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ABSTRACT 
 
This paper proposes a multi-band disc model to do document page segmentation to segregate text blocks from graphic 
images.  We first introduce the idea of our disc-model and go on to discuss the improved multi-band version of the disc-
model.  The disc-model takes a bottom-up segmentation approach that tries to establish local neighborhood of objects on a 
page and then trace the propagation of such neighborhood until all objects in text blocks are reached.  The significance of 
the disc-model is the link established between the sizes of the objects and their positional thus logical relationship.  
Furthermore, the disc-model is rotational symmetric.  Therefore, the disc-model can be applied to text with mixed typefaces, 
with arbitrary outline shapes.  It is tolerable to skews or misalignment of the objects in the input images. 
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1. INTRODUCTION  
 
Electronic publication revolutionized the publishing industry in many ways. One of the most desired features is its 
automated content indexing and searching capability. This sharply contrasts to the immense difficul ty involved in searching 
publications in analog forms such as paper prints. Paper prints have long been the prime way of knowledge presentation and 
preservation. Paper prints however have severe shortcomings. They continuously deteriorate over time even under 
controlled conditions, and it is not possible to make a perfect copy from themselves alone to compensate their longevity; 
Furthermore, it is extremely difficult to search and index their contents when they are in a large amount. Electronic 
publication emerges as a new form of publication aiming at the ultimate replacement of paper prints. It uses computers to 
encode both textual and graphical contents with complete layout information, and stores them digitally as computer files on 
permanent storage. Problems arise when integrating legacy analog publications with modern electronic publications to form 
unified, computerized archiving system. The major challenge is the computer recognition of textual and graphical 
components, together with positional information or layout, in analog publications.  
 
This paper presents a method to segment textual components in paper prints using a multi-band disc model.  We will first 
survey existing methods for text segmentation and then introduce the idea of our disc-model.  An improved multi-band 
version of the disc-model will next be presented.  Experiments with three images will be shown in the paper and a 
discussion on the strengths and limitations of the model will conclude this paper. 
 

2. APPROACHES IN TEXT GROUPING 
 
There are several typical approaches in obtaining grouping information of textual objects. Some are applicable only to 
paragraphs, some are effective only for character strings, and yet only a small number of them are principally for both. 
Based on the strategies deployed, they can be generally classified as top-down and bottom-up approaches. 
 
2.1. Top Down Approach 
 
Top-down approaches start from the global feature level, trying to establish regions of intents and subsequently explore each 
region to get more detailed information.  
 



Recursive x-y cuts1,2  (or recursive projection profile cuts) is a multi-round top-down approach to decompose a document 
image into rectangular blocks. At each round the projection profile (sum of foreground pixels normal to the axis) is 
calculated both horizontally and vertically. The deep valleys of the projection profiles whose width are larger than a 
threshold are used to make cuts along the two directions. Since the projection profiles are along horizontal and vertical axis, 
the resultant blocks are always rectangular – the  preferred shape for document segmentation. The rectangle property is also 
its limitation, i.e. it is not able to handle text blocks in shapes other than rectangles. This method also works poorly on 
skewed document images. 
 
Texture segmentation algorithms realize that text and no-text regions of an image should have distinct textures, and thus 
special transforms can be used to separate them. The two-dimensional, selected multi-band Gabor transform based filter3,4,5 
is one of such algorithms. Gabor transform function is a Gaussian-function modulated sinusoidal-function with particular 
frequency, which is both frequency and orientation selective. When applied to a document image, Gabor filter responses 
differently for text and non-text regions. Text regions can be isolated by applying a mask which pick out only those pixels 
that correspond to the cluster representing text. This approach assumes no priori knowledge about the properties of the 
processed documents. It works well even for skewed images and hand-written text. The Wavelet Packet analysis6 based 
texture segmentation algorithm is another important approach. It can effectively reduce the segmentation complexity of 
Gabor filter based algorithms. Furthermore, its ability to perfectly reconstruct the decomposition makes it suitable as part of 
the document compression scheme. 
 
2.2. Bottom-up approach  
 
Bottom-up approaches initially gather image information on the pixel level and extends to larger and larger regions to 
collect higher and higher level of information. 
 
Straight-line fitting approaches assume that characters in a string are oriented and placed evenly along the same straight 
line. The problem is to determine which characters in an image actually lie along any given straight line, and further to 
examine the inter-character spaces to decide the correct order of placement within a string and the break-up of possibly 
different strings on the same straight line. Hough transform7 is a general algorithm for the detection of straight lines. When 
applied to the characters in an image, it can be used to detect sets of characters that lie along a given straight line. Its 
iterative nature of computation, the sensitivity of setting the transform resolution, the need to apply to all character 
candidates, and the restriction that the characters lie only along straight lines without any significant curvature are some of 
the major drawbacks of this method. Variations that claimed to be simpler in line fitting exist 8, but they more or less share 
the drawbacks of Hough transform. 
 
