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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
10 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.
15 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
20 4,706,260 all assigned to the assxgnee 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

25  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

30 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

35 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
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i nf or m8t i oinformation 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.

10 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

15 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

20 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

25 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

30 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

35 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
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signals. The use of the same codewords to represent
5 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.

10 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

15 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

20 -additional overhead between the transmitter 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

25 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

30 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,

35 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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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
10 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
15 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,
20 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
25 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
30 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
35 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.
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out put sed by the quaniQHE FEPI£SENb1oEKkIa1E8E8R! oReghoeenelod@t i on. The
result is %mployed 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

10 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

15 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

20 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

25 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,

30 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

35 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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. and applies the added signals to the predictor and delay
5 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

10 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

15 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

20 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

25 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

30 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

35 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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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
10 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

15 1is 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

20 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

25 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

‘30 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

35 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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solution tq the problem of T,ncreasing transnjssion effitCiency, 1.e.,
provi de in%;ggg@ﬁtiy 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
10 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
15 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
20 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
25 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.
30 . 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
35 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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of the infoemaihsnunchanged between non-zero pixel values to a given
5 240 pixel scan line which remains unchanged in successive
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

10 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 .

15 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

20 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

25 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

30 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

35 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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use of a d F d%Eding schene using a codeword drawn fromthe second
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group of co emor ach codeword in the second group, in this exanple, may
i nclud® the key code®@blensl sis 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

10 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’

15 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

20 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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group o erent codewords individually have respective | ow probabilities
of occurrence, and it is the conbi ned prpbability of their occurrences that
determ nes the position of the key codeword in the first given order.
Menbers of the second group of codewords on an average have a bit |ength
which is significant|lyTABLR Ier than woul d ot herw se oraBiE fpr codewords
assi gned codewor d | eNON-BERGFALVES ng t 0 Si npl e ZERGht RENTLENGIE OZMLUBS The
second gr oufOBE COBBewor ds @PEbe of unif or m bLENGENQTCODENd Dy WAYDEDT

exanpl e deSGMBERLENGTR MS8Bnonly diS8ourAdBd r uQF| ZBRGShLENGTHOMSBer 0 vadkBes of

the - $nformiti on3si gnal 1&fk er coarse quanti zatibn 4 10 11
2! 4 10 C0 12 2 5 11 011
3! S 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 0
8! 7 01 1101 1 45 8 9 61 0010 110
9 7 01 0011 1 55 9. 7 01 0011 O
10° 8 01 1110 00 64 10 8 11 0011 11
15 11" 8 61 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
14! 9 01 6000 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 O -32 22 10 11 0011 1011
7 7 11 Q000 1 -37 23 10 01 1111 1101
8 7 01 1100 1 =45 . 24 10 01 1110 1101
9 7 01 0010 O =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 g1 1110 1011
33 10 01 1101 0001
34 10 01 1110 1100
35 10 01 1101 0000
40 TABLE 111
RESERVED AND SPECIAL CODES TABLE VI
CODE CODE ASSIGNED
LENGTH MSB LSB 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 01 011 KEYWORD 1 0 1
7 01 1000 1 240 CODE 1 1 1
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'n the ba%y =<FIGURE 1 is a block di agrém of a transm ssi pRI3YSESNA242
enpl oyi‘ﬂg Ad-%ﬁgoder according to one enbodi nent of the presen inﬁenti on;

FIGURE 2 is a block diagram of the encode¥<enpl oyed in the embodi ment of
FIGURE 1; FIGURE 3 is a block diagram of the decoder enployed in the

erbodi nent of FIGURE 1; FlI GURE 4, i graph useful in explaining sone of
the principles of the prgﬁqnjHﬁ 8? d FIGURE 5 is a block diagram-
useful in explaining a p of FIGURE 2. In FIGURE 1,
system 10 conprises a transntPErErF%19°98F channel 14 over which the
transm td er ﬁgnétha..am tStoda 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 C ' ' : '
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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‘and a WO 8Y)0855616. By way of exanple, the transmtter 12 arRCTRSE8{8242 ¢
are described as a predictive picture e der enploying differential pulse
code nodul ati on (DPCM. However, the si S:ﬁ Ts encoded by the coder of the
present invention nmay be derived from sources other than error signals in a
predictive system In FIGURE 1, a sourc@gig ¢f information signals, for
exanpl e video, applies the |an@§ ) matm digital converter
(ADC) 20 which finely quanyy ZEPER RRENCE 2 known way to
pr oduce a My LpdgMety di git P € anal og-to-digital
convertgr (ADQyrdex appl [ edvmeconductormﬁlz as an 8-bit pixel signal to a
di fferentlal pul s code nododanic@sed DPOngthop 24Coddre DPCM | oop 24 is one
that is gengjcahtyen¥ai | abl eoxpidtyel | kriutme |t iLesgtildesCodeor exanpl e,

1 =7 2 00
2 7 3 111
10 3 -12 4 1001
4 1 4 1011
5 12 A 1000
6 -17 5 10101
7 17 5 10100
15 8 5 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 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 8 11001111
34 8 01111101

il \‘iﬁ\T i \W
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§ubt ra subtracting predicted information signals pcygusssiodnga
pr edi Cﬁ%’g%ﬁ’@jsggel ay loop PD fromthe finely quanitzed informati onsgs*i gnal on

conductor 22 to produce an error signal ~X#rat error signal is applied to a
guanti zer Q which assigns different values of the input error signal to a
reduced nunmber of output values or bins representing zero and non-zero

gble, ¥rko 3 quantizer Q nmay have 32

val ues of the error. si gnal . =
bi n val ues aRP°4 igté' val ud W2 zero vajues, for a total of 33
-6- differ en&Sﬁi@F ; ngl I uegé; ﬁg appl jed to conduct or
26- and adder—A—AgcR
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 0110008000
42 180 9 011110010
43 130 9 010000111
44 1150 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 ' 24 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 This Sheet Has Been Replaced 10 0111101011
69 33 10 0111010001
R T e
71 35 10 0111010000
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Sut put wmsgo the predictor and delay | oop PD output an®CIpyUS88ye4242e

added signals to the predictor and delay |oop PD. Such a DPCM | oop may be,
for exanpl e,

as described in U S. Patent=18-7/06, 260 and in the

af orenmenti oned copending application entitled "DPCM System w th Adaptive
Quanti zer Havi ng Unchanglgg Bi n Nunber Ensenble"” in the name of A A

Acanpora, both of whichid

EURBe4pr CYLVEr P DROVSSIIES | theyrprekabibity .

shoul d be urglersé@@eréhat Wifr Qérbe&h?xsQ@&id%sconw&rﬁxrbeléh@tﬁ@phﬁﬁﬁb

either single conducto 0 d f t tt
el s 1m0 lRes! ThotRe kalten 2oR b T R R B BAEFLOR Bondtetor 22

to DPCM | oopaRammbey, chapelselatmweéyammghenmpﬁbhzhmnutywoﬁa@&eufnence

carryi ng an

10

15

20

25

30

35

é%t%$m$£92&'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. 2ero 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 p 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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The OUtyRiy 898556 € W@Askmﬁiﬁﬁeﬂﬂﬁ\ ‘?led to conductor 26 aPCT/ES88y08242i t

si gnal which represent 3 quantlzed zero and non-zero val ues of
the information signal f ot It CNIIoop 24 on conductor 26 is
applied to encoder 28 e present |nvent|on mhich is described in nore
detail in FIGURE 2. Th der enco he o ut val s of 24 t
generate vari abl e Iengghﬁggg r&gdSHqE dﬁ' ﬁTﬁF Gi

applied to esthémer 39 assighedstoekachethembers of rehe Mﬁprofﬂaerbutﬁnr
known. the. LTS act ope el 23 HORERRAD! Yol Haviy 4 %000 HERGEY D,
vari abl e | ergerrespending sppthedraeoridinalutpasisien olmrﬁ'dmﬁduﬁtbased and
has a figed ©oNd Pytobabe12ByCoRIUELR réhice 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
10 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
15 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
20 all non-zero and zeroc 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
25 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
30 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
35 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



A cont pph fbs ses M}%hée&msak& @i the buffer 30 and apppCPAISB80A242 O

si gnal on con tor 3 | oop 24 for controlling the coarseness
of the quant|zer Q of ﬂﬂll EH
Patent 4, 706, 260 t he

As gdescribed in the aforenentioned U S
y increase the nunber of zeros produced
on conductor 26 i.e., wden the coring -7- region, to reduce the data
Tt e v By P R
agaptibely 8§a§3§%Fh§gﬁﬁ;ﬁ4 éigﬁB $%€ geaFXe a%ge er t he
buf f er 30. Asdewdndamxstnnnkndqﬂnlnﬁthaelnltlal portion of the
codeword comprising the keyword.

5 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

10 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

15 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

20 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

25 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,.

30 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

35 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




uffer ductor 32 is at a constant data rate and ing st
be mai ﬁ@t‘g&ag%’ﬂ conductor 32 at that constant rate regardl essm’é Bﬂg&e!ﬁ’
at which buffer 30 fills. Al of this i®wi&emation is generally known .in the
art and is described in nore detail, by way of exanple, in the

aforenentioned U S. Patent_ 4, 706, 260 and copendi ng application. The
i nf or mat i onidntienrder b 9ECUFTeReeteEdPTPhabhlakdlesis itto ise assianerds

where the i@f @hrr@&ﬂeorcdﬁamai ttsermsfﬁ&ﬂ Qﬂcéaiﬁﬁr réde DAY A¥inal
described in nore det El fec e output of buffer 38 on
conduct or 42983 T ?tﬂfé’%@@&l n‘?BrﬁﬁPfGn signal . The decoded si gnal
is applied via conductRetuhimg ity eF B3GURPQ) | aohot4zohfta lodrivte (Q‘lgmp 44
's applied yia Qg Al el i QBEPRYE 551 £ Qi #8n 937 LS RlededPry tor
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
10 indicates the start of a frame. Wwhen 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
15 Dbeginning 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
20 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
25 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
30 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
35 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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48 whi g qbﬁggggs the information represented by the decodegcrpisssimizaan
sj gnal . 25 oned above, a coarse quaytizer, such as quantizer in a

DPCM | oop such as loop 24 is often insert€d in the output of the |oop
subtractors. The quanti zer coarsely guanti zes the digitized error signal on

