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(54) Title: SYSTEM AND METHOD FOR AUTOMATIC PAGE REGISTRATION AND AUTOMATIC ZONE DETECTION DURING 
FORMS PROCESSING

(57) Abstract

A system and method automatically detect user defined zones in a document image of a form, compensating for skew and displacement 
of the image with respect to an original image of form. The system provides a mechanism to input an image for a form document, such 
as a scanner. The system processes the image to reduce its resolution and to remove significant skew. The image is presented to the. user 
to define the zones. These zones are areas from which the user desires to extract meaningful data through optical, character recognition, 
such as names, dates, addresses, and items on an invoice form. The system further processes the image to remove horizontal and vertical 
lines, and to create a number of blocks, representing either text or image data. The lines are removed and the blocks form by runlength 
smoothing with various parameters. The blocks form clusters of connected pixels. The blocks are labeled such that any set of connected 
blocks share a unique identification value. Additional data is collected on the commonly labeled blocks to select those blocks useful to 
definition of a template. The template is a collection of vectors between the centroids of each of the selected blocks. A second document 
image for processing is obtained, and similarly processed to minimize, deske.w, and identify blocks and vectors therein. The vectors in the 
second document image are compared with vectors in a user selected template to determine the location of user defined zones in the second 
document image.
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SYSTEM AND METHOD FOR AUTOMATIC PAGE REGISTRATION AND 

AUTOMATIC ZONE DETECTION DURING FORMS PROCESSING

Background5 Field pf InventionThis invention relates to the field of forms processing with optical scanners and optical character recognition, and more particularly, to systems and methods that automatically detect and compensate for page skew and translation.Background of Invention10 Optical character recognition ("OCR") is widely used to extract text fromprinted or handwritten documents and forms. Typically, a document is scanned on an optical scanner to produce bit mapped image data. An OCR software application processes the image data and extracts therefrom all of the text. A user then often reviews the resulting text file and either further processes it with other15 software to obtain only desired information or stores it in a useful form, such as in a word processing, database, spreadsheet, accounting system, or the like.In forms processing, it is desirable to extract from a text based preprinted form only that text data that has been added to the form by a user. For example, on an invoice with existing text data such as a company's name, address, and descriptions20 of various text blocks such as "Customer Name," "Customer Address", "Item," "Quantity," and the like, it is desirable to extract only the information entered for such blocks, but not the descriptive text. This allows for more efficient processing of the text data, without the need to post-process all of the text to extract the useful information.25 Previous systems for forms processing have used templates with userdefined zones located in the template to identify locations on an input document image where the desired text is likely to be found. In these systems, the user defined zones in the template are located with respect to the identified boundaries of the image, that is, the top, bottom and sides of the image as defined in the bit30 map. The problem with these conventional systems is that when a subsequent document is processed with the template, the user defined zones do not accurately register, or locate, on the image produced from the document. This occurs because when the document is scanned, the document may be rotated with respect to the35 scanner's bed, either because of misfeeding by a document feeder, or improper placement by a user. Additionally, the document may be displaced from the sides of
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the scanner’s bed. In either case, the resulting bit mapped image will vary, possibly 

considerably, from the bit mapped image of the original template, and the user defined 

zones, will not map onto the correct portions of the image. As a result, the system will 

not be able to capture the correct text in each of the user defined zones.

5 Accordingly, it is desirable to provide a system and method that can correctly

identify user defined zones from a template on an input image even in the presence of 

large amounts of skew or displacement.

SUMMARY OF THE INVENTION
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The present invention overcomes the foregoing limitations by a method and 

system that automatically identifies the user defined zones within a document even in the 

presence of significant amounts of skew or displacement.

According to one aspect, the present invention provides a method for automatically 

identifying user defined zones in second image with respect to at least one user defined 

zone in a first image and compensating for skew and displacement in the second image 

with respect to the first, comprising the steps of:

identifying in the first image a first plurality of blocks of connected pixels; 

defining at least one first set of vectors among selected ones of the first plurality of

blocks;

identifying in the second image a second plurality of blocks of connected pixels; 

defining at least one second set of vectors among selected ones of the second

plurality of blocks;

comparing the at least one first set of vectors to the at least one second set of 

vectors to establish a degree of similarity therebetween; and,

responsive to the at least one first set of vectors being similar to the at least one 

second set of vectors, applying the user defined zones of the first image to the second 

image.

