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(57) ABSTRACT 

In an adaptive probability estimation method; an index 
referring to coding parameters is determined according to 
occurrence probabilities of symbols from estimated occur 
rence counts of symbols; thresholds for probability values 
that determine the probability intervals corresponding to the 
indexes are set to values that are examined With small 
operational load; and an index referring to the corresponding 
occurrence probability is selected Without division; using the 
probability intervals determined by the thresholds for prob 
ability values. 
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ENCODING, DECODING, AND PROBABILITY 
ESTIMATION METHOD 

FIELD OF THE INVENTION 

[0001] This invention relates to an encoder and a decoder 
for data signals and, more particularly, to entropy encoding 
and decoding. 

BACKGROUND 

[0002] Adaptive encoding is a knoWn method of ef? 
ciently encoding data signals. An adaptive encoding device 
encodes a data signal While studying the occurrence prob 
ability of the object of encoding or decoding. Therefore, 
adaptive coding avoids decreased coding ef?ciency. 

[0003] An adaptive encoding and decoding device is 
described in ?ve articles concerning “Q-coder adaptive 
binary arithmetic coder”, and appearing in IBM Journal of 
Research and Development, Vol. 32, No. 6, Nov. 1998, pp. 
717-774. In addition, the principle of an arithmetic coder 
and decoder having an entropy encoding and decoding 
means is described in US. Pat. No. 5,059,976. FIG. 1 of that 
patent, reproduced here as FIG. 12, illustrates an example in 
Which the binary symbol 001(sequence length 3) is encoded 
by an arithmetic coder. That encoding is described in the 
folloWing paragraphs. 

[0004] In coding a Markov information source, a number 
line representation coding system is used. In that system a 
sequence of symbols is mapped on number lines from 0.00 
to 1.0 and having coordinates coded as code Words Which 
are, for example, represented in a binary expression. FIG. 
12 is a conceptual diagram of the number line representation 
system. For simplicity, a bi-level memoryless information 
source is shoWn. The occurrence probability for “1” is set at 
r and 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), represented as a binary 
expression, is truncated at the digit that alloWs distinction 
from the other, and is de?ned as its respective code Word. 
Decoding is possible at a receiving side by performing the 
same procedure as at the transmission side. 

[0005] In such a sequence, the mapping interval Ai, and 
the loWer-end coordinates Ci of the symbol sequence at time 
i are given as folloWs: 

[0006] When the output symbol ai is 0 (More Probable 
Symbol: hereinafter called MPS), 

C;=C;,1. 

[0007] When the output symbol ai is 1 (Less Probable 
Symbol: hereinafter called LPS), 

Ai=rAiil and 

Ci=Ci*1+(1_r)Ai*1 

[0008] As described in “An overvieW of the basic prin 
ciples of the Q-Coder adaptive binary arithmetic coder”, 
IBM Journal of Research and Development, Vol. 32, No. 6, 
November 1988, pp. 717-736, in order to reduce the number 
of calculations, such as multiplication, a set of ?xed values 
are prepared and a certain value is selected from among 
them, not necessarily calculating rAi_1. 
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[0009] That is, if rAi_1 of the foregoing expression is set 
at S, 

[0010] When ai=0, 

Ai=AH-s 

ci=ci,1 

[0011] When ai=1, 

AI=SA S 

Ci=Ci,1+(Ai,1-S) 

[0012] HoWever, as Ai_1 becomes successively smaller, S 
also needs to be smaller, in this instance. To maintain 
calculation accuracy, it is necessary to multiply Ai_1 by the 
second poWer (hereinafter called normaliZation). In an 
actual code Word, the ?xed value is assumed to be the same 
at all times and is multiplied by poWers of 1/2 at the time of 
calculation (namely, shifted by a bit). 

[0013] If a constant value is used for S, as described 
above, a problem arises When, in particular, S is large and a 
normaliZed Ai_1 is relatively small. An example folloWs. 

[0014] If Ai_1is slightly over 0.5, Ai is very small When ai 
is an MPS, and is even smaller than the area given When ai 
is an LPS. That is, in spite of the fact that the occurrence 
probability of the MPS is high, the area allocated to the MPS 
is smaller than that allocated to the LPS, leading to an 
decrease in coding efficiency. If it is assumed that an area 
allocated to the MPS is alWays larger than that allocated to 
the LPS, since Ai_1>0.5, S must be 0.25 or smaller. There 
fore, When Ai_1is 1.0, r=0.25, and When Ai_1is close to 0.5, 
r=0.5, With the result that the occurrence probability of the 
LPS is considered to vary betWeen 1A1 and 1/2 during coding. 
If this variation can be made smaller, an area proportional to 
an occurrence probability can be allocated and an improve 
ment in coding ef?ciency can be expected. 