TS g B g Sy T LB
rel ativel y Far g8 ARbaats Zﬂ&f(ﬂﬁhﬁ QQ%R#% of §%€b$§§ﬁc@0ﬁnnﬁ applied

i nformati onthepr geRRind AND é“ZME“ fTHE“éﬁk@ﬁEsléf bEtésVQ@GOahE?@Qo
there may be as_nmany as 256 d| rent Jun1nane§ | evel s g e Qu ut of ADC
20. The coaR&€ &&&#IYZ(Q' and § HeP 2ECPEIRNSE oV 1ERe T FgPP-P‘ si gnal

to a signifiagoimatdon Isqrg:mmbﬁluee.appﬁﬁe@sto 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

10 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

15 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

20 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

25 212 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

30 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

35 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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nentlo Wile in the present enbodinent, a coarsel pcqyasidasd
si gnal Wﬁﬁﬁl 5&? epresentative few quanti zed |evels, is appl ?ed to th 2

encoder 28, the present -8- inventiom®s not so linmted and may be
applied to any kind of digitized signal. In processing video signals, it is

(roquent |y GEBHR (5T iR AR APES FEbFE LD (RERENGoaR8 2o Rf % al uos.
It is statisutpat pfkigate (288 israppliedntoi swdtthages, via O& gatemle, in
{el econfer ea35N0 D6 YPeepdd!o £ | Ge81255°1 6" 8811 B0 GO HRR 41!
switch 230 via OR gate 232 and as a clock input via OR gate
5 242 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
10 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
15 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
20 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
25 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
30 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
35 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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one fr E next. Thus, in interframe DPCM where the pgqii/s8o424e! ays
sanpl es 92?#@ previ ous frame for a frgge time are used to predltgt
correspondlng sanples in the current fraft®, the resulting error signal
tends to contain relatively long zero run Iengths. Statistically, it can be

h t hat d f t ' f
ceourr ence. TGkl F Seaiie ! AP1681caTNd 5, RS Shoputl UF G4SN £
greater run 3RINgkeR %9 o?h%x%%t@h 238 thsbhgu&p%té@gqgm sin
representi nwaﬁiﬁeﬂadzmas naalgiyet &eae t@aaotm 2D .haviFtel R ipsed Yod gy

[ eauency of, ooeurdSEsindu oV ETo" ook 2 Ul o051 lagl a1 e Ly i
of occurs encthatitease bit adv £ otlséi p6 BLle sbden addriesgdsE the faure semption
where curve g4 ePF RN 506 "Enk" PRER! LhbY r8halfity §'83tY e 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
10 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. .
15 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
. 20 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
25 gate 220. Wwhen 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
.30 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
35 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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run | engtdngopsssgi ng fromone zero to 240 zeros in a given s®RCT/US88/0d242a
given video frane in a tel econferencing_gystem The probability of a single
zero occurring between two non-zero val ues has the hi ghest val ue, whereas
the probability of 239 zeros between non-zero val ues has the | owest val ue.

The probabi IbiyaryreigAatY ial regivteenene do desGEplid® 48VERE allragsos,
that is, hav ggRé%rEQ | ength of 240 zeros is higher than the probability -of
occurrence of-a n 9'239 zeros. This produces a peak p' in curve p. The

peak p' represents an Assumingd theolfalillawing @ixdies cawerrakbczend run

s proRLAEEoocoulis, TITeCkS SR i 1 61 £68"EREH! o8y

number & sah@ngthstef. 2éRarpres OFc mere,wkhs &istcha230 cheededtoabee
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

10 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

15 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

20 230 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,

25 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

30 228 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

35 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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9 whil wélgg,o &fgpi ni ng pi xel s remai n unchanged. Thus, in a tPETAS88y04deD
signal, the trequency of occurrence of zgyo run I engths changes
significantly from one pi xel which remains unchanged between non-zero pi xel
values to a given 240 pixel scan line which remains unchanged in successive

franmes. Nor{mdi¥atifgl thesEolde! NiehgtH meélié’rb&i’@raﬁ‘péélﬁﬂﬁél ont hatl s, L 0
e run engt

that - occur sSOBRERRE 44Bel adRyey aMt AL IREAERR HeF 1B ESnPEnt | ona

har dwar e sysnformatfonvént idusaltablief,netthe ambdewotfds amdnthe, length of
those codewords. The information representing a codeword

5 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
10 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

15 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 codeword corresponding to that

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

20 to create a,paréllel-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

25 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

30 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

35 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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resultégﬂﬁﬁgggggrds whi ch have 20 or nDre bits. Such |ong cpgqyQsgsedAnd to

cause i n the hardware for g#‘fg at the transmtter and for
decodi ng at the receiver and cause | argef*Conponents to be utilized making
the systemnore costly and inefficient. For exanple, if a systen1operates

ggigs?];n;r]? E per\g{n W '%?%ﬁ% %lge?ﬁ% e%%?his'eﬁgﬁ'ae ?he u}e f'or

the transmi rWQM§ﬁ%ﬂaSﬂu9qn§&§kﬁn rﬂétth%céggalﬂngthﬁché&@na'capablI|ty

to process RUAY: ny%n;, t e
system Thlgbggﬂﬁ%s% d¥2gm8%#¥€¥§fr6¥{$¥%fac bpd Eo&@ﬁIE?FSQm% stens, by

nature, ten8hRPEFLEE é-@@@ Hy evprds rof Pu8§°%l=?| Gﬁ%@‘% ues at
or nearszer Qrek;ﬂeﬁt@g}RE therR@Y 4 etimabéd athetceterel dek auR-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

10 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,

15 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

20 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

25 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

30 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

35 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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5 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
10 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

15 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

20 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

25 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

30 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

35 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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probability of occurrence. Table | is a=Résting of the non-zero val ues
produced by the DPCM | oop 24, FIGURE 1. There are 32 non-zero val ues

representing 32 output bin values of the quantizer Q of the DPCM | oop 24.
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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
10 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.
15 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
20 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
25 Dbinary 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
30 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

35 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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increase in magnitude and are assigned g2@ater code | engths. .The exception
is codeword 16" which has a higher probability of occurrence than | onger
codewords 11 - 16 and [err], err]. Therefore the code length for code 16
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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

5 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

10 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

15 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

20 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.

25 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.

30 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

35 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

35

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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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
5 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

10 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)

15 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.

20 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

25 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

30 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

35 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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of zero Prﬁ???%ﬁgt Zero run lengths having values in the ran S?G/gm 1
.35, curve p portron [err], for exanpl @3%have rel atively higher

probability of occurrence as conpared to run | engths of 36-239, curve p
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probability o occurrence
values. Depending on the code applied to conductor 332 by

5 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.
10 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
15 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
20 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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Lerr] of thesald 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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for non-zero val ues*and f'or "zefo run Ien 32hs having values of 1 - 35, in
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in a single table organi zed_ accordi to pr babi | ity of .occurrence. The
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portion [erShatiétrﬂ&&iordérwdSEbh@edednoﬂherdrﬂdhaﬂo il dihechal ue

[err] relati I er_zero_ run

| engt hs, poﬁ\él?nck)’nqj[ Sy Pé@g&?% éj% ‘gic‘?’g%#égg Swé\?é: nd;qror% 4%ngt hs

in portion [compgared 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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based on the probabf!lity "of *ocdurfence of each value. In Table V, zero run

l-engt hs of portions [err] and [err] are listed in order of prohability of
occur rence. aFREIEABPakP| saydorcogbinadt REohaB 11 EY TRy uﬂeﬁﬁEPrSEQFﬁet¥§

o ine posFetatsvepeodaaiiE Iendth U SuLd mevanc gpemy | #p chspnend |1
i ndi cated i g‘ﬁ?e Sifle LGHFD @r\%}% nexy adiFceR éﬂ&errgfuggg herein
I mpl i es thaflasspgmbab ;catd i s enpl oyed for each zero run length value for
all menbers of the gr%ﬁ@éﬂng%té(ybéﬁ%ﬂélég 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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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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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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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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each nm¥0®&9/85656 hﬂmmﬂu Im“m group under portion [errFCHUS

probability curve

e is.gflded as a suffix to the n-bit

keyword descri bed above proﬂucﬁng an mbit codeword, e.g., a 13-bit
codeword. A different 13-bit codeword is assigned each of the 204 nenbers

and is repreignid€dcantiliye saadQwt Gtﬂat r{he nconmtbiged. réBabmm
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lcate the

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
likely to occur zero run length values.

less

21. A method for encoding a digitized signal for
transmlss1on over a channel, said signal comprising a
plurality of different values, each value having a given
frequency of occurrence in said gignal, 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.

"l
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horizontal line in a video signal. A second narker signal I '
assi gndUOBIS58%6 ha “ﬂm‘h of 10-bits for indi ca??{lgﬁg%élé&z
initialization of §E‘\m§l“m‘ﬂ code-Bg-assi gned a code length of 7-bits
whi ch represents t gerb run”length of FIGURE 4 at peak [err].

Because the probability of the 240 zero run length is relatively high

-18- in the order of o2ZurrTheemethpdobd&bClatime2l whereiyssgiddgrowpinge

code in the t§ gﬂe g&@ﬁ [

probabilities in r%? ﬁ!g‘t‘%'gbﬁ?%g gdﬁp%gg@ﬁalv gﬁézoq’gkﬁ%erl ve si gnal

i s applied t3TLERLRD Keedevords of @wbﬂ-@ﬁ 290 the Seicend 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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mar ker c@g@gg d which is applied to ROM 200 through sw t clpCip0sssne42

mar ker enerated for each line or a set of lines. A vertical drive
signal is applied via buffer 223 to sw HC 30 for selecting marker 2.
Marker 2 indicates the start of a frane. n the marker 2 address
(codeword) of Table Ill is selected, that address is applied through svmtch

230 to the ROM 200. The marker address I ndi cates to the receiver

synchroni zation informati on at the beginning of a franme and at the

begi nning of certain lfines to resynchronize the receiver th the
transnmittor should daja be occasiqdally |ost during transn|ssion as night
occur during certain atnospheric (Endm]ons or the like. In FIGURE 2, ROM
200 t hus i ncl udes onel_d-lct i onary tébl e conprising the infogmati on of Tabl es

I, I'l and I
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| n FI GURWB89/0s856exanpl e of ROM 200 is shown in which the tablcq-/ggsg ero
val ues are assigned a first section 501 of ROM 200 and the zero'run 'l engths
and speci al codes are assigned a second secg g4 502 of ROM 200. The
non-zero table in section 501 is addressed by a 10-bit code conprising a
9-bit non-zero code representing the 9-bit non-zero value of the

