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IMAGE CODING/DECODING METHOD, 
IMAGE CODING APPARATUS AND IMAGE 

DECODING APPARATUS 

CROSS REFERENCE 

[0001] This application is a continuation of and is based 
upon and claims the bene?t of priority under 35 U.S.C. § 120 
for US. Ser. No. 10/003,113, ?led Dec. 6, 2001, the entire 
contents of each Which are incorporated herein by reference. 
U.S. Ser. No. 10/003,113 claims the bene?t of priority under 
35 U.S.C. § 119 from Japanese PatentApplication Nos. 2001 
072904, ?led Mar. 14, 2001 and 2000-373462, ?led Dec. 7, 
2000. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to an image coding/ 
decoding method used for coding original images such as a 
moving image and a still image, and decoding coded images. 
More particularly, the present invention relates to an image 
coding/ decoding method Which can decrease noise for decod 
ing coded images While applying a standardized algorithm 
such as MPEG-1/2/4 and the like. 

[0004] In addition, the present invention relates to an image 
coding apparatus and an image decoding apparatus Which 
perform coding and decoding of images according to the 
image coding/decoding method. 
[0005] 2. Description of the Related Art 
[0006] Conventionally, in standard image/moving image 
coding methods such as JPEG and MPEG series, discrete 
cosine transform (DCT) has been used for various reasons. 
Especially, these coding methods has been adopted from the 
vieWpoint of adaptability to image properties. 
[0007] Normally, When representing an image in the spatial 
frequency region, there is a property that poWer concentrates 
on a loW frequency region. The DCT is a method in Which a 
block formed by 8x8 pixels in an image signal (density infor 
mation) space is orthogonally transformed so that the block is 
broken doWn to a combination of predetermined base sets and 
coef?cients of constituent base are obtained. The character 
istic of DCT is that degree of bias of coe?icients, that is, 
degree of bias of frequency components can be increased. 
Especially, compression e?iciency can be increased by per 
forming adaptive bit distribution since the degree of concen 
tration is higher in the loW frequency region and the loW 
frequency region is visually important. 
[0008] On the other hand, When coding an image at a very 
loW bit rate, quantiZation becomes rough so that reproduc 
ibility of coef?cients becomes Worse. Thus, a problem occurs 
in that the base Which is important for representing image 
signal can not be reconstructed. In addition, DCT performs 
processing on the region closed in the 8x8 pixel blocks, 
distortion of coding tends to appear remarkably on bound 
aries of the block. Due to this tendency, block distortion 
occurs so that components Which are not visually included in 
the signal appears on the image. Thus, it is detected as noise 
Which is very conspicuous. Especially, in Waveform parts 
Where luminance (density) changes abruptly such as in step 
edges, many bases become necessary for reproducing the 
image faithfully. HoWever, code assignment for coef?cients 
corresponding to high frequency component is thought to be 
less important than code assignment for coef?cients corre 
sponding to loW frequency component in consideration of 
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visual Weight. Thus, high frequency coe?icients important 
for reproducing the edge are lost. Due to such processing, 
conspicuous noise Which is intrinsic to DCT appears in the 
edge part so that image degradation occurs. 
[0009] In the light of the above-mentioned problem, an 
image coding apparatus has been proposed in Which DCT and 
differential pulse-code modulation (DPCM) are sWitched 
adaptively according to image patterns (for example, Japa 
nese laid-open patent application No. 5-276506). This con 
ventional image coding apparatus avoids the signal represen 
tation problem of DCT by using DPCM for processing the 
edge part instead of using DCT. 
[0010] HoWever, according to the conventional image cod 
ing apparatus, the standard coding method using the existing 
DCT as-is can not be applied. Therefore, some kind of appli 
cable coding method other than the standard coding method is 
necessary. HoWever, since there are many products Which 
comply With the standard coding method using DCT, it is 
important to be able to perform coding and decoding of an 
image by using the standard coding method. 

