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[57] ABSTRACT

Video type information signals are compressed for
transmission and reproduction by comparing corre-
sponding blocks of -time domain information signals
from successive fields, converting a block of the time
domain information signals to a transform domain signal
represented by discrete cosine transform coefficients
when the difference between the corresponding blocks
exceeds a block difference threshold, and encoding the
transform domain coefficients for transmission to a de-
coding site. Corresponding blocks of time domain infor-
mation signals from successive fields are compared by
storing the successive fields in memory on a pixel by
pixel basis, retrieving each block on a pixel by pixel
basis, forming the difference between corresponding
pixels from the successive blocks, squaring the resulting
difference signal, summing the squares and dividing by
the number of pixels per block. Successive fields are
merged by weighted summing of corresponding pixels.

35 Claims, 8 Drawing Figures
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VIDEO BANDWIDTH REDUCTION SYSTEM
EMPLOYING INTERFRAME BLOCK
DIFFERENCING AND TRANSFORM DOMAIN
CODING

BACKGROUND OF THE INVENTION

This invention relates to information signal process-
ing in general, and in particular to the field of process-
ing time sequential information signals (such as video
signals) for the purpose of compressing the amount of
information to be transferred from an encoding site to a
decoding site.

In recent years, increasing efforts have been directed
toward providing more efficient information signal
encoding techniques used to process time sequential
information signals prior to their transmission from a
transmitting station to a receiving station. The require-
ment for more efficient encoding techniques has been
prompted by two major factors: firstly, a substantial
increase in the quantity of information required to be
transferred via communication links and, secondly,
maximum occupancy of the communication frequency
bands available for voice and data transmission. An
early technique employed to reduce the amount of in-
formation required to be transferred without substantial
degradation is the signal processing technique known as
conditional replenishment, described in'U.S. Patent No.
3,984,626 to Mounts et al., the disclosure of which is
hereby incorporated by reference. Briefly, in the condi-
tional replenishment signal processing technique, indi-
vidual line element sample signals from a successive
field of information are compared with the correspond-
ing line elements in the previous field; and the differ-
ence therebetween is tested against a fixed threshold. If
the difference exceeds the threshold value, the new
value is encoded and transmitted to a receiving station,
along with an appropriate address code specifying the
line location of the sample to be updated in the field
memory of the receiving station. Thus, rather than
transmitting each and every line sample for every field,
only those samples which differ by a significant thresh-
old amount are transmitted, which substantially reduces
the number of samples in the communication channel
pipeline. Although this saving in the amount of actual
data flowing through. the communication pipeline is
somewhat offset by the necessity of simultaneously
transmitting the address information, this disadvantage
is more than overcome by the substantial reduction in
the total number of samples which must be transmitted
in order to maintain the information current at the de-
coding site. When used to process video type informa-
tion signals, an even greater reduction in the required
number of transmitted samples is achieved due to the
inherent nature of video signals, which possess intrinsic
interfield correlation (e.g. abrupt interfield changes for
background portions of video images occur relatively
infrequently).

Another compression technique known in the art is
the use of transform domain encoding, in which each
field of information signals is divided into a number of
rectangular or square arrays of individual picture ele-
ments (for example a 16 pixel by 16 pixel array) termed
blocks, and each block is converted to the transform
domain. For each converted block, the individual trans-
form coefficients are then encoded and transmitted
along with appropriate address codes, as well as addi-
~tional overhead information (e.g. field start signals,
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frame start signals and the like). One such transform
domain processing system is disclosed in U.S. Pat. No.
4,189,748 to Reis, the disclosure of which is hereby
incorporated by reference.

Although many types of mathematical transform
functions have been proposed for implementation in a
transform domain signal processing system, in reality
most transform functions are inappropriate for imple-
mentation due to the complexity of the required logic
circuitry. This disadvantage is exacerbated in applica-
tions requiring real time signal processing by virtue of
the minimum time period required to perform the signal
processing necessary to generate the values of the trans-
form coefficients. For a general discussion of the advan-
tages and disadvantages of the different types of trans-
form functions, reference should be had to the collec-
tion of technical publications entitled “Image Transmis-
sion Techniques, Advances in Electronics and Electron
Physics, Supplement 127, Pratt, Academic Press, 1979,
particularly the section entitled “Transform Image
Coding”.

SUMMARY OF THE INVENTION

The invention comprises a method and system for
processing time domain information signals which com-
bines the advantages of conditional replenishment and
transform domain coding in such a manner that infor-
mation signal compression of a magnitude substantially
greater than that available in known systems is achieved
while affording real time information signal processing.

In its broadest aspect, the invention provides a
method of processing time domain information signals
having a successive field format to effect substantial
compression of the signals, the method including the
steps of comparing corresponding blocks of time do-
main information signals from successive fields, con-
verting a block of the time domain information signals
to a transform domain signal represented by discrete
cosine transform coefficients when the difference be-
tween the corresponding blocks exceeds a first variable
parametric value, and encoding the transform domain
coefficients for subsequent utilization, e.g. transmission
from a transmitting station to a receiving station, re-
cording on video tape or other magnetic media, etc.
The corresponding blocks of time domain information
signals from successive fields are compared by storing
the successive fields in memory on a pixel by pixel basis,
retrieving the corresponding blocks from memory also
on a pixel by pixel basis, forming the difference between
corresponding pixels from the successive blocks, squar-
ing the resulting difference signal, summing the squares
of the resulting difference signals, and dividing the re-
sulting sum by the number of pixels per block. In the
preferred embodiment, the method is optimized by em-
ploying a total of 64 pixels per block arranged in an 8 by
8 array and by merging successive fields on a pixel by
pixel basis, the merging being performed by summing
corresponding pixels from successive fields in accor-
dance with a predetermined weighting factor of § for
the earlier appearing (previously merged) field and 3 for
the later appearing field.

The conversion of a block of the time domain infor-
mation signals to the transform domain is accomplished
by first transforming the individual block samples along
a first direction, which is the horizontal line direction in
the preferred embodiment, and subsequently transform-
ing the same block samples along the orthogonal direc-
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tion; which is the vertical direction in the preferred
embodiment. For each transformed block, the individ-
ual block samples corresponding to the previous field
are replaced with the updated block information, and
the transformed coefficients for the converted block are
stored in diagonal format in a diagonal memory unit. In
addition, an address code indicating the field address of
a transformed block is also stored in the diagonal mem-
ory for subsequent encoding.

The transform coefficients for each converted block
stored in the diagonal memory. are encoded using a
plurality of different code tables, one of the tables being
dedicated to the first coefficient in each diagonal group,
corresponding to the DC term and representing the
average signal intensity of the converted block, and the
remaining tables being selected on a coefficient by coef-
ficient basis. Specifically, each transform coefficient
(other than the first or DC coefficient) is first quantized
by digitally dividing the coefficient by a varible para-
metric value Dy, after which the predictive mean value
of each quantized coefficient is calculated by summing
a weighted portion of the actual value of that quantized
coefficient with the predictive mean value of the previ-
ous quantized coefficient weighted by a different factor,
and the newly calculated predictive mean value is used
to select that one of the several available individual
code tables capable of encoding the quantized coeffici-
ent value with a minimum number of binary bits. In
addition to the tables noted above, separate tables are
provided for encoding the block address of the encoded
transform coefficients, for directly encoding the D.C
coefficient, and for run length coding certain coefficient
values. In the case of time domain information signals
comprising color video signals with quadrature compo-
nents two preselected quantized coefficient code tables
are used to represent the average value of each color
quadrature component of the corresponding converted
block.

To further compress the amount of information en-
coded prior to utilization, those successive transform
coefficients with zero value whose predictive mean lies
below the value of a preselected fixed threshold are
transmitted as a run length code. In addition, when the
predictive values for successive remaining cosine coeffi-
cients in the converted block lie below the preselected
fixed threshold, a single end-of-block code is generated.

The codes corresponding to a given converted block
are transferred at a availablef rate to a rate buffer in the
order of generation prior to utilization, and the number
of binary bits transferred to the buffer is monitored in
order to gauge the buffer fullness. The dynamic occu-
pancy of the buffer is used to control the value of the
variable parametric value D in order in minimize the
possibility of buffer overflow, utilizing a special algo-
rithm. The buffer fullness state is also used to control
the first variable parametric value—termed the block
difference threshold Tx—also by employing a special
algorithm. Thus, as the rate buffer approaches the com-
pletely filled state, the magnitude of Dy is increased,
which increases the minimum quantizing interval em-
ployed in sampling the transform coefficients during the
encoding process. In addition, the block difference
threshold Tk is similarly increased to reduce the num-
ber of blocks selected for conversion to the transform
domain and subsequent encoding. Similarly, as the state
of the buffer fullness decreases, both Dg and Tk are
lowered in value in accordance with the special algo-
rithms employed in order to increase the number of
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blocks selected for conversion to the transform domain
and to decrease the minimum quantization interval used
in the encoding process.

The codes representing the converted - blocks -are
formatted in the rate buffer in the following fashion.
The start of each frame is denoted by a frame sync code
signal, which is followed by a first control code signal
representative of the buffer fullness at the beginning of
the frame and a second control code signal representa-
tive of the quantizing interval Dg value at the beginning
of the same frame. The control code signals are fol-
lowed by individual block replenishment code symbols
which include a block address code specifying the field
address of the corresponding block, the DC code term
representative of the average intensity of the corre-
sponding block, and the plurality of coefficient code
terms reprentative of the predictive mean value of the
transform coefficients for the corresponding block. For

-color video signal processing, the quadrature compo-

nent code terms are included between the block address
code and the DC code term. The termination of the last
block is signified by the subsequent appearance of the
frame sync code signal for the next succeeding frame.

The decoding process is essentially the inverse of the
encoding process. For each frame of encoded informa-
tion, the first and second control code signals are used
to establish the initial minimum quantization interval to
be employed for inverse quantizing the block replenish-
ment code symbols. The received replenishment code
symbols are decoded using a parallel set of inverse code
tables, which are selected using the same predictive
mean algorithm as that employed in the encoding pro-
cess. The block address, quadrature chrominance and
D.C. term codes are coupled directly to a diagonal
memory unit, while the coefficient code terms are in-
verse quantized by multiplying each code term by Dy,
using the transmitted initial value of Dg for the first
block of data, and the resulting coefficients are stored in
the diagonal memory unit. After the first block has been
decoded, the distortion constant Dy is recalculated and
the newly calculated value of Dy is used to inverse
quantize the next block of data.

The coefficients stored in the diagonal memory unit
are then transformed to time domain digital samples
using an inverse discrete cosine transform, and the re-
sulting samples are stored in an output memory unit,
replacing previous samples representing the same block.
The merged field samples stored in the output memory
unit, which replicate the merged field samples stored in
a corresponding reference memory unit at the encoder
stie, are finally processed to provide video output sig-
nals.

Further compression is achieved according to the
invention by special initial processing of the luminance
and chrominance samples. The luminance signals are
sub-sampled at less than the standard rate (which is 512
lines/frame and 512 samples/line for NTSC video), the
preferred embodiment employing 256 lines/frame and
256 samples/line. Each quadrature chrominance com-
ponent is sub-sampled at less than the standard rate and
averaged over a given block. In the preferred embodi-
ment, each quadrature component is sub-sampled at
one-half the standard rate for each block line and the
sub-samples for each block line are averaged, after
which each block line average is combined to obtain a
block average. Prior to averaging, each chrominance
component sample is further modififed by discarding
the two least significant bits of the sample. After trans-
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mission from an encoding site to a decoding site, the full
range of luminance and chrominance samples is recov-
ered by individual interpolative processing of the re-
ceived luminance and chrominance samples.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating an encoder
incorporating the invention;

FIG. 2 is a block diagram illustrating a decoder incor-
porating the invention;

FIG. 3 is a schematic view of a portion of a display
screen illustrating the replenishment block size;

FIG. 4 is a trellis diagram illustrating the cosine trans-
form alogorithm employed in the preferred embodi-
ment;

FIG. § is a schematic diagram illustrating the manner
in which transform coefficients are stored in a diagonal
memory unit;

FIG. 6 is set of probability distribution curves illus-
trating the manner in which the quantized coefficient
encoding tables are constructed,;

FIG. 7 is a schematic diagram illustrating typical
predictive mean values for a single block; and

FIG. 8 is a schematic diagram illustrating the code
formatting for one frame of replenishment information.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Turning now to the drawings, FIG. 1 is a block dia-
gram illustrating a preferred embodiment of the en-
coded portion of the invention. As seen in this FIG.,
analog video signals are coupled to the input of an ana-
log processor unit 11 in which composite video input
signals are separated into the standard luminance and
quadrature chrominance components and converted to
multi-bit digital samples at a predetermined sampling
rate. In the preferred embodiment eight bit digital sam-
ples are taken at a 10.7 MHz sampling rate. The equiva-
lent digital samples produced in analog processor unit
11 are coupled to the input of an input digital processor
12 in which incoming field samples are merged with the
corresponding samples from the previous field in the
manner described below. The resuiting individual
merged field samples from input digital processor 12 are
stored in an input memory unit 13 having a sufficient
capacity to contain one field of digital information. An
additional memory unit 14, termed a reference memory,
is coupled to the data output of input memory unit 13.
Reference memory unit 14 stores a reference field of
information for comparison with a newly merged field
stored in input memory unit 13, and has the same capac-
ity as input memory unit 13.