I nformation signal with a one bit address code, for exanple, binary zero
for addressing tH: ROM secdd on 501. Thj zero run length section 502 is

addressed by a 95bit code resenti ngthe 9-bit zero run length count with
a one bit addresg bi @ Q. bit zero run length address for
section 502 conpriisds the Qeyword co _@ﬁ-__gls agjprefix to the actual binar¥

count of zeros ifi algi ven sun | ength. @Mﬁy t hese addresses are genwt ed

is shown in FI E 2 w o
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In FIGRE 2, a_9-bit information signal representing a non- pefTPUSEs/64242
val ue 0&96!}5% pi xel is applied to register 202. The output of r/egi ster

202 -19- appears on conductor 204 and is applied to register 206 and to
an AND gate 208. The out put of regi stey32’04 is applied to a second AND gate
210. The outputs of gates 208 and 210 are binary O angt 1 valqres in

accordance with the pixel inffrmatton signal vgl ue pgﬁ L& registers 202
and 206. If a given pixel on |¥e 26 pliqgdyd reqgi sgBZ Sas a zero
val ue, then the—eti-prt—et—geer<208 viEg be B gpro—+Ff t_f'l’e i xel val ue on
conductor 26 applied to rgl_ij;E 202"’1& = T
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non- zerO8WOFE56 t hen t he output of gate 208 will be a | ogi cRCT{US88{84242s
gate 208 tests the input signal to register 202 as being a zero or non-zero
val ue and the gate 208 out put signal has a |ogical value representing
either the zero or non-zero level. Wegmthe pixel information signal in
register 202 is applied to gate 208, it is also applied to register 206 and
a new pixel information signal 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 |ike gats 208, has an output |ogical |evel of zero or
one, depending u ? grster—206—>
ctlve plxe val ue of zero or non-zero. Thus, the outlputs

ép and non-zero val ues of succes%ive
copductor 286 to regHSter.

represents a res
of gates 208 and
pi xel s applied fr

Pp f-~-

|
|
1

PROBABILITY p : : Pp ~AREA UNDER CURVE
|
l

/3

: ///////J_/,,Ll
| - 3536 2394 1240

ZERO RUN LENGTH

Fig. 4

FROM .
REGISTER 206 \| 200
IIN32 /- L
POSSIBILITIES - ROM
- 0] NON-ZERO | /—»l  NON-ZERO
| BIT»| fe—g BITS — 201
ZERO smiu
1 LENGTHS AND
| | ZERO RUN LENGTH }—FA—» SPELIAL CODES
- IBIT»| |e——9BITS —> 502
FROM — T —
COUNTER 228~
- 1IN 240 /

POSSIBILITIES
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202. The output of gate 208 is applied ttTbugh inverter 212 to AND gate- n
214, through inverter 216 to AND gate 218 and asg{pi ate122©-and390
AND gate 222..The oyt ,gate 210 is appffllllllmﬂffﬂlﬂﬂmﬂmto AND gate
214, as an i t hrough inverter 224, Ltast an | Rput to AND

gate 220 through invertkr 228 statbstical gnioder A gaicodidiyy alhe out put

of AND gate L 63 | i f%ﬁ%ﬂ' t and .as an

I nput tg SWi tz%ﬁgiégléﬁg r%ﬁtgﬂ%%?hggt% ;i%n %‘{&Stwoﬁ{adéfeg'g%%]‘?d: al so
applied as cl ®tEN2hptPBPYbsing)i dtRIuralitnPf stifferent, danditians,( macd)
regi sters 236comdi®tén v Lig nd edi P diit Otsenidh A ler HbburrEftoutput of
AND gate 218 is.gpgiied to tQ; gount 1n ut of counter 228 and as an input
to AND gate 2339 BFIbUTIIT PACCASRSPRE ST 45 2 second

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, each codeword of said second set including a
common codeword portion of a length which is statistically
based on said combined frequency of occurrence relative to
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
frequency of occurrence 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 systen.

3. The encoder of Claim 1 wherein said first
and second means include means for generating 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 noy—statistiqallongr.
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" 20- i nput fromthe horizontal drive (HD):?g I"f‘ tpuﬂ@f'tgatﬂ“
233 is applied to swtch 230 via OR gate 23 aT é‘mggt pﬂ"t ND gate 220%350

applied as an input tp sw %§§£ t%ﬂ% ck input via
OR gate 242 to regj st“e)rs 212@ dgrﬁ géﬁa coun er g’i‘oa:’a%hdg out put of
AND gate 23tatistifalPrden is haged onhihe prdimalh pasditior @f £he32 and
as a clock ddmuined I GRSy B St urRBinde oY 2k seRnAGrddd ¢ @d count er
240. Switch_ 230 3 " t} rcgatlvee of re (030) Iecx elfﬁ é_‘onlcdd&', uch as
muxers whi ¢H r%’er rﬁ h REFUeRGY: ¢ r?é’%cﬁ? r?a;? & Pénent s
to perfor mtbee mmlgmn.chu ng. Such

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 signal
for transmission over a channel, said signél 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 prefix keyword
of said second group having a length 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 according to said combined
probability value regardless the relative codeword length
of said second group including the prefix and suffix codes
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more conpl ex switches are wel | known. Gat e§32b82§ ~p 2l 42182 20,0 722 M4d
and inverters 212, 216, 224 and 226 provide a | 3g+°§%ﬁvfw|*xﬁﬁctf$%? 130

based on the cal_values af the, outpuyt. signals gate 8 and 210 in

accor dance w?%g??&ﬁg?é# a%fee %?def'fﬁﬁpdé 9q"1q’n 8?’(5 %‘ng RSEG es

| i sted on topcades hef tthe ef ixate gxtvmp ogirgl val ues |isted therebeneat h.

Thus, when gates 208 angh g0 ﬂa&r@ﬂﬁs@;&ﬁ;&t&%&&&w Rl des @4 09I cal
i

LS e e B O e Tl s 1, O
successi ve pisedlecttan fron rxpidl aempryaneany dﬂ:mﬁﬂ:pmﬁ Respedit igal es Zaﬁ )
cause count et PayRia SR MU Bald AT e BBl DG uced by |
i ncom ng pixels at register
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 1n said given statisical
order. U .-7;““__¢;; ;:- e -;y._{ﬂ-,-wusf;

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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202, the gate 208 output will remain zero an%l“tlzo ee%g‘@%g at?g g e 1990

i e a non-zero va ,
t'o count such_zeros. éhould a pi xel hav : have a | ogical 1

i |
} | ud® 37 r 3T oRe to satd stemorPnedta o FAL-MH |y | al
gg{lpﬁte.ro ngum;@mmttéhmflqﬁft&@f&gat s g%tnigaspl x§l re{fg&/‘eq(f;&f rlé,gl@i:@i;;o
“ , g [ [ i ts the
ot put o Lou b8 4Steritiig e TR ety ivact e o0 et i sets

counter to 1MNREFML tthe meamd gbfug Hrd %"19‘32,%}%?@& Oun%'gr&fipml@ S

A Das 3 nQn-zero va _ "
Ig]:at tegezggx;ng 210 vvldlﬂglJ ag{p)p&?gr as stow i, RERTY Weamserei n gate 220 wi

have a
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 saiq second
group represents less likely to occur run lengths of zero
values of said signal.

14. Apparatus for encoding a digitized signal

for transmission over a channel, said signal comprising a
plurality of diffe:ént conditions,_gach condition having a . ;"5
givenrfrgqugnqi:qtﬁﬁbcﬁ?fgﬁéq in sgid §i§na;;;safde ) 1: h
apparatﬁs'cphﬁriéingi T T T . . LR

ﬁlfirsﬁymeans for grouping, for a first given '
number of members, a first Plurality of codewords
representing a first Plurality of signal conditions, each
codeword 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 codeworad occurring most
frequently, the largest codeword occurring least
frequently; and

...second means for grouping, for a second given
number of members, a second pPlurality of codewords
representing a Second plurality of signal conditions, each ) _
second plurality of codewords rgpresenting_afa;tggfggy-.- f;_%gfsl

L .
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, ) if’l}l/US 22(;3 o/ Ug g dll-td
-21- i 1 in the-gs&put t is a ed to
tﬁé S{M'O?cﬁa|23é g«! ﬂ ‘“Mm mr“m‘l count i necggriange gsfﬁjm'ﬁ)l t éggi b,'lqg(]

ROM 200. That 1 enl Ss ass descri bed above in connection w th GURE
5. Recall that one bit of the 10 bit code addresses the zero sectlon 502 of

ROM 200 and Healdition asiordiagdtbi hSSei:ohaeraaeéess Eeaaeéﬁaiast Bg 9-bit
count  val ue of the ero nf.or IS 18 { address is
rn

applied to g &U&BPeggnga%éEPg Pﬁeséﬁgrﬁégﬂﬁ eo8eGePE i n ROW
section 502, rﬁhGEREfor&gueabyfoftbccnrrEBceehaving acagmbihedl e, Table 11

or a keywordf&@aubﬁe?tBfaacéﬁkréﬁééh1¥?n§a9heth¥-fgﬁgé r£H§ﬁ9?é%f:g§BQing

codeword of Tab are sele in accordance w t I €ss
appl i ed to RENALYOTrEsr 8fgFaddi f£iksh3and second pluralities being

different.

each codeword of the second plurality having a
common codeword portion length which is statistically based
on said combined frequency of occurrence relative to said
first range.

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 respon51ve to . ';Lf
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 condit1on represents zero and non-zero values, said
apparatus furthsr‘includinq-address means- for. accessing n_”.m._sn
said firsf*and'secondfmeg_"' R B

B eprngsfes R

*":717.” '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
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 siQnal'for_eperating said switch
means. .
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Assun1ng t he E' |er I nf or-maBi6en si gnal alsg FS.a nﬁpﬁagr QO
T | K
%ﬁ: gecabggso ii lilw i@zﬂﬂ m 8aalngglzclzgl alﬁn%'!e% gna |5T9;;g lied throug

gate 232 to switch 230 to select the output of register 206 as an address
to be applied to ROV 2@Q. Au:mdﬂhbdtfot ehboediagt B BigieizéaesagHaessor

sel ects sectdql nlﬁ(%%g&) o] ta Tabl el. At
this tine, ﬁtecgﬁ than he pi %8l Bgre%it ?gﬁal %éﬁé?sf’ﬁl’%ﬁ #@s3 or ner | y
i n regi st er PAGralddy @étffmmﬁas‘roadtlmaned epchheopdipionohaying 220.

