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HYBRID ANALOG/DIGITAL SIGNAL PROCESSING

Background of the Invention

5 The present i1nvention relates to method and
apparatus for more robust and/or more efficient signal
transmission.

In signal transmission, such as in video or voice
signal broadcasting, an analog signal is often
10 represented entirely in the analog domain, or entirely in
the digital domain. For example, in pulse amplitude
modulation, a train of pulses of amplitude equal to the
analog value 1s transmitted at regular intervals. In
pulse code modulation, the analog value is converted to
15 Dbinary numbers and transmitted as a serial string of
bits. There are advantages and disadvantages associated
with each of the two domains.
Transmission of analog signals is desired in a
variety of applications. But in the transmission of
20 analog signals, such as by radio, cable, satellite,
fiber-optics, or wire, the received analog signal may
suffer loss of quality due to random noise, interference
from other signals, echoes due to multipath transmission,
and frequency distortion. As a result, in the case of
25 broadcast radio or television, for example, the image
guality at typical home receivers may be substantially
degraded compared to the studio signal.
Summary of the Invention
The present invention provides a method and
30 apparatus for selectively increasing, decreasing or
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leaving unaffected the signal-to~noise ratio of portions
of an analog transmission signal. As a result 1t 1s
possible to 1lncrease the signal-to-noise ratio of some
analog values, decrease the signal-to-noise ratio of

5 other analog values, and leave unaffected the signal-to-

noise ratio of the remaining values of a given analog
signal, so as to better utilize a transmission channel

according to the characteristics of the signal to be
transmitted. In a first mode of operation, the invention
10 provides a method and apparatus for hybrid analog/digital
representation of an analog value to achieve a reduction
of channel degradation. In a second mode of operation,
added to the first mode o©of operation, the invention
prOV1des a method and apparatus for analog representation
15 of an analog value and B bits of digital information, to
achieve more efficient use of a given channel.
Preferably the source signal is a video signal or an
audio signal, and the hybrid analog/digital or analog
representation is based upon transform or subband signal

20 analysis of the source signal.
In one aspect of the invention, a hybrid

analog/dlgltal‘method of signal transmission includes the '
steps of obtaining an analog value xi*whlch is desired to

be transmitted, representlng the analog value Xﬁ‘Wlth B,
25 Dbit(s) of digital information and an analog value Y, by
means of a mapping function and transmitting the B,
bit(s) and analog value Yy, such that the analog value Yy,
can be decoded using the Bl‘bit(s) to obtain a
representation of the analog value X,. Preferably,
30 obtaining analog value x, includes submitting a source

signal to transform or subband signal analysis to
generate the analog'value.xl,'whereby the source signal

may be synthesized from the representation of the analog
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value x,. The analog value X, may include a

representation of a high energy and/or low frequency
component of the source signal.

This method may further include the steps of
obtaining an analog value x, and B, bit(s) of digital
information which are desired to be transmitted,
representing the analog value X, and B, bit(s) of digital
information with an analog value y,, and transmitting the
analog value Yy, such that a respective representation of
the analog value X, and the Bz'bit(s) of digital
snformation can be discerned from analog value Y,,
whereby analog value x, and B, bit(s) of digital
information can be transmitted with a single analog value
y,. Preferably, obtaining the analog value x, and B,

bit(s) of digital information includes submlttlng a
source signal to transform or subband 51gna1 analy51s and
processing the output such that the source 51gna1 can be
represented with the analog value X, and B, bit(s) of

digital information, whereby a representation of the
source signal can be generated based upon the
representation of analog value %, and B, bit(s) of digital
information discerned from analog value Y,. The analog
value y, may include a representation of a low energy
and/or high frequency component of the source signal.

