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TEXT ENHANCEMENT OF A TEXTUAL IMAGE UNDERGOING OPTICAL
CHARACTER RECOGNITION

BACKGROUND
[0001] Optical character recognition (OCR) 1s a computer-based translation of an 1mage of
text into digital form as machine-editable text, generally 1n a standard encoding scheme.
This process eliminates the need to manually type the document into the computer system.
A number of different problems can arise due to poor 1mage quality, imperfections caused
by the scanning process, and the like. For example, a conventional OCR engine may be
coupled to a flatbed scanner which scans a page of text. Because the page is placed flush
against a scanning face of the scanner, an image generated by the scanner typically
exhibits even contrast and illumination, reduced skew and distortion, and high resolution.
Thus, the OCR engine can easily translate the text in the 1mage into the machine-editable
text. However, when the image 1s of a lesser quality with regard to contrast, 1llumination,
skew, etc., performance of the OCR engine may be degraded and the processing time may
be increased due to processing of all pixels in the tmage. This may be the case, for
instance, when the 1mage 1s generated by an 1imager-based scanner, because the
text/picture 1s scanned from a distance, from varying orientations, and in varying
illumination. Even if the performance of scanning process 1s good, the performance of the
OCR engine may be degraded when a relatively low quality page of text 1s being scanned.
SUMMARY
[0002] The accuracy of an OCR process can be significantly improved 1f the background
of the original image 1s detected and filtered out while the remaining text pixels are
consolidated. In one implementation, the background 1s detected and filtered by
calculating the background and text color profiles. Text enhancement 1s them performed
using a stroke recovery technique which identifies the text stroke pixels with high
accuracy.
[0003] In one particular implementation, a method for enhancing a textual image for
undergoing optical character recognition begins by receiving an 1mage that mcludes native
lines of text. A background line profile 1s determined which represents an average
background mtensity along the native lines in the i1mage. Likewise, a foreground line
profile 1s determined which represents an average foreground background intensity along
the native lines 1n the 1image. The pixels 1n the 1mage are assigned to either a background
or foreground portion of the 1mage based at least in part on the background line profile and

the foreground line profile. The mtensity of the pixels designated to the background
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portion of the 1mage 1s adjusted to a maximum brightness so as to represent a portion of
the 1mage that does not include text.
[0004] In yet another particular implementation, an average or median stroke width of the
connected components representing text in the image 1s determined after the background
5 and foreground line profiles have been determined. If the average or median stroke width

1s less than a threshold value, the text quality 1s enhanced. For instance, text quality may
be enhanced by performing image mterpolation to increase 1mage resolution.
[0005] This Summary 1s provided to mtroduce a selection of concepts 1n a sitmplified form
that are further described below 1n the Detailed Description. This Summary 1s not intended

10 toidentify key features or essential features of the claimed subject matter, nor 1s 1t
intended to be used as an aid 1n determining the scope of the claimed subject matter.
BRIEF DESCRIPTION OF THE DRAWINGS
[0006] FIG. 1 shows one illustrative example of a system for optical character recognition.
[0007] FIG. 2 shows an example of a textual line that 1s not suitable for processing.

15 [0008] FIG. 3 shows a transformation of the textual line 1n FIG. 2 that 1s more suitable for
OCR processing.
[0009] FIG. 4 shows an 1image transformation to ensure that the text 1s darker than the
background.
[0010] FIG. 5 shows an example of a text line representation mn edge space.

20 [0011] FIG. 6 1s a gray scale version of the image in FIG 2.
[0012] FIG. 7 shows the left-most part of the native line in FIG. 6 in which local
processing 1s performed over a rectangle having dimensions 2* /2 x A .
[0013] FIG. 8 shows the native line mn FIG. 7 represented in edge space.
|0014] FIG. 9 shows boxes surrounding the connected components shown 1n FIG. 8 which

25  define one area (dark) containing the edges and another one (light) not containing edges.
[0015] FIG. 10a 1s histogram of the intensity for the rectangular localized region in FIG.
7; F1G. 10b 1s a histogram 1illustrating the distribution of pixels with respect to their color
intensity for the dark gray areas in FIG. 9; FIG. 10c 1s a histogram obtained by subtracting
the values of the second histogram 1n FIG. 10b from the corresponding values of

30  histogram in FIG. 10a.
[0016] FIG. 11 shows the computed background (upper line) and foreground (lower line)
line profiles for the text line in FIG. 6.
[0017] FIG. 12 shows the result of applying the mversion operator to light text on a dark
background.
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[0018] FIG. 13 shows an example of a low quality text image.

[0019] FIG. 14 shows the result of applying a thresholding procedure to the i1mage shown
in FIG. 13.

[0020] FIG. 15 shows the manner 1n which a local stroke width 1s determined for the
single foreground pixel in which the arrows originate.

[0021] FIG. 16 shows a pixel being mapped to a set of four pixels in an 1mage that 1s to be
interpolated.

[0022] FIG. 17 illustrates the steps 1n the mterpolation process.

[0023] FIG. 18 1illustrates the results of applying the interpolation process to the text
image depicted in the upper portion of the figure.

[0024] FIG. 19 illustrates a word to which the text enhancement process will be applied.
[0025] FIG. 20 depicts the text enhancement process by adding pixels to the first letter in
the word shown 1n FIG. 20.

[0026] FIG. 21a shows an example of a connected component; FIG. 21b shows the edge
pixels for the connected component 1n FIG. 21a; FIG. 21¢ shows the skeleton of the
connected component in FIG. 21a.