[0015] US. Pat. No. 5,025,258 describes a method of 
calculation of an occurrence probability (Qe) based on the 
number of times of occurrence. In order to presume the Qe 
of symbol 1, US. Pat. No. 5,059,976 uses learning in the 
probability estimation means, synchroniZed With renormal 
iZation in the entropy coding means, Which is fundamentally 
independent of the probability estimation means. That is, the 
adaptability to a change of the information source depends 
on chance, as indicated in FIG. 13. 

[0016] Arithmetic coding and decoding are described in 
the folloWing references: 

[0017] (1) Langdon et al., “Compression of Black 
White Images With Arithmetic coding”, IEEE Trans 
actions, Vol. Com-29, No. 6, June 1981, pp. 858-867, 

[0018] (2) US. Pat. No. 4,633,490, 

[0019] (3) Witten et al., “Arithmetic coding for Data 
Compression”, Communications of the ACM, Vol. 
30, No. 6, June 1987, pp. 520-540. 

[0020] FIG. 11 is a block diagram of an adaptive encoding 
device and an adaptive decoding device. In FIG. 11, a 
probability estimation means 30 presumes an occurrence 
probability of a data value for encoding, and produces a 
predicted value as a data value With a high occurrence 
probability. When a multi-value data (not binary data) signal 
is input, a modeling means 33 analyZes the input signal and 
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classi?es it as to context. In the coding device, the modeling 
means 33 converts the input multi-value data signal into a 
binary data signal. 

[0021] In the decoding device, a modeling means 34 
analyZes an output signal and classi?es it as to conteXt. 
When a multi-value data (not binary data) signal is output, 
a modeling means 34 converts the input binary data signal 
into a multi-value data signal. 

[0022] In the coding device, a symbol judgment means 38 
converts the input data signal into a binary symbol to shoW 
agreement or disagreement With the data value for encoding 
based on the binary data and a predicted value received from 
a part 36 of a memory as described beloW. An entropy 
encoding means 31 encodes the data value output by the 
symbol judgment means, based on the probability estab 
lished separately and supplied from the Qe memory 37 
described beloW. 

[0023] In the decoding device, a data judgment means 39 
converts a binary symbol received from an entropy decoding 
means 32, into binary data based on the binary symbol and 
a predicted value received from a part 36 of a memory in the 
decoding device. The entropy decoding is based on the 
probability separately established and stored in a Qe 
memory in decoding device. 

[0024] The structure of FIG. 11 has separate modeling 
means 33 and modeling means 34 in the encoding and 
decoding devices. These modeling means may include gen 
erally knoWn probability estimation means 30 including data 
and symbol conversion and inversion function. In the 
described structure, no conversion and inversion functions 
in the modeling means 33 and 34 are needed if the modeling 
means receive binary signals. 

[0025] Astate number is stored into a part 35 of a memory 
as an indeX for selecting an estimation probability value 
(MP5 or LPS) for the Qe memory 37. An arithmetic coder 
and an arithmetic decoder are included in the entropy 
encoder means 31 and the entropy decoder means 32, 
respectively. In the encoding device of FIG. 11, the state 
number memory part 35 receives the conteXt from the 
modeling means 33. The memory part 36 stores a predicted 
value 36, based on the context and state number. The Qe 
memory 37 detects a probability representation value (MP5 
or LPS). The symbol judgment means 38 produces a binary 
symbol to establish agreement or disagreement of the data 
value for encoding based on the binary data and the pre 
dicted value. The probability representation value (LPS or 
MP5) and the binary symbol are sent to the entropy encod 
ing means 31 and the entropy encoding means 31 produces 
a code in response. 

[0026] For decoding, the entropy encoding means 31 
sends the code to a entropy decoding means 32. The entropy 
decoding means 32 receives a probability representation 
value (LPS or MP5) from the Qe memory 37 and the input 
code. The entropy decoding means 32 produces a binary 
symbol. A data judgment means 39 receives a predicted 
value from a part 36 of a memory and the binary symbol 
from the entropy decoding means 32 and detects binary data 
based on the binary symbol and the predicted value. 

[0027] The modeling means 34 receives binary data from 
the data judgment means 39 and detects a data signal based 

Feb. 21, 2002 

on the binary data. Moreover, the modeling means 34 
converts a multi-value data signal into a binary data signal. 