In operation, the individual digital samples from an
incoming field supplied to input digital processor 12 are
added to the corresponding digital samples of the previ-
ously merged field stored in input memory unit 13 on a
weighted basis, and the resulting weighted sums are
stored in input memory unit 13, replacing the previ-
ously stored samples on a pixel by pixel basis. In the
preferred embodiment, the samples are weighted by a
factor of 3 to 1 between the older samples stored in the
input memory unit 13 and the incoming field samples,
i.e. the earlier samples are muitiplied by a factor of £,
the later samples are multiplied by the factor of } and
the resulting weighted samples are added together. The
weighting multiplication and the addition are accom-
plished with conventional digital multipliers and ad-
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6
ders, in combination with appropriate conventional
addressing logic.

Each newly merged field stored in input memory unit
13 is compared on a block by block basis with the refer-
ence field stored in reference memory unit 14 by means
of a block difference and decision unit 16. As illustrated
in FIG. 3, each block element consists of a rectangular
array of 8 pixels by 8 pixels, and the difference between
each block is obtained by digitally subtracting corre-
sponding pixel samples read from input memory unit 13
and reference memory unit 14 in block difference and
decision unit 16, squaring the resulting difference sig-
nals, summing the squares of the resulting difference
signals, and dividing the resulting sum by the number of
pixels per block (64). Each block difference value so
obtained is tested against a threshold Tg supplied from
a distortion calculation unit 18. If the block difference
exceeds the threshold, the corresponding block in input
memory unit 13 is converted to a set of transform coeffi-
cients by means of a one dimension cosine transform
unit 20, and the transform coefficients are stored in a
diagonal memory unit 21 along with a corresponding
block address code specifying the field block to which
the transform coefficients correspond. In addition,
whenever a block is selected for conversion to the trans-
form domain, the reference memory unit 14 is updated
by replacing the corresponding block in reference-mem-
ory unit 14 with the newly selected block.

The conversion of each selected block to the trans-
form domain is done by a one dimensional cosine trans-
form unit 20 in two steps: a first transformation along
the horizontal direction, followed by a second transfor-
mation along the vertical direction. The cosine trans-
form unit 20 implements the well known discrete cosine
transform function:

20k N1 2/ + Dk
R S Ly

where

1

\2

at zero, 1 for k (1, N—1) and zero elsewhere and com-
prises a plurality of conventional digital multiplying
accumulators configured to impiement the 8 point co-
sine transform algorithm shown in the trellis diagram of
FIG. 4. During the transformation along the horizontal
direction, developing coefficients are stored in diagonal
memory unit 21, and are subsequently recalled during
the transformation in the vertical direction. After the
selected block has been completely converted to the
transform domain, the resulting series of coefficients is
stored in diagonal memory unit 21 along with a multi-
bit digital word specifying the block address of the
block corresponding to the series of coefficients and
two multi-bit digital words specifying the average value
of the chrominance quatradure components for the
corresponding block, the coefficients being arranged in
the diagonal form illustrated schematically in FIG. 5.
The transform coefficients and corresponding block
address and chrominance quadrature digitial characters
are next encoded for subsequent transmission in the
following manner. The block address digital character
corresponding to a series of transform coefficients is

Cth) =
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coupled directly to a coder unit 22 which contains in
the preferred embodiment nine separate code tables,
eight tables containing a set of code characters arranged
according to the Huffman code technique, in which the
number of bits per specific character depends upon the
probability of occurrence of that character, and one
table containing a set of code characters arranged ac-
cording to a special variable length coding technique
- specified below. The special variable length code table
is dedicated for use with the block address code, and the
application of a new block address code to the dedi-
cated code table results in the generation of a block
address transmission code. The block address is actually
encoded by forming the numerical difference between
the current block address and the address of the most
recent previously encoded block address, and generat-
ing a code in accordance with the following algorithm:

If Ax=1, code 1 bit (Ax)

If Ap< 32, code 1 bit zero+5 bits (Ax)

If Ax=32, code 6 bits zero+ 10 bits (Ag)
where

Ap=Ar—Ak_1

Ajr=numerical address of current block .

Aj_1=numerical address of most recently encoded

block.

The color quadrature components are encoded using
dedicated Huffman code tables in coder unit 22. The
tables listed as table number: 2 and table number 3 in
appendix A are used for the Q and I component values,
respectively. After the block address and the color
quadrature components have been encoded in the man-
ner noted above, the first coefficient in diagonal mem-
ory unit 21 corresponding to the block, and which res-
presents the average luminance of the block, is encoded
using dedicated Huffman code table number 7 shown in
appendix A. Thereafter, the cosine coefficients are pro-
cessed for encoding by passing each cosine coefficient
through a quantizer unit 23 in which the individual
coefficients are divided by a distortion constant Dy
supplied by distortion calculator unit 18. More particu-
larly, each coefficient is multiplied by the quantity
1/Di using a digital multiplier, and the resulting
rounded product, designated as a quantized cosine coef-
ficient, is coupled to coder unit 22. In the preferred
embodiment, each quantized cosine coefficient com-
prises a 12 bit digital character having 1 sign bit and 11
bits of magnitude. For each quantized cosine coefficient
received in coder unit 22, the predictive mean value is

calculated using the following relationship:
PMyg=4Cg+3PMg_

where PM is the predictive mean value of the Kt
quantized coefficient, Cx is the value of the K# quan-
tized coefficient and PMg_ is the predictive mean
value of the K~—~1% quantized coefficient. The predic-
tive mean value PM is used to select one of six of the
Huffman code tables 1-6 listed in Appendix A to be
used to encode the next appearing quantized coefficient,
/in the manner described below. Thus, PMg is used to
select the Huffman code table for quantized coefficient
K+1, PMg | is used for quantized coefficient K+2,
etc.

The four most significant magnitude bits of each
quantized coefficient are next examined in coder unit 22
using conventional logic circuitry and, if the most sig-
nificant four bits are zero, the quantized coefficient is
Huffman coded using one of tables 1-6 listed in appen-
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8

dix A. Each table 1-6 is constructed using a different
one of six probability distribution curves illustrated ‘in
FIG. 6. Each curve comprises an exponential function,
with different curves having different mean values
ranging from 1 to 32. The calculated predictive mean
value PMg measures the steepness of the probability
curve for a given quantized coefficient, and thus each
Huffman code table is selected for a particular quan-
tized coefficient by converting the value of PMy to the
log (base 2) equivalent value, and using the converted
value to specify the appropriate table. The table se-
lected is ideally that table capable of encoding the quan-
tized coefficient with the least number of bits.

When the four most significant bits of a quantized
coefficient are non-zero, a Huffman coded special es-
cape symbol from the appropriate table and the actual
twelve-bit quantized coefficient are transmitted. The
escape symbol is the last symbol found in the Appendix
A tables. '

Coding of the transform coefficients proceeds as de-
scribed until the predictive mean falls below a prese-
lected fixed threshold, termed the run length threshold.
When this occurs, a run length code corresponding to
the number of successive quantized coefficients having
value zero is generated by coder unit 22 using table
number 8 from appendix A. If the zero run extends to
the end of the block, a special end of block code is
generated by coder unit 22 from table number 8. The
above described encoding process is graphically illus-
trated in FIG. 7 in which the trend of the predictive
mean values is illustrated by the solid curve labelled
PM;. The run length threshold is designated by the
horizontal broken line, and the run length and end of

.block segments are designated with the legends RL and

EOB, respectively. In the preferred embodiment, the
numerical value of the run length threshold is one.
The code characters generated in coder unit 22 are
stored in their order of generation in a rate buffer unit
25 having a predetermined maximum capacity N. Rate
buffer 25 is a conventional unit capable of accepting
binary input bits at a variable rate and generating bits at
the output thereof at a constant rate of 2.39 X 105 bits/-
sec. in the preferred embodiment. Since the rate at
which coder unit 22 supplies binary bits to the input of
rate buffer 25 can vary widely, while the buffer output
bit rate is constant, a rate feedback technique is incorpo-
rated into the encoder of FIG. 1 to minimize the proba-
bility of buffer overflow. For this purpose, a signal

‘representative.of the number of bits actually transferred

from coder unit 22 to buffer unit 25 is coupled to distor-
tion calculator unit 18 for each replenishment block K,
and the value of the distortion constant Dy, which es-
tablishes the magnitude of the minimum quantization
interval for quantizer unit 23, is recalculated. The calcu-
lation is performed in accordance with the following
relationship:

DISTORTION CALCULATION
D=D'x+KpBFN(Bx—N/2)
where:
BEN(X)=(X/N—|X])
Dg=Distortion parameter for block K
D’k =Filtered distortion parameter
Dg=TDk_1+(1-TDg

where
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T=a constant (close to 1)

Kp=a constant

Bg=# of bits in buffer for block K

N=Max. number of bits

In addition, the distortion calculator 18 updates the
" value of the block difference threshold Ti for each
encoded replenishment block in accordance with the
following relationship:

REPLENISHMENT CALCULATION

Tr=TiNnir
for BLow=Bx=Bpyicy
Tk=TiNiT+KR-BFN(BLOW—BK)

for Bk<Brow

TL=TINIT+KR-BFN(Bx— BH1GH)

for Bk>Buricu
where

Tk =replenishment threshold for block K

Tivrr=initial threshold (about 5 for 8-bit input data)

Kgr=multiplier constant (about 25-75)

Brow=low cutoff (about 0.1 of buffer)

Bricu=high cutoff (about 0.75 of buffer)

Thus, as.-the buffer unit 25 fullness increases, the
quantizer unit 23 provides coarser quantization intervals
for the encoding of the transform coefficients, which
tends to reduce the number of bits per symbol generated
by coder unit 22, and thus tends to reduce the buffer
fullness. In addition, the block difference threshold Txis
raised, which tends to reduce the number of blocks
selected for replenishment transformation, which also
tends to reduce the buffer fullness. Similarly, when the
buffer fullness decreases, the distortion constant Dz
provides finer quantization intervals for processing the
transform coefficients, which tends to increase the num-
ber of bits per symbol generated by coder unit 22; and
the block difference threshold Ty is lowered, tending to
select more blocks for replenishment processing, both
of which tend to increase the buffer fullness.

The manner in which the serially generated code
symbols representing the block replenishment informa-
tion are arranged for transmission from buffer unit 25 to
a decoder site is shown in FIG. 8, which illustrates one
entire frame of information. As seen in this FIG., a
frame of information commences with a frame sync
code signal indicating the beginning of the frame, fol-
lowed by a first control code signal Bx which specifies
the state of buffer fullness at the beginning of the frame.
This control code signal is followed by the second con-
trol code signal Dy, which is the actual value of the
distortion constant at the beginning of the frame. Fol-
lowing this header information, which is used to reset
the decoder shown in FIG. 2 at the beginning of each
frame, are groups of block symbols containing the block
replenishment information. After the last such group, a
new frame sync code signal indicates the beginning of
the succeeding frame of information.

Each group of block replenishment code symbols
commences with the block address code, is followed by
the two color quadrature component code symbols and
continues with the coefficient code symbols, as indi-
cated in FIG. 8. The arrangement of the coefficient
codes indicated in FIG. 8 for the first block to be up-

5

10
dated corresponds to the representative plot shown in
FIG. 7.

The biock replenishment symbols encoded in the
manner described above are transmitted over a suitable
communication link to the decoder system shown in
FIG. 2, which provides inverse processing for the re-

" ceived information code symbols. Thus, after receipt of
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a frame sync code signal, the initial value of the distor-
tion constant Dy is coupled to an inverse quantizer unit
23’ and the first block of replenishment information is
initially decoded in decoder unit 22'. Decoder unit 22’
contains the inverse code tables illustrated in appendix
B which generate digital values from the received code
symbols applied to the input thereof. The tables are
arranged in a manner similar to that employed in coder
unit 22, so that the block address codes, the color quad-
rature component codes and the DC coefficient code
are all applied to their respective dedicated tables, while
the cosine coefficient codes are applied on an individual -
basis to a selected one of six tables, depending on the
value of the predictive mean calculated for each re-
ceived quantized coefficient code. The emerging
twelve-bit digital characters representing the quantized
coefficients are inverse quantized in unit 23’ by simply
digitally multiplying each twelve-bit character with the
value of Dy, and the resulting inversely quantized co-
sine coefficients are stored in diagonal memory unit 21’,
along with the corresponding block address digital
character, the digital character representing the DC
term and the quadrature chrominance characters. The
coefficients are transformed to the time domain by sub-
jecting the coefficients to a two-step inverse cosine
transformation in unit 20', with the intermediate result-
ing values being stored back in diagonal memory unit
21'. After the inverse cosine transformation process has
been completed, the resulting pixel samples are stored in
output memory unit 13, replacing the former eight by
eight block of pixel information. It should be noted that
the field of information stored in output memory unit
13’ comprises a replica of the field of information stored
in reference memory unit 14 of the FIG. 1 encoder.

The replenished field information contained in output
memory unit 13’ is coupled to an output digital proces-
'sor unit 12', and thence to analog processor unit 11’
which converts the digital video data to analog form.
The emerging analog video signals are coupled to a
suitable utilization device, such as a raster scan monitor.

As binary bits are transferred from buffer unit 25’ to
decoder unit 22', a signal representing the number of
bits transferred is coupled to distortion calculator unit
18', which updates the value of the distortion constant
Dy for each block of replenishment information. The
distortion calculator 18’ employs the same algorithm as
that noted above for distortion calculator 18.

