooths the knee J0A to the curve 30B. It will be noted
that there i1s a significant encoding overshoot or offset
32 with large signal variations, of the order of 1 dB
which is unavoidable with the use of a simple diode
limiter. The desired characteristic is illustrated at curve
33 and can be obtained if the characteristic 31 or 31A is
changed to a down-turning charactenstic 31B or 31C
by means of the circuit of FIG. 13, which shows simply
the limiter 24 of FIGS. 10 and 11, or the filter/limiter 23
of FIGS. 8 and 9, in detail. The expanded characteristic
for the decoding action 1s complementary to the com-
pressed characteristic and 1s shown in FIG. 12B. The
circuit of FIG. 13 produces corresponding actions in
both encoders and decoders.

The limiter of FIG. 13 consists of two back-to-back
diodes 34 working into a resistor 3§ and provided with
a bleed path to ground through resistors 36. For vari-
able band operation, the resistor 35 i1s made small
enough not to have any appreciable effect on the chang-
ing of the capacitor 35A and this capacitor 35A, to-
gether with resistor 36 and the diodes 34, forms the
variable filter. If point 37 were merely returned to a
fixed bias of Ov, the diodes would limit at a peak-to-
peak input level of, say, 1.2 v. However, the point 37 is
provided with a variable bias via an inverting amplhifier
38 with gain A less than unity and the point 37 1s there-
fore pulled instantaneously in the direction tending to
reduce the limiting level.

This action can be explained by referring to FIG. 14
which shows the input-output characteristic 39, 40 for
the positive limiting diode 34, referenced Ov. Line 41
represents the magnitude of the bias voltage provided
by amplifier 38, this line having a smaller slope than the
non-limited part 39 of the characteristic 39, 40 since the
gain of the amplifier is less than unity, e.g. a gain of }.
Since amplifier 38 is inverting, characteristic 41 is effec-
tively subtracted from characteristic 39, 40 to arrive at
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down-turning characteristic 39, 42. If the output of
amplifier 38 increased indefinitely as shown at 43 the
characteristic would fall below zero as at 44, (effec-
tively turning compressor action into expander action,
or vice versa). This is prevented by feeding the output
of the amplifier 38 to the point 37 through a resistor 49,
coupling capacitor 46 and buffer amplifier 47, and by
limiting the signal at the input to the buffer amplifier to
the same level 40 by means of diodes 49 and bleed resis-
tor 50. If the gain A is # it can be seen that, if diodes 34
limit at input level V, diodes 49 will limit at mnput level
2V.

The lower circuit of FIG. 13 preferably has the same
limiting or filtering/limiting characteristics as the upper
circuit. It will be appreciated that, until the diodes 34
start to conduct, the lower circuit is completely without
any action on the upper circuit.

The described cancellation action between the com-
pressor and expander loops of FIGS. 310 61s dependent
upon the correct gain being established for the delay
input path relative to the direct path, and upon the
correct delay time being established.

Although it will in some instances be practicable to
build circuits with adequate longterm gain and phase
stability, in other instances it may be desirable to pro-
vide automatic, closed loop control of gain and/or
phase. FIG. 15 illustrates how this may be achieved In a
generalised form os the encoder of F1G. 10. The same
measures are obviously also applicable to the decoder of
FI1G. 11.

The video signals applied to the combining means 19
are rectified and smoothed in circuits 51 and 32 respec-
tively. The rectified signals are smoothed with an inte-
gration time constant which is long compared to one
television line, and the integrator outputs are compared
in a differential amplifier §3. The differential amplifier
output voltage on line 54 controls a voltage controlled
resistance which constitutes part of the gain control 22
and is included in a high-gain feedback system, ensuring
a very small amplitude error of the delayed signal at the
combining means 19.

To effect corresponding phase control the signals at
the two inputs to the combining circuit 19 are applied to
a phase comparator 53A whose output controls a fine
delay in the control 22.

FIG. 16 and FIG. 17 are block diagrams of an en-
coder and complementary decoder suitable for process-
ing NTSC or PAL encoded chrominance signals in
colour television systems.

Bandpass tuned circuits 55 and 56 are centered on the
colour subcarrier frequency. Delay 20 is typically of
one (or two) television lines for NTSC encoded signals,
and of two lines for PAL encoded signals. The delayed
chrominance signal is subtracted from the direct signal
in the combining means 19 after either manual or auto-
matic gain and phase adjustment in a circuit 57.

The phase must be adjusted so as to compensate for
the line-to-line phase difference (half cycle or quarter
cycle) in the subcarriers of the NTSC and PAL systems,
respectively. Similarly, half or quarter cycle compensa-
tion must be made in the case of field and picture delays.

In the line delay case, the delay means has a one-line
or two-line delay for a simple NTSC signal or a two-line
delay for a PAL signal. The subcarrier frequency is
cancelled out in the combining means 19, whereby this
component does not choke the encoding or decoding
action. The delay means 20 and combining means 19

10

12

effectively create notches every 7.8 kHz, centred on the
subcarrier frequency and inner side bands thereof.

Components of the luminance signal in the subcarrier
region, having a frequency spectrum interleaved with
that of the chrominance signal, will not normally sub-
tract in the combining means 19, and will be subjected
to encoder action in the case of FIG. 16 and decoder
action in the case of FIG. 17.

In order to be able to treat different parts of the fre-
quency spectrum separately, different encoders and
decoders may be arranged to operate in parallel and/or
in tandem (series). FIG. 18 illustrates the principle of

~ one tandem arrangement In which, on the encoding
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side, a Type 2.2 encoder 58 is followed by a Type 2
compressor 59 while, on the decoding side, a Type 2.2
decoder 60 is preceded by a Type 2 expander 61.

It will be appreciated that the further paths of FIG.
18, and also of FIG. 19, will contain filters defining the
frequency bands within which each constituent circuit
1§ operative.

In FIG. 19 the use of Type 1.2 devices allows a single
combining means or mixer 62 to serve all further paths.
On the encoding side two Type 1.2 encoders 63 and 64
operate in parallel and are followed by a Type 2 com-
pressor 65. The encoders 63 and 64 have different delay
times and/or different filters in their further paths. On
the decoding side a Type 2 expander 66 is followed by
two parallel-acting Type 1.2 decoders 67 and 68,

FIG. 20 is a block diagram of a suitable wideband
noise reduction system for monochrome television,
capable of providing noise reduction from 5 kHz to at
least 6 MHz and representing a specific example of FIG.
18. The upper part of FIG. 20 shows the encoding
circuit whose output feeds a signal to the input of the
decoding circuit, shown in the lower half of the figure,
by way of a transmission path or a storage means such

~ as a video tape recorder. The lefthand part of the encod-
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ing circuit will be recognised as the circuit of FIG. 10,
as specifically described for treating a television signal,
and the limiter 24 together with the filters 27 and 28,
cause this circuit to be operative in the frequency band
from 5 kHz to 250 kHz, the low frequency cut-off of 5
kHz arising because of the first notch of the comb filter,
which is centred on zero frequency. This frequency
band is the lower frequency portion of the video signal,
which includes the 15 kHz line frequency and lower
harmonics thereof. These are eliminated by the delay 20
having a delay of one or more lines and the combining
means 19. The righthand portion of the encoding circuit
consists of a compressor of the Type 2 configuration
disclosed in British patent specification No. 1,253,031,
with two further paths. These paths include filters and
limiting means 69 and 70, respectively, handling the
bands from 250 kHz to 1.6 MHz and from 1.6 MHz to 6
MHz. The outputs from the two limiting filters are fed
to amplifiers 71 and thence, by way of gain adjustment
devices 72, to a combining circuit 73 whose output 1s
added to the main path component by a combining
circuit 74. These two further paths are thus analogous
to the further paths of FIG. 1 of British specification
No. 1,120,541, although they are (as noted above) con-
nected in the Type 2 configuration of specification No.
1,253,031 and accordingly have gains less than unity,
e.g. 0.684. These two further paths effectively provide
two compressors in tandem with the encoder which
handles the 5 kHz to 250 kHz band. Since the two fur-
ther compressors handle substantially higher frequen-
cies, they are not influenced adversely by the line fre-
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quency or its significant harmonics, and therefore it is
not necessary to incorporate means for cancelling out
this frequency or its harmonics.