[0028] When a multi-value data signal is output, the 
output data signal is analyZed, and classi?ed as to conteXt, 
and a multi-value data signal is output. Modeling means 34 
converts the binary data signal to decode it. The memory 
including state number part 35 and predicted value memory 
part 36 and the Qe memory 37 of the encoding device are the 
same as on the decoding side. Moreover the memory includ 
ing parts 35 and 36, the Qe memory 37, symbol judgment 
means 38, and data judgment means 39 are described in one 
?gure and a How chart in the articles ?rst mentioned and in 
TU-T Recommendation T. 82, “Information Technology 
coded Representation of Picture and Audio information 
Progressive Bi-Level Image Compression”, pp. 23-45, 1993. 

[0029] Conventional adaptive probability estimation 
methods using state transitions have a problem in that the 
probability estimation performance is not suf?cient because 
learning in the probability estimation means is synchroniZed 
With renormaliZation in the entropy coding means. The 
entropy coding means is fundamentally independent of the 
probability estimation means, so the adaptability to a change 
in the information source depends on chance. 

[0030] Conventional adaptive probability estimation 
methods that estimate occurrence probabilities from occur 
rence counts of data or symbols have a problem in that 
division to calculate a probability, and multiplication, to 
subdivide a numeric line in arithmetic coding, is necessary 
and causes a heavy operational load. 

SUMMARY OF THE INVENTION 

[0031] An object of the present invention is to provide an 
encoding method and a decoding method that determine an 
indeX to select an appropriate coding parameter according to 
an occurrence probability and producing a smaller opera 
tional load. 

[0032] According to one aspect of the invention, a coding 
method comprises determining a symbol from an input data 
signal, setting a threshold for probability values that deter 
mine a probability interval corresponding to an indeX based 
on an occurrence probability of symbols estimated from 
occurrence counts of the symbols, determining a probability 
representation value as a coding parameter using the prob 
ability interval of the threshold, and coding the symbol 
determined from the input data signal, based on the prob 
ability representation value. 

[0033] According to another aspect of the invention, a 
decoding method comprises setting a threshold for probabil 
ity values that determine a probability interval correspond 
ing to an indeX based on occurrence probabilities of symbols 
estimated from occurrence counts of the symbols, determin 
ing a probability representation value as a coding parameter 
using the probability interval of the threshold, decoding an 
input code based on the probability representation value and 
outputting a symbol, and determining output data based on 
the symbol output in decoding of the input code. 

[0034] According to yet another aspect of the invention, a 
probability estimation method includes determining a sym 
bol based on an input data signal, setting a threshold for 
probability values that determine a probability interval cor 
responding to an indeX based on occurrence probabilities of 
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symbols estimated from occurrence counts of the symbols, 
determining the probability representation value for a cal 
culation parameter using the probability interval of the 
threshold, and outputting the probability representation 
value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] The objects and novel features of the invention Will 
more fully appear from the folloWing detailed description 
When the same is read in connection With the accompanying 
draWing ?gures. It is to be expressly understood, hoWever, 
that the draWing is for purpose of illustration only and is not 
intended as a de?nition of the limits of the invention. 

[0036] FIG. 1 is a block diagram of an encoding method 
according to the present invention; 

[0037] FIG. 2 is a block diagram of a symbol counting 
means according to the present invention; 

[0038] FIG. 3 is a flow chart of an encoding process 
according to the present invention; 

[0039] FIG. 4 shoWs a threshold for probability values 
and probability representation values for selecting a prob 
ability representation value according to an embodiment of 
the present invention; 

[0040] FIG. 5 is a flow chart of selecting a probability 
representation value according to an embodiment of the 
present invention; 

[0041] FIG. 6 shoWs a threshold for probability values 
and probability representation values for selecting a prob 
ability representation value according to an embodiment of 
the present invention; 

[0042] FIG. 7 is a flow chart of selecting a probability 
representation value according to an embodiment of the 
present invention; 

[0043] FIG. 8 is a block diagram of a decoding method 
according to the present invention; 

[0044] FIG. 9 is a flow chart of a decoding method 
according to the present invention; 

[0045] FIG. 10 is a flow chart of a process for correcting 
the probability representation value of a probability interval 
according to the invention; 

[0046] 
methods; 
[0047] FIG. 12 is a diagram illustrating the concept of 
arithmetic entropy encoding and decoding; and 

[0048] FIG. 13 is a diagram illustrating probability esti 
mation in encoding and decoding. 