Further compression of the input video is obtained by
two additional signal processing techniques. Firstly, the
luminance portion of a field of input video is subsam-
pled to provide 256 lines/frame and 256 samples/line
(65,536 pixels/frame), as opposed to the normal stan-
dard of 512 lines/frame and 512 samples/line (262,144
pixels/frame). After decoding, the full luminance field
is recovered in output digital processor 12’ by interpola-
tive processing of the actual luminance samples trans-
mitted through the system. Deleted luminance samples
are reconstructed by summing adjacent samples and
dividing the result by two. Thus, if A and B are adjacent
luminance samples in a line, the intermediate sample is
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reconstructed by forming the sum A/2+B/2, and in-
serting this result between sample A and sample B.

The quadrature chrominance components for each
88 block of input video are compressed by first dis-
carding the 2 least significant bits of each 8-bit digital 5
chrominance quadrature component sample to form
6-bit digital characters. For each 8 X 8 block, the sepa-
rate quadrature component samples are averaged over
the block by summing every other component sample in
a given line, dividing the result by four, storing the g
result obtained for each line, summing the result for the
eight lines in a block and dividing the result by eight.
Specifically, for the I quadrature component for block

K, the initial sample array is:

Ihehahalishlig
L =——————ly

The first row average is:
Lan=du+I+hs+hn/4
The last row average is:
Tary=Ig1+133+ I35+ Ig7)/4
The block average is:

Lay BLock k=Uan+1ana+

15

20

25

30

. Tqpr)/8

For the Q quadrature component, the first row average

18:

35

Oan=(Qu2+ Q14+ 16+ Q18)/4

The last row average is:

Qavz=(082+ 084+ Q86+ Q3s)/4

The block average is:

Qav BLock k=Aan1+Qan2+ ... Q413)/8

45

The resulting block average for each component is
stored as a 6-bit character in input memory 13. The full
chrominance field is recovered in output digital proces-
sor 12’ by inverse interpolative processing of the aver-

age chrominance samples transmitted through the sys-

tem.

50

While suitable for many applications requiring infor-
mation signal compression, the invention is especially
adapted for use in a video teleconferencing system in

which the prime criterion is bandwith reduction with

minimum degradation in the subjective quality of the
video images. At a typical sampling rate of 10.7 MHz

for digital video transmission

using eight-bits per digital

sample character, the required bit rate to reliably trans-

mit video information without compression is 8.56 % 107

bits per second. By processing video signals according
to the invention, using the same sample rate and the
same size digital characters (i.e. eight-bits) in the analog

to digital converter section
digital to analog section of

of the encoder, and the

the decoder, compressed 65

digital video can be transmitted from the encoder buffer
unit 25 to the decoder buffer unit 25' at a rate of
2.39X 105 bits per second, which is 0.25 percent of the

12

standard uncompressed digital bit rate. As will be ap-
preciated by those skilled in the art, such a substantial
reduction in the bit rate enables video information of
good picture quality to be transmitted over a communi-
cation link having a substantially narrower bandwith,
for example four conventional digital voice channels,
with the result that substantially more information traf-
fic can be routed over available communication links.

While the above provides a full and complete disclo-
sure of the preferred embodiments of the invention,
various modifications, alternate constructions and
equivalents may be employed without departing from
the true spirit and scope of the invention. For example,
while eight by eight pixel blocks are employed in the
preferred embodiment of the invention, blocks of other
sizes may be employed, if desired. The relevant criteria
for selecting appropriate block sizes are the processing
time required by the block difference and decision unit
16, the cosine transform unit 20, the quantizer unit 23,
the coder unit 22 and the distortion calculator 18. In
general, larger blocks require more processing time, and
the speed of currently available digital circuitry pro-
vides a practical limitation of about 32 pixels by 32
pixels on the maximum block size. In addition, for appli-
cations in which the amount of interframe image motion
is excessive (i.e. greater than that normally present in
video conferencing applications), a smaller block size
may be necessary in order to provide decoded video
signals of good subjective quality. Selection of smaller
block sizes, however, increases the required minimum
bit rate for the buffer units 25, 25". In addition, different
weighting factors may be employed for field merging, if
desired; however, in the development of the preferred
embodiment it has been discovered that a ratio of seven
to one results in decoded video signals which are quite
blurry, while a ratio approaching one to one results in a
substantially increased number of blocks selected for
replenishment, requiring a higher minimum bit rate for
reliable transmission and decoding. The above descrip-
tion and itlustrations, therefore, shouid not be construed
as limiting the scope of the invention, which is defined
by the appended claims.

APPENDIX A
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© 1982 Bell & Howell
TABLE 1

€ntry * Occurrences ® Length * Huffman Code ®=n

g 66718. 1 2880
1 63441. 2 2803
2 7747. 3 eps
3 2258. 4 gecs
4 894. 6 Be27
5 44¢. 6 g4
6 276. 7 2048
7 167. 8 2BYA
8 115, 8 ag8s
9 94. 9 2137
10 61. 9 2131
11 55. 9 g129
12 51. 9 2128
13 38. 12 2265
14 25, 11 p4DE
15 14, 11 g4c2
16 23: 11 2409
17 19, 11 gacc
18 12, 12 2985
19 9. 12 8993
1) 18. 11 gacs
21 19. 12 2981
22 3 13 130C
23 5. 13 1369
24 9 12 2992
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2900 119 9. 16 99A9
1387 129 g. 16 99AB
2983 121 9. 16 95A7
p982 i 122 9. 16 99A6
1368 : ©o123 a. 16 9945
99F D 5 124 2. 16 99A4
2981 125 g. 16 99A3
130¢ 126 0. 16 9942
267E 127 8. 16 99A1
2603 128 0. 16 99Al
99F (
2602
138D 10 -
2681 tokel symbois = 142561,
99F 7 sv | Entropy = 1.587
99F 6 |§ rer Symbol = 1.706
2680
995
99F 4
99F 3 15
99f 2
99Fl kltﬁ2**tttttt*lw'ttt'*tkkkt!tti'tl*i*ktllltk*t*lﬁi
99F g © 1982 Bell & Howell
4CFF TABLE 2
S9EF
S9EE ® Entry * Occurrences * Length * Huffman Code %%
99ED 20.
99EC '] 18459, 1 J.J.1.74
99EB 1 13767. 2 2803
99EA 2 4937, 3 29805
99E9 3 2096. 4 P08
S9E8 4 1816, 6 2927
99E7 5 568. 6 0025
99E6 ‘ 25 6 352. 7 884C
98ES 7 214. 7 2848
99E4 B8 136. 8 2093
99E3 g 92. 9 #136
99E2 - 10 52, 18 g26F
99E1 11 42. 18 226A
99Le 12 29. 19 g249
99DF 30 13 32. 19 224A
99PE 14 19. 11 g4p2
990D 15 19. 11 2401
99DC 16 25, 11 g4pc
990D 17 9, 12 29A0
9gDA 18 13. 11 2491
9909 19 13. 11 0430
99p8 35 28 6. 13 1377
99p7 21 1. 15 4DD7
9906 22 4. 13 125F
99D5 23 2. 14 26BC
99D4 i 24 a. 13 125€
9903 25 2. 14 26BB
99p?2 26 3. 13 1258
99p1 40 27 8. 15 4979
99pg 28 6. 13 1376
99CF . ~29 3. 13 125A
99CE 30 4. 13 125D
99CD 31 3. 13 1259
99CC 32 3. 13 1258
99CB . 33 1. 15 4DD6
99CA 45 34 B. 16 SAD7
99C9 35 1. 15 4DD5
99C8 36 1. 15 4DD4
99C7 37 8. 16 9AD6
99CE 38 1. 15 4DD3
99C5 39 a. 16 9ADS
99C4 49 2. 16 9AD4
99C3 50 41 8. 16 9AD3
99C2 42 g. 16 9AD2
99C1 43 1. 15 4DD2
98CH 44 2. 14 26BA
99BF 45 1. 15 4DD1
99BE 46 i. 15 4DDE
998D 47 1. 15 4D7F
998C 55 48 2. 14 26B9
9988 49 1. 15 4D7E
99BA 54 1. 15 4D7D
99069 51 2. 14 26B8
9908 52 g. 16 9AD1
9907 53 Q. 16 9ADY
9986 54 Q. 16 9ACF
9905 60 55 8. 16 9ACE
9284 56 2. 16 9ACD
9983 57 1. 15 4D7C
9982 58 Q. 16 SACC
9981 59 8. 16 9ACB
99Bg 68 9. 16 9ACA
99AF 61 g. 16 9ACY
99AE 65 62 a. 16 9ACB
99AD 63 1. 15 4D78
99AC 64 a. 16 9AC7
99AB 65 1. 15 4D7A
99AA 66 Q.

16 9ACSE
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67 a. 16 9ACS 16 62. 9 282A
68 2. 14 2687 17 72. ] BGAA
" 69 g. 16 9AC4 18 46. g 0220
79 . g. 16 9AC3 19 56. ] #0825
71 . 2. 14 26B6 e 41, 18 2178
72 a. 16 gAC2 5 21 29 .1 8459
73 g, 16 gACI 2 31. 19 2953
74 g. 16 9ACH 23 249. 11 g2E2
75 g. 16 9ATF 24 33, 19 8uUS7
76 a. 16 SA7E 25 23. 11 g2€E7
77 . . 16 SA7D 26 21. 11 g2E4
78 a. 16 gA7C 27 19. 1i #2AE
79 g. 16 9A7B 10 28 15. 11 2OAS
89 g. 16 9A7A 29 21. 11 f2E3
81 a. 16 9A79 38 13. 11 8098
82 g. 16 4A78 31 16. 11 BOAC
83 a. 16 9A77 32 14, 11 2993
84 a. 16 9A76 33 8. 12 2158
85 a. 16 9A75 34 4. 13 OAB3
86 a. 16 9A7 4 15 35 7. 12 8148
87 g. 16 9A73 36 7. 12 8147
88 g. 16 9A72 37 9. 12 255A
89 a. 16 SA71 38 6. 12 218F
9g g. 16 9A780 39 6. 12 g18E
91 g. 16 SAGF 48 7. 12 . B146
92 a. 16 9AGE 41 5. 13 2BY96
‘93 g. 16 9ABD 20 42 5. 13 gB95
94 a. 16 9ABC 43 8. 12 #15A
95 a. 16 9A6B 44 4. 13 BAB2
96 a. 16 9ABA 45 7. 12 2148
97 a. 16 9A69 46 4. 13 PAB]
38 9. 16 9A68 47 5. 13 2B94
89 e. 16 9467 T 48 3. 13 2248
19¢ a. 16 9AG6 25 49 6. 12 2180
191 a. 16 9A65 50 7. 12 o144
192 . 16 9A64 51 ' 13 gABZ
183 g. 16 9A63 52 3. 13 g24A
104 a. 16 9A62 53 1. 14 2423
195 g. 16 9A61 54 6. 12 g18C
196 a. 16 9460 55 g. 16 1495
147 9. 16 9ALF 30 56 2. 14 157D
198 2. 16 9ALE 57 1. 14 g422
149 . 8. 16 9AL1D S8 3. 13 2249
110 g. 16 9A1C 59 2. 14 157¢C
111 g. 16 9A18 62 1. 14 2421
112 a. 16 9A1A 61 3. 13 . @248
113 a. 16 9A19 62 1. 14 8429
114 a. 16 9A18 35 63 3. 13 0247
115 g. 16 9A17 64 3, 13 2246
116 8. 16 SA16 . 65 2. 14 1578
117 g. 16 9A15 66 2. 14 157A
118 a. 16 9A14 67 3. 13 2245
119 g. 16 9A13 68 1. 15 2EGF
129 g. 16 9A12 69 2. 14 1579
121 8. 16 9A11 40 79 1. 15 2E6E
122 a. 16 9Al® 71 1. i5 2E6D
123 a. 16 92E7 R 72 2. 14 1578
124 2. 16 92E6 73 4. 13 2293
125 g. 16 92E5 74 5. 13 BABF
126 2. 16 92E4 75 1. 15 2E6C
127 g. 16 S2E3 76 3. 13 8244
128 8. 16 92E2 45 77 6. 12 2108
: 78 1. 15 2E6B

79 a. 16 1494

89 1. 15 2E6A

Td“ Symbo'ls = 42954, 81 1. 15 2E69
Syl Entropy = 2.948 8> . 1. 15 2668
Oate Pr Symbol = 2.874 83 1.7 15 2E67 -
50 84 RET I 15 2E66

85 S 9. 16 1493

B6 1. 15 2EG5

87 3. 13 @215

AR R R AR R R R R R AR KR NR KA R AR AR AR RRRANRNTRRARARR 8g a. 16 1492
© ]982 Bell & Howell 89 1. 15 2E64
TABLE 3 ag 1. 15 2(63