The decoding circuit is completely complementary to
the encoding circuit. The lefthand part of the decoding
circuit incorporates the two further paths 69 and 70
dealing with the two high frequency bands preceded by
an inverter 14 and feeding a signal to the combining
means 74 which subtracts the output from the adding
means 73 from the main component in the main path 10.
The output of the combining means 74 is fed to the low
frequency decoder circuit constituted in accordance
with FIG. 11 of the drawings.

F1G. 21 is the block diagram of an encoding circuit
suitable for colour television systems, and again repre-
sents a specific example of FIG. 18. In this case, the
circuit 18 shown with five further paths, two being of a
delay line type, one to operate at frequencies in the line
frequency region and the other at frequencies in the
colour subcarrier region. A sixth further path with field
delay means can be added to deal with fields, pictures
and multiple periods thereof.

F1G. 22 shows the five frequency bands V to Z to be
handled by the five further paths. The band V from 3§
kHz to 250 kHz is treated by the encoder 75 including a
delay 20 with a delay of one or more lines. The band W
from 250 kHz to 1.6 MHz is handled by a Type 2 com-
pressor based upon the filter and limiter 69. The band X
extends from 1.6 MHz upwardly with a broad notch
from 4.0 MHz to 4.9 MHz and is treated by a second
Type 2 compressor based upon a filter and limiter 786.
The band Y extends from 4.0 MHz to 4.9 MHz with a
sharp notch centred on the colour subcarrier frequency,
here assumed to be 4.43 MHz, as is appropriate for
European PAL standards. The band Y is treated by a
third Type 2 compressor based upon a filter and limiter
71. If the abovementioned sixth band, say band U, were
to be added, it would deal with frequencies from a
fraction of a Hertz up to the region of low hundreds of
Hertz.

The way in which the bands W, X and Y are created
1s preferably as described in the specification of copend-
ing application No. 346,629 filed Mar. 30, 1973, now
abandoned 1n the name of Paul A. Spencer.

Finally the narrow band Z centred on 4.43 MHz is
treated by an encoding circuit 78 of the same form as
FIG. 16 with filters 27 and 28 passing only the band 4.3
to 4.6 MHz.

The decoding circuit complementary to FIG. 21 will
be readily apparent by analogy with the foregoing
drawings.

In some applications, the encoder 75 may be omitted
since notse reduction is not essential in the 5 kHz to 250
kHz band and furthermore, the use of an extremely high
quality delay line 20 is necessary in this band. Other-
wise, the delay 20 creates spurious signal components
outweighing the advantages of noise reduction.

So far, details have been given of circuits using line
delays only but, as mentioned previously, the delay 20
in FIGS. 8 and 9 could alternatively be a field delay,
even although at present field delays having the re-
quired degree of stability are expensive. The field delay
may be a digital delay or a magnetic delay, for example.
The encoder 63 and decoder 67 of FIG. 19 could utilize
a line delay while the encoder 64 and decoder 68 utilize
a field delay. Such a system is of advantage in that the
different delays enable different kinds of noise to be

treated. A field delay system will provide noise reduc-
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tion in the time domain, i.e. reduce noise which varies
from field to field. This will cater for much noise but not
for stationary moire or other patterns such as horizontal
barring arising from a multi-head video tape recorder of
which one head is not perfectly balanced with the other
heads. On the other hand, such defects, but not vertical
striations, will be treated by a line delay system which
operates in the y-axis (vertical) domain by comparing
line to line. Vertical striations will be better handled by
the ordinary compressor/expander paths without delay
(e.g. 65 and 66 in FIG. 19) which operate in the x-axis
(horizontal) domain.

It should be pointed out here that the television noise
reduction systems discussed herein find particular util-
ity when the information channel is a video recorder,
enabling the noise introduced in the record/replay pro-
cedure to be reduced. Another important application is
when the information channel is a standards converter,
as discussed below. It is also possible to precede a televi-
sion link by an encoder and follow the link by a decoder
to reduce noise introduced in the link (information
channel). Finally an encoded signal can be broadcast to
receivers which embody decoders.

In disc video recording and/or reproducing systems,
whether by optical, mechanical (e.g. groove), or other
storage means, it is particularly convenient to derive
field or picture delays by means of a multiplicity of
pickup devices which scan adjacent tracks on the stor-
age means.

Because of the different line offsets appearing from
field to field and subcarrier offsets appearing from line
to line, it may be difficult to handle an NTSC or PAL
signal satisfactorily in encoded form if field delays are
used. It is, in any case, not easy to split the encoded
signal into different frequency bands; there is no diffi-
culty however if the baseband signals are used, and
accordingly the scheme illustrated in FIG. 23 may be
employed. On the encoding side the incoming signal is
decoded by a colour decoder 78 into, say, the Y, U and
V signals for a PAL signal, or the Y, I and Q signals for
an NTSC signal. Alternatively, decoding may be to the
R, G and B signals. The three signal components are in
any event encoded (in the sense of the present inven-
tion) by noise reduction encoders 79, 80 and 81 and the
recombined by a colour encoder 82.

On the decoding side a colour decoder 83 1s followed
by noise reduction decoders 84, 85 and 86, followed in
turn by a colour coder 87. The noise reduction encoders
and decoders are of the forms previously described
employing line delays and/or field delays with the op-
tional addition of compressors and expanders without
delays. |

FIG. 24 shows a simple form of encoder and decoder
for use with a field or picture delay. A vidicon 88 has its
screen uniformly illuminated by a lamp 89 so that
charge leaks from its screen at a uniform rate via a
resistor 90. In the case of the encoder, the scanning
beam of the vidicon is modulated with the incoming
signal and therefore writes the incoming signal over the
signal as recorded in the previous field or picture, sub-
ject to the decay occasioned by the charge leakage. The
signal coupled out through capacitor 91 therefore rep-
resents the difference between the incoming signal and
the signal one field or picture back plus a component
created by the leakage. This latter component i1s can-
celled out by applying to a mixer 92 the signal coupled
out through the capacitor 91 and a signal derived from
the output of the main path by an inverting amplifier 93



Re. 30,468

15

and a gain setting control 94. Only the difference signal
appears at the output of the mixer 92 and this signal is
applied through an amplifier 95 to the limiter 24 whose
output feeds the combining means 11. The wvidicon
therefore establishes the delay and also forms the differ-
ence signal. The gain factor A of the amplifier 95 estab-
lishes the further path gain.

