47

£

LA 8

§

WO 89/05556 Description : pagad ...L... to paged .3%..... | PCT/US88/04242
‘ . : #71 Claim(s)  :paged..?\. to paged . 3%....1

' ] Drawing(s) : page?cg':.y{. to paged Ay

[ Abstract :paged ... to paged .........

T

10

15

20

25

30

35

digital signals wherein certain values of signals have a
higher frequency of occurrence than other values.
Transmission systems for digitalisignals include a number
of signal processing functions which may include
quantizers, predictive schemes, encoders for encoding
digitized signals, buffers and control circuitry among
others. Sometimes the term "encoder" .as used in this art
refers to the entire transmission system and at other times
the term "encoder" refers merely to the encoding function
of a coder circuit within the transmission system. The
present invention relates to the latter.

Of interest are copending applications Serial No.
63,044 filed June 17, 1987 entitled "Parameterized
Variable-length Coding" in the name of B. Astle and S. J.
Golin and Serial No. filed entitled "DPCM

‘System with Adaptive Quantizer Having Unchanging Bin Number

Ensemble” in the name of A. A. Acampora and U.S. Patent
4,706,260 all assigned to the assignee of the present

. invention.

where the bandwidth available in the transmission
channel is limited, it is desirable to compress to as large
extent as possible video data to be transmitted. Numerous
schemes have evolved‘for increasing the efficiency of such
compression during transmission while not introducing too
intrusive reduction in image quality. For example, one kind
of system known as differential pulse code modulation
(DPCM) employs a predictive scheme for predicting pixel
values of a video picture. The predicted information is
compared to the actual information based on spatial or
temporal relationships, and an error signal is generated
representing the differences between the two information
signals. The error signals are further reduced in
information content by more coarsely quantizing them - that
is, by classifying them into range bins. The coarser
guantization is done so as to tend to make the range bin in
which the lowest output value digital signals fall the one

s S Woh53--4 Tes

This Sheet Has Been Reﬂlaced

AR




Fl

>
%

WO 89705556 This Sheet Has Been R

10

15

20

25

30

35

PCT/US88/04242

e

most frequently selected in the classification procedure
and the range bins of successively higher output value
digital signal ones less frequently selected than the
ranges of lower values. The more coarsely quantized
information is then encoded using codewords of variable bit
length, which are chosen so their length is inversely
related to the frequency that the bins they describe tend
to be selected during the classification into range bins.
This procedure is known as statistical coding.

Huffman has described procedures for describing
variable length codes optimally. Further improvements in
coding efficiency can be obtained by treating certain runs
of successive bin values that are all alike differently
from other bin values. Runs of certain length and value
that are likely to occur can be classified as special cases
and included in the statistical coding procedure, to be
accorded short bit length codewords reflective of their
tendency to frequently occur. This implies that signals
having large run lengths may be converted to relatively
short codewords which drastically increase the efficiency
of the transmission system.

In information signals wherein a relatively large
proportion of the information being transmitted is
redundant and exhibits relatively little error from one
block of information to a second block, the error signals
tend to exhibit relatively long zero run lengths. By way
of example, in a video signal transmitting picture
information, a given 2.2 MHz image scan line has 240 active
pixels. The resultant error signal in a predictive system
thus can have zero run lengths of up to 240 zeros in a
given scan line representing a still picture for that scan
line and n non~zero levels outputted by the quantizer
representing different degrees of motion. The result is a
potential of over 240 different codewords being required to
accurately represent the information signal. The problem
is how to effectively deal with such numerous codes.

One solution to this problem is presented in U.S.
Patent 4,420,771 in which multiple tables are provided by




®)

@'t

WO 89/05556 PCT/US88/04242

10

15

20

25

30

35

-3-

run length encoding the information signal employing
multiple dictionaries. The multiple tables, however, use
identical codewords representing different information
signals. The use of the same codewords to represent
different information signals requires additional overhead
to indicate to the receiver which table is employed. The
addition of even one bit of additional information as
overhead in the transmission system can have significant
effects in reducing the efficiency of transmssion.

For example, if the most frequently occurring
information sample (pixel) is encoded with a 2-bit
codeword, the addition of a single bit for that most
frequently occurring codeword decreases the transmission
efficiency of that codeword by 50%, and defeats the purpose
of making the most frequently occurring codewords as short
as possible. Other schemes employ different versions of
variable length and run length encoding in an attempt to
increase the eff1c1ency of data.transmission. However,
certain of these suffer similar drawbacks in also requlrlng

-radditional overhead between the transmltter and receiver,

detracting from the system efficiency or generating
codewords that may be excessively long. Hardware employed
in the latter kinds of systems tend to increase in cost as
the number of bits in a codeword increase, thus making the
hardware at the transmitter and receiver more complex and
more costly. '

One approach to increasing system efficiency is
to adaptively -quantize the information prior to the coding
process. However, the coarse quantizing process has a
tendency, by definition, to reduce the information quality
as compared to the original information signal. While the
quantizer does increase efficiency, it tends to permanently
eliminate information bits from the data signal which is
generally to be avoided, if possible. A need is seen,
therefore, for a solution to the problem of increasing
transmission efficiency, i.e., provide increased
compression, without detracting from the information signal
quality and without employing excessively long codewords.
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To this extent, the present invention is directed to a more
efficient coder which can provide relatively high
compression using codewords of minimum length as compared
to the total number of different codewords employed.
According to the present invention, a plurality
of different codewords of different code lengths are
grouped into first and second groups wherein each codeword
represents a different signal condition in an information
signal. These signal conditions may, for example, be
descriptive of (a) non-zero values of the information
signal after coarse quantization, and (b) of more
frequently encountered run lengths of zero values of the
information signal after coarse quantization. The first
group of the codewords are organlzed in a first given order
in which, at least generally, the shortest codeword length
manifests that signal condition having the greatest
probability of occurrence and the greatest codeword length
manifests that signal condition having the lowest
probability of occurrence. The first group of codewords,
for example, may include a key codeword that signals a
change in the coding procedure from statistical coding
using the first group of codewords to the use of a
different coding scheme using a codeword drawn from the
second group of codewords. Each codeword in the second
group, in this example, may include the key codeword as a
prefix codeword segment followed by a suffix codeword
segment. The second group of different codewords
individually have respective low probabilities of
occurrence, and it is the combined probability of their
occurrences that determines the position of the key
codeword in the first given order. Members of the second
group of codewords on an average have a bit length which is
significantly shorter than would otherwise occur for
codewords assigned codeword lengths according to simple
statistical coding. The second group of codewords may be
of uniform bit length and by way of example describe less
commonly encountered run length of non-zero values of the

information signal after coarse quantization._—~“
Tthhmﬁf
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In the drawing:

FIGURE 1 is a block diagram of a transmission
system employing an encoder accordlng to one embodiment of
the present invention;

FIGURE 2 is a block diagram of the encoder
employed in the embodiment of FIGURE 1;

FIGURE 3 is a block diagram of the decoder
employed in the embodiment of FIGURE 1;

FIGURE 4 is a graph useful in explaining some of
the principles of the present invention; and

FIGURE 5 is a block diagram useful in explaining
a portion of the logic of FIGURE 2.