55 91 1. 15. 2E62

Entry % Occurrences * Length * Huffman Code *#* 92 2. 14 156F
93 1. 15 2€61

)4 16179, 2 2993 94 a. 16 1491
1 14815. 2 8802 95 2. 14 156E
2 6726. 3 2803 96 1. 18 2E68
3 3891. 3 2001 97 g. 16~ 1499
4 2383. 4 eBE4 60 98 a. 16 1247
5 1615. 4 2904 99 g. 16 19A6
6 1161. 5" go53 199 g. 16 19A5
7 722. 6 2016 191 1. 15 2ESF
B 545. 6 2914 192 9. 16 . 1BA4
9 414, 7 gm2F 183 1. 15 2ESE
19 354, 7 2028 104 2. 14 156D
11 259, 7 2098 65 105 1. 15 2E5D
12 194, 8 25D 186 g. 16 19A3
13 141. 8 2054 187 a. 16 19A2
14 115. 8 8013 198 a. 16 1241
15 191, . 8 2011 149 a. 16 19A0
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17 18
118 2. 16 199F 60 4. 13 199F
111 g. 16 199E 61 7. 12 #BC3
112 9. 16 199D 62 3. 13 115B
113 1. 15 2ESC 63 4, 13 199E
114 2. 14 156C 64 7. 12 . a8C2
115 a. 16 189C 5 65 4. 13 199D
116 . 16 1098 66 7. 12 28C1
117 . 16 199A 67 5. 13 18D7
118 2. 16 1899 68 2. 14 378A
119 a. 16 1998 69 3. 13 115A
129 2. 16 1997 74 7. 12 a8CH
121 a. 16 1996 71 8. 12 g8C7
122 a. 16 19995 10 72 4. 13 199C
123 g. 16 1994 73 3. 13 1159
124 a. 16 1293 74 7. 12 BBAF
125 1. 15 BA4B 75 5. 13 1BD6
126 a. 16 1892 76 6. 12 P8AS
127 g. 16 1991 77 2. 14 3789
128 2. 16 1898 78 2. 14 3788
15 79 1. 14 B8TA
8y 3. 13 1158
81 6. 12 BBA4
Total Symbols = 58336, 82 2. 14 33RF
Symbol Entropy = 2.774 83 7. 12 ZBAE
Dits Per Symbol = 2.834 84 2. 14 33BE
85 2. 14 338D
20 86 4. 13 11BF
87 2. 14 338C
’ - 88 3. 13 114F
LR R Y R 2 R R I T ITIT IS B9 2. 14 33BD
© 1982 Bell & Howell 9g . 16 CECI
TABLE 4 91 2. 14 33BA
92 3. 13 114E
Entry * Occurrences * Length * Huffman Code *** 75 93 3. 13 243F
94 2. 14 3388
%) 5652. 3 o887 95 1. 14 2879
1 6448. 2 2071 96 1. 14 2878
2 3916. 3 2985 97 1. 15 6F7F
3 2656, 3 .7:3°1°4 98 g. 16 CECP
4 2019. 4 BBHY g9 a. 16 21F7
5 1581. 4 p483 30 100 1. 15 6F7E
6 1229. 5 801A 181 1. 15 6F7D
7 979, ] ga18 182 2. 14 33B8
8 811. s 2295 183 a. 16 21F6
9 618, 6 BO36 184 2. 14 3383
18 518. 6 2232 185 1. 15 6F7C
11 417. 6 gB21 186 4. 13 11BE R
12 Ag4. 6 28 35 197 1. 15 6F78
13 32t. 7 BO6E 198 2. 16 21F5
14 256. 7 2B47 129 a. 16 21F4
15 211. 7 o944 119 a. 16 21F3
16 181, 7 gall 111 1. 15 6F7A
17 177. 8 BODF 112 a. 16 21F2
18 156. 8 PBCF 113 g. 16 21F1
10 149, 8 2ocDp 40 114 2. 14 33B2
20 103, 8 ee27 115 1. 15 6F79
21 . 93. 8 pe24 116 1. 15 6F78
22 98 .- B 2u26 117 a. 16 21F@
23 88. 8 Bo20 118 g. 16 21EF
24 71. 9 g1ec 119 g. 16 21EE
25 68. 9 2188 129 1. 15 6F77
26 63. 9 2119 45 121 g. 16 21ED
27 59. . 9 a117 122 2. 16 21EC
28 58. 9 948 123 2. 14 33B1
29 44. 9 ao42 124 1. 15 6F76
38 39. 18 2379 125 1. 15 6F75
3! 35. 19 233A 126 1. 15 6F74
32 32. 18 2235 127 1. 15 6761
33 31. 18 8234 50 128 28. 12 g22C
34 33. 18 2236
35 27. 19 B22A
36 24. 19 22385 .
37 22. 19 ngee * Total Symbols = 30144,
38 28. 12 22D * Symbol Entropy = 3.793
39 21. 11 P6F6 ¢t Bits Per Symbol = 3.835
49 23. 12 2994 55
41 19, 11 po6F P
42 17. 11 2666
43 17. 11 2665
44 9, 12 PCED AR AR A R RN AR R AR KRR RN AR A RN KRR RN RN KRR R AR RRAARR RN
15 17. 11 7664 © ]982 Bell & Howell '
46 15. 11 8462 TABLE 5
47 1. 12 ODEA 60
48 8. 12 #BDE * Entry * Occurrences ®* Length * Huffman Code *=**
49 12. 11 2451
50 16. 11 B46E & 1668. 3 BooAa
51 19, 12 PDES 1 1804. 3 BoPE
52 19. 12 PDEB 2 1425, 3 2982
53 11, 11 P12E 3 978. 4 280D
54 12. 11 2458 65 4 822. 4 2oa7
58 7. 12 28C6 5 637. 4 o882
56 19. 1 PDE3 6 595. 4 2088
57 6. 12 28AB 7 522. 5 PO1E
58 2. 14 3788 8 411. 5 18
59 5. 13 1BDC g 393. 5 aeecC
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19 20

372. 5 2007 g5 1. 14 3FFF

308. S 2982 a6 1. 14 3FFE

274 6 BB3E 87 2. 13 1FD3

248. 6 PR3A 28 4. 12 BEDC

234. 6 2933 29 2. 13 1FD2

236. 6 2038 5 19 1. 14 3FFD

161. 6 foecC 11 a. 16 C85A

143. 7 287E 12 3. 12 26BF

123. 7 73 13 1. 14 3FFC

131. 7 BgR77 14 1. 14 3FFB
94. 7 2818 15 I, 14 3FFA

192. 7 p836 16 1. 14 3FF9
96. 7 g834 10 17 7. 16 €859
76. 7 208D 18 3. 12 26BE
61. 8 PYES 19 g. 16 cess
76. 7 g8ac 29 1. 14 3FF8
53. 8 POGF 21 g. 16 Cc857
56. . B8 BBCA 22 1. 14 3FE7
57. 8 2PCB 23 a. 16 €856
48, 8 AI1E 15 24 g. 16 C855
31. 9 21DA 25 1. 14 3FEB
43. 8 2434 26 3. 12 2353
28. 9 2193 27 g. 16 c854
31. g 2109 28 31. 9 21D8
39. 8 ga1c :

25. 9 gapc

37. 9 Z1FE 20

27. 9 8192 Total Symbols = 12959,

19. 9 aB3A $ymbol Entropy = 4.557

17. 19 P3F9 @ ts Per Symbol = 4.578

29. 9 g1cs

23. 9 oyD4

11, 19 2807

248. 9 89238 25

16' 5336 A R A A R R A I A R R AN TR R RN A AR A ARARNRANAR KRR AR RN RRRAR NN
s 5 pEre ©°]982 Bell & Howell

18. 19 23FB . TABLE 6

27. 9 8191

16. 12 #2383 Entry * Occurrences * Length * Huffman Code ***
6. 11 P35E

12. 19 B1AC 30 -4 496. 3 2905
11, 19 2906 1 366. 3 2841
11. 19 28D5 2 294, 4 PUOE
5. 11 g1A8 3 232. 4 o8
12, 18 21AB 4 213. 4 2095
9. 11 B7FE 5 157. 5 go1IF
6. 11 g35D 6 142. 5 2418
9, 11 87FD 35 7 134. 5 8019
12. 19 21AA 8 118. 5 o2
4. 12 AFES 9 184. 5 8p09
6. 11 235C 1g 88. 5 2201
5. 11 PBFF 11 96. S 2003
7. 11 2725 12 67. 6 2931
17. 19 B3F8 13 71. 6 2035
7. 1t 2724 40 14 54. 6 2O1A
19. 18 897D 15 57. [ BI1E
5. 11 BOFE 16 69. & BO1F
4. 12 PEDF 17 55. 6 goi1c
5. 11 20F0 18 66. 6 89927
5. 11 28FC 18 45, 6 2004
1. 13 BEBAS 28 44, & 2901
2. 13 1FF2 45 21 54, . ] 2019
3. 12 oC84 22 39. 7 BA7A
4. 12 QEDE 23 27. 7 BO37
6. 11 2358 24 35. 7 2968
3. 12 B6EF 25 31. 7 BR4D
7. 11 2643 .26 27. 7 gP36
3. 12 A6EE 27 36. 7 2978
4. 12 BEDD 50 28 26. 7 8023
5. 11 BBF9 29 25. 7 gR22
3. 12 B6ED 39 21. g BAF7
g. 17 6429 31 24. 7 2908
1. 13 A6A4 32 28. 7 2838
3. 12 BBEC 33 22. 7 Bog1
6. 1! 235A 34 25. 7 21
3. 12 P6EB 55 35 19. 8 8OF3
3. 12 BBEA 36 16. 8 o9Cco
2. 13 1FF1 37 13. 8 2963
3. 12 HBEQ 38 14. 8 2038
1. 13 P3E3 39 13. 8 2062
1. 13, g3E2 49 14. 8 2975
a. 15 6428 41 13. 8 goel
8. 16 C8SF 60 42 11. 8 8e15
2. 13 1FF@ 43 13. 8 2969
2. 13 1FD7 44 9. 9 g1€4
g. 16 CBS5E 45 11. 8 2814
1. 13. B3E1 46 19. 9 B1ED
g. 16 €850 47 18. 9 g1EC
1. i3 B3ED 48 8., 9 2133
2. 13 1FD6 65 49 11. 8 2281
2. 13 1FD5 54 6. 9 /P83
2. 13 1FD4 51 9. 9 B1A7
3. 12 ° 06ES 52 5. 9 p20Q
a. 16 €35C 53 5. 12 23CB
g. 16 Cg858 54 4. 19 2389
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t Total Symbols
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" Bits Per Symbol
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I B e 0 e e e 1 i B D e b e
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N OB Do s

p308
2387
2306
8695
2905
23085
BPES
g1D1
B304
2265
2694
2693
B692
8681
8699
2o82
2645
B61LF
2ogA
B6I1E
B61D
A61C
AF28
2618
2108
2644
2643
B61A
2642
2641
BF2A
2649
4COF
BF29
BF28
2619
4COE
2618
’D37
4C8D
2617
2R3
2036
2D35
/D34
pD33
4C8C
4CSB
4C9A
4C99
/D32
4C98
4C87
4C86
4C95
2031
D38
4C94
2616
4C93
4C82
BD°F
orE
4L91
2D2d
4C399
4C8F
ab2c
4CBE
4C8D
p615
4C8C
p614
Bo4g

4,541,012

10

20

25

30

35

45

50

55

60

REKER KR A KRR KT AR KRR RN AR A RTRRANRRR KRR ANRRRRNNRR

© 1982 Bell & Howell
TABLE 7

Entry * Occurrences * Length * Huffman Code ***

b2)
1
2
3
4

1134,
" 476.
463.
482.
607.

U Ul

204D
BoL]
BORF
oel2
Bo1C

65

DWN=ROENO U

—— st

15

632.
611.
546.
489,
509,
503.
423.
317.
353,
344.
381.,
241.
197.
266.
233.
228,
1789.,
149.
213.
243,
206.
216.
162.
230.
269.
193.
181.
168.
278.
203,
191.
154.
168.
129.
178.
159.
191.

22

POOUONRNNNYOODONNNOANNANOOOAO NNV O UT U U UL O GV OTUTUT -

8o1F
BO1D
gg1s
BR14
gR1S
gpl6
2e8C
203D
2285
2Ro4
2887
2226
ggl12
eRar
pe21
2eg1c
2ea7
2967
B1A
er27
2815
S8 %]
oBo2
o2e
a3
211
BRYC
27131
pR32
2216
2g1e
2878
RROS
BO3A
12403
RRBY
Bo29
0028
@2t
BOF2
2B76
2877
BAF3
a008
E1B
BOLA
2g5C
o83
BO6E
BOSF
o226
BR25
2174
ap27
f2EB
B2EA
g17A
2179
2178
2BC4
2F14
gBC3
2918
291A
#BC2
2918
2918
2BC1
2917
8916
2915
BBCA
B24F
2914
2913