The run-length smoothing algorithm9,10 works on binary images. When scanning the pixel lines of an image both 
horizontally and vertically, it replaces every string of contiguous background pixels with equal number of foreground pixels 
if their lengths are less than some predetermined threshold values (horizontal and vertical values may be different). This 
way, two bitmap images are created, one for horizontal scan and the other vertical. The two images are combined using 
pixel-to-pixel logical AND operation. The resultant smear of the original image actually reveal the nearest neighborhood of 
the objects and can be used as masks for grouping. Since the spaces between characters are always less than those between 
text lines, the image smear happens only along the text lines, not cross. This method yields poor results when used on 
skewed images. 
 
Background analysis can also help to identify document region boundaries. There are region segmentation schemes 11,12,13 
that trace major white spaces among objects in an image. They are based on the observation that it is the major white spaces 
that separate different regions of an image. This approach assumes that the image noise is very low, and all objects do not 
touch one another. The results are good even for skewed pages. 
 
There are other approaches that deploy multi-resolution strategies14,15,16 for text grouping. Image Pyramid is one form that is 
suitable for such an approach. An image Pyramid is a sequence of two-dimensional arrays, representing the same image but 
with decreasing resolutions form the base to the top of the Pyramid. When the resolution becomes lower and lower, initially 
isolated textual objects begin to merge with their neighbors to form strings and, to certain levels the strings may form blocks 
that represent paragraphs. This approach avoids the expensive computation in finding inter-character and inter-string 
relations. However, the limited number of layers available in the classical image Pyramid makes this method inapplicable to 
some types of document. 



3. THE DISC MODEL  
 
The disc model suggests that every object in a document image has a circular range of coverage (disc) whose center 
coincide with the object's centroid and whose radius r is proportional to the square-root of its size n (i.e. the number of 
foreground pixels): 

( ) nknr =    (1) 
 

where k is an empirical constant to be determined. 
 
The idea of such a functional form (eq. 1) comes from the Inverse Square Law which is behind many physical phenomena 
in the universe, such as Newton’s Law of Gravitation (eq. 2) and Coulomb’s Law (eq. 3). 
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For a given mass M in eq. 2 or electric charge q in eq. 3, there exists a cutoff value of r beyond which the law has no 
measurable effect. The isometric, including the contour of such a cutoff value, is circular. If the Inverse Square Law is used 
as a measurement of the correlation among objects in a document image, eq. 1 describes the largest distance between 
neighboring objects being part of a text group, be it a word or a sentence or a paragraph, depending on the constant k. The 
pixel number n in eq. 1 is a visual/psychological measurement of an object, analogous to the mass M and electric charge q 
in the physical world. 
 
The significance of the disc model is the link established between the sizes of the objects and their positional thus logical 
relationship. Furthermore, the disc model is rotational symmetric, only the distances among objects count, not their relative 
orientations. Therefore, the disc model can be applied to text with mixed typefaces, with arbitrary outline shapes. It is 
tolerable to skews or misalignment of the objects in the input images 
 
3.1. Principle for Text Grouping 
 
Text grouping can be cast as a neighborhood problem that has two parts to deal with: the detection of the image objects’ 
neighborhood and, the propagation of such a neighborhood relationship. The neighbors of an object are determined by their 
distances to the object, measured from centroid to centroid. In the disc model, for any two objects i and j in an image, if the 
distance between the two is no greater than the sum of their disc radius, or in other words, if the disc of object i overlaps 
with that of the object j, they are considered neighbors. This can be mathematically expressed as 
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where (xi, yi) and (xj, yj) are their centroid coordinates, ni and nj are the sizes of the two objects, respectively. 
 
When constant k of eq. 1 is chosen properly, the discs of neighboring objects overlap, establishing a neighborhood that 
propagates over the whole text block. The value of k is determined by applications at hand. Take the English language 
newspaper “The Straits Times” of Singapore for example, the layout and typesetting norm had changed a few times over the 
years from the late colonial period of the 19th century till now. The paragraphs spaces were larger than the line spaces in the 
past, but nowadays it follows the modern style and all have the same space as that of text lines. This means that paragraphs 
are no longer possible (at least not safely) to be identified as are columns. Experiments on a sufficient amount of sample 
images can derive a k value that makes the disc model work well for all issues of a long period with little failure. The value 
of 1.6 seems a valid choice for the newspaper issues of recent years. In other words, the valid choice of k is not on a sample-
by-sample basis. The value of k is also language-specific. Although the Chinese language publications may share the same 
value of k with the English publications, Japanese may need a different value, and so may Arabic and others. The value of k 
is not universal. 
 