The action on the decoding side is essentially the
same but the beam of the vidicon is modulated by the
output of the combining means 11 and the amplifier 95
1s now inverting to cause the limited difference signal to
subtract from the main path signal in the combining
means 11. The circuits of FIG. 24 will be recognized as
an example of the Type 1.2 configuration and the gain
factor A 1s the factor which applies in the noise reduc-
tion equation given above for this configuration. The
circuits of FIG. 24 can be re-arranged in accordance
with F1G. § so as to be of Type 2.1 configuration.

In most embodiments of the invention it is preferable
to utilize a plurality of signals delayed by t, 2t, etc. to Nt
(where t 1s the repetition and delay period and N is an
integer greater than 1). In this way the direct signal
interacts with the average history of the signal over the
preceding N fieids, lines, or whatever is the relevant
repetition period.

This principle, referred to previously, is specifically
tlustrated mn FIG. 25, with reference to a Type 2.1
decoder by way of one example. There are now N delay
lines 20-1 to 20-N in parallel with delays equal to say
one line, two lines, three lines, etc. or one field, two
fields, three fields, etc. The delay input 16 and the direct
input 15 are connected as in FIG. §(b). The output of
each delay line is combined in a corresponding combin-
ing circuit 96 with the direct input signal, inverted by
the inverter 14. The output from each combining circuit
96 1s applied to a pair of filter/limiters 97 and 98 whose
outputs are combined by a circuit 99. The outputs of all
circuits 99 are combined in a circuit 100 whose output is
applied to the combining means 11 in the main path.

A pair of filter/limiters 97, 98 is used for each sub-
path of the further path to deal with lower and higher
frequency bands respectively, in order that noise reduc-
tion may continue in one band when it is blocked in the
other band by high amplitude components in the latter
band. For example, brightness changes or picture move-
ment may block noise reduction in the low frequency
band but allow noise reduction still to take place in the
high frequency band.

In the general case of FIG. 2§, the further path effec-
tively comprises N sub-paths, each of which is split in
turn mto two (or more if required) sub-sub-paths. The
gains of the N sub-paths do not all have to be the same
but, assuming that they are, for optimum noise reduc-
tion the signal from each combining circuit 99 should be
1/N times that required from the single delay line 20 in
FIG. 9

It 1s somewhat wasteful to use delay lines in parallel
and the series arrangement of FIG. 26 is preferred. This
differs from FIG. 25 only in that the delay lines 20-1 etc.
are all of the same delay t and are in series so that the
cummulative delays at their outputs are t, 2t, 3t, and so
on.
The further paths of F1GS. 25 and 26 may be em-
ployed in any other of the encoder or decoder configu-
rations of FIGS. 3 10 6.

FIG. 27 shows a more developed version of the fur-
ther path only of FIG. 26, useable for an encoder or
decoder as in FIG. 23 for example, or more generally in
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any of FIGS. 3 to 6. This path is intended to operate in

the time, Y-axis and X-axis domains. In the X-axis do-
main twoe or more filter/limits 101, corresponding for
example to blocks 69 and 70 of FIG. 20, will provide
ordinary Type 2 compressor or expander action if the
circuit 1s connected in the encoder and decoder of FIG.
6. The filter/limiter outputs are added at 102 and fed to
an output combining circuit 103 whose output will be
appled to the combining circuit 11 in the main path. In
every case, two filter/limiters are provided for lower
and higher frequency bands, for the reasons given in
relation to FIG. 25.

In the Y-axis domain, series connected delay lines
20-1, 20-2, etc., each having a one line delay, feed de-
layed signals to combining means 19-1, 19-2, etc. The
output of each such combining means is applied to a pair
of filter/limiters 104, whose outputs, combined by cir-
cuits 105, are applied to the circuit 103.

The time domain system is similar to the Y-axis sys-
tem except that the delay lines will provide field delays.
Only the first delay line 106 is shown with its combining
circuit 107, pair of filter/limiters 108, and combining
circuit 109,

In describing FIGS. 25 to 27 it has been assumed that
combined filter/limiters have been used. It is equally
possible to separate the filtering and limiting functions,
e.g. as 1n FIGS. 10, 11, 15, 16 and 17.

The invention may be employed, as already men-
tioned, to reduce noise introduced by a standards con-
verter, iIn which case an encoder preceding the con-
verter will have delay times and other parameters ap-
propriate to the standard of the input signal while a
decoder tollowing the converter will have delay times
and other parameters appropriate to the standard of the
output signal.

Turning now to FIG. 28, it i1s not necessary to feed
the main or dynamically unmodified signal component
and the difference signal component in paralle] to a
combining means. The necessary signal derivations and
combining actions can take place in a series mode. Con-
sidering the encoder of FIG. 28, the main signal compo-
nent 18 derived by input transistor 112 serving as a cur-
rent source controlled by the input signal applied to the
base of the transistor at terminal 113; the main signal
component 1S the linear signal dropped across the col-
lector load formed by resistor 115. Transistor 116 serves
as the means for combining the difference signal compo-
nent with the main signal component. Resistor 117
serves as a current to voltage converter, whereby the
input signal may effectively be transferred to the further
circutt, the output of which is the difference signal
component and 1s fed to the combining transistor 116.
The further circuit includes a direct path 118, a delay
path 119, adding means 120 for adding the components
from these paths, thereby to form a difference signal by
virtue of an inverter 121 in the delay path, and a filter-
limiter 122 operative to restrict the difference signal in
the manner already noted.

The output of the filter-limiter 122 1s applied to the
base of the transistor 116 which acts as the combining
means 1n the main circuit. The encoder output is taken
from the collector of transistor 112 at line 123 and the
output voltage level i1s determined by the current driven
by transistor 112 through resistors 115 and 117 and
transistor 116, Transistor 112 is an NPN transistor
whose current increases as input signal voltage in-
creases. An mverted output 1s accordingly obtained at
output line 123. This output includes a main component
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developed across resistor 117 and a component devel-
oped across transistor 116. When the difference signal
Increases, it does not negatively, as it is, like the output
signal, an inverted signal and it, therefore, reduces the
conductivity of the NPN transistor 116. This increases
the component developed across this transistor and this
component accordingly boosts the main component,
thereby to provide the encoding, compressing action.

In the decoder, the various components have been
given the same references as in the encoder but with an
added a. The only differences are that the transistor
112a i1s a PNP transistor with collector and emitter
reversed relative to the transistor 112 while the output
123a is relocated so as again to be connected to the
collector. Transistor 112a therefore has a fixed collector
load 114a and the components 115a, 116a and 117a now
constitute a variable emitter load providing variable
negative feedback. When the difference signal reduces
the conductivity of transistor 116a, the amount of nega-
tive feedback increases whereby the output voltage
level decreases in magnitude, thereby to provide the
decoding, expander action.

FIG. 29 represents an example of the series mode
configuration in which there is only one identifiable
two-terminal impedance network (Zz). Both the main
signal component and the dynamically modified com-
ponent are derived and combined within the two-termi-
nal impedance network. This particular example is in-
cluded because it has the capability of providing a use-
ful amount of noise reduction using only a single delay
means. It is equivalent in performance to the type 2.2
circuit in the parallel mode (FIG. 6).

