S -

¥ 3 ~E 1291

United States Patent [

Nakagome et al.

(11] E
(45] Reissued Date of Patent:

Re. 32,291
Nov. 18, 1986

Patent Number:

[54] SYSTEM FOR CODING INFORMATION
CHANGE PICTURE ELEMENTS IN
FACSIMILE SIGNAL
[75] Inventors: Yukio Nakagome, Y okohama:
Hiroichi Teramura, Tokyo; Yasuhiro
Yamasaki, Machida; Yasushi
Wakahara, Tokyo, all of Japan

(73] Assignee: Kokusai Denshin Denwa Kabushiki
Kaisha, Tokyo, Japan

[21] Appl. No.: 62,984

[22] Filed: Aug. 2, 1979

Related U.S. Patent Documents

Reissue of:

[64] Patent No.: 4,040,093
Issued: Aug. 2, 1977
Appl. No.: 6.11,,269
Filed: Sep. 8, 1975

[30] Foreign Application Priority Data

Sep. 9, 1974 [JP]  Japan ... 49-103004

[51] Imt. CL4 HO4N 1/415; HO4N 1/417

[52] US. CL ocoreienien, 358/261; 375/122

[58] Field of Search .........cccooeiieininine, 358/261, 260;

340/347 DD; 364/518; 375/122

[56] References Cited

U.S. PATENT DOCUMENTS
3813485 5/1974 ATDPS woovrroirererimnssreereesensenns 358/261
3.825.832 7/1974 Frer .o 358/135
3.830.965 R/1974 Beaudette .......ooooriiiieiiinnies, 3587261
3,927,251 12/1975 White ..o 358/261
3,.937.871 271976 Robinson ... 358,260
1950.609 471976 Tanaka .....cocovreeeevecennenn. 338/260
;}

LEEEEERN
T T T TR

3,956,580 5/1976 Murayvama

OTHER PUBLICATIONS

An article by H. E. White, M. D. Lippman. and K. H.
Powers entitled. “"Dictionary Look-Up Encoding of
Graphic Data", p. 267, of the book, Picture Bandwidth
Compression™, edited by T. S. Huang and O. J. Treuak,
Gordon and Breach Science Publishers, New York
1972.

An article by 1. Gorog, P. M. Heyman, H. K. Kim and
M. D. Lippman, entitled, “An Experimental Low-Cost
Graphic Information Distribution System Terminal”,
published on p. 14 of the 1971 Society for Information
Display (SID), International Symposium Digest of
Technical Papers, vol. 2, p. 14, (May 4th, 5th and 6th,
1971).

Primary Examiner—Howard Britton
Attorney, Agent, or Firm—Robert E. Burns; Emmanuel
J. Lobato: Bruce L. Adams

(57] ABSTRACT

A system for coding information change picture ele-
ments in a facsimile signal, which is employed for cod-
ing the address of each information change picture
element assuming information different from that of an
immediately preceding picture element on each scan-
ning line. A distance between the information change
picture element and a final reference information
change picture element selected from the information
change picture elements of an immediately preceding
scanning line and, if necessary, said scanning line 1S
encoded in a manner to minimize the number of bits of

each code word.

6 Claims, 17 Drawing Figures
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SYSTEM FOR CODING INFORMATION CHANGE
PICTURE ELEMENTS IN FACSIMILE SIGNAL

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

by reissue.

FIELD OF THE INVENTION

This invention relates to a coding system employed
for efficient transmission or storage of a facsimile signal.

BRIEF DESCRIPTION OF THE PRIOR ART

Conventional coding method of the type are (1) a
runlength coding method, in which signals of every
scanning line are converted into a time-serial signal and
then run lengths of successive white picture elements
and of successive black picture elements are encoded in
sequence and transmitted, and (2) a system, in which
signals of a plurality of scanning lines are subjected to
batch processing and then encoded and transmitted. In
the method (1), however, the address of a picture ele-
ment whose information has changed from white to
black or vice versa (which picture element will herein-
after be referred to as the information change picture
element) with respect to the state of an immediately
preceding picture element, Is encoded by the use of a
distance between this picture element and an immedi-
ately preceding information change picture element on
the same scanning line, but this system (1) does not ever
utilize such property that a picture signal has close
correlation in a vertical direction, and hence is not suffi-
cient in its band compression effect. The method (2) 1s
more excellent in the band compression effect than the
abovesaid method (1) but is defective in that it generally
requires a large memory capacity and s inevitably com-
plicated in construction.

BRIEF SUMMARY OF THE INVENTION

An object of this invention [if] #s to provide a sys-
tem for encoding the address of an information change
picture element of a facsimile signal which removes
redundancy of the facsimile signal with a relatively
small memory capacity and a simple device to enable
marked reduction of a required transmission band with
respect to the bandtime integral.

This invention is based of the following principles.
Namely, in order to encode the address of an informa-
tion change picture element of a facsimile signal, an
information change picture element, which is consid-
ered to have the closest correlation to the information
change picture element to be encoded (also including
picture elements at both ends of the scanning line), 1s
selected from the information change picture elements
of the scanning line including the information change
picture element to be encoded (which scanning line will
hereinafter be referred to as the encoding scanning line)
and a scanning line immediately preceding the above-

said scanning line (which scanning line will hereinafter 60

be referred to as the reference scanning line), so that a
distance between the information change picture ele-
ment to be encoded and the selected information
change picture element is encoded.

BRIEF DESCRIPTION OF THE DRAWINGS

The principle, objects and operation of this invention
will be clearly understood from the following detailed
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description taken in conjunction with the accompany-
ing drawings, in which:

FIG. 1 is a diagram explanatory of the encoding
principle of this invention;

FIG. 2 is a diagram illustrating an example of a prede-
termined information pattern on a reference scannng
line;

FIG. 3A is a block diagram illustrating an embodi-
ment of this invention;

FIGS. 3B and 3C are block diagrams each illustrating
a modification of the embodiment shown in FIG. 3A;

FIG. 4 is a block diagram illustrating an example of a
circuit employed for reverse conversion of a coded
signal produced in accordance with this invention;

FIG. 5 is a diagram explanatory of other encoding
principle of this invention;

FIGS. 6A and 6B are block diagrams each illustrating
an example of a comparator employed in this invention;

FIGS. 7A and 7B are block diagrams each illustrating
an example of a combination of a run length memory
and a selector employed in this invention;

FIG. 8 is a block diagram illustrating an example of a
coder employed in this invention;

FIG. 9 is a block diagram illustrating an example of a
decision circuit employed in this invention;

FIG. 10 is a block diagram illustrating an example of
a decoder employed in a circuit for reverse COnVersion
of a coded signal of this invention;

FIG. 11 is a block diagram illustrating an example of
a reference information memory employed in a circuit
for reverse conversion of a coded signal of this tnven-
tion;

FIG. 12 is a block diagram illustrating an example of
a restoring circuit employed in a circuit for reverse
conversion of a coded signal of this invention; and

FIG. 13 is a block diagram illustrating an example of
an error detector employed in a circuit for reverse con-
version of a coded signal of this invention.

DETAILED DESCRIPTION OF THE
INVENTION

With reference to FIG. 1, an example of coding ac-
cording to this invention will first be described.
Hatched picture elements represent black ones and
non-hatched picture elements represent white ones.
Since those picture elements which have information
different from that of picture elements immediately
preceding them are referred as information change pic-
ture elements as mentioned above, picture elements Q,
P,. P> and P; are information change picture elements.
Now:. let it be assumed that the address of the picture
element Q is to be encoded. With the system of thits
invention. the address of the information change picture
element Q is encoded by the use of any one of a distance
di of the abovesaid information change picture element
Q from the immediately preceding information change
picture element Py of the scanning line (the encoding
scanning line) including the former Q and by the use of
distances ds and d3 of the abovesaid information change
picture element to be encoded from the two successive
information change picture elements P, P3of the imme-
diately preceding scanning line (the reference scanning
line) which are positioned at the right side of the infor-
mation change picture element P; with respect to a
column including the element Py in FIG. 1. The infor-
mation change picture elements Py, P2 and P3 will be
referred to as the reference information change picture
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clements. The determination of which one of the dis-
tances dy. d> and da is used, that is, which one of the
reference information picture elements P|, P> and P: is
selected as a final reference. is carried out in the follow-
mg manner. Namely, in a case where the value of the
distance do between the information change picture
elements P; and P> is smaller than a predetermined
number L, the information change picture element P15
disregarded and either one of the information change
picture elements Py and P1 which is nearer to the infor-
mation change picture element Q than the other is se-
lected. If the value of the distance dj is larger than the
abovesaid number L, the information change picture
element P;is disregarded and either one of the informa-
tion change picture elements P; and P> which is nearer

to the information change picture element Q than the

other is selected. The information change picture ele-
ment thus selected will be referred to as the final refer-
ence information change picture element. Table |
shows such selection principle of the standard informa-
tion change picture element.