3.2. Two Implementations 
 
The implementation of the disc model has a direct impact on its usability, efficiency, precision and extensibility. Two 
distinct implementations of the disc model have been developed, optimized and benchmarked. 
 
The first implementation – called the “Recursive Partition” algorithm – directly calculates the distances among all the 
objects to trace the “neighbors’ neighbors’ neighbors’ … neighbors” route. The number of object pairs that need to be 
evaluated is much less than the theoretical value of 2/)1(2 -= NNCN , where N is the total number of objects in a document 
image. This is because once the neighbors of an object are identified; there is no need to verify the neighborhood 
relationship among them again. They only need to be checked with the yet-unchecked candidate objects. 
 
The second implementation – called the “Disc Mask” algorithm – takes a graphical approach. Instead of calculating the 
distances among all object pairs, it draws discs of the objects on a blank image. Connected-component-analysis is then 
applied to the image to identify clusters of the overlapping discs ¾  the masks. All objects whose centroids fall inside a 
mask are considered being in one text block. The number of masks is the number of text blocks. The objects are 
superimposed with XOR pixel operation to illustrate the grouping mechanism. 
 
The two implementations have their own advantages over the other. The Recursive Partition algorithm demands less 
hardware resources than the Disc Mask algorithm which always needs large data array to draw discs. It is more accurate in 
calculating distances than the Disc Mask algorithm, and this is especially prominent when object sizes are small and circle-
generating algorithms on raster images cannot reach the precision of numeric calculation. In certain cases the difference in 
precision between the two can give different results. The Recursive Partition algorithm always involves two interacting 
parties, which provides a chance for developing new models inspired by scientific laws or others; on the contrary, the Disc 
Mask algorithm starts from a single object without knowing anything about the existence of others. It avoids the 
combination nature of the Recursive Partition algorithm by this object isolation. 
 
3.3. Single-Band Mode 
 
In single-band mode, the disc model (with either the Recursive Partition or the Disc Mask algorithm) is applied on image 
objects all at once, regardless of their sizes. Sample image no. 1 in figure 1(a) is a newspaper clip. In the single-band mode, 
the discs of the objects in the figure are drawn with a k (eq. 1) of 1.6, and the result is shown on figure 1(b). The overall 
impression of the result is that the disc model has the ability to separate text columns, and maybe paragraphs. Unfortunately, 
its effort is somehow spoilt by the fact that discs of titles are so large that their discs intrude and wrongly merge with that of 
some body text columns  below them. 
 
Nevertheless, for samples whose titles are not much larger than the body text or the two are placed sufficiently apart, the 
single-band disc model can yield satisfactory results. It is simple and efficient enough for certain applications. At least, it 
reveals the virtues of the disc model and points out the direction for further improvement. 
This failure case indicates that separation of large titles from small body text is necessary. 
 
 

4. TWO- AND MULTI -BAND DISC MODEL  
 
The two-band mode was introduced to overcome the size problem associated with the single-band mode. The idea is to split 
the full range of object sizes into two bands – the lower-band covering smaller sized body text and the upper-band 
containing larger sized titles. The split-point of the full size range is chosen as such that the intruding large titles and the 
smaller body text fall into the two bands respectively. Subsequently, each band of the two is processed with the single-band 
mode algorithms. The outcome of the two are combined to form the final result. Since the larger titles are processed 
separately from the smaller body text, the disc intruding problem no longer exists. The two-band model can be easily 
extended to a multi-band version for documents containing more than two distinctive ranges of objective sizes.  Here we 
will restrict our discussion on the two-band model. 
 
Figure 2 demonstrates this two band processing mechanism. The top of figure 2 is the object size distribution of the sample 
image 1. It shows that the peaks concentrate in the range between 1 and 250 pixels. The largest peak at 1 pixel is the pepper-
noise introduced in scanning time. To experiment the size problem, the size filter was not used and only the area filter was 