In FIGURE 1, system 10 comprises a transmitter
12, a channel 14 over which the transmitter 12 transmits
and a receiver 16, By way of example, the transmitter 12
and receiver 16 are described as a predictive picture
encoder employing differential pulse code modulation
({DPCM). However, the signals encoded by the coder of the
present invention may be derived from sources other than
error signals in a predictive system.

In FIGURE 1, a source 18 of information signals,
for example video, applies the information to an analog-to-
digital converter (ADC) 20 which finely quantizes the
information signal in a known way to produce a multilevel
digital signal. The output of the analog-to-digital
converter (ADC) is applied on conductor 22 as an 8=bit
pixel signal to a differential pulse code modulator (DPCM)
loop 24. The DPCM loop 24 is one that is generally
available and well known. It includes, for example,
subtractor S for subtracting predicted information signals
produced by a predictor and delay loop PD from the finely
quanitzed information signal on conductor 22 to produce an
error signal. That error signal is applied to a quantizer
Q which assigns different values of the input error signal
to a reduced number of output values or bins representing
zero and non-zero values of the error signal. By way of
example, the quantizer Q may have 32 bin values and a zero
value, i.e., 32 non-zero values, for a total of 33
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different values. The quantizer output values are applied
to conductor 26 and adder A. Adder A adds the quantizer Q
output signals to the predictor and delay loop PD output

. and applies the added signals to the predictor and delay

loop PD.

Such a DPCM loop may be, for example, as
described in U.S. Patent 4,706,260 and in the
aforementioned copending application entitled "DPCM System
with Adaptive Quantizer Having Unchanging Bin Number
Ensemble'" in the name of A. A. Acampora, both of which
describe prior art DPCM loops in greater detail.

It should be understood that wires representing
conductors herein represent either single conductors or
multiple conductors for transmitting data signals in
parallel as known. The input information signal on
conductor 22 to DPCM loop 24 may comprise, for example, an
8 conductor cable for carrying an 8-bit signal.

The output of the DPCM loop 24 is applied to
conductor 26 and is an 8-bit signal which represents any of
the 33 quantized zero and non-zero values of the
information signal. The output of the DPCM loop 24 on
conductor 26 is applied to encoder 28 of the present
invention which is described in more detail in FIGURE 2.

The encoder 28 encodes the output values of loop
24 to generate variable length codewords on conductor 29.
The codewords are applied to a buffer 30 sometimes referred
to as a rate buffer. The buffer 30 stores the codes for
transmission over channel 14 via conductor 32. As known,
the buffer 30 tends to overfill and underfill in response
to the variable length codewords applied as an input
thereto on conductor 29 and has a fixed output rate on
conductor 32.

A control 34 senses the fill level of the buffer
30 and applies a control signal on conductor 36 to the DPCM
loop 24 for controlling the coarseness of the quantizer Q
of the loop 24. As described in the aforementioned U.S.
Patent 4,706,260 the quantizer Q may increase the number of
zeros produced on conductor 26 i.e., widen the coring
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region, to reduce the data rate applied to buffer 30 in
case of overfill. In case of underfill of the buffer, the

" control 34 applies a signal on conductor 36 to loop 24 to

adaptively change the quantizer so as to increase the data
rate to the buffer 30. As is known, the output of the
buffer 30 on conductor 32 is at a constant data rate and
information must be maintained on conductor 32 at that
constant rate regardless of the rate at which buffer 30
fills. All of this information is generally known in the
art and is described in more detail, by way of example, in
the aforementioned U.S. Patent 4,706,260 and copending
application.

The information on conductor 32 is transmitted
via channel 14 to receiver 16 where the information signal
is received by buffer 38. A decoder 40, described in more
detail in FIGURE 3, receives the output of buffer 38 on
conductor 42 to decode the received information signal;
The decoded signal is applied via conductor 43 to inverse
DPCM loop 44. The output of loop-44 is applied via
digitial-to-analog converter (DAC) 46 to a display monitor
48 which displays the information represented by the
decoded information signal.

As mentioned above, a coarse guantizer, such as
quantizer Q in a DPCM loop such as loop 24 is often
inserted in the output of the loop subtractors. The
quantizer coarsely quantizes the digitized error signal on
conductor 22. Necessarily the error signal is finely
quantized prior to the quantizing action of ADC 20. That
finely digitized signal may have a relatively large number
of different levels in accordance with the information
represented by the signal from source 18.

In a video image, there may be as many as 256
different luminance levels at the output of ADC 20. The
coarse guantizer Q, reduces the 256 levels of the digitized
signal to a significantly smaller number; e.g. 33 as
mentioned above. While in the present embodiment, a
coarsely quantized signal, having representative few
gquantized levels, is applied to the encoder 28, the present
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invention is not so limited and may be applied to any kind
of digitized signal.

In processing video signals, it is characteristic

of a system employing an interframe DPCM loop that the most

frequently occurring quantized values represent unchanged
or zero values. It is statistically known that for certain
video frames, as for example, in teleconferencing systems,
the majority of the frame information does not change from
one frame to the next. Thus, in interframe DPCM, where the
predictor delays samples from the previous frame for a
frame time are used to predict corresponding samples in the
current frame, the resulting error signal tends to contain
relatively long zero run lengths. Statistically, it can be
shown that runs of zeros of different lengths have different
frequencies of occurrence. Considering run length of zeros
shorter than a full line, the greater run lengths (for
ekample,.run lengths of say 239 pixels representing zero
values in a given scan scan line) have relatively low
frequency of occurrence. A run length of a 'single zero
pixel value in which the adjacent pixels exhibit non-zero
values has a much higher probability of occurrence. These
relationships are shown in FIGURE 4, for example, where
curve p represents the probability of occurrence of zero
run lengths ranging from one zeroc to 240 zeros in a given
scan line of a given video frame in a teleconferencing
system. The probability of a single zero occurring between
two non-zero values has the highest value, whereas the
probability of 239 zeros between non-zero values has the
lowest wvalue.

The probability, frequency of occurrence, of a
scan line having all zeros, that is, having a run length of
240 zeros is higher than the probability of occurrence of a
run of 239 zeros. This produces a peak p' in curve p. The
peak p' represents an increased probability for the
occurrence of run lengths of 240 zeros. This means that
scan lines which represent an unchanged picture occur more
frequently than scan lines in which a small number of
samples, for example, one or two pixels, have changed value
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while the remaining pixels remain unchanged. Thus, in a
typical video signal, the frequency of occurrence of zero
run lengths changes significantly from one pixel which
remains unchanged between non-zero pixel values to a'given
240 pixel scan line which remains unchanged in succéssive
frames.

Normally, to transmit this information over a
channel, that is, to transmit the wvalues of the zero run
lengths for every possible run length that occurs, becomes
a relatively difficult task using conventional hardware
systems. Conventional Huffman coding, for example, may
result in codewords which have 20 or more bits. Such long
codewords tend to cause complexity in the hardware for
coding at the transmitter and for decoding at the receiver .
and cause larger components to be utilized making the
system more costly and inefficient. For example, if a
system operates most of the time with codewords in the 2 to
7-bit range but nevertheless occasionally operates with 15
or 20-bit codewords, then the hardware for the transmitter
and for the receiver must necessarily include a capability
to process the 20-bit codeword or the maximum length
codeword in the system. This problem is compounded by the
fact that predictive systems, by nature, tend to preocduce a
large number of error values which have values at or near
zero.