TABLE 1
e e e

Final Reference nformation

Condition change picture element
do=L |d(] < id3] P,
do > L [dy} < [di] P
= [d)|

||
|dy] = }d
e e

For example, if L =3, since the distance dg between the
iInformation change picture elements P| and P, is 2"
and since the information change picture element P;1s
nearer to the information change picture element Q
than the other in the present example, the final reference
iInformation change picture element is P; and, as the
address of the information change picture element Q,
the distance between it and the final reference informa-
tion change picture element P;, that is, — 1, is encoded
as follows:

(10110)

In the above example of coding, the first two bits indi-
cate which one of the information change picture ele-
ments P, P; and P; is selected as the final information
change picture element (for example, in a case of the
picture element Py, [00]; in a case of the picture element
P, [01); and in a case of the picture element P;, [10]). A
next one bit indicates whether the information change
picture element Q is positioned at the right hand or the
left hand of the picture element P; of P1in a case where
the picture element P> or Pais selected as the final refer-
ence information change picture element (for example,
the left side is indicated by [1] and the right side is indi-
cated by [0]). The other remaining bits indicate the
absolute value of the distance between the information
change picture element to be encoded and the final
reference information change picture element. For this
coding, use is made of known variable-length coding as
shown in Table 1.

In a case where an error is made in the information
encoded by the system of this invention in the transmis-
sion line, for example, if an error is produced in a code
word indicative of the address of the information
change picture element Q shown in FIG. 1 so as to
displace the above picture element Q by an amount
corresponding to R’s picture elements, and if the infor-
mation change picture element Q in which the error has
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4

been made is selected as the final reference information
change picture element in the coding of an information
change picture element on the next scanning line, this
new information change picture element is also dis-
placed by the R's picture elements. In other words, If an
error 1s produced in the transmission line. the error is
propagated so long as the erroneous information chan ge
picture element is selected as the final reference infor-
mation change picture element. To avoid the propaga-
tion of such an error, information of the reference scan-
ning line used for coding is set in such a predetermined
setting reference scanning line information pattern as
shown in FIG. 2 at intervals of a predetermined number
N of scanning lines. By setting the reference scanning
line information in the predetermined pattern for N’s
scanning lines, the propagation of error is suppressed
with N’s scanning lines at the maximum.

Further, in order to detect an error in the transmis-
sion line, error detecting bits are added to the informa-
tion of every scanning line. The additional bits are in-
dicative of the number of, for example, “1”, included in
the encoded scanning line information and, in a case of
an overflow, it indicates only the digits of lower order.

The error detecting bits need not always be added to
the information of each scanning line but may also be
added to every N's scanning lines, to which the infor-
mation of the reference scanning line is set in the prede-
termined pattern, as previously described.

With reference to FIG. 3A, one example of this in-
vention will now be described. Reference numeral 1
indicates an input terminal for a scanned facsimile sig-
nal; 2 designates a 1-bit delay circuit: 3 identifies a coin-
cidence circuit for generating an output pulse when its
two inputs coincide with each other: § a counter which
counts output pulses of the coincidence circuit 3 and is
restored to zero by an output pulse from a NOT circuit
4. 6 shows a gate which sends out the output from the
counter ctrcutt 3 in response to the output pulse from
the NOT circuit 4; and 7 refers to a register which is
composed, for example, of flip-flop circuits and stores
therein the output state of the counter 5. that 1s, the
distance (corresponding to d; in FIG. 1) between the
information change picture element to be encoded (cor-
responding to Q in FIG. 1) and the information change
picture element immediately preceding it (correspond-
ing to Py in FIG. 1). Reference numeral 8 indicates a
run-length storage unit which stores the run-lengths of
the information change picture elements of the present
coding scanning line and the preceding scanning line
(the reference scanning line) relative to the information
change picture elements immediately preceding them.
Reference numeral 9 designates a selection circuit,
which is formed with a simple logic circuit such, for
example, as a subtract circuit, and which selects the
reference information change picture elements P, and
P3 for the information change picture element Q from
the run-length storage unit 8 and calculates and sends
out the distances d; and d3 between the reference infor-
mation change picture elements P; and P; and the infor-
mation change picture element Q. Reference numerals
10 and 11 denotes registers which are similar to the
register 7 and store the values of the distances d; and d»
calculated by the selection circuit 9, respectively. Ref-
erence numerals 12 and 13 identify comparators which
respectively compare the absolute values of the con-
tents of the registers 10 and 7, 11 and 7 with each other
to decide which one of them is smaller than the other so
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as to dertve therefrom the decided results and the
smaller values. Reference numeral 14 represents an
encoder for selectively rendering the output of the com-
parator 12 or 13 into a subtractor 15 for subtracting the
contents of the register 11 from those of the register 7:
16 refers to a comparator for comparing the output
from the subtractor circuit 15 with a predetermined
value L to apply the result of the comparison operation
to the encoder 14; 17 indicates a memory for storing
therein the result encoded by the encoder 14: 18 desig-
nates a counter for counting the number of picture ele-
ments of a scanned facsimile signal; 19 identifies a deci-
sion circuit for deciding termination of each scanning
line by the use of the output state of the counter 18; 20
denotes a counter for counting the number of scanning
lines; 21 represents a decision circuit for finding out by
the use of the output from the counter circuit 20 the
scanning line to which the reference scanning line infor-
mation is set in the predetermined pattern (depicted in
FIG. 2); 22 shows a counter for counting the number of
"1™ n the information encoded by the encoder 14, 23
refers to a send-out circuit for sending out at a constant
speed the information stored in the memory 17; and 24
Indicates an output terminal. In FIG. 3, double lines
represent parallel transmission and single lines represent
serial transmission.

The operation of the example shown in FIG. 3A will
be described with reference to the example of the fac-
simile signal shown in FIG. 1. Assume that encoding of
the information change picture element P; has now
been completed and that the next information change
picture element Q is to be encoded. The scanned facsim-
tle signal is applied to the input terminal 1 and, since the
same signal (white) continues from the picture element
Py to that immediately preceding the picture element Q
in FIG. 1, the output of the delay circuit 2 and that of
the input terminal 1 are coincident with each other so
that the coincidence circuit 3 generates output pulses.
The pulses are counted by the counter 5 but, when the
scanned facsimile signal becomes Q, the input signal
state changes from white to black, so that the output of
the delay circuit 2 and the input signal from the Input
termnal 1 differ from each other so that no output pulse
s derived from the coincidence circuit 3. At this time,
the NOT circuit 4 develops a pulse at its output to open
the gate 6, through which the contents of the counter 5,
that is, the distance dj(=9) between the information
change picture elements P; and Q, is applied to the
register 7 and the run-length storage unit 8 and, thereaf-
ter, the contents of the counter circuit § are cleared to
zero by the output of the circuit 4. From the contents of
the run-length storage unit 8 is derived by the selection
circutt 9 the run-length information corresponding to
the information change picture elements shown in FIG.
1 and the distances d2(=7) and d3(= — 1) between them
and the information change picture element Q are cal-
culated and applied to the registers 11 and 10, respec-
tively. As a result of these operations, the values of the
distances dj, d; and d3 are stored in the registers 7, 11
and 10, respectively. Then, the absolute values of the
contents (d3) and (d;) of the registers 10 and 7 and the
absolute values of the contents (d;) and (d1) of the regis-
ters 11 and 7 are compared with each other in the com-
parators 12 and 13, respectively so that the decided
information and the smaller absolute values are applied
to the encoder 14. In the example shown in FIG. 1.
di=9, d2=7 and d3=—1, so that the comparators 12
and 13 apply to the encoder 14 the information indica-
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6
tive of the information change picture element P- and
the value —1 of the distance d: and the information

indicative of the information change picture element P
and the value 7 of the distance d> as decided informa-
tion, respectively. On the other hand, in the subtractor
15. the contents (d2) of the register 11 are subtracied
from the contents (d;) of the register 7 while, in the
comparator 16, the result of the calculation
do{d>—d}=2) and the predetermined number [ are
compared with each other. The results of these com par-
Ison operations are applied to the encoder 14. The en-
coder 14 receives the information from the comparators
12, 13 and 16 and renders the address of the information
change picture element Q into a variable length code
word in accordance with the encoding principle shown
in Table 1 and applies the code word to the memory 17
and the counter 22. The counter 22 counts the number
of “1” included in the encoded code word and. upon
termination of each scanning line, applies the counted
value to the memory 17 in response to a signal from the
decision circuit 19 described later and is cleared to zero.
On the other hand, the number of picture elements of
the facsimile signal applied through the input terminal 1
Is counted by the counter 18 and, in the decision circuit
19, it is decided that the facsimile signal has reached the
end of each scanning line. At this time, in the counter
20, the number of encoded scanning lines is counted and
when this number has reached the predetermined num-
ber N, this state is detected by the decision circuit 21 so
that the contents of the counter 20 are cleared to zero
and, at the same time, the information of the reference
scanning line in the run-length storage unit 8 is set to the
predetermined pattern as shown in FIG. 2. The send-
out circuit 23 applies the contents of the memory 17 to
the output terminal 24 at a constant speed.