24E
2912
2911
29189
290F
298E
2124
290D
824D
298¢
g24C
29o8B
290A
2999
2908
2987
B24B
2986
2985
2984
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23 24
199 a. 15 0943 45 a. 16 1345
141 1. 13 224A 46 g. 16 13A4
192 a. 15 2982 47 1. 15 1E88
103 g. 15 2991 48 a. 16 13A3
104 8. ‘15 2909 49 g. 16 13A2
185 1. 13 2247 5 58 a. 16 1341
106 9. 16 SE3F 51 g. 16 13A0
197 8. 16 SE3E : 52 8. 16 139F
168 g. 16 5E3D 53 g. 16 139€
199 2. 16 5E3C 54 a. 16 139D
119 g. 16 5E38 55 g. 16 139C
111 : g. 16 SE3A 56 g. 16 1398
112 g. 16 5E39 10 57 a. 16 139A
113 g. 16 SE38 58 9. 16 1399
114 8. 16 5E37 59 g. 16 1398
115 g. 16 SE36 60 g. 16 1397
116 a. 16 5E35 61 g. 16 1396
117 g. 16 5E34 62 g. 16 1395
118 a. 16 5E33 63 g. 16 1394
119 a. 16 5E32 15 64 g. 16 1393
120 8. 16 5E31 65 a. 16 1392
121 2. 16 5E30 66 9. 16 1391
122 g. 16 SE2F 67 g. 16 1399
123 g. 16 SE2E 68 a. 16 138F
124 g. 16 5E2D 69 a. 16 138E.
125 a. 16 SE2C 79 2. 16 138D
126 g. 16 5E28 20 71 g. 16 138C
127 8. 16 5E2A 72 2. 16 1388
128 69. 8 29BB ;i g. 16 138;\
a. 16 138
75 g. 16 1388
76 g. 16 1387
* Total Symbols = ' 14768, 77 . 9. 16 1386
* Symbol Entropy = 5.538 25 78 a. 16 1385
* Bits Per Symbol = 5.570 ;3 . . 186 1384
2. 16 1383
81 a. 16 1382
82 g. 16 1381
83 2. 16 1389
AR AR I R AR R AN T R R A R AN R AR R R AR NI N AR ARTRAA RO T AR 84 2. 16 137F
© 1982 Bell & Howell 30 - g-‘sr 9. 16 137E
a. 16 137D
TABLE 8 87 8. 16 137¢C
Entry * Occurrences * Length * Huffman Code w=® gg g ig }g;g
g 12298, 2 2991 80 g. - 16 1379
1 6198, 3 2284 91 a. 16 1378
2 3859, 4 2008 35 92 8. 16 1377
3 2618. 4 0eg? 83 g. 16 1376
4 2885 4 2900 94 8. 16 1375
5 1716. 5 8914 95 2. 16 1374
6 1378. 5 0803 96 8. ‘16 1373
7 1869. 6 2828 97 g. 16 1372
8 950. 6 8a2A 98 g. 16 1371
9 815, 6 2080E 40 133 8. 16 1379
18 767. 6 2980 g. 16 136F
11 621. 6 2085 141 8. 16 . 136E
12 471, 7 o01F 192 g. 16 136D
13 491. 7 2019 123 a. 16 136C
14 349, 7 2918 14 a. 16 1368
15 151. 8 2912 igg g. 16 136A
17 83’ 5 0023 ¥ 1 . e 1360
18 57. 9 0029 1o8 g. 16 1367
19 44, 19 2o aF }?Z g. ig }ggg
29 58. 9 2822 .
21 52, 19 goF 3 ”é -~ g. ig igg;
22 . 58, 9 8921 : .
23 55. 18 2aF7 50 Hi 8. 16 1362
24 53, 19 2ars 0. 16 1361
25 55. 19 2BF 6 115 g. 16 1369
26 52. 12 ggF 2 116 a. 16° 135F
27 34. 19 294c 117 2. 16 135E
28 14. M ¥ 2302 ”g g. }g }ggg
29 6. 13 g7A3 .
o s s i3 A B
32 a. 13 8264 122 g. 16 1359
33 2. 14 P4EB 123 2. 16 1358
34 7. 13 97A7 124 g. 16 134F
35 19. 12 2138 {gg g. }g {g:g
. 4 G4EA .
g? g }4 BF'EdD 60 127 g. 16 134C
38 3. 14 gF 4cC 128 14980. 2 8903
39 1. 14 .54D2
49 g. 16 13A7
41 1. 15 1£88 -
42 1. 15 1E8A lotq! symbois = 57475,
43 1. 15 1E89 3,“‘Entropy = 3.216
44 g. 16 13A6 65 B‘,er Symbol = 3.235
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1982 Bell & Howell
ABLE 1

-

Entry * Father * Bit * Value or Sons * ROM Data: EOB,Z,E,T,D6-DJ =x*

4 none 2 B 2848

1 none 1 goBEPO L x g g1

2 1 g 2oEBO1Ex g8 2

3 1 1 1 g 81

4 2 1) R2RBOA1 X g g 3

5 2 1 2 g 8 2

6 4 23 3 g 8 3

7 4 1 BRLO1IBEX g9 4

8 7 B BBUBI1EX g B b6

9 7 1 POLRIBx g o5
19 9 8 PRB1BOL X P P B
11 9 1 4 2 8B 4
12 8 ) 5 g 85
13 8 1 BEoB111x e 9 7
14 13 2 BBRIOIOx g B A
15 13 1 6 g B 6
16 12 1} BOL118Ax g o8 C
17 19 1 BREIRD] X g B 8
i8 17 g 7 B 8 7
19 17 1 PSP I x g 9B
28 14 g BROY110x g oE
21 14 1 - B g 8 B
2 19 2 2219881 x g 11
23 19 i . ] P 8 9
24 16 '] BOCYIEIx g gD
25 16 1 2oL¥111x P RF
26 24 B g018011x g1 3
27 24 1 . 19 g 8 A
28 24 g 12 g 8 C
29 29 1 11 P 8 B
30 25 j2) BB1BBLOx g1y
31 25 1 B1R110x 216
32 38 ) gO118LE 1 x 219
33 30 1 13 2 8D
34 22 )] gPIEIRY X g 15
35 22 1 PR1BO10x 212
36 35 2 PO11BEEx g1 8
37 35 1 14 g B E
38 26 2 B12BRODx g 28
39 26 1 gR10188x g1 4
¥) 39 ) 15 g 8 F
41 39 1 PO11188x g1C
42 34 2 B211911x 21 B
43 34 1 16 g 9 9
44 31 2 B218111x gl 7
45 31 1 219881 8x g2 2
46 44 ) 17 g 91
47 44 1 11908881 x g 61
48 36 2 pE11118x g1 E
49 36 1 18 g 9 2
58 32 )24 29 g 9 4
51 32 1 eo11818x 21 A
52 51 2 24 g 98
53 51 1 19 g 9 3
54 42 g 25 g 98
56 42 1 21 g 95
56 41 %) pB11181x g10
57 a1 1 Boll111lx g 1F
58 56 2 22 g 9 6
59 56 1 37 g AS
68 48 B 29 290D
61 48 1 23 g 9 7
62 57 ) 32 g AQ
63 57 1 26 2 9 A
64 38 B BlO1BBEX g 28
65 38 1 g108R81x g 21
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135
136
137
138
139

65
65
45
45
69
69
71
71
73
73
75
75
76
76
64
64
8A
8o
83
B3
82
82
72
72
BS
89
91
91
99
94
88
88
97
97
96
96
70

123
183
185
185
197
187
186
126
194
184
113
113
112
112
192
192
119
119
121
121
128
129
118
118
127
127
126
126

68

68
133
133
135
135
137
137

27

g 28

1 27

a 1900818 x
1 gL1EN 11X
g 211061 1x
1 BlULIEL
g 2101186
1 212818 1x
) 33

1 B182110x%
) 2188111 x
1 48

2 35

1 3

B g1o1881x
1 31

yoJ 219101 1x
1 Ple1R1ax
a 36

1 34

4 41

1 38

g Bl122ELX
1 P11 1x
g gieilllx
1 2181110~
2. A

1 39

g 43

1 42

g g118218x%
1 211088 1x
-, 45

1 -& 44

g 47

1 46

g P111811x
1 g1102122x
) © B11198Lx
1 21191£1x
g g118111x
1 g119118x%
g 58

1 49

%) 52

i 51

) g1112108x
1 g111801x
9 54

1 53

g 56

1 55

)2J g111111x
1 g1111002x
2 g111118x
1 g111191x
g 58

1 57

o) Y]

1 59

g 1888801 x
1 1088000 %
2 62

1 61

2 64

1 63

B 101081 0x
1 188091 1x
g 1001811x
1 18908100 %
g 1801808 x
1 1988121 x
B 1800111x
i 1800110

4,541,012

NQQQQQQQQQ@QQQQQQQQQQQQQQQQQQQQ&QQQQQQQQQQQGQQQQQQQQQQQQGQ&QQQQNQQQQNQQQQQ

aauhuuawmnmmaummmwwwwummwmwwmmmmwwwwwwX>>]>)>ww>)>)>]>NNNwJ>)>>DNNmN\omerx))NNNwNamm
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149
141
142
143
144
145
146
147
148
149
159
151

152
153
154
155
156
157
158
159
160
161

162
163
164

165
166
167
166
169
178
171

172
173

174

175
176
177
178
179
180
181

182
183
184

185
186
187

188
189
190
191

192
193
194

195
196
197
198
199
208
281

282
283
264

285
206
297
208
209
218
211

212
213
214

139
139
138
138
136
136
145
145
144
144

134
151
151
183
153
152
152
150
158
159
159
158
158
132
132
165
165
167
167
169
169
168
168
166
166
175

200
200
198
198
207
207
296
286
186
196
213

N
-]

Q""Q"‘Q"‘Q—QHQ*‘Q'—‘Q'—‘@H&‘-‘Qwa'—‘aﬂa‘-‘@“&

Q._Q._@.Ja.d@.—Quaa.ﬂa.aaydQ.a@.uQ,AQ.ua.—ahaQ,aau‘g.dg&_ay_a‘_a._

4,541,012

66
65
68
67
1821810x
10010801 x
79
69
72
71
188111 1x
1201180x
1021118x
1881101 x
74
73
76
75
1018081 x
101BU8ANx
78
77
80
79
1011818x
121801 1x
1618111«
1810120x
1218118x
1218121 x
82
B1
84

B3
1911001 %
121188Lx

B6

85

88

87
1811118x
1811811«
011181 x
18111805

99

89

82

91
1128880 x
1811111

84

93

96

85
11108€1x
1188£18x
1121818x
1188211x
1180111x
1190180
1180118x
11908181x

98

97

189

99
1181881 x
1181088 x

122

181

104

183
1181118x
1101811«
1191181 x

30
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31 32
215 213 1 1181188x 26 C
216 215 2 126 2 E A
217 215 1 185 gE S
218 214 g - 188 B EC
219 214 1 197 g EB
228 212 B 1118088x B 78
221 212 1 1191111x g6 F
222 221 B 118 g EE
223 221 . 1 199 8 ED
224 228 g 112 gF B
225 229 1 111 g EF
226 194 2 1111801x 27 9
227 -, 194 1 1118818x g 72
228 227 B 1118118x 276
229 227 1 111821 1x B8 7 3
234 229 g 1118181x g 75
231 229 1 1118108€8x% 27 4
232 231 g 114 g F 2
233 231 1 113 g F 1
234 234 o 116 g F 4
235 . 238 1 1156 2 F 3
236 228 ) 111187£8x% g 7 8
237 228 1 1118111x 8 77
238 237 2 118 2 F b
239 237 1 117 8 F 5
248 236 %) 129 2 F B
241 236 1 119 g F 7
242 226 g 1111181x 270D
243 226 1 1111218x 2 7 A
244 243 2 1111188x g 7¢C
245 243 1 11119811« g 78
246 245 7 122 g F A
247 245 1 121 g F 9
248 244 g 124 g F C
¢ 249 244 1 123 2 F B
259 242 2 1111111x g 7 F
251 242 1 1111118x% 87 E
252 251 g 126 g FE
283 251 v * 125 g F D
254 258 2 128 18480
255 258 1 127 g FF

.ﬂ""lR"'."'ﬁﬁ'.."ﬂ'ﬂi'-'ﬂ'l'kt*tﬁﬁ'.ﬂ**Q*Rﬁ'iﬁ*.*'*i‘ﬁﬁ*'!ﬂﬁ*ﬂﬁﬁ!i*

©® 1982 Bell & Howell
TABLE 2

*%® Entry * Father * Bit * Value or Sons * ROM Data: EOB.Z,E,T.D6E-DQ w*n=
{ -

g none g 2 287 -

1 none 1 BOOALRE ] x g g1 )
2 1 g 2PORB1Bx g8 2
3 1 1 1 g 8 1
4 2 2 280881 1x g 8 3
5 2 1 2 2 8 2
6 4 2 3 g 8 3
7 4 1 geeeler~ g g 4
8 7 y2J Bere11ox 2 96
9 7 1 BECINZIx 2 @85
148 9 g BIOY111x B g7
i1 9 1 4 2 8 4
12 8 2 BOLC1ABL X g g 8
13 8 1 5 g 85
14 19 2 .6 ? 86
15 19 1 2801810 x g /B A
16 12 g B 7 g8 7
17 12 1 BOL12L 1 x g a9
+ 18 17 )’} BRB1111x g g F
19 17 1 8 g 8 8
28 15 o BRLCI1GIx g gD
21 15 1 PAD1A1 1% g g B
22 21 g o 9 g 89




23
24
25
26
27
28

39
31

33
34
35
36
37
38
38
48
41
42
43
44
45
46

48
49
50
51

52
53
54
55
56
57
58
59
68
61

62
63
64
65
66
67
68
69
79
71

72
73
74
75
76
77
78
79
Bg
81

82
83
B4
85
86
B7
BB
89

91
92
93
94
95
96

w
w

&-—Q-—Qu—@n—@»—QanuuQ-—Qv—@-a@uu&-uanuaaaQ»ﬂQsaquﬁu—auuas—Q-aQ-nQv—@raar—Q-—Q-u&-&-a&-a@»—@»—@»aQanu—Qp-Q;a
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ger1188x
BRIBIR I x
10
PE1BB1Bx
PEB111Bx
11
P1BBBOEX
BEIABLEx
grlgaLix
BR18111x
12
13
PP11108]1x
PB1B1BEX
PL1RB11x
14
1881118x
Bo18118x
15
16
BR11BRExX
17
1191181x
18
1B
ge11p1ex
PRI1BLIx
28
29
2118818 %
821181 1x
Pl1BER1x
BRYLI1BB~>
33
21
g18BI18x
gR1111@x
BiO1BROx
gB11111x
24
22
181128x%
PLlBRBE %
B1R2I12Ex
Rg1BBT10x
g1e8p11x
Pl11RESX
23
12988121 x
2111018
gi10R121x
44
25
g1B1211x
218811 1x
29
26
g1e1801x
30
gio1P18x
1111188x
27
1111111x
32
31
Pilllglx
PiR11P]x
g101118x
1P81810x
Pl121#81x
gio1111x
B112188x
Bl1BBEDx
37
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97