[0027] FIG. 22 shows the results of applying the pixel adding process of Fig. 20 to the
skeletons of a connected component.

[0028] FIG. 23 shows the results of applying the text enhancement process to the image
depicted 1n FIG. 13.

[0029] FIG. 24 shows one example of an 1mage processing apparatus that may perform
text enhancement on a textual image undergoing optical character recognition.

[0030] FIG. 25 1s a flowchart showing one example of an overall method for enhancing a

textual 1mage that 1s to undergo optical character recognition.

DETAILED DESCRIPTION

[0031] FIG. 1 shows one 1llustrative example of a system 5 for optical character
recognition (OCR) 1n an 1image which includes a data capture arrangement (e.g., a scanner
10) that generates an 1mage of a document 15. The scanner 10 may be an imager-based
scanner which utilizes a charge-coupled device as an 1mage sensor to generate the i1mage.
The scanner 10 processes the 1image to generate iput data, and transmits the mput data to
a processing arrangement (e.g., an OCR engine 20) for character recognition within the
image. In this particular example the OCR engine 20 1s incorporated into the scanner 10.

In other examples, however, the OCR engine 20 may be a separate unit such as stand-
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alone unit or a unit that 1s incorporated into another device such as a PC, server, or the
like.
[0032] The accuracy of an OCR process can be significantly improved 1f the background
of the original 1mage 1s detected and filtered out while the remaining text pixels are
5 consolidated. As detailed below, the background 1s detected and filtered by calculating the

background and text color profiles. Text enhancement 1s them performed using a stroke
recovery technique which identifies the text stroke pixels with high accuracy.
[0033] The mput to this text enhancement process 1s an 1mage of the native lines of text
(see below for a definition of “native line”). However, before proceeding to describe the

10 actual process some mathematical concepts will be introduced. These concepts will be
generally be used throughout this discussion 1n order to facilitate an understanding of the
ivention and, 1n some cases, to formalize certain explanations.

|0034] Definition 1. The digital color image of width w and height h 1s the vector function

of two arguments / :W x H — GS”’ where GS =[0,1,...,255], W =[0,1,...,w—1],
15 H =1[0,1,...,h—1] and x denotes Cartesian product.

[0035] This definition is derived from the RGB color system and the components r, g, b in

I(r,2,b) correspond to red, green and blue components, respectively.

[0036] Definition 2. The digital gray-scale image of width W and height H 1s the scalar
function of two arguments / : W x H — GS where GS may be:

20 -GS = [gl,g2], where the gray-scale image 1s referred to as binary, bi-level or bi-
tonal 1image
-GS =1gl, g2, g3, ..., gl6] where the gray-scale 1mage 1s referred to as 16-level
gray-scale image
-GS =|gl, g2, 23, ..., 2256] where the gray-scale image 1s referred to as 256-level
25 gray-scale 1mage.
[0037] At this point one convention used throughout the document should be introduced.
Since the 1mage 1s considered as a function, the coordinate system of 1ts graphical
presentation should be defined. Usually, the top-left corner of the 1mage 1s taken as a
reference point. This convention will be followed herein and therefore the top left corner
30  of the image will be treated as being placed at the origin.
[0038] Definition 3. The triplet (I(x, y), X, y) 1s called a pixel. The pair (X, y) 1s called the

pixel coordinates while I(x, y) 1s called the pixel value.
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[0039] Usually, the term “pixel” 1s used mterchangeably for the coordinates, the value, as
well as both the coordinates and the value. The term “pixel” will also be used herein n
this way 1f no confusion 1s likely to arise, otherwise the exact term will be used. Also, the
notation I(x, y) will be used interchangeably when no confusion 1s likely.

[0040] The previous three definitions provided an understanding of what the digital image
1s. The usual task of 1mage processing 1s the series of transformations that lead to some
presentation of the original image that 1s more convenient for further analysis so that
various conclusions may be drawn. The following definitions provide the mathematical
means for the formalization of these transforms.

[0041] Definition 4. Let Q2 be a set of all images with dimensions w and h. The function
7:QQ" — Q 1s called the n-ary image operator. If n = 1 the operator 1s unary, while for n =

2 the operator 1s binary.
[0042] The previous definition implies that the operator 1s a function that transforms an
image (or several images) ito another image using some set of transformation rules. The

most important 1mage operators are filter —based operators. The filter (sometimes called

the kernel or mask) 1s the matrix 4

d, dp 23
y) Uy Ay
_anl an2 anm )

of nxmsize. Usually n and m are equal and odd, yielding, for instance, 3 x3, 5 x5, 7 x7

filters. The filter-based operator transforms an iput image using the rule that the pixel

[ (x, y)m the output image 1s calculated using formula:

noom 7 . m .
[O(x,y)=ZZay.[(x—E+z—l,y 2+]—1)
i=1 j=1

where all divisions are integer divisions.

[0043] In other words the pixel in the output 1mage 1s constructed by convolving the
neighborhood of the corresponding pixel in the input image with the filter.

[0044] Definition 5. Let I be an image of width w and height h, and let I(X, y) be an
arbitrary pixel. The set of pixels {I(x+ 1,y), I(x—1,y), I(x,y+ 1), I(x, y - 1)} 1s called the
4-neighbors of I(x, y). Similarly, the set of pixels {I(x+ 1,y), I(x—1,y), I(x,y + 1), I(X, y
-1, I(x-1,y-1),I(x-1,y+ 1), I(x+1,y—1), I(x+ 1,y + 1)} 1s called 8-neighbors of
I(x, y).