The basic concept underlying the invention is that the relationship between various 

text or image elements in an image without skew will remain the same, irrespective of 

the skew, position displacement, page-image resolution, or page size at a given 

brightness and contrast setting. Specifically, the relative distances between these text 

and/or image areas do not change by any of the parameters as mentioned above.
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Accordingly, the relationships between different text and image areas on a given page 

are captured and used for page registration and user defined zone detection. The 

relationship between different text and image areas are captured by using dynamic data 

networks.

A dynamic data network is a network of links or vectors that are connected to 

certain qualified system blocks present within an image. Dynamic data networks are 

unique to each image at a particular brightness and contrast setting. A template 

including a dynamic data network is formed by processing an input image, preferably 

from a form, that will be used to process subsequently input documents. When these 

documents are later input, a dynamic data network is produced for each input image, and 

compared with the dynamic data network of a selected template. Where there is a match, 

the system can then accurately locate the user defined zones on the image, and thereby 

use an optical character recognition facility to extract the text or any user defined 

information from the image at those locations.

A template is formed by a number of processing operations. Preferably, the input 

image is subsampled to about 50 dpi. Skew is detected and the image is rotated to 

remove the skew. A data preparation stage removes horizontal and vertical lines, and 

then smoothes the remaining image data, which should be mainly text data and picture 

type data, into blocks of connected pixels. These blocks are then labelled, provided with 

an identification number, and classified into text, image, or dual blocks.

The classified blocks are further filtered for size and shape to provide a number of 

system blocks suitable for use in a dynamic data network. Certain ones of the system 

blocks are selected, according to location and size in the image, and from these, a 

dynamic data network is created. The dynamic data network defines the relationship 

between the system blocks in a resolution, size, skew and displacement invariant 

manner. Since the system blocks do not change much at a given brightness and contrast 

setting, the vectors that define the dynamic data networks are less susceptible to 

variations in skew, displacement and the like.

Unless the context clearly requires otherwise, throughout the description and the 

claims, the words ‘comprise’, ‘comprising’, and the like are to be construed in an
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inclusive as opposed to an exclusive or exhaustive sense; that is to say, in the sense of 

“including, but not limited to”.
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Brief Description of the Drawings

Figure 1 is a block diagram of a system for automatically registering and detecting 

user defined zones in input documents using templates.

Figure 2 is a flowgraph of the overall method of template definition and page 

registration.

Figure 3 is a flowgraph of the process of defining a template.

Figure 4 is a dataflow diagram of the definition executive with respect to various

modules used to create a template definition.

Figures 5 a and 5b are illustrations of the skew detection process for detecting skew

in an input image.

Figure 6 is a flowgraph of the process for skew detection.

Figures 7a and 7b are illustrations of sample user interfaces fo defining user

defined zones on an image.

Figure 8 is a data flow diagram of the data preparation module in conjunction with 

various modules for preparing an input image.

Figure 9 is a flowgraph of the data preparation process.

Figure 10 is a flowgraph of the block identification process of the labelling

module.

Figure 11 is a flowgraph of the data type classification process.

Figure 12 is a flowgraph of the process of creating the dynamic data networks. 

Figures 13a and 13b are a flowgraph of the process of registering an input image

with a template.

Figure 14 is an illustration of a deskewed bitonal image subsampled at 50 dpi. 

Figure 15 is an illustration of the image of Figure 14 following runlength

smoothing.

Figure 16 is an illustration of horizontal line removal on the image of Figure 15. 

Figure 17 is an illustration of the image of Figure 14 without horizontal lines. 

Figure 18 is an illustration of the image of Figure 17 normalised and rotated.

Figure 19 is an illustration of the smoothed image of Figure 18.