With reference to FIG. 3B, a modification of the
embodiment shown in FIG. 3A will now be described.
In FIG. 3B, the subtractor 15 and the comparator 16 are
eliminated from the embodiment shown in FIG. 3A.
while circuits 10000, 10001 and 10002 are added. A
T-tlip flip circuit 10000 is reset to the state 0 by the
output of the decision circuit 19 and set by the output of
the NOT circuit 4. A T-flip flop circuit 10001 is reset to
the state by the output of the decision circuit 19 and set
by the output from a terminal 911 described below with
reference to FIG. 7B. An AND circuit 10002 produces
an AND output for the outputs of the flip flop circuit
10000 and 10001 to apply the AND output to the en-
coder 14.

The operation of this example will be briefly de-
scribed for only those parts different from the example
shown in FIG. 3A. In this case, it is assumed that a first
picture element is forcibly coded as a “white” picture
element. In operation, the flip flop circuit 10000 is reset
by the output of the decision circuit 19, so that this flip
flop circuit 10000 assumes the state “0” at the start of
each scanning line. Moreover, the state of the flip flop
circuit 10000 is reversed at the termination of a run of
the register 7 to be coded since the input of the flip flop
circuit 10000 is the output of the NOT circuit 4, so that
the state of the flip flop circuit 10000 assumes the states
“1” and “0” in accordance with the even order number
of the run (black) or the odd order number of the run
(white) of the contents of the register 7, respectively.
On the other hand, the flip flop circuit 10001 is reset to
the state 0™ at the start of each scanning line and re-
ceives an input pulse at the termination of each run on
the reference scanning line as described below. Accord-
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ingly. the flip flop circuit 10001 assumes the states 1T
and 0" in accordance with the even order number of
the run (black) or the odd order number of the run
(white) of the contents of the register 10. Accordingly,
the output of the AND circuit 10002 assumes the state
1" when the runs in the registers 7 and 10 are both
black or both white but the state "0 when one and the
other of the runs in the registers 7 and 10 are black and
white respectively. In a case where the output of the
AND circuit 10002 assumes the state 17, the contents
of the register 11 are abandoned at the encoder 14. If the
output of the AND circuit 10002 assumes the state *“Q7,
the contents ds: of the register 10 are abandoned at the
encoder 14.

In order to prevent propagation of error, other sys-
tems may be adopted. Namely, a predetermined number
(e.g. 4, 8, etc.) of scanning lines are processed by a
known run length coding system with no use of a pre-
ceding scanning line as a reference, while other scan-
ning lines are processed in accordance with the above
mentioned coding principle. An embodiment of this
invention shown in FIG. 3C applied for this purpose
comprises an input terminal 5000 of a facsimile signal,
gates 5001 and 5002, the coding circuit 5003 shown 1n
FIG. 3A, a known run length coding circuit 53004, gates
5005 and 5006, a NOT circuit 5007, and OR circuit
5008, a memory 5009, a counter 5010 for counting the
number of input pulses of the input terminal 5000, a
register 5011 for storing the number of picture elements
on one scanning line, a coincidence circuit 5012 for
generating a pulse when two inputs thereof coincide
with each other, a counter 5013 for counting the num-
ber of pulses generated from the coincidence circuit
5012, a register 5014 for storing a predetermined num-
ber such as four or eight etc., a coincidence circuit 50153,
and an output terminal 5016.

[n operation, the number of bits applied through the
input terminal 5000 is counted at the counter S3010.
Since the number of picture elements included in the
scanning line is stored in the register 5011, the coinci-
dence circuit 5012 generates a pulse at the termination
of one scanning line. The output pulse of the coinci-
dence circuit 5012 resets the counter 5010 to zero. Ac-
cordingly, the coincidence circuit 5012 generates a
pulse at the termination of each scanning line. The out-
put pulses of the coincidence circuit 5012 are counted
by the counter 5013 to indicate the number of scanning
lines. If the register 5014 stores number “4”, the coinci-
dence circuit 5015 generates a pulse for each fourth
scanning line. Accordingly, at the 1st, 2nd, 3rd, 5th, 6th,
7th. 9th. 10th, 11th, 13th, . . . scanning lines, the state of
the output of the coincidence circuit 5015 assumes the
state “*0" so that the angles 5001 and 5005 are opened
while the gates 5002 and 5006 are closed. At the 4th,
8th, 12th, . . . scanning lines, the coincidence circuit
5015 assumes the output state *1” so that the gates 5002
and 5006 are opened while the gates 5001 and 5005 are
closed. As a result of the above operation, the nput
signal of the input terminal 5000 is applied to the run
length coding circuit 5004 for every four scanning lines,
while the remainder of the input signal is applied to the
coding circuit 5003 (FIG. 3A).

Next, a description will be given of reverse conver-
sion of the encoding achieved as described above. FIG.
4 is a block diagram showing an example of the reverse
conversion. In FIG. 4, reference numeral 25 indicates
an input terminal for the encoded facsimile signal; 26
designates an input information memory for temporar-
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ily storing the input signal; 27 denotes a decoder for
decoding the variable length code word by deciding the
final reference information change picture element from
the signal read out from the memory; 28 identifies a
reference information memory for storing the absolute
address of the past information change picture element
(the number of picture elements counted from the left-
hand end of the scanning line); 29, 30 and 31 represent
registers for storing the absolute addresses of the refer-
ence information change picture elements (correspond-
ing to Py, P2 and P3;1n FIG. 1, respectively) employed
for encoding; 32, 33 and 34 denote gates which permit
the passage therethrough of only the information of that
final reference information change picture element of
the three reference information change picture elements
which has been decided by the decoder 27; 35 shows a
restoring circuit for restoring the facsimile signal by
calculating the absolute address of the encoded infor-
mation change picture element by the use of the abso-
lute address information of the final reference informa-
tion change picture element and the distance mnforma-
tion decoded by the decoder 27; 36 refers to an output
information memory for storing the facsimile signal
obtained in the restoring circuit 25; 37 indicates an error
detector for detecting an error in the input information
by the use of the error detecting bits added to the infor-
mation of each scanning line; 38 designates a counter for
counting the number of the scanning lines of the re-
stored facsimile signal; 39 denotes a decision circuit for
deciding by the use of the contents of the counter 38 the
scanning line to which the reference scanning line infor-
mation is set in the predetermined pattern (for example,
the pattern shown in FIG. 2); and 40 identifies an output
terminal for the facsimile signal.