In FIGURE 2, ROM 200 contains an encoder look up
table which is established in accordance with the
principles of the present invention. The table stored in
ROM 200 is a single table for transmission purposes but is
presented below for purposes of description as Tables I,
II, III and IV. A single table implies that any portion of
the table can be transmitted to the receiver without
additional overhead to décipher the table. That is, every
member of the table is part of a given encoding scheme in
which the rule of encoding, and thus decoding, is
transparent to the receiver without using additional
overhead. The present encoding arrangement employs a
Huffman-like coding rule, for example, but differs from a
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conventional Huffman code in that significantly shorter
codewords are used for a relatively larger number of"
different codewords of relatively low probability of
occurrence.

Table I is a listing of the non-zero values
produced by the DPCM loop 24, FIGURE 1. There are 32
non-zero values representing 32 output bin values of the
quantizer Q of the DPCM loop 24. The non-zero value of -7
represents non-zero values of the quantized error signal of
the DPCM loop which lie, for ekample, in a range of input
values of -6 to =10, with a zero value occurring for input
signal values in the range of 5. The code for the
non-zero -7 value is labeled code 1. The next most
frequenctly occurring non-zero value has a value of +7 and’

its code is labeled code 1'. Code 1 has a code length of

2-bits whereas code 1' has a code length of 3-bits.
Examination of Table I shows that non-zero values which
tend to occur less frequently also tend to increase in
magnitude and are assigned greater code lengths. The
exception is codeword 16' which has a higher probability of
occurrence than longer codewords 11 - 16 and 13' - 15°'.
Therefore the code length for code 16' is shorter than
these last mentioned codes.
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TABLE I TABLE II
NON-ZERO VALUES ZERO RUN LENGTH VALUES
“CODE CODE CODE LENGTE  CODE CODE
~ NUMBERLENGTH MSB LSB VALUE OF ZEROS LENGTH MSB LSB
5 1 3 11 1 7 1 4 10 11
2! 4 10 00 12 2 5 11 011
3! 5 10 100 17 3 5 01 101
4! 6 11 0101 22 4 6 11 0001
5! 6 01 0101 27 5 6 01 1001
10 6' 7 11 0010 1 32 6 6 01 0001
7! 7 11 0011 © 37 7 7 11 0000 O
8! 7 01 1101 1 45 8 9 01 0010 110
9! 7 01 0011 1 55 9. 7 01 0011 0
10' 8 01 1110 00 64 10 8 11 0011 11
15 11' 8 01 0000 00 74 11 8 01 1111 01
12' 8 01 1111 00 87 12 8 01 1101 01
13'. 9 01 1110 010 108 13 8 01 1000 01
14t 9 01 0000 111 130 14 8 - 01 0010 10
15' 9 01 1111 101 150 15 8 01 0000 10
20 16' 8 01 0000 01 170 16 9 01 1111 111
1 2 00 -7 17 9 01 1110 111
2 4 10 01 -12 18 9 01 1101 001
3 5 10 101 -17 19 9 01 1000 001
4 6 11 0100 -22 20 9 01 0010 111
25 5 6 01 0100 -27 21 9 01 0000 110
6 7 11 0010 © -32 22 10 11 0011 1011
7 7 11 0000 1 -37 23 10 01 1111 1101
8 7 01 1100 1 -45 24 10 01 1110 1101
9 7 01 0010 © -55 25 10 01 1110 1000
30 10 8 01 1100 01 -64 26 10 01 1110 1001
11 9 01 1111 100 -74 27 10 11 0011 1000
12 9 01 1000 000 -87 28 10 11 0011 1010
13 10 01 1100 0001 -108 29 10 01 1111 1100
14 10 01 1100 0000 -130 30 10 01 1110 0110
35 15 10 01 1100 0011 ~-150 31 10 11 0011 1001
16 10 01 1100 0010 -170 32 10 01 1110 1011
33 10 01 1101 0001
34 10 01 1110 1100
35 10 01 1101 0000
40 TABLE III
RESERVED AND SPECIAL CODES TABLE VI
CODE CODE ASSIGNED
LENGTH MSB 1SB SIGNAL 208 210 214 218 220 222
10 01 1110 1010 MARKER 1 0 0 1
45 10 01 1110 0111 MARKER 2 0 1 1
5 01 o011 KEYWORD 1 0 1
7 01 1000 1 240 CODE 1 1 1
Sheet Has Been Replaced
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TABLE IV
ZERO-RUN LENGTH VALUES
Keywoxrd Codes

5 Length Code CODE
Zezjs Length MSB LSB
Keyword

36 13 01 011000000 00

10 37 13 01 011100000 00
38 13 01 011010000 00

] t 1 1 t

t t \ t t

t . 1 1 t 1

15 ' ' ' : '
t t t L] 1

236 13 01 011000100 11

237 13 01 011100100 11

238 13 01 011010100 11

20 239 13 01 011110100 11
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TABLE V
NON-ZERO AND ZERO RUN LENGTHS
IN ORDER OF PROBABILITY OF OCCURRENCE
Probability Non-zero
5 Order Value Run
of (Quantizer Length Code
Occurrence Qutput) Value Length Code
1 =7 2 00
2 7 3 111
10 3 -12 4 1001
4 1 4 1011
5 12 4 1000
6 -17 5 10101
_ 7 17 5 10100
15 8 S 11011
9 5 01101
10 keyword 5 01011xq..... X
11 =22 6 110100
12 -27 6 010100
20 13 22 6 110101
14 27 6 010101
15 4 6 110001
16 5 6 011001
17 6 6 010001
25 18 -32 7 1100100
19 32 7 1100101
20 -37 7 1100001
21 37 7 1100110
22 -45 7 0111001
30 23 45 7 0111011
24 -55 7 0100100
25 55 7 0100111
26 7 7 1100000
27 9 7 0100110
35 28 240 7 0110001
29 -64 8 01110001
30 64 8 01111000
31 74 8 01000000
32 87 8 01111100
40. 33 T T 8 11001111
34 8 01111101
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{Table V-Continued)

Probability Non-zero Value Run
Order of (Quantizer Length Code
Occurrence Qutput) Value Length Code
5 35 12 .8 01110101
36 13 8 01100001
37 14 8 01001010
38 15 8 01000010
39 170 8 01000001
10 40 -74 9 011111100
41 -87 9 011000000
42 180 9 011110010
43 130 9 010000111
44 150 9 011111101
15 45 | 8 9- 010010110
46 16 9 011111111
47 17 9 011110111
48 18 9 011101001
49 19 9 011000001
20 50 : 20 9 010010111
51 ) 21 9 010000110
52 Marker 1 10 0111101010
53 Marker 2 10 0111100111
54 -108 10 0111000001
25 55 -130 10 0111000000
56 -150 10 0111000011
57 -170 10 0111000010
58 22 10 1100111011
59 - .23 10 0111111101
30 60 ' 26 10 0111101101
61 25 10 0111101000
62 26 10 0111101001
63 27 10 1100111000
64 28 10 1100111010
35 65 29 10 0111111100
66 30 10 0111100110
67 .3 10 1100111001
68 ot Flas Boen Replaced 32 10 0111101011
69 33 10 0111010001
o o TN o o e
71 35 10 0111010000
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In FIGURE 4, curve p represents the probakility

~of occurrence of zero run lengths. Zero run lengths having

values in the range from 1 - 35, curve p portion p,, for
example, have relatively higher probability of occurrence
as compared to run lengths of 36-239, curve p portion p;.
The run lengths of 1 - 35 have an area under the curve p,
portion p, which is about 85% of the area under the entire
curve p. The probability of occurrence of zero run lengths
between 36 and 239 zeros decreases gradually as shown by
curve p portion p;. The combined probability of occurrence
pp of all run lengths corresponds to the area under curve
portion p; is a fraction of the area under curve p.
Probability pp represents a relatively small portion of the
area under the entire probability curve p excluding zero
run length 240. The area under curve portion p; represents
about 15% of the area under all of curve p, by way of
example.

