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IMAGE ENCODING BASED ON 
JUDGEMENT ON PREDICTION ERROR 

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

This application is a reissue of US. Pat. No. 6,028,963, 
which issuedfrom application Ser. No. 08/874, 58],?led Jun. 
13, 1997. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The Present Invention relates to an image encoding 
apparatus and method for encoding image data, and to a 
medium in which the image encoding method has been 
stored. 

2. Related Background Art 
Conventionally, in order to provide an image process 

apparatus, there has been a technique which is based on 
prediction encoding. The prediction encoding is achieved by 
using a series conversion unit for converting image data into 
a prediction error in prediction converting, and an entropy 
encoding unit for converting the prediction error outputted 
from the series conversion unit into code data of which 
redundancy is more smaller by using an entropy encoding 
method such as Huifman encoding or the like. 

In the prediction encoding, a characteristic in a frequency 
of occurrence (or generation) of the prediction error is 
[difference] dijjrerent for each image. Therefore, in order to 
improve encoding efficiency, it is [desired] desirable to 
perform optimum entropy encoding for each image. 
As a method to achieve such entropy encoding, a method 

is well known in which an encoding process is performed on 
the basis of two-path structure. In this method, the charac 
teristic in the frequency of occurrence of the prediction error 
is checked and detected in a ?rst path, the entropy encoding 
method is determined according to the detected 
characteristic, and then practical encoding is performed in a 
second path. 

However, it has been rare to use this method because the 
process becomes complicated, use of a memory increases, 
and the like. Instead, it has been more frequent to determine 
the entropy encoding method in accordance with a charac 
teristic of general prediction error series. 

In this case, by previously encoding the several images, 
the characteristic in the frequency of occurrence of the 
prediction error is detected and then the encoding method is 
determined based on the detected characteristic. 

FIG. 2 shows an example of an image encoding apparatus 
in the above-described conventional system. In the drawing, 
reference numeral 201 denotes a buifer, 202 denotes a 
predictor, 203 denotes a subtracter, 204 denotes a memory, 
205 denotes a Huifman encoder, and 206 and 207 denote 
signal lines. 

Also, FIG. 2 shows the example of the image encoding 
apparatus which performs the prediction encoding by using 
peripheral pixels as a series converting process which con 
verts the image data into the prediction error, and further 
performs the Huifman encoding as the encoding process. 

In FIG. 2, before the encoding is practically performed, a 
frequency distribution of the prediction error which has been 
previously obtained by series-converting the image data 
representing the several images is checked, and then a 
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2 
Huifman table is formed and stored in the memory 204 in 
accordance with the checked frequency distribution. 

In the case of practically performing encoding, initially 
image data x is sequentially inputted from the signal line 
206. The buifer 201 stores the image data x inputted from the 
signal line 206, by two lines. The predictor 202 derives, from 
the buifer 201, the image data of pixel a positioned imme 
diately before an encoding target pixel and the image data of 
pixel b positioned before the pixel a by one line (see FIG. 3). 
Then, the predictor 202 generates a prediction value p by 
calculating p=(a+b)/2. 
The subtracter 203 outputs a diiferential value e between 

the image data x of the encoding target pixel and the 
prediction value p. As described above, the Huifman 
encoder 205 outputs encoding data corresponding to the 
diiferential value e from the signal 207, by referring to the 
Huifman table previously stored in the memory 204. 
On the other hand, compressing efficiency in the predic 

tion encoding depends on prediction accuracy in the series 
conversion unit and the encoding method in the entropy 
encoding unit. In order to improve the prediction accuracy, 
there is a technique which is so-called an error feedback. In 
the error feedback, the prediction error corresponding to the 
difference between an encoding target pixel value and the 
prediction value is used by the predictor as feedback to 
correct the prediction error. 

For example, there is a method in which a mean value of 
the prediction error is calculated for each state on the basis 
of the state of the pixel values of the peripheral pixels of the 
encoding target pixel, and the calculated mean value is 
added to the prediction value. By using [such the] this 
method, the prediction accuracy can be improved (such that 
numerous “0” of which code lengths are short are generated 
as the prediction errors), and also entropy can be reduced. 

In the image encoding apparatus according to the above 
described conventional system, in a case where the image 
data of such an image, e.g., a CG (computer graphics) 
image, a limited-color image or the like, as discretely having 
the pixel value is encoded, it is possible that the frequency 
of occurrence (or generation) of the prediction error after the 
above-described series conversion was performed becomes 
discrete. 

In such [the] a case, although the short code length has 
been allocated as the code length by the entropy encoding, 
the prediction error which is hardly generated or is not at all 
generated comes to exist. Therefore, there has been a prob 
lem that the compression efficiency is not improved. 
On the other hand, in the conventional image process 

apparatus which utilizes the above-described error feedback, 
in the case where the data of the image, i.e., the CG image, 
the limited-color image or the like, consisting of the discrete 
pixel value is subjected to the entropy encoding, there is 
some fear that good compression performance [can not] 
cannot be obtained. 

Hereinafter, this case will be concretely explained. 
In the case of using simple prediction which does not 

include division such as pre-predicting, plane predicting or 
the like, if the error feedback is not used, the prediction error 
which has been generated from the data of the image 
consisting of the discrete pixel values has the discrete 
frequency distribution as shown in FIG. 11A. 