Considering the encoder of FIG. 29, the input of the
direct further path (118) is a voltage taken from a point
at the collector of transistor 112, (i.e. the encoder output
as 1s appropriate for the type 2.2 circuit) and this volt-
age 1s applied to the combining means 120. The input to
the delayed further path is the current drive provided
by transistor 12 which produces a proportional voltage
across resistor 117, the collector load of transistor 116.
This voltage is inverted in 121 and delayed in 119 before
combined with the direct further path in 120 and ampli-
tude limited by 122 in the same manner as in FIG. 28.
Thus, the difference component is introduced by tran-
sistor 116 and the main component is again dropped
across the resistor 118.

Although the operation is essential as in FIG. 28, it is
no longer appropriate to consider the resistor 115 and
the part of the circuit above the network as two sepa-
rate, series connected networks, because the connection
118 1s made to the lower end of resistor 115. Z; is now
to be regarded as a single network combining the func-
tions of the two networks in FIG. 28.

In the decoder, the input of the direct further path
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transistor 112. This voltage is effectively the input volt-
age to the decoder, again by analogy with FIG. 6 (type
2.2).

The compression and expansion action is caused by
the variable impedance network Z; in the collector
circuit of transistor 112 in the compressor and in the
emitter circuit of transistor 112a in the expander Just as
in the system of FIG. 28. However, the direct further
paths, unlike the delayed further paths, do not undergo
voltage to current or current to voltage transformation.

Although a separate encoder and ecoder have been
shown, it will be appreciated that a single circuit may be
provided for switching between the two modes. The
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majority of the circuit will be common for both modes
but the switching means will connect in the transistor
112 for the encoding mode and the transistor 112a for
the decoding mode.

In the multiple delay circuits described above, the
main component is an undelayed, direct component.
However, it 1s possible in a decoder to treat one of the
delayed components as the main component as illus-
trated in FIG. 30. In FIG. 30, an input terminal 125 is
connected to four cascaded delay lines DL1 to
DIL4having equal delays. The output of the delay line
DL2 is treated as a main component fed to a combining
means 126 which also receives four difference signals
provided by adders 127 to 130 and restricted by filterli-
miters 131. The combined output of circuit 126 is pro-
vided at output terminal 132.

In order to yield decoder action, each adding means
127 to 130 receives the main component from delay line
DL2 inverted by inverter 133. Adding means 127 forms
the difference between the inverted main component
and the undelayed input, adding means 128 forms the
difference bztween the inverted main component and
the output of delay line DL.1, adding means 129 forms
the difference between the inverted main component
and the output of delay line DL3, and adding means 130
forms the difference between the inverted main compo-
nent and the output of delay line DLA4.

It will be appreciated that, downstream of the point
marked 134 in FIG. 30, the circuit is the same in princi-
ple as that of FIG. 26 (save for the simplification that, in
FIG. 30 only single filter-limiters 131 are shown in
place of the pairs of high and low frequency filter-limit-
ers 97 and 98 in FIG. 26. The essential difference be-
tween the two Figures lies in the additional delay means
preceding point 134 in FIG. 30 and the added combina-
tion means 127 and 128 and associated filter-limiters
131.

We claim:

1. A circuit for modifying, within a predetermined
frequency band, the dynamic range of an input signal
having an input dynamic range with a predetermined
upper limit, comprising a main signal circuit responsive
to said input signal to transmit, at least within the prede-
termined frequency band, a main signal component
from an input terminal to an output terminal, the main
signal circuit including combining means, delay means
coupled to the main circuit for delaying a second signal
component derived from the main circuit, and a further
circuit including means for forming within the predeter-
mined frequency band the difference signal between a
third signal component derived from the main circuit
and the delayed version of the second signal component
derived from the main circuit, the delay of the delayed
second signal component delaying the second signal
component relative to the third signal component, and
the output of said further circuit coupled to said com-
bining means so as to combine with the main component
the said difference signal, which difference signal modi-
ties the main component when said difference signal
exists, and means for restricting the said difference sig-
nal to a predetermined amplitude which is not greater
than about one-tenth the amplitude of the main compo-
nent existing at the predetermined upper limit of the
mput dynamic range.

2. A circuit according to claim 1, comprising a fre-

quency selective filter operative on the difference sig-
nal.
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3. A circuit according to claim 1, for operating on a
television signal component, wherein the delay of the
delayed version of the signal is equal to a small fraction
of a line period of the television signal.

4. A system for modifying the dynamic range of a
colour television signal, comprising a colour decoder
for decoding the television signal into a plurality of
baseband components, a plurality of circuits, each in
accordance with claim 1, for modifying the dynamic

range of the respective baseband components, and a

colour encoder responsive to the outputs of the said
plurality of circuits.

5. A system for reducing noise introduced into a
television signal by a standards converter which con-
verts the signal from first standards to second standards,
comprising a first circuit according to claim 1 preceding
the standards converter and wherein said combining
means combine the difference signal of said first circuit
in a sense such as to boost the main component of said
first circuit, and a second circuit according to claim 1
following the standards converter and wherein said
combining means combine the difference signal of said
second circuit in a sense such as to buck the main com-
ponent of said second circuit, the delay of the first cir-
cuit bearing a predetermined relationship to the first
standards and the delay of the second circuit bearing the
corresponding relationship to the second standards.

6. A circuit according to claim 1, wherein the further
circuit comprises a plurality of channels including filter
means defining different regions of the frequency band
of the difference signal, the said restricting means com-
prising a plurality of individual restricting means in the
said channels respectively, and wherein said combining
means combine with the main component the restricted
components provided by all the said channels.

7. A circuit according to clam 1, wherein the second
and third signal components are derived from a single
point in the main circuit.

8. A circuit according to claim 7, wherein said point
is on the output side of said combining means, and said
combining means combine the difference signal in a
sense such as to boost the main component, whereby
the circuit acts to compress the dynamic range.

9. A circuit according to claim 7, wherein said point
is on the input side of said combining means, and said
combining means combine the difference signal 1n a
sense such as to buck the main component, whereby the
circuit acts to expand the dynamic range.

10. A circuit according to claim 7, wherein said point
is on the input side of said combining means, and said
combining means combine the difference signal n a
sense such as to boost the main component, whereby
the circuit acts to compress the dynamic range.

11. A circuit according to claim 7, wherein said point
is on the output side of said combining means, and said
combining means combine the difference signal 1n a
sense such as to buck the main component, whereby the
circuit acts to expand the dynamic range.

12. A circuit according to claim 1, for operating on a
felevision signal component, wherein the delay of the
delayed version signal is substantially equal to one or
more line periods of the television signal.

13. A circuit according to claim 12, for operating on
a television signal including a chrominance subcarrier
component, comprising means for effecting fine adjust-
ment of the delay to match an offset of the subcarrnier.

14. A circuit according to claim 1, for operating on a
television signal component, wherein the delay of the
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delayed version signal is substantially equal to one or
more field periods of the television signal.

15. A circuit according to claim 14, comprising means
for effecting time adjustment of the field delay.

16. A system for modifying the dynamic range of a
television signal, comprising a plurality of circuits each
in accordance with claim 1, including filter means pre-
ceding the input terminals of said circuits and selecting
different parts of the television signal frequency band,
the delay of each said circuit bearing a predetermined
relationship to the line and field periods of the television
signal.

17. A system according to claim 16, wherein one
delay is substantially equal to one or more line peniods
and another delay is substantially equal to one or more
field periods.