The zero run lengths in portion p, are
illustrated in Table II and the run lengths of portion p;
are illustrated in Table IV. 2Zero run lengths having a
probability of occurrence lower than the combined
probability pp occur in curve portion pz. The probability
of occurrence pp of any member of the group in portion p,
of the curve p is higher than the probability of occurrence
of any one of the zero run lengths in portion p; of the
curve p. The probability of occurrence of zero run length
values in portion p, are listed in Table V based upon order
of probability of occurrence for non-zero values and for
zero run lengths having values of 1 - 35, in this example.
The zero run length values and non-zero values are combined
in a single table organized according to probability of
occurrence. The ordinal position (tenth) of the group
probability Pp of run lengths in portion p; is listed in
Table V based on ordinal position of the wvalue Pp relative
to the probability of occurrences of all other zerc run
lengths, portion p,. The value p; represents, however, all
run lengths in portion p,. - -
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- A Huffman codeword, which is a statistical coding
scheme, is assigned to each member of the group of zero run
length values and non-zero values having a code length
corresponding to their oridinal postion in Table V based on
the probability of occurrence of each value. In Table V,
zero run lengths of portions p; and py are listed in order
of probability of occurrence. The probability of
occurrence pp of any member of the run length group under
portion p; of the curve p is approximately tenth in ordinal
position, for this example.

The group probability pp is indicated in Table V
by the word "keyword". The term keyword as used herein
implies that a special code is émployed for each zero run
length value for all members of the group in portion p; of
the curve p. In Huffman encoding, the beginning portion of
any code cannot represent a complete code of any other
codeword. Since the group of zero run lengths under
portion p; has a group probability of occurrence which is
about tenth in the list of probability of occurrence for
all non-zero and zero run lengths, then a Huffman code
comprising an n-bit codeword segment, in this example
5-bits, is assigned as the initial or prefix portion of all
members of the group under segment curve portion p;, which
n-bit codeword corresponds to the tenth position of Table
V.

In Table V, for example, the n-bit word for the
keyword group of zero run lengths is assigned a prefix code
01011. This n-bit code is termed keyword and is based on
the Huffman encoding rule. Since the members of the group
under portion p; of the curve p have a relatively high
probability of occurrence based on the combined group
probability, then a relatively shorter codeword is assigned
that group than otherwise would be assigned according to
Huffman encoding of the individual run lengths based on
individual probabilities. This ensures that the codeword
prefix portion (the Keyword) for each member of the group
meets the Huffman encoding rule. Since the first five
digits of the codeword of each member of this relatively
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large group of codewords is the same Huffman codeword, then
no other complete five digit code of any of the other
codewords is included in the initial portion of the
codeword comprising the keyword.

However, the problem remains as to assigning a
different codeword for each member of the relatively large
group of run lengths in the portion p; of curve p. The way
this is done is to assign an additional code to be used as
a suffix after the n-bit keyword. Since 35 run lengths in
this example are represented by specific individual
codewords, there remains 204 codewords to be assigned each
of the zero run lengths in portion p;. It is known that
assigning a different binary number to each member of a 204
member group will result in an 8-bit code. This 8-bit code
is created by ordinally counting the number of zero run
length members in the portion p' and assigning each member
a binary coded number corresponding to the zero count of
that member. Thus, a separate, different, unique 8-bit
code can be assigned each member of the zero run length
group under portion p; of the probability curve p. That
8-bit code is added as a suffix to the n-bit keyword
described above producing an m-bit codeword, e.g., a 13-bit
codeword. A different 13-bit codeword is assigned each of
the 204 members and is represented by the codeword
Olollxl...xn in Table V. Any randomly occurring member of
the keyword code group has a probability of occurrence
which is tenth in ordinal position in Table V as compared
to the codewords of all of the non-zero values and
remaining run length values of portion p,.

Additional reserved and special codes are
illustrated in Table III. A codeword having a length 10 is
assigned a marker 1 signal to indicate the beginning of a
horizontal line in a video signal. A second marker signal
marker 2 is assigned a code having a code length of 10~bits
for indicating the initialization of a frame. A third code
is assigned a code length of 7-bits which represents the
240 zero run length of FIGURE 4 at peak p'. Because the
probability of the 240 zero run length is relatively high
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in the order of occurrence of probabilities, it is assigned
a unique code in the Buffman encoding rule based on ordinal
position of probébilities in Table V.

Returning to FIGURE 2, a horizontal drive signal
is applied through a buffer 221 to switch 230 to select a
marker 1 codeword which is applied to ROM 200 through
switch 230. The marker may be generated for each line or a
set of lines. A vertical drive signal is applied via
buffer 223 to switch 230 for selecting marker 2. Marker 2
indicates the start of a frame. When the marker 2 address
(codeword) of Table III is selected, that address is
applied through switch 230 to the ROM 200. The marker
address indicates to the receiver synchronizatioﬁ |
information at the beginning of a frame and at the
beginning of certain lines to resynchronize the receiver
with the transmittor should data be occasionally lost

during transmission as might occur during certain

atmospheric conditions or the like.

In FIGURE 2, ROM 200 thus includes one dictionary
table comprising the information of Tables I, II and III.
In FIGURE 5, one example of ROM 200 is shown in which the -
table of non-zero values are assigned a first section 501
of ROM 200 and the zero run lengths and special codes are
assigned a second section 502 of ROM 200. The non-zero
table in section 501 is addressed by a 10-bit code
comprising a 9-bit non-~zero code representing the 9-bit
non-zero value of the information signal with a one bit
address code, for example, binary zero for addressing the
ROM section 501. The zero run length section 502 is
addressed by a 9-bit code representing the 9~bit zero run
length count with a one bit address binary one added. The
9-bit zero run length address for section 502 comprises the
keyword code as a prefix to the actual binary count of
zeros in a given run length. The way these addresses are
generated is shown in FIGURE 2.