However, in the case where the error feedback process is 
added, the prediction error which is essentially generated 
discretely is diffused to the prediction error of the peripheral 
value, whereby the frequency distribution as shown in FIG. 
11B appears. 
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In this case, the entropy becomes larger as compared With 
the case Where the error feedback process is not performed, 
Whereby there is a problem that an [encode] encoding data 
quantity dependent on the entropy encoding successively 
performed becomes larger. 

That is, there has been a problem that, if the error 
feedback process for increasing the compression ef?ciency 
by reducing the entropy is performed for the image data of 
Which entropy is originally loW, the process increases the 
entropy instead. 

SUMMARY OF THE INVENTION 

The present invention has been made in consideration of 
the above-described problems, and an object of the present 
invention is to effectively encode even image data having 
such a discrete pixel value as seen in a CG image, a 
limited-color image or the like. 

In order to achieve the above-described object, in accor 
dance With a ?rst preferred embodiment of the present 
invention, [it is provided an image encoding apparatus] an 
image encoding apparatus is provided comprising: 

generation means for generating a prediction error from 
an encoding target pixel value and a prediction value of 
the encoding target pixel value; 

judgment means for generating a generation frequency 
distribution of the prediction error to judge Whether or 
not the generation frequency distribution is discrete; 
and 

entropy encoding means for changing encoding data 
corresponding to the prediction error and performing 
entropy encoding on the obtained encoding data, in 
accordance With a judged result by said judgment 
means. 

Further, in order to achieve the above-described object, in 
accordance With [an] another preferred embodiment of the 
present invention, [it is provided] an image encoding appa 
ratus is provided comprising: 

generation means for predicting a pixel value of an 
encoding target pixel and generating a prediction value; 

prediction value correction means for correcting the pre 
diction value; and 

judgment means for judging Whether or not an image 
consisting of the plurality of encoding target pixels is 
composed of the discrete pixel values, 

Wherein the correction by said prediction value correction 
means is controlled in accordance With a result of the 
judgment by the judgment means. 

The above and other objects of the present invention Will 
become apparent from the folloWing detailed description 
When read in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing a ?rst embodiment of 
the present invention; 

FIG. 2 is a block diagram shoWing a conventional image 
process apparatus; 

FIG. 3 is a vieW shoWing positions of peripheral pixels a, 
b and c for an [encode] encoding target pixel x; 

FIG. 4 is a vieW shoWing an example of a Huffman table 
stored in a memory 109; 

FIG. 5 is a vieW shoWing an example of count value held 
in a counter 105; 

FIG. 6 is a vieW shoWing an example of a conversion table 
stored in a memory 111; 
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4 
FIG. 7 is a block diagram shoWing an image process 

apparatus according to a second embodiment of the present 
invention; 

FIG. 8 is a vieW shoWing a correspondence table betWeen 
a context S and a parameter k stored in a memory 707; 

FIG. 9 is a vieW shoWing a quantiZing method of differ 
ential values (a-c) and (b-c) betWeen peripheral pixels; 

FIG. 10 is a vieW shoWing a code table of Golomb-Rice 
encoding; 

FIGS. 11A and 11B are vieWs for explaining conventional 
problems; and 

FIG. 12 is a block diagram shoWing an image [encode] 
encoding apparatus according to a third embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

(First Embodiment) 
Hereinafter, the present invention Will be explained in 

detail With reference to the accompanying draWings. 
FIG. 1 is a block diagram shoWing the ?rst embodiment 

of the present invention. In FIG. 1, reference numeral 101 
denotes a signal line, 102 denotes a buffer Which stores 
image data corresponding to tWo lines, 103 denotes a 
predictor Which generates a prediction value from peripheral 
pixels, 104 denotes a subtracter, 105 denotes a counter 
Which holds the number F(e) of appearance of each predic 
tion error e (=—255 to 255), 106 denotes a converter Which 
outputs an intermediate output value e' corresponding to the 
prediction error e, 107 denotes a conversion table update 
circuit, 108 denotes a Huffman encoder, 109 denotes a 
memory Which stores a Huffman table, 110 denotes a signal 
line, 111 denotes a memory (to be referred as conversion 
table 111 hereinafter) Which stores a conversion table in 
Which an output value M(i) for an input value i of the 
converter 106 has been de?ned, 112 denotes an update 
judgment circuit Which judges Whether or not the conversion 
table is to be updated, and 113 denotes a signal line. 

The present embodiment Will be explained by Way of 
example that an eight-bit (i.e., 0 to 255 values) monochrome 
image is encoded. HoWever, the present invention is not 
restricted to such a case, but may be applied to a case Where 
each of RGB eight-bit signals is encoded for each of RGB 
color images. 

It has been previously stored in the memory [108] 109 the 
Huffman table Which Was formed on the basis of character 
istics of the prediction errors generated in case of prediction 
encoding several sample images. FIG. 4 shoWs an example 
of the Huffman table Which has been stored in the memory 
[108] 109. 

Further, as an initial stage, the conversion table 111 has 
been set such that the output value M(i) for the input value 
i satis?es M(i)=i. Also, in the counter 105, all the values (i.e., 
the number of appearance) F(e) corresponding to the pre 
diction errors e (=—255 to 255) have been set as “0”. 

Subsequently, an operation of each unit in the present 
embodiment Will be explained sequentially. 