PCT/US2011/027439
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|0045] There are different definitions of adjacency 1n the literature, but the following

definition will be used since it 1s the most convenient for the subsequent discussion.

[0046] Definition 6. Two pixels /(x,,y,) and /(x,,y,) are adjacent if /(x,,y,)1s the
member of 8-neighbors set of /(x,, y,) and their pixel values are “similar”.

[0047] The word similar 1s placed in quotes because no strict definition of similarity
exists. Rather, this definition 1s adopted according to the demands of a particular
application. For example, 1t may be said that two pixels are similar if their pixel values are

same. Throughout the document this definition will be assumed, 1f not stated otherwise.

|0048] Definition 7. Two pixels /(x,,y,) and I/(x,,y ) are connected if the set
(%, y,),1(x5,¥5),..,1(x, , Vv, )} exists, such that /(x,,y,)and I(x,,,, v, )are adjacent
fori=1,2,...n—1.

[0049] Definition 8. A connected component 1s the subset of 1mage pixels where each
pixel from the set 1s connected with all remaining pixels from the set.

[0050] In order to filter the background in a text image, the relationship between the text
and the background needs to be understood 1n order to provide gray scale text on a clean
(e.g.,white) background. This requirement can be made clear with reference to FIG. 1.
|0051] The 1mage of the textual line depicted 1in FIG. 2 1s not suitable for succesive
processing. If 1t could be transformed nto the 1tmage shown in FIG. 3 the subsequent steps
in the OCR process likely would be simpler and more accurate. Furthermore, 1t 18
convenient to assume that the text 1s darker than the background. If this 1s 1n fact the case,
then all text-background combinations may be uniformly handled. Accordingly, when
necessary the image transformation depicted in FIG. 4 should be performed.

[0052] The previous discussion should make clear that in order to filter the background of
a textual 1mage, the text-background relationship (in terms of color) should be determined
and that the text enhancement process produces an 1image 1n which dark text 1s presented
on a white background. In the following section the text-background relationship detection
1s described.

Line Profiling

[0053] The first thing to note 1s that a textual line 1mage has two types of pixels, one
originating from text and one originating from background. Also, there 1s a sudden color
change at the edge between the text and background. This leads to the conclusion that a

text line may be observed 1n edge space. A line representation in edge space may be
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obtained using any of a variety of well-known edge detection techniques. An example of a

line representation 1 edge space 1s shown m FIG. 3.
[0054] It 1s clear that all the important text features are preserved i FIG 5. The letters are
primarily represented as connected components 1n edge space. Furthermore, the

5  presentation of textual features i edge space 1s mdependent of the text-background

relationship (e.g. 1t 1s irrelevant which one 1s darker). Therefore, the following definition

can be formulated.

[0055] Definition 9. The native line 1s a set of all connected components in the edge space

of the textual line 1mage.

10 [0056] If CC,1s1-th connected component and #/ 1s a native line then 1t holds:
nl ={CC,,CC,,...,CC }

[0057] The line profiling procedure 1s undertaken on the native line producing line

profiles defined 1n the following definition.

[0058] Definition 10. Let »/ be a native line and let
15 I(x,y);xe€{0l,...,.w=1} A ye{0,1,...,h—1} be the corresponding native line image with
width w and height h. Then the functions FLF  :W — GS and BLF , : W — GS where

w =1{0,1,...,w=1}and GS = {0,1,...,255} are called the foreground line profile and

background line profile 1f the following conditions are satisfied:

h—1
D1 Chor ) sy perress
- FLP,(x,) =2

card(FP(x,))

h—1
Z 1(Xq5 ) |rixy, 1yeBP o)
20 - BLP(x,)=~

card(BP(x,))
where FP(x,) 1s the set of all foreground pixels from the native line 1image with
coordinate x = x,and BP(x,) 1s the set of all background pixels from the native line
image with coordinate x = x,, .

[0059] In other words, the profile functions reflect the average background or foreground
25  intensity for a given 1image column.

[0060] The importance of mtroducing line profiles should be clear after consulting FIG. 6,

which 1s a gray scale version of the image in FIG 2. Although 1t 1s often a reasonable

assumption that the text color intensity and background color intensity are fairly uniform
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along the horizontal axis, this assumption fails in the case of FIG. 6. The average
background intensity on the left side of the 1mage 1s around 190 while on the right side of
the 1image 1t 1s around 100 (the difference 1s more than one third of the entire gray-scale
range 0-255).

[0061] Thus, 1n the case of FIG. 6, approximating the background intensity with a single
value across the entire image would produce significant loss m precision, preventing
subsequent processing steps from obtaining the most reliable mnformation. This 1s the
reason for introducing the line profiles. The line profiling procedure 1s a method for
estimating the line profiles and will be described below.

[0062] The line profiles introduced in definition 10 are difficult to compute using the
given formulas due to a lack of knowledge about the foreground and background pixels at
this pomt m the process. Therefore, some kind of estimation should be performed.

[0063] The first thing to observe 1s that, although a large variation i color may be present
in the entire native line, over a relatively small localized region the color should be fairly
constant. If that localized region 1s selected to be, for example, a rectangle with a width
equal to several multiples of h and a height equal to h (where h 1s the height of the line),
then local processing may be performed on that small portion.

[0064] The dimensions of the rectangle are chosen to be comphant with the assumption
that the color variation cannot be relatively large over a distance proportional to the width
of a few characters. Local processing implies that the processing performed on the
rectangle yields two values; one for the dominant background color and one for the
dominant foreground color. These two results may be used to approximate the line profile
values over the corresponding rectangle. An example of one such rectangle 1s depicted 1n
FI1G. 7.