Wien a si gnglivenoprodadilldtyasl vakbasrantkCin23liat Qgghaiormaolaeéhs&a' in
regi ster 20 nom/rggﬁesents a new 10-bit code which 1S applied as an

address to rough switch 230. Register 206 output is selected by
switch 230 when the ogtrpupiaty gaptu2d2ity bfgldiffbgent 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 having a
codeword portion length such that the combined probabiiiﬁ&gj&{F?=
of occurrence value of all of the signal conditions. N
represented by the second group is organized statistically
with said first given order codeword length based on said
combined probability value regardless the relative codeword
lengths of said second group codewords as compared to the
codeword length of the next adjacent codewords of the first

Gt that '53@'3
digitized signal conditions.

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
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 f
occurrence of each codeword of a certain portion of the
first group.
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— address applied fromregister 206 correspomk” 100 WOy ;n t t ghlse.

.of ROM 200 represented by the non- zero pixel zn maom zeae“r‘n' 990

regi ster 206. Should t next pixel si Wil i on .have . zero val ue,

then the information s?‘Shal%zh? r?n%téb?cit‘%{laé %%ql SHPWRI NG o yn

tn Tabl e VI meledes tgcoupingtthd Lixst Z:lztbupa Jalﬂa)gl c;alurhll‘ﬁyr s:fset s

counter 228 idadasi-ds e ?P%Wn & &k Iso

hi gh, causing the | nary Signa |n r glster 206 to b pp |e
t he address %F?Kﬁﬂ%ﬁﬁ? Lﬁﬁ?ﬁf?*ﬂ;?ﬁﬂqﬁﬁuﬁﬂ?[ﬁ%ﬂﬂﬂ%&%

group into a plurality of codewords representing 1ess
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 values 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 codewords representing a different
value, according to a second range of frequencies of )
occurrence of-the. values ot said s;gnal, the, second- ranqgt“ A
of- frequehcy“_ of occurrencc ,ging- a", conBined frequeﬁcg..at‘_ :
' occurrence statisticallf Iying'ln the first range;: the = -

codewords of the second group each having the same codeword
portion of length according to said statistical rule and a
total length differing from said statistical rule.
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e; “th&rswited. 230, peeds to jbe switched jo i ndi cate the; end fd? :
count sin the ‘Bounteped E tivcalll y resets. it the end of ~a 280 zérdé -
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count signal 1§ appff-e ornconduct.or.. 281 through ‘ANDgaties ZBBTY”“CRIQﬂﬂe .....
235 to switch 230 ' YE

_ \ X econd 1nput™
to gate 233. The H® € ““% g of each

scan line or the beglﬁhﬂﬁgluveeeehnanIQE¢% ?QnﬁmQQQﬁiﬁ|ﬁonaqn§9dnngne
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233, gate 2%5 h? o¥tgutt|n a _high |nd|cat£ﬂg zeros_are

quenc of olcurrence n er values.
Transmission systems for digital signals 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 31gnals are further reduced in
informatlon content by more coarsely quantlzlng them - that

is, by class;fylnq them into ‘range bins. The coarser
quantlzatlon is done so as to tend to. make the range bin in.

whzch the lowest output value dlgltal 51gnals fall the one
Thss is the '{eplacemcnt sheet
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bei ng counted, a signal is generated which causetRERAJMERD §
coent out of counter 228 into the ROM 200. The her{zontar drive
gate 233 is applied once each line and thereafte

h
t he recount when its 240 count is |oaded in ROM 200. eH@Z“@%ﬁﬁper
end of 240 counts, automatically resets to count i Ng—zero8s—agat-f~f

) . CpITEETESE Hul T 1
next scan line and continues to count Z&Tos unti
generated. Such a non-zero val ue mhen generated al 1 on

the output of gate 220. This CAaUSES ch 23 Yt t he
count in coﬂﬂfg Eﬁﬁgu?ﬂt%%e ?iﬁf ‘Hﬁd ad tégé? %%C?t ﬁ%éﬁ%ﬁ% ROM 200 to
sel ect the endetberraspending ¢6 $¢E&e$$#Yﬁ¥Inh1QhﬁﬁrpQﬁRHﬁ;Vaﬂﬁ? out put of
ROM_ZQO thrgyghth@96858h123AebSless 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
1nformat10n, 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
llne and n non-zero levels outputted by the quantizer
representlng ‘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 numercus codes.

"One- solutlon to this problem is presented in U. S

“Patent 4,420, 771 in Whlch multlple tables are prov1ded by



applled on conductors 246 and 248. Conductor 246 canﬁﬁﬁggﬂgﬁﬁﬂiwdﬁtﬁﬂn1of M
bits in parallel to carry at least the 13 bit codewoyr zero

run | ength codes. Conductor 248, which represents ai{Kicongu b e for
carrying a K bit code, carries the code |ength infor @ﬂ Mﬁq@? :

I ndicating the code | engt of the code agpearing on o 46—+hub
[err] 00. stores two sets of information in its tablige, the codemords and
the I ength of those codewords. The information représentimg—a-codeword and
its | ength imwrapmrigith tangaeljirst athe? 34 fopma trieoceispignefl emplogkngi gnal
through gat 6,242 p rée Gl dihdNds thene aelitiple tables, however, use
identical codewords representing different information
signals. The use of the same codewords to represent
different information signalerequires 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 efficiency of data. transmission. However,
certain of these suffer similar drawbacks in also requlrlng
additional 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 ©f increasing
transmission efficiency. i.e. prbv1de increased '
compression, wlthout detractlnq from the lnformatlon signal -
‘quality and without employing excesszvelj -long- codewords
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signal is applied in response to a logical 1 at nﬁoor gates 214} 220 and
e

222. A codeword is latched into régister 234 whe r“@ @ﬁa-lﬁ%’o val ue
occurs at the outputs of either of gates 208 and 2 oc sicnl

applied to register 234 is also applied to FIFO r 8}and
counter 240. The output of FIFO registes 236 is applied to paralleﬂ to-
serial converter 250. The clock signal applied to 8rs236 and

238 clock the code words therefrominto the parallel-to-serial converter
320 and COumbeLh240cxteﬁQECthMebgesgﬁgflQ@@ntﬁaﬁiy§SdQ@Q@%QIdeQﬂgﬁn@ ]

ereas FIF e rd._c es LN ength. The
out put of F%E%?§§%ﬁﬁ Eég% 5 %@ %%ﬁn?%?gb%% %P%#eg%%gagpgﬁallel-to serial
cl ock S|gnaFoﬂﬁfééﬁdeﬁtéﬁlQQZCOGGWQddea@é npnimenpheagtel as ccamrd rdd

converter 2%Q the total number of dlfferent codewords employed. -

According to the present invention, a plurality

of different codewords of different code lengths are
grouped into first and

represents a different

second groups wherein each codeword
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 organized 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



code length of the codeword outputted on conductor 29

conductor 29 is applied to the buffer 30, FlIGURE 1. The) nt
240 on conductor 252 represents the code |ength inforjafiqq i ®86stier
234. The counter 240 output clocks the parallel-to-sefill converter 25(Q
thdat the proper code length of the givercodeword i s putputt&d™to condd
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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 érrpr 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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to conductor 26 and adder A. Adder A adds the quantizer ¢
output signals to the predictor and delay loop PD output
and applies the added signals fo 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 sigmal 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 variablé 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 quantlzer Q may increase the number of
zeros produced on conductor 26 i, .e., widen the corlnq



signal received frombuffer 38 via conductor iéarh
of *the decoder 40 is to enploy a ROM 324 in W El*
non- codewords are stored in successively addressed nenory Ioc
merory |ocation includes a portion of the addfe$s P8 AUG Ees
| ocation, the remai ni ng portion conpri_gi_ng ong bit fromthe reckived

encoded S|gnal. Successive bits of the receivéd Signal are conbjned with
correspondi ng successi ve address portions in fqenpry.to . forma arch
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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,

the aforementioned U.S. Patent 4,706,260 and copending
application.

\;;‘ghe approach

ons. Each
ive menory

in

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 quantizer, 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 quantizer @, 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.

'quantized levels, is applied to the ericoder 28, the present



recei ved, the ROM 324 outputs that codeword storéd
address and the address to the ROMis reset to stiar!
with the next received encoded received bit. In p A

decoder 40 includes a parallel-to-serial convert ‘r ¢ceive a

20-bit wide signal frombuffer 38 on gonductor 424 The parallel- tg-serial
converter 300 converts the parallel bi'ts on condueter—A2-tuv-a Serial stream
on conductor 304 and applies the serial streamto a serial in/serial out
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conductor 3@84;rhe;skgnak conductor 308 is applied to AND gates 310 and
515 whi oh Se caPrheear Bghi

etec e presénce of marker 1 and nmarker 2. The marker 1 and
mar ker 2 In processing video signals, it is characteristic

‘ of a system employing an interframe DPCHM 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.

JRE 3,

A. o - -

Thus, in interframe DPCH, 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
sporter than a full line, the greater run lengths (for
example, 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 N
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, whgreas the
probability of 239 zeros between non-zero values has the
lowest value.

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 un;hénged picture occur more.

. frequently than scan lines in which a small number of
samples, for. example, one or -twé pixels, have changed value
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signals are applied to OR gate 314. The out put ofR %&gEﬁEL |

out

register 306 is applied to register 315 which istajl-bit rg | S} ef gonetines
referred to as a flip-flop. Register 315 received cfScRY ?@%%I faiom a
cl-ock source on conductor 316 and a clear signal jon_conductor 3 The

clear signal on conductor 318, receives-from OR date 314, is alsdlapplied
to register 320. The output of register 315 is a i ' )r 322 to

t he decoder,;8QV . he .output of register 320 is applied on conductor 326
to decoder‘hONI3§§ﬁ{fﬁ§mﬁﬁﬁﬁgt§l6FlFé FREER SUBEBARARA320TheYetiferd f or m an

address to ?ﬁilvﬂiﬂﬁ stigna320ths &nequéntyredi steurmbhchd ¢ ddves exanpl e
may be 9 bitfun gt EN AR sMst int #¢cinPll EEBM one pixel which
remalns unchanged between non-zero pixel values to a given

240 pixel scan line which remains unchanged in successive
frames.