WO 96/32691 PCTAJS96/05011Figure 20 is an illustration of the results of removing vertical lines in Figure19. Figure 21 is an illustration of a deskewed rotated image without horizontal or vertical lines, from the combination of the image of Figures 18 and 20.5 Figure 22 is an illustration of the correctly rotated image of Figure 21following denormalization.Figure 23 is an illustration of horizontal smoothing on the image of Figure22. Figure 24 is an illustration of vertical smoothing on the image of Figure 21.10 Figure 25 is an illustration of an image following vertical and horizontalsmoothing to form data blocks.Figure 26 is an illustration of further smoothing on the image of Figure 25 to refine the data blocks therein.Figure 27 is a schematic illustration of the results of labeling the data blocks15 in the image of Figure 26.Figures 28a-h are illustrations a dynamic data network in various stages of construction
Detailed description of the Invention20 System ArchitectureReferring now to Figure 1, there is shown a system for using the improved automatic page registration system of the present invention, The system 100 includes a computer 101 having a secondary storage 107 for long terms storage of scanned documents and page registration templates, an input device 109 and an25 output device 116 for receiving and outputting commands and data into the system 100, and an addressable memory 113 for storing the various code modules for execution by a processor 111. The system 100 includes a scanner 115 that is capable of scanning input documents, and producing either grayscale, black and white, or color bit map files for the input documents. The scanner 115 preferably has at least30 50 dpi resolution. The system 100 includes a printer 117 for printing documents,including scanned documents, or other documents resident in the system 100.The addressable memory 113 includes a number of code modules that together comprise an executable application that manages the automatic page registration method of the present invention. More particularly, the addressable35 memory 113 includes an application executive 137, a scanner control module 139, a definition executive 121, a registration executive 135, a minification module 123, a skew detection module 125, a deskewing module 127, a data preparation module 129, a labeling module 131, and a template module 133, and an optical character recognition module 145, The operation of these various modules will be described4



WO 96/32691 PCT/US96/050ilbelow, following a description of the processes that support automatic page registration. The addressable memory 113 further includes a primary image buffer 141 and secondary image buffer 143, which are used to store an image in various states of transformation by the modules,5 The application executive 137 provides overall control of the system 100,including the remaining modules. The application executive 137 provides a user interface for communication with the user, for receiving user commands and data. Through a suitable user interface, the application executive 137 allows the user to input documents into the system 100 with the scanner 115, or other source, to create10 templates for processing the documents with definition executive 121, and to process further input documents with defined templates with the registration executive 135.System OperationI. Overall Process Flow15 The system 100 provides an improved method for automatically registeringan input document to eliminate skew and translation, and thereby provide for the more accurate extraction of data from the document using optical character recognition. The method includes two basic processes: creating a template for a given type of document or form, and applying the template to an input document20 to identify and extract data from the form.Referring now to Figure 2, there is shown a flowgraph of the overall methodof the present invention. The user, in conjunction with the system 100, defines 201 a template for a given form. Each template describes the internal structure of a form by specifying a number of user defined zones that contain text data to be25 extracted, and a number of blocks identified by the system. The template is defined by the relationship among the system defined blocks. The user can create any number of templates, each corresponding to a particular form. For example, the user may define different templates for processing invoices, purchases orders, business response cards, survey forms, questionnaires, facsimiles, business cards,30 and the like. These are but a few of the many different possible forms for which templates can be created. Accordingly, a form is understood here to mean any type of document for which multiple instances containing different data are produced and used. The creation and definition of the templates is managed by the definition executive 121,35 The user then selects 203 a particular template from among a set of definedtemplates. For example, if the user is processing a stack of invoices, the user would select an appropriate invoice template for such documents.The user, proceeds to input 205 in the documents into the system 100. This is preferably done with the scanner 115 and scanner control module 139.5