%8

99
198
1a1
102
183
124
185
186
187
1a8

]
QW

- et e et b e
— e et s bms e e e
DN O W —

_.~
[N
N w0

121
122
123
124
125
126
127
128
129
138
131
132
133
134
135
136
137
138
139
149
141
142
143
144
145
146
147
148
149
150
151
152
153
154
1585
156
157
158
159
leg
161
162
163
164
165
166
167
168
169
179

95
54
54
52
52
181
191

94
92
92
187
187
198
129
69
69
113
113
72
72
112
112
186
186
88
B8
123
123
125
125
127
127
126
126
124
124
133
133
132
132
71
71
122
122
141
141
143
143
142
142
91
91
148
148
151
151
159
159
39
39
157
157
159
159
161
161
163
163
162
162
160
160
169

W
w

4,541,012

34

36

35
2118111x
2118811x
. 43
38

47

39
B111100x%
2118110x%
42

41

46

45
2111911
B111081x
49

47

51

48

57

58

83

52
19621182x
g111119x%
1998818x
giillllx
1880821 x
180808883 x
55

54

58

56
10008188x%
100901 1x
60

59

62

61

65

63
190181 1x
1908111x
1801821«
1801008x
66

64

69

67

71

68
18011€1x
1881180x
72

79

74

73
1211118x
1891111x
1218111x%
191808Ex
1818180x
191828 1x%
191881 1x
1918018x
76

75

78

77
1818110x
1918181x
8%

QQQQQ&&QQQQQQQNQQQQQQQQQNQQQQQ&QQQQQQQ&QQ&QQQQQQQQQQ&QQQGQQQQ&QQQQ&QQQQQQQQ
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171
172
173
174
175
176
177
178
179
185
181

182
183
184
185
186
187
188
189
199
191

192
193
194

195
196
197
198
199
209
201

202
203
204

285
286
287
208
209
218
211

212
213
214

215
216
217
218
219
228
221

222
223
224
225
226
227
228
229
238
231
232
233
234
235
236
237
238
239
249
241
242
243
244

169
168
168
158
158
175
175
177
177
176
176
174
174
183
183
182
182
156
156
189
189
191
191
193
193
192
192
1990
19g
189
199
198
198
188
188
205
285
287
287
206
206
204
2084
213
213
212
212
45
45
219
219
221
221
223
223
222
222
2ze
229
229
229
228
228
218
218
235
235
237
237
236
236
234
234
243

w
~X
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4,541,012

79

B2

Bl
1901181 1x
191180809x
1211018x
18T10821x
84

83

86

85
1211191
1811100x
B8

87

98

89
1180118x
1211111x
11200211x
110080820 x
1100018x
11008081x
92

91

S4

93
1198181 x
1180188 x
96

95

98

97
1191818x%
1100111
1101881
1101020x
168

99

122

181
1101128x
1181811x
184
183
186
185
112181 x
121110x
1188180x
1181111x
11188081x
111880
128

1
1
1

oY RN YN RE RN N RN RN RN RSSO REENNER D
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39 40
245 243 1 118 g F 7
246 242 ? 122 gF A
247 242 1 121 g F 9
248 83 g 1111118x g 7E
249 83 1 1111121x 270D
250 249 g 124 gFC
251 249 1 123 gFE
252 248 I 126 gFE
253 248 1 125 g F D
254 85 2 128 180
255 85 1 127 g FF

AARAARARRARARAARANARARRNAXA KA AR KRR ARY AAXAREIRAZRARARARARARNKAR AN RAA AR RARR AR XN R XRN

© ]982 Bell & Howell
TABLE 3

Entry * Father * Bi{t * Value or Sons * ROM Data: EOB,Z,E,T,D6-D@ ==*=*

g none 2 8002010x 282
1 none 1 PORBOL] x g 8 1
2 1 2 1 g 81
3 1 1 g 2 8¢
4 g g PELEIRE 2 e 4
5 2 1 gerarllx a2 3
6 5 g 2806101 x g 95
7 5 1 2 2 8 2
8 4 o 2202110x g2 6
9 4 1 3 2 8 3
19 6 o) 4 g 8 4
11 6 1 goL18L0x g 0 8
12 8 2 5 #8565
13 8 1 PeLB11x 28 7
14 13 2 BOL110x g 80D
15 13 1 . 6 2 86
16 11 2 g8L191Ex g 9 A
17 11 1 eRL10L ] x 8 g9
18 17 ') 7 2 8 7
19 17 1 geeiellx 2 88
28 16 i B 2'8 8
21 16 1 L001182x g gcC
22 19 g BEL1111x g 9 F
23 19 1 g g 8 9
24 21 g 88188C0x 218
2 21 1 12 2 8 A
2 14 g or1eeLx g1 1
27 14 1 gorl18x g 9 E
2 27 o g2109128x g1 4
2 27 1 11 g2 88
3 2 2 PB118C X g1 g
31 22 1 12 g 8 C ~
2 24 @ 13 280D
33 24 1 PE1AL1EX 216
34 26 2 geIBO) 1 x g1 3
35 26 1 gRlBR1Dx g1 2
36 35 2 gP11B8LEx g1 8
37 35 1 14 g8 E
38 34 2 gr1o1llx 817
39 34 1 15 2 8F
49 28 2 281181 1x g 18
41 28 1 9210181 x g 15
42 41 g 16 g 9 g
43 41 1 g811111x g1 F
44 33 2 17 g 91
45 33 1 g1eeLitx g2 3
46 38 2 18 g9 2
47 38 1 2112218 g 32
48 36 2 g1P0110x 226
49 36 1 19 g9 3
50 34 @ 22110818x a1aA
51 39 1 B1890HLx g 2R
52 58 Jf 20 2 9 4
53 59 1 2211118x g1E
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BO11188x
gO11181x
21
P181111x
BLOB1E) X
22
23
29
Z1091800x
24
g100016x
B1BEUL] X
1801111x
25
26
PLIEIR)x
P1E10) 1%
£108100%
27
1980181 x
p1O1110x
28
£108111x
B1B1601 X
30
1951818x
31
g121010%
£111818x%
32
43
33
P1B1188x
2110001 x
8111801
2101101x
44
34
35
18800801 x
#111800x
B118809x
40
36
37
1108818
g111101x
£118011x
B111188x
2118100x
39
38
g118111x
g110118x%
41
1181018
47
42
50
45
51
46
1881000 x
B111811x
52
48
54
49
£111110x
1910101 x
#111111x
1118081 %
19£1001 x
16000080 %
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128
129
139
131

132
133
134
135
136
137
138
139
149
141

142
143
144
145
146
147
148
149
15¢
151

152
1583
154
155
156
157
158
159
168
161

162
163
164
165
166
167
168
168
178
171

172
173
174
175
176
177
178
179
1849
181

182
183
184
185
186
187
188
189
189
191

192
193
184
185
196
197
198
199
284
241

127
127

93

93
130
1349
133
133
134
134

73

73
139
139
140
148
116
116
126
126

79

149
149
138
138
153
153
148
148

66

66
159
159
161
161
163
163
162
152
162
162
123
123
164
168
173
173
172
172
158
158
179
179
181
181
132
132
185
185
1890
189
179
176
178
178
183
193

99

89
197
197
192
192

Y
w
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4,541,012

57

53
1898810x

73
1911182x
1088011
19008128x

125

79

55
1881188x
1888118
1008111x

74

59

56

61

58

62

68
1201118x
1821811x

64

63

181081 1x

19811@1x
66
65
76
67
1811821x
1018£00x
1818118
1918081x
1918100x
1218010x
79
68
72
69
75
71
1811111«
77
1811888x%
1918111x
B8O
78
rel 82
81
1120080x
1911818x%
1011118x
121101 )%
84
B3
1120181 x
18111€1x
88
85
89
B6
1100118x%
87
1108180x
1128001x
91
98
1191188x
11808011x
95
92
96
93
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4,541,012

45 46
202 184 B 97 g E 1
283 184 ] 94 g DE
284 199 I 1181118 g6 ¢
205 199 1 1188111x B 67
286 205 g 1191001 g6 9
207 285 ] 1181088 g 68
208 207 ' 99 BE 3
289 207 1 98 gE 2
218 266 g 192 g E 6
211 206 1 182 g E 4
212 189 2 1181181 g6 D
213 1989 1 1181811 868
214 213 8 123 g E7
215 213 1 19} g ES5
216 196 I 114 BF 2
217 196 ) 184 g E B
218 212 8 113 8 F 1
219 212 1 125 gE9
228 204 g 1118888 % 870
221 284 1 1181111x 86 f
222 221 I . le7 g EB
223 ..221 1 196 gEA
224 228 I 129 g ED
225 228 1 108 8 EC
226 125 8 1111881x 879
227 125 ! 1118810 B 72
228 227 9 1118118 876
229 227 ! 1118081 1x B 73
230 229 ' 1119181 875
231 229 1 1118128x g7 4
232 231 g 111 BEF
233 231 1 118 gEE
234 238 8 : 115 BF 3
235 238 1 112 gF B
236 228 g 1111928 278
237 228 1 1118111 g7 7
238 237 8 117 gF 5
239 237 ! 116 8 F 4
248 236 8 119 8 F 7
241 236 1 118 BF 6
242 226 B 1111101x% 70D
243 226 ! 1111010 87 A
244 243 g 1111108 87¢C
245 243 1 1111211x g 78
246 245 2 121 8 F 9
247 245 1 128 g F B
246 244 8 123 BF B
249 244 1 . 122 gF A
250 242 8 1111111x B 7F
251 242 1 1111110x B 7E
252 251 B 126 g FE
253 - 251 1 ‘ 124 g FC
254 258 8 128 1848
255 250 1 127 g FF
ttt'*tt*ttt!*littt*ttl**l*ltt!t!!l*ttkl*tt*ttl*'**ltt!ﬁtt!tttittltttt***l
© 1982 Bell & Howell
TA

BLE 4

*** Entry * Father * Bit * Vaijue or Sons * ROM Data: EOB.Z.E.T.DS-DZ ol

g none g 2RB8P11x g 9 3
1 none 1 BORRRY X g R 1
2 1 2 BROZ 1A g8 4
3 1 1 PRORLEIEx g8 2
4 3 24 BEI1OBOX 2 B8
5 3 1 74 2 80
6 g B BERBIR]x g B 5
7 2 1 1 g 81
8 2 ) gORg1190x g 8 b6
9 2 1 2 g 8 2
19 [ 2 3 g 8 3
11 5 1 gEOBI11x g e 7
12 8 g PEO1118x g 8 E
13 8 1 4 B B 4
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4,541,012

2o01a11x
5

2OL1001 x
6
2081 100x
7
£801181x
BO18100x
8

9
BB188LC X
12
201811 1x
2851111 x
2O1L0L ]
12

11

13
BI18110x
gT1881 1x
8918010x
2186880 x
14

15
g180810x
BO1810]x
8211818x
8O11101x
16
8190110x
17
B2110881x
B6110C0x
g911118x
18
g511111x
19
g011180x
801181 1x
22

20

21
8108100x
23
B1E8101x
24
g181820>
25
8110180
8108001 x
g10108 1 x
8111081
26
8101100
g1L001 1>
B11BUCs
27
g181110x
28

29
#181111x
#1881 11x
8118081 x
£118811x
30

31
g118111x
g181210x
g191811x
33

QB:&EDQt&Q!SQl&Q!QQ!9&!9&!9Q!QQKQQESQCSQEQQQDQ!SQlﬁQ!9QlﬁQESQGSQEQQ195)QEDQ!SQ!QQ!QQEQQEDQESGIQEQQEQQ

anonoomam

Q'—‘(D'—-(D(!)MQ(I)Q(DQCD(DQ

G
.()nbmlD-—'l:-\Dmmm\lbmAU\mﬂw'ﬂNmm\DHO\QU)’U‘IN"""‘QN&)U\CJWO»‘WV}Q\O(DAU\J()O\LO]>U’1W
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151
152
163
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155
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187
158
159
160
161
162
163

158

161

161
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plRl1EIx
35
1981111x
40
36
37
10088210 x
128
38
g1119011x
Pl1RB 10
39
10018821 x
4]
102018 @x
g118118x
Pl1g1Ex
42
180101 1x
45
43
B1119820x
181118Lx
1100128
44
1081181 x
g111018x
46
1908011 x
10088861 x
g111108x
47
19010180
59
glilliex.
48
11908G5€x
180858«
1802101x
54
49
52
51
53
18119871 x
55
71
180811 1x
56
19128111x
1980118x
57
11882001 x
1011808 x
1881026 x
68
58
1001010y
118101 1x
59
1111188y
121021460
1881 1840x
63
60
1918081 1x
19011180x
64
61
1P10L0 A%
1918118
1910101«
181808 1%
69
62
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219
211
212
213
214
215
216
217
218
219
228
221
222
223
224
225
226
227
228
229
238
231
232
233
234
235
236
237
238