In FIGURE 2, a 9-bit information signal
representing a non-zero or zero value of a given pixel is
applied to register 202. The output of register 202
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appears on conductor 204 and is applied to register 206 and
to an AND gate 208. The output of register 206 is applied
to a second AND gate 210. The outputs of gates 208 and 210
are binary 0 and 1 values in accordance with the pixel
information signal value applied to registers 202 and 206.
If a given pixel on line 26 applied to register 202 has a
zero value, then the output of gate 208 will be a zero. 1If
the pixel wvalue on conductor 26 applied to register 202 is
non-zero value, then the output of gate 208 will be a
logical 1. That is, gate 208 tests the input signal to
register 202 as being a zero or non-zero value and the gate
208 output signal has a logical value representing either
the zero or non-zero level. Wwhen the pixel information
signal in register 202 is applied to gate 208, it is also
applied to register 206 and a new pixel information signai
is applied on conductor 26 to register 202, at the next
clock edge. The information signal in register 206 is
applied to gate 210, which like gate 208, has an output
logical level of zero or one, depending upon whether the
information signal in register 206 represents a respective
pixel value of zero or non-zero. Thus, the outputs of

" gates 208 and 210 represent the zero and non-zero values of

successive pixels applied from conductor 26 to register.
202. The output of gate 208 is applied through inverter
212 to AND gate 214, through inverter 216 to AND gate 218
and as inputs to AND gate 220 and AND gate 222. The output
of AND gate 210 is applied as an input to AND gate 214, as
an input to AND gate 218 through inverter 224, as an input
to AND gate 220 through inverter 226 and as in input to AND
gate 222.

The output of AND gate 214 is applied to the
reset input of counter 228 and as an input to switch 230
through OR gate 232. The output of gate 214 is also
applied as clock inputs to register 234 and to first in
first out (FIFO) registers 236 and 238 and counter 240
through OR gate 242. The output of AND gate 218 is applied
to the count input of counter 228 and as an input to AND
gate 233 via conductor 231. AND gate 233 has a second
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input from the horizontal drive (HD) sync signal. The

output of gate 233 is applied to switch 230 via OR gate
235. The output of AND gate 220 is applied as an input to
switch 230 via OR gate 232 and as a clock input via OR gate
242 to registers 234, 236 and 238 and counter 240. The
output of AND gate 222 is applied as an input to switch 230
through OR gate 232 and as a clock input via OR gate 242 to
registers 234, 236 and 238 and counter 240. Switch 230 is
representative of more complex eletronic devices such as
muxers which perform the actual switching which may use
tri-state elements to perform the actual switching. Such
more complex switches are well known.

Gates 208, 210, 214, 218, 220, 222 and inverters
212, 216, 224 and 226 provide ‘a logical control function
based on the logical values of the output signals on gates
208 and 210 in accordance with the truth table of Table VI.
In Table VI the AND gates listed on top of the table have
the logical values listed therebeneath. Thus, when gates
208 and 210 outputs are zero, gate 218 output is a logical
1. Similarly when gate 208 output is zero and gate 210 is
a logical 1, gate 214 output is a logical 1, and so forth.

From Table VI, observe that two successive pixels
each having a zero value produces outputs on gates 208 and
210 of zero. These outputs produce a logical 1 output on
gate 218 which cause counter 228 to count zeros. Thus, as
long as zeros are produced by incoming pixels at register
202, the gate 208 output will remain zero and the counter
228 will continue to count such zeros.

Should a pixel have a non-zero value, and that
non-zero value is received in register 206, gate 210 will
have a logical 1 output. Assuming that the next succeeding
pixel received by register 202 has a zero value, the output
of gate 208 is a zero causing gate 214 to output a logical
1. This logical 1 is applied to counter 228 and sets the
counter to 1 to count the zeros. The initial count of
counter 228 is 1. 1If the next succeeding pixel has a
non-zero value, then the outputs of gates 208 and 210 will
appear as shown in Table VI wherein gate 220 will have a
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logical 1 output. A logical 1 in the output of gate 220 is
applied to the switch 230 which outputs the count in
counter 228 as a 10-bit code to ROM 200. That 10=bit code
is as described above in connection with FIGURE 5. Recall
that one bit of the 10 bit code addresses the zero section
502 of ROM 200 and that the remaining 9 bits of the address
represents the 9-bit count value of the zero run
information signal. This 10-bit address is applied to ROM
200. That address selects the corresponding codeword in
ROM section 502, FIGURE 5, as set forth in the zero run
length table, Table II, or a keyword run length as set
forth in Table IV. Thus, the corresponding codeword of
Tables II and IV are selected in accordance with the
address applied to ROM 200 through switch 230. .
Assuming the next successive pixel information
signal also is a non-zero value, the outputs of gates 208
and 210, Table VI are both logical 1's. This causes gate
222 to output a logical 1. This signal is applied through
gate 232 to switch 230 to.select the output .of register 206
as an address to be applied to ROM 200. At this time, the
tenth bit of the address selects section 501 of ROM 200
which is the non-zero table, Table I. At this time, recall
that the pixel information in register 206 was formerly in
register 202 when switch 230 was activated by the output of
gate 220. When a signal from gate 222 activates switch
230, the information signal in register 206 now represents
a new 10-bit code which is applied as an address to ROM 200
through switch 230. Register 206 output is selected by
switch 230 when the output of gaté 232 is high. That
address applied from register 206 corresponds to the
codeword in the table of ROM 200 represented by the non-
zero pixel information signal value in register 206.
Should the next pixel signal information have a zero value,
then the information signals in registers 202 and 206 will
appear as shown in Table VI wherein the output of gate 214
is a logical 1. This sets counter 228 in position to count
zeros. However, gate 232 output is also high, causing the
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binary signal in register 206 to be applied as the address
to ROM 200. .

Assuming the following pixels are all zero
values, counter 228 counts such zeros. In the case of run
lengths of 240 z2eros or more, the switch 230 needs to be
switched to indicate the end of a count since the counter
228 automatically resets at the end of a 240 zero count.
However, if the following line continues with zeros, the
output of gate 218 will remain high and the switch 230
needs to switch that count information into the ROM 200
before the counter resets. To do this, the count signal is
applied on conductor 231 through AND gate 233 to OR gate
235 to switch 230. A horizontal drive signal is applied as
a second input to gate 233. The horizontal drive signal
occurs at the beginning of each scan line or the beginning
of each 240 zero run length if a scan line comprises all
zeros. When the horizontal drive signal is applied to gate
233, gate 218 is outputting a high indicating zeros are
being counted, a signal is generated which causes switch
230 to switch the count out.of counter 228 into the ROM
200. The horizontal drive signal at gate 233 is applied
once each line and thereafter the counter will start the
recount when its 240 count is loaded in ROM 200.

The counter 228 at the end of 240 counts,
automatically resets to counting zeros again for the next
scan line and continues to count zeros until a non-zero
value is generated. Such a non-zero value when generated
will produce logical 1 on the output of gate 220. This
level causes the switch 230 to output the count in counter
228 to the ROM 200 and address the table in the ROM 200 to
select the code corresponding to that zero run length
count.

The output of ROM 200 through register 234 is
applied on conductors 246 and 248. Conductor 246 can
receive a maximum of M bits in parallel to carry at least
the 13 bit codeword of the keyword zero run length codes.
Conductor 248, which represents a K conductor cable for
carrying a K bit code, carries the code length information
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indicating the code length of the code appearing on
conductor 246. Thus, ROM 200 stores two sets of
information in its table, the codewords and the length of
those codewords. The information representing a codeword
and its length is applied to register 234 upon receipt of a
clock signal through gate 242, recalling that the clock
signal is applied in response to a logical 1 at any of
gates 214, 220 and 222. A codeword is latched into
register 234 whenever a non-zero value occurs at the
outputs of either of gates 208 and 210.