Normally, to transmit this information over a
channel, that is, to transmit the values 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 produce 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,
11, ITI and IV. A single table implies that any portion of
the table can be transmitted to the receiver without
additional overhead to decipher 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. Théfpresént encodinq arrangement employs a :

' :Huffmanfliké roding fulé,_foq'éxéméle.'bui'dxffeés frém a



register 315 to forma 10-bit address to the ROM 324. Each address in the
decoder ROM 324 contains three pieces of information. One piece of

i nformation represents the data or the actual code if a code is found as
represented by the information fromregisters 315 and 320. A second plece
of information coupled with the code data is a next address code which -
contains the bits. formng a part of the address for the next segnent of
the ROMto be addressed. For exanple, if the first menory |ocation in ROV

324 has an address of 000, the next meri®ry |ocation of the ROM 324 nay have
an address of 001 and the follomdng menory | ocation have an address 010,

and so forth. These %ﬁt resses, ar.e bin i ncrenmented f each of the
menory | ocatS R GEoR madl (Gdey 1% 2*6@%1*511% IR Y | éttv?éf at each

ROM 324 nencodevwaods | ore cosedi for & bza’iarf;mwdlqe Teapreasaninbey 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. '




the presence or absence of a code at that address. If 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 | ocation will be a binary value representing the existence of a
codeword, for exanple, a binary 1. If the data portion of the ROM I ocation
does not contain an actual code, then the third piece of information
assigned to that ROM | ocation will

_ _ be a binary 0 value.. The ROM 324 at
each -26- nmenory |ocation contains a sufficient nunber of bits to

represent each of three pieces of infekilmati on descri bed.

TABLE I

TABLE I1I
NON-ZERC VALUES ZERO RUN LENGTH VALUES
CODE CODE CODE LENGTHE  CODE CODE
NUMBERLENGTH MSB LSB  VALUE OF ZEROS LENGTH MSB LSB
1 3 111 7 1 [ 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 217 5 6 01 1001
6 7 11 0010 1 32 6 6 01 0001
7' 7 11 0011 O 37 7 7 11 0000 ©
8 7 01 1101 1 45 8 9 01 0010 110
9! 7 61 601t 1 55 9. 7° 01 0011 O
10* 8 01 1110 0C 64 10 8 11 0011 11
11! 8 01 0000 00 74 11 8 01 1111 Q1
12° 8 01 1111 00 87 12 8 01 1101 01
13' 9 01 1110 010 108 13 8 01 1000 01
141 9 01 0000 111 130 14 8 01 0010 10
15° g 01 1111 101 150 15 8 061 0000 10
16' 8 01 0000 O} 170 16 9 01 1111 111
1 2 00 -1 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
S 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
10 8 01 1100 01 -64 2@ 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
15 10 01 1100 0011 -150 31 10 11 0011 1001
16 10 Q1 1100 0010 -170 32 10 01 1110 1011
: 33 10 01 1101 0001
34 10 01 1110 1100
35 10 01 1101 0000
TABLE II1I
RESERVED AND SPECIAL CODES TABLE VI
CODE CODE ASSIGNED
LENGTH HMSB LSB_ SIGNAL 208 210 214 218 220 222
10 01 1110 1010 MARKER 1 0 0 1
10 01 1110 0111 HMARKER 2 0 1 1
5 ¢ 01 011 KEYWORD 1 0 1
1 01 1000 1 240 CODE 1 1 1
REPLACEMENT SHEET| "
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Qut put bus conductor 334 of ROM 324 receives the next address information
fromthe ROM nenory. The conductor 330 receives a binary 1 code detection
information bit (and binary 0 no code detected bit). Qutput bus conductor
332 receives the data portion, i.e, the codeword, in the ROM nenory at a
gi ven address. The conductor 330 recei ve]:%a Si ngl e bit code and conduct or
332 receives an n-bit preferably 10 representing the code information. The
next address code applied to conductor 334 contains the address of the
menory | ocations sequentially follow ngr the initial nmenory |ocation
address, which may be, for exarrpéﬁgo_ LB‘E‘ address to the ROM on
conductor 334 is conpleted by th ( oL 8{1{' tted by register 315 on
conductor 322. That is, the address I 9ch rrermry | ocation of ROM 324 is

conpl eted by Length Code CODE -
Ze:'os Length MSB LSB
Keyword
36 13 01 011000000 00
37 13 01 011100000 00
38 13 01 011010000 00

' ' ' ' .

' ' ' ' '
236 13 01 011000100 11
237 13 01 011100100 11
238 13 01 011010100 11
239 13 01 011110100 11

FELACEMENT SHEET

rsem e

10 AUG 199




a bit appearing on conductor 322. That one bit

sequentially occurring bits of a given received codeword

regi sters 306 and 315. The data portion of the ROM 324 con
two ki nds of information.

represents all non zero code val ues

The first kind of

information is a
. -ihe second ki nd of

l i i

LEMENT SHESL

AT
.
,A._.l‘ ’\,..Jn’l

is forned ywne

r

jsdaguhyp%

|nFornat|on are the

codewords representing binary counts of zeros in a zero rumiengrn.
ROM nenory addresses contain true codewor dsTABnE tshe data portion of a given

menory | ocati on.

Not™ al |

The codes stored NOR-ZHERO Al ZER® RUNCLENSTHES t he codewords for

t he non zero val ues of Tabl e | INtQRBEReGto PROBABLERLY BY CHATURENEE of Table ||

and the codewor d8rdbgpilite mar képn-izerpar ker

2 and 240 codes of Table Ill. In
operation of the déb@ﬂér descr VB so far,
Quantizer Length Code
Occurrence OQutput) Value Leagth Code
1 -7 2 00
2 7 3 111
3 -12 4 1001
4 1 4 1011
5 12 4 1000
6 -17 5 10101
7 17 5 10100
8 5 11011
9 5 . 01101
10 keyword 5 01011x,.. CX
11 =22 6 110100
12 -27 6 010100
¢ 13 22 6 110101
14 27 6 010101
15 6 110001
16 6 011001
17 6 010001
18 -32 7 1100100
19 32 7 1100101
20 -37 7 1100001
21 37 7 1100110
22 -45 7 0111001
23 45 7 0111011
24 -55 7 0100100
25 55 7 0100111
26 7 1 1100000
27 9 7 0100110
28 240 7 0110001
29 -64 8 01110001
30 64 8 01111000
.31 74 8 01000000
32 - 87 | 8 01111100
33 10. 8 .. - 11001111
34 1m0 8

01111101




encoded signal is converted to a serial streamof bits by converter 300 and
Is applied to serial in/serial out register 306 which applies the bits one
bit at atime 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 cont ent s 1§ regi ster 320 -2 7- to formthe
n-bit ROM address. A signal on conductor 330 is the code detected signal
which represents whether or not gqgpdeyhag. pggn,detected. When any of the
mar ker 1, mardkesbidiof codecdelestigt SRgpmats s tiigh, a clear signal on
conductor 31&risr appl i ed t(Quit@ist er 320zsshi ch cpeevi des a

Occurrence OQutsut) Value Length Code

. 35 . 12, 8 01110101

. 36 _ 134 8 01100001 -
37 14 8 01001010
38 15 8 01000010
39 170 8 01000001
40 -74 9 011111100
41 -87 9 011000000
42 180 9 011110010
43 130 9 010000111
44 150 9 011111101
45 8 9 010010110
46 . 16 9 011111111
47 17 9 011110111
48 18 9 011101001
49 19 9 011000001
50 20 9 010010111
51 21 9 010000110
52 Marker 1 10 0111101010
53 Marker 2 10 0111100111
54 -108 10 0111000001
55 -130 10 0111000000
56 -150 10 0111000011
57 -170 10 0111000010
58 . 22 10 1100111011 e
59 23 10 0111111101
60 24 10 0111101101
61 25 10 0111101000
62 . 26 10 0111101001
63 27 10 1100111000
64 " 28 10 1100111010
o REPLACEMENT SHEET 2 1o 0111111100
66 | 10 AUG 1996 30 10 "0111100110
67 ' 1 31 10 1100111001
68 | _ 1 32 10 0111101011

69 . - 33 10 0111010001

10 L 3. T S obn1108 .
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zero address to ROM 324 to address the first
and mar ker

of the marker codes.
such mar ker codes.

then the initial zero address of ROM 324 is addreés

2 signals are high when the code in"f
Gates 310 and 312 test the ¢
If the register 315 has a zeérg

320 has been cleared and the register 315 has qupsd-
codeword to the ROM 324 and since the m ni num dod blles
and |11

is 2 for code n negat i TTOTI- ro v able 1),
no codeword will havel égﬁﬁgg%é%TeﬁP¢XFt9n B eds ﬂ%Qﬂ out put

mar ker

1

Mt Psent s one
ster 306 for

39%@. 2@@?:2 ctor 522

a zero on the eodermnestel somiuntrorlasftlend werto mummer@tmmamm@.lctor
334 the addfepgedfin Nendexinge st i A1l V35! OLed, IR 196 0N £or

run lengths in. portlon P -

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 undef curve

- portion p; 1is 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. Zero 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 psz of the
curve p. The probability of occurrence of zero run length
values in portion ps 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 value p_ relative
to the probability of occurrences of ell other zero run
lengths, pbrtion P4 -. The value pz represents, however,'ell



in ROM 324. This next address will be clocked into rediiEaf QFERT
conjunction with the output of register 315, that addyess—tormsa
address to ROM 324 at the next clock on conductor 316
copprising the bits on conductors 326 and 322 do not
then the next .additional nmenory . Iocatlon in ROM 324 [
a code detectlon si gnal on conduct or 335 “that is a b;nary zero value
al so a next address on bus conductor 334. Wet her or

s known a priori by Ahg.eeqbhnabsonoed, awﬂié.‘ﬁnl@d?r?égtf‘%]ﬁ %&e{ Sy of

regi ster 315. Each given nenory ress in combin ode
bit out put 6FhF@§vs%§ra3§5969ﬁ B@ gachrReReert ofcbhetgrene af corfenorwn | f
that conbi naehglhi saktiewnahe hehrrarsodelued, hhtiehgt Hato&eNDésyen addr ess

Wl addres%orrespondlng 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 ps are listed in order
of probability of occurrence. The probability of
cccurrence 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 employed 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
S-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 groﬁp than otherwise would be assigned according to '
Huffman encoding of the 1nd1v1dual run lengths based on
1nd1v1dual probabllltles This ensures that the codeword
-preflx portion (the’ Keyword) for each member of the group
meets the Huffman encodlng rule. Slnce the flrst five-

' dlglts of the codeword of . each member of thls relatlvelj d'



that nmenory | ocation containing that codeword. TI

_ [ ¥ Hoer of
circular cycles of next address in conbination\M1E$§§Jga§ﬁ§ﬁ?|,

. evel
fromregi ster 315. -28- represents a codeword. A\t t he next cl pck signal

on conductor 316, the next address on conductor 334 {anggtAiéG nesé

it in the
entoded signal fromregister 306 are clpgked to addriess ROM 324. il these
conbi nation of bits on conductors 326 and 322 repriesent—a codeword, {for

exanpl e a zero or non-zero value, then the ROM 324 wi |l output.a code
detected si gnatge ayroiupaiy tovalwedsnisotitkeicéae 3B fmdl clodeleads thehst er

320 and mﬂllné“gﬁﬂgr(@Edﬂfit%o@qggtaigit 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 p4.