150
150
154
154
121
121
160
169
159
159
138
138
142
142
133
133
178
178
181
181
111
111
185
185
187
187
186
186
125
125
141
141
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184
197
197
112
112
200
200
202
282
204
204
179
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189
180
147
147
215
215
217
217
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208
221
221
223
223
216
216
281
201
214
214
231
231
222
222
220
220
237

Y U T R R

wn
sty
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4,541,012

1011818~
1181850~
1181018x
1911811x

79
1111018x
11868£18x
18011181~
1811111x
1811118x

B4

B2

87

BS

186

86

g2

88
118108¢1x
11068811x

S1

89
1180181x
1118810x
1180110x

123
1182111x

127

98

99
111118x

93

1g2

94

96

95
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4,541,012

S3 54
239 237 1 118 g EE
240 236 '] 117 @ F 5
241 236 1 113 8 F 1
242 238 a 116 2 F 4
243 230 1 115 g F 3
244 183 a 111111@x g7 E
245 183 1 111181 1x g 78
246 245 a 119 o F 7
247 245 1 118 ZF 6
248 149 '] 1111111x g 7F
249 149 1 11111981x g 70
259 249 8 124 g FC
251 249 1 ‘ 128 gF 8
252 244 '] 122 g F A
253 244 1 121 g F 9
254 248 '] 126 g FE
255 248 1 125 g FD
I*ttﬂ'ﬁ.!.ﬁ*'ﬂttt*i*t**i'itI!‘l*illi*i**itti*iﬂ*!ttﬂ!ii!***v:**twttt*
© ]982 Bell & Howell
TABLE 5

Entry * Father * Bit * Value or Sons * ROM Data: EOB,Z,E,T,D6-D@ ===

g none g PEORBY 1x g 9 3
1 none 1 RELBOL ] x 2 B
2 1 2 pBLBRIE g B 2
3 1 1 PRBR1IB ! x g 8 5
4 2 2 2 2 89
5 2 1 1 g 8 1
6 2 2 BoLLEC> g 7 8
7 g 1 BRLLIEL> g o 4
8 7 g 2 P8 2
9 7 1 BBOLI1 I x a8 7
19 3 o} BeLEIIEx g 8 6
11 3 1 gRC1A1 Ly g 8 E
12 19 9 BEOIIRIx B oD
13 18 1 3 g 8 3
14 9 2 gBe1118~ g o E
15 9 1 4 g 8 4
16 6 2 BELIC1EZx~ g 8 A
17 6 1 BRELIBE % 2 g9
18 17 B 5 B B8 5
19 17 1 BRIl lx g8 F
2@ 16 2 6 g 8 b
21 16 1 , gaIBOLOx g1
22 11 2 © g@1go1es 12
23 11 1 . PBRELLIBES g g C
24 23 2 7 g8 7
25 23 1 PRIAOL L x 211
26 12 2 8 g 8 8
27 12 1 BRIOIBLx g1 4
28 14 g g 2 8 9
29 14 1 281121 1x 218
30 19 2] BEIBLIELX g 16
31 19 1 18 g 8 A
2 21 2 11 g 8 B
33 21 1 gA11118x% 21 ¢t
34 25 B 12 g 8 C
35 25 1 AL g 17
36 22 2 Lo x g 15
37 22 1 2B1881 1x g 13
38 37 g 13 g 80D
39 37 1 PBI1BE L x g1 9
49 27 2 21080 18x g 2 2
41 27 1 14 g 8 E
2 36 8 15 g 8 F
43 36 1 gO11BL0x g 18
44 39 2 16 2 9 @
45 34 1 2211210 x g1 A
46 35 g 17 g 91
47 35 1 glo1110x B 2E
48 43 2 BiIBRULE g 29
49 43 1 18 g9 2
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W

2188110>
18
2181920
2€
2011181 x
ARLLILIEL
21
2188081 x
22
Rligionx
201T111x
2199180x
25
23
11081 1x
24
B1E11R1x
26
g181081 x
B1o0a11x
27
28
181180~
A1BR18x
29
10018186x
g121811x
Pigglllx
39
1110808 x
31
B118118x
P111081x
2191818x%
37

8118800
35
1811821
8118021 x
£101111x
. 36
1808100 x
38

43
B118018x
B111811x
. 63
39

49
£111180x
2110181
B1111£1x
41
1909081 1x
100807 1 x
#110111x
51

42

44
180111 1x
g111819x
47

45
1918110x
1991000x
46
1081181x
48
1988809 x
#111110x%
1880110
g111111x
49

4,541,012
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127
128
129
130
131
132
133
134
135
-136
137
138
139
148
141
142
143
144
145
i2e
147
148
149
150
151
152
153
154
155
156
187
158
159
1640
161

195
186
197
128
189
aee
201

242

125
122

122

188
198
139
139
187
187

95

95
137
137
124
124
136
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/]
2

4,541,012

1118111«
50
1211880x
1008818 x
52
53
1910818x%
58
54
1888111x
1080181 x
55
1118010x%
60
56
1912180x%
57
1881081x%
110181 1x
5¢@
1112181 x
1801110
1801011 x
1810057 %
10£1180x
66
61
64
62
12111@81x
65
10111088 x%
1810028
73
67
69
68
191001 1x
126
82
78
1120188x%
1910181x
71
111111€8x
1191 11x
76
72
1211111x
. B4
74
L1801 0x
10110180~
1811118x%
1211811x
77
75
128
78
1180110x
79
83
8o
1108000
1181968x
118680 1x
1111188x%
g1
81
11201€21x
11880061 1x
B6
B5
83
B7
1£2
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253
204
26065

286

251
252
253
254
255
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®
]98% A]?eglg E& Hoswell
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186
186
186
2085
285
191
191
249
289
211
211
145
145
215

215 -

204
204
218
218
214
214
208
208
225
225
139
139
229
229
231
231
147
147
238
238
127
127
228
228
241
241
248
240
224
224
193
193
249
+ 249
171
171
248
248

B NI S SO S I R e -l Tk R e e R e e R R

4,541,012

88
1191121
1188111x

99

89
1119000x
1101881x
1101118x
1101019x

95

92
1191111x
1101180x

98

S4

98

2
2
g
2
2
a
2
2
2
2
2
g
2
2
g
g
2
g
2
a
]
2
)
2
2
a
B
2
2
g
2
2
2
g
g
]
g
g
2
B

[}
2
g
2
%)
g
2
)
2
g
]
2
4
w

D
6
6
D
D
7
6
6
6
D
D
6
6
£
D
E
E
E
E
E
3
7
7
E
E
7
7
7
7
E
£
E
E
F
£
F

F
7
7
F
F
F
F
F
F
7
7
F
F
F
F
F
F
n

e Eniry *® Fathér * Bi{t * Value or Sons * ROM Data:

WONOUBWN -

none
none

——
NEa e = WWOORNRNNN = —

SR -EER-FT - RN TR R R

pORAB I X
2820800 x
PACBLIOx
RBLOIAL X
2RO 1x
g

BABB1INLx
PEL1PLox
BO1GRBLEX
1
geR1811x
2uBA1 18X
2
go01018x
3

aor1ilegx
2061001 x

(SR

(SRR R SR SRR RS RS RS RS R R R
anononno—nNonnnRN
CMWPNOB—ROERNOIN—W
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8
D
7
A
9
g
8
E
A
F
C
F
C
3
£
2
)
7
1
5
4
g
1
F
8
8
3
6
4
A
9
D
B
1
E
6
2
A

9
3
2
]
4
7
5
F
D
8
9
D
A
F
c
"

PEEEEEEEEEEE R S8R ERBS

EOB,Z,E,T,D6-D@ ***




16
16
13
13
12
18
23
23
22
22
15
15
18
18

32
32
33
33
26
26
24
24
17
17
42
42
45
45
43
43
49

48
48
29
29
36
36
34
34

44
28
20
63
63
47
47
4p
A
54
54
62
62
30
38
75
75
65
65

61

57

57
53
53
58
58
74
74
73
73
3B
38
98
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4,541,012

BO1B1E1x
PO 1x
4
PO11111x
5
290118 x

BBB1188x

BO101BAX
6
BUIEBY 1 x
7

8
281181 1x
g180181x

9
AB1AZL X
BE1BB18x
BA11181x

18
AB11180x%
11
B181181x
12
g1o98818x
13
g1l 18x%
PO11PEEX
BB11110x
pBIAI11x
14
2198801 x
g811018x%
9011891 x
15
16
17
PI1gIBL1x
R1gBEG11x
18
19
G1o188Bx
B1R1B18x
28
g1R1Illlx
21
Q188105 x%
P1BRBOHOx
22
pl1eglllix
26
23
24
BIYIEL 1 x
BL1BRI >
25
27
g18118E>
R121B1 %
A1OBL1EBx
29
28
P118118x
38
R11B108x
31
gliBBIOx
32
P111BBLx

33
11108 1x

34
g11ip1Lg1lx

35
BI1g111Ex
p111111x

36
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144
145
12g
147
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149
158
151
152
153
154
155
156
157
158
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168
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164
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136
155
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160
168
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164
164
127
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4,541,012

1500810 x
g118811x
B1108L8x
39
37
38
g11glllx
1201818

g111118x
47
46
1801180x
48
21111081x
49
128
Bg111818x
78
50
1980188x%
111108
1198181x
51
52
1988111x
1911688Ex
53
188R80Ex%
1218180x%
1BBRRB %
118108081x
58
54
1621881x
108801 1x
57
56
190811081
1209181x
19080118x
11110088x
65
58
18010688 x
96
73
59
63
60
180101 1x
61
78
62
12188008x
64
1601111
1881118x
67
66
69
68
1818061 x
1811111x
1911120x
1218018
191201 1x
11111EL>
BC
71
1811818
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67 68
246 24K g 122 g F A
247 240 1 118 g F 7
248, 165 2 1111118x g 7 E
249 165 1 1111101x g 70D
254 249 2 123 P2 F B
251 249 1 121 g F 9
252 248 )} 126 g FE
253 248 1 124 g F C
254 218 B 127 g F F
255 218 1 125 B F D
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TABLE 7

Intry * Father * Bit * Value or Sons * ROM Data: EOB,Z,E,7,D6-D@ ***

g none 24 o1 1x 2B 7
1 none 1 BEOBAR ] x P Bl
2 1 8 peLR1eglx P B 4
3 1 1 2B0BL 10X g 92
4 3 B Peuesllx g B8 3
5 3 1 pBR11BEx g 9 C
6 4 2 28O1111x g 2 F
7 4 1 7] 2840
8 2 2] POLBIA] x g 85
9 2 1 POI1OLBEx g1 e
10 8 g gOLBI18x g B b
11 8 1 gaT1811x g 8B
12 19 2 Po11110x g1 E
13 19 1 1 g 81
14 2 )74 gr1g1llx g 165
15 24 1 QLL1BBDx g B 8
16 15 2 ep11818x g1 A
17 15 1 RRBLIBLIx g e 9
18 17 2 PBIBEO11x g1 3
19 17 1 BRE1LIEx 2 g A
28 19 2 gER11111x B 1F
2 19 1 2 g B 2
2 11 g 3 g 8 3
23 11 1 go11801 % g 168
24 5 J'} go011£]1x g 8D
25 5 1 gRE1110x g B E
26 24 2 4 2 8 4
27 24 1 6 . P 8 6
28 25 2 POIR1BE X g1 4
28 25 1 5 g 85
30 5 2 7 g 8 7
31 6 1 218881 1x g 2 3
32 9 4 Bo1RRE I x g 11
33 9 1 gR1BL1Ax g1 2
34 32 2 8 P 8 8
35 32 1 g g 89
36 33 g 18 P 8 A
37 33 1 2111081 x% g 10D
36 18 2 11 g 8 B
39 18 1 g1oP1g]x B 25
ag 28 2 gigl110x g 2 E
41 28 1 12 . g 8¢C
2 14 2 g1oRO0Bx g2 ¥
43 14 1 go1B110x g1 6
44 43 g BB1AI11x g1 7
45 43 1 PO11B2Lx g 18
46 44 B 14 g 8 E
47 44 1 13 g 8D
48 45 2] P181B11x g 2B
49 45 1 15 g 8 F
58 23 2 16 g 9 #
51 23 1 24 g 9 8
52 16 2 PR11P11x g 18
53 16 1 BloB11Ax g 26
54 52 7] g181818x% g 2A
55 52 1 gB11188x g1¢cC
56 55 7§ 17 g 91
57 55 1 29 g 9D
68 37 2 2118111« g 37
59 37 1 18 g9 2
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73 14
211 284 1 98 g E 2
212 202 B 1181188x% g6 C
213 282 1 1181811x g 6 B
214 213 B 182 g E B
215 213 1 188 g E 4
216 212 J7} 184 g E 8
217 212 1 183 g E 7
218 135 [ 1118181x g 75
219 135 1 1181118x g6 E
228 219 2 1118218x g7 2
221 219 1 1181111x g6 F
222 221 2 1119681 x g 71
223 22 1 1110000~ g 78
224 223 g 127 gEEB
225 223 1 196 gE A
226 222 4 189 g ED
227 - 222 1 198 gEC
228 228 e 11121080x g7 4
229 220 1 111881 1x g7 3
238 229 '] 111 B EF
231 229 1 118 g EE
232 228 g 113 g F 1
233 228 1 112 gF 8
234 218 g 1111981x g 79
235 218 1 1112118x g 76
236 235 '3 1111820x g 78
237 235 1 1118111x g 77
238 237 @ 115 gF 3
239 237 1 114 g F 2
248 236 '} 117 gF5
241 236 1 116 g F 4
242 234 2 1111811x B 7B
243 234 1 1111818x g7 A
244 243 B i19 g F 7
245 243 1 118 g F 6
246 242 2 i21 g F 9
247 242 1 . 128 gF 8
248 139 2 111111@x g 7E
' 249 139 1 1111181x g 70D
250 249 2} 123 g F B
251 249 1 122 g F A
252 248 o} 125 g FD
253 248 1 . 124 g F C
254 141 e 127 gFF
255 141 1 126 gFE
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TABLE B