The circuit of FIG. 4 performs the following opera-
tion. The received facsimile signal is temporarily stored
in the input information memory 26 through the 1nput
terminal 28. In the information thus stored, the informa-
tion concerning the relative addresses of the informa-
tion change picture elements is applied to the decoder
27 and decoded thereby. In the information thus de-
coded, one predetermined bit is applied from the input
information memory 26 to the decoder 27 and the cir-
cuit 27. decodes it to obtain information indicative of
whether one or more bit is required or not, and applies
this information to the unit 26 and receives necessary
information from the memory 26, thus completing de-
coding. Thereafter, the above operations are repeated.
The information, on which one of the reference infor-
mation change picture elernents P, P> and P3;shown In
F1G. 1 has been selected as the final reference informa-
tion change picture element, is applied to any one of the
gates 32, 33 and 34 in accordance with the content of
the information. The information of the distance rela-
tive to the final reference information change picture
element is applied to the restoring circuit 35. In the
example shown in FIG. 1, since the final reference in-
formation change picture element in P3, the output
pulse is applied only to the gate 34 while no output
pulse is applied to the gates 32 and 33. On the other
hand, the reference information memory 28 has stored
therein the absolute addresses of past information
change picture elements, from which the absolute ad-
dress information of each of three reference information
change picture elements (P, Pz and P31n F1G. 1) neces-
sary for restoration is picked up and then stored in each
of the registers 29, 30 and 31. In the absolute address
information of these three reference information change
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picture elements, only the information of the final refer-
ence information change picture element 1s applied to
the restoring circuit 35 through the gate 32, 33 or 34. In
the example shown in FIG. 1, since the picture element
P: 1s the final reference information change picture
element, only the gate 34 is opened, through which the
absolute address information of the final reference infor-
mation change picture element P; stored in the registor
31 1s applied to the restoring circuit 35. In the restoring
circult 35, the encoded absolute address of the informa-
tion change picture element is restored by the use of the
absolute address information of the final reference infor-
mation change picture element and the information of
the distance from the final reference information change
picture element obtained by the decoder circuit 37. The
restored output 1s applied to the reference information
memory 28, the output information memory 36 and the
error detector 37. In accordance with the restored out-
put, the reference information memory 28 determines
the absolute address of the next reference information
change picture element and then applies the determined
absolute address to the registers 29, 30 and 31. The
output information memory 36 stores therein the fac-
simile signal restored by the absolute address informa-
tion of each information change picture element in the
restoring circuit 35 and applies the restored signal to the
output terminal at an appropriate speed. The error de-
tector 37 detects the termination of each scanning line in
accordance with the absolute address information of the
information change picture elements supplied from the
restoring circuit 35 and picks up from the input informa-
tion memory 26 the error detecting bits added to the
information of each scanning line to check them. If an
error 1s detected, information indicative of the presence
of the error is applied to the output information mem-
ory 36 and, in the output information memory 36 re-
cerving the information, the information of the scanning
line including the error is entirely rewritten into white.
Further, the number of scanning lines of the restored
facsimile signal is counted by the counter 38 and when
the number of the scanning lines has reached the prede-
termined number N, the decision circuit 39 operates to
clear the contents of the counter 38 to zero and apply
information to the reference information memory 28, so
as to set the information of the reference scanning line
to the predetermined pattern.

The examples of FIGS. 3 and 4 are those based on the
example of encoding shown in FIG. 1 and Table 1. In
these examples, one reference scanning line is used and
three picture elements Py, P> and P: are used as the
reference information change picture elements. How-
ever, 1t 1s also possible to increase the number of the
reference scanning lines and increase or decrease the
number of the reference information change picture
elements.

In the foregoing, in accordance with the distance
between picture elements, the presence or absence of
correlation between them is determined and the infor-
mation change picture element having closer correla-
tion to the information change picture element to be
encoded is selected. However, it is also possible to de-
termine the presence or absence of correlation between
the information change picture elements by taking the
direction of an information change into consideration.
Namely, in the example shown in FIG. 1, the direction
of the information change of the picture element Q is
from white to black and, in the information change
picture elements P, and P3, the picture element P; has
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the same direction of the information change as the
picture element Q, so that the information change pic-
ture element QQ 1s encoded on the base of nearer one to
the element Q of the information change picture ele-
ments Pi and P;. However, if a distance P Q is equal to
a distance P Q. the element P; so employed as a refer-
ence.

Further, in the above system, predictive coding of the
address of the information change picture element is
also possible by the use of the information of a scanning
line preceding, by more than two scanning lines, the
mformation change picture elements to be encoded.
FIG. § and Table 2 show an example of the predictive
coding. Namely, in the present example, in order to
encode the address of the information change picture
element Q, the final reference information change pic-
ture element Pj is selected by the principle described
above so that then the distance d; between the informa-
tion change picture elements Q and P; is predicted by
the use of the coding information of the information
change picture element P3, that is, the information
change picture element Py and the distance dj, of final
reference information change picture element Pj, rela-
tive to the abovesaid one Ps3. In the example of the
prediction shown in Table 2, only when the value of the
distance d3g is O 1, prediction is carried out and when
a predicted value d; of the distance dj is equal to the
value of the distance di, and when the value of the
distance djz is 011, the prediction is not achieved but
the sign and the absolute value of the distance d; are
encoded. In the event that the predicted value coincides
with a practical, value, the abovesaid distance is en-
coded with one bit ‘0" and when they do not coincide
with each other, the difference between dy and d , that
is, the sign and the absolute value of d3—dj are encoded

after a flag ““1" indicative of disagreement of the pre-
dicted value with the practical value.
TABLE 2
s, Predicted value of di:dz
0 0
+ 1 + 1
— 1 — |
Others No prediction is made. d3 is
encoded as 1t 1s.
Prediction 0
right
Prediction indicative of the absolute value
! + {sign} + {variable of the distance}
length code
wrong
No prediction {sign} + {variable length code
made indicative of the absolute value

of the distance}

These methods can be practised with substantially the
same circuits as those of the examples of FIGS. 3 and 4.

In the following, examples of circuits employed in the
embodiments shown in FIGS. 3 and 4 will now be de-
scribed.

With reference to FIG. 6A, an example of the com-
parators 12 and 13 comprises an input terminal 1200
from the register 10 or 11, an input terminal 1201 from
the register 7, a substractor 1202 for subtracting the
contents through the terminal 1201 from the contents
through the terminal 1200, gates 1203 and 1204, a NOT
circuit 1205, an OR circuit 1206, an output terminal
1207 from the OR circuit 1206, and an output terminal
1208 from the subtractor 1202. In operation, the sub-
tractor 1202 subtracts the absolute value of the contents
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through the input terminal 1201 from the absolute value
of the contents through the input terminal 1200, so that
an output is generated at the output terminal 1208 if the
subtracted result assumes zero or a negative value. In
this case. the gate 1203 is opened to pass the contents
from the mput terminal 1200 to the OR circuit 1206.
while the gate circuit 1204 is opened to pass the con-
tents from the input terminal 1201 when the subtractor
1202 does not generate its output in response to the
positive value of the substracted result. Accordingly,
either the contents from the input terminals 1200 and
1201 having a smaller absolute value is obtained at the
output terminal 1207,

With reference to FIG. 6B, and example of the com-
parator 16 comprises an input terminal 1600 from the
subtractor 15, a register 1601 for storing a predeter-
mined number L, a substractor 1602 for subtracting the
contents of the register 1601 from the contents from the
input terminal 1600, and an output terminal 1603 for
supplying the substracted result to the encoder 14. In
operation, the contents (dg in FIG. 1) from the nput
terminal 1600 is subtracted at the subtractor 1602 by the
predetermined number L, so that an output pulse 1s
generated at the output terminal 1603 when the sub-
tracted result assumes zero or a negative value.

With reference to FIG. 7A, an example of a cascade
connection of the run-length storage unit 8 and the
selection circuit 9 comprises an input terminal 800 for
receiving run information from the gate 6, an input
terminal 801 for receiving the output from the decision
circuit 19, a memory 802 for successively storing the
respective lengths of the respective scanning lines, a
read-write circuit 803 for the memory 802, a memory
804 for successively storing the respective lengths of
scanning lines to be coded, a read-write circuit 803 for
the memory 804, a gate 806 for transferring the contents
of the memory 804 to the memory 802 at the completion
of coding the respective run length information in the
memory 804, and an input terminal 807 for receiving the
output of the decision circuit 21. Moreover, a register
900 stores the absolute address (the number of picture
elements from the left end of each scanning line) of an
information change picture element (P in FIG. 1) im-
mediately preceding an information change picture
element (Q in FIG. 1) to be coded. An adder 901 adds
the contents of the register 900 to the contents from the
input terminal 800 to obtain the absolute address of the
information change picture element (Q in FIG. 1) to be
coded. A register 902 temporarily stores the absolute
address of the information change picture element to be
coded which is applied from the adder 901. A register
903 stores the absolute address of the reference informa-
tion change picture eiement (P2 in F1G. 1) of the refer-
ence scanning line. An adder 904 addes the contents of
the register 903 to the run-length of the memory 802 to
obtain the absolute address of a next information change
picture element (P3 in FIG. 1) immediately succeeding
the information change picture element (P2in FIG. 1) in
the register 903. A register 905 stores the output of the
adder 904. Subtractor 906, 907 and 908 subtract the
contents of the registers 900, 902 and 902 from the con-
tents of the registers 903, 903 and 905, respectively.
Qutput terminals 909 and 910 are respectively con-
nected to the registers 11 and 10.