[0065] FIG. 7 shows the left-most part of the native line in FIG. 6 in which the selected

rectangle has dimensions 2 * 2 x & . If local processing yields df and db as the dominant

foreground and background colors, respectively, then the following approximation may be

used:
FLP (x)=df;x =1{0,,...,2*h}
BLP (x)=bf;x=1{0,1,...,2 % h}

[0066] This approximation gives rise to a step-like approximation for the line profile. In

order to compute the values of df and db, the rectangle in FIG. 7 should be represented in

edge space, as depicted in FIG. 8. Other approximations may be used as well. For
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example, the piecewise linear approximation may give better results, although i1t may
require increased processing time.

[0067] The three imnner rectangles in FIG. 8 correspond to the bounding boxes of the
connected components. These boxes define two different areas, one containing the edges
and another one not containing edges. These areas are illustrated in Figure 9. The dark
grey areas 1 FIG. 9 correspond to edge areas while the light gray areas correspond to non-
edge areas.

[0068] Next, a histogram 1s computed illustrating the distribution of pixels with respect to
their color intensity for the rectangular localized region 1n FIG. 7. Another histogram 1s
computed 1llustrating the distribution of pixels with respect to their color intensity only for
the dark gray areas m FIG. 9.Yet another histogram 1s obtained by subtracting the values
of the second histogram from the corresponding values of first histogram. The computed
histograms are shown 1n FIGs. 10a, 10b and 10c.

[0069] The histogram 1n the FIG. 10c 1s the histogram of the light gray area in FIG. 9 (this
1s because 1t was created by the subtraction process mentioned above). This 1s the area that
does not include edges, which implies the area with no letters since edges are found only
at a letter-background boundary. In other words, 1t 1s the area corresponding to
background. This will be demonstrated by discussing the histograms i FIGs. 10a and 10b
in greater detail.

[0070] The histogram 1n FIG. 10a represents the distribution of pixel intensity for the
entire rectangle in FIG. 7. As shown, there 1s one dominant peak caused by the
background pixels. Strictly speaking, the presence of this dominant peak 1s not a rule
(consider very bolded text), so i1t will not yet be assumed that this actually represents the
background. There 1s also a relatively flat portion of the histogram to the left of the peak
which 1s caused by text and background, as well as their blending.

[0071] The histogram 10b represents the distribution of pixel intensity for pixels within
the mner rectangles shown 1n FIG. 9, which corresponds to the edge area. This histogram
appears fairly similar to the one 1n 10a, except that the background peak 1s not so
dommant. The third histogram (FIG. 10c¢) 1s the most important. As noted above, 1t
corresponds to the background pixels. Due to the histogram subtraction process, the
components origmating from text and text-background blending are completely canceled
(note the absence of the flat area from FIG. 10a). The particular bin 1 the histogram
corresponding to the maxima of the peak gives the intensity of the dominant background

color. In this example 1t 1s 190.

PCT/US2011/027439
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[0072] The background dynamic range may also be obtained from the histogram in FIG.
10c. It can be found by examining the intensity starting at 0 and finding the intensity value
for the first bin that has a non-zero number of pixels. In FIG. 10c this value 1s 150. Then
the mtensity value 1s found for the subsequent bin 1n which the number of pixels returns to
zero. In FIG. 10c¢ this value 1s 230. Thus, the dynamic range 1s [150, 230]. The mtensity
values m histogram 10b which are outside of this range are caused by foreground text
pixels. The bin 1n the histogram of FIG. 10b corresponding to the maxima value of the
secondary peak arising from the foreground pixels corresponds to the intensity of the
dominant foreground color, which m this example 1s 47.
|0073] Estimates for the foreground and background line profiles can be obtained by
applying this process to each localized region (e.g., the rectangle in FIG. 7) of the native
line. It should be noted that all the processing needed to obtain these estimates rely on
stmple histogram manipulation; namely histogram calculation, histogram subtraction and
maximal value extraction. No complex operations (e.g., peak detection, peak width
estimation, flat areas detection) are performed, thus leaving little opportunity for potential
errors to arise from a complex analysis. The computed background and foreground line
profiles for the text line in FIG. 6 are depicted mm FIG. 11, where the upper line represents
the background line profile and the lower line represents the foreground line profile.
|0074] One additional step should be performed at this point. Namely, by observing the
relationship between the two line profiles, the text-background relationship can be easily
extracted to determine which one 1s darker. If light text 1s found on a dark background the
image inversion operator /nv(/(x, y)) can be applied. This operator 1s defined as
Inv(I(x,y)) =255-1(x,y)
[0075] The result of applying this operator 1s depicted 1in FIG. 12. After this inversion 1s
performed, when necessary, 1t may be safely assumed that dark text appears on a light
background. Once the background and foreground line profiles have been calculated (and
image inversion performed when necessary), the background may be filtered out using
thresholding, which will be described below.
Thresholding
[0076] Once the line profiles have been calculated the process of filtering the background
1s fairly straightforward. The function Thresh(I(x, y)) :GS — GS 1s applied to each pixel

and 1s defined as:

10
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2535, I(x,y)>(FLP(x)+ BLP(x))/2

I(x,v), otherwise

Thresh(I(x,y)) = {

[0077] In another words, each pixel with a pixel intensity value smaller than the average
of the foreground and background profiles 1s left as 1s, while other pixels are changed so
that they appear to have a maximum intensity. That 1s, they are changed to white. This
kind of thresholding may be viewed as a process which classifies pixels as foreground or
background based on their pixel values. If a pixel 1s classified as a foreground pixel its
value 1s not modified, and 1f pixel 1s classified as a background pixel its value 1s changed
to white.