In another aspect of the invention, a hybrld
analog/digital signal transmission system includes a
circuit for analyzing a source signal to generate an
analog value xlfrepresentative of the source signal, a

circuit for representing the analog value xl'with B,

bit(s) of digital information and an analog value y, by

means of a mapping function, and a circuit for

transmlttlng,the Bl'blt(s) ef_dlgltal information and
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analog value y, such that the analog value y, can be
decoded using the B, bit(s) to obtain a representation of
the analog value x,, whereby a representation of the

source signal may be generated based upon the
representation of the analog value x,. Preferably,
obtaining analog value X, includes submitting the source

signal to transform or subband signal analysis to
generate the analog value x,, whereby a representation of

the source signal may be synthesized from the
representation of the analog value ¥;. The analog value
X, may include a representation of a high energy

component of the source signal. |
This system may further include a circuit for
obtaining an analog value x, and B, bit(s) of digital

information, a circuit for representing the analog value
X, and Bz'bit(s) of digital information with an analog ‘
value y,, and a circuit for transmitting the analog value
Y, such that a respective representation of the analog
value x, and the B, bit(s) of digital information can be
discerned from analog value y,, whereby analog value x,,
and the B, bit(s) of digital information can be
transmitted with a single analog value y,. Preferably,
obtaining the analog value X, and B, bit(s) of digital
information includes submitting a source signal to
tranSform or subband signal analysis and processing the

output such that the source signal can be represented
with the analog value x, and B, bit(s) of digital

information, whereby a representation of the source

'signal can be generated based upon a representation of

analog value x, and B, bit(s) of digital information
discerned from'analog value y,. The analog value y, may

inciude a representation of a high~frequency component of

PCT/US91/01181
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the source signal. The analog value y, may include a

representation of low energy component of the source
signal. Another aspect of the invention includes a
system for receiving a transmission signal which is a
hybrid analog/digital representation of an analog value
X,, Wwhich 1s representative of a source signal, the
system having a circult for receiving the transmission
signal and obtaining an analog value Yy, and B, bit(s) of

digital information representative of the analog value X,

a circuit for generating a representation of analog value
X, based upon analog value y, and the B, bit(s) of digital
information by means of a mapping function, and a
circuit for generating a representation of the source
signal based upon analog value X,.

This system may further 1include a second system
for receiving a second transmission signal which is an
analog representation of an analog value x, and B, bit(s)
of digital information, which are representative of a
second source signal, the second system having a circuit
for receiving the second transmission signal and
obtaining an analog value Yy, representative of the analog
value x, and B, bit(s) of digital information, a circuit
for generating a representation of the analog signal x,
and the B, bit(s) of digital information based upon
analog value y,, and a circuit for generating a

representation of the second source signal based upon the
representation of analog signal x, and the B, bit(s) of
digital information.

In a particularly preferrnd embodiment of the
invention, the hybrid analog/dig.:al representation 1s a

value obtained by transform or subband signal analysis
and 1s modulated with a modplation function represented
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by a modulation factor, and the modulation factor is
transmitted as additional digital information along with

the modulated value.
preferably, the B, bit(s) of digital information

is ranging information which enables decoding y, to
obtain x,, and preferably at least part of B, is expressed

by at least part of B,.

Other features and advantages will become apparent
from the followlng detailed description when read in
connection with the accompanying drawings.

FIG. 1(a-g) is a graphical representation of one
embodiment of mode 1 of the present invention.

FIG. 2(a-g) is a graphical representation of an
alternative embodiment of mode 1 of the present
invention.

FIG. 3 is a graphical representation of one
embodiment of mode 2 of the present invention.

FIG. 4(a=-g) is a graphical representation of one
embodiment of mode 2 of the present invention.

FIG. 5 is a graphical representation of an
salternative embodiment of mode 2 of the present
invention.

' FIG. 6(a—-g) is a graphical representation of an
alternative embodiment of mode 2 of the present

invention.

FIG. 7(a,b) is a block diagramn of an HDTV
transmltter and recelver in practice. of the 1nventlon.

Mode 1 -~ Expanded Transm1551on Signal

one mode of the present invention 1s based on the
recognition that a given 31gnal can be expanded into a
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transmitted exp«.ision factor. For example, an analog
value X can be represented with B bit(s) and an analog
value y. To illustrate, if x is in the range of -1 < X <
1, B=1, and y is in the same range of -1 s ¥y < 1, then
one bit of information can be used to indicate whether or
not x is in the "0" range or "1" range accordling to
whether the bit b has the value of b=0 or b=1l.