FIG. 11 is a block diagram of coding and decoding 

DETAILED DESCRIPTION 

[0049] Embodiment 1. 

[0050] In the invention, adaptive probability estimation is 
applied to arithmetic coding. FIG. 1 is a block diagram 
shoWing the structure of a coding apparatus using arithmetic 
coding according to the invention. Coding of binary infor 
mation sources is described for ease of understanding. As in 
the conventional examples, in arithmetic coding, binary 
sources are encoded by comparing a symbol to be coded 
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With a predicted symbol and determining Whether the sym 
bol is more likely to occur than the another symbol (MPS: 
More Probable Symbol) or a symbol that is less likely to 
occur than the other symbol (LPS: Less Probable Symbol). 
The symbol judgment means 10 determines Whether an 
input symbol is an MPS or LPS. The symbol counting means 
11 counts the occurrences of LPS and the occurrences of 
both the binary symbols, in addition to storing a predicted 
value. The probability estimation means 12 estimates an 
LPS occurrence probability according to the accumulated 
count of LPS occurrences and both the symbols. The coding 
means 13 arithmetically codes coding input sequences of 
symbols and outputs coded data. In this coding process an 
operation of subdividing the numeric line recursively, 
according to the LPS occurrence probability, and selecting a 
divided interval that corresponds to the symbol to be coded, 
is iterated. The symbol counting means 11 can be decom 
posed into the elements shoWn in FIG. 2. 

[0051] In FIG. 2, the total symbol counting means 14 
counts occurrences of both the binary symbols and the total 
occurrence count. The LPS judgment means 15 determines 
Whether the input symbol is LPS or MPS. If LPS, the 
occurrence Will be counted by the LPS counting means 16. 
The predicted value memory 17 stores the predicted value 
and, When the LPS occurrence count exceeds half of the total 
occurrence count, the prediction value is reversed and the 
LPS occurrence count and MPS occurrence count (the total 
occurrence count—the LPS occurrence count) are 
exchanged. 

[0052] Based on the structure described above, an arith 
metic coding method using adaptive probability estimation, 
according to the invention, is illustrated in FIG. 3. In this 
method, Whether the input symbol to be coded is an MPS or 
LPS is determined at the symbol judgment means 10 by 
referring to the predicted value stored at the predicted value 
memory (Step 102). Then, one of the plural probability 
representation values prepared in advance is selected in the 
probability estimation method (explained in detail later) by 
referring to the LPS occurrence count and the total occur 
rence count (Steps 103 and 106). An MPS or LPS, deter 
mined by the symbol judgment means 10, is encoded by the 
coding means 13, using the probability representation value 
selected at the probability estimation means (Steps 104 and 
107). After the encoding, the LPS occurrence count and total 
occurrence count are updated by the symbol counting means 
11. When the symbol is determined to be an MPS, the total 
occurrence count is incremented (Step 105). When the 
symbol is determined to be an LPS, both the LPS occurrence 
count and total occurrence count are incremented (Step 108) 
and, if the LPS occurrence count exceeds half of the total 
occurrence count, the predicted value is reversed. At the 
same time, the LPS occurrence count and the MPS occur 
rence count are exchanged (Step 111), since the LPS occur 
rence count is larger than the MPS occurrence count (the 
total occurrence count—the LPS occurrence count). This 
exchange keeps the LPS occurrence count smaller than half 
of the total occurrence count. 

[0053] The procedure for selecting a probability represen 
tation value is noW described. FIG. 4 shoWs thresholds for 
probability values (TO, TI, T2) and probability representa 
tion values (A0, A1, A2, A3) Which belong to corresponding 
probability intervals determined by the thresholds for prob 
ability values. Here, the thresholds are set to be poWers of 
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tWo as an example. Each probability representation value 
can be set to an arbitrary value betWeen tWo neighboring 
thresholds for probability values. In this example, each 
probability representation value is set at the center of tWo 
neighboring thresholds of probability values, located 
betWeen the edges of a respective probability interval. Table 
1 shoWs the thresholds for probability values With the three 
least signi?cant bits in their binary representation. 

TABLE 1 

Threshold for Bit 
Probability Binary Arrangement 

Values Representation b0 b1 b2 

T0 = ‘A 0.0100 1 0 0 

T1 = Vs 0.0010 0 1 0 

T2 = V16 0.0001 0 0 1 

[0054] Since the thresholds for probability values are set 
to poWers of tWo, Whether an LPS probability is larger than 
a threshold probability value can be determined by compar 
ing the LPS occurrence count, shifted by some bits, With the 
total occurrence count. 