A clock signal applied to register 234 is also
applied to FIFO registers 236, 238 and counter 240. The
output of FIFO register 236 is applied to parallel-to-
serial converter 250. The clock signal applied to FIFO
registers 236 and 238 clock the code words therefrom into
the parallel~to-serial converter 250 and counter 240,
respectively. FIFO 238 receives codeword length whereas
FIFO 236 receives the codewo;d corresponding to that

- length. The output of FIFO 238 is applied to counter 240

to create a, parallel-to-serial clock signal on conductor
252 to indicate to the parallel-to-serial converter 250 the
code length of the codeword outputted on conductor 29.

That codeword on conductor 29 is applied to the buffer 30,
FIGURE 1. The output of counter 240 on conductor 252
represents the code length information in register 234.

The counter 240 output clocks the parallel-to-serial
converter 250 so that the proper code length of the given
codeword is outputted to conductor 29.

Wwhile the keyword codes of the special case zero
run lengths may be selected as a group at a higher
frequency than normally selected if assigned a Huffman code
in accordance with their individual frequency of occurrence
along the probability curve p FIGURE 4, this is acceptable.
If the run lengths in portion p; were normally assigned
Huffman codewords of lengths based on individual
probability, then some of these run lengths would have
Huffman codewords shorter than the fixed lengths assigned
to the entire group, the remaining Huffman codewords would
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have lengths greater than the fixed length of the group. In
the worst case condition, if the run lengths having
frequency of occurrence of the keyword codes for those
shorter length Huffman codewords of the group occur more
frequently, then it is estimated that there is a 2-4Y
decrease in transmission efficiency as compared to
assigning such keywords code lengths in normal Huffman code
order. ‘

In FIGURE 1, decoder 40 decodes the encoded
signal received from buffer 38 via conductor 42. In FIGURE
3, the approach of the decoder 40 is to employ a ROM 324 in
which codewords and non-codewords are stored in successively
addressed memory locations. Each memory location includes
a portion of the address of a successive memory location,
the remaining portion comprising one bit from the received
encoded signal. Successive bits of the received signal are
combined with corresponding successive address portions in
memory to form a search address to a new memory location.

A different codeword is stored in memory at different given
locations. Each location corresponds to a given sequence
of binary values of the received encoded signal which in
combination with that address portion relating to a given
member of successive addresses in memory form a search
address for a codeword. When a complete codeword is
received, the ROM 324 outputs that codeword stored at that
corresponding address and the address to the ROM is reset
to start a new codeword search with the next received
encoded received bit.

In particular, in FIGURE 3, decoder 40 includes a
parallel-to~serial converter 300 which can receive a 20-bit
wide signal from buffer 38 on conductor 42. The parallel-
to-serial converter 300 converts the parallel bits on
conductor 42 to a serial stream on conductor 304 and
applies the serial stream to a serial in/serial out
register 306. Register 306 has multiple taps represented
by a single conductor 308. The signal on conductor 308 is
applied to AND gates 310 and 312 which detect the presence
of marker 1 and marker 2. The marker 1 and marker 2
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signals are applied to OR gate 314. The output of serial
in/serial out register 306 is applied to register 315 which
is a 1-bit register sometimes referred to as a flip-flop.
Register 315 receives a clock signal from a clock source on
conductor 316 and a clear signal on conductor 318. The
clear signal on conductor 318, received from OR gate 314,
is also applied to register 320. The output of register
315 is applied via conductor 322 to the decoder ROM 324.
The output of register 320 is applied on conductor 326 to
decoder ROM 324. The outputs of registers 315 and 320
together form an address to ROM 324.

Register 320 is an n bit register which in this
example may be 9 bits which combines with the 1 bit from
register 315 to form a 10-bit address to the ROM 324. Each
address in the decoder ROM 324 contains three pieces of '
information. One piece of information represents the data
or the actual code if a code is found as represented by the
information from registers 315 and 320. A second piece of
information coupled with the code data is a next address
code which contains the bits. forming a part of the address
for the next segment of the ROM to be addressed. For
example, if the first memory location in ROM 324 has an
address of 000, the next memory location of the ROM 324 may
have an address of 001 and the following memory location
have an address 010, and so forth. These next addresses
are binary incremented for each of the memory locations of
the ROM. A third piece of information located at each ROM
324 memory location contains a binary. value representing
the presence or absence of a code at that address. 1If the
data represented by the first piece of information
described above represents an actual codeword, then the
binary level of the third piece of information in each ROM
location will be a binary value representing the existence
of a codeword, for example, a binary 1. If the data
portion of the ROM location does not contain an actual
code, then the third piece of information assigned to that
ROM location will be a binary 0 value. The ROM 324 at each
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memory location contains a sufficient number of bits to
represent each of three pieces of information described.
Output bus conductor 334 of ROM 324 receives the
next address information from the ROM memory. The
conductor 330 receives a binary 1 code detection
information bit (and binary 0 no code detected bit).
Output bus conductor 332 receives the data portion, i.e,.
the codeword, in the ROM memory at a given address. The
conductor 330 receives a single bit code and conductor 332
receives an n-bit preferably 10 representing the code
information. The next address code applied to conductor
334 contains the address of the memory locations
sequentially following the initial memory location address,
which may be, for example, all zeros. The address to the.
ROM on conductor 334 is completed by the single bit
outputted by register 315 on conductor 322. That is, the
address in each memory location of ROM 324 is completed by

a bit appearing on conductor 322. That one bit is formed

by the sequentially occurring bits of a given received
codeword processed by registers 306 and 315.

The data portion of the ROM 324 contains one of
two kinds of information. The first kind of information is

- a code which represents all non zero code values. The

second kind of information are the codewords representing
binary counts of zeros in a zero run length. Not all ROM
memory addresses contain true codewords in the data portion
of a given membry location. The codes stored in the data
portion are the codewords for the non zero values of Table
I, the zero run length codewords of Table II and the
codewords for the marker 1, marker 2 and 240 codes of Table
III.

In operation of the decoder described so far, an
encoded signal is converted to a serial stream of bits by
converter 300 and is applied to serial in/serial out
register 306 which applies the bits one bit at a time to 1
bit register 315. A clock signal on conductor 316 clocks
the contents of register 315 via conductor 322 to ROM 324
in conjunction with clocking the contents of register 320
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to form the n-bit ROM address. A signal on conductor 330
is the code detected signal which represents whether or not
a code has been detected. When any of the marker 1, marker
2 or code detected signals is high, a clear signal on
conductor 318 is applied to register 320 which provides a
zero address to ROM 324 to address the first memory
location. The marker 1 and marker 2 signals are high when
the code in register 306 represents one of the marker
codes. Gates 310 and 312 test the outputs of register 306
for such marker codes.

If the register 315 has a zero output on
conductor 322, then the initial zero address of ROM 324 is
addressed. Since the register 320 has been cleared and the
register 315 has supplied only 1 bit from a codeword to the
ROM 324 and since the minimum code length of Tables I, II
and III is 2 for code number 1, i.e., a negative non-zero

value (Table I), no codeword will have been detected by

this address and ROM 324 will output a zero on the code
detected conductor 330 and-will 6utput on bus conductor 334
the address of the next sequentially stored memory location
in ROM 324. This next address will be clocked into
register 320. In conjunction with the output of register
315, that address forms a complete address to ROM 324 at
the next clock on conductor 316.