In operation, the run-length information of the scan- 65

ning line to be coded is applied from the input terminal
800 and stored in the memory 802. When scanning of
the scanning line to be coded is completed, the gate 806
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is opened in response to the cutput pulse of the decision
circuit 19 through the input terminal 801, so that the
run-length information stored in the memory 804 is
written in the memory 802 so as to become the run-
information of the reference scanning line at the coding
of the next scanming line. The register 900 is reset to
zero in response to the output pulse from the input
terminal 801 for the completion of each scanning line.
The contents of the register 900 1s added to the run-
length from the input terminal 800 at the adder 901 to
store the added result to the register 902. The contents
of the register 902 are transferred to the register 900, so
that the absolute address of an information change pic-
ture element P; immediately preceding the information
change picture element Q from the terminal 800 1s
stored in the register 900 while the absolute address of
the information change picture element Q 1s stored in
the register 902. On the other hand, similar operations
are repeated at the register 903, the adder 904, and the
register 905 so that the absolute address of an informa-
tion change picture element of the reference scanning
line and the absolute address of a next information
change picture element are stored in the registers 903
and 905, respectively. In this case, the subtractor 906
generates an output when the subtracted result of the
contents (the absolute address of Py) of the register 900
from the register 903 assumes a negative value, so that
next run-length information is read out from the mem-
ory 802 and applied to the adder 904. The above opera-
tions are repeated as long as the output pulse is obtained
from the subtractor 906. The above operation are termi-
nated when the contents of the register 903 exceed the
contents of the register 900, so that the respective abso-
lute addresses of the reference information change pic-
ture elements P> and P3are finally stored in the registers
903 and 905, respectively. When the respective absolute
addresses of the information change picture elements
P, Q, P, and Py are stored in the registers 900, 902, 903
and 908, the absolute addresses of the picture element Q
is subtracted from the absolute addresses of the picture
elements P2 and P; at the subtractors 907 and 908 to
obtain the distances d; and di in FIG. 1 and then to
apply them to the output terminals 909 and 910, respec-
tively. In this case, if a pulse is obtained at the input
terminal 807, the contents of the memory 802 are set to
predetermined contents while the reference scanning
line information is set to a predetermuned pattern to
perform the above coding.

The circuits 8 and 9 shown in FIG. [7A] 34 are
modified as shown in FIG. 7B to be employed in the
modified embodiment shown in FIG. 3B. In this modi-
fied circuit, an output terminal 911 i1s added and con-
nected from the output of the subtractor 906 to the
input of the flip flop circuit 10001. The output puise of
the subtractor 906 is employed as described above to
read out the run information on the reference scanning
line from the memory 802. In other words, an output
pulse is applied to the flip flop circuit 10001 at each
renewal instant of the run information of the registor
905.

With reference to FIG. 8, an example of the encoder
14 comprises input terminals 1400 and 1401 for receiv-
ing the outputs of the comparator 12, input terminals
1402 and 1403 for receiving the outputs of the compara-
tor 13, an input terminal 1404 for receiving the output of
the comparator 16, a NOT circuit 1408, gates 1406 and
1407, and an OR circuit 1408. Moreover, a counter 1409
is set to the output contents of the OR circuit 1408 and
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generates an output pulse when the contents thereof
become zero. The output pulse of the counter 1409 is
applied to a NOT circuit 1410, which generates output
pulses 1in case of no pulse from the counter 1409, to
reduce by one the contents of the counter 1409. The s
example further comprises a gate 1411, a pulse genera-
tor 1412 for generating one pulse in response to the state
“17 of its input from the counter 1409, an OR circuit
1413, a NOT circuit 1414, AND circuits 1415 and 1416,
a register 1417 for storing the outputs of the AND cir-
cuits 1415 and 1416, the OR circuit 1408 and the gate
1411, and an output terminal 1418.

In operation, a pulse is obtained at the input terminal
1404 as described with reference to F1G. 6B when the
distance do between the information change picture |4
elements Py and P is less than the predetermined num-
ber L, so that the gate 1406 is opened to apply the con-
tents from the input terminal 1401 to the OR circuit
1408. In this case, the contents from the input terminal
1401 the indicate smaller one of the absolute values of 10
the distances d; and dj shown in FIG. 1. However, in a
case where the distance dpis larger than the number L,
the gate 1407 is opened since no pulse is applied to the
input terminal 1404, so that the contents from the input
terminal 1403 indicative of the smaller one of the abso-
lute values of the distances d; and d; are applied to the
OR circuit 1408. The sign bit of the input contents of
the OR circuit 1408 s applied to the register 1417, while
the absolute value of the input contents of the OR cir-
cuit 1408 s applied to the counter 1409 to set the count-
ing state thereof to the absolute value. The circuits
1409, 1410, 1411, 1412 and 1413 provide variable length
code words shown in Table 3.

TABLE 3

10

25

3G

Length Variable length code words 35
0 ¢
I 10
2 110
3 t110
4

11110
. 40

n it .. . 110

The number of “1” of the variable length code words
corresponds to the number indicative of the length. If 45
zero is set to the counter 1409, a pulse is applied to the
NOT circuit 1410 while the pulse generator 1412 gener-
ates one pulse. Since the gate 1411 is opened as a result
of this operation, the output state “0” of the NOT cir-
cuit 1410 1s applied to the register 1417 through the gate
1411. If one of other values other than zero is set to the
counter 1409, these circuits operate as follows. The
counter 1409 generates its output pulse only when the
counting state therof becomes zero. The counting state
of the counter 1409 is reduced by one in response to the
output pulse of the NOT circuit 1410 when the counting
state of the counter 1409 is not zero. As a result of this
operation, a number of pulses corresponding to the
value, which is set to the counter 1409, are obtained at
the output of the NOT circuit 1410. In this case, since
the gate 1411 is opened in response to the output pulses
of the NOT circuit 1410 or the one pulse from the pulse
generator 1412 when the counting state of the counter
1409 becomes zero, a pulse of state “0” and at least one
pulse of state “1” corresponding to the set number in the
counter 1409. As mentioned above, the variable length
code words shown in Table 3 are obtained. The circuits
1414, 1415 and 1416 select a desired one of the distances
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di, d2 and d3 to apply the desired one to the register
1417 under conditions: which distances d; or d: has a
smaller absolute value than the other. which distances
d; or d> has a smaller absolute value than the other: and
whether or not the distance d, 1s larger than the number
L. In a case where the distance d,, is equal or smaller
than the number L, an output pulse is received from the
input terminal 1404. In a case where the absolute value
of the distance d; 1s equal or larger than the absolute
value of the distance d3, an output is received from the
input terminal 1400. Accordingly, cutputs of the AND
circuits 1415 and 1416 assume the states “1' and “0”
respectively. In a case where the absolute value of the
distance d; is smaller than the absolute value of the
distance d3, outputs of the AND circuits 1416 and 1417
assume zero since no pulse is received from the input
terminal 1400. If the distance d, is larger than the num-
ber L, no pulse is received from the input terminal 1404.
In a case where the absolute value of the distance d; is
equal or larger than the absolute value of the distance
d2, an output pulse is obtained from the input terminal
1402. Accordingly, outputs of the AND circuits 1415
and 1416 assumes the states “0’* and “1" respectively. In
a case where the absolute value of the distance d; is
smaller than the absolute value of the distance d», the
cutputs of the AND circuit assume zero.