In FIG. 1(a), signal x(n) is shown varying betws: 2n

-1.0 and +1.0 arbitrary intensity units. For time
intervals between ny-n;, n,~ny, N ~Ng and above ng, the
signal varies essentially between 0 and 1.0 (range 1) and
at other times the.signal varies essentially between 0 tTo
-1.0 (range'O). The range 0 to +1.0 is arbitrarily
represented by.ﬁigital'bit b=1 and the range from 0 to -
1.0 is arbitrarily represented by digital bit b=0,. '

Now it is possible to expand the intensity of a
portion of signal x(n) into the full range -1.0 to 1.0,
as long as a digital bit b=0 or b=l representing the
original range of the signal is transmitted to the
receiver so that the expanded signal can be scaled to
normal range. The expanded signal will fare better in
the face of channel noise, thus resulting in less channel
degradation imposed upon the transmission signal.

In one embodiment, the signal x(n) is expanded by
using the mapping function shown in FIG. 1(b). The value
of x(n) is mapped to an expanded analog waveform y(n)
according to the mapping function. The accompanying
digital bit information b (which represents this
expansion) can be obtained by the mapping function shown
in‘FIG. 1(c), where the value of x(n) 1is mapped to
digital information (b=1 or b=0) according to mapping
function shown. The.resulting expanded analog signal
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v(n) is shown in FIG. 1(d) and the resulting digital bit
information b(n) is shown in FIG. 1(e). The specific
choice of the mapping function in FIG. 1(b) can be made
based on the signal characteristics of the analog signal
5 X.

A simple choice of the mapping function is a
linear function, as shown in FIG. 1(b). The mapping
proceeds as follows: a value is selected for x(n) in
FIG. 1(a) which is applied to the mapping function of

10 FIG. 1(b) to obtain the corresponding expanded value of
y(n), which is plotted in FIG. 1(d). For example, refer
to where x(n) swings below zero between times n, and n, in
FIG. 1(a). At time n,, X(n) is at zero. This 1s shown
in FIG. 1(b) (see x=0) to map to y=-1. Thus, 1in FIG. '

i 1(d), y(n) is.Shown'eXpanaed to -1.0 intensity at n,.
Halfway between n, and n,, the amplitude of x(n) is
about -0.2, which is shown in FIG. 1l(b) (see
x==0.2) to map to y=~0.8. Thus, in Fig. 1(d), y(n) is
shown correspondingly expanded to about -0.8 halfway

20 between n, and n,. The balance of the mapping proceeds

accordingly.

Now the receiver can both scale down the expanded
received signal (knowing the mapping functions of FIGS.
1(b) and 1(c)) and properly fit it into the appropriate

25 amplitude range. As a result, a signal can be expanded

for more robust transmission in the face of channel noise
and can be routinely decoded according to digital side
information. This robustness is shown by comparison of
FIG. 1(f) and 1(g). FIG. 1(f) shows x,(n), the signal

30 x(n) conventicnally transmitted and then degraded by

channel noise. FIG. 1(g) shows x,(n), decoded from the

more robust signal y(n) degraded by the same channel
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noise. The decoded X, (n) 1s a closer representation of
the original signal x(n) than is the decoded x_(n).

In the above example, the analog signal x(n) was
represented by the analog signal y(n) and the 1l-bit
digital data b(n). The analog signal x(n) can also be
represented with greater specificity. For example, F1G.
2(a) shows the same analog signal x(n), but now it 1is
represented by the more expanded analog signal y(n) of
FIG. 2(d) (compare with FIG. 1(d)) and 2~bit digiltal data
b(n) of FIG. 2(e) (compare with FIG. 1(e)).

