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[571 ABSTRACT

A coding method of a binary Markov information source
comprises the steps of providing a range on a number line
from 0 to 1 which corresponds to an output symbol sequence
from the information source, and performing data compres-
sion by binary expressing the position information on the
number line corresponding to the output symbol sequence.
The present method further includes the steps of providing
a normalization number line to keep a desired calculation
accuracy by expanding a range of the number line which
includes a mapping range, by means of a multiple of a power
of 2. when the mapping range becomes below 0.5 of the
range of the number line; allocating a predetermined map-
ping range on the normalization number line for less prob-
able symbols LPS proportional to its normal occurrence
probability; allocating the remaining mapping range on the
normalization number line for more probable symbols MPS;
and reassigning the predetermined mapping range to the
remaining mapping range the half of a portion where the
allocated remaining range is less than 0.5, when the allo-

4177456 12/1979 cated remaining range becomes below 0.5.
4,191,974 3/1980 Ono et al. ........... e 358/261
4286256 8/1981 Langdom, Jr et al. ............. 358/2612 14 Claims, 5 Drawing Sheets
Clooo)
clooy
30 ---
Clo)
(oo
0111---
c{010)
cion
oNo1---
clom
.0101--~
ct100)
c(10) 001
et cliot) '
00011~~~
c{10)
ctin)
T 99001

.00000---



U.S. Patent

May 5, 1998

Sheet 1 of 5

c(0)

C(00)

C(000)

c(oo1)

c(o1)

C(010)

c(o11)

c(1)

c(10)

C{100)

c{101)

C(11)

c(110)

Cc(111)

FlG. 1

Re. 35,781

J0---

Of1t---

O01101---

.0101---

.001---
.00011---

00001 ---
.00000---



Re. 35,781

Sheet 2 of 5

May 5, 1998

U.S. Patent

~

4315193y |L14IHS 40

NOILIAQV
NY OL <

¢ 9ld

S11910

H3NNN<

QHOM
3000~

LINN

JILIWHLIYY SL1191d
1 4IHS 40 438WNN

LINN
135440

ONILVINITIVI

3

LINN
ONILYINIIVD
3svg

i

LINN

ONILIO3HH0D SS34AAQV |

43040 -Y3ddn

]

430av

S

HOLVHVAWOD

-

Sd1 4O SdW



U.S. Patent

May 5, 1998

X=X+S

Sheet 3 of § Re. 35,781

X=0FFSET
_HALF
S - 2n
(n=0~)
HALF = .100----0
(BINARY)

X2HALF
?
NO
CODE WORD CODE WORD CODE WORD
OUTPUT VALUE OUTPUT VALUE OUTPUT VALUE
i‘—’ﬁ% -s X—-S HALF
NUMBER OF NUMBER OF NUMBER OF
SHIFT DIGITS SHIF T DIGITS SHIFT DIGITS
(n+1) (n+1) {
X={(X-HALF)x2" X=0 X=X-HALF

FIG. 3



U.S. Patent

May 5, 1998

Y=Y+S

Sheet 4 of 5

S

_HALF
T
(n=0~)

Re. 35,781

HALF= 10---0

(BINARY)

C=CODE
Y=0FFSET

QUTPUT QUTPUT OUTPUT OUTPUT
SYMBOL SYMBOL SYMBOL SYMBOL
LPS MPS LPS MPS
C=C-Y0+S C=C-HALF C=C-Y+S
SHIFT C SHIFT C SHIFT C
{n+1DIGITS ONE DIGITS {n+1)DIGITS
\ |
Y=(Y-HALF) Y=Y-HALF Y=0
x2n

FlG. 4



U.S. Patent May 5, 1998 Sheet 5 of 5 Re. 35,781

go HALF _ 1
- on - oN+1
1000 1000 1000 10010 10010 100100 100100
0
0 0 0 o
0
0 1001
1004 +4 F 4 + 4
’ 1
1 oA \lon /
2\ /
% % / 1 %
1 // 7% Z R
000 000 000 01010 01010 OMeo 000
2N+l g 4 4 8 a4 8 4
SYMBOL O 0 1 0 0 0 1
(MPS/LPS)
CODE WORD 0101 1000 0100
SHIFT DIGITS 2 1 2
GENERATION OF A CODE WORD
0101
1000
+ 0100
0111100

OUTPUT CODE WORD

FiIG. 5



Re. 35,781

1

CODING METHOD OF IMAGE
INFORMATION

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This application is a continuation of application Ser. No.
08/139,561, filed Oct. 20, 1993, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a coding method of image
information or the like.