With reference to FIG. 9, an example of the decision
circutt 19 and 21 comprises an input terminal 1900 from
the counter 18 or 20, a register 1901 for temporarily
storing the contents from the input terminal 1900, a
register 1902 for storing a predetermined number, a
subtractor 1903 for subtracting the contents of the regis-
ter 1902 from the contents of the register 1901 to pro-
duce an output pulse when the subtracted result as-
sumes zero, and an output terminal 1904 for supplying
the outpur pulse of the subtractor 1903 to the counter 20
and other circuits. In operation of the decision circuit
19, the number of picture elements included in one
scanning line 1s stored in the register 1902. Since the
number of picture elements from the left end of a scan-
ning line including the instant scanning picture element
to the instant scanning picture element is applied from
the input terminal 1900, the subtractor 1903 generates
an output pulse at the output terminal 1904 in response
to coincidence of the contents of the registers 1901 and
1902 when the scanning reaches the right most picture
element of each scanning line. In operation of the deci-
sion circuit 21, the number of spaces of scanning lines is
stored in the register 1902 to set the reference informa-
tion to the predetermined pattern, while the number of
scanning lines from a scanning line, to which the refer-
ence information is set to the predetermined pattern, is
stored 1n the register 1901. Accordingly, an output
pulse is obtained from the subtractor 1903 for the num-
ber of scanning lines stored in the register 1902,

With reference to FIG. 10, an example of the encoder
27 shown in FIG. 4 comprises an input terminal 2700
connected to the input information memory 26, an out-
put terminal 2701 connected to the input information
memory 26, gates 2702, 2703, 2704 and 2705 for selec-
tively passing the information from the input terminal
2700, registers 2706 and 2707 temporarily storing the
respective outputs of the gates 2702 and 2703, NOT
circuits 2708 and 2709, AND circuits 2710, 2711 and
2712, a counter 2713 reset to the state “0” by an output
pulse of a below mentioned AND circuit 2721 for
counting the output pulses of a below mentioned AND
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circuit 2723, a subtractor 2714 for subtracting by “1"
from the counted result of the counter 2713, a register
2715 for storing the outputs of the gate 2704 and the
subtractor 2714. a scale-of-4 counter 2716, NOT circuits
2717 and 2718. AND circuits 2719, 2720 and 2721, an
OR circuit 2722. an AND circuit 2723, a NOT circutt
2724. an AND circuit 2725, an OR circuit 2726 for
providing output pulses applied to the binary counter
2716. an OR circuit 2727, and output terminals 2728,
2729, 2730 and 2731 connected to the circuits 32, 33, 34
and 3§ respectively.

In operation, the decoder 27 reads out for one bit the
information stored in the input information memory 26
and sends out the variable length code word of the
readout information after decoding. In this case, infor-
mation indicative of which one of [th]} the picture
elements P;, P> and Pi is the reference information
change picture element is sent out through the terminals
2728, 2729 and 2730, while relative distance information
of a coded information change picture element with
respect to the reference information change picture
element. The input code work applied through the
input terminal 2700 comprises two initial bits indicative
of which one of the information change picture ele-
ments P;, P> and P31 is selected as the reference informa-
tion change picture element, a next bit indicative of a
sign of the coded distance, and a remainder of one bit
indicative of the absolute value of the coded distance as
shown in Table 3. The scale-of-4 counter 2716 is reset to
the state 00" at the initial condition, so that the AND
circuit 2719 generates an output pulse by the outputs of
the NOT circuit 2717 and 2718 to open the gate 2702 so
as to store the input code word from the input terminal
2700 to the register 2706. In this case, since the output
pulse of the AND circuit 2719 is applied to the scale-of-
4-1 counter 2716 through the OR circuits 2722 and
2726, the contents of the counter 2716 are counted up to
the state 01", Moreover, the output pulse of the OR
circuit 2726 is applied to the memory 26 through the
OR circuit 2727 and the output terminal 2701 to read
out one bit from the memory 26, so that the read out one
bit is then applied to the input terminal 2700. At this
time, since the AND circuit 2720 generates an output,
the gate 2703 is opened to pass a second bit of the input
code word to the register 2707. As mentioned above,
the stored bits in the registers 2706 and 2707 respec-
tively indicate which one of the picture elements P, P;
and Pjis the reference information change picture ele-
ment. An output pulse is obtained at the output terminal
2728, 2729 or 2730 through the NOT circuits 2708 and
2709 and the AND circuits 2710, 2711 and 2712 in ac-
cordance with the reference picture element of the
picture elements P), P> and P; respectively. The output
pulse of the AND circuit 2720 is also applied to the
counter 2716 through the OR circuit 2722 and 2726 and
to the memory 26 as mentioned above. Accordingly,
the counter 2716 is counted up to the state “10”, while
a next bit is read out from the memory 26. In this case,
since the gate 2704 is opened by the output pulse of the
AND gate 2721, the third bit of the input code word is
stored in the register 2715 as the sign of the coded dis-
tance. In response to the output pulse of the AND cir-
cuit 2721, the counter 2713 is reset to zero, while the
counter 2716 is counted up to the state “117. In this
case, since the gate 2705 is opened by the output pulse
of the AND circuit 2723, the fourth bit of the input code
word is applied to the NOT circuit 2724. If the fourth
bit is the state “1”, since the AND circuit 2725 gener-
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ates no output pulse, the contents of the counter 2716
are not changed and the opened state of the gate 2703
continues. The output pulse of the AND circuit 2723 1s
counted by the counter 2713. When the output of the
gate 2705 becomes the state “'0”, since the AND circuit
2725 generates an output pulse, the counter 2716 15
counted up to the state 00", In this case, the contents of
the counter 2713 which indicates one plus the number
of continuous bits 1" of the input code word are ap-
plied to the subtractor 2714 to subtract one bit there-
from. Accordingly, the number of continuous bits *1”
of the input code word is stored in the register 2713. As
mentioned above, decoding of the variable length code
words shown in Table 3 is performed. After the reset-
ting of the counter 2716 to the state “00”, the above
mentioned operations are repeated.

With reference to FI1G. 11, an example of the refer-
ence information memory 28 comprises an input termi-
nal 2800 for receiving the output of the restoring circuit
35 which is the absolute address information of the
coded information change picture element, an input
terminal for receiving the output of the decision circuit
39 which is information indicative of setting of the ref-
erence information to a predetermined pattern, a regis-
ter 2802 for storing a predetermined number corre-
sponding to the number of picture elements included 1n
a scanning line, a subtractor 2803 for subtracting the
contents of the register 2802 from the input information
of the input terminal 2800 tc provide a pulse 1n response
to the zero of the subtracted result thereof. In other
words, the subtractor 2803 generates the pulses 1n re-
sponse to completion of the decoding of each scanning
line. The example further comprises a memory 2804 for
storing the absolute address of the information change
picture element on the instant scanning line, a read-
write circuit 2808 for the memory 2804, a memory 2806
for storing the absolute address of the information
change picture element on the reference scanning line, a
read-write circuit 2807 for the memory 2806, and 2
register 2808 for temporarily storing the information of
the input terminal 2800. A subtractor 2809 1s provided
for subtracting the absolute address of the information
change picture element in the memory 2806 from the
contents of the register 2808. If the subtracted result is
minus or zero, the subtractor 2809 sends our a pulse to
the read write circuit 2807 to read out the absolute
address of a next information change picture element.
The above operations are repeated until a pulse sub-
tracted result is obtained. In case of obtaining the plus
subtracted result from the subtractor 2809, a next infor-
mation change picture element is once more read out
from the memory 2806. The example moreover com-
prises a gate 2810, a delay circuit 2811, a gate 2812, and
output terminals 2813, 2814 and 2815 for respectively
connected to the registers 29, 30 and 31.

In operation, absolute address information of a de-
coded information change picture element is applied
from the input terminal 2800 and stored in the memory
2804 and the register 2808. If this information change
picture element is the right most picture element, this
right most picture element is detected by the subtractor
2803 so that the contents of the memory 2804 are trans-
ferred to the memory 2806 to be ready for decoding a
next scanning line. When a pulse is applied to the input
terminal at this time, the contents of the memory 2806
are set to a predetermined pattern as shown in FI1G. 2.
the absolute address information of an information
change picture element stored in the register 2808 be-
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comes a reference information change picture element
(P, in FIG. 1) employed at the decoding of a next infor-
mation change picture element and is then send out 10
the output terminal [3813] 2873. Other reference in-
formation change picture elements (P2, Piin F1G. 1) are
read out from the memory 2806 as described below. If
the absolute address of an information change picture
element of the memory 2806 is read out, the read out
absolute address is compared with the contents (P In
FIG. 1) of the register 2808 at the subtractor 2809. If the
contents of the register 2808 are larger than the read out
absolute address in a case where the picture element P,
is positioned at the right hand of the information change
picture element, the absolute address of a next informa-
tion change picture element is read out. After repeating
the above operations, if the read out absolute address
from the memory 2806 is larger than the contents of the
register 2808, this information change picture element
becomes a second reference picture element (P in FI1G.
1) so that a pulse is applied to the gate 2810 to send out
the absolute address to the output terminal 2814. In this
case, the absolute address of a next information change
picture element is further read out from the memory
2806 and sent out, through the gate 2812, to the output
terminal 2815 as a third reference information change
picture element (P3 in FIG. 1).