used to remove the borderlines. The body text peaks around 120 pixels, the subtitle at 220, and the main titles spread over to 
the upper size range with no significant peaks. The split-point is chosen at 1500 pixels so that the two main titles fall into 
the upper-band while the body text stay at the lower. The lower-band is processed first and different columns are identified 
as clusters and saved. After that, a round of checking is needed to pull out those clusters that contain only a small number of 
objects. They may be the shorter strokes of the title characters like the dot of “i” or “j”, the parts of the body text that cannot 
be grouped by the disc model with the chosen k, the graphical leftover by the size filter, or the larger-sized noises. They are 
processed again with the upper-band objects to have another chance to see if they are part of the titles. The outcome of the 
upper-band are merged with that of the lower-band to form the final result, as shown in figure 3. It should be noted that, in 
fact, some objects falling into the upper-band actually belong to the body text. Their sizes are large enough to be separated 
from the body text, such as the larger punctuation marks, and those originally small characters but touch one another due to 
the printing or media problem or designed as such. They may form separate clusters but can be easily put back to the body 
text clusters when their bounding-boxes are found to be fully enclosed by that of the body text. 
 
This example clearly shows the point at which the single-band mode failed and two-band succeeded. With bands more than 
two, the disc model can deal with more delicate cases and yield more accurate results. However, the principle of multi-band 
mode is the same as that of the two-band mode. In real world applications, majority of newspaper articles can be 
successfully processed by just the two-band mode of the disc model. 
 
 

´  ´

 
(a) (b) 
 

Figure 1. (a) Sample image no. 1 (2175́ 3359́ 256/300 dpi);   (b) A failure case: the single-band disc model on sample image 1, where 
discs of the large titles intrude that of the body text, making the columns wrongly merged. 
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Figure 4-2c. The two-channel mode of the disc model. The object size distribution (top, size
 

Figure 2. The two band disc model: The object size distribution (top) shows that the body text sizes are below 300 pixels.  If the size 
range splits at 1500 pixels, the small sized body text (bottom left) and the larger sized titles (bottom right) fall into different bands. 
 
 



 
Figure 3. The result of applying the two band disc model on the sample image no. 1.  Text columns and titles are correctly identified. 
 
 

5. FURTHER EXPERIMENTS  
 
Sample image no. 2 shown in figure 4 (top left) contains photo images. Disc model has its unique way of dealing with 
photographical objects. Photographs have rich tones or grayscale, different from line-drawings which have only limited 
range of tone but maybe complex in shape. Color or grayscale photo image understanding and segmentation are among the 
major topics of computer vision, and it is out of the scope of this thesis. Disc model operates on binary images so that the 
original tone-rich photo images are down-converted to black-and-white. Filters are deployed to remove the photo’s objects 
that are significantly different from that of text. It is generally impossible to remove all of them, but the remaining objects 
normally pose no threat to the multi-band model of the disc model. It should be pointed out that the seemingly non-text 
objects filtered out are not physically removed from the system that incorporates the disc model; rather, they are only 
removed from the bands of text objects to the highest band (“hyper-band”) that contains noises, borderlines, large graphics 
and “orphan” textual objects. The reason is that these “useless” or “non-interesting” objects may later provide clues for 
logical text-block classification in layout analysis. 
 
Sample image no. 3 shown in figure 5 (top left) is in Chinese language. Chinese characters are more regular in shape than 
Latin alphabets – all characters of a font have a rectangular bounding-box of a single aspect-ratio. This, however, does not 
make it a better candidate of applying the disc model than Latin. Unlike Latin alphabets which almost all strokes of a 
character are connected, Chinese characters usually comprise separate strokes. The disc model is individually applied to all 
the strokes. The choice of k plays an decisive role in determining the usefulness of the disc model on Chinese characters. 
Usually, Chinese characters demand larger k than Latin, and the actual value are font-dependent. Interestingly, sample 
image 6 uses the same k of 1.6 as the other samples in English. This is partially because of the ink/paper quality and the 
scanning resolution that make many strokes connected. Sample image 6 also shows another strength of the disc model – the 
ability to group paragraphs of irregular shapes (top right), which defeated many methods in literature. The bottom right of 
figure 5 shows the correct grouping of the columns, and some happen to be paragraphs. Note that the bounding-boxes are 
intrinsic rectangular and cannot be used to draw irregular shapes. 



 
 
Figure 4. Two band disc model applied on sample image no. 2 (1252́ 1657) digitized at 150 dpi (top left). Bottom left shows the lower-
band of objects superimposed on their discs with XOR operation for demonstration purpose.  Bottom right shows the upper band of 
objects superimposed on their discs with XOR operations.  Top right is the segmentation result with rectangular bounding boxes. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Applying two band disc model on sample image no. 3 (981́ 1721́ 256/300 dpi) (top left) containing Chinese characters. The 
segmentation result is in bottom right. 