18. A circuit according to claim 1, wherein the re-
stricting means includes a filter on the output of which
a limiting means is directly operative as an element of
said filter, the variation of impedance of said limiting
means consequent upon limiting action thereof affecting
the characteristics of the filter so as to narrow the pass-
band of the filter on the appearance of signal compo-
nents exceeding the predetermined amplitude, thereby
to effect the said restriction of the difference signal.

19. A circuit according to claim 18, wherein the limit-
ing means is a diode limiter.

20. A circuit according to claim 19, comprising means
responsive to a signal derived from a point in said modi-
fying circuit to provide a bias signal to the diode limiter
of such sense as to reduce the limiting level thereof as
the signal level at said point in the circuit increases.

21. A circuit according to claim 1, wherein the re-
stricting means is a diode limiter.

22. A circuit according to claim 21, comprising means
responsive to a signal derived from a point in said modi-
fying circuit to provide a bias signal to the diode limiter
of such sense as to reduce the limiting level thereof as
the signal level of said point in the circuit increases.

23. A circuit according to claim 22, comprising means
for limiting the bias signal to a level such that the limit-
ing level of the diode limiter is not reduced below zero.

24. A circuit according to claim 1, wherein the third
signal component is derived from a first point in the
main circuit and the second signal component is dertved
from a second different point in the main circuit.

25. A circuit according to claim 24, wherein the said
points in the main circuit are on opposite sides of said
combining means, the further circuit being coupled to
the first and second points by way of direct and delay
circuit paths, respectively, of which the delay path
includes the delay means.

26. A circuit according to claim 25, wherein the first
and second points are respectively on the input side and
output side of said combining means and wherein said
combining means combine the difference signal in a
sense such as to boost the main component, whereby
the circuit acts to compress the dynamic rage.

27. A circuit according to claim 25, wherein the first
and second points are respectively on the output side
and input side of said combining means and wherein
said combining means combine the difference signal in a
sense such as to buck the main component, whereby the
circuit acts to expand the dynamic range.

28. A circuit according to claim 25 wherein the first
and second points are respectively on the output side
and input side of said combining means and wherein
said combining means combine the difference signal in a
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sense such as to boost the main component, whereby
the circuit acts to compress the dynamic range.

29. A circuit according to claim 28, wherein the first
and second points are respectively on the input side and
output side of said combining means and wherein said
combining means combine the difference signal In a
sense such as to buck the main component, whereby the
circuit acts to expand the dynamic range.

30. A circuit according to claim 25, wherein the di-
rect and delay circuit paths include frequency selective
filters having the same characteristics.

31. A circuit according to claim 25, wherein the di-
rect and delay circuit paths include frequency selective
filters having different characteristics.

32. A circuit according to claim 28, for use with a
periodic signal with a period nominally equal to the
delay of the delay path, comprising means for compar-
ing the phases of signal components from the delay and
direct paths and operative automatically to adjust the
delay of the delay path so as to tend to reduce any phase
error between said components to zero.

33. A circuit according to claim 25, wherein one of
the delay and direct paths includes gain adjusting means
to settable that a steady signal component whaose period
equals the delay of the delay means contributes no com-
ponent to the difference signal.

34. A circuit according to claim 33, wherein the gain
adjusting means comprise means for deriving time aver-
aged signals from the delay and direct paths, means for

differencing the time averaged signals to derive an error 30

signal, and means for automatically adjusting the gain of
one of the delay and direct paths in response to the error
signal so as to tend to reduce the error signal to zero.

35. A circuit according to claim 33, wherein the gain
adjusting means adjust the gain of the delay path.

36. A circuit according to claim 28, wherein the delay
path includes a plurality of delay means arranged to
provide a corresponding plurality of signals delayed by
a succession of delay times whose values form an arith-

metic progression, the further circuit includes means for 40

forming the difference signals between the signal pro-
vided by the direct path and each of the plurality of
signals provided by the different delays of the delay
path and a plurality of means for restricting the ampli-
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termined amplitude, and said combining means combine

all the difference signals with the main component.
J7. A circuit according to claim 36, wherein the delay

path includes a plurality of delay means in series, each

having the same delay, and wherein the said plurality of 50

signals are derived from the outputs of the delay means.

38. A circuit according to claim 36, for operating on
a television signal component, wherein the delay path
includes a first plurality of delay means providing sig-
nals delayed by multiples of a television line period and
a second plurality of delay means providing signals
delayed by multiples of a television field period.

39. A circuit for modifying the dynamic range of an
input signal having an input dynamic range with a pre-
determined upper limit, comprising a main signal circuit
responsive to said input signal to transmit a main signal
component from an input terminal to an output termi-
nal, the main signal circuit including combining means,
and a plurality of further circuits, each including means
for delaying a signal derived from a point in the main
circuit, means for forming the difference signal between
a signal derived from a point in the main circuit and its
corresponding delayed signal derived from a point in
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the main circuit, and an output coupled to said combin-
ing means in the main circuit so as to combine with the
main component the said difference signal, which dif-
ference signal modifies the main component when said
difference signal exits, and each further circuit includ-
ing means for restricting the said difference signal
thereof to a predetermined amplitude which i1s not
greater than about one-tenth the amplitude of the main
component existing at the predetermined upper limit of
the input dynamic range.

40. A dynamic range modifying circuit according to
claim 39, wherein the main signal circuit 1s connected to
the input terminal through at least one delay means, and
wherein said dynamic range modifying circuit includes
at least one additional further circuit including means
for forming the difference signal between a signal de-
rived from a point in the main signal circuit and a signal
derived from the input to said at least one delay means,
and means for amplitude restricting this difference sig-
nal, said combining means combining all the restricted
difference signals, including that from said at least one
additional circuit, with the main component so as to
buck the main component signal when the combined,
restricted difference signals exist.

41. A noise reduction system comprising a circuit for
modifying the dynamic range of an input signal having
an input dynamic range having a predetermined upper
limit, the circuit comprising a main signal circuit re-
sponsive to said input signal to transmit, at least within
the predetermined frequency band, a main signal com-
ponent from an input terminal to an output terminal the
main signal circuit including combining means, delay
means coupled to the main circuit for delaying a second
signal component from the main circuit, and a further
circuit including means for forming within the predeter-
mined frequency band the difference signal between a
third signal component derived from the main circuit
and the delayed version of the second signal component
derived from the main circuit, the delay of the delayed
second signal component delaying the second signal
component relative to the third signal component, and
the further circuit having an output coupled to said
combining means in the main circuit so as to combine
with the main component the said difference signal
which difference signal modifies the main component
when said difference signal exists, means for restricting
the said difference signal to a predetermined amplitude
which is not greater than about one-tenth the amplitude
of the main component existing at the predetermined
upper limit of the input dynamic range, and switching
means operable to place the dynamic range modifying
circuit selectively in a compressor configuration in
which said combining means combine said difference
signal in a sense such as to boost said main component
and an expander configuration in which said combining
means combine said difference signal in a sense such as
to buck said main component.

42. A system according to claim 41, wherein the
difference signal is formed between a signal at a first
terminal and a delayed version of a signal at a second
terminal, and wherein the switching means connect the
first and second terminals to points in the main circuit
respectively preceding and following said combining
means in the compressor configuration of the circuit
and to points in the main circuit respectively following
and preceding said combining means in the expander
configuration of the circuit.
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43. A system according to claim 41, wherein the

difference signal is formed between a signal at a first

terminal and a delayed version of a signal at a second
terminal, and wherein the switching means comnect the
first and second terminals to points in the main circuit
respectively following and preceeding said combining
means in the compressor configuration of the circuit
and to points in the main circuit respectively preceding
and following said combining means in the expander
configuration of the circuit.