[0055] FIG. 5 shoWs a procedure for estimating probabil 
ity. First, the LPS occurrence count and the total occurrence 
count are stored in the register L and the register N, 
respectively (Step 113). Then, a comparison to the threshold 
for probability values TO is made, that is, the register L 
shifted to the left by tWo bits (Step 114) is compared With the 
register N (Step 115). 

[0056] If L is greater than or equal to N (the LPS occur 
rence probability >TO), the probability interval is deter 
mined, Which means AO Will be selected as a probability 
representation value (Step 116). If L is less than N, a 
comparison to the threshold for probability values T1 is 
made, that is, the register L shifted to the left by one bit more 
(Step 117), is compared With the register N (Step 118). If L 
is greater than or equal to N (LPS occurrence probability 
>T1), the probability interval is determined, Which means AI 
will be selected as a probability representation value (Step 
119). If L is less than N, the comparison to the threshold for 
probability values T2 is the same as the comparison to the 
threshold for probability values T1 (Steps 120 and 121). If 
L is greater than or equal to N (the LPS occurrence prob 
ability >T2), the probability interval is determined, Which 
means A2 Will be selected as a probability representation 
value (Step 122). If L is less than N (the LPS occurrence 
probability <T2), the probability interval is determined, 
Which means A3 Will be selected as a probability represen 
tation value (Step 123). Thus, by setting the thresholds for 
probability values to be poWers of tWo, a fast search of the 
probability representation value corresponding to a prob 
ability interval determined by the thresholds for probability 
values With no division and smaller operational load is made 
possible. 

[0057] Embodiment 2. 

[0058] An explanation of the structure and procedure of 
encoding apparatus using this invention With arithmetic 
coding is omitted since it is the same as embodiment 1. The 
procedure for selecting a probability representation value is 
described beloW. 
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[0059] FIG. 6 shoWs thresholds for probability values 
(TO, TI, . . . T7) and probability representation values (A0, 
A1, . . . , A8) Which belong to the corresponding probability 
intervals determined by the thresholds for probability val 
ues. Here, as an eXample, the thresholds are set to be poWers 
of tWo or values obtained by dividing an interval determined 
by poWers of tWo into tWo equal parts, recursively. For 
instance, the interval betWeen 1/2 and 1A1 is divided into four 
parts (halving the interval tWice). The intervals betWeen 1A1 
and Vs and betWeen Vs and 1/16 are divided into tWo parts due 
to the restriction of binary digit length in this eXample. Each 
probability representation value can be set to be an arbitrary 
value betWeen tWo neighboring thresholds of probability 
values. 

[0060] In this eXample, each probability representation 
value is set in the center of tWo neighboring thresholds for 
probability values Which are located at the edges of each 
probability interval. Table 2 shoWs the thresholds for prob 
ability values With the four least signi?cant bits in their 
binary representation. 

TABLE 2 

Threshold 
for 

Probability Binary Bit Arrangement 

values Representation b0 b1 b2 b3 

T0 = 7/16 0.01110 1 1 1 0 

T1 = 3/2 0.01100 1 1 0 0 

T2 = 5/16 0.01010 1 0 1 0 
T3 = ‘A 0.01000 1 0 0 0 

T4 = 3A6 0.00110 0 1 1 0 

T5 = Vs 0.00100 0 1 0 0 
T6 = 3/32 0.00011 0 0 1 1 

T7 = V16 0.00010 0 0 1 0 

[0061] Whether an LPS probability is larger than a thresh 
old for probability values can be determined by determining 
Whether each bit is one or Zero from the most signi?cant bit 
to the least signi?cant bit (in the order from b0 to b3), in a 
binary representation, repeatedly. Whether each bit is one or 
Zero can be determined by comparing the total occurrence 
count With a value obtained by appropriate shifting or by 
subtraction (subtraction of the total occurrence count from 
the LPS occurrence count) of the LPS occurrence count. 

