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IMAGE PROCESSING APPARATUS AND METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to image processing 
apparatuses and methods, and in particular, to an image 
processing apparatus and method adapted for, e.g., convert 
ing a standard-de?nition image into a high-de?nition image. 

[0003] 2. Description of the Related Art 

[0004] In the case Where a standard-de?nition or loW 
de?nition image (hereinafter referred to as an “SD image”) 
is converted into a high-de?nition image (hereinafter 
referred to as an “HD image”), or an image is enlarged, a 
general “interpolation ?lter” or the like is used to interpolate 
(compensate) the levels of missing pixels. 

[0005] Using the interpolation ?lter to interpolate the 
pixels hoWever cannot restore components (high-frequency 
components) of the HD image, Which are not included in the 
SD image. Thus, a high-de?nition image cannot be obtained. 

[0006] Accordingly, the present inventor has already pro 
posed an image converting apparatus for converting an SD 
image into an HD image including high-frequency compo 
nents Which are not included in the SD image. 

[0007] The image converting apparatus uses linear cou 
pling of an SD image and prediction coef?cients to perform 
adaptive processing for ?nding the predicted values of pixels 
in an HD image, Whereby high-frequency components not 
included in the SD image can be restored. 

[0008] It is assumed that the predicted value E[y] of pixel 
level y on a pixel (hereinafter referred to as a “HD pixel”) 
included in the HD image is found using a ?rst-order linear 
coupling model de?ned by linear coupling of the levels 
(hereinafter referred to as “learning data”) x1, x2 . . . of a 
plurality of SD pixels, and predetermined prediction coef 
?cients W1, W2 . . . In this case, predicted value E[y] can be 
expressed by the folloWing equation. 

ED’]=W1X1+W2X2+ (1) 
[0009] Accordingly, for generaliZation, When matrix W 
composed of a set of prediction coef?cients W, matrix X 
composed of a set of learning data, and matrix Y‘ composed 
of a set of predicted values E[y] are de?ned as folloWs: 

X11 X12 Xin 

W : 2 a Y, : D12] 

W” E[ym] 

[0010] the folloWing observation equation holds. 

[0011] Next, least squares are applied to the observation 
equation in order to ?nd predicted value E[y] close to pixel 
level y of the HD image. In this case, When matrix Y 
composed of a set of true pixel levels y of the HD pixels as 
teaching data, and matrix E composed of a set of residuals 
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e of predicted values E[y] corresponding to HD pixel levels 
y are de?ned as folloWs: 

61 yr 

6m M 

[0012] the folloWing equation holds from equations XW=Y+E (3) 

[0013] In this case, prediction coef?cient Wi for ?nding 
E[y] close to HD-image pixel level y can be found by 
minimiZing the folloWing square error: 

[0014] Therefore, the above square error is differentiated 
to be Zero, in other Words, prediction coefficient Wi, Which 
satis?es the folloWing equation, is an optimal value for 
?nding predicted value E[y] close to HD-image pixel level 
y. 

[0015] Initially, by using prediction coef?cient Wi to dif 
ferentiate equation (3), the folloWing equations hold. 

621 621 Be; (5) 
Ti —X11, E —X12, -, awn —Xm, 

(i: 1,2, ...,m) 

[0016] From equations (4) and (5), equations (6) are 
obtained. 

1:1 5: 

[0017] In addition, in vieW of the relationship among 
learning data x, a set of prediction coefficients W, residuals 
e, the folloWing normal equations can be obtained from 
equations 

.ME 

[0018] The number of the normal equations as equations 
(7) that can be formed is identical to the number of sets of 
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prediction coefficients W to be found. Thus, by solving 
equations (7), sets of optimal coefficients W can be found. 
(To solve equations (7), it is required in equations (7) that a 
matrix composed of coefficients as to sets of prediction 
coef?cients W be nonsingular) For solving equations (7), for 
example, sWeeping (Gauss-Jordan elimination) etc. can be 
applied. 
[0019] Finding sets of optimal prediction coef?cients W in 
the above manner and using the found sets of prediction 
coef?cients W in equation (1) to ?nd predicted values E[y] 
close to HD-image pixel levels y is adaptive processing. 
Adaptive processing differs from interpolation in that com 
ponents included in the HD image Which are not included in 
the SD image are reproduced. In other Words, from only 
equations (1), it is found that the adaptive processing is 
identical to interpolation With a general “interpolation ?l 
ter”. HoWever, since sets of prediction coef?cients W corre 
sponding to tap coef?cients of the interpolation ?lter are 
found by learning With teaching data y, the components 
included in the HD image can be reproduced. In other Words, 
a high-de?nition image can be easily obtained. From this 
fact, it may be said that the adaptive processing has the 
function of creating an image (de?nition). 

[0020] FIG. 12 shoWs a block diagram of an image 
converting apparatus for using the above-described adaptive 
processing to convert an SD image into an HD image. 

[0021] An SD image is supplied to a classi?cation unit 201 
and an adaptive processing unit 204. The classi?cation unit 
201 includes a class-tap generating circuit 202 and a clas 
si?cation circuit 203, and classi?es HD pixels (HD pixels 
being referred to)(hereinafter referred to as “reference pix 
els”), as to Which predicted values are found, into predeter 
mined classes based on the properties of SD-image pixels 
corresponding to the reference pixels. 