2. Description of Related Art

For coding a Markov information source, the number line
representation coding system is known in which a sequence
of symbols is mapped on the number line from 0.00 to 1.0
and its coordinates are coded as code words which are, for
example, represented in a binary expression. FIG. 1 is a
conceptual diagram thereof. For simplicity a bi-level memo-
ryless information source is shown and the occurrence
probability for “1” is set at r, the occurrence probability for
“0” is set at 1-r. When an output sequence length is set at 3,
the coordinates of each of the rightmost C(000) to C(111) is
represented in a binary expression and cut at the digit which
can be distinguished each other, and is defined as its respec-
tive code words, and decoding is possible at a receiving side
by performing the same procedure as at the transmission
side.

In such a sequence, the mapping interval A,, and the
lower-end coordinates C, of the symbol sequence at time i
are given as follows:

When the output symbol ai is 0 (More Probable Symbol:
hereinafter called MPS).

AF1-NA,,
[C—C, . JCFC A,

When the output symbol ai is 1 (Probable Symbol:
hereinafter called LPS).

AFTAL,
[C~Ci+H(1-NALJCAC

As described in “an overview of the basic principles of the
Q-Coder adaptive binary arithmetic coder (IBM journal of
Research and Development Vol. 32, No. 6, November,
1988)”, it is considered that in order to reduce the number
of calculations such as multiplication, a set of fixed values
are prepared and a certain value is selected from among
them, not necessarily calculating rA,_,.

That is, if TA,_; of the above-mentioned expression is set
at S,
when ai=0,

A=A, -5
[CAC.JCFC,,+8

when ai=1,
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A=S
[CCLHAL—S)CFC

However, as A,_, becomes successively smaller, S is also
needed to be smaller in this instance. To keep the calculation
accuracy, it is necessary to multiply A, , by the second
power (hereinafter called normalization). In an actual code
word, the above-mentioned fixed value is assumed to be the
same at all times and is multiplied by powers of %2 at the time
of calculation (namely, shifted by a binary number).

If a constant value is used for S as described above. a
problem arises when, in particular, S is large and a normal-
ized A, , is relatively small.

An example thereof is given in the following, If A, ; is
slightly above 0.5, A, is very small when ai is an MPS. and
is even smaller than the area being given when ai is LPS.
That is, in spite of the fact that the occurrence probability of
MPS is essentially high, the area allocated to MPS is smaller
than that allocated to LPS, leading to an decrease in coding
efficiency. If it is assumed that an area allocated to MPS is
always larger than that allocated to LPS, since A;_;>0.5. S
must be 0.25 or smaller. Therefore, when A, is 1.0.r=0.25,
and when A,_, is close to 0.5, r=0.5, with the result that the
occurrence probability of LPS is considered to vary between
14 and % in coding. If this variation can be made small, an
area proportional to an occurrence probability can be allo-
cated and an improvement in coding efficiency can be
expected.

SUMMARY OF THE INVENTION

The present invention has been devised to solve the
above-mentioned problems, and in particular, it is directed at
an increase in efficiency when the occurrence probability of
LPS is close to ¥4.

Accordingly, it is an object of the present invention to
provide a coding system which, in the case where the range
provided to a more probable symbol is below 0.5 on a

. normalized number line, by moving half of the portion
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where the allocated area of the more probable symbol is
below 0.5 to the range of a more probable symbol from the
range of LPS, a coding based on the occurrence probability
of LPS can be performed.

According to the present invention, by changing S accord-
ing to the value of A,_,, r is stabilized and coding in response
to the occurrence probability of LPS can be performed.
According to the present invention, in particular whenr is ¥2.
coding in which r is assumed %4 at all times rather than based
on A, ,, can be performed, and high efficiency can be
expected.

Also, according to the present invention. in the number
line coding, an area allocated to LPS can be selected
depending on the occurrence probability of LPS, therefore it
has an advantage in that efficient coding can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a view of the prior art illustrating the concept of
a number line coding;

FIG. 2 is a view illustrating a coding device in accordance
with one embodiment of the present invention;

FIG. 3 is a flow chart for coding of one embodiment of the
present invention;

FIG. 4 is a flow chart of decoding in one embodiment of
the present invention; and

FIG. 5 is an example of an operation in one embodiment
of the present invention.
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EMBODIMENT

FIG. 2 shows one embodiment of the present invention.
An adder 1 adds the value of S, which is input thereto, and
the output of an offset calculating unit 3 to calculate the
upper-limit address of LPS. A comparator 2 compares the
calculated value with 0.5. When the value is 0.5 or smaller
and an occurrence symbol is MPS, the processing of the
offset calculating unit 3 is stopped at the addition of the
above-mentioned S. Similarly, if the comparator 2 judges
that the value is 0.5 or smaller and the occurrence symbol is
LPS. the base calculating unit 4 performs a base calculation
and outputs the base coordinates as codes. A number of shift
digits calculating unit § determines a multiple (2" times)
required for normalization (makes the effective range 0.5 to
1.0) from the value of S and outputs it as the number of shift
digits.