SUMMARY OF THE INVENTION 

[0011] A ?rst obj ect of the present invention is to provide an 
image coding/decoding method in Which an decoded image 
having small distortion can be obtained even When the stan 
dard coding/decoding method using DCT is applied. 
[0012] A second object of the present invention is to pro 
vide an image coding apparatus and an image decoding appa 
ratus Which perform coding and decoding of an image 
according to the image coding/decoding method. 
[0013] The above object is achieved by an image coding/ 
decoding method in Which an image coding apparatus sends 
coded information Which is obtained by coding an original 
image to an image decoding apparatus and the image decod 
ing apparatus decodes the coded information to obtain a 
reproduced image, the image coding apparatus performing 
the steps of: 
[0014] extracting edge information Which represents an 
edge part of the original image; 
[0015] obtaining density information of an edge smoothed 
image from the original image by smoothing the edge part; 
[0016] obtaining coded edge information by coding the 
edge information according to a ?rst coding algorithm; 
[0017] obtaining coded density information by coding the 
density information of the edge smoothed image according to 
a second coding algorithm; 
[0018] sending the coded edge information and the coded 
density information as the coded information to the image 
decoding apparatus; and 
[0019] the image decoding apparatus performing the steps 
of: 
[0020] obtaining the edge information by decoding the 
coded edge information according to a ?rst decoding algo 
rithm corresponding to the ?rst coding algorithm; 
[0021] obtaining the density information of the edge 
smoothed image by decoding the coded density information 
according to a second decoding algorithm corresponding to 
the second coding algorithm; 
[0022] obtaining the reproduced image from the density 
information of the edge smoothed image by sharpening the 
edge part of the edge smoothed image by using the edge 
information. 
[0023] According to the image coding/decoding method, 
the image coding apparatus extracts the edge part of the 
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original image and obtains the edge smoothed image by 
smoothing the edge part of the original image. Then, the 
image coding apparatus sends coded information of the origi 
nal image to the image decoding apparatus in Which the coded 
information includes coded edge information Which is 
obtained from edge information representing the edge part 
according to a ?rst coding algorithm and coded density infor 
mation Which is obtained from density information of the 
edge smoothed image according to a second coding algo 
rithm. 

[0024] The image decoding apparatus sharpens the edge 
part of the edge smoothed image obtained from the coded 
density information according to a second decoding algo 
rithm by using the edge information obtained from the coded 
edge information according to a ?rst decoding algorithm. 
Then, a reproduced image is obtained from the edge 
smoothed image by sharpening the edge part. 
[0025] Since the edge part is smoothed in the edge 
smoothed image, relatively high spatial frequency compo 
nents decreases. Thus, even When the standard coding method 
using DCT is used as the second coding algorithm, informa 
tion Which is lost by coding decreases. 
[0026] The ?rst coding algorithm used for coding the edge 
information and the second coding algorithm used for coding 
density information of the edge smoothed image may be or 
not may be the same. 

[0027] The edge information may be any information as 
long as the position (pixel) of the edge part can be identi?ed. 
[0028] The density information is information Which rep 
resents state of image density such as density or luminance (or 
brightness) and the form of the density information is not 
limited to a speci?c form. 

[0029] From the vieWpoint of being able to perform the 
smoothing process of the edge part of the original image 
relatively easily, the image coding apparatus may smooth the 
edge part by performing, While scanning the original image 
pixel by pixel, the steps of: 
[0030] performing ?rst matrix operation by using a ?rst 
block density information vector and a smoothing matrix, 
Wherein the ?rst block density information vector is obtained 
by arranging density information of each pixel included in a 
?rst block, the ?rst block includes a pixel in the edge part or 
in a near region of the edge part and includes pixels in a 
surrounding region around the pixel, and order of the ?rst 
block density information vector corresponds to the number 
of pixels in the ?rst block, and Wherein the smoothing matrix 
includes coef?cients used for edge smoothing Which operate 
on density information of each pixel in the ?rst block; 
[0031] obtaining smoothed density information of each 
pixel by overlaying density information of each pixel in the 
?rst block obtained by performing the ?rst matrix operation 
on each pixel While scanning the original image pixel by 
pixel. 
[0032] According to the image coding/decoding method, 
the density information of the edge smoothed image can be 
obtained by matrix operation using the smoothing matrix 
(Which is a square matrix) and the block density information 
vector. 