Initially, an encoding target pixel x is inputted, in the 
order of raster scanning, into the buffer 102 and the sub 
tracter 104 through the signal line 101. 
The buffer 102 stores the signal Which is inputted from the 

signal line 101 and corresponds to the tWo lines. Then, the 
predictor 103 reads peripheral pixels a, b and c of the 
encoding target pixel x from the buffer 102, and obtains a 
prediction value p for the [encode] encoding target pixel x 
by calculating p=a+b—c. In this case, positions of the periph 
eral pixels a, b and c for the encoding target pixel x are 
shoWn in FIG. 3. 
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The subtracter 104 generates the prediction error e by 
calculating e=x—p and also performs increment of the 
counter value F(e). For example, if the prediction error is 
“2”, the subtracter 104 performs the increment of the counter 
value F(2) corresponding to such [the] a prediction error 
“2”. 

The converter 106 outputs the intermediate output value 
e' corresponding to the inputted prediction error e, by 
referring to the conversion table 111. 

Processing operations of the update judgment circuit 112, 
the conversion table update circuit 107 and the conversion 
table 111 Will be explained later. 

The Huffman encoder 108 outputs encoding data corre 
sponding to the intermediate output value e' to the signal line 
110, by referring to the Huffman table stored in the Huffman 
table memory 109. 

The above-described serial encoding process is repeatedly 
performed for the l6-line pixels of the inputted image data. 

Subsequently, processes of the counter 105 and the update 
judgment circuit 112 Will be explained in detail. 
When the encoding process of 16 lines is terminated in the 

counter 105, data representing the number of appearance of 
each prediction error e is generated as shoWn in FIG. 5. 

The update judgment circuit 112 checks the number 
(F(—Th) to F(Th)) of appearance of the prediction error (—Th 
to Th) (it is assumed that Th=32 in the present embodiment), 
in the counter values held in the counter 105. 

If there is the value “0” as the number of appearances in 
the counter values, the update judgment circuit 112 judges 
that the objective image is a speci?c image (i.e., a CG image, 
a limited-color image or the like) in Which the prediction 
error not generated exists. Thus, the circuit 112 outputs to 
the signal line 113 a control signal “1” for operating the 
conversion table update circuit 107. On the other hand, if 
there is no prediction error having the value “0” as the 
number of appearance in the 16 lines, the objective image is 
encoded as an ordinary image. Therefore, the update judg 
ment circuit 112 outputs to the signal line 113 a signal “0” 
[not for] for not operating the conversion table update circuit 
107. In this case, it is judged Whether or not the objective 
image is the speci?c image, on the basis of the prediction 
error generated in the 16 lines of the image. HoWever, the 
present invention is not restricted to such an operation. That 
is, the prediction error can be adaptively changed Within a 
range beginning from the several pixels to the plurality of 
images, if in unit of image suitable for the judging. 

In the example shoWn in FIG. 5, since the number of 
appearance for the prediction errors 1, —l, 3, —3, 5, —5 and 
the like is “0”, the control signal “1” is outputted from the 
counter 105 to the conversion table update circuit 107. 

Further, the counter 105 and the conversion table 111 are 
reset to an initial state for every 16 lines, and the processes 
of the counter 105 and the update judgment circuit 112 are 
repeated. 

Then, an operation of the conversion table update circuit 
107 Will be explained in detail, hereinafter. 
The conversion table update circuit 107 operates in the 

case Where the control signal from the signal line 113 is “l”, 
to perform a process for reWriting the conversion table 111. 
If the circuit does not perform the operation, the conversion 
table 111 is successively used. 

The circuit 107 checks the number Np of the prediction 
error e of Which the number of appearance is not “0”, by 
referring to the number of appearance Within the range of the 
prediction error e from “0” to “255” in the counter 105. 

Then, the circuit 107 allocates the prediction error e of 
Which the number of appearance is not “0” to integer values 
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6 
“0” to “Np-l” of an intermediate output value M(e) held in 
the conversion table 111, in the order of “0”, “l”, “2”, “3” 
to “255” (i.e., “0”, “2”, “4”, “6”, . . . in FIG. 5). 

Subsequently, the circuit 107 sequentially allocates the 
prediction error e of Which the number of appearance is “0” 
(i.e., “l”, “3”, “5”, . . . in FIG. 5). 

In the same manner as described above, the circuit 107 
checks the number Nm of the prediction error e of Which the 
number of appearance is not “0”, for the prediction error e 
from “—I” to “—255”. 

Further, the circuit 107 allocates the prediction error e of 
Which the number of appearance is not “0” to the integer 
values “—I” to “—Nm” of the intermediate output value M(e) 
held in the conversion table 111, in the order of “—l”, “—2”, 
“—3” to “—255” (i.e., “—2”, “—4”, “—6” . . . in FIG. 5). 

Subsequently, the circuit 107 sequentially allocates the 
prediction error of Which the number of appearance is “0” 
(i.e., “—l”, “—3”, “—5” . . . in FIG. 5), to the integer values 
“—Nm-l” to “—255” of the intermediate output value M(e). 
By such operations, the conversion table 111 is reWritten 

such that the prediction errors of Which frequency of gen 
eration is high concentrate on the value close to the inter 
mediate output value “0” of Which code length is short. 
Therefore, in the case Where the objective image is judged 
as the speci?c image by the update judgment circuit 112, the 
value having large absolute value is allocated to the predic 
tion error Which is never generated, Whereby the effective 
entropy encoding can be performed. 

For an image having the generation frequency of the 
prediction error as shoWn in FIG. 5, the conversion table 111 
is reWritten as shoWn in FIG. 6. When the reWriting of the 
conversion table 111 by the conversion table update circuit 
107 terminates, all the count values held in the counter 105 
are reset to “0”. 

