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(57) ABSTRACT 

A system and method of image processing for smoothing, 
denoising, despeckling and sharpening scanned document 
images Which is performed prior to a compression. The 
scanned image is selectively smoothed by anisotropic dif 
fusion ?ltering in a single iteration With a 3x3 kernel, Which 
provides denoising, edge-preserving smoothing. The 
smoothed image data is then selectively sharpened using 
variable contrast mapping that provides overshoot-free vari 
able-sharpening and despeckling. Image quality is improved 
While increasing compressibility of the image. 

I I 
l 

SELECTIVELY SMOOTH 
INPUT IMAGE I WHILE 
PRESERVING EDGES 10 

SELECTIVELY SHARPEN 
SMOOTHED IMAGE I‘ 
USING VARIABLE 
CONTRAST STRETCHING 11 



Patent Application Publication Feb. 24, 2005 Sheet 1 0f 5 US 2005/0041883 A1 

7 

SELECTIVELY SMOOTH 
INPUT IMAGE I WHILE 
PRESERVING EDGES 10 

I! 

V 

SELECTIVELY SHARPEN 
--> SMOOTHED IMAGE I' 

USING VARIABLE 
CONTRAST STRETCHING 1 1 

l 1" 

FIGURE 1 

M A+W 

G(X) A \ 

10 

FIGURE 2 



Patent Application Publication Feb. 24, 2005 Sheet 2 0f 5 US 2005/0041883 A1 

P1 P2 P3 

P4 P5 

P6 P7 P8 

FIGURE 3 

V 

SELECTIVELY SMOOTH 
INPUT IMAGE I USING 
ROBUST ANISOTROPIC 
DIFFUSION FILTERING 12 

V I. 

SELECTIVELY SHARPEN 
SMOOTHED IMAGE I’ 
USING VARIABLE 
CONTRAST STRETCHING 13 

l I 

FIGURE 4 



Patent Application Publication Feb. 24, 2005 Sheet 3 0f 5 US 2005/0041883 A1 

102 RECEIVE IMAGE 

V Iin 

104 n=1 

V‘ 
DETERMINE 

NEIGHBORHOOD FOR NTH 
106 PIXEL OF INTEREST P0 DETERMINE HOLLOW 

NEIGHBORHOOD FOR NTH 
PIXEL 114 

DETERMINE INFLUENCE 
FUNCTION VALUE FOR I 

108 NTH PIXEL WRT TO EACH DETERMINE DYNAMIC 
NEIGHBOR PIXEL RANGE 116 

l l 
APPLY CONTRAST DETERMINE wEIGHTING 

110 VALUE FOR EACH STRETCHING ' 118 
NEIGHBOR PIXEL OPERATION T0 Po 

PIXEL 

V 

APPLY RAD 
112 FILTERING 

n=n+1 ' 

P0‘ 122 

COMPRESS 124 

FIGURE 5 



Patent Application Publication Feb. 24, 2005 Sheet 4 0f 5 US 2005/0041883 A1 

202 RECEIVE IMAGE 

204 n: 

‘ r 

V 
= 21 

DETERMINE “ 8 
NEIGHBORHOOD FOR NTH 

206 PIXEL v 
DETERMINE HOLLOW 

l NEIGHBORHOOD FOR NTH 220 
PIXEL 

DETERMINE INFLUENCE 
FUNCTION VALUE FOR I 

208 NTH PIXEL WRT TO EACH DETERMINE DYNAMIC 
NEIGHBOR PIXEL RANGE 222 

i 
" APPLY cONTRAsT 

DETERMINE WEIGHTING STRETCHING 224 
210 VALUE FOR EACH OPERATION TO NTH 

NEIGHBOR PIXEL 
PIXEL 

V 

APPLY RAD 
212 FILTERING nzn +1 _ 

228 

216 

FIGURE 6 



Patent Application Publication Feb. 24, 2005 Sheet 5 0f 5 US 2005/0041883 A1 

INPUT 
DEVICE 

l6 

l1 
SELECTIVE 
SMOOTHING 

STAGE 
14 

l I' 
SELECTIVE 
SHARPENING 

STAGE 
15 

i In 

FIGURE 7 



US 2005/0041883 A1 

METHOD FOR ENHANCING COMPRESSIBILITY 
AND VISUAL QUALITY OF SCANNED 

DOCUMENT IMAGES 

FIELD OF THE INVENTION 

[0001] The present invention relates to processing of 
image data and in particular to enhancing quality and 
compressibility of digit images including combinations of 
text, graphics, and natural images by selective smoothing/ 
denoising and selective sharpening. 