[0033] From the vieWpoint of being able to sharpen the 
edge part of the edge smoothed image easily, the image 
decoding apparatus may sharpen the edge part of the edge 
smoothed image by performing, While scanning the edge 
smoothed image pixel by pixel, the steps of: 
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[0034] performing second matrix operation by using a sec 
ond block density information vector and a sharpening matrix 
Which is an inverse matrix of the smoothing matrix, Wherein 
the second block density information vector is obtained by 
arranging density information of each pixel included in a 
second block, the second block includes a pixel in the edge 
part or in a near region of the edge part and pixels in the 
surrounding region, and order of the second block density 
information vector corresponds to the number of pixels in the 
second block; and 

[0035] obtaining sharpened density information of each 
pixel by overlaying density information of each pixel in 
the second block obtained by performing the second 
matrix operation on each pixel While scanning the edge 
smoothed image pixel by pixel. 

[0036] According to the image coding/decoding method, 
the density information of each pixel Which is sharpened can 
be obtained by matrix operation using the block density infor 
mation and the sharpening matrix Which is an inverse matrix 
of the smoothing matrix. 
[0037] From the vieWpoint of being able to obtain more 
accurate reproduced image in sharpening process, the image 
coding apparatus may smooth the edge part by performing the 
steps of: 
[0038] obtaining density information x' of a pixel of the 
edge part of the edge smoothed image according to a ?rst 
equation X':(1—}\,)X+}\,C, Wherein 7» is a positive constant, x is 
density information of the pixel of the original image, and C 
is surrounding density information representing density state 
of a surrounding region of the pixel. 
[0039] The surrounding density information C is deter 
mined on the basis of density information of surrounding 
pixels of the pixel. The surrounding density information C is 
not limited to speci?c information as long as it represents 
state of density around the pixel. For example, a mean value 
of density information of surrounding pixels, total added 
value, added value of Weighted density information or the 
mean value of the added value of Weighted density informa 
tion or the like can be used as C)» in the above equation 
depends on hoW to determine the surrounding density infor 
mation C. 
[0040] From the vieWpoint of reproducing image from the 
smoothed image smoothed by X':(1—}\,)X+}\,C, the image 
decoding apparatus may sharpen the edge part of the edge 
smoothed image by using a predetermined equation accord 
ing to a steepest-descent method, the predetermined equation 
being de?ned on the basis of the relationship betWeen the 
density information x' and sharpened density information 
formulated by the ?rst equation. 
[0041] The predetermined equation may be 

[0042] in Which C(n) is the surrounding density informa 
tion for a pixel having density information x' and n is a 
repetition count number, and a value of X Which minimizes 
eQ() is obtained by the steepest-descent method and the value 
of X becomes density information of a pixel after sharpened. 
[0043] From the vieWpoint of providing a concrete method 
of the steepest-descent method, in a process according to the 
steepest-descent method, X is obtained as a convergence 
value of a recurrence formula 
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X(n+ 1) = X(n)-G*, W 