[0062] FIG. 7 shoWs the procedure for estimating a prob 
ability. First, the LPS occurrence count and the total occur 
rence count are stored in the register L and the register N, 
respectively (Step 124). Then, the bit b0 in the LPS occur 
rence count is determined by comparing the register L 
shifted to the left by tWo bits (Step 125) With the register N 
(Step 126). If L is greater than or equal to N (the bit b0 of 
the LPS probability is one: YES at Step 126) and the 
probability interval is not determined (NO at Step 128), the 
value of the register N is subtracted from the value of the 
register L (the bit b0 of the LPS occurrence probability is set 
to Zero: Step 128), and the neXt bit b1 Will be determined. If 
L is less than N (the bit b0 of the LPS probability is Zero: NO 
at Step 126) and the probability interval is not determined 
(NO at Step 129), the neXt bit b1 Will be determined. 

[0063] The procedure for determining the bit b1 in the 
LPS occurrence probability is described. The register L 
shifted to the left by one bit (Step 131) is compared With the 
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register N (Step 126). Determining Whether each bit is one 
or Zero is the same as the determination of the bit b1. 
Determination of bits b2 and b3 is in the same manner as the 
determination of b1. Thus, each bit in the LPS occurrence 
probability is determined in sequence, and When a probabil 
ity interval is decided (YES at Step 127 or 129), the iterative 
judgment is discontinued and the probability representation 
value corresponding to the probability interval is selected 
(Step 130). 
[0064] The folloWing is a practical eXample in Which the 
LPS occurrence count L=21 and the total occurrence count 
N=60. First, the bit 0 in the LPS occurrence count turns out 
to be one, since the comparison betWeen the register L 
shifted to the left by tWo bits (L=84) and the register N 
shoWs that LEN. The neXt bit b1 in the LPS occurrence 
count turns out to be Zero, since the comparison betWeen the 
register L from Which the value of the register N Was 
subtracted (L=24) and shifted to the left by one bit (L=48) 
and the register N shoWs that L<N. Then, the bit b2 in the 
LPS occurrence probability turns out to be 1, since the 
comparison betWeen the register N shifted to the left by one 
bit (L=96) and the register N shoWs that L; N. 

[0065] After the operations above, the probability interval 
has been decided, that is, A2 Will be selected as a probability 
representation value. Thus, by setting the thresholds for 
probability values to be poWers of tWo or values obtained by 
dividing an interval determined by poWers of tWo into tWo 
equal parts, recursively, a fast search of the probability 
representation value corresponding to a probability interval, 
determined by the thresholds for probability values, With no 
division step and a smaller operation load, is achieved. 

[0066] Embodiment 3. 
[0067] Embodiment 3 concerns a decoding apparatus cor 
responding to the encoding apparatus introduced in embodi 
ment 1. FIG. 8 is a block diagram shoWing the structure of 
a decoding apparatus using arithmetic decoding in accor 
dance With the invention. An explanation of the symbol 
counting means 11 and the probability estimation means 12 
is omitted, since they have been described in connection 
With the encoding apparatus of embodiment 1. The decoding 
means 20 outputs symbols by dividing the numeric line 
according to the LPS occurrence probabilities and determin 
ing Which symbol the interval indicated by the input code 
data corresponds to. The data judgment means 21 converts 
a decoded MPS or LPS into binary data by referring to the 
predicted value and outputs binary data. 

[0068] Based on the structure described, a procedure of 
arithmetic decoding using the adaptive probability estima 
tion according to this invention is illustrated in FIG. 9. One 
of the plural probability representation values prepared in 
advance is selected in the probability estimation means 12 
by referring to the LPS occurrence count and the total 
occurrence count (Step 201). Then, an MPS or LPS is 
decoded by the decoding means 20, using the probability 
representation value selected by the probability estimation 
means (Step 202). If the decoded symbol is an MPS, the 
predicted value stored in the predicted value memory 17 is 
output by the data judgment means 21 (Step 204). If the 
decoded symbol is an LPS, the inverse of the predicted value 
stored in the predicted value memory 17 is output by the data 
judgment means 21 (Step 206). After outputting the data, the 
LPS occurrence count and total occurrence count are 

updated by the symbol counting means 11. 
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[0069] The procedure for selecting probability represen 
tation values in this embodiment is the same as in embodi 
ment 1. As in embodiment 1, by setting the thresholds for 
probability values to be poWers of tWo, a fast search of the 
probability representation values corresponding to probabil 
ity intervals determined by the thresholds for probability 
values With no division and a smaller operational load is 
made possible. 

[0070] Embodiment 4. 