BACKGROUND OF THE INVENTION 

[0002] Digital image data is often processed to enhance 
the visual quality of the image. Common image processing 
techniques include image smoothing and image sharpening. 
Smoothing is a technique that is mainly performed for 
reducing certain types of noise. Non-selective (or linear) 
smoothing algorithms smooth all features in an image (i.e., 
areas in the image Which can be characteriZed as ?at regions 
and areas Within the image Which can be characteriZed as 
edges). HoWever, it is undesirable to smooth edges since 
smoothed edges gives the image a “blurry” appearance. 
Moreover, although smoothing is effective in removing most 
Gaussian noise, it is less effective in removing high ampli 
tude noise such as speckle noise. Speckle noise can be 
characteriZed as a single unintentional black dot in a White 
region or a single unintentional White dot in a black region. 

[0003] Generally, sharpening is a technique in Which the 
edges Within the image are sharpened to improve the visual 
quality of an image. This technique is often performed to 
enhance the visual quality of text or graphics Within an 
image. One disadvantage of non-selective sharpening tech 
niques is that they also tend to amplify noise. 

[0004] Selective (or non-linear) ?lters such as selective 
smoothing or selective sharpening ?lters overcome the dis 
advantages of non-selective ?lters by applying the ?ltering 
function only to the features that are to be smoothed/ 
sharpened While preserving the non-selected features. Selec 
tive ?lters include some means of identifying or differenti 
ating betWeen features, so that the ?lter is applied only to the 
desired feature. One example of an edge preserving, selec 
tive smoothing ?lter is an anisotropic diffusion ?lter. 

[0005] Due to its denoising nature, the anisotropic diffu 
sion ?ltering technique has recently been considered for 
enhancing compressibility. Speci?cally, an anisotropic dif 
fusion ?lter Was iteratively applied to image data betWeen 10 
and 20 times to obtain an optimal ratio betWeen a visual 
quality measure and the bit-per-pixel (bpp) compression 
rate. It Was found that applying 5 iterations produced images 
that Were perceptually equivalent to the original images and 
the compression bit-rate Was improved by 5%-17.5%. 
Although this technique shoWs that anisotropic diffusion can 
be used to improve image compressibility, it is impractical 
for real-time image processing applications such as image 
scanning since many time consuming iterations are required 
to obtain the desired image quality and compressibility. In 
addition, the conventional anisotropic diffusion technique 
does not clean speckle noise and other types of high ampli 
tude noise and is thus insuf?cient for pre-processing scanned 
document images. 

[0006] Another denoising/smoothing ?ltering technique 
that has been suggested for compression enhancement appli 
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cations is a Sigma-?lter that is even more computationally 
expensive per iteration than anisotropic diffusion ?ltering 
(although it requires less iterations for achieving the same 
noise reduction). HoWever, this technique is still not fast 
enough for applications for processing full-page images or 
real-time image processing. Like the anisotropic diffusion 
?lter, the Sigma-?lter also does not remove high amplitude 
no1se. 

[0007] Finally, in the case of both denoising techniques 
(i.e., anisotropic diffusion ?ltering and Sigma pre-process 
ing) each Was considered for processing only natural 
images. HoWever, application of these techniques on docu 
ment images-containing text, graphics, and natural images 
Was not considered since it is Well knoWn that denoising 
?lters (particularly applied in many iterations) degrade the 
quality of textual and graphical images. Speci?cally, edge 
sharpness of text features is degraded. 

[0008] What is needed is an image processing technique 
Which can be applied to combination-type (i.e., text, graphi 
cal, natural) document images and Which increases com 
pressibility While enhancing image quality With loW com 
putational complexity for real-time applications. 