[0044] wherein G is a constant. 
[0045] The second object can be achieved by an image 
coding apparatus including: 
[0046] an edge extracting part for extracting edge informa 
tion Which represents an edge part of an original image; 
[0047] an edge smoothing part for obtaining density infor 
mation of an edge smoothed image from the original image by 
smoothing the edge part; 
[0048] a ?rst coding part for obtaining coded edge infor 
mation by coding the edge information according to a ?rst 
coding algorithm; 
[0049] a second coding part for obtaining coded density 
information by coding the density information of the edge 
smoothed image according to a second coding algorithm; 
[0050] Wherein the coded edge information and the coded 
density information are coded information of the original 
image. 
[0051] Accordingly, decoding of the original image 
becomes possible by using the coded edge information and 
the coded density information obtained as the coded informa 
tion. 
[0052] When decoding only coded density information, the 
edge smoothed image is reproduced. 
[0053] From the viewpoint of providing a concrete method 
for obtaining the edge smoothed image, the edge smoothing 
part may include a density information correction part for 
correcting density information of each pixel such that varia 
tion of density levels represented by density information of 
pixels Which are arranged across the edge part in a near region 
of the edge part of the original image is loWered. 
[0054] Since the variation of density levels represented by 
the density information of pixels arranged across the edge 
part in the near region of the edge part of the original image 
becomes small, abrupt change of the density levels can be 
eliminated so that the edge part is smoothed. 
[0055] From the vieWpoint of providing a further concrete 
method for obtaining the edge smoothed image, the density 
information correction part may includes: 
[0056] a mean value calculation part for calculating a mean 
value of the density levels in a predetermined region; and 
[0057] a density level judgement part for judging Whether 
the density level of a pixel is higher or loWer than the mean 
value for each pixel in the near region; 
[0058] Wherein density information is corrected for a pixel 
in Which the density level is higher than the mean value such 
that the density level is loWered, and density information is 
corrected for a pixel in Which the density level is loWer than 
the mean value such that the density level is increased. 
[0059] The siZe and the shape of the predetermined region 
are not limited as long as the predetermined region includes 
the near region of the edge part. When applying a standard 
iZed coding algorithm using DCT as the second coding algo 
rithm, it is preferable to use a DCT block (8x8 pixel) Which is 
a process unit of DCT as the predetermined region. 
[0060] From the vieWpoint of providing no change in the 
Whole density state of the original image, the density infor 
mation correction part corrects density information of each 
pixel in the near region such that the mean value of the density 
levels does not change. 
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[0061] According to such process, even When correction of 
density information is performed on each pixel for each 
block, the mean value of the density levels represented by the 
density information of pixels in a block is not changed. 
[0062] From the vieWpoint of being able to perform edge 
smoothing process of the original image relatively easily, the 
edge smoothing part may includes: 
[0063] a smoothing matrix generation part for generating, 
for eachblock Which includes the edge part or a near region of 
the edge part, a smoothing matrix Which is used for matrix 
operation With a block density information vector, Wherein 
the block density information vector is obtained by arranging 
density information of each pixel included in a block, and 
order of the block density information vector corresponds to 
the number of pixels in the block, and Wherein the smoothing 
matrix includes coef?cients used for edge smoothing Which 
operate on density information of each pixel in the edge part 
or in the near region in the block; and 
[0064] a matrix operation part for obtaining smoothed den 
sity information of each pixel in the block by performing 
matrix operation by using the smoothing matrix and the block 
density information vector. 
[0065] According to the image coding apparatus, smoothed 
density information of all pixels in the block can be obtained 
by performing matrix operation using the block density infor 
mation vector and the smoothing matrix for each predeter 
mined block. 
[0066] As the predetermined block, a block including any 
number of pixels can be used. When a standardized coding 
algorithm using DCT is applied as the second coding algo 
rithm, it is preferable to use a DCT block (8x8 pixel) Which is 
a process unit of DCT as the predetermined block. 
[0067] Since coef?cients used for edge smoothing are 
arranged in the smoothing matrix generated for each block 
such that the coef?cients operate on density information of 
each pixel in the edge part or in the near region in the block, 
the arrangement depends on the position of the edge part or 
the near region included in the block. 
[0068] When performing the smoothing process for each 
predetermined block, there is a possibility that density infor 
mation on a boundary of the blocks may be discontinued. 
From the vieWpoint of preventing this problem, the edge 
smoothing part may include: 
[0069] a pixel judgement part for judging Whether a pixel 
exists in the edge part or in a near region of the edge part While 
scanning the original image pixel by pixel; 
[0070] a matrix operation part for performing, When the 
pixel exists in the edge part or in the near region, matrix 
operation by using a block density information vector and a 
smoothing matrix, Wherein the block density information 
vector is obtained by arranging density information of each 
pixel included in a block, the block includes the pixel and 
pixels in a surrounding region around the pixel, and order of 
the block density information vector corresponds to the num 
ber of pixels in the block, and Wherein the smoothing matrix 
includes coef?cients used for edge smoothing Which operate 
on density information of each pixel in the block; 
[0071] an operation part for obtaining smoothed density 
information of each pixel by overlaying density information 
of each pixel in the block obtained by performing the matrix 
operation on each pixel While scanning the original image 
pixel by pixel. 
[0072] According to the image coding apparatus, since 
matrix operation and pixel overlaying are performed While 






