[0078] More generally, in some implementations, instead of establishing the threshold as
the average of the foreground and background profiles, some other parameter may be
selected which 1s determined from the foreground and background profiles.

[0079] The image depicted in FIG 3 was obtained using the aforementioned thresholding
technique. This technique produces very good results. However, its application on low
quality 1mages 1s not always satisfying and some text enhancement technique may be
applied to such 1mages, as discussed below.

Low Quality Text Enhancement

[0080] FIG. 13 shows an example of a low quality text image. The result of applying the
aforementioned thresholding procedure on this image 1s shown in FIG. 14. Evidently the
resulting 1mage 1s of poor quality. Any subsequent processing steps are destined to make
wrong decisions since the image 1s almost 1llegible even for a human. The reasons for the
bad results are clear. The pixel values making up the text strokes m FIG. 13 have large
variations. Some of them are even more stmilar to the background pixels than foreground
pixels, and some noisy pixels have values similar to foreground pixel values. In addition,
the stroke width 1s extremely small, resulting in little text integrity.

|0081] The thresholding procedure described above uses a fixed value for the threshold
function that 1s halfway between the local background and foreground profiles. One
approach to overcoming the problem concerning low quality textual images 1s to make the
thresholding procedure more adaptive so that the threshold 1s adjustable for different
images. Unfortunately, more context information 1s generally needed to effectively
accomplish this. One alternative to the thresholding process involves detecting a low

quality image using more intelligent (and more intensive) processing to provide better
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background filtering. Such an alternative process will be described after discussing how
low quality textual images can be detected.

Low Quality Text Detection

[0082] The first step in detecting low quality textual images involves identifying those
features that make such an 1mage low 1n quality. As previously mentioned, such a textual
image 1s characterized by a small stroke width and large textual color variation. If the
stroke width were larger, the thresholding process described above would produce a
“thinned” rendition of the characters, but they would still be legible. This 1s also true with
respect to small color variations. It can be concluded that the key features of a low quality
textual 1mage are a small stroke width 1 combination with large color intensity variations.
[0083] Another thing to note 1s the result of the thresholding procedure depicted in Figure
14. 1t 1s evident that this procedure yields strokes in parts of the characters which have a
small width (typically less than couple of pixels). By calculating the median of the
“stroke” widths on this 1image the text quality can be assessed.

|0084] The following definition 1s needed to describe a procedure for estimating the stroke

width.
[0085] Definition 11. Let cc = {(x,,y,),...,(x _,y, )} be a connected component. Each

(x;,¥;) € ccsuch that there exists the (x,,y ) € cc which belongs to 8-neighbors set of

(x., y,)1s called the edge pixel of cc.

[0086] The stroke width estimation procedure begins by computing the local stroke width
for every edge foreground pixel in FIG. 14. This may be accomplished by computing the
stroke widths 1n all possible directions, as 1llustrated in FIG. 15 for the single foreground
pixel 1n which the arrows origimate.

|0087] Begimning at the selected foreground pixel, neighboring pixels i the 90 degree
direction are examined. In the vertical direction there 1s a series of 3 continuous
foreground pixels before reaching a background pixel. Similarly, there are 2 foreground
pixels i the 0 degree direction, 1 foreground pixel in the 45 degree direction and 3
foreground pixels extending in the 135 degree direction. From among these four values the
smallest (in this case 1) 1s selected as the local stroke width for the selected pixel. This
same procedure 1s applied to all the edge pixels, thereby producing a set of local stroke

widths. A good estimate of the overall stroke width of the text 1s the median of this set of

values, which 1s denoted SW .
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[0088] Once SW _ 1s calculated all the necessary data 1s available to examine the quality of
the text image. If SW _ 1s smaller than some predetined threshold S the image may be
considered a low quality image. The choice of SW, intluences the rest of the process. As

smaller values of SW,_ are chosen, the tewer native line images will be deemed low

quality. While this implies a smaller amount of subsequent processing, it also leaves some

native line 1images unenhanced. On the other hand, 1f a greater value for SW 1s chosen,

more native lines will be enhanced at the price of more processing power. In some

implementations a suitable compromise value 1s 1n the range SW, €[2,4].

[0089] Once a low quality image 1s detected, a text enhancement method may be applied.
Two 1llustrative methods for text enhancement will be described below. The first one 1s
very accurate but expensive in terms of the required processing power, while the second
one 18 more efficient but somewhat less accurate.

Accurate Text Enhancement

[0090] The tmages which are passed to a text enhancement component have a stroke

width SW

or 2

which 1s smaller than some predefined threshold. This implies that there 1s

only a small degree of freedom 1n processing. One way to overcome this problem 1s to
perform 1image interpolation. Image interpolation 1s a technique for increasing the
resolution of an 1mage. Although a large number of interpolation techniques are available,
one suitable example 1s bilinear interpolation, which 1s very simple yet sufficiently
powerful to serve the needs of the text enhancement process.

[0091] Assume by way of example that an 1mage 1s to be interpolated so that 1ts resolution
1s Increased by a factor of two 1n both (x and y) directions. This means that each pixel in
the original 1mage 1s mapped to a set of four pixels 1 the iterpolated image. This process
1s 1llustrated in FIG. 16.