Tn FIG. 1(b), the mapping function expands X (n)
into the total amplitude range ~1.0 to 1.0. The same |

‘occurs with the mapping function of FIG. 2(b). However,

x(n) of FIG. 1(a) 1s broken into two regions (-1 to 0 and
0 to 1) while x(n) of FIG. 2(a) is divided into four
regions a-d, 1i.e.,

-1 to =-0.5, -0.5 to 0, 0 to 0.5 and 0.5 to 1,
respectively. Hence, the digital information signal b(n)
of FIG. 1(e) obtaias two levels, bit 0 at zero amplitude
and bit 1 at one intensity unit to represent the two
regions (-1 to 0 and 0 to 1). However, in FIG. 2(b), the

- digital signal b(n) (see FIG. 2 (c)) corresponding to

regions a-d (see FIG. 2(e)) is assigned to any one of
four levels 0-3, thus requiring transmission of two bits
of digital information to represent the four regions (a-

'd). Therefore, smaller regions of x(n) can be expanded

(compare FIG..Z(d) with FIG. 1(d)) and decoded accoxrding
to b(n), with attendant increased utilization of dynamic
range and improved persistence in the presence of channel
noise. _ |
.: One useful embodiment of the invention would
enable selectlvely sending analog values less or more
accurately than other values based upon their relative
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importance. For example, in transiorm image coding, a
signal can be analyzed such that its frequency domain
characteristics can be represented by the coefficients
derived from the transform analysis. Suppose one analog
value represents. the DC or low-Irequency component, a
second analog value represents a mid-frequency component
and a third analog value represents a high-frequency
component of the analyzed signal. Since the lower-
frequency components often carxry more signal energy, and
the higher-frequency components often carry the least, 1t
is possible to assign two bits to the first analog value,
and to greatly expand this value accordingly, one bit to
the second analog value, and to expand this value
accordingly, and no bits to the third analog value,
without an expan31on.of this signal. (The bits can be
transmitted as side information in a conventional
manner.) The S§/N improvement of the first and second
analog values relative to the third analog value would be

approximately 12dB and 6dB, respectively.

Mode 2 — Compressed Transmission
Wwhile the foregoing mode enables more robust

transmission of an analog signal, in a second mode of the
invention it may also be of interest to provide better
utilization of part of the analog signal channel but with
less robust transmission. For example, assume an analog
value x and digital information b of B bit(s), and a
desire to represent v and b with an analog value y. NowW
suppose the analog value X does not have to be
represented accurately, while signal-to-noise ratio of
the transm1551on channel does permlt y to be represented
accurately. Then, instead of using y to transmlt only X,
now y can be used to transmit x and additional dlgltal
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data b of B bit(s). Hence, the amount of digital data
that can be transmitted depends upon the acceptable
reduction in signal-to-noise ratio and the required
accuracy of the received analog value of X.

Referring to FIG. 3, suppose that the analog value
v is in the range of -1 £ x £ 1 and y 1s in the range
of -1 £ y < 1. The p-sitive region of y is arbitrarily
allocated as the Bit 1 domain and the negative region of
y as the Bit O domain. The x value can be mapped toO
positive y or negative Y, depending upon a single bit of
information. As a result, 1f the analog value X 1s
transmitted in the Bit 1 range, then the analog value y
represents Bit 1 information in addition to the analog
value x. DLikewise, if the analog value 1is transmitted in
the Bit 0 range of the y axis, then the bit O digital
information is transmitted by the analog signal. At the
receiver, the analog value is utilized as an analog value
accordingly, however, its bit value is also decoded from
its range location.

as shown in FIG. 3, if the bit of information
sought to be +ransmitted is 1, then the x value 1s mapped
to a positive ¥y value from T+ to 1. As a precautlon |
agalnst an error in decodlng the bit 1nformatlon due to

channel noise, the value of T+ can be chosen to be

greater than 0 to allow some guard region which would
prevent decoding error. Tf the one bit of information is
0 value, then the analog value of x can be mapped into
the negative y region, where the value of T- 1s chosen to

.be less than O again to provide a guard region.

The specific choice of mapping function can be
made based on the signal charactwrlstlcs of analog signal

'x. A simple ch01ce of mapping functions could be a

llnear function, whlch was the case in FIG. 3.
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Typically, T~ egquals =T+ and the functions in FIG. 3 are
shifted versions of each other, although these features
are not required.