[0071] Embodiment 4 concerns a decoding apparatus cor 
responding to the encoding apparatus of embodiment 2. The 
structure and procedure of operation of the decoding appa 
ratus using arithmetic decoding according to this invention 
are the same as those of embodiment 3. Therefore, a 
description of the procedure for selecting probability repre 
sentation values is the same as embodiment 2. Therefore, 
duplicate explanation is omitted. As in embodiment 2, by 
setting the thresholds for probability values to be poWers of 
tWo or values given by dividing an interval determined by 
poWers of tWo into tWo equal parts, recursively, a fast search 
of the probability representation value corresponding to a 
probability interval determined by the thresholds for prob 
ability values With no division and smaller operation load, is 
made possible. 

[0072] Embodiment 5 . 

[0073] In this embodiment, a method for determining one 
of the coding parameters, a probability representation value, 
according to tWo neighboring thresholds for probability 
values located at both of the edges of a probability interval 
is described. Here, the probability representation values are 
determined from the vieWpoint of coding efficiency. Gener 
ally, coding efficiency for information sources having occur 
rence probabilities around the center of a probability interval 
is higher than When the probabilities are close to the thresh 
olds for probability values. That is, the larger the difference 
from the center of a probability interval, the loWer the 
coding efficiency. The coding efficiency with arithmetic 
coding that does not use multiplication is loWer than arith 
metic coding using multiplication, because a ?xed-length 
area is assigned to a symbol to be coded, regardless of the 
length of the area, Which ranges from 0.5 to 1.0 (only the 
initial length is 1.0). HoWever it alloWs practical and simple 
implementation. In this case, at least probability represen 
tation values should be corrected. When an occurrence 
probability of an information source is assumed, the coding 
efficiency can be measured only by one factor, code length 
(numerator), since the other factor, entropy (denominator), 
depends on the occurrence probability. 

[0074] FIG. 10 illustrates an eXample of a procedure for 
calculating the correcting values for the probability repre 
sentation value. First, thresholds for probability values are 
set (Step 301). At the neXt step, a tentative probability 
representation value is set (Step 302). For instance, the 
initial value can be set to the center of tWo neighboring 
thresholds for probability values. Then, code lengths for tWo 
information sources With occurrence probabilities at the 
thresholds for probability values are calculated (Step 303), 
and the magnitude of the error betWeen the tWo code lengths 
is compared With a prede?ned error tolerance e (Step 304). 
If the error magnitude is larger than e (NO), the tentative 
probability representation value is set again. As the tentative 
probability representation value changes, the code lengths 
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for the tWo information sources also change. Therefore, in 
Step 302, in Which the tentative probability representation 
value is set, Step 304 and Step 305 are iterated, and if the 
error magnitude is smaller than e (YES), the probability 
representation value is set to the tentative probability rep 
resentation value, Which is supposed to provide the best 
coding efficiency. For instance, the top of the coding effi 
ciency curve can be a candidate of the value. Using the same 
technique, the probability representation values for all prob 
ability intervals can be determined. 

[0075] Embodiment 6. 

[0076] As described above, division Was necessary to 
estimate the occurrence probabilities of symbols to be coded 
With accumulated occurrence counts of symbols. Therefore, 
the problem Was increased complexity upon hardWare 
implementation, and an increased operation load for the 
coding. The embodiments described include coding methods 
in Which plural probability representation values are pre 
pared in advance, and one of the probability representation 
values is selected according to the accumulated occurrence 
counts as an estimated occurrence probability of the symbol 
to be coded. In the coding method, the thresholds for 
probability values, i.e., boundaries for the selection of a 
probability representation value, are determined carefully 
(for eXample, poWers of tWo or values obtained by dividing 
an interval determined by poWers of tWo into tWo equal 
parts, recursively), the probability representation value cor 
responding to a probability interval determined by the 
thresholds for probability values is selected by shifting, 
subtraction, and comparison With the accumulated occur 
rence counts of symbols, and occurrence probabilities of 
symbols are estimated according to accumulated occurrence 
counts. A fast search of the probability representation value 
With no division and smaller operation load is thus made 
possible. Although a state transition is not used in this 
probability estimation, each probability interval can be 
regarded as a state. In the embodiments described, a prob 
ability representation value is determined by selecting the 
corresponding probability interval. This means that an indeX 
referring to a probability interval regarded as a state may be 
selected by a fast search using the occurrence probability 
With no division and smaller operational load, and the 
probability representation value is obtained from the indeX. 
The indeX obtained can be easily used not only for selection 
of a probability representation value, but also for selecting 
other parameters. 

[0077] The invention reduces the operational load for 
coding, Which is a reduction in multiplication in the case of 
a state transition and a reduction of division in the case using 
accumulated occurrence counts. Also, this invention 
increases probability estimation ?delity and coding effi 
ciency in a state transition because of the improvement of 
adaptability to a change of the occurrence probability. 