[0092] The first step in the bilinear interpolation process 1s to map the pixel values at the

coordinates (x, y)1in the original image to the coordinates (2x,2y) 1n output image. This

process 1s depicted in FIG 17a. The pixels that include a small shaded rectangle are pixels
to which no 1s value assigned. In this way one fourth of the output pixels are assigned the
proper pixel values. Note that mapping or copying yields some pixels in the output image
which are located between two assigned pixels (these are the pixels which have at least
one even coordinate). The value of these pixels may be computed as the average value

assigned to their neighboring pixels (see FIG. 17b). At this point only pixels with odd
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coordinates 1n the output image remain unassigned. The values of these pixels may be
computed as the average of all the pixel values of the pixels 1n 1ts 4-neighbors set. This
final step 1n the bilinear interpolation process yields the interpolated image (FIG. 17¢).
The final image 1n FI1G. 17¢ has some pixels with no assigned values since their values
depend on pixel values not shown 1n the figure.

[0093] The bottom portion of FIG. 18 shows the result of applying the mterpolation
process to the text image depicted 1n the upper portion of the figure.

[0094] One advantageous side effect that arises from applying image interpolation to a
low quality text image 1s the inherently smoothing affect of the iterpolation process. This
yields an 1mage with a smaller variance in text color intensity, which was one of the
problems with low quality text.

[0095] At this point 1 the text enhancement process the following information 1s known

about the mterpolated image:

- Background line profile BLP(x)

- Foreground line profile FLP(x)
- Stroke width SW, =2+«SW +1

[0096] Since the thresholding algorithm produces an eroded version of the text, all pixel
values smaller than (BLP(x)+ FLP(x))/2may be safely considered as part of the text and

assigned a value of 0. Likewise, pixels having values greater than BLP(x) may be

classified as background pixels and assigned a value of 255. However, pixels with values

within the range from ((BLP(x)+ FLP(x))/2 to BLP(x))=(L,(x),L,(x)) are

questionable 1n terms of classification, and some additional processing 1s needed to
determine whether they belong to text or background.

[0097] To classity these pixels in a manageable and convenient manner the pixel color
resolution can be divided into a finite number of intensity intervals n over the
aforementioned indeterminate range using the equation

1 =AL, I(x,y) € (L(x),L(x) + AL)

[,=2Al, I(x,y)e(L(x)+AL,L(x)+2AL)
I(x,y)=-

1, = (n—DAI, I(x,y)e(L(x)+(n—-1)AL,L (x)+nAL)

where Al =255/n and AL =(L,(x)—L,(x))/n.

[0098] The parameter that determines the size of the intensity intervals 1s n, which should

be chosen to yield a small number of intensity mtervals. In some implementations a good
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choice may be »n €[3,5], for example. Decreasing the color resolution by dividing the

intensity into n intervals can be used to enhance the quality of the text in a manner that
will be described 1in connection with FIGs. 19 and 20.

[0099] The text enhancement process will now be apphied to the letter F in FIG. 19. FIG.
20 depicts the process by adding pixels to this letter. Pixels having an intensity within the
first interval, Al , are added to the leftmost letter in FIG. 20. Pixels having an intensity
within the second interval, A/ , are added to the second letter from the left in FIG. 20. This
process 1s repeated by adding pixels within each subsequently higher intensity interval to
cach subsequent letter in the figure.

[00100] FIG. 20 clearly illustrates the results of adding pixels 1n this manner. In
particular, the letter F becomes more and more pronounced as pixels are added. While 1t 1s
clear that this process may be used to enhance or reconstruct individual letters, problems
arise when letters start “leaking” into the background or begin to touch one other. To
prevent this, some kind of stopping criterion must be employed to determine when no
additional pixels should be added. The following definition 1s useful in obtaining an
appropriate stopping criterion.

[00101] Definition 12. Let ccbe a connected component. A set of pixels belonging to a
connected component which are equally distant from two different edge pixels of ccis
called the skeleton of cc.

[00102] FIG. 21a shows an example of a connected component. The darker pixels in FIG.
21b are the edge pixels for this connected component and the cross-hatched pixels in FIG.
21c¢ represent the skeleton of the connected component.

[00103] One thing to observe 1s that the pixel adding process has almost no impact on the
skeletons. This can be seen 1n FIG. 22, which depicts the skeletons of the connected
components corresponding to the pixel adding process of FIG. 20. At each pixel adding
step the skeleton of the connected component remains almost the same. What does change
1s the distance between the skeleton pixels and the edge pixels. The more pixels that are

added, the greater the distance becomes between the skeleton pixels and the edge pixels.

[00104] At this point 1t 1s important to recall that the stroke width S#, = of this connected

component has already been calculated. It 1s a reasonable to require that the pixel adding

process terminate when some small number of skeleton pixels exceed a distance of

SW. /2 from the edge pixels. If this value were to be exceeded, the connected component
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would start to “leak”™ into the background. Accordingly, no more pixels should be added to
letter at this point.

[00105] Bearing in mind the previous discussion, a text enhancement algorithm may be
formulated as follows:

1) Interpolate a low quality text image 1n twice higher resolution.

2) Decrease the color resolution of the text image by defining a finite number of
intensity intervals.

3) Identify all the connected components 1n the 1mage which are formed only from
the darkest pixels (e.g., those pixels with an mtensity of zero). These connected
components will be referred to as base connected components.