If the address comprising the bits on conductors
326 and 322 do not represent a codeword, then the next
additional memory location in ROM 324 will output a lack of
a code detection signal on conductor 330, that is a binary
zero value, and also a next address on bus conductor 334.
whether or not a code is detected is known a priori by the
combination of a given address and the output of register
315. Each given memory address in combination with the
known code bit output of register 315 can be determined to
constitute a codeword. If that combination is known to
form a codeword, then that complete address will address
that memory location containing that codeword. Thus, a
given number of circular cycles of next address in
combination with a given output level from register 315
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represents a codeword. At the next clock signal on
conductor 316, the next address on conductor 334 and the
next bit in the encoded signal from register 306 are
clocked to address ROM 324. If these combination of bits

‘on conductors 326 and 322 represent a codeword, for example

a zero or non-zero value, then the ROM 324 will output a
code detected signal, a binary 1 value on conductor 330,
which clears register 320 and will output on bus conductor
332 the n-bit codeword representing that detected code
value corresponding to that address.

That n-bit codeword on conductor 332 is applied
to register 336 and assuming a code was detected, the
binary 1 code detected signal on conductor 330 is applied
to register 336 to latch a code on conductor 332 from
register 336 to output conductor 339 or 346, depending on

‘whether a non-zero or zero run length value was detected.

The n-bit codeword on conductor 332 includes a bit
indicating whether a non-zero value or a zero run length
value has been detected in a manner similar to that
discussed above in connection with ROM 200, FIGURE 5.
Assuming a non-zero value is detected then the latch signal
representing the code detected binary 1 value on conductor
330 latches the code on conductor 332 into register 336 and
applies that code to switch 338 via conductor 339. The
code is latched into memory 340 by the code detected signal
on conductor 330 and applied to the clock input of memory
340 via OR gate 342 and conductor 344. The code is clocked
out of the memory 340 (FIGURE 1) and applied via conductor
43 to loop 44 upon receipt of a DPCM loop clock from DPCM
loop 44.

I1f the most significant bit of the detected code
on conductor 332 is a zero, a zero run length value has

- been detected and if a one, a non~zero value has been

detected. The data in ROM 324 represents, for zero run
length codewords, the binary representation of the number
of zeros in that run length. If a zero run length is
detected, then register 336 will be latched by the code
detected signal on conductor 330 to load the binary
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representation of the number of zeros in a given run length
into the counter 345. The clock signal on conductor 350
causes counter 345 to countdown and apply the countdown
signal on conductor 352 to switch 338. Switch 338 is then
caused to select zeros on conductor 354 and apply those
zeros to memory 340. While the counter 345 is counting
down the number of zeros in a given run length, each count
of counter 340 causes a zero to be loaded into memory 340.
When the counter 345 reaches the end of the count, the end
of the count (EOC) signal is applied on conductor 352 to
switch off zeros from conductor 354. The end of count
(EOC) signal is also applied to AND gate 356.

AND gate 356 has a second input comprising a
clock signal and upon receipt of the end of count (EOC)
signal from counter 345 applies a clock signal to OR gate
342 whose output causes memory 340 to output the zeros
stored in memory 340. The number of zeros in any of the
ranges of Tables II and IV is applied to.the inverse DPCM
loop via conductor 43 upon receipt of a DPCM clock signal.

wWhenever the next address on conductor 334
represents a lack of code being detected in ROM 324, the
code detected signal on conductor 330 is a low and no latch
signal is applied to register 336 or memory 340. In this
way, register 336 is not latched and any information on
conductor 332 is not applied to switch 338 or counter 345.
If the next address location in ROM 324 also does not
contain a code, the next bit in the serial input signal
applied to 1 bit register 315 is added to the next address
from ROM 324 to provide a new address to the next ROM
location.

For example, if two zeros in a row are received
from register 315 that indicates a non zero value codeword
has been received from Table I. Those two zeros in
combination with the sequence of next addresses appearing
on conductor 334 cause the ROM memory location to output
value -7 represented by the codeword 00 and indicate on
conductor 330 a code has been detected. When the code is
detected, a 10 bit value on conductor 332 is outputted from
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ROM 324 representing the value of that detected codeword,
that is the actual non-zero value of Table I. Register 336
contains two groups of information: run length and non-zero
values. Depending on the code applied to conductor 332 by
ROM 324, a bit in' register 336 represents whether or not a
run length or non-zero value has been detected and that bit
is supplied on conductor 346. That bit on conductor 346
determines whether the counter 345 should receive the
encoded run length information from conductor 336 or not.
If not, the switch 338 applies the latched code from
register 336 directly to memory 340. The end of count
(EOC) signal on conductor 352 is a binary 1 when the
counter 340 counts and has a zero value when the counter is
not counting. When the counter is not counting, this
implies a non-zero value exists in register 336 and the
signal on conductor 352 causes register 336 to output its
contents via switch 338 into ROM 340.

In the claims, the terms  "value" and "condition"”
are intended to represent different conditions or states of
the signal. For example, "value" or *condition" can
represent zero or non-zero values, or run length magnitudes
or, for example, different zero or non-zero run lengths or
other conditions manifested by a given signal.
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1. A statistical encoder for encoding a
digitized signal for transmission over a channel, said
signal comprising a plurality of different conditions, each
condition having a different frequency of occurrence in
said signal, said encoder comprising:

first means responsive to said signal for
generating a first set of codewords, each representing a
different signal condition lying in a range of frequencies
of occurrences, the codewords having lengths such that the
less frequently occurring words generally are longest and
the most frequently occurring words generally are shortest;

second means responsive to said signal for
generating a second set of codewords, each word of said
second set of words representing a signal condition whose
frequency of occurrence is less than the frequency of
occurrence of said less frequently occurring words, said
second set comprising a number of members whose combined
frequency of occurrence is statistically organized in a
certain order with said range of frequencies of
occurrences; and

third means for causing said codewords of said
first and second sets to be generated in accordance to the
sequence of occurrences of the corresponding conditions of
said signal. '

2. The encoder of Claim 1 wherein said
digitized signal is a difference signal produced by a
predictive system.

3. The encoder of Claim 1 wherein said first
and second means include means for generatng said first and
second sets of codewords from one table wherein said second
set comprises codewords having a prefix code assigned
according to said statistical certain order and a suffix
code assigned according to a non-statistical order.
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4. The encoder of Claim 3 wherein said
statistical order is based on the ordinal position of the
combined frequency of occurrence of the second group as
compared to the frequency of occurrence of the codewords of
the first group. ’

5. The encoder of Claim 4 wherein the members
of the second group have fixed length codewords.

6. The encoder of Claim 1 wherein said first
set of codewords represent non-zero values and more likely
to occur zero run lengths of said digitized signal and said
second set of codewords represent less likely to occur run
lengths of zero value of said signal.

7. Apparatus for encoding a digitized sigﬁal
for transmission over a channel, said signal comprising a
plurality of different values, each value having a given
probability of occurrence in said signal, said apparatus
comprising:

memory means for grouping a plurality of
different codewords of different codelengths into first and
second groups, each codeword representing a different
signal value, said first group of said codewords being
organized in a first given order in which at least
generally the shortest codeword length manifests that
signal value having the greatest probability of occurrence
and the greatest codeword length at least generally
manifests that signal value having the lowest probability
of occurrence, said second group of different codewords
comprising a prefix keyword and a suffix code, each
codeword being of a given codelength, said second group
being such that the combined probability of occurrence
value of all of the signal values represented by the second
group is organized with said first given order generally
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according to said combined probability value regardless the
relative codeword length of said second group as compared
to the codeword length of the next adjacent codes of the
first group; and

first means responsive to successive values of
said digitized signal applied as an input thereto for
selecting from said memory means to respective codewords
descriptive of said digitized signal.