[0078] If a state transition is not used, the probability 
estimation performance Will be more independent and 
improved. In a state transition, learning in the probability 
estimation means is synchroniZed With renormaliZation in 
the entropy coding means, Which is fundamentally indepen 
dent of the probability estimation means. That is, the adapt 
ability to the change in the information source depends on 
chance. The probability representation values can be closer 
to the optimum values due to the Way in Which the prob 
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ability representation values are set, so that the coding 
ef?ciencies at both edges of a probability interval, Which 
provide the Worst coding efficiency in the range, provide the 
same coding ef?ciency. 

[0079] An encoding apparatus and a decoding apparatus 
according to the invention can be implemented either sepa 
rately or together. Any medium such as Wireless transmis 
sion, Wire transmission, storage devices using discs, tape, 
semiconductors memories, and the like can be used as a 
medium over Which code data output from the encoding 
apparatus are transmitted to the decoding apparatus, or a 
medium in Which code data output from the encoding 
apparatus are stored. The transmission or storage can be 
realiZed electrically, magnetically, or optically. 

[0080] Embodiment 7. 

[0081] In foregoing embodiments, the probability estima 
tion is used in an encoder structure and a decoder structure. 
The probability estimation method is used in a calculation 
means instead of an encoder structure or a decoder structure. 

The calculation means is connected to the probability esti 
mation structure that determines the probability representa 
tion value. The calculation means receives the probability 
representation value and a binary symbol, makes further 
calculations based on the probability representation value, 
and outputs a result sent to another structure. The calculation 
means can send the calculated result to another structure 
very quickly because the estimation method is very fast. 

What is claimed is: 
1. A coding method comprising: 

determining a symbol from an input data signal, 

setting a threshold for probability values that determine a 
probability interval corresponding to an indeX based on 
occurrence probabilities of symbols estimated from 
occurrence counts of the symbols, 

determining a probability representation value as a coding 
parameter using the probability interval of the thresh 
old, and 

coding the symbol determined from the input data signal, 
based on the probability representation value. 

2. The method of claim 1 in Which the threshold values are 
integer poWers of one half (TN). 

3. The method of claim 2 including using a midpoint of 
tWo adjacent thresholds values as another threshold value. 

4. The method of claim 2 using thresholds obtained by 
dividing tWo adjacent thresholds (2'N and 2_(N+1)) into 2i 
equal parts, Where i is a positive integer. 

5. The method of claim 1 including setting the threshold 
values so that computational cost for determining the thresh 
old is reduced. 

6. The method of claim 1 Wherein the symbols are binary 
symbols. 

7. A decoding method comprising: 

setting a threshold for a probability values that determine 
a probability interval corresponding to an indeX based 
on occurrence probabilities of symbols estimated from 
occurrence counts of the symbols, 

determining a probability representation value as a coding 
parameter using the probability interval of the thresh 
old, 
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decoding an input code based on the probability repre 
sentation value and outputting a symbol, and 

determining output data based on the symbol output in 
decoding of the input code. 

8. The method of claim 7 in Which the threshold values are 
integer poWers of one half (TN). 

9. The method of claim 8 including using a midpoint of 
tWo adjacent thresholds values as another threshold value. 

10. The method of claim 8 including using thresholds 
obtained by dividing tWo adjacent thresholds (TN and 
2_(N+1)) into 2i equal parts, Where i is a positive integer. 

11. The method of claim 7 including setting the threshold 
values so that computational cost for determining the thresh 
old is reduced. 

12. The method of claim 7 Wherein the symbols are binary 
symbols. 

13. A probability estimation method comprising: 

determining a symbol based on an input data signal, 

setting a threshold for probability values that determine a 
probability interval corresponding to an indeX based on 
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occurrence probabilities of symbols estimated from 
occurrence counts of the symbols, 

determining the probability representation value for a 
calculation parameter using the probability interval of 
the threshold, and 

outputting the probability representation value. 
14. The method of claim 13 in Which the threshold values 

are integer poWers of one half (TN). 

15. The method of claim 14 including using thresholds 
obtained by dividing tWo adjacent thresholds (TN and 
2_(N+1)) into 2i equal parts, Where i is a positive integer. 

16. The method of claim 13 including setting the thresh 
old values so that computational cost for determining the 
threshold is reduced. 

17. The method of claim 13 Wherein the symbols are 
binary symbols. 