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 signgl
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 '
'probébility of the 240 zero run length is relatively High .



332 the n-bit codeword representing that detected

to that address. That n-bit codeword on conduct or EﬁELAgﬁy@@ﬂ|§““hB
regi ster 336 and assun1ng a code was detected, th '

signal on conductor 330 is applied to register 33
conductor 332 fromregister 336 to output conduct endi ng
on whether a non-zero or zero run | engtk¥val ue was d -pit
codeword on conductor 332 includes a bit indicatifg whether a non- zero
val ue or a zer un_l.ength val ue_has begn det TamEmmer—sim a

hat b scus8d SaBoRERFR CoNBELFEANGE (1 FRAU0 LFF CHRE B PRGhn 1Pl
pop- zer o vabusnigudetedeelnt hba EhEfhan cénsodimg rebpe esased non tdwd ioade

Qetected_biggggtloﬁaggepggbggggygigg §§0T£@1gh@s the code on conductor 332
| ntoregister 336 Returning to FIGURE 2, a horizontal drive signal ~
is applied through a buffer 221 to switch 230 to select a
marker 1 codeword wnich 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 Z 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
ﬁuring 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 31gnal'
represent;ng a non-zero or zéro value of a given pixel-is
' applied te_regisﬁer 202f-'The eutpgt of register'202 .:

spondi ng

etected
N




applies that code to switch 338 via conductor 339.'@?%%&%&@{5 Ia*#:id i nto

menory 340 by the code detected signal on conductor 2 P88 tlo the

clock input of nmenmory 340 via OR gate 342 and condugt pr 344 The caddg i s
cl ocked out of the nenory 340 (FIGURE 1) and appliell {idl @ddfu®Por 143
| oop 44 upon recei pt of a DPCM | oop cI;EgLfron1DPCM | pop 44. |f thé

significant bit of the detected code on conduct or 332 Is a zero,
| engt h val ue has been detected and if a one, a non-k

detected. Thgpdatda om mx&zﬂof em@sam Sls feqspzﬁé@ wnrécﬂ%ék %bew&is
t he blnary epr es a 6 nunb ros _in un_len If a
zero run le %tﬁ %%g?eg 8the ?e% ggw}?t%’éa#%{ c]rFeoa%&lt‘ﬁje code
to a second AND gate 219. 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.
iIf a given pixel on line 26 applied to register 202 has a
zero value, then the output of gate 208 will be a zero. If
the pixel value 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. When the pixel information
signal in register 202 is applied to gate 208, it is also
applied to register 206 and a new pixel information signal
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) reglsters 236 and 238 and counter 240
through OR gate 242. The: -output of AND gate 218 is applied .
" - to the count lnput of counter 228 and as an- input -to AND
’ gate 233 v1a conductor 231 AND gate 233lhas a second




-29- representation of the nunber of zeros in a given rggppenotiirhm OIL;

counter 345. The clock signal on conductor 350 causes cg ﬂﬁ@%ﬁ@@ﬂ?é?ﬁE@P
countdown and apply the countdown signal on conductor 35%23ito switch 338
Swi.tch 338 is then caused to select zeros on conductor 354 ah8 &¥pHLY hbs
zeros to nenory 340. Wile the counter_345 is counting doyn the nunmber Of
zeros in a given run length, each count™of counter 340 dauses a zero to b
| oaded into nmenory 340. When the counter 345 reaches thd._end of.the~count

Oty

the end of i{hpueodnbm(ELE) nELPRBhthS APPLEEOHON SPREAUSI PN a852 fre switch of f

zeros from conduet o 324, g end gf, count, (EQ R 98l G sp,app! ied to

AND gate 3584P g PP g
235. The output of AND gate 220 is applied as an input to
switch 230 via OR gate 232 ané as a clock 1nput via OR gaté
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 wvia 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.

D

Y

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. If the-next succeeding pixel has a
hon-zero ‘value, then the outputs of gates 208 and 210 will
: éﬁbeaf Aé shown in Table VI wherein éd;e 220 will:have a’



1% :\, £
AND gate 356 has a second input conprising a clock S gﬁﬁt’ ="?§§ﬁEET cei pt
of “the end of count (EOC) signal fromcounter 345 gpglies a clock s$ignal to
OR gate 342 whose output causes nemory 340 to out puyt |t he(zA&si9%8 ofed in
menory 340. The nunber of zeros in any of the rangds jof Tables Il and IV is

applied to the inverse DPCM | oop via cepguctor 43 ypon recelpt of a CM
clock signal. Wenever the next address on conductaL.334.represents | ack
of code being detected in ROM 324, the code detected signal on conduct or
330 is a I@wqgmﬁadolI@NGWuilgnallpgi@pplledntﬁhaeghspat 836getendadr ys340.
In this way, adpqgueat o 3R iswiteh |2@bc%QCﬁn@u%thbnftHE”EBhﬁ'ﬁ Qg conduct or
332 is not %%%&led t% swW tch %32){1 count er ob he next addrgss
| ocation in W 248 S0 fed T &S 02 RONIE 00 he Thakt 1BrP1itn SPAE
serial inputisiagnalescribed above in connection with FIGURE 5. Recall
that one bit of the 10 bit code addresses the zero section
502 of ROM 200 and thet 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 gate 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 régisters 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. Howeﬁer, gate.232 output is also _high, causing the.

—




P ATTRA
applied to 1 bit register 315 is added to the next ach@éﬁﬂt S RO -2
provide a new address to the next ROM | ocation. For exanple, if two zéres
in aroware received fromregister 315 that indicateg 4 nd@ &ded9%%l ge
codeword has breen received fromTable |I. Those two zgrds in conbinatijo

wi th the sequence of next addresses appearing on condyctor 334 cause th
ROM nenory | ocation to output value -7 represented by

i ndi cate on conductor 330 a code has been detected. \Wen the code is
detect ed, abl@abytsv@hak Dm conusictor2@B2xq vowrpgritietl 45 orthe adB®ess
to ROM 200. :

Assuming the following pixels are all zero
values, counter 228 counts such zeros. In the case of run-
lengths of 240 zeros 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 infermation



ROM 324 representing the value of that detected co

actual non-zero value of Table |I. Register 336 contal ng d Wotgt98tps df
information: run | ength and non-zero val ues. Dependihg on the codd gpplied
to conductor 332 by ROM 324, a bit in register 336 represents whethgr or
ot a run length or non-zero val ue has-23en detect
supplied on conductor 346. That bit on conductor 346 determ nes whet her t he
counter 345 should recejve the encoded run length information from
conduct or 3369F kRS FRenspde t HehEwi tth WSB S5 id@PepRenBabehed code from
regi ster 33@otiduetblky286.nmetbey, 3@ Mk sntesdf te@uriketcEOE) signal on
conduct or 35 fotmdibRALK Flhelide SR ABLWN andcNgen o 7er 0

val ue when the counter 1's not count e counter count i ng,
this |npl|e§m§sﬁbﬁ°?§V8r9§IueIE%|%?%PFW??%Rﬂsﬁ%ﬂIQ§§9§m%S fheodeword

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 FIFQ
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 codeword corresponding to that
length. The output of FIFO 238 is applied to counter 240
to create a_paréllel-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.

while the keyword codes of the special case zero
run lengths may be selected as a group at a higher
freduency 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 pi were normally assigned
Huffman codewords of 1enqths ‘based on individual
probability, then some of these ruhn lengths would have

. Huffman codewords shorter than the fixed lenqths assigned

to the entire-group} the remaining Huffman codéwords-woula

KﬁfotJﬂWﬂNi NIV g
elword, that is jtHe




signal on conductor 352 causes register 336 to out put #ﬁELAQE&QﬂﬁES .
switch 338 into ROM 340. In the clains, the terns "valjug" and "condition"
are intended to represent different conditions or states of Ot KBG svhemal .
For exanple, "value" or "condition" can represent zer@ qr non-zero values,
or run |l ength magnitudes or, for exa different zero or non-Zero Tuf

| engths or other conditions manifeste y a given signal . -31- VWHAT S

CLAI I\/ED I_S: 1. A statistical
transm ssi aavevéengthbagpedtesatithn the fixed length of the group.

encoder for encoding a digitized signal

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 2-4% '
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 sigmal 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 FIGUﬁE 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
appliet 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
applzed to AND gates 310 and-312 whlch detect the presence
of:marker-l and .marker 2. The marker 1 and marker 2

-
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signal conprising a plurality of different conditi o @] t
having a different frequency of occurrence in said E@éﬁMﬁhﬂ%L fdder
conprising: first nmeans responsive to said signal fjor generatlng a if ifr st
set of codewords, each representing a different signal ﬁUE“ﬁ?él)irg in a
range of frequenC|es of occurrences, the codewords haV|ng engt ns sugh that
the less frequently occurring words gengral ly are ljongest—and-the—fDgt
frequently occurring words generally are shortest; Isecond neans respgnsive
to said signal for generating a second set of codewords, each word of said
second setsodnabs dare eppebiedi by R sggyhal 3dndiThomwhese df eguardy of
occurrence; j 354 £581 L 6@ £Q§1££§H%@@h§fa&9wé&e£@er@$:f§@éﬁ 31858, \&]r&ﬂuent ly
occurring words, sajd second set co r|5|ng a nunb ers ose
conbi ned 1S a 1 bit register sometimes referred to as a flip-f1
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 1is 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.

il

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. If 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
-portlon of the ‘ROM location does not contaln an--actual
code, then the thlrd plece of 1n£ormat10n assigned to that _
ROM. locatlon will be a blnary ‘0. value.. The ROM 324 at each
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frequency of occurrence is statistically organized in a !é#‘k@ﬁﬁﬁﬂaeﬁﬁgﬁi
sdi d range of frequencies of occurrences; and third neans gor-can g

codewords of said first and second sets to be generatedlii aﬁﬁfég to
. d S|g£al

t he sequence of occurrences of the corresponding condltlo‘s
2. The encoder of Claim1 wherein salg%dlgltlzed si gn

signal produced by a predictive system The encoder of'Cfalnll wher
said first and second neans include neans for generatng and

second set %8&&9(’9&9@5?%#98&99&& ap!, sur\@féfé& SQiufbSECONT S CPNDI | Ses
codewords havin code assigned according to said statjst]ca
certain Ord§gp§ﬁ§eg sfpehyof three pleces of i1nfdormation described.

Output bus conductor 3324 of ROM 324 receives the
next address information fromJthe 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 conductér 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 memory 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 I1 and the

codewords for the marker 1, marker 2 and 240 codes of Table
ITI.