As described above, the encoding process for the image 
data of the 16 lines and the updating of the conversion table 
111 are repeatedly performed, the encoding is continuously 
performed for the ?nal pixel inputted from the signal line 
101, and then the encoding data is outputted to the signal line 
110. 

(Second Embodiment) 
Subsequently, the second embodiment of the present 

invention Will be explained With reference to the accompa 
nying draWings. 

FIG. 7 is a block diagram shoWing the second embodi 
ment of the present invention. In FIG. 7, reference numeral 
701 denotes a signal line, 702 denotes a buffer Which stores 
image data of tWo lines, 703 denotes a context generator 
Which generates a context (i.e., a value representing a state 
of peripheral pixel value) from peripheral pixels, 704 
denotes a predictor Which generates prediction value, 705 
denotes a subtracter, 706 denotes a parameter k selection 
circuit, 707 denotes a memory Which holds a Golomb-Rice 
parameter k for each context, 708 denotes an inspection 
circuit Which has therein a one-bit ?ag f(e) storing Whether 
or not a prediction error e has been generated, 709 denotes 
an update judgment circuit Which judges Whether or not 
[updated] updating of a conversion table is to be performed, 
710 denotes a conversion table update circuit, 711 denotes a 
memory Which stores the conversion table in Which output 
value M(i) for value i inputted to a converter 712 has been 
de?ned (to be referred as a conversion table 711 hereinafter), 
712 denotes a converter Which converts the prediction error 
in accordance With the conversion table 711, 713 denotes a 
Golomb-Rice encoder, 714 denotes a signal line, 715 
denotes a signal line, 716 denotes a subtracter, 717 denotes 
a prediction value correction circuit, and 718 denotes a 
signal line. 
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Like the ?rst embodiment, it Will be explained as an 
example a case Where an eight-bit (i.e., values “0” to “255”) 
monochrome image is encoded. 

It is assumed that the memory 707 has stored and holds a 
value of the parameter k suitable for each context Which 
value Was obtained by previously performing an encoding 
test of several sample images. 

FIG. 8 shoWs an example of a corresponding table of a 
context S and the parameter k stored in the memory 707. 

The prediction value correction circuit 717 has therein a 
memory region for holding the number N(S) of generation 
of the prediction error e for each context S and cumulative 
value E(S) of the prediction error e for each context S. In an 
initial state, all the values have been set as “0”. 

It is assumed that an initial state of the control signal 
outputted to the signal line 718 has been set as “0”. Further, 
as the initial state, all the ?ags f(e) held in the inspection 
circuit 708 have been set as “0”, and also the conversion 
table 711 has been set such that the output value M(i) for the 
input value i satis?es the folloWing equation. 

—2e —1 for e < 0 
M(e) : 

2e for e g 0 

Hereinafter, an operation of each unit in the present 
embodiment Will be sequentially explained. 

Initially, image data or signal representing an encoding 
target pixel x is inputted, in the order of raster scanning, into 
the buffer 702 and the subtracters 705 and 716 through the 
signal line 701. 
The buffer 702 stores the signal of tWo lines inputted from 

the signal line 701. The predictor 704 reads the image data 
of peripheral pixels a, b and c of the encoding target pixel x 
from the buffer 702, and obtains prediction value p for the 
encoding target pixel x by calculating p=a+b—c. Positions of 
the peripheral pixels a, b and c for the encoding target pixel 
x are shoWn in FIG. 3. The context generator 703 ?rstly 
reads the peripheral pixels a, b and c of the encoding target 
pixel x from the buffer 702, and secondly obtains values 
(a-c) and (b-c). Then, the context generator 703 obtains 
values q(a—c) and q(b—c) by quantiZing each of the tWo 
values (a-c) and (b-c) into three levels in accordance With 
a table shoWn in FIG. 9. By using such results, the context 
generator 703 calculates the context S=3><q(a—c)+q(b—c) to 
generate and output the context S=“0” to “8”. 

The parameter k selection circuit 706 reads the value of 
the parameter k corresponding to the context S from the 
memory 707 and then outputs the read value. The subtracter 
716 outputs a prediction error e1=x—p Which is the differ 
ence betWeen the prediction value p generated by the 
predictor 704 and the encoding target pixel value x. 

In a case Where a control signal from the signal line 718 
is “0” and a signal from a signal line 718' is “0”, the 
prediction value correction circuit 717 outputs the prediction 
value p outputted from the predictor 704, as it is, as a 
corrected prediction value p'. 
On the other hand, in a case Where the control signal from 

the signal line 718 is “1” or the signal from the signal line 
718' is “1”, the circuit 717 reads the number N(S) of 
generation of the prediction error e for each context S and 
the cumulative value E(S) of the prediction error e from its 
internal memory region, on the basis of the context S 
generated by the context generation circuit 703. 
Subsequently, the circuit 717 obtains a mean value merr(S) 
of the prediction errors in the context S by calculating 
E(S)/N(S). By using the mean value merr(S) and the pre 
diction value p outputted from the predictor 704, the circuit 
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717 outputs the corrected prediction value p'=p+merr(S), to 
the subtracter 705. 
The subtracter 705 obtains the prediction error e=x—p' 

from the corrected prediction value p' outputted by the 
prediction value correction circuit 717 and the encoding 
target pixel x, and outputs the obtained prediction error e. 