[0022] In other Words, in the class-tap generating circuit 
202, SD pixels corresponding to the reference pixels, Which 
are used to classify the reference pixels (hereinafter referred 
to as “class-taps”), for example, a plurality of SD pixels 
having predetermined positional relationships With respect 
to the reference pixels are extracted from the SD image 
supplied to the classi?cation unit 201, and they are supplied 
to the classi?cation circuit 203. The classi?cation circuit 203 
detects the pattern (pixel-level distribution) of SD pixel 
levels constituting the class-taps from the class-tap gener 
ating circuit 202, and supplies a pre-assigned value to the 
pattern as a reference pixel class to the adaptive processing 
unit 204. 

[0023] Speci?cally, by Way of example, it is assumed that 
the HD image is composed of pixels (HD pixels) indicated 
by symbols x in FIG. 13, and the SD image is composed of 
pixels (SD pixels) indicated by symbols 0 in FIG. 13. In 
FIG. 13, the SD image has half the number of horiZontal or 
vertical pixels as the HD image. In FIG. 13 (similarly to 
FIG. 14 to FIG. 16 described beloW), the SD pixel (indi 
cated by 0 in FIG. 13) at the (i+1)-th position from the left 
and the (j+1)-th position from the top is denoted by Xi], and 
similarly, the HD pixel (indicated by x in FIG. 13) at the 
(i‘+1)-th position from the left and the (j‘+1)-th position from 
the top is denoted by YLj. In this case, the position of SD 
pixel XL]- and the position of HD pixel YZLZJ, are the same. 

[0024] Here, if it is assumed that one SD pixel, for 
example, HD pixel Y4)4 positioned identically to X22, is a 
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reference pixel, the class-tap generating circuit 202 extracts 
and uses as the class tap of the reference pixel (HD pixel) 
Y4)4, for example, 3x3 (horiZontal><vertical) SD pixels XLl, 
XZJ, X3)? X12, X22, X32, X13, X23, and X3)3 (SD de?ned 
by the dotted line in FIG. 13) Which have SD pixel X2)2 as 
the center, having possible correlation With HD pixel Y4 4, 
positioned identically to HD pixel Y4)4. 

[0025] In the case Where, for example, HD pixel Y5)4 on 
the right of HD pixel Y4)4 positioned identically to X2)2 is 
used as a reference pixel, the class-tap generating circuit 202 
extracts SD pixels corresponding to HD pixel YSA, for 
example, nine SD pixels, surrounded by the dotted line in 
FIG. 14, including SD pixel X4)2 in place of SD pixel XL2 
in the class tap formed When HD pixel Y4)4 is used as a 
reference pixel, and the nine SD pixels are used as the class 
tap of the reference pixel (HD pixel) YSA. 

[0026] In the case Where, for example, HD pixel Y4)5 
adjacent to HD pixel Y4)4 positioned identically to X2)2 is 
used as a reference pixel, the class-tap generating circuit 202 
extracts SD pixels corresponding to HD pixel Y45, for 
example, nine SD pixels, surrounded by the dotted line in 
FIG. 15, including SD pixel X2)4 in place of SD pixel X2)1 
in the class tap formed When HD pixel Y4)4 is used as a 
reference pixel, and the nine SD pixels are used as the class 
tap of reference pixel (HD pixel) Y4); 

[0027] In the case Where, for example, HD pixel Y5)5 
adjacent beloW to obliquely right HD pixel Y4)4 is used as a 
reference pixel, the class-tap generating circuit 202 extracts 
SD pixels corresponding to HD pixel Yis, for example, nine 
SD pixels, surround by the dotted line in FIG. 16, including 
SD pixel X4)4 in place of SD pixel XL1 in the class tap 
formed When HD pixel Y4,4 is used as a reference pixel, and 
the nine SD pixels are used as the class tap of the reference 
pixel (HD pixel) Yis. 
[0028] The classi?cation circuit 203 detects the pattern of 
the nine SD pixels (pixel levels) as a class tap, and outputs 
a value corresponding to the pattern as a reference pixel 
class. 

[0029] This class is supplied to the address terminal of a coef?cient read only memory (ROM) 207 in the 

adaptive processing unit 204. 

[0030] In general, eight bits or the like are assigned to one 
pixel included in an image. If eight bits are assigned to one 
SD pixel, the number of pixel level patterns in only the 
square class tap composed of 3x3 pixels shoWn in FIG. 13 
is as extremely large as (28)9, so that rapid post-processing 
cannot be performed. 

[0031] Accordingly, before classi?cation is performed, the 
pre-processing of the class tap is performed using, for 
example, adaptive dynamic range coding (ADRC) for reduc 
ing the number of bits of SD pixels constituting the class tap. 

[0032] According to ADRC, a pixel having a maximum 
level (hereinafter referred to as a “maximum pixel”) and a 
pixel having a minimum level (hereinafter referred to as a 
“minimum pixel”) are detected from the nine SD pixels 
constituting the class tap. The difference DR (=MAX-MIN) 
betWeen the maximum pixel level MAX and the minimum 
pixel level MIN is computed, and the DR is used as a local 
dynamic range of the class tap. Base on the dynamic range 
DR, each pixel level of the class tap is requantiZed to K bits, 






