4. A system according to claim 41, wherein the
difference signal is formed between a signal derived
from a terminal connected to the main signal and a
delayed version of the same signal, and wherein the
switching means connect the terminal to a point in the
main circuit preceding said combining means in the
compressor configuration of the circuit and to a point in
the matn circuit following said combining means in the
expander configuration of the circuit.

45. A system according to claim 41, wheremn the
difference signal is formed between a signal derived
from a terminal connected to the main circuit and a
delayed version of the same signal, and wherein the
switching means connect the terminal to a point in the
main circuit which follows said combining means in the
compressor configuration of the circuit and to a point in
the main circuit which precedes said combining means
in the expander configuration of the circuit.

46. A noise reduction system for reducing noise in
signals within an input dynamic range having a prede-
termined upper limit and comprising a compressor cir-
cult responsive to an input signal and feeding an infor-
mation channel and an expander circuit fed by the infor-
mation channel, the compressor circuit comprising a
first main signal circuit responsive to said imput signal to
transmit at least within a predetermined frequency band
a main, first signal component from an input terminal to
an output terminal said first main signal circuit includ-
ing first combining means, delay means coupled to the
first main circuit for delaying a second signal compo-
nent derived from the first main circuit, and a first fur-
ther circuit including means for forming within the
predetermined frequency band a first difference signal
between a third signal component derived from the first
main circuit and the delayed version of the second sig-
nal component derived from the first main circuit and
an output coupled to said first combining means in the
first main circuit so as to combine with the main, first
component the first difference signal, in a sense such
that the first difference signal boosts the main, first
component when said difference signal exists, and first
means for restricting the first difference signal to a pre-
determined amplitude which is not greater than about
one-tenth the amplitude of the first main component
existing at the predetermined upper limit of the input
dynamic range, and the expander circuit comprising a
second main signal circuit responsive to a signal from
said output terminal of said compressor circuit to trans-
mit at least within the predetermined frequency band a
main, fourth signal component from an input terminal to
an output terminal said second main signal circuit in-
cluding second combining means, delay means coupled
to the second main circuit for delaying a fifth signal
component derived from the second main circuit, and a
second further circuit including means for forming
within the predetermined frequency band a second
difference signal between a sixth signal component de-
rived from the second main circuit and the delayed
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version of the fifth signal component derived from the
second main circuit, and an output coupled to said sec-
ond combining means in the second main circuit so as to
combine with the main, fourth component the second
difference signal, in a sense such that the second differ-
ence signal bucks the second main component when
sald second difference signal exists, and second means
for restricting the second difference signal to a predeter-
mined amplitude which 1s not greater than about one-
tenth the amplitude of the second main component
existing at the predetermined upper limit of the input
dynamic range.

47. A system according to ciaim 46, wherein each
difference signal is formed between a signal derived
from a first point in the corresponding main circuit and
a delayed version of a signal derived from a different
point in the corresponding main circuit, and wherein
the first point and different point respectively precede
and follow said first combining means in the compressor
circuit and respectively follow and precede said second
combining means in the expander circuit.

48. A system according to claim 46, wherein each
difference signal 1s formed between a signal derived
from a first point in the corresponding main circuit and
a delayed version of a signal derived from a different
point in the corresponding main circuit, and wherein
the first point and different point respectively follow
and precede said first combining means in the compres-
sor circuit and respectively precede and follow said
second combining means in the expander circuit.

49. A system according to claim 46, wherein each
difference signal is formed between a signal derived
from a point in the corresponding main path and a de-
layed version of the same signal, and wherein the said
point precedes said first combining means in the com-
pressor circuif and follows said second combining
means in the expander circuit.

530. A system according to claim 46, wherein each
difterence signal 1s formed between a signal derived
from a point in the corresponding main circuit and a
delayed version of the same signal, and wherein the said
point follows said first combining means in the com-
pressor circuit and precedes said second combining
means 1n the expander circuit.

51. A circuit for modifying, within a predetermined
frequency band, the dynamic range of an input signal
having an input dynamic range with a predetermined
upper limit, comprising a main signal circuit responsive
to said input signal to transmit, at least within the prede-
termined frequency band, a main signal component
from an input terminal to an output terminal, said main
signal circuit including combining means, and a further
circuit including an electron beam tube, means for scan-
ning the screen of the tube with a beam, means for
modulating the beam 1n accordance with an input signal
derived from a point in the main circuit, said scanning
following a raster whose field period establishes a pre-
determined delay, and a circuit for coupling from the
screen of the tube a difference signal generated as the
scanning beam rewrites over the signal written in the
preceding raster, and the further circuit having an out-
put coupled from said coupling circuit to said combin-
Ing means in the main circuit so as to combine with the
main component the said difference signal, which dif-
ference signal modifies the main component when said
difference signal exists, and means for restricting the
said difference signal to a predetermined amplitude
which is not greater than about one-tenth the amplitude
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of the main component existing at the predetermined
upper limit of the input dynamic range.

52. A circuit according to claim 51, wherein the elec-
tron beam tube 1s a charge storage tube comprising a
circuit for draining charge from the screen of the tube
and means for illuminating the screen of the tube sub-
stantially constantly and uniformly.

53. A circuit according to claim 52, comprising means
for combining with the difference signal, as derived
from the screen of the tube, such a proportion of the
input signal as cancels the component of the difference
signal created by the drain of charge during the said
delay.

54. A circuit for modifying, within a predetermined
frequency band, the dynamic range of an input signal
having an input dynamic range with a predetermined
upper limit, comprising a main signal circuit responsive
to sard mput signal to transmit, at least within the prede-
termined frequency band, a main signal component
from an input terminal to an output terminal, and a
further circuit including means for delaying a second
signal component derived from the main circuit, and
means for forming within the predetermined frequency
band the difference signal between a third signal com-
ponent derived from the main circuit and the delayed
version of the second signal component derived from
the main circuit, the delay of the delayed second signal
component delaying the second signal component rela-
tive to the third signal component, variable impedance
means connected in the main circuit as a series element
of the main circuit, and the further circuit having an
output coupled to the variable impedance means in the
main circuit so as to vary said variable impedance
means to superimpose on the main component the said
difference signal, which difference signal modifies the
main component when said difference signal exists, and
means for restricting the said difference signal to a pre-
determined amplitude which is not greater than about
one-tenth the amplitude of the main component existing
at the predetermined upper limit of the input dynamic
range.

53. A circuit according to claim 54, wherein the main
signal circuit includes first and second impedance
means connected in series with each other, current
drive means series connected between the first and
second impedance means and having a control terminal
connected to said input terminal, said output terminal
being connected between the current drive means and
one of the first and second impedance means, the first
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impedance means including the series combination of 50

sald variable impedance means and a fixed impedance
means, the further circuit having an input connected to
a point between the fixed and variable impedance means
and including means operative to form the difference
signal between a signal component derived from said
point and a delayed version of the same signal compo-
nent, and the variable impedance means having a con-
trol terminal connected to the output of the further
circuit.

36. A circuit according to claim 55, wherein the out-
put terminal is connected between the current drive
means and the first impedance means, the current drive
means inverts the input signal, and the restricted dif-
terence signal reduces the conduction of the variable
impedance means.