SUMMARY OF THE INVENTION 

[0009] Asystem and method of enhancing image data and 
increasing compressibility of data by selectively smoothing 
the image data While preserving edges and selectively sharp 
ening image data using variable contrast stretching. In one 
embodiment, variable contrast stretching is performed by 
clipping those pixel intensity values outside of a variable 
range and mapping those pixel intensity values Within the 
variable range. In another embodiment, selective smoothing 
is performed using a robust anistotropic diffusion (RAD) 
?lter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 illustrates a ?rst embodiment of the image 
processing method of the present invention; 

[0011] FIG. 2 illustrates an embodiment of the variable 
contrast stretching function; 

[0012] FIG. 3 illustrates a 3x3 holloW neighborhood; 

[0013] FIG. 4 illustrates a second embodiment of the 
image processing method of the present invention; 

[0014] FIG. 5 illustrates a technique of applying the 
method shoWn in FIG. 4 to image data; 

[0015] FIG. 6 illustrates another technique of applying the 
method shoWn in FIG. 4 to image data; 

[0016] FIG. 7 illustrates an embodiment of the system of 
image processing of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] In general, the present invention is an image pro 
cessing method and system for performing both selective 
image smoothing/denoising and selective image sharpening 
using variable contrast stretching such that When performing 
selective image smoothing, areas Within the image charac 
teriZed as ?at regions are smoothed/denoised While areas 
Within the image characteriZed as edges are essentially 
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preserved and When performing selective image sharpening 
using variable contrast stretching, edges Within the image 
are sharpened Without canceling out the smoothing/denois 
ing effects on the ?at regions obtained during selective 
smoothing and also Without introducing overshoot noise at 
edges. Variable contrast stretching is performed by dynami 
cally clipping piXel values Which, besides sharpening, is also 
effective in removing speckle noise that is not removed 
during selective smoothing. 

[0018] The combination of denoising (i.e., noise remov 
ing) obtained from selective smoothing and despeckling 
(i.e., speckle removing) obtained from selective sharpening 
results in signi?cant noise reduction. Reducing image noise 
alloWs for increased compressibility. Hence, the system and 
method of image processing of the present invention is 
particularly adaptable to pre-processing image data prior to 
compression so as to enhance image compressibility While 
maintaining or improving image quality. For eXample, in 
one compression method based on a bit-plane representation 
Which applies lossless compression to a truncated set of bit 
planes as described in the application entitled “Method 
Including Lossless Compression of Luminance Channel and 
Lossy Compression of Chrominance Channels” (Attorney 
Docket No. 100061187-1) ?led Sep. 29, 2000 and assigned 
to the assignee of the present invention, the compression 
ratio is increased in a range of approximately 30-50%. 

[0019] Since selective sharpening according to the present 
invention retains smoothing/denoising effects from the 
selective smoothing, the image can be initially over 
smoothed during selective smoothing to obtain increased 
denoising and then selectively sharpened to re-sharpen 
edges that might have been affected by the smoothing 
algorithm thereby providing signi?cant denoising capability. 
[0020] The system and method of the present invention 
requires minimal computation steps since a single iteration 
of each of selective smoothing and sharpening techniques 
achieves acceptable image quality and compressibility. 

[0021] FIG. 1 shoWs a ?rst generaliZed embodiment of the 
method of the present invention in Which selective smooth 
ing is performed using any edge preserving image smooth 
ing/denoising technique (10) and selectively sharpening is 
performed on the selectively smoothed image data using 
variable contrast stretching (11). As shoWn, input image data 
I is coupled to the input of the selective smoothing stage 
Which generates selectively smoothed image data I‘ Wherein 
areas Within the image characteriZed as ?at regions are 
smoothed/denoised and areas Within the image characteriZed 
as edges are essentially preserved. The selectively smoothed 
data I‘ as Well as the original image data I is coupled to the 
selective sharpening stage. The smoothed image data I‘ is 
sharpened dependent on dynamic contrast information 
obtained from original image data I Wherein edges are 
sharpened such that denoising bene?ts obtained While 
smoothing are unaffected. In one embodiment, the method 
of image processing is performed in a single iteration. 