4) For each base connected component perform the following steps:

a. Calculate the skeleton of the connected component.

b. If the pixels in the skeleton are less than a distance SW, /2 from the edge

pixels, create a new connected component by adding to the current
connected component neighboring pixels belonging to the next intensity

interval (current I + Al').

c. Repeat steps a and b until the stopping criterion 1s met. That 1s, the process

stops when there are skeleton pixels that are more than a distance of

Sw., /2 from the edge pixels.

[00106] Once all the base connected components are processed in this manner the text

enhancement process 1s finished. The result of applying this process to the 1mage depicted

in FI1G. 13 1s 1llustrated in FIG. 23.

Efficient Text Enhancement

[00107] The previously described algorithm for enhancing the textual image using stroke
recovery can often provide very good results. One drawback, however, 1s 1ts
computational complexity. In this section one variant of the algorithm which 1s less
expensive (1n terms of processing power), but with comparable quality will be described.
[00108] As in the previous approach, this approach performs 1mage interpolation and
divides the color resolution 1nto a finite number of intervals in the manner described
above. However, the algorithm described i the previous section 1s time consuming
because of the recursive process applied to the base connected components, which

involves calculation of the skeleton. Since the skeletons are an integral part of the
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stopping criterion, some other variant of stopping criterion may be employed to reduce the
computational complexity of the algorithm. One approach 1s described below.

[00109] After decreasing the color resolution a small set of colors 1s left. All pixels
having an itensity of 255 (white pixels) are considered to be part of the background. All
pixels with intensity o £ 0 (black pixels) are considered to be text pixels. It 1s the gray
pixels which are questionable. Referring again to FIG. 19, one way to avoid the need to
perform an exact calculation of the skeleton while obtaining an estimate of it 1s to find (for
cach gray pixel) the maximal rectangle, centered at that pixel, that 1s made up completely

of non-white pixels. Let a(x, y) be the dimension of the rectangle for the pixel 7(x, y). All

the pixels having a rectangle that satisfies a(x, y) > SW, are almost certainly part of the

text or a flat noisy area in the background. This set 1s denoted as 4 = {(x,, y,),....,(x;, ¥ )}

Now, all the pixels (x,,y,.) ¢ 4such that V(x,,y,),d((x,,y,),(x,,y,)) < SW, where

b/

d((x,, vy, ),(x,,¥y,))= min(‘xk —Xx,|,|v, — ¥, |) are added to the set. In another words, all the

pixels from the vicinity of the pixels mside set 4 are added, which 1s an alternative to the

pixel adding procedure 1 the algorithm described above. To ensure than no “leaking” into

the background occurs the set 4 may undergo filtering- In this way pixels from the set can
be eliminated 1f their distance from the closest edge 1s greater than SW, . This way the flat

noisy areas are eliminated from the text.

[00110] This algorithm 1s similar to the more accurate algorithm described above.
However, instead of performing a recursive calculation before each set of pixels within an
interval are added, a one-step approximation 1s applhied, resulting in smaller amount of
processing time. The results achieved by of applying this algorithm on a low quality text
image have been found to be similar to the results achieved by applying the accurate
algorithm, which are depicted in FIG. 23.

[00111] FIG. 24 shows one example of an 1image processing apparatus 300 that may
perform the text enhancement process described above on a textual image undergoing
optical character recognition. The apparatus, which may be incorporated in an OCR
engine, includes an mput component 202 for receiving an input image having native lines
of text. The apparatus also mcludes a background and foreground line profiling component
204, an 1mage quality detection component 206, a thresholding component 208 and a

stroke enhancement component 210. An output component 212 generates the enhanced
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1mage as an output, which may be employed by subsequent components of the OCR
engine.

[00112] FIG. 25 1s a flowchart showing one example of an overall method for enhancing
a textual 1mage that 1s to undergo optical character recognition. The method may be
implemented by the 1image processing apparatus shown i FIG. 24. The method begins 1n
step 305 when an 1mage of native lines of text are recerved by the input component 202.
The line profiling component 204 then performs edge detection on the native lines 1n step
310 to produce a representation of the native lines 1n edge space. In step 315, the line
profiling component 204 next identifies each connected component arising 1n the
representation of the native lines 1n edge space. Using the information obtained in steps
310 and 315, the line profiling component 204 determines in step 320 the background and
foreground line profiles 1n the manner described above. Once the line profiles have been
determined, the 1mage quality detection component 206 determines 1n step 325 1f the
quality of the 1mage 1s sufficient to assign pixels to the background or foreground portion
of the 1mage based on the line profiles. As described above, one criterion that may be used
to determine 1image quality 1s the stroke width of the connected components. If the 1image
quality 1s found 1 decision step 330 to be sufficiently high, the pixels are assigned to
either the foreground or background portion of the 1mage by the thresholding component
208 1n step 335. If, on the other hand, the 1image quality 1s not sufficiently high, image
enhancement 1s performed by the stroke enhancement component 210 1n step 340 to
enhance the strokes of the connected components. Finally, the output component 212
generates 1n step 345 the enhanced 1mage, which may be employed by subsequent

components of the OCR engine.

fr 1" 't 1

[00113] As used 1n this application, the terms "component,” "module," "system,"

“apparatus,” "interface," or the like are generally intended to refer to a computer-related
entity, either hardware, a combination of hardware and software, software, or software in
execution. For example, a component may be, but 1s not limited to being, a process
running on a processor, a processor, an object, an executable, a thread of execution, a
program, and/or a computer. By way of illustration, both an application running on a
controller and the controller can be a component. One or more components may reside
within a process and/or thread of execution and a component may be localized on one
computer and/or distributed between two or more computers.