In operation of the decoder described so far, an
endoded signél is converted to a serial stream of bits by
converter 300 and is applled to ser1a1 1n/ser1al out
reglster 306 which applles the bltS one bit at a time to 1
bit register 315. A clock signal on conductor 316 clocks

- the contents of reglster 315 via conductor 322.to  ROM 324
ln conjunctlon wlth clocklng the contents of reglster 320



code assigned according to a non-statistical order. {prp#srui#
Claim 3 wherein said statistical order is based on tifefaf} -
t he conbi ned frequency of occurrence of the second gragup as conpared tio the
frequency of occurrence of the codewords of the firs prddbAU§q596Tke

encoder of Claim4 wherein the nmenbers _of the secondj gfr oup have fj.xgd
| engt h codewords. 6. The encoder of “&7aim 1 whereih Said first set df
codewords represent non-zero values and nore |ikely LQ _0CCUL . ZEkOwftHir-

lengths of (3aigd gf gifd 7ne%r°€ WM A0 3CCU 5L Ok RAAEWBEIgspepr esent

|l ess likely to occur
1s 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
wvalue (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 output 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 locatlon contalnlng that codeword Thus, a
given number -of 01rcular cycles of next address in
comblnatlon wlth a glven output level from regLster 315

f‘gﬂggﬁr of
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|l engths of zero value of said signal. 7. An encoder #RrilekicoMiNg SHEET
digitized signal into variable I ength codewords for transfiiSsi 0N OVer a

channel , said encoder conprising: neans for assigning ajf e
| ength codeword to a first digital value in said signal waﬁﬁagﬁgg%%é

vari abl e I ength codeword being selected froma first sef eodewsas—ahnd]

] CUUCUVIUVITUY A

havi ng a codeword | ength deternined subs#@&ntially in acgordance with an
expected frequency of occurrence of said first digital varge Tmsard

I f d h, cod d d
i gital varogePhesabyedRRane -5y ook okhe afrkoP B Pk B R daor 1 b ng

sel ected froﬁpad§§@éﬁd3éét §hecadsﬁoad§rha$|ng gongnAbar cddewnd Por ti on,
sai d conmon eedewsid Ber Tth@neﬁé&lég 3igAdeverdn! esglhrdet g6 ped in

d i
cecordinee il LA ShpEe e L eRuERE) o eurence
digital val uen kawndugtomsr 82poaddnd2gareplbkeeh&ngt hodedend; dSor ne sampsil e
second set ol GUIRMRLIROKA0A-HPIRT LLO" cAULPLLE! RBKS30E (18! odBlupegond
assi gned vari able | engt
code detected 51gnal a binary 1 value on conductor 3390,
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 rnor-zero value is detected then the latch signmal
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.

If the nmost 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
1ength codewords, the binary representation of the number
.of zeros in that run length. If a zero-run length 1s'
‘detected, then register 336 will be latched by the code
detected slgnal on’ conductor 330 to load the blnary
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onto said channel. -33- 8. The encoder of C ai m 7igafigr, *;_w-§Qg§§ﬂpDn
codeword portion is within a range of values of said fiyst D~y

codewords. 9. A nethod for encoding a digitized signal{into variabl 4
| ength codewords for transmission over a channel, said {ret hdd ébapBIBi g
the steps of: assigning a first variabl-eglength codeword o a first_ diditial
value in said signal, said first variable | ength codewotd bel ng sel ected
froma first set of codewords and having a codeword | engih.detlermned

subst ant i al Inepneserd@tdanc e fwithié anindege otfe d efnosqueney gofvenc cunr deog tbf

sai d first difid alhe/alditet s SigRals] R3SiANNAY 3rSeeeadoear ale | ength

codeword to caausseecsorl:dou%I IJ::[ @45\/@(_'ou%olur}1tsd%wcrjl and appiy 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 ccunter 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.

Whenever 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.
I1f 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 an

'condhctor_336:a code has been detected. when the code is
detecteéd, a 10 bit value on conducter 332 is outputted from



signal, said second variable I ength codeword being selected froma second
set of codewords having a common codeword portion, said common codeword
portion having a codeword 1 ength determined in accordance with a
substantially cunul ati ve expected frequency of occurrence of a plurality of
digital values in said signal and saidpurality of digital values having
correspondi ng vari able | ength codewords 1 n said second set of codewords;
and outputting said first and second assi gned variabl e | ength codewords

onto said chanEie ﬁ&;res&m@%@m@ REE tthadl el tiieicRidewdrd, sai d

step of assj,gnin second variable |ength co |d co wor d
portion is Wg? ]%5 aﬂﬁean%%t‘b‘?f VARSIt S :jtregfabgﬁ ecfs%q% A
decoder forcaetadingtec dygdups ealf sugff@nma:@mrm My mg@blaéld @egizero

codewor ds, ééd&%@ecqg@ﬁ ﬁﬁ&ﬁﬁ'éﬁ eSS 1 é&”ﬁddeﬁEhétJﬁf§§ i abl e
| engt h codevvord In sad © gnal , 2%‘% first rS\gwll abl e | ength COdEV\IOZI’\CiiﬁEEI ng

attri but abl BO¥ o %&f|?s?lge%no¥e%%ﬁﬁﬁﬁw§ﬁ§zﬁﬂ?qﬁﬂﬁﬁﬁf 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
sidnal 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 magnltudes
or, for example, different zero or non-zero run lengths or
other conditions manifested by a given signal.
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a codeword | ength determ ned substantially in accordan
frequency of oCeyl 1BAGEs Bkn Replasedl i St vari abl e | eng B
si gnal ; -3 4- tlfylng a second var |
said si gnal , sai é mml | e  ength codeword beéi
second set of co a commog, codeword po 3
codeword havi ng -a codeword | ength detern1ned I n accnra.-

substantially cunul ati ve expected frequency of occurrence of a pIuraI ty of

ESdEPTORNEPSLRT 1] wher ei n

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 condltlons 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 sald first and
second ‘sets of codewords from one table wherein said second
set comprises codewords hav1ng a prefix code a551gned
'accordlng to sa1d statlstlcal certain-order and a sufflx
code assxgned accordlnq to a non-statlstlcal order

Hlllll\ \l\l\\ III\\ \ll\l \\ |II\

vari abl e | @Hgrh Isodewgmis gk :sai d second set wit hin lsaie—stgmalT"and nmeans
for converting said I,dentified flriga nd %eﬁond vari abl e | engt h codewords
into digital values for o&tﬁ % Tﬁ& 8



said conmon codeﬁﬁ?d portion is within a range of val ue

of “codewor ds. géﬂﬁﬁgﬁgﬂgkﬂﬁxﬁeCodlng a digitized S; j al contalnln(
vari abl e Iength co

met hod conprising the stq s T4 ALGABHEi fiyiing
i abl e | m ‘* in said signal, said flrst variable | =ng#th
codeword being att

j| & :
a first set of codemord and having a
codeword | ength deternined substantial t§2in accordanceiuLLhcanmexpﬁgLﬂdm

a first var

{

frequency of occurrence of said first variable I ength codeword in said

signal ; identifying azseco
second vari abl e Iength Codg%SFEEEEIn

tri

| h d |
BReE GF OB on HREEe b 8RR O “of

sai d

codewor ds h&katd sEicadinondesdéfobasp r9noﬁhesardlnéhn9ﬁ°tbd@mo¢ﬂ Poetion
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cunul ative ex ecte% freggg %% occurrerice of g h of vari able
| ength code SIS e ﬁBHSBFmeﬁhPﬁcgﬁFang gﬁglt &nd
i dentified fihestfiasd geoupd vari able | ength codewords into

odeYeEdti Pl said

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 probabiliﬁy of occurrence

and the greatest codeword length at least generally

manifests that signal wvalue having the lowest probability

_ of occurrence, said second group of different  codewords

comprising a preflx keyword and a suffix code, each
codeword being of a given codelength, said second group
being such that the comblned probablllty of occurrence

value of all of the 51gna1 values represented by the second

group lS organlzea thh sald flrst glven order generally

\\!\\\\l\\\\\}\\\}\\\\\!\\\!\\’



digital values for output. 14.

A nmet hod acco =Y 3.wherein, in
said step of identifying a second vari abl e | engHj 0 rdSHEER conmon
codeword portion S$m@ éhk ngg of val ues S ' set] of
codewor ds. - 35- di fferent cwn-|t o iing to a first
range of frequenci e of the con.1t|oﬁ?gFU§‘§§3 ilgial , said
first plurality conpr|5|ng cod rds efizdifferjn eng g ghortest
codeword occurring nost frequently, the |arges codemord occurrlng | east
frequently; and means for grouping, for a secomt~e

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 walues 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 walue 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. 4

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
representlng the detectlon of a member of said first and
second groups of 51gnal values, third means respon51ve to

" - the detectlon of a member of the first group for applylng

sald d191tlzed signal representlng sald first group member

R0 Illl
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15. The apparatus of C aim 14 wherein said signal conditions
represents asiran edyiressltuess wet memut ynoreans:,o fpalrids meanisd Lappar at us

A QeNHAldNE A Il i aCQ:%b%'rg%Ef' ﬂh%ors%%%al B#olgn- zer o

zero_run I ength val ues and responsi ve to.said . n-bit code

signal to cERESY[IIIING W SELORP ﬁ’salt“(? & B TESEERor d
cor r espondi mémber tde tlon-getand adrwup and using the determined run -~

length as an address to sald 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 representlng a
first plurality .of signal conditions, each codeword -

L
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and zero run Iength value 16. The apparatus of Claln”%_ LACE (B} 4

s
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signal condltnmnSh mado and non-zero val ues,} shi d appar at us
further incl ud| !“ ns for accessing said fiksk AdH BA6 edns

with an address ng the digital values off siaiLd _signal. 1%. §iThe
apparatus of Carm 14 including swtchgmeans for applyying an address sijgnal

to said first and second neans to output a codeword cer+espendi-Ag-to.tlie
condition of said signal and n-bit code nmeans responsive to -36- said

di gi ti zed repgealentingC QUIAiIfFE rent LeABERSohePREEBRUIAG 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 plu;ality 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
salid 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-zerc 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 wvalues of said signal.