[0022] Edge-preserving image smoothing/denoising tech 
niques can be performed by anisotropic-type diffusion ?l 
tering, non-linear smoothing/denoising ?ltering, bilateral 
type ?ltering, Sigma ?ltering, order statistics ?ltering such 
as median ?ltering, or any other type of edge preserving 
smoothing ?lter. In one type of edge-preserving smoothing 
?lter, piXel data corresponding to edges Within the image 
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data are identi?ed and the smoothing ?lter function is 
applied to ?at regions and is not applied to the identi?ed 
edges. In general, linear smoothing is an operation Where the 
piXel value is replaced by a Weighted average of its neigh 
bors. This attenuates high frequency components, namely 
abrupt changes in piXel intensity. It should be understood 
that the degree of edge preserving obtained When selectively 
smoothing is, in part, dependent on the reliability/robustness 
of hoW edges are differentiated from ?at regions by the edge 
preserving smoothing ?lter and the strength of the smooth 
ing ?lter. As a result, some edges may incur some smooth 
mg. 

[0023] Selective sharpening is performed using variable 
contrast stretching. Selective sharpening using variable con 
trast stretching is described in an application entitled “Image 
Sharpening by Variable Contrast Stretching” (Attorney 
Docket No. 10006310-1) ?led Sep. 29. 2000 and assigned to 
the assignee of the present invention. Variable contrast 
stretching reduces spatial scale of large gray-level transi 
tions, resulting in considerable sharpening of features in 
computer-generated images (e.g., teXt, CAD draWings). The 
variable contrast stretching only mildly reduces the spatial 
scale of milder gray-level transitions, resulting in a milder 
sharpening of features in “natural” images (e.g., photo 
graphed features, features captured by an image capture 
device). Thus, the variable contrast stretching applies strong 
sharpening to computer-generated features and mild sharp 
ening to edges in natural features. The variable contrast 
stretching improves the appearance ad legibility of com 
pound documents containing both natural and computer 
generated features. HoWever, the variable contrast stretching 
does not change the spatial scale for Weak gray-level tran 
sitions, and thus, does not amplify loW amplitude noise. 

[0024] One of the advantages of the ?rst embodiment of 
the method of image processing shoWn in FIG. 1 is that the 
step of selectively smoothing is effective in removing most 
noise types including Gaussian-type noise but is ineffective 
in removing speckle-type noise (e.g., White dots on black or 
black dots on White) since speckles often appear as edges to 
selective smoothing ?lters, While the selective sharpening 
step using variable contrast stretching is effective in remov 
ing the speckle-type noise. As a result, the system and 
method of image processing removes a signi?cant amount of 
noise from the image. 

[0025] Removal of noise from image data alloWs for 
increased compressibility of the image-data. Accordingly, 
one application of the image processing method of the 
present invention is the pre-processing of image data accord 
ing to the methods shoWn in FIGS. 1 and 4 prior to 
compressing the image data. 

[0026] It should be noted that the effectiveness of the noise 
removal is dependent on What type of selective smoothing is 
performed as Well as hoW the variable contrast stretching is 
adjusted for ?ltering certain types of image data. Hence, the 
increased compressibility is dependent on hoW effectively 
noise is removed When selectively smoothing and selec 
tively sharpening using variable contrast stretching. 

[0027] Variable Contrast Stretching 

[0028] Selective sharpening of smoothed digital image 
data using variable contrast stretching is performed as 
folloWs. The smoothed digital image I‘ is made up of a 
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plurality of selectively smoothed pixels P‘. Each selectively 
smoothed pixel P‘ corresponds to an original pre-smoothed 
pixel P having the same location Within the digital image. A 
point-Wise contrast stretching operation g(*) is performed on 
each selectively smoothed pixel of interest PO‘ as folloWs in 
Eq. 1: 

Pg-As-W m (Eq. 1) 

[0029] FIG. 2 illustrates the graphical representation of 
the variable contrast stretching function g(PO‘). The pixel of 
interest PO‘ is ?ltered With respect to a neighborhood of 
pixels. The neighborhood of pixels corresponds to the hol 
loW (i.e., missing center pixel) neighborhood of the pre 
smoothed pixels With respect to the pre-smoothed pixel of 
interest PO. FIG. 3 illustrates an example of a holloW 
neighborhood of pre-smoothed pixels. The holloW neigh 
borhood, delineated by a WindoW indicated in dashed lines, 
includes a 3x3 array of pixels minus a center pixel. The 
center pixel block designated by an “X”, corresponds to the 
smoothed pixel of interest PO‘ to be operated on by the 
sharpening algorithm. 