Further, every time the prediction error e is generated, in 
a case Where the control signal from the signal line 718 is 
“1” or the control signal line 718' is “1”, the prediction value 
correction circuit 717 neWly adds the prediction error e 
outputted by the subtracter 705 to the cumulative value E(S), 
and performs increment of the number N(S) of generation of 
the prediction error e for each context S to store the obtained 
data into the internal memory region. 
The converter 712 reads an intermediate output value e' 

for the input value e from the conversion table 711, and then 
outputs the read value. The Golomb-Rice encoder 713 
generates encoding data of the intermediate output value e' 
on the basis of a code allocation table shoWn in FIG. 10 
Which corresponds to the values of the parameter k outputted 
by the parameter k selection circuit 706, and outputs the 
obtained data through the signal line 715. 

Subsequently, a detailed encoding procedure in the 
Golomb-Rice encoder 713 Will be explained hereinafter. 

Firstly, the intermediate output value e' (i.e., “0” to “510” 
in this case) Which is the target of encoding is expressed in 
binary number, and then divided into a loWer k-bit portion 
and an upper remaining portion. It is assumed that the value 
obtained by expressing the upper remaining portion in 
decimal number is n. The encoding data is obtained by 
adding “0” to the loWer k-bit portion by n, and ?nally adding 
“1”. For example, FIG. 10 shoWs correspondence betWeen 
the intermediate output value e' and the encoding data in the 
case of k=“0”, “1”, “2”. 
When a prediction error el is outputted from the subtracter 

716, the inspection circuit 708 changes the ?ag f(e1) cor 
responding to the prediction error el into “1”. 
The inspection circuit 708 checks, in the held ?ags f(-Th) 

to f(Th), the values of the ?ags f(-Th) to f(Th) correspond 
ing to the prediction errors “—Th” to “Th” (Where “Th” is an 
arbitrary integer Within the range “0” to “255”), for each 
pixel clock. 

In a case Where the ?ags f(-Th) to f(Th) are all “1”, the 
inspection circuit 708 outputs the control signal “1” to the 
signal line 718', and outputs a control signal 719 for resetting 
or returning the conversion table 711 to the initial state. 
On the other hand, in a case Where at least one of the ?ags 

f(-Th) to f(Th) is “0”, the inspection circuit 708 outputs the 
control signal “0” to the signal line 718'. 

For example, When k=2, the intermediate value e'=5 
(decimal) (binary “101”) is divided into a loWer 2(=k) bit 
part “01” and an upper part “1”. It is determined that the 
loWer bit part “01” is the upper 2(=k) bit of Golomb 
encoding data. That is, it is determined that the encoding 
data is “01* . . . ”. Furthermore, the code “0” of the number 

1 (decimal) represented by the upper bit “1” is added on or 
after 3 (=k+1) bits of Golomb encoding data. That is, it is 
determined that the encoding data is “010* . . . ”. 

Sequentially, the code “1” indicating the end of Golomb 
encoding data is added. Accordingly, it is determined that the 
?nal encoding data is “0101”. 
The above-described encoding process is repeatedly per 

formed for the eight-line pixels of the input image data. 
Subsequently, an operation of the update circuit Will be 

explained in detail. 
In the above-described processes, in the ?ags f(-Th) to 

f(Th) held in the inspection circuit 708, “1” has been 
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allocated to the prediction error generated Within the eight 
lines, and “0” has been allocated to the prediction error not 
generated. When the process of the eight lines terminates, 
the update judgment circuit 709 refers to the ?ag held in the 
inspection circuit 708. Then, in a case Where “0” exists in the 
?ags f(-Th) to f(Th) corresponding to the prediction errors 
“—Th” to “Th” (Where “Th” is an arbitrary integer Within the 
range “0” to “255”), during the process of the subsequent 
eight lines, the update judgment circuit 709 outputs the 
control signal “1” for operating the conversion table update 
circuit 710 to the signal line 714 and also outputs the control 
signal “0” for controlling the operation of the prediction 
value correction circuit 717 to the signal line 718. 
On the contrary, in a case Where the ?ags f(-Th) to f(Th) 

are all “1”, during the process of the subsequent eight lines, 
the update judgment circuit 709 outputs the control signal 
“0” [not for] for not operating the conversion table update 
circuit 710 to the signal line 714 and also outputs the control 
signal “1” for controlling the operation of the prediction 
value correction circuit 717 to the signal line 718. In 
addition, the inspection circuit 708 and the conversion table 
711 are reset or returned to the initial state. 

The conversion table update circuit 710 operates in the 
case Where the control signal from the signal line 714 is “l”, 
to reWrite the conversion table 711. 

In this case, ?rstly, the circuit 710 refers to the value of the 
?ag held in the inspection circuit 708, so as to check the 
number Np of the prediction error Which has been generated 
even once in the previously-encoded eight lines, Within the 
range of the prediction errors “0” to “255”. Secondly, the 
circuit 710 checks the value of the ?ag in the order of the 
prediction error “0”, “l”, “2”, “3” to “255”. In a case Where 
the ?ag f(e) is “l” (i.e., the prediction error e is generated 
even once), the circuit 710 allocates even-number values of 
“0” to “2><Np—l” to the output value M(e) held in the 
conversion table 711. On the other hand, in a case Where the 
?ag f(e) is “0” (i.e., the prediction error e is not generated 
even once), the circuit 710 sequentially allocates the even 
number values of “2><Np” to “510” to the output value M(e). 