37. A circuit according to claim 55, wherein the out-
put terminal is connected between the current drive
means and the second impedance means, the current
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drive means inverts the input signal, the restricted dif-
ference signal reduces the conduction of the variable
impedance means, and the first impedance means intro-
duces variable negative feedback to the current drive
means.

38. A method of modifying, within a predetermined
frequency band, the dynamic range of an input signal
having an input dynamic range with a predetermined
upper limit, comprising the steps of providing, at least
within the predetermined frequency band, a main signal
component derived from the input signal, forming
within the predetermined frequency band a difference
signal between a second signal component derived from
the input signal and a delayed version of a third signal
component derived from the input signal, the delay of
the delayed third signal component delaying the third
signal component relative to the second signal compo-
nent, combining the said difference signal with the main
component to modify the main component when said
difference signal exists, and restricting the said differ-
ence signal to a predetermined amplitude which is not
greater than about one-tenth the amplitude of the main
component existing at the predetermined upper limit of
the input dynamic range.

59. A circuit for modifying, within a predetermined
frequency band, the dynamic range of an input signal
having an input dynamic range with a predetermined
upper limit, comprising a drive circuit and a load circuit
therefor, said drive circuit being responsive to said
input signal to establish one of a voltage across and a
current through said load circuit, and means for deriv-
ing an output signal from said load circuit in depen-
dence upon the other of said voltage thereacross and
current therethrough, said load circuit including first,
non-variable impedance means providing a main signal
component of said output signal and second, variable
impedance means connected in series with said first
impedance means providing a second, non-linear signal
component of said output signal, said load circuit com-
bining said main and second components to produce
said output signal, said variable impedance means com-
prising means for deriving two signals from at least one
point in said load circuit, delay means for delaying one
of said two signals relative to the other means for form-
ing the difference signal between the delayed signal and
said other signal, means for restricting said difference
signal to provide said second component of said output
signal, and said restricting means restricting said differ-
ence signal so that said second signal component of said
output signal is restricted to a predetermined amplitude
which is not greater than about one-tenth of the ampli-
tude of said main component of said output signal exist-
Ing at said predetermined upper limit of the input dy-
namic range,

60. A method for processing an input signal, comprising
deriving a main signal component of said input signal,

deriving a second signal component from a signal that

includes at least said main signal component,
deriving a third signal component from a signal that
includes at least said main signal component,
delaying said third signal component relative o said
second signal component,
deriving a difference signal between said second signal
component and said delayed third signal component,

restricting said difference signal to an amplitude less
than the amplitude of said main signal component,
and
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combining said difference signal with said main signal

component to provide an output signal.

61. A circuit for processing an input signai, comprising
main signal circuit means, receiving said input signal, for
carrying signals including at least a main signal compo-
nent of said input signal,

means for deriving a second signal component from a

signal carried by said main signal circuit means,

means for deriving a third signal component from a

signal carried by said main signal circuit means,
means for delaying said third signal component relative
to said second signal component,

means for deriving a difference signal between said sec-

ond signal component and said delayed third signal
component,
means for restricting said difference signal to an ampli-
tude less than said main signal component, and

said main signal circuit means including means for
combining said restricted difference signal with said
main signal component.

62 A circuit according to claim 61 wherein said main
signal circuit means further includes means for deriving an
output signal from said combining means.

63. A circuit according to claim 61 wherein at least one
of said second and third signal components is derived from
said input signal.

64. A circuit according to claim 62 wherein at least one
of said second and third signal components is derived from
said output signal

65. A circuit according to claim 62 wherein one of said
second and third signal components is derived from said
input signal and the other of said second and third signal
components is derived from said output signal.

66. A noise reduction system having a circuit for process-
ing an input signal, comprising

main signal circuit means, receiving said input signal,

for carrying signals including at least a main signal
component of said input signal,

means for deriving a second signal component from a

signal carried by said main signal circuit means,

means for deriving a third signal component from a

signal carried by said main signal circuit means,
means for delaying said third signal component relative
to said second signal component,

means for deriving a difference signal between said sec-

ond signal component and said delayed third signal
component,

means for restricting said difference signal to an ampli-

tude less than said main signal component,

said main signal circuit means including means for

combining said restricted difference signal with said
main signal component, and

switching means operable to place the processing circuit

selectively in a compressor configuration in which said
combining means combine said restricted difference
signal in a sense such as to boost said main signal
component and in an expander configuration in which
said combining means combine said restricted differ-
ence signal in a sense such as to buck said main signal
component.

67 A noise reduction system for reducing noise in signals
having a compressor circuit responsive to an input signal
and feeding an information channel and an expander
circuit fed by the information channel, the compressor
circuit comprising

first main signal circuit means, receiving said input

signal, for carrying signals including at least a main,
first signal component of said input signal,
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means for deriving a second signal component from a
signal carried by said first main signal circuit means,

means for deriving a third signal component from a
signal carried by said first main signal circuit means,

means for delaying said third signal component relative
to said second signal component,

means for deriving a first difference signal between said

second signal component and said delayed third signal
component,
means for restricting said first difference signal to an
amplitude less than said main, first signal component,

said first main signal circuit means including means for
combining said restricted first difference signal with
said main, first signal component in a sense such that
the restricted first difference signal boosts said main,
first signal component when said difference signal
exists,

means for deriving an output signal from said first main

signal circuit means, and

the expander circuit comprising

second main signal circuit means, receiving a second
input signal derived from said compressor circuit
output signal, for carrying signals including at least
a main signal component of said second input Sig-
nal,

means for deriving a fifth signal component from a
signal carried by said second main signal circuit
means,

means for deriving a sixth signal component from a
signal carried by said second main signal circuit
means,

means for delaying said sixth signal component rela-
tive to said fifth signal component,

means for deriving a second difference signal between
said fifth signal component and said delayed sixth
signal component,

means for restricting said second difference signal to
an amplitude less than said main signal component
of

said second input signal, and said second main signal
circuit means including means for combining said
restricted second difference signal with said main
signal component of said second input signal in a
sense such that the restricted second difference
signal bucks said main signal component of said
second input signal when said difference signal
exists.

68. A circuit according to claim 67 wherein said second
main signal circuit means further includes means for de-
riving an output signal from said combining means.

69. A method for processing a main component of a
signal comprising

deriving a second signal component from a signal that

includes at least said main signal component,
deriving a third signal component from a signal that
includes at least said main signal component,
delaying said third signal component relative to said
second signal component,
deriving a difference signal between the second signal
component and said delayed third signal component,

restricting said difference signal to an amplitude less
than the amplitude of said main signal component,
and

combining said restricted difference signal with said

main signal component.

70. A circuit for processing a main component of a signaf
comprising
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main signal circuit means for carrying signals including
at least said main signal component,

means for deriving a second signal component from a

signal carried by said main signal circuit means,
means for deriving a third signal component from a
signal carried by said main signal circuit means,
means for delaying said third signal component relative
to said second signal component.
means for deriving a difference signal between said sec-

ond signal component and said delayed third signal 10

component,

means for restricting said difference signal to an ampli-
tude less than said main signal component, and

said main signal circuit means including means for

combining said restricted difference signal with said 15

main signal component.