 
 
The efficiency of the disc model is equally important as the effectiveness analyzed above. The performances of the two 
implementations of the disc model in two-band mode were tested on a reference machine which has a single 400 MHz 
Pentium-II CPU and 128 MB RAM running Windows NT 4 SP5. Every effort has been made to guarantee that the two 
implementations are tested under the same software and hardware conditions. The portion of code under measurement is the 
modules that apply the disc model for text grouping, exclusive of other processing such as image acquisition from external 
source, image format conversion or binarization, initial filtering of extraneously large or small objects that may represent 
graphical objects or noise, initial connected-component-analysis, process monitoring and intermediate/final result output. 
The result is listed in table 1. Both implementations are sufficiently fast for real world applications. 
 

Sample 
Image 

Dimensions 
(pixels) 

Split-point 
(pixels) 

Recursive Partition (sec.) Disc Mask (sec.) 

No. 1 2175́ 3359 1500 3.16 4.30 

No. 2 1252́ 1657 600 1.61 0.95 

No. 3 981́ 1721 500 1.32 0.83 

 
Table 1. Timing of the two implementations of the disc model 

 
6. DISCUSSIONS 

 
Based on the theoretical analysis and the experimental results, there are two key factors that draw concerns in real world 
applications of the disc model. 
 

ƒ� The first factor is the selection of the k value of eq. 1. The value of 1.6 is used for all the sample images. This value 
was obtained from experiments on a large number sample images, including the ones shown here. This sample pool 
is mostly from the local English language newspaper “The Straits Times”. This is because the project at hand is 
“The Straits Times” microfilm archive at the National Library, Singapore17. The chosen value is certainly effective 
for this publication, at least for a batch of consecutive issues. For other applications, sample runs of the disc model 
are needed to get a suitable k value; 

ƒ� The second factor is the selection of band split-points for multi-band disc model. For a particular publication, the 
available font sizes are predetermined, such as 10- to 12-point body text and 24- to 72-point titles. The resolution 
levels of the available scanning devices are also known. Therefore, the possible object sizes of the target samples 
can be estimated. Sample runs of the disc model can fine-tune the split-points for the final batch runs. 

 
The disc model was developed to solve practical problems in some of the existing methods, particularly some of the most 
influential and widely based methods such as run-length-based and projection-based. Direct comparisons with these 
methods are much desirable, but limited by several factors: (1) different methods may have different goals and functionality. 
In many cases, the features of a method should be judged on the overall performance, instead of on individual positive 
points; (2) not all methods can be quantitatively compared. This may arise from the unavailability of the source code, 
different software implementation techniques, different testing hardware platforms, discrepancy in restricting the code 
section under comparison, etc.  With this consideration in mind, disc model has some advantages in certain aspects 
compared to other methods. 
 

ƒ� The disc model can provide much information needed for the higher-level text analysis and recognition, such as 
rectangular or irregular contours of the text-blocks for structural layout analysis, the absolute and relative positions 
of the text-blocks for functional layout analysis, deviation from horizontal/vertical straight-line structure for skew 
estimation and correction, average object sizes of a text-block and other statistical data for other purposes; 

ƒ� While other methods use relaxation, iterative optimization or multi-resolution to explore the spatial relationship, 
the disc model is a much simpler one-pass model that is fast and efficient even on personal computers; 

ƒ� The disc model is rotationally symmetric. It can detect segments of irregular contours and to certain extent immure 
to image scanning distortions. This is contrary to some methods, which assume regular shapes such as straight-line 
or rectangle and will fail even when small distortion exists; 



ƒ� The disc model can group objects at several levels by using different values of k, such as grouping strokes into 
whole characters, grouping characters into words, grouping words into phrases and sentences, grouping text lines 
into paragraphs or columns. This feature is less commonly seen in other methods; 

ƒ� The disc model is capable of processing international languages whose aspect ratios of characters are not too 
different from 1.0, like Chinese, Latin, etc; 

ƒ� The disc model is robust in dealing with the character-touching problem, which can break some other methods; 
 

The limitations of the disc model should also be pointed out:  
 

ƒ� The disc model is designed for those documents that were produced according to the printing industry norms or 
conventions. If the text string spacing is abnormally large or small, the aspect ratios of fonts are too different from 
1.0, the sizes of fonts are too large (probably graphics) or too small (probably noise), the disc model may not be 
applicable. In such cases, even human readers need further knowledge to be able to get some idea about the text; 

ƒ� The disc model cannot identify text components that touch large graphics, as all large graphical components are 
filtered out and the touched text are therefore removed together; 

ƒ� The disc model is not able to group the text blocks correctly if the number of characters touching one another 
becomes so large that is comparable to that of the large titles and merge with the titles in that band. 
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