Next. when the comparator 2 judges the value to be above
0.5 (decimal), the upper-limit address of LPS is corrected by
LPS upper-limit address correcting unit 6. A base calculation
is performed by the base calculating unit 4 to output the base
coordinates therefrom. A shift digit calculating is performed
by the number of shift digits calculating unit § to output the
pumber of shift digits therefrom. Then, the output base
coordinates are processed in an addition register (not shown)
to form a code word. The number of shift digits which has
been output from the unit 5, indicates how many digits of a
code word to be next output are shifted. The code word is
then added in the register. To more accurately explain the
above-described process, flowcharts for coding and decod-
ing are shown in FIGS. 3 and 4, respectively. In each of these
flowcharts the where S is defined as a power of %2 is
illustrated.

Next. a concrete example of coding will be explained.
Suppose that. in FIG. §, the coordinates are expressed in a
binary system and that S is set at s or %. First if S=!% is
known from the Markov state in a Markov information
source then 1 (LPS) is assigned to from [0.001] 0.000 to
0.001 and 0 (MPS) is assigned to from 0.001 to 1.000. Now,
if a 0 symbol occurs, the range is limited to between 0.001
to 1.000. At this time, the offset value is 0.001. For the next
symbol, since it is known from the occurrence probability of
1, that S=14 is used in both reception and transmission 1 is
assigned to from 0.001 to 0.011. At this point, if 0 occurs, the
range of the number line varies from 0.011 to 1.000 Next, if
S=Y%, the upper limit of the allocated range of LPS is
0.011+0.01=0.101 which exceeds 0.1 (0.5 in decimal). So a
correction in which the portion exceeding 0.1 is halved is
made, and the upper limit becomes 0.1001. At this point,
LPS has occurred and the size of the area of LPS is
0.1001-0.011=0.0011. So if it is multiplied by 2, it exceeds
0.1 (0.5 in decimal). Therefore, the number of shift digits is
2. The base value is 0.1001-0.01=0.0101 and this value is
output as a code word. A new offset value becomes (.01,
since 0.011-0.0101=0.0001 is shifted by two digits. Next. S
is set at [%4]"4 and 0.01+0.001=0.011 becomes the border
between 0 and 1. If O occurs at this point, the offset value is
increased to 0.011. If S is set at % at this point, this results
in 0.011+0.01=0.101, which exceeds 0.1, [If] As the portion
exceeding 0.1 is halved, the value becomes 0.1001. Since
the area of O is less than 0.1 if the symbol is O, [1000
corresponding to] a base value 0.1000 must be output as an
output, and then it must be normalized 2' times. In other
words, 0.1000 is a base value, so a new offset value is 0.001,
which is 2* times (0.1001—0.1). Suppose that the next state
is S=[%4] & and MPS has occurred, then the [offset value is
0.0001] border value is 0.001+0.001=0.010. Further, sup-
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4

pose that the next state is S=% and 1 (LPS) has occurred, an
offset value 0.0100 is output as a code word.

A final code word becomes one which is calculated on the
basis of the number of shift digits and the code words which
are output as explained above (refer to the lower portion of
FIG. 5).

If the value of S is selected from a set of values which are
powers of ¥4, such as ¥4, %4, or 4. the multiples of powers of
2 for normalization can be constant, even if the value of S
is varied by the correction when the allocated area of MPS
is below 0.5 on the normalization number line. This is
advantageous.

When an area is provided to 0 (MPS) and 1 (LPS)
according to the above-described manner, the relationship
between the value of S and the assumed occurrence prob-
ability of LPS when S is determined, is given as follows:

SE1<S/(¥2+S)

Therefore, when S=%%, [r ¥4] r=4 which indicates it is
stable.

If S=l4, YSr<ba.

On the ocher hand, if S is fixed in a conventional manner,
the assumed occurrence probability r becomes as follows:

SEr<S/(%)=28
If S=t4, ¥aSr<ls,
If S=%4, USr<l.

That is, since the variation range of r is larger for a
conventional system, the system of the present invention is
more efficient.

The muiti-level information source can be converted into
a binary information source by tree development. Therefore,
it goes without saying that the present invention can be
applied to a multi-level information source.