[00114] Furthermore, the claimed subject matter may be implemented as a method,

apparatus, or article of manufacture using standard programming and/or engineering
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techniques to produce software, firmware, hardware, or any combination thereof to control
a computer to implement the disclosed subject matter. The term "article of manufacture”
as used herein 1s intended to encompass a computer program accessible from any
computer-readable device, carrier, or media. For example, computer readable media can
include but are not limited to magnetic storage devices (e.g., hard disk, floppy disk,
magnetic strips . . . ), optical disks (e.g., compact disk (CD), digital versatile disk (DVD) .
.. ), smart cards, and flash memory devices (e.g., card, stick, key drive . . . ). Of course,
those skilled 1n the art will recognize many modifications may be made to this
configuration without departing from the scope or spirit of the claimed subject matter.
[00115] Although the subject matter has been described 1n language specific to structural
features and/or methodological acts, 1t 1s to be understood that the subject matter defined
in the appended claims 1s not necessarily limited to the specific features or acts described
above. Rather, the specific features and acts described above are disclosed as example

forms of implementing the claims.
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Claims

1. A method for enhancing a textual image for undergoing optical character
recognition, comprising:
recerving an image that includes native lines of text;
5 determining a background line profile that represents an average
background intensity along the native lines in the 1mage;
determining a foreground line profile that represents an average foreground
background intensity along the native lines in the image;
assigning pixels in the image to either a background or foreground portion
10 of the image based at least in part on the background line profile and the
foreground line profile; and
adjusting an mtensity of the pixels designated to the background portion of
the 1mage to a prescribed intensity representing a portion of the i1mage that does not
include text.
15 2. The method of claim 1 wherein assigning the pixels further comprises:
assigning pixels in the 1mage having an intensity less than a selected
parameter to a foreground portion of the 1mage, wherein the selected parameter 1s
determined at least 1in part from the background line profile and the foreground line
profile; and
20 assigning pixels 1in the image having an intensity greater than the selected
parameter to a background portion of the 1mage.
3. The method of claim 2 wherein the selected parameter 1s an average of the
background line profile and the foreground line profile.
4. The method of claim 2 wherein the selected parameter 1s adjustable.
25 5. The method of 1 further comprising estimating an average or median stroke width
of connected components representing text i the image.
6. The method of claim 1 further comprising representing the native lines of text in
edge space.
7. The method of claim 6 further comprising detecting connected components 1n the
30 native lines represented 1n edge space.
8. A method for enhancing a textual image for undergoing optical character
recognition, comprising:

recerving an image that includes native lines of text;
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determining a background line profile that represents an average
background intensity along the native lines in the image;
determining a foreground line profile that represents an average foreground
background intensity along the native lines in the 1image;
5 estimating an average or median stroke width of connected components
representing text in the image; and
enhancing text quality 1f the average or median stroke width 1s less than a
threshold value.
9. The method of claim 8 further comprising estimating an average or median stroke
10 width of the connected components representing text in the 1image by determining a
local stroke width for each pixel assigned to the foreground intensity values and
enhancing text quality if the average or median stroke width 1s less than a threshold
value.
10. The method of claim 8 wherein enhancing text quality includes performing image
15 interpolation to increase 1mage resolution.
11. The method of claim 10 further comprising:
assigning pixels in the 1mage having an intensity less than a selected
parameter to a foreground portion of the 1mage, wherein the selected parameter 1s
determined at least in part from the background line profile and the foreground line
20 profile;
assigning pixels 1n the 1mage having an intensity greater than the
background
line profile to the background portion of the 1mage; and
assigning selected pixels having an intensity between the selected
25 parameter
and the background line profile to base connected components of the native lines
represented 1in edge space by incrementally adding sets of pixels within
increasimgly higher mtensities, wherein each set defines pixels having an intensity
within one of a finite set of intensity intervals.
30 12. The method of claim 11 further comprising terminating assigning selected pixels to
at least one of the base connected components when a distance between an edge pixel
and a skeleton pixel of the base connected component 1s greater than half the average or

median stroke width.
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13. A system that enhances a textual image undergoing optical character recognition,
comprising:

an 1mput component for receiving an mput image having native lines of text;

a background and foreground line profiling component for determining

S background and foreground line profiles which respectively represent average

background and foreground intensities in the 1mage;

an 1mage quality detection component for determining 1f the quality of the 1mage 1s
sufficient to assign pixels to the background or foreground portion of the image;

a thresholding component for assigning pixels to either a background or

10 foreground portion of the 1mage based on the background and foreground line profiles;

and

a stroke enhancement component for enhancing strokes of connected components
representing text in the image 1f the image quality detection component determines that
the quality of the 1image 1s below a threshold value.

15 14. The system of claim 13 wherein the 1image quality detection component
determines the quality of the 1mage by estimating an average or median stroke width of
the connected components representing text in the image and comparing the average or
median stroke width to the threshold value.

15. The system of claim 13 wherem the background and foreground line profile

20 component 1s further configured to determine a plurality of background and foreground

intensity values for a plurality of localized regions along each of the native lines

represented 1n edge space, wherein each localized region has dimensions less than or

equal to predefined values.
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FIG. 11
(Line Profiles)
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FIG. 12
(Image Inversions)

F1G. 13

(Low Quality Text Image)
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(Stroke Width Computation for the Single Foreground Pixel)
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F1G. 16
(Image Interpolation)

FIG. 17
(Interpolation Steps)
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(Text Image Interpolation)
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FIG. 20
(Pixel Adding Procedure)
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FIG. 21
(Skeleton lllustration)
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Image Processing Apparatus
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