Subsequently, the circuit 710 checks the number Nm of 
the prediction error generated Within the range of the pre 
diction error “—l” to “—255”. Like the case Where the 
prediction error is positive, the circuit 710 checks the ?ag 
f(e) in the order of the prediction error “—l”, “—2”, “—3” to 
“—255”. If the ?ag f(e) is “l”, the circuit 710 sequentially 
allocates odd-number values of “l” to “2><Nm—l” to the 
output value M (e) held in the conversion table 711. On the 
other hand, if the ?ag f(e) is “0”, the circuit 710 sequentially 
allocates the odd-number values of “2><Nm+l” to “509” to 
the output value M(e). By such [the] operations, the con 
version table 711 is rewritten. Therefore, the prediction error 
Which has not been generated even once in the previously 
encoded eight lines is managed, irrespective of magnitude of 
its value, as the large-value prediction error from the time of 
encoding the subsequent eight lines. For this reason, in the 
prediction encoding in Which the short encoding code is 
allocated to the small prediction error, the compression 
e?iciency can be improved. After the reWriting of the 
conversion table 711 is terminated, the conversion table 
update circuit 707 initialiZes the inspection circuit 708. 
As described above, the encoding process of the eight-line 

image data and the successive updating of the conversion 
table 711 are repeatedly performed, the encoding is continu 
ously performed until the ?nal [encode] encoding target 
pixel of the image [inputted] is inputted from the signal line 
701, Whereby the encoding data is outputted to the signal 
line 715. 
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The present invention is not restricted to the above 

described embodiments. For example, as a prediction 
method of the encoding target pixel value, pre-predicting 
may be simply used. On the other hand, by providing several 
prediction methods, these methods may be appropriately 
sWitched or exchanged. 

Further, in the above-described embodiments, the Hulf 
man encoding and the Golomb-Rice encoding are used as 
the encoding means, but another encoding such as arithmetic 
encoding or the like may be used. 
As described above, according to the image encoding 

apparatus of the present invention, the encoding can be 
effectively performed even for the image data having such 
[the] a discrete pixel value as seen in the CG image, the 
limited-color image or the like. 

Especially, in the ?rst and second embodiments, it is 
detected Whether or not each prediction error is generated 
even once every time the predetermined unit of image (i.e., 
eight lines) is encoded. Then, on the basis of the detected 
result, an interpretation of the prediction error in case of 
encoding next time is changed, Whereby the compression 
e?iciency in the prediction encoding (i.e., variable length 
encoding) can be improved. 
(Third Embodiment) 

FIG. 12 is a block diagram shoWing the third embodiment 
of the present invention. 

In FIG. 12, reference numeral 401 denotes a signal line, 
402 denotes a buffer, 403 denotes a context generator, 404 
denotes a predictor, 405 denotes a prediction value correc 
tion circuit, 406 denotes a Huffman table generator, 407 
denotes a Huffman table memory Which stores a Huffman 

table, 408 denotes a Huffman encoder, 409 denotes a 
subtracter, 410 denotes a signal line, and 411 denotes an 
inspection circuit Which has therein a one-bit ?ag f(e) for 
storing Whether or not a prediction error e has been gener 
ated. 

In the present embodiment, encoding is performed based 
on tWo-path [structure] structures. That is, in a ?rst path, the 
Huffman table is [structed] constructed in the Huffman table 
memory 407, and in a second path, the practical encoding is 
performed by using the structured Huffman table. 

It Will be explained in the present embodiment a case 
Where an eight-bit (i.e., values “0” to “255”) monochrome 
image is encoded. Before the encoding is performed, all the 
?ags f(e) held in the inspection circuit 411 are set as “0”. 
Further, the prediction value correction circuit 405 has 
therein a memory region Which holds the number N(S) of 
generation of the prediction error e for each context S and a 
cumulative value E(S) of the error for each state. HoWever, 
as an initial state, all the values in the circuit 405 have been 
set as “0”. 

Firstly, image data is sequentially inputted from the signal 
line 401. The buffer 402 stores the image data of tWo lines 
inputted from the signal line 401. The predictor 404 reads 
peripheral pixels a, b and c of an [encode] encoding target 
pixel x from the buffer 402, and produces a prediction value 
p by calculating p=a+b—c. 

Positions of the peripheral pixels a, b and c are shoWn in 
FIG. 3. Similarly, the context generator 403 fetches the 
peripheral pixels a, b and c to obtain values (a—c) and (b-c). 
Then, like the ?rst embodiment, the context generator 403 
obtains each of values Q(a—c) and q(b—c) by qunatiZing each 
of the tWo values (a—c)and (b-c) into three levels in accor 
dance With the table shoWn in FIG. 9. By using such [the] 
results, the context generator 403 generates the context S 
Which represents the states of the peripheral pixels expressed 
by “0” and “6”, by calculating S=3><q(a—c)+q(b—c). 
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The prediction value correction circuit 405 inputs the 
context S outputted by the context generator 403, and reads 
from the internal memory region in the number N(S) of 
generation of the prediction error e for each context S and 
the cumulative value E(S) of the prediction error e for each 
context S. 