What is claimed is:

1. A method for coding information from a binary Markov
information source by binary coding an output symbol
sequence from said information source comprising less
probable symbols (LPS) and more probable symbols (MPS).
each having an occurrence probability, on a normalization
number line, said method comprising the steps of;

a) storing in a memory storage device a normalization
number line having a range from 0 to 1 which corre-
sponds to said output symbol sequence,

b) keeping a desired calculation accuracy by expanding a
range of the normalization number line which includes
a mapping range by means of a multiple of a power of
2 when the mapping range becomes less than 0.5,

¢) allocating a portion of said normalization number line
as a predetermined mapping interval for said LPSs, said
portion being proportional to the occurrence probabil-
ity of said LPSs,

d) allocating the remaining portion of said number line as
a mapping interval for said MPSs,

¢) reassigning half of the LPS mapping interval above 0.5
to said MPS mapping interval when the LPS mapping
range exceeds 0.5, and

f) repeating steps b, ¢, d and e.
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2. A coding method as set forth in claim 1 whereas said
LPS mapping interval is a power of % of the range of said
number line.

3. A coding method as set forth in claim 1 further
including the steps of assigning as an offset value the
difference between 1 and the [LPS] mapping interval after a
current step [(e)] (b), and coding a base value [for subse-
quent use for] as a codeword by calculating the offset value
as a codeword by [subtracting said offset value from] wsing
the difference between the [lower] upper limit of said [MPS]
mapping range just after a previous step (b) and a lower
limit of mapping range just before [normalization] the
current step (b).

4. An apparatus for coding information from a binary
Markov information source by binary coding an output
symbol sequence comprising less probable symbols (LPSs)
and more probable symbols (MPS) from said information
source on a normalization number line, said LPSs and MPSs
each having an occurrence probability, said apparatus com-
prising:

memory storage means for storing a normalization num-
ber line having a range from 0 to 1 which corresponds
to said output symbol sequence,

means for keeping desired calculation accuracy by
expanding a range on said normalization number line,
which includes a mapping range, by a multiple power
of 2 when the mapping range becomes less than 0.5,

means for allocating a portion of said normalization
number line as a predetermined mapping interval for
said LPSs, said portion being proportional to the occur-
rence probability of said LPSs,

means for allocating the remaining portion of said nor-
malization number line as a mapping interval for said
MPSs,

means for reassigning half of the LPS mapping interval
above 0.5 to said MPS mapping interval when said LPS
mapping interval exceeds 0.5.

5. An apparatus as set forth in claim 4 wherein said LPS
mapping interval is a power of 2 of the range of said number
line.

6. An apparatus as set forth in claim 4 further comprising
means for assigning an offset value, said offset value being
the difference between 1 and the [LPS] mapping interval
[before reassignment of the LPS mapping interval] after the
range of the normalization number line is expanded, and
means for coding a base value [for subsequent use for
calculating the offset value after reassignment of the LPS
mapping interval by subtracting said offset value from the]
as a codeword by using the difference between the upper
limit of the mapping range just after a previous expansion of
the normalization number line and a lower limit of said
[MPS] mapping range before [normalization] expansion.

7. A method for coding information from a Markov
information source by binary coding an output symbol
sequence from said information source comprising less
probable symbols (LPSs) and more probable symbols
(MPSs), each sequence having an occurrence probability on
a number line, said method comprising,

(a) storing in memory storage device a number line
having a range which corresponds to said output
symbol sequence;

(b) allocating a portion of said number line as a prede-
termined mapping interval for said LPSs, said portion
being proportional to the occurrence probability of
said LPS;

(¢) allocating the remaining portion of said number line
as a mapping interval for said MPSs; and
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6

(d) controlling the allocating portion of said number line
as a mapping interval for said LPSs by assigning a
predetermined portion of the mapping interval for said
LPSs above a prescribed value of said number line to
said mapping interval for said MPSs, so as to maintain
said portion proportional to the occurrence probability
of said LPSs.

8. An apparatus for coding information from a Markov
information source by binary coding an output symbol
sequence from said information source comprising less
probable symbols (LPSs) and more probable symbols
(MPSs) from said information source on a number line, said
LPSs and MPSs each having an occurrence probability, said
apparatus comprising:

memory storage means for storing a number line having
a range which corresponds to said output symbol
sequence;

means for allocating a portion of said number line as a
predetermined mapping interval for said LPSs, said
portion being proportional to the occurrence probabil-
ity of said LPSs;

means for allocating the remaining portion of said num-
ber line as a mapping interval for said MPSs; and

control means for controlling the allocating portion of
said number line as a mapping interval for said LPSs
by assigning a predetermined portion of the mapping
interval for said LPSs above a prescribed value of said
number line to said mapping interval for said MPSs, so
as to maintain said portion proportional to the occur-
rence probability of said LPSs.