8. The apparatus of Claim 7 wherein said memory
means includes means for organizing the first and second
groups so that said combined probability value is
significantly smaller .than the combined probability of
occurrence of all of the signal values represented by the
first group, and is higher than the probability of
occurrence of each codeword of a certain portion of the
first group.

9. The apparatus of Claim 7 wherein said memory
means includes means arranged so that said first group is
organized in a given assigned statistical code order and
said second group is organized in codewords of certain
lengths, the initial n bit keyword length portion of each
codeword of the second group comprising an assigned
codeword of the given statistical code order generally
according to the combined probability of occurrence of the
signal values of said second group in said given
statistical order.

10. The apparatus of Claim 7 wherein said first
means -includes second means for generating an n-bit code
representing the detection of a member of said first and
second groups of signal values, third means responsive to
the detection of a member of the first group for applying
said digitized signal representing said first group member
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as an address to said memory means, fourth means in
response to the detection of a member of'the second group
for determining the run length value of said detected
member of the second group and using the determined run
length as an address to said memory means.

11. The apparatus of Claim 7 wherein said first
means includes first logic means for detecting a non-zero
level in said digitized signal and a second logic means for
detecting a zero level in said digitized signal, and means
responsive to said first and second logic means for causing
the non-zero level to access the memory means and for (
counting the zero levels and causing the zero count to
access the memory means to generate said output codeword.

12. The apparatus of Claim 7 wherein said memory
means includes means arranged so that said first group
represents non-zero values and more likely to occur run
lengths of zero values for said signal and said second
group represents less likely to occur run lengths of zero
values for said signal.

13. The encoder of Claim 1 wherein said
codewords are generated as set forth in Table V of the
specification.

14. Apparatus for encoding a digitized signal
for transmission over a channel, said signal comprising a
plurality of different conditions, each condition having a
given frequency of occurrence in said signal, said
apparatus comprising:

means for grouping, for a first given number of
members, a first plurality of codewords representing a
first plurality of signal conditions, each codeword
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representing a different condition, according to a first
range of frequencies of occurrence of the condition of said
signal, said first plurality comprising codewords of
differing lengths, the shortest codeword occurring most
frequently, the largest codeword occurring least
frequently; and

means for grouping, for a second given number of
members, a second plurality of codewords representing a
second plurality of signal conditions, each second
plurality of codeword representing a different condition
according to a second range of frequencies of occurrence of
the conditions of said signal, the second range of
frequency of occurrence having a combined frequency of
occurrence lying in the first range, all said codewords of
said first and second pluralities being different.

15. The apparatus of Claim 14 wherein said
signal conditions represents run length values zero and
non~-zero values, said apparatus including means for
generating an n-bit code signal representing non-zero
values and zero run length values and means responsive to
said n-bit code signal to cause said first and second means
to generate a codeword corresponding to the non-zero value
and zero run length value.

16. The apparatus of Claim 14 wherein each
signal condition represents zero and non-zero values, said
apparatus further including address means for accessing
said first and second means with an address code comprising
the digital values of said signal.

17. The apparatus of Claim 14 including switch
means for applying an address signal to said first and
second means to output a codeword corresponding to the
condition of said signal and n-bit code means responsive to
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said digitized signal for counting run lengths representing
one condition in said digitized signal and for determining
the conditions of said signal other than the one condition
for generating a switch signal for operating said switch
means.

18. A method for encoding a digitized signal for
transmission over a channel, said signal comprising a
plurality of different conditions, each condition having a
given probability of occurrence in said signal, said method
comprising:

grouping a plurality of different codewords of
different codelengths into first and second groups, each
codeword representing .a different signal value, a first
group of said codewords being organized statistically in a
first given order in which at least generally the shortest
codeword length manifests that signal condition having the
greatest probability of occurrence and at least generally
the greatest codeword length manifests that signal
condition having the lowest probability of occurrence; a
second group of different codewords being organized such
that the combined probability of occurrence value of all of
the signal conditions represented by the second group is
organized statistically with said first given order based
on said combined probability value regardless the relative
codeword length of said second group as compared to the
codeword length of the next adjacent codes of the first
group; and |

causing said memory means in response to the
conditions of said digitized signal applied as an input
thereto to output that codeword corresponding to the input
digitized signal condition.

19. The method of Claim 18 wherein said grouping
includes organizing the first and second groups so that the
combined probability value of the second group is
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significantly smaller than the combined probability of
occurrence of all of the signal values represented by the
first group and is higher than the probability of
occurrence of each codeword of a certain portion of the
first group.

PCT/US88/04242

20. The method of Claim 18 wherein said grouping
includes grouping the first group into a plurality of
codewords representing more likely to occur run lengths of
zero values and non-zero values and grouping the second
group into a plurality of codewords representing less
likely to occur zero run length values.

_ 21. A method for encoding a digitized signal for
transmission over a channel, said signal comprising a
plurality of different values, each value having a given
frequency of occurrence in said signal, said method
comprising: | '
grouping a first plurality of codewords

representing a first plurality of signal values, each
codeword representing a different value, according to a
first range of frequencies of occurrence of the wvalues of
said signal, said first plurality comprising codewords of
differing lengths according to a statistical rule, wherein
the shorter codewords generally occur more frequently and
the longer codewords generally occur less frequently; and

" grouping a second plurality of codewords
representing a second plurality of signal values, each
second plurality of codeword representing a different
value, according to a second range of frequencies of
occurrence of the values of said signal, the second range
of frequency of occurrence having a combined frequency of
occurrence statistically lying in the first range, the
codewords of the second group having lengths differing from
said statistical rule.
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22. The method of Claim 21 wherein said grouping
of the second plurality of codewords values includes
assigning codewords of m-bits to the second plurality of
codewords codes whose prefix n-bit portion falls within the
statistical rule and whose remaining suffix m-n bit portion
falls outside said statistical rule.

23. The method of Claim 21 wherein the first
plurality grouping step includes grouping the most likely
to occur zero run length values and non-zero values into
"said first plurality of codewords and said second plurality
grouping step includes grouping the less likely to occur
zero run length values.

24. A statistical encoder for encoding a
digitized signal for transmission over a channel, said
signal comprising a plurality of different conditions, each
condition having a different frequency of occurrence in
said signal, said encoder comprising:

first means responsive to said signal for
generating a first set of codewords, each representing more
commonly occurring zerc run length wvalues and non-zero
values; the codewords having lengths according to a
statistical rule such that the at least generally less
commonly occurring words are longest and the at least
generally most commonly occurring words are shortest; and

second means responsive to said signal for
generating a second set of codewords, each word of said
second set of words representing less commonly occurring
zero run length values, the codewords of the second set
each comprising the same prefix keyword code having a
length assigned according to the statistical rule with said
first set of codewords and a suffix of such length that the
prefix and suffix together have length outside said
statistical rule.
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