Subsequently, the prediction value correction circuit 405 
obtains a mean value merr(S) of the prediction error in the 
context S by calculating E(S)/N(S). Then, the inspection 
circuit 411 checks the value of a ?ag f(—merr(S)) Which 
stands the ?ag “l” for the already-generated value, in a 
prediction error e2 betWeen the prediction value p and the 
[encode] encoding target pixel value x. If the ?ag 
f(—merr(S)) is “l”, the prediction value correction circuit 
405 adds the mean value merr(S) to the prediction value p 
outputted by the predictor 404, and outputs the obtained 
value as a corrected prediction value p'=p+merr(S). In this 
case, the mean value merr(S) may be controlled to have 
positive value. 
On the other hand, if the mean value f(—merr(S)) is “0”, 

the prediction value correction circuit 405 outputs the pre 
diction value p as it is, as the corrected prediction value p', 
The subtracter 409 obtains the prediction error e=x—p' 
betWeen the [encode] encoding target pixel x and the cor 
rected prediction value p', and then outputs the obtained 
prediction error e. 
A subtracter 412 obtains and outputs the prediction error 

e2 Which is the difference betWeen the [encode] encoding 
target pixel x and the prediction value p. The inspection 
circuit 411 checks the ?ag value f(e2) corresponding to the 
differential value e2. Then, if the ?ag value f(e2) is “0”, the 
circuit 411 reWrites it into “1”. 

The prediction value correction circuit 405 performs 
increment on the number N(S) of the prediction error e for 
each context S, neWly adds the prediction error e generated 
by the subtracter 409 to the cumulative value E(S) and stores 
the obtained value. The Huffman table generator 406 counts 
the number of generation of the prediction error e for each 
context S Which is derived from the context generator 403. 
By repeatedly performing the above-described process for 

all the image data inputted from the signal line 401, nine 
frequency distributions each corresponding to each context 
S are generated in the internal memory of the Huffman table 
generator 406. In this case, the nine Huffman tables are 
structured respectively from these nine frequency distribu 
tions and then stored in the Huffman table memory 407. 

In the second path, the nine Huffman tables stored in the 
memory 407 are appropriately sWitched and used for each 
context S, Whereby the encoding and outputting are per 
formed. 
When the above-described process is terminated, the next 

image data beginning from the ?rst pixel is again sequen 
tially inputted into the signal line 401, and the prediction 
error e is generated for each pixel in the same operation as 
that in the ?rst path. The Huffman encoder 408 performs the 
Huffman encoding on the prediction error e by referring to 
the Huffman table corresponding to each context S stored in 
the Huffman table memory 407, and outputs the obtained 
data. 

The above-described process is repeatedly performed for 
the entire encoding target pixels, and thus the [encode] 
encoding data is outputted. 

The present invention is not restricted to the above 
described embodiments. For example, as the prediction 
method of the encoding target pixel value, the pre-predicting 
may be simply used. On the other hand, by providing the 
several prediction methods, these methods may be appro 
priately sWitched or exchanged. 
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Further, in the above-described embodiments, the Huff 

man encoding and the Golomb-Rice encoding are used as 
the encoding means, but another encoding such as the 
arithmetic encoding or the like may be used. 

It Will be obviously understood that the object of the 
present invention can be achieved by supplying a storage 
medium in Which program codes of a softWare to realiZe the 
functions of the above-described embodiments are stored to 
a system or an apparatus, and reading and executing the 
program codes stored in the storage medium With a com 
puter (CPU or MPU) in the system or the apparatus. 

In such a case, the program codes themselves of the 
softWare read out of the storage medium realiZe the func 
tions of the above-described embodiments, thus the storage 
medium in Which the program codes have been stored 
construct the present invention. 
As such the storage medium to store the program codes, 

e.g., it is possible to use a ?oppy disk, a hard disk, an optical 
disk, an optomagnetic disk, a CD-ROM, a CD-R, a magnetic 
tape, a non-volatile memory card, a ROM or the like can be 
used. 

Further, it Will be obviously understood that the present 
invention incorporates not only a case Where the functions of 
the above-described embodiments are realiZed by executing 
the program codes read by the computer, but also a case 
Where an OS (operating system) or the like operating in the 
computer performs a part or all of the actual processes on the 
basis of instructions of the read program codes and by such 
[the] processes the functions of the above-described embodi 
ments are realiZed. 

Furthermore, it Will be obviously understood that the 
present invention also incorporates a case Where the pro 
gram codes read out of the storage medium are Written into 
a memory provided for a function expansion board of the 
computer or a function expansion unit connected to the 
computer and, after that, the CPU or the like provided for the 
function expansion board or the function expansion unit 
executes a part or all of the actual processes on the basis of 
instructions of the program codes, and the functions of the 
above-described embodiments are realiZed by the processes. 
As explained above, in the case Where the image to be 

encoded consists of the discrete pixel values, the image 
encoding apparatus according to the present invention per 
forms the controlling such that the correction of the predic 
tion value by the prediction value correction means is not 
performed. Therefore, even in the case of encoding the data 
of the image such as the CG image, the limited-color image 
or the like having the discrete pixel value, the encoding can 
be effectively performed by utiliZing bias of the prediction 
error. 

Many modi?cations and variations are possible for the 
present invention, Within the spirit and scope of the 
appended claims. 
What is claimed is: 
1. An image encoding apparatus, comprising: 
generating means for generating a ?rst prediction error 

difference on the basis of a ?rst value of at least one 
reference pixel and a ?rst prediction value of the 
reference pixel, and generating a second prediction 
error difference on the basis of a second value of an 

encoding target pixel and a second prediction value of 
the encoding target pixel, the reference pixel being 
encoded before the encoding target pixel is encoded 
and the ?rst prediction error difference being generated 
before the second prediction error difference is gener 
ated; 

judging means for judging an appearing prediction error 
difference and an unappearing prediction error differ 
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ence on the basis of the ?rst prediction error difference, 
[and for encoding the second prediction error difference 
on the basis of the judged appearing and unappearing 
prediction error di?ferences,] Wherein the second pre 
diction error dilference is not used in the judging 
operation; 

changing means for changing a ?rst corresponding rela 
tionship betWeen prediction error difference and encod 
ing data to a second corresponding relationship 
betWeen prediction error difference and encoding data 
according to a result obtained by said judging means; 
and 

encoding means for encoding the second prediction error 
difference on the basis of [a selected] the appearing and 
unappearing prediction error dijferences judged by 
said judging means and one of the ?rst and second 
corresponding relationships to obtain corresponding 
encoding data. 