9. A method for coding information from a Markov
information source by binary coding an output symbol
sequence from said information source comprising less
probable symbols (LPSs) and more probable symbols
(MPSs) each having an occurrence probability on a number
line, said method comprising,

(@) storing in memory storage device a number line
having a range which corresponds to said output
symbol sequence;

(b) allocating a a portion of said number line as a
predetermined mapping interval for said LPSs, said
portion being proportional to the occurrence probabil-
ity of said LPSs;

(¢) allocating the remaining portion of said number line
as a mapping interval for said MPSs; and

(d) reassigning half of the LPSs mapping interval above
a prescribed value to said MPSs mapping interval when
the LPSs mapping range exceeds the prescribed value,
and

(e) repeating steps b, ¢, and d.

10. An apparatus for coding information from a Markov
information source by binary coding an output symbol
sequence from said information source comprising less
probable symbols (LPSs) and more probable symbols
(MPSs) from said information source on a number line, said
LPSs and MPSs each having an occurrence probability, said
apparatus comprising:

memory storage means for storing a number line having
a range which corresponds to said output symbol
sequence;

means for allocating a a portion of said number line as a
predetermined mapping interval for said LPSs, said
portion being proportional to the occurrence probabil-
ity of said LPSs;

means for allocating the remaining portion of said num-
ber line as a mapping interval for said MPSs; and
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means for reassigning half of the LPSs mapping interval
above a prescribed value to said MPSs mapping inter-
val when said LPSs mapping range exceeds the pre-
scribed value.

11. A decoding method for a Markov information source

coded by binary coding comprising the steps of:

associating more probable symbols (symbols of a higher
occurrence probability) and less probable symbols
(symbols of a lower occurrence probability) to prede-
termined ranges on a number line on the basis of a
range on a number line for a preceding symbols;

outputting a decoding signal according to a result of
correspondence between the ranges and an inputted
codeword;

comparing the range on the number line of more probable
symbols with the range on the number line of less
probable symbols; and

adjusting the range on the number line of less probable
symbols and the range on the number line of more
probable symbols by assigning predetermined portion
of the range for said less probable symbols above a
prescribed value of said number line to said range for
said more probable symbols so that the range on the
number line of less probable symbols does not exceed
that of the more probable symbols.

12. A decoding method for a Markov information source

coded by binary coding comprising the steps of:

associating more probable symbols (symbols of a higher
occurrence probability) and less probable symbols
(symbols of a lower occurrence probability) to prede-
termined ranges on a number line on the basis of a
range on a number line for a preceding symbols;

outputting a decoding signal according to a result of
correspondence between the ranges and an inputted
codeword;

comparing a range on the number line of more probable
symbols with a fixed value; and

adjusting the range on the number line of more probable
symbols and the range on the number line of less
probable symbols so that when a range of more prob-
able symbols is below the fixed value on a number line,
half of a value below the fixed value of a range more
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probable symbols is moved from the range of less
probable symbols to that of more probable symbols.

13. A coding method for a Markov information source by

binary coding comprising the steps of:

associating more probable symbols (symbols of a higher
occurrence probability) and less probable symbols
(symbols of a lower occurrence probability) to prede-
termined ranges on a number line on the basis of a
range on a number line for a preceding symbols;

coding a signal according to a result of correspondence
between the ranges to generate a codeword;

comparing the range on the number line of more probable
symbols with the range on the number line of less
probable symbols; and

adjusting the range on the number line of less probable
symbols and the range on the number line of more
probable symbols by assigning a predetermined por-
tion of the range for said less probable symbols above
a prescribed value of said number line to said range for
said more probable symbols so that the range on the
number line of less probable symbols does not exceed
that of the more probable symbols.

14. A coding method for a Markov information source by

binary coding comprising the steps of:

associating more probable symbols (symbols of higher
occurrence probability) and less probable symbols
(symbols of a lower occurrence probability) to prede-
termined ranges on a number line on the basis of a
range on a number line or a preceding symbols;

coding a signal according to a result of correspondence
between the ranges to generate a codeword;

comparing a range on the number line of more probable
symbols with a fixed value; and

adjusting the range on the number line of more probable
symbols and the range on the number line of less
probable symbols so that when a range of more prob-
able symbols is below the fixed value on a number line,
half of a value below the fixed value of a range of more
probable symbols is moved from the range of less
probable symbols to that of more probable symbols.
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