[0030] Since the pre-smoothed neighborhood is used, 
edges are sharpened dependent on pre-smoothed image 
dynamic contrast information resulting in more reliable edge 
sharpening. The maximum gray-value of the neighborhood 
is denoted by the uppercase letter M, and minimum gray 
value of the neighborhood is denoted by the loWercase letter 
In The local dynamic range of the neighborhood, denoted by 
the letter D, is the difference betWeen minimum and maxi 
mum values of the neighborhood (i.e., D=M—m). If, for 
example, the pixel intensity values are represented by 8-bit 
Words, the loWest intensity value of the pixels in the neigh 
borhood is m=5 and the highest intensity value of the pixels 
in the neighborhood is M=250, the dynamic range is D=245 
for that neighborhood. 

[0031] A“contrast range” has a Width of 2W. The contrast 
range is centered about the middle (A) of the dynamic range, 
A=(M+m)/2. Thus, the contrast range has a starting point at 
A-W and an ending point at A+W. 

[0032] If the intensity value of the pixel of interest PO‘ is 
outside of the contrast range, the intensity value is clipped 
to either m or M. If the intensity value of the pixel of interest 
lies Within the contrast range, the amount by Which the local 
contrast is changed is determined by the gradient of the slope 
of a line segment 10 (FIG. 2) Within the contrast range. 

[0033] The slope of the line segment 10 is a function of the 
dynamic range. In general, the slope, denoted by S(D), 
complies With the folloWing: 

[0034] the slope approaches unity as the dynamic 
range D approaches 0 (i.e., S—>1 as D—>0); 

[0035] the slope is greater than unity When the 
dynamic range is greater than Zero (i.e., S>1 When 
D#0); and 
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[0036] the slope is a non-decreasing function of the 
dynamic range (i.e., as the dynamic range increases, 
the slope becomes larger and the sharpening 
increases). 

[0037] Thus the slope is a function of the dynamic range 
and the contrast range of a given pixel neighborhood. 
Because a neighborhood is determined for each pixel, the 
dynamic range, contrast range and the slope are varible on 
a pixel-by-pixel basis. 

[0038] There are many different Ways of expressing the 
slope of the line segment 10 (FIG. 2). For example, the slope 
may be expressed as folloWs in Eq. 2: 

[0039] Where constant R is a single global parameter that 
corresponds to the dynamic scale for sharpening. Thus, the 
variable contrast stretching operation Within the variable 
contrast range may be expressed as folloWs in Eq. 3. 

[0040] If D>>R, the mapping becomes equivalent to 
toggle mapping, Whereby edges are over-sharpened. Proper 
selection of the constant R prevents such a problem. For 
neighborhoods having small dynamic ranges, D<<R and 
1+D/Rz1. Therefore, no effective change in contrast Will 
occur for D<<R. 

[0041] The constant R may be limited to poWers of tWo for 
computational efficiency. Since the quantity 1+D/R involves 
a division by the constant R, limiting the constant R to a 
poWer of tWo alloWs the division to be performed simply by 
bit-shifting. Thus, R=2L, Where integer L>0. As the constant 
R decreases, the sharpening effect increases since the con 
trast region 2W is smaller and the slope S(D) of the contrast 
stretching becomes larger. 

[0042] For pixel intensity values that are represented by 
8-bit Words, the preferred value of R is betWeen 64 and 512 
(i.e., 62L; 9). More generally, if the dynamic range of the 
entire image is normaliZed to cover the complete dynamic 
range of the capturing device (e.g., scanner), the preferred 
value of R is betWeen one-quarter of the dynamic range and 
tWice the dynamic range. 

[0043] It should be noted that variable contrast stretching 
also avoids overshoot. Thus, over-shoot related artifacts do 
not appear as the result of interpolation of digital images that 
have been sharpened by variable contrast stretching. 