2. An apparatus according to claim 1, Wherein the ?rst and 
second corresponding relationships are each a respective 
corresponding relationship betWeen the prediction error dif 
ference and variable length encoding data, and Wherein said 
encoding means executes variable length encoding on the 
second prediction error difference. 

3. An apparatus according to claim 1, Wherein said 
encoding means encodes the ?rst prediction error difference 
before encoding the second prediction error difference. 

4. An apparatus according to claim 1, Wherein said 
encoding means executes Huffman coding. 

5. An apparatus according to claim 1, Wherein said 
encoding means executes Golomb-Rice encoding. 

6. An apparatus according to claim 1, further comprising 
prediction means for generating the second prediction value 
of the encoding target pixel on the basis of a peripheral pixel 
of the encoding target pixel. 

7. An image encoding method, comprising the steps of: 
generating a ?rst prediction error difference on the basis 

of a ?rst value of at least one reference pixel and a ?rst 
prediction value of the reference pixel, and generating 
a second prediction error difference on the basis of a 
second value of an encoding target pixel and a second 
prediction value of the encoding target pixel, the ref 
erence pixel being encoded before the encoding target 
pixel is encoded and the ?rst prediction error difference 
being generated before the second prediction error 
difference is generated; 

judging an appearing prediction error difference and an 
unappearing prediction error difference on the basis of 
the ?rst prediction error difference, [and for encoding 
the second prediction error difference on the basis of 
the judged appearing and unappearing prediction error 
di?ferences,] Wherein the second prediction error dif 
ference is not used in the judging operation; 

changing a ?rst relationship betWeen prediction error 
difference and encoding data to a second corresponding 
relationship betWeen prediction error difference and 
encoding data according to a result obtained in said 
judging step; and 

encoding the second prediction error difference on the 
basis of [a selected] the appearing and unappearing 
prediction error dijferences judged in said judging step 
and one of the ?rst and second corresponding relation 
ships to obtain corresponding encoding data. 

8. A computer readable storage medium that stores pro 
gram codes for executing an image encoding method, said 
method comprising the steps of: 

14 
generating a ?rst prediction error difference on the basis 

of a ?rst value of at least one reference pixel and a ?rst 
prediction value of the reference pixel, and generating 
a second prediction error difference on the basis of a 

5 second value of an encoding target pixel and a second 
prediction value of the encoding target pixel, the ref 
erence pixel being encoded before the encoding target 
pixel is encoded and the ?rst prediction error difference 
being generated before the second prediction error 
difference is generated; 

judging an appearing prediction error difference and an 
unappearing prediction error difference on the basis of 
the ?rst prediction error difference, [and for encoding 
the second prediction error difference on the basis of 
the judged appearing and unappearing prediction error 
di?ferences,] Wherein the second prediction error dif 
ference is not used in the judging operation; 

changing a ?rst relationship betWeen prediction error 
difference and encoding data to a second corresponding 
relationship betWeen prediction error difference and 
encoding data according to a result obtained in said 
judging step; and 

encoding the second prediction error difference on the 
basis of [a selected] the appearing and unappearing 
prediction error di?‘erences judged in said judging step 
and one of the ?rst and second corresponding relation 
ships to obtain corresponding encoding data. 

9. An image encoding apparatus comprising: 
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generating means for generating a prediction value of an 
encoding target pixel; 

prediction value correcting means for correcting the pre 
diction value; 

30 

judging means for judging Whether or not each of pixels 
of a reference area is represented by part of one of a 
plurality of total available values, Wherein the encoding 
target pixel is not involved in the judging operation, 
and each pixel of the reference area is encoded before 
the encoding target pixel is encoded; and 

35 

control means for controlling the correcting operation by 
said prediction value correcting means in accordance 
With a result by said judging means. 

10. An apparatus according to claim 9, Wherein said 
control means controls said prediction value correcting 
means to leave the prediction value unchanged When each 
reference pixel is represented by the part. 

11. An apparatus according to claim 9, further comprising 
entropy encoding means for generating a prediction error 
difference on the basis of a value of the encoding target pixel 
and a prediction value generated by said generating means, 
said entropy encoding means encoding the prediction error 
difference. 

12. An image encoding method comprising the steps of: 
generating a prediction value of an encoding target pixel; 
correcting the prediction value; 
judging Whether or not each of pixels of a reference area 

is represented by a part of one of a plurality of total 
available values, Wherein the encoding target pixel is 
not involved in the judging operation, and each pixel of 
the reference area is encoded before the encoding target 
pixel is encoded; and 

controlling the correcting operation in said correcting step 
in accordance With a result in said judging step. 

13. A computer readable storage medium that stores 
program codes for executing an image encoding method, 
said method comprising the steps of: 
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generating a prediction value of an encoding target pixel; the reference area is encoded before the encoding target 
correcting the prediction value; PiXel iS enCOded; and 
judging whether or not each of pixels of a reference area controlling the correcting operation in said correcting step 

is represented by part of one of a plurality of total in accordance With a result in said judging step. 
available values, Wherein the encoding target pixel is 
not involved in the judging operation, and each pixel of * * * * * 