17. The apparatus of Claim 14 including sw1tch
‘means - for applying an address SLgnal to said first and
- second. means to output a -codeword corresponding to ‘the

rondltlon of Sald 51gnal and n-bit code means responsxve to
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one condition in said digitized signal and for deter]
of "said signal other than the one condition for gene igraCAl .
for operating said switch neans. 18. A nethod for entofing a d|g|t|ﬂ
signal for transm ssion over a channel, said signal D i G IR i
of different conditions, each condi ti on having a giV g‘probablllty
occurrence in said signal, said method-é®nprising: u - ot g
different codewords of different codelengths into fijrst and second gr ¢

each codemor% reg qtl a dli grent Si val ue i rst g 6T sai d
codewor ds b&PHg r%&nlfg se-gPest -8hl FYUP langPEt 8?9Eﬂsofﬁ% WHieh at
| east gener@mﬁycpmdl§h@mte§tS@@deﬂmgdtneﬁgtﬁlganifesdsfohadeSegmnmlng
condi tion haWeN@ond8 tions 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. Thé method of Claim 18 wherein said grduping
1ncludes organlzzng the flrst and secorid groups so- that the -
comblned probablllty value of ‘the second group is

[1UEL III\\ |l||| I\ llll



greatest probability of occurrence and at | east genenﬁk " T
codeword |l ength manifests that signal condition haV|n& Wgr *ﬁﬁgﬁﬁt

probability of occurrence; a second group of differenhtjcodewords beiing
organi zed such that the conbined probability of occufriendd) #&GuB96f jalll of
the signal conditions represented by the second group }Js organi zed
statistically with said first given ord&¥-based on sai d conbi ned

probability value regardless the relative codeword | ength.of .sai.d.secdnd
group as co ared to the codemord | ength of the next adjacent codes of the
first groupgeﬁﬁa tigaBFhY smpyd ﬁEnﬁP?“nﬁﬁﬁscPﬁbFB§ﬂoH§% tBLLREY c®hdi ti ons of
sai d digiti pedusirgnat afiphiddofstha shpnalt halees repeasphtedhby tlheeword

correspondi pg,Le LP8upnBHh J50htkAEY $haRaknEoRtbbaB 1ty of

occurrence of each codeword of a certain portion of the
first group.

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 walue, according to a
first range of frequencies of occurrence of the values of
said signal, said first plurality comprising codewords of
differind lengths according to a statistical rule, vherein
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 statlstlcally lylng in the first range, the

codewords of the second group hav1ng lengths dlfferlng fzom
said statistical rule

e e
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19, The, method of Claim 18 wherein said grouping in E&gi T I he
first and second groups so that the conbi ned probabi frt-RrE
second group is -37- significantly smaller than thejconbi ned probbabjlity
of .occurrence of all of the signal val ues represented By ﬁﬂﬁﬁ%ﬁf@%‘g olip
and is higher than the probability of occurrence of dagh codeword of ta
certain portion of the first group. 206:38Fhe net hod of arm 18 whereinjisaid

groupi ng includes grouping the first group into a pluralit
representing nore |i k‘.ﬂy t'ﬁﬂlgcn?éjého r})é e&gdtifgns 2(?|.f 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 zero run length values 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 accordlng to the statistical rule with said
flrst set of codewords and a suffix of such length that the
prefix and suffix together have length out51de sald
statistical ryle.
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zero val ues and non-zero val ues 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 transm ssion over
a channel, said signal conprising a plurality of different val ues, each
val ue having a given frequency of occurrence in said signal, said nethod
conprising: grouping a first plurality-gf-codewords representing a first
plurality of signal values, each codeword representing a different val ue,
according to a first range of frequencies of occurrence of the values of
said signal, said first pIurallty conpr|5|ng codemords of dlfferlng | engt hs
according to a stM S ESTH GNALS

occur nore frequently and

ABSTRACT

A ROM (200) includes a single dictionary of variable length
codewords wherein Huffman codewords are assigned all members of
the dictionary set, including one key codeword (246, 248) being
assigned as a prefix codeword segment for a relatively large
subgroup of the set, based on the combined probability (P,) of
occurrence of the subgroup as compared to the individual
probabilities (P,, P,) of occurrences of the remaining members of
the dictionary set. The key codeword (246, 248) is an indication
of a departure from straightforward Huffman coding, to prepare
an alternative coding scheme for developing a longer codeword
which uses the key codeword as a prefix portion of that longer
codeword. A unique suffix codeword segment follows the key
codeword prefix for particularly identifying each member of the
subgroup. The combined probability (P,) of occurrence of a
member of the subgroup is higher than the probability of
occurrence of codewords (P,, P,) of shorter length, but the
individual probabilities’ are significantly lower. The subgroup
members can be assigned codeword lengths significantly shorter
than codewords that would be assigned in straightforward Huf fman
coding.

FIGURE 2
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the | onger codewords generally occur |ess frequently; AT rond
plurality of codewords representing a second pluralit ﬁﬁﬁLgbggg?n€§B§S§,
each second plurality of codeword representing a diffdrdnt val ue, cardi ng
to.a second range of frequencies of occurrence of the Iué§36ﬂG§§§é
signal, the second range of frequencH ?f occurrence hayviing a _conbi ne
frequency of occurrence statistically y4ng in the firpt range, the
codewords of the second group having | engths differingtfrom.said
statistical rule. -38- 22. The nethod of Claim 21 wherein said grouping
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of the second plurality of codewords val ues includes assigni.ng.-cedeware

nFbits to the second plurality of codewords codes thSﬂ‘\:;i?gfﬁifgﬁ
portion falls within the statistical rule and whose r ejTh-

bi.t portion falls outside said statistical rule. 23. Légnet %®ﬁ%§5916inn21
\ i

wherein the first plurality grouping step includes gro_p'n@
to occur zero run |length values and non-z al ues i ngofsajd.fiLst

plurality of codewords and said second pIurallty groupkng step i ncl udes

grouping the less likely to occur zero run |l ength val ugés a-statT st
encoder for encoqing a digitized signal for transm ssion over a channel ,
said signal conprdsing a Rurality ofxdifferent conditions, each conditi

having a differen frequeney\Pf occuﬁfence in
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said signal, said encoder conprising: first means responsiv

for generating a first set of codewords, each representing

occurring zero run |l ength values and non-zero val ues; the ¢

| engt hs according to a statistical rule such that the at |
| ess commonly occurring words are Iongest and the at |east
commonly occurring words are shortest; %%Z ond neans re

signal for generating a second set of code
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prefix and suffix together have | ength outside said statistical
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WHAT IS CLAIMED IS: ! _DATE OF RECEIPT..7H1.
1. A statistical encoder for é;;oding 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. An encoder for encoding a digitized signal into variable length

codewords for transmission over a channel, said encoder comprising:

means for assigning a first variable length codeword to a first digital value
in said signal, said first variable length codeword being selected from a first set of
codewords and having a codeword length determined substantially in accordance with
an expected frequency of occurrence of said first digital value in said signal;

means for assigning a second variable length codeword to a second digital
value in said signal, said second variable length codeword being selected from a
second set of codewords having a common codeword portion, said common
codeword portion having a codeword length determined in accordance with a
substantially cumulative expected frequency of occurrence of a plurality of digital
values in said signal and said plurality of digital values having caqrresponding
variable length codewords in said second set of codewords; and o

means for outputting said first and second assigned variable length codewords
onto said channel.

This i the replacement sheet
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8. The encoder of Claim 7 wherein
said common codeword portion is within a range of values of said
first set of codewords.

9. A method for encoding a digitized signal into variable length

codewords for transmission over a channel, said method comprising the steps of:

assigning a first variable length codeword to a first digital value in said
signal, said first variable length codeword being selected from a first set of
codewords and having a codeword length determined substantially in accordance with
an expected frequency of occurrence of said first digital valué in said signal;

assigning a second variable length codeword to a second digital value in said
signal, said second variable length codeword being selected from a second set of
codewords having a common codeword portion, said common codeword portion
having a codeword length determined in accordance with a substantially cumulative
expected frequency of occurrence of a plurality of digital values in said signal and
said plurality of digital values having corresponding variable length codewords in
said second set of codewords; and

outputting said first and second assigned variable length codewords onto said
channel.

10. A method according to claim 9 wherein, in said step of
assigning a second variable length codeword, said common codeword portion is

within a range of values of said first set of codewords.

11. A decoder for decoding a digitized signal containing variable

length codewords, said decoder comprising:
means for identifying a first variable length codeword in said signal, said first
variable length codeword being attributable to a first set of codewords and having
a codeword length determined substantially in accordance with an expected frequency

of occurrence of said first variable length codeword in said signal;
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means for identifying a second variable length codeword in said signal, said
second variable length codeword being attributable to a second set of codewords
having a common codeword portion, said common codeword having a codeword
length determined in accordance with a substantially cumulative expected frequency
of occurrence of a plurality of variable length codewords of said second set within
said signal; and

means for converting said identified first and second variable length
codewords into digital values for output.

-~

12.  The encoder of Claim 11 wherein
said common codeword portion is within a range of values of said
first set of codewords.

13. A method for decoding a digitized signal containing variable

length codewords, said method comprising the steps of:

identifying a first variable length codeword in said signal, said first variable
length codeword being attributable to a first set of codewords and having a codeword
length determined substantially in accordance with an expected frequency of
occurrence of said first variable length codeword in said signal;

identifying a second variable length codeword in said signal, said second
variable length codeword being attributable to a second set of codewords having a
common codeword portion, said common codeword portion having a codeword
length determined in accordance with a substantialljr cumulative expected frequency
of occurrence of a plurality of variable length codewords of said second set within
said signal; and

converting said identified first and second variable length codewords into

digital values for output.

-
————

14. A method according to Claim 13 wherein, in said step of
identifying a second variable length codeword, said common codeword portion is

within a range of values of said first set of codewords.
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MODIFIED STATISTICAL CODING OF DIGITAL SIGNALS

ABSTRACT

A ROM (200) includes a single dictionary of variable length
codewords wherein Huffman codewords are assigned‘all members of
the dictionary set, including one key codeword (246, 248) being
assigned as a prefix codeword segment for a relatively large
subgroup of the set, based on the combined probability'(E;) of
occurrence of the subgroup as compared to the individual
probabilities (P,, P,) of occurrences of the remaining members of
the dictionary set. The key codeword (246, 248) is an indication
of a departure from straightforward Huffman coding, to prepare
an alternative coding scheme for developing a longer codeword
which uses the key codeword as a prefix portion of that longer
codeword. A unique suffix codeword segment follows the key
codeword prefix for particularly identifying each member of the
subgroup. The combined probability (P,) of occurrence of a
member of the subgroup is higher than the probability of
occurrence of codewords (P;, P,) of shorter length, but the
individual probabilities are significantly lower. The subgroup
members can be assigned codeword lengths significantly shorter
than codewords that would be assigned in straightforward Huffman

coding.

FIGURE 2
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