*%x Entry * Father * Bit * Value or Sons * ROM Data: EOB,Z,.E,T,D6-DE *

2 none 2 goReaAT I x g o1
1 none 1 POLRL VDX g8 2
2 g 1] PeBBIB ] x g g5
3 2 1 %] g 8 P
4 1 g go0AL I x g B8 3
5 1 1 128 4 849
6 4 B 1 g 81
7 4 1 gROLIBL Y P g4
8 7 54 PRLIBLDX g 98B
9 7 1 2 g B 2
19 2 2 groglllx g o7
11 2 1 gooP118x g B 6
12 11 2 3 g 8 3
13 11 1 28L1811x 9 BB
14 18 2 4 g 8 4
15 10 1 POLIROIx g B e
16 8 2 . ) P 85
17 8 1 gRLIFILx g B A
' 18 15 g BeC1118x 2 B E
19 15 1 6 P B8 6
28 17 2 8 g 8 B
21 17 1 7 g 87
22 13 2 S @PL118 1% g oD
23 13 1 gRLCIIBEx g s cC
24 23 2 °] g 8¢9
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What is claimed is:

1. A method for processing time domain information
signals having a successive field format to effect sub-
stantial compression of said signals, said method com-
prising the steps of:

comparing corresponding blocks of time domain in-

formation signals from successive fields to form a
block difference signal;
converting a block of said time domain information
signals to transform domain signals including a
D.C. coefficient representing the average intensity
of a converted block and a plurality of discrete
transform coefficients when said block difference
signal exceeds a first variable parametric value;

varying said first variable parametric value in accor-
dance with the number of blocks selected for con-
version; and

encoding said transform domain coefficients for sub-

sequent utilization.

2. The method of claim 1 wherein said step of com-
paring includes the steps of storing successive fields of
said time domain information signals in a first memory
device on a pixel by pixel basis, and retrieving said
corresponding blocks from said memory device on a
pixel by pixel basis.

3. The method of claim 2 further including the step of
replacing a block pf pixel elements in said memory
device with the corresponding block in a successive

10-

15

20

25

field when said difference exceeds said first variable 30

parametric value.

4. The method of claim 2 wherein said step of storing
includes the step of merging successive fields on a pixel
by pixel basis.

5. The method of claim 4 wherein said step of merg-
ing is performed by summing corresponding pixels from
successive fields in accordance with a predetermined
weighting factor.

6. The method of claim 5 wherein the pixels from the
first appearing merged field are weighted by a factor of'
2 and the pixels from the later appearing field are:
weighted by a factor of 1.

7. The method of claim 1 wherein said step of con-
verting is performed by transforming said block along a;
first direction and subsequently transforming said block:
along the orthogonal direction.

8. The method of claim 7 wherein said first direction
corresponds to a horizontal line of raster scan informa-:
tion and said orthogonal direction corresponds to a;
vertical column of raster scan information.

9. The method of claim 7 wherein said step of con-
verting includes the step of storing said transform coef-
ficients in diagonal format in a second memory device.

10. The method of claim 9 further including the step.
of storing the field address of each transformed block in
said second memory device.

11. A method for processmg time domain mformatlon
signals having a successive field format to effect sub-
stantial compression of said signals, said method com-
prising the steps of:

comparing corresponding blocks of time domain in-

formation signals from successive fields to form a
block difference signal, said step of comparing
including the steps of storing successive fields of
said time domain information signals in a first mem-
ory device on a pixel by pixel basis, retrieving said
corresponding blocks from said memory device on
a pixel by pixel basis, forming the difference be-
tween corresponding pixels from said successive

35

40"

50

55

60

65

‘PMg=
‘mean-value of the K quantized coefficient, Cx is the
ivalue of the K quantized coefficient and PMg 1 is the

82

blocks, squaring the resulting pixel difference sig-
nals, summing the squares of said resulting pixel
difference signals, and dividing the resulting sum
by a number of pixels per block to form said block
" difference signal;
converting a block of said time domain information
signals to transform domain signals including a
D.C. coefficient representing the average intensity
of a converted block and a plurality of discrete
transform coefficients when said block difference
signal exceeds a first variable parametric value; and
encoding said transform domain coefficients for sub-
sequent utilization.
12. The method of claim 11 wherein each block com-
prises a total of 64 pixels grouped in an 8 by 8 array.
13. A method for processing time domain information
signals having a successive field format to effect sub-
stantial compression of said signals, said method com-
prising the steps of:
comparing corresponding blocks of time domain in-
formation signals from successive fields to form a
block difference signal;
converting a block of said time domain information
signals to transform domain signals including a
D.C. coefficient representing the average intensity
of a converted block and a plurality of discrete
transform coefficients when said block difference
signal exceeds a first variable parametric value; and
encoding said transform domain coefficients for sub-
sequent utilization, including the steps of providing
a plurality of different code tables, dividing each of
said plurality of discrete transform coefficients by a
second variable parametric value to obtain a corre-
sponding quantized coefficient, calculating the
predictive value of each quantized coefficient, se-
lecting one of said plurality of code tables in accor-
dance with the predictive value, and generating a
code representing said quantized coefficient from
said selected table.
14. The method of claim 13 wherein said step of cal-
culating is performed in accordance with the formula
1Cx+3PMg_1, where PMg is the predictive

predictive mean value of the K— 1% quantized coeffici-
ent.

15. The method of claim 13 wherein said step of en-
coding includes the steps of providing a dedicated code
table for encoding each DC coefficient and selecting
said dedicated table for each said DC coefficient.

16. The method of claim 13 wherein said time domain
information signals are color video signals having quad-
rature components, and wherein said step of encoding

. includes the steps of providing individual code tables

for said quadrature components, calculating the average
value of each quadrature component for the converted
block, and selecting a code value representing said aver-
age value from the corresponding individual quadrature
component table.

17. The method of claim 13 wherein said step of en-
coding further includes the step of generating an ad-
dress code specifying the field address of the converted
block.

18. The method of claim 17 wherein said step of gen-
erating includes the steps of providing an address code
table having code values arranged in accordance with
the following formula:

If Ax=1, code 1 bit (Ax)

If Ax<32, code 1 bit zero+5 bits (Ay)

If Ax=32, code 6 bits zero--10 bits (Ax)
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where

Ax=Ar—Ak-1

Aj=numerical address of current block

Aj_1=numerical address of most recently encoded

block,
and selecting said address code table for each said ad-
dress code.

19. The method of claim 13 wherein said step of en-
coding further includes the steps of comparing said
predictive value with a preselected fixed threshold
value, and generating a run length code specifying the
total number of successive quantized coefficients of
zero value when said predictive value lies below said
preselected fixed threshold value.

20. The method of claim 19 wherein said step of en-
coding further includes the step of generating an end of
block code when the predictive values for successive

remaining quantized coefficients in the converted block

lie below said preselected fixed threshold value.

21. The method of claim 19 wherein said codes are
multi-bit binary codes, and wherein said method further
includes the steps of transferring said codes to a buffer
in the order of generation, monitoring the number of
bits transferred to said buffer, and varying said first and
second parametric values in accordance with said num-
ber of transferred bits in order to minimize buffer over-
flow.

parametric value is varied in accordance with the for-
mula:

D=D'k+Kp-BFN(Bg—N/2)

where
BFN(X)=(X/N-—|X])
Dg=Distortion parameter for block K
D’ =Filtered distortion parameter

Dg=T-Dx_1+(1-NDg_1

where

T =a constant (close to 1)

Kp=a constant

Bx=# of bits in buffer for block K

N=DMax. number of bits.

23. The method of claim 22 wherein said first para-
metric value is varied in accordance with the alternate

~

formula: -

CTx=TvT
for BLow=pxk=BHIGH

Tx=Tinir+KR-BFN(BLow—Bk)

for Bxk<Brow

Tx=TiniT+KR-BFN(Bk—BHIGH)

-~ for Bxk>BrHIGH
where

Tx=replenishment threshold for block K

T nrr=initial threshold (about 5 for 8-bit input data)

K g=multiplier constant (about 25-75)

Brow=Ilow cutoff (about 0.1 of buffer)

Brigr=high cutoff (about 0.75 of buffer).

24. The method of claim 13 wherein each of said code
tables comprises a Huffman code table.

25. A method of encoding transform coefficients
representing time domain information signals having a
successive field format prior to transmission over a

22. The method of claim 21 wherein said second
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communication link in order to effect substantial com-
pression of said signals, said transform coefficients being
arranged in a plurality of groups, each group represent-
ing an N by N block of field information signals, said
method comprising the steps of:

(a) providing a plurality of code tables:

(b) generating a block address code from a first dedi-
cated one of said code tables, said block address
code representing the field address of the block
represented by a group of said transform coeffici-
ents;

(c) generating a DC coefficient code representing the
average intensity of said block from a second dedi-
cated one of said plurality of code tables; and

(d) generating a succession of codes representing the
remaining transform coefficients corresponding to
said block by calculating the predictive value of
each said remaining transform coefficient, selecting
one of said plurality of code tables in accordance
with said predictive value, and generating a code
representing the corresponding transform coeffici-
ent from said selected table.

26. The method of claim 25 wherein said step of cal-
culating is performed in accordance with the formula
PMg=1 Cx+3 PMg_ 1, where PM is the predictive
mean value of the K coefficient, Cx is the actual value
of the K coefficient and PMg_ is the predictive mean
value of the K — 1% coefficient.

27. The method of claim 25 wherein said time domain
information signals are color video signals having quad-
rature components, and wherein said method of encod-
ing includes the steps of providing individual code ta-

“bles for said quadrature components, calculating the

average value of each quadrature component for said
block, and selecting a code value representing said aver-
age value from the corresponding individual quadrature
component table.

28. The method of claim 25 wherein said method of
encoding further includes the steps of comparing each
said predictive value with a preselected threshold value,
and generating a zero run length code specifying the
total number of successive predictive values lying
below said preselected threshold value.

29. The method of claim 28 wherein said codes are
multi-bit binary codes, wherein said method of encod-
ing further includes dividing each of said remaining
transform coefficients by a variable parametric value to
obtain corresponding quantized remaining coefficients
for use in forming the predictive values, and wherein
said method further includes the steps of transferring
said codes to a buffer in the order of generation, moni-
toring the number of bits transferred to said buffer, and
varying said variable parametric value in accordance
with the following formula:

D=D'k+KpBFN(Bx—N/2)

where
BFN(X)=X/(N—[X})
Dg=Distortion parameter for block K
D’k =Filtered distortion parameter

Dg=TDg_1+(1-T)Dg_1

where
T=a constant (close to 1)
Kp=a constant
Bx=# of bits in buffer for block K
N=Max. number of bits.
30. The method of claim 28 further including the step
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of generating an end of block code when the predictive
values for successive remaining transform coefficients
in said block lie below said preselected threshold value.

31. The method of claim 25 wherein said transform
coefficients comprise discrete consine transform coeffi-
cients.

32. A method for processing time domain information
signals for transmission over a communication link, said
time domain information signals having a successive
field format, said method comprising the steps of:

comparing corresponding sub-field blocks of time

domain information signals from successive fields
to form a block difference signal;

converting a sub-field block of said time domain in-

formation signals to a transform domain signal
represented by a D.C. coefficient representing the
average intensity of the converted block and a
pluality of discrete transform coefficients when
said block difference signal between the corre-
sponding blocks exceeds a first variable parametric
value; and :

generating a frame sync code signal indicating the

beginning of a frame;

generating a first control code signal By representa-

tive of the fullness of a transmission rate buffer at
the beginning of said frame;

generating a second control code signal Dk represen-

tative of a second variable parametric value at the
beginning of said frame; and

generating a plurality of block replenishment code

symbols each representative of the value of trans-
form coefficients corresponding to individual sub-
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field blocks having interfield block differences
greater than said first variable parametric value,
each said block replenishment code symbol includ-
ing a block address code specifying the field ad-
dress of the corresponding block, a D.C. code term
representative of said D.C. coefficient of the corre-
sponding block, and a plurality of coefficient code
terms representative of the value of said plurality of
discrete transform coefficients as quantified ac-
cording to said second control code signal Dk for
the corresponding block.

33. The method of claim 32 wherein said time domain
information signals are color video signals having quad-
rature components, and wherein said step of generating
block replenishment code symbols includes the step of
providing first and second color code terms in each of
said plurality of said block replenishment code symbols
;representing the average value of each quadrature com-
ponent for said corresponding block between said block
address code and said DC code term.

34. The method of claim 32 wherein said step of gen-
erating block replenishment code symbols includes the
step of providing a run length code term specifying the
total number of successive transform coefficient zero
values having a predictive mean value less than a prese-
lected fixed threshold value.

35. The method of claim 32 wherein said step of gen-
erating block replenishment code symbols includes a
step of providing an end of block code term when the
predictive values for successive remaining transform
coefficients in said corresponding block lie below a

preselected fixed threshold value.
B * X % ¥ %
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