71. A circuit for modifying the dynamic range of an
input signal, comprising a main signal circuit responsive to
said input signal to transmit a main signal component from
an input terminal to an output terminal, the main signal
circuit including combining means, delay means coupled
t0 the main circuit for delaying a second signal component
derived from the main circuit, and a further circuit inclyud-
ing means for forming the difference signal between q third
signal component derived from the main circuit and the
delayed version of the second signal component derived
from the main circuit, the delay of the delayed second
signal component delaying the second signal component

relative to the third signal component, and the output of
said further circuit coupled to said combining means so as 30

to combine with the main component the said difference
signal, which difference signal modifies the main compo-
nent when said difference signal exists, and means Sfor
restricting the said difference signal to an amplitude which
is not greater than about one-tenth the amplitude of the
main component.

72. A circuit for modifying the dynamic range of an
input signal having an input dynamic range, comprising a
main signal circuit responsive to said input signal to trans-
mit a main signal component from an input terminal to an
output terminal, the main signal circuit including combin-
ing means, and a plurality of further circuits, each includ-
ing means for delaying a signal derived from a point in the
main circuit, means for forming the difference signal be-
tween a signal derived from a point in the main circuit and
its corresponding delayed signal derived from a point in the
main circuit, and an output coupled to said combining
means in the main circuit so as to combine with the main
component the said difference signal, which difference
signal modifies the main component when said difference
signal exists, and each further circuit including means for
restricting the said difference signal thereof to an ampli-
tude which is not greater than about one-tenth the ampli-
tude of the main component.

73. A noise reduction system comprising a circuit for
modifying the dynamic range of an input signal, the circuit
comprising a main signal circuit responsive to said input
signal to transmit a main signal component from an input
terminal to an output terminal the main signal circuit
including combining means, delay means coupled to the
main circuit for delaying a second signal component jrom
the main circuit, and a further circuit including means for
Jorming the difference signal between a third signal compo-
nent derived from the main circuit and the delayed version
of the second signal component derived Jrom the main
cireuit, the delay of the delayed second signal component
delaying the second signal component relative to the third
signal component, and the further circuit having an output

30

coupled to said combining means in the main circuit so as
to combine with the main component the said difference
signal, which difference signal modifies the main compo-
nent when said difference signal exists, means for restrict-
ing the said difference signal to an amplitude which is not
greater than about one-tenth the amplitude of the main
component, and switching means operable to place the
dynamic range modifying circuit selectively in a compres-
sor configuration in which said combining means combine
said restricted difference signal in a sense such as to boos!
said main component and an expander configuration in
which said combining means combine said restricted dif-

ference signal in a sense such as to buck said main COMmpo-

nent.

74. A noise reduction system for reducing noise in signals
within an input dynamic range and comprising a compres-
sor circuit responsive to an input signal and feeding an
information channel and an expander circuit fed by the
information channel, the compressor circuit comprising a

20 first main signal circuit responsive to said input signal to
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45

transmit a main, first signal component from an input
terminal to an output terminal said first main signal cir-
cult including first combining means, delay means coupled
to the first main circuit for delaying a second signal compo-
nent derived from the first main circuit, and a first further
circuit including means for forming first difference signal
between a third signal component derived from the first
main circuit and the delayed version of the second signal
component derived from the first main circuit and an
output coupled to said first combining means in the first
main circuit so as to combine with the main, first compo-
nent the first difference signal, in a sense such that the first
difference signal boosts the main, first component when
said difference signal exists, and first means for restricting
the first difference signal to an amplitude which is not
greater than about one-tenth the amplitude of the first
main component, and the expander circuit comprising a
second main signal circuit responsive to a signal from said
output terminal of said compressor circuit to transmit a
main, fourth signal component from an input terminal to
an output terminal said second main signal circuit includ-
ing second combining means, delay means coupled to the
second main circuit for delaying a fifth signal component
derived from the second main circuit, and a second further
circuit including means for forming a second difference
signal between a sixth signal component derived from the
second main circuit and the delayed version of the fifth
signal component derived from the second main circuit,
and an output coupled to said second combining means in

50 the second main circuit so as to combine with the main,

35
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Jourth component the second difference signal, in a sense

such that the second difference signal bucks the second
main component when said second difference signal exists,
and second means for restricting the second difference
signal to an amplitude which is not greater than about
one-tenth the amplitude of the second main component.
75. A circuit for modifying the dynamic range of an
input signal having an input dynamic range comprising a
matin signal circuit responsive to said input signal to trans-
mit a main signal component from an input terminal to an
output terminal, said main signal circuit including com-
bining means, and a further circuit including an electron
beam tube, means for scanning the screen of the tube with
a beam, means for modulating the beam in accordance
with an input signal derived from a point in the main
circuit, said scanning following a raster whose field period
establishes a predetermined delay, and a circuit for cou-

pling from the screen of the tube a difference signal gener-
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ated as the scanning beam rewrites over the signal written
in the preceding raster, and the further circuit having an
output coupled from said coupling circuit to said combin-
ing means in the main circuit so as to combine with the
main component the said difference signal, which differ-
ence signal modifies the main component when said differ-
ence signal exists, and means for restricting the said differ-
ence signal to an amplitude which is not greater than about
one-tenth the amplitude of the main component.

76. A circuit for modifying the dynamic range of an
input signal having an input dynamic range, comprising a
main signal circuit responsive to said input signal to trans-
mit a main signal component from an input terminal to an
output terminal, and a further circuit including means for
delaying a second signal component derived from the main
circuit, and means for forming the difference signal be-
tween a third signal component derived from the main
circuit and the delayed version of the second signal compo-
nent derived from the main circuit, the delay of the delayed

10

15

second signal component delaying the second signal com- 20

ponent relative to the third signal component, variable
impedance means connected in the main circuit as a series
element of the main circuit, and the further circuit having
an output coupled to the variable impedance means in the
main circuit so as to vary said variable impedance means to
superimpose on the main component the said difference
signal, which difference signal modifies the main compo-
nent when said difference signal exists, and means for
restricting the said difference signal to an amplitude which
is not greater than about one-tenth the amplitude of the
main component.

71. A method of modifying the dynamic range of an
input signal, comprising the steps of providing a main
signal component derived from the inpu! signal, forming a
difference signal between a second signal component de-
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rived from the input signal and a delayed version of a third
signal component derived from the input signal, the delay
of the delayed third signal component delaying the third
signal component relative to the second signal component,
combining the said difference signal with the main compo-
nent to modify the main component when said difference
signal exists, and restricting the said difference signal to an
amplitude which is not greater than about one-tenth the
amplitude of the main component.

78. A circuit for modifying the dynamic range of an
input signal, comprising a drive circuit and a load circuit
therefor, said drive circuit being responsive to said input
signal to establish one of a voltage across and a current
through said load circuit, and means for deriving an oulput
signal from said load circuit in dependence upon the other
of said voltage thereacross and current therethrough, said
load circuit including first, non-variable impedance means
providing a main signal component of said outpu! signal
and second, variable impedance means connected in series
with said first impedance means providing a second, non-
linear signal component of said output signal, said load
circuit combining said main and second components 1o
produce said output signal, said variable impedance means
comprising means for deriving two signals from at least one
point in said load circuit, delay means for delaying one of
said two signals relative to the other, means for forming the
difference signal between the delayed signal and said other
signal, means for restricting said difference signal to pro-
vide said second component of said output signal, and said
restricting means restricting said difference signal so that
said second signal component of said output signal is re-
stricted to an amplitude which is not greater than about
one-tenth of the amplitude of said main component of said

outpu! signal.
* = * % %
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