With reference to FIG. 12, an example of the restor-
ing circuit 35 comprises input terminals 3500, 3501 and
3502 for respectively receiving the outputs of the gates
32, 33 and 34, an input terminal 3503 for receiving the
output of the decoder 27, an OR circuit 3504, and adder
3505, a delay circuit 3506, and a register 3507, a sub-
tractor 3508 for subtracting the contents of the register
3507 from the adder 3505. A counter 3509 is initially set
to the output value of the subtractor 3508 and generates
one pulse when the set value is not zero. The one pulse
reduces the counting state of the counter 3509 by one.
The example further comprises a NOT circuit 3510, a
flip flop circuit 3511 reversing its state for each input
pulse thereof, a gate 3512, an output terminal connected
to the reference information memory 28 and the error
detector 37, and an output terminal connected to the
output terminal memory 36.

In operation, since the input terminals 3500, 3501 and
3502 receive respective outputs of the gates 32, 33 and
34, the output of the OR circuit 3504 becomes the abso-
lute address of the reference information change picture
element. On the other hand, the coded distance infor-
mation is applied through the input terminal 3503, so
that the output of the adder 3505 becomes the absolute
address of the decoded information change picture ele-
ment. This information picture element becomes a refer-
ence information change picture element at the decod-
ing of a next information picture element and 1s sent out
through the output terminal 3513 to the reference infor-
mation memory 28 and then to the subtractor 3508 and
the delay circuit 3506. Since the absolute address of an
information change picture element immediately pre-
ceding the information change picture element obtained
at the adder 3505 is stored in the register 3507, the sub-
tracted result of the subtractor 3508 becomes a distance
between the questioned information change picture
elements, that is, a run length, which is set to the
counter 3509. This counter 3509 generates one pulse at
the counting states except the zero state and counts
down by one in response to the one pulse. The gage
3512 is opened by the one pulse, so that the output value
of the flip flop circuit 3511 is sent out to the output
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terminal 3514 by a number equal to the run length.
When the counting state of the counter 3509 assumes
zero, the output pulse of the counter 3519 is stopped 50
that the output value of the flip flop circuit 3511 1s
reversed. Accordingly, the output value of the flip flop
circuit 3511 assumes that state **1”" and 0" In response
to black and white of the run, respectively.

With reference to FIG. 13, an example of the error
detector 37 comprises an input terminal 3700 connected
to the output of the input information memory 26, gates
3701 and 3702, a flip flop circuit 3703, a register 3704, a
coincidence circuit 3705 for generating a pulse in a case
where the state of the flip flop circuit 3703 coindides
with the contents of the register 3704, a NOT circuit
3706, an input terminal 3707 connected to the output of
the restoring circuit 35, a register 3708 for storing a
predetermined number corresponding to the number of
picture element on each scanning line, a subtractor 3709
for generating a pulse in response to its zero state by
subtracting the information of the input terminal 3707
from the contents of the register 3708, a NOT circuit
3710, and an output for sending out a pulse in case of
detecting an error.

In operation, this error detector 37 performs parity
check (i.e. odd parity). In this case, it is assumed that an
error detecting bit is added to the last code word of
each scanning line. The absolute address of a decoded
information change picture element applied through the
input terminal 3700 is subtracted at the subtractor 3709
from the contents of the register 3709, so that a pulse is
obtained from the subtractor 3709 at the completion of
decoding of each scanning line information. In response
to this pulse, the gate 3702 is opened so that the panty
check bit included in the input code word 1s stored 1n
the register 3704. On the other hand, the remainder of
the input code word other than the parity check bit 1s
applied to the flip flop circuit 3703 through a gate 3701,
so that the flip flop circuit 3703 counts the number of
“1" in the input code word. In a case where the contents
of the register 3704 coincides with the state of the flip
flop circuit 3703 at the completion of the decoding of
each scanning line, no error is decided so that the coin-
cidence circuit 3704 generates a pulse while no pulse is
obtained at the output terminal 3711. If the contents of
the flip flop circuit 3703 and the register 3704 do not
coincide with each other, a pulse indicative of error
detection is obtained at the output terminal 3711.

As has been described in detail in the foregoing, the
method of this invention is proposed under a principle
in that the address information of each information
change picture element is encoded by encoding the
distance between the information change picture ele-
ment and that considered to have the closest correlation
to the former. The distribution of this distance 1s over
one-sided to 0 and =1 in practice, so that this informa-
tion has a very small amount of information. Accord-
ingly, this invention greatly reduces the number of bits
to be sent out and enables marked reduction of the band
with respect to the band-time integral, and hence can be
practised with; such relatively simple circuitry as
shown in the examples.

What we claim is:

[1. A system for coding information change picture
elements in a facsimile signal, comprising:

input terminal means for receiving the facsimile sig-

nai;

first encoder means connected to said input terminal

means for encoding the absolute address of each
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information change picture element, having a state
different from that of an immediately preceding
picture element on each scanning line, in the fac-
simile signal in such a manner that a distance be-
tween the information change picture element and
a reference information change picture element
selected from information change picture elements
of at least an immediately preceding scanning line
1s encoded by a minimum number of bits of each
code word in the order of occurrence of all the
information change picture elements:

detector means connected to said input terminal
means for generating a detection output signal
when no information change picture element is
included in an instant scanning line of the facsimile
signal;

second encoder means connected to said input termi-
nal means and said detector means for encoding the
run length of the scanning line of the facsimile
signal 1n response to said detection output signal.
and

output means connected to said first encoder means
and said second encoder means for obtaining a
coded output pulse train from outputs of said first
encoder means and said second encoder means.

[2. A system for coding information change picture

elements in a facsimile signal comprising;

Input terminal means for receiving the facsimile S1g-
nal;

first encoder means connected to said input terminal
means for encoding the absolute address of each
information change picture element, having a state
different from that of an immediately preceding
picture element on each scanning line, in the fac-
simile signal in such a manner that a distance be-
tween each information change picture element
and a reference information change picture ele-
ment selected from information change picture
elements of at least an immediately preceding scan-
ning line is encoded by a minimum number of bits
of each code word in the order of occurrence of all
the information change picture elements, said first
encoder means comprising first reference means
for selecting, as a first reference information
change picture element, an information change
picture element immediately preceding an instant
information change picture element to be coded on
the same scanning line as the instant information
change picture element, second reference means
for selecting, as a second reference information
change picture element, a first information change
picture element having the same information
change direction as the instant information change
picture element and positioned to the right of said
first reference information change picture element
on a scanning line immediately preceding the in-
stant scanning line, reference detection means con-
nected to said first reference means and said second
reference means for providing a final reference
information change picture element by selecting a
nearer one of the first reference information
change picture element and the second reference
information change picture element to the instant
information change picture element to be coded,
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detector means connected to said input terminal
means for generating a detection output signal
when no information change picture element is
included in an instant scanning line of the facsimile
signal:

second encoder means connected to said Input termi-
nal means and said detector means for encodin g the
run length of the scanning line of the facsimile
signal in response to said detection output signal;
and

output means connected to said first encoder means
and said second encoder means for obtaining a
coded output pulse train from outputs of said first
encoder means and said second encoder means. }

[3. A system for coding information change picture

elements in a facsimile signal comprising:

input terminal means for receiving the facsimile Sig-
nal;

first encoder means connected to said input terminal
means for encoding the absolute address of each
information change picture element, having a state
different from that of an immediately preceding
picture element on each scanning line, in the fac-
simile signal in such a manner that a distance be-
tween each information change picture element
and a reference information change picture ele-
ment selected from information change picture
elements of at least an immediately preceding scan-
ning line is encoded by a minimum number of bits
of each code word in the order of occurrence of all
the information change picture elements:

detector means connected to said input terminal
means for generating a detection output signal
when no information change picture element is
tncluded in an instant scanning line of the facsimile
signal;

second encoder means connected to said input termi-
nal means and said detector means for encoding the
run length of the scanning line of the facsimilie
signal 1n response to said detection output stgnal;

gate means connected to said input terminal means,
first encoder means and said second encoder means
for forcibly gating the facsimile signal to said sec-
ond encoder means for every predetermined num-
ber of scanning lines; and

output means connected to said first encoder means
and said second encoder means for obtaining a
coded output pulse train from outputs of said first
encoder means and said second encoder means. }