[0044] Variable contrast stretching does not enhance loW 
amplitude noise, and in some cases can slightly reduce 
loW-amplitude noise. Because the variable contrast stretch 
ing does not increase loW-amplitude noise and it avoids 
overshoot, compressibility of the sharpened image is not 
reduced. Consequently, a digital image may be sharpened 
only once, prior to compression, thus avoiding the need to 
sharpen the image each time after decompression. 
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[0045] The variable contrast stretching is not limited to 
linear mapping Within the contrast range. Although linear 
mapping is preferred, non-linear mapping Within the con 
trast range may be performed. 

[0046] 
of image processing in Which image data is initially selec 

FIG. 4 shoWs a second embodiment of the method 

tively smoothed (12) using an edge preserving ?ltering 
technique knoWn as Robust-Anisotropic-Diffusion (RAD) 
?ltering and then smoothed data is selectively sharpened 
using variable contrast stretching (13). 

[0047] The RAD ?lter is a type of ?lter that performs 
selective smoothing by simulating a diffusion process on the 
image Where the diffusivity depends locally on the strength 
of a feature type, i.e., an edge. The selectivity mechanism is 
based on robust statistics and in particular to an in?uence 

function ‘P of a robust error-norm. In this embodiment, RAD 

?ltering is applied in a single iteration to a 3x3 neighbor 
hood (i.e., kernel) of each piXel of interest P0 in the input 
image data I to generate a smoothed piXel PO‘. 

[0048] For each piXel of interest, PO the folloWing RAD 
?ltering equation (Eq. 4) is applied: 

[0049] where P]- is one of the neighbors in the holloW 
3x3 neighborhood, ‘P is the in?uence-function of a 

robust error-norm, T is a characteristic scale of ‘P, 
the C]- are spatial Weights, and At is an arbitrary time 
step for the diffusion ?lter. In this embodiment, the 
arbitrary time step At relates to a heat diffusion 
model parameter and is set to At=1 so as to provide 

adequate ?lter denoising and simpli?ed computa 
tion. Other values of At may be selected. The param 

eter CJ- provides a spatial Weighting. In one embodi 
ment, the CJ- factors correspond to a 3x3 binomial 
?lter Which is set as folloWs: 

[0050] Where subscript j corresponds to the piXel location 
Within the 3x3 neighborhood (shoWn in FIG. 3) including 
the center piXel of interest PO (not shoWn in FIG. 3). 

[0051] The in?uence function ‘P corresponds to a photo 
metric Weighting function and, in this embodiment, is given 
by: 
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[0052] Wherein AP is P]-—PO. The above in?uence function 
is selected so as to provide a good trade-off betWen denois 

ing ef?ciency and image quality. In one embodiment, the 
preferred characteristic scale is selected as T-32 in the case 
in Which the input image is a document image including teXt, 
graphics, and natural images. 

[0053] It should be noted that other in?uence functions 
may be used to perform RAD image ?ltering. Speci?c 
in?uence functions determine the degree of smoothing 
dependent on the piXel of interest and its neighborhood type. 
Hence, different functions may be chosen dependent on the 
type of input image data. 

[0054] The smoothed image data is selectively sharpened 
(13, FIG. 4) using variable contrast stretching as described 
above. Speci?cally, the input to the selectively sharpening 
?lter is the output of the RAD ?lter, (i.e., the selectively 
smoothed image data, I‘). The selectively smoothed image 
data is then selectively sharpened on a piXel-by-piXel basis. 

[0055] TWo parameters, T and R, used in the method of 
image processing as shoWn in FIG. 4 provide signi?cant 
control over the amount of smoothing and sharpening 
obtained from the method and hence, also in?uence both 
image quality and compressibility. These values can be 
empirically selected so as to obtain the best compressibility 
While maintaining acceptable image quality Which is, in 
turn, dependent on the type of image (i.e., natural, graphical, 
teXtual, or a combination of these image types) being 
processed. 
[0056] For instance, as R is increased, image sharpening 
decreases and compression ratio slightly increases until it 
reaches a maXimum value. So R may be set so as to obtain 
the most desirable visual sharpness and the most acceptable 
compression ratio. Similarly, as T increases so does the 
compression ratio, hoWever, so does image blurring. Hence, 
T may be set so as to obtain the most desirable visual 
smoothness With the most acceptable compression ratio. It 
Was found that setting T=32 and R=128 yielded acceptable 
visual quality and signi?cantly increased compressibility for 
document images including teXt compressed according to 
the compression method as described in the application 
entitled “Method Including Lossless Compression of Lumi 
nance Channel and Lossy Compression of Chrominance 
Channels” (Attorney Docket No. 10006187-1) ?led Sep. 29, 
2000 and assigned to the assignee of the present invention. 