As a specific example, digital data b(n) and
analog signal x(n) are shown in FIG. 4(a) and FIG. 4(b)
respectively. The angldg signal y(n) is obtained from
combining b(n) and X(n) according to the mapping function
in FIG. 3, and is shown in FIG. 4(c). FIG. 4(d) shows
X, (N), the analog signal x(n) in FIG. 4 (b) degraded by

channel noise. FIG. 4(e) shows yb(n), the analog signal

y(n) in FIG. 4(c) degraded by the same channel noise.
FIG. 4(f) and FIG. 4(g) show the decoded digital data
E(n) and decoded analog signal Xy (n) respectively.
comparison of x_(n) in FIG. 4(d) and X%, (n) in FIG. 4(g)
shows that X, (n) has more noise than X, (n). However, the

lower S/N ratio of Xan) allows transmitting the dlgltal

data b(n) along with x(n), which may be advantageously
employed when said signal degradation is less important
than extra transmission of digital data.

In alternative embodiments of the invention, use

of more than two signal ranges enables transmLSSLOn of a

greater amount of digital information. The number of
ranges will depend upon the degradation willing to be
suffered in the reduced value of analog value Xx. As a
specific example, FIG. 5 and FIG. 6 are the same as FlG.
3 and FIG. 4, except that two-bit digital data (four
signal ranges) b(n) and one analog signal x(n) are
represented by one analog signal y(n).

one useful embodiment of the invention would
enable selectively sending analog values less or more
accurately +han other values. For example, in transform
1mage coding, suppose one analog value represents a low="
frequency oxr DC component and a second analog value
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represents a mid-frequency component, and a third analog
value represents a high-ifrequency component. Since the
lower-frequency components often carry more signal
energy, it is possible to represent the first analog
value and no digital information as an analog value, the
second analog value and one bit of digital information as
an analog value, and the third analog value and two bits
of digital information as an analog value. The S/N
decrease of the second and third analog values relative
+o the first analog value would be approximately 6dB and
12dB respectively, assuming that the guard-band regions
are not large. This example shows that the method
described herein permits_de-emphasizing different analog

values upon their relative importance.

ombination of Mode 1 _and Mode 2

Combination of NMode 1 allil [ub=. o

The above two modes of operation can be combined

to increase the signal-to-noise ratio of some analog
values, decrease the signal~to-noise ratio of other
analog values, and leave signal-to-noise ratio of
remaining analog values unaffected. Hence the invention
can be 1ncorporated into a hybrld analog/digital

representation system, such as in the design of a
channel-compatlble HDTV that is robust in the presence of

channel degradation and +hat makes efficient use of

" pbandwidth.

In an illustrative embodiment of the invention,
shown in FIG. 7, source video 31gnal 10 1is applied to a
transform/subband signal analyzer 22 of transmitter 20.
The output is applied to an adaptive modulation systen.
The output of the adaptiva modulation system contains

both analog data (such as a modulated transmission

signal) and digital data (such as the modulation factor
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necessary to demodulate the modulated transmission
signal.) This analog and digital data are applied to a
hybrid analog/digital representation processor 28. This

data 1s now transmitted ‘1in the manner gset forth

hereinabove.
In the receiver of such a system, the recelived

signal 110 is applied to inverse hybrid analog/digital
representation processor 128 of receiver 120. The
decoded analog/digital output is applied to adaptive
demodulator 124. The demodulated signal is now applied
to transform/subband synthesizer 122 to synthesize a
representation of the original source video signal 10.
Tt will now be appreciated that the présent
invention in mode 1 enables transmission of a single
analog value with a single expanded analog value and
digital decoding information. It is further possible to
transmit a single analog value and digital information in
node 2 with a single compacted analog value. In the
combined mode 1 and mode 2 operatlon, the mode 2 digital

information of mode 1. The above transmitting may take

t+he form of representing a value perhaps for later
transmission or other use. As a result, more robust

and/or more efficient signal transmission may be

achieved.
other embodiments are within the following claims.

what is claimed is:
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WHAT IS CLAIMED IS:

1. A hybrid analog/digital method of information signal transmission
comprising the following steps:
obtaining a first analog value x, which is desired to be transmitted:
mapping the first analog value x, to an analog value y, and to B, bit(s) of

digital information according to a first mapping function:

transmitting the B, bits (s) of digital information: and

transmitting analog value y, such that the analog value y, can be decoded
using the B, bii(s) of digital information to obtain a representation of the first analog

value x,.