[4. A system for encoding information change pic-

ture elements in a facsimile signal comprising:

Input terminal means for receiving the facsimile S1g-
nal;

first encoder means connected to said input terminal
means for encoding the absolute address of each
iInformation change picture element, having a state
different from that of an immediately preceding
picture element on each scanning line, in the fac-
simile signal in such a manner that a distance be-
tween each information change picture element
and a reference information change picture ele-
ment selected from information change picture
elements of at least an immediately preceding scan-
ning line is encoded by a minimum number of bits
of each code word in the order of occurrence of all
the information change picture elements; said first
encoder means comprising, first reference means
for selecting, as a first reference information
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change picture element, an information change
picture element immediately preceding an instant
information change picture element to be coded on
the same scanning line as the instant information
change picture element. second reference means
for selecting, as a second reference information
change picture element, a first information change
picture element positioned to the right of said first
reference information change picture element on a
scanning line immediately preceding the instant
scanning line, third reference means for selecting,
as a third reference information change picture
element, a first information change picture element
position to the right of said second reference infor-
mation change picture element on a scanning line
immediately preceding the instant scanning line,
reference detection means connected to said first
reference means, said second reference means and
said third reference means for providing a final
reference information change picture element by
selecting a nearer one of the first reference infor-
mation picture element and the second information
picture element to the instant information change
picture element to be coded in a case where a refer-
ence distance between the first reference picture
element and the second reference picture element
is greater than a predetermined value or by select-
ing a nearer one of the first reference information
picture element and the third reference picture
element ot the instant information change picture
element in a case where said reference distance is
smaller than said predetermined value, and encoder
means for encoding the number of picture elements
from said final reference information change pic-
ture element to the instant information change
picture element;
detector means connected to said input terminal
means for generating a detection output signal
when no information change picture element is
included in an instant line of the facsimile signal;

second encoder means connected to said output ter-
minal means and said detector means for encoding
the run length of the scanning line of the facsimile
signal in response to said detection output signal;
and

output means connected to said first encoder means

and said second encoder means for obtaining a
coded output pulse train from outputs of said first
encoder means and said second encoder means. ]

[5. A system for coding information change picture
elements in a facsimile signal according to claim 4, fur-
ther comprising: gate means connected to said input
teminal means, first encoder means and said second
encoder means for forcibly gating the facsimile signal to
said second encoder means for every predetermined
number of scanning lines.

[6. A system for coding information change picture
elements in a facsimile signal according to claim 2, fur-
ther comprising: gate means connected to said input
terminal means, first encoder means and said second
encoder means for forcibly gating the facsimile signal to
said second encoder means for every predetermined
number of scanning lines. }

7. A system for coding information change picture éle-
ments in a facsimile signal, comprising.

input terminal means for receiving the facsimile signal;

encoder means connected to said input terminal means

for encoding the absolute address of each information
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change picture element, having a state different from
that of an immediately preceding picture element on
each scanning line, in the facsimile signal in such a
manner that a distance between the information
change picture element and a reference information
change picture element selected from information
change picture elements of an immediately preceding
scanning line and the scanning line to be coded 1s
encoded by a minimum number of bits of each code
word in the order of occurrence of all the information
change picture elements; and

output means connected to said encoder means for ob-

taining a coded output pulse train from the output of
said encoder means.

8. A system for coding information change picture ele-

ments in a facsimile signal comprising:
input terminal means for receiving the facsimile signal;
encoder means connected to said input terminal means
for encoding the absolute address of each information

change picture element, having a state different from
that of an immediately preceding picture element on
each scanning line, in the facsimile signal in such a
manner that a distance between each information
change picture element and a reference information
change picture element selected from information
change picture elements of an immediately preceding
scanning line and the scanning line to be coded is
encoded by a minimum number of bits of each code
word in the order of occurrence of all the information
change picture elements, said encoder means compris-
ing first reference means for selecting, as a first refer-
ence information change picture element, an informa-
tion change picture element immediately preceding an
instant information change picture element to be
coded on the same scanning line as the instant infor-
mation change picture element, second reference
means for selecting, as a second reference information
change picture element, a first information change
picture element having the same information change
direction as the instant information change picture
element and positioned to the right of said first refer-
ence information change picture element on a scan-
ning line immediately preceding the instant scanning
line, reference detection means connected to said first
reference means and said second reference means for
providing a final reference information change picture
element by selecting a nearer one of the first reference
information change picture element and the second
reference information change picture element to the
instant information change picture element to be
coded. and means for encoding the number of picture
elements from said final reference information change
picture element to the instant information change
picture element to be coded; and

output means connected to said encoder means for ob-

taining a coded output pulse train from the outpul of
said encoder means.

9. A system for coding information change picture ele-
ments in a facsimile signal comprising:

input terminal means for receiving the facsimile signal;

first encoder means connected o said input terminal

means for encoding the absolute address of each infor-
mation change picture element, having a state differ-
ent from that of an immediately preceding picture
element on each scanning line, in the facsimile signal
in such a manner that a distance berween each infor-
mation change picture element and a reference infor-
mation change picture element selected from informa-
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tion change picture elements of an immediately pre-
ceding scanning line and the scanning line to be coded
is encoded by @ minimum number of bits of each code
word in the order of occurrence of all the information
change picture elemenis:
seeond encoder means connected to said input terminal
means for encoding each run length of the scanning
line of the facsimile signal:
gate means connected to said input terminal means, first
encoder means and said second encoder means for
Jorcibly gating the facsimile signal to said second
encoder means for every predetermined number of
scanning fines; and
output means connected to said first encoder means and
said second encoder means of obtaining a coded out-
put pulse train from outputs of said first encoder
means and said second encoder means.
10. A system for encoding information change picture
elements in a facsimile signal comprising;
input terminal means for receiving the facsimile signal;
encoder means connected to said input terminal means
Jor encoding the absolute address of each information
change picture element, having a state different from
that of an immediately preceding picture element on
each scanning line, in the facsimile signal in such a
manner that a distance between each information
change picture element and a reference information
change picture element selected from information
change picture elements of an immediately preceding
scanning line and the scanning line to be coded is
encoded by a minimum number of bits of each code
word in the order of occurrence of all the information
change picture elements; said encoder means compris-
ing. first reference means for selecting, as a first refer-
ence information change picture element, an informa-
tion change picture element immediately preceding an
instant information change picture element to be
coded on the same scanning line as the instant infor-
mation change picture element, second reference
means for selecting, as a second reference information
change picture element, a first information change
picture element positioned 1o the right of said firsi
reference information change picture element on a
scanning line immediately preceding the instant scan-
ning line, third reference means for selecting, as a
third reference information change picture element, a
first information change picture element positioned to
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the right of said second reference information change
picture element on a scanning line immediately pre-
ceding the instant scanning line, reference detection
means connected to said first reference means. said
second reference means and said third reference
means for providing a final reference information
change picture element by selecting a nearer one of the
Jirst reference information picture element and the
second information picture element to the instant
information change picture element 10 be coded in a
case where a reference distance between the first refer-
ence picture element and the second reference picture
element is greater than a predetermined value or by
selecting a nearer one of the first reference informa-
tion picture element and the third reference picture
element of the instant information change picture
element in a case where said reference distance is
smaller than said predetermined value, and means for
encoding the number of picture elements from said
final reference information change picture element to
the instant information change picture element; and
oulput means connected to said encoder means for ob-
‘aining a coded output pulse train from the output of
said encoder means.

11. A system for coding information change picture
elements in a facsimile signal according 1o claim 10 fur-
ther comprising: auxiliary encoder means connected 10 said
input terminal means for-encoding each run length on the
scanning line of the facsimile signal: and

gate means connected to said input terminal means, said

encoder means and said auxiliary encoder means for
forcibly gating the facsimile signal to said auxiliary
encoder means for every predetermined number of
scanning lines. )

12. A system for coding information change picture
elements in a facsimile signal according to claim 8, further
comprising:

auxiliary encoder means connected to said input termi-

nal means for encoding each run length on the scan-
ning line of the facsimile signal: and

gate means connected to said input terminal means, said

encoder means and said auxiliary encoder means for
forcibly gating the facsimile signal to said auxiliary
encoder means for every predetermiied number of

scanning lines.
¥ - o % %
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