[0057] In one embodiment, the selective smoothing and 
selective sharpening of the method of FIG. 4 can be 
combined into a single in-lined piXel-by-piXel process. By 
combining the piXel processing steps of selective smoothing 
and selective sharpening, computation time is minimiZed by 
reducing the number of times data elements (intensity val 
ues, contrast values, etc) are accessed and processed. FIG. 
5 shoWs one technique of applyng the method shoWn in 
FIG. 4 in a single in-line process Where image data is 
smoothed and then, sharpened on a piXel-by-piXel basis. 
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[0058] A digital image Iin is accessed or received (block 
102). The digital image may be accessed from a digital 
image ?le, the digital image may be received one or more 
lines at a time and processed in real time, etc. 

[0059] For each pixel of interest PO (block 104, 120, 122) 
from digital image data Iin, a neighborhood of pixels is 
determined (block 106), an in?uence function value III is 
determined for each pixel With respect to each pixel j in the 
neighborhood (block 108), a Weighting value Cj is deter 
mined for each pixel in the neighborhood (block 110), and 
the RAD ?lter function (Eq. 4) is applied to the pixel of 
interest PO (block 112) to generate a smoothed pixel of 
interest PO‘. Next, the holloW neighborhood of pixels is 
determined (block 114), a dynamic range and contrast range 
of the holloW neighborhood are determined (block 116), and 
the contrast stretching operation g(P0‘) is applied to the pixel 
of interest PO‘ (block 118) to generate a smoothed and 
sharpened pixel value PO“. Pixels lying at the boundaries of 
the digital image Will have partial neighborhoods. These 
boundary pixels may be processed With respect to their 
partial neighborhoods, or the ?ltering may be ignored and 
the boundary pixels may be stored Without modi?cation. 
After smoothing and sharpening each pixel, the resulting 
digital image data IOut may be compressed (block 124). In 
the case in Which the neighborhood siZe and geometry is the 
same for each of the smoothing and sharpening processing 
steps, then the step of determining the neighborhood for the 
nth pixel (block 106) and the step of determining the holloW 
neighborhood for the nth pixel (block 114) can be performed 
in a single step by block 106. 

[0060] FIG. 6 shoWs an alternative embodiment for apply 
ing the method as shoWn in FIG. 4 to a digital image in 
Which image data I is smoothed to generate smoothed data 
I‘ and then the smoothed image data I‘ is sharpened to 
generate processed data I“. Adigital image is received (block 
202), and for each pixel of interest (block, 204, 214, 216) 
from digital image data I, a neighborhood of pixels is 
determined (block 206), an in?uence function value III is 
determined for each pixel With respect to each pixel j in the 
neighborhood (block 208), a Weighting value C]- is deter 
mined for each pixel in the neighborhood (block 210), and 
the RAD ?lter function (Eq. 4) is applied to the pixel of 
interest PO (block 212) to generate smoothed digital image 
data I‘. 

[0061] For each smoothed pixel of interest (block 218, 
226, 228) in the smoothed digital image data I‘, the holloW 
neighborhood of pixels is determined (block 220), a 
dynamic range and contrast range of the holloW neighbor 
hood are determined (block 222), and the contrast stretching 
operation g(P0‘) is applied to the pixel of interest PO‘ (block 
224). After the sharpening ?lter has been applied to the 
digital image, the sharpened image may be compressed 
(block 230). 
[0062] The system for performing the method of image 
processing shoWn in FIGS. 1 and 4 may be implemented in 
hardWare softWare or a combination of the tWo. In one 