2. The method of claim 1 wherein obtaining first analog value x, includes
submitting a source signal to transform or subband signal analysis to generate the
analog value x,, whereby the source signal may be synthesized from the

representation of the analog value x,.

3. The method of claim 2 wherein the step of obtaining the first analog value
X, comprises obtaining a representation of a high energy component of the source

signal.

4. The method of claim 2 wherein the step of obtaining the first analog value
X, comprises obtaining a representation of a low-frequency component of the

source signal.

5. The method of claim 2 or 3 or 4 wherein the step of submitting a source

signal to transform or subband signal analysis comprises submitting a source

signal comprising a video signal or an audio signal.

6. The method of claim 1 or 2 further comprising the steps:
obtaining a second analog value x, and B, bit(s) of digital information,

both of which are desired to be transmitted:
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mapping the second analog value x, and B, bit(s) of digital information to

an analog value y, according to a second mapping function: and

transmitting the analog value y, such that a respective representation of
both the second analog value x, and the B, bit(s) of digital information can each be
discerned from analog value y,, whereby second analog value x, and B, bit(s) of

digital information can be transmitted with a single analog value y.,.

/. The method of claim 6 wherein obtaining the second analog value x, and
B, bit(s) of digital information includes submitting a source signal to transform or
subband signal analysis and processing the output such that the source signal can
be represented with the analog value x, and B, bit(s) of digital information, whereby
a representation of the source signal can be generated based upon the
representation of second analog value x, and B, bit(s) of digital information

discerned from analog value v.,.

8. The method of claim 7 wherein the step of mapping the second analog
value x, and B, bit(s) of digital information to the second analog value y, comprises

mapping a representation of a low energy component of the source signal.

9. The method of claim 8 wherein the step of submitting a source signal to
transform or subband signal analysis comprises submitting a source signal

comprising a video signal or an audio signal.

10. The method of claim 7 wherein the step of mapping the second analog
value x, and B, bit(s) of digital information to the second analog value y, comprises

mapping a representation of a high-frequency component of the source signal.
11. The method of claim 7 wherein the step of submitting a source signal to

transform or subband signal analysis comprises submitting a source signal

comprising a video signal or an audio signal.

12. The method of claim 8 wherein the step of submitting a source signal to
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comprising a video signal or an audio signal.

13. The method of claim 7 wherein the step of obtaining a first analog value
X, comprises obtaining a first analog component of a source signal, the step of
obtaining a second analog value x, comprises obtaining a second analog
component of a source signal, and wherein said method further comprises
providing that at least some of said B, bits are expressed by at least some of said

B, bits, such that said B, bits and said B, have portions in common. and Y, Includes

sald some of said B, bits.

14. The method of claim 6 wherein the step of obtaining a first analog value
X, comprises obtaining a first analog component of a source signal, the step of
obtaining a second analog value x, comprises obtaining a second analog
component of a source signal, and wherein said method further comprises.
providing that at least some of said B, bits are expressed by at least some of said

B, bits, such that said B, bits and said B, have portions in common, and Y, Includes

said some of said B, bits.

19. The method of claim 14 wherein said steps of obtaining a first analog
component and a second analog component of a source signal respectively

comprise obtaining a source signal comprising a video signal or an audio signal.

16. The method of claim 15 wherein the step of obtaining a first analog
component of a source signal comprises obtaining a low frequency component of
said source signal, and the step of obtaining a second analog component of a

source signal comprises obtaining a high frequency component of said source

signal.