WO 96/32691 PCT/US96/050I1Alternatively, the user may input 205 the documents from other sources, including direct facsimile reception. Any source of input documents can be used that produces for each document a bit mapped image file. Alternatively, vector based files may be used if suitably converted to bit mapped images.5 As each document is input 205, the selected template is applied 207 to theimage of the document. The template identifies on the document the user defined blocks containing the text data that the user desires to extract. This identification is performed automatically, and identifies the user defined blocks even in the presence of skew or displacement in the image with respect to the original form10 that defined the template. Thus, even if the input document is misfed into the scanner 115, for example, and the resulting image is skewed, the system 100 is still capable of identifying the user defined zones. In addition, there is no need to place on the form additional registration marks conventionally employed to locate and orient documents during scanning. The application of the template to an image is15 performed by the registration executive 135.Once the user defined zones are identified, the system 100 applies the opticalcharacter recognition module 145 in a conventional manner to extract 209 the text data from the identified user defined zones. This data is stored 211 for subsequent retrieval and processing. The user may continue to input 205 additional20 documents, or may terminate processing.ΪΙ, Template DefinitionReferring now to Figure 3, there is shown a fiowgraph of the process 201 of defining a template, and referring to Figure 4, there is shown a dataflow diagram of the definition executive 121 in cooperation with other modules during definition25 of a template. The definition executive 121 manages the operation of the modules 123-133, invoking each module as required, passing in the necessary inputs to the module, and receiving the outputs therefrom to create the template. Figures 14 through 28 are illustrations of a givert input document through the various stages of template definition.30 A. Image GenerationTemplate definition begins by inputting 301 a form into the system 100 whichis an exemplar of a type of document from which the user desires to capture selected data in specific areas or zones on the form. For example, the user may desire to create a template of an invoice, and capture by optical character recognition35 text data in specific areas, such as the customer name, address, the invoice number, the product description, quantity, and price, and the total amount.To input 301 the form the user preferably uses the scanner 115 in conjunction with the scanner control module 139. The scanner control module 139 controls the operation of the scanner 115, for example, to set brightness, contrast, resolution, and6



WO 96/32691 PCT/US96/050Uthe like. The scanner 115 outputs an image file which may be a grayscale, bitonal, or color bit map. Where the scanner 115 outputs grayscale or color images, the scanner control module 139 preferably performs thresholding to produce a bitonal image for use in the system. Any standard thresholding technique can be used to obtain5 bitonal image. Essentially, any given grayscale or color image (4, 8 or 24 bits per pixel) is converted to 1-bit-per-pixel by determining if a given grayscale or color pixel exceeds predetermined threshold value x, where x is typically set at 2dePth/2, where "depth" is the number of bits per pixel in the image. If so, the pixel value is assigned a 1, and if not, then the pixel is assigned a 0. A pixel value of 1 may mean10 the pixel is set or vice versa, as desired for implementation. Additionally, image files from any other sources may be input into the system 100, and processed according to the present invention. Such sources include facsimile images, graphic images produced from graphic application, or even images captured from scanned photographs, or video, or the like.15 B, Image MinificationThe definition executive 121 receives the bitonal image file from the scannercontrol module 139 via the application executive 137, or form any other source. The definition executive 121 passes the bitonal image file to the minification module 123. The minification module 123 minimizes 303, or subsamples the input20 bitonal image, reducing the resolution of the image from its original resolution to a lower resolution more suitable to forms processing and template definition. Conventional scanners, such as scanner 115 produce a high resolution image (at least 600 dpi) which is useful to produce highly accurate optical character recognition. However, this level of resolution is unnecessary to create and define25 templates for forms processing, and further, imposes extra demands on memory and storage requirements, and significantly impacts performance. The minification module 123 thus detects the original source resolution and computes a scale or subsampling factor for the image.In the preferred embodiment, the input image scaled to approximately 50 dpi30 from the source resolution, and an appropriate scale factor is computed for this result. For example, if an image that has an original resolution of 200 dpi, the scale factor is 4, and the resulting subsampled image will be 25% of the size of the original image. Where the source resolution is not a multiple of 50 dpi, a scale factor is chosen to result in a resolution closest to 50 dpi, and preferably an image35 size equal to or less than 64kb. The limitation on image size is useful to improve overall performance, and to avoid limitations induced by the existing x86 architecture and supporting development tools. The preferred embodiment of