embodiment, the system may be implemented in tWo stages: 
a ?rst stage for performing selective smoothing and a second 
stage for performing selective sharpening using variable 
contrast stretching. FIG. 7, shoWs one implementation of a 
system for performing the method of image processing 
according to FIGS. 1 and 4 including selective smoothing 
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stage 14 coupled to selective sharpening stage 15. An input 
device 16 such as a scanner or digital camera provides image 
data I to the selective smoothing stage 14 Which processes 
the image data and provides smoothed data I‘ to the selective 
sharpening stage 15 to generate the processed image data I“. 
In this embodiment, stages 14 and 15 may be implemented 
as hardWare, softWare, or a combination of the tWo. In an 
alternative embodiment, stages 14 and 15 are implemented 
by a processing system including a processor and a memory. 
In this implementation, the processor processes the image 
data received from an input device by performing the steps 
as shoWn in FIGS. 1 and 4 according to programming 
instructions. 

[0063] It should be noted that although a 3x3 square 
shaped neighborhood is used When performing both selec 
tive image smoothing and sharpening, the system and 
method of image processing according to the present inven 
tion is not limited to such a neighborhood. The neighbor 
hood is not limited to any particular siZe. The number of 
pixels is not limited to nine. Although a ?xed number of 
pixels in the neighborhood is preferred for all pixels of 
interest, the siZe of the neighborhood may be changed 
dynamically to accommodate a particular class of image 
region (e.g., text, graphics, natural features). 
[0064] The neighborhood is not limited to any particular 
geometry, although square WindoWs are preferred for per 
formance regions. For example, the shape of the neighbor 
hood may be diamond shaped. In addition, the neighborhood 
for each of the selective smoothing ?ltering operation and 
the selective sharpening operation need not be the same siZe. 

[0065] Although the method of image processing can 
provide acceptable enhancement and increased compress 
ibility in a single iteration/application of the method to the 
image data, it should be understood that the method of image 
processing can be performed in multiple iterations on the 
image data. 
[0066] The methods of image processing shoWn in FIGS. 
1 and 4 are not limited to documents including both text and 
natural images. HoWever, it is particularly adaptive to image 
enhancement and compressibility of textual images or com 
binations of textual images, With graphics and natural 
images. 
[0067] Although the method and system of image pro 
cessing has been described in connection With grayscale 
values, it is not so limited. The image processing technique 
may be applied to color images, for example, images in RGB 
color space. In this case, the color image is transformed into 
a human visual system color space such as YCbCr color 
space. Selective smoothing and selective sharpening is then 
applied only to the luminance channel (Y) and the resulting 
color image can be compressed either in the YCbCr color 
space or in the RGB color space. If it is compressed in the 
YCbCr color space, the transformation from YCbCr back to 
RGB is avoided. 

[0068] In the preceding description, numerous speci?c 
details are set forth, such as speci?c parameter values or 
in?uence functions in order to provide a through understand 
ing of the present invention. It Will be apparent, hoWever, to 
one skilled in the art that these speci?c details need not be 
employed to practice the present invention. In other 
instances, Well-known ?ltering operations have not been 
described in detail in order to avoid unnecessarily obscuring 
the present invention. 
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[0069] In addition, although elements of the present inven 
tion have been described in conjunction With certain 
embodiments, it is appreciated that the invention can be 
implement in a variety of other Ways. Consequently, it is to 
be understood that the particular embodiments shoWn and 
described by Way of illustration is in no Way intended to be 
considered limiting. Reference to the details of these 
embodiments is not intended to limit the scope of the claims 
Which themselves recited only those features regarded as 
essential to the invention. 

We claim: 
1. A method of processing image data including piXel 

intensity values comprising the steps of: 

selectively smoothing the image data to generate selec 
tively smoothed image data Wherein areas character 
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iZed as edges Within the selectively smoothed image 
data are essentially preserved; 

selectively sharpening the selectively smoothed image 
data using variable contrast stretching. 

2. The method as described in claim 1 Wherein variable 
contrast stretching is performed by: 

clipping those piXel intensity values outside of a variable 
range; and 

mapping those piXel intensity values Within the variable 
range. 

3. The method as described in claim 1 Wherein the step of 
selectively smoothing is performed using robust anisotropic 
diffusion (RAD) ?ltering. 

* * * * * 