17. The method of claim 15 wherein the step of obtaining a first analog
component of a source signal comprises obtaining a high energy component of

sald source signal, and the step of obtaining a second analog component of a
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source signal comprises obtaining a low energy component of said source signal.

18. A hybrid analog/digital information signal transmission system,
comprising:

means for obtaining a first analog value x, which is desired to be
transmitted;

means for mapping the first analog value x, to an analog value y, and B,
bit(s) of digital information according to a first mapping function:

means for transmitting the B, bit(s) of digital information: and

means for transmitting analog value y, such that the analog value y, can
be decoded using the B, bit(s) of digital information to obtain a representation of

the first analog value x,.

19. The system of claim 18 wherein the first analog value x, includes a

representation of a high energy component of the source signal.

20. The system of claim 18 wherein the first analog value x, includes a

representation of a low-frequency component of the source signal.

21. The system of claim 18 wherein the source signal is a video signal or an
audio signal.
22. The system of a claim 18 further comprising:

means for obtaining a second analog value x, and B, bit(s) of digital
information, both of which are desired to be transmitted:

means for mapping the second analog value x, and B, bit(s) of digital
Information to an analog value y, according to a second mapping function: and

means for transmitting the analog value y, such that a respective
representation of both the second analog value x, and the B, bit(s) of digital
information can each be discerned from analog value y,, whereby second analog
value x, and B, bit(s) of digital information can be transmitted with a single analog

value y,,.
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23. The system of claim 22 wherein said means for obtaining the second
analog value x, and B, bit(s) of digital information includes means for submitting a
source signal to transform or subband signal analysis and processing the output
of the analysis such that the source signal can be represented with the analog
value x, and B, bit(s) of digital information, whereby a representation of the source
signal can be generated based upon a representation of second analog value x,

and B, bit(s) of digital information discerned from analog value Vs,

24. The system of claim 23 wherein x, is a first analog component of a source
signal and x, is a second analog component of a source signal, and wherein at
least some of said B, bits are expressed by at least some of said B, bits, such that

sald B, and B, bits have portions in common, and y, includes said some of said B,
bits.

295. The system of claim 22 wherein the second analog value y, includes a

representation of a high-frequency component of the source signal.

26. The system of claim 22 wherein the second analog value v, includes a:

representation of a low energy component of the source signal.

27. The system of claim 22 wherein the source signal is a video signal or an
audio signal.
28. The system of claim 22, wherein x, is a first analog component of a

source signal and x, is a second analog component of a source signal, and wherein
at least some of said B, bits are expressed by at least some of said B, bits, such
that said B, bits and B, bits have portions in common, and vy, includes said some
of said B, bits.

29. A system for receiving a transmission signal which is a hybrid
analog/digital representation of a first analog value x, which is representative of a

first component of a source signal, the system comprising:
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a circuit for receiving the transmission signal and obtaining an analog
value y, and B, bit(s) of digital information representative of the first analog value
X1,

a circuit for generating a representation of first analog value X, by using
the B, bit(s) of digital information and analog value y., wherein said analog value
y, Is related to analog value x, according to a mapping function, and

a circuit for generating said representation of a first component of a

source signal based upon said first analog value x,.

30. The system of claim 29 wherein the transmitted signal has been

generated by transform or subband signal analysis of the source signal.

31. The system of claim 29 further comprises a second system for receiving
a second transmission signal which is an analog representation of a second analog
value x, and B, bit(s) of digital information, which are representative of a second
component of said source signal, the second system comprising:

a circult for receiving the second transmission signal and obtaining an
analog value y, representative of both the second analog value x, and the B, bit(s)
of digital information,

a circuit for generating a representation of a second analog value x, and
B, bit(s) of digital information based upon analog value y, according to a second
mapping function, and

a circuit for generating a representation of said second component of the
source signal based upon the representation of second analog signal x, and the

B, bit(s) of digital information.

32. The system of claim 31 wherein the transmitted signal has been

generated by transform or subband signal analysis of the source signal.
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33. The system of claim 29 wherein the source signal is a video signal or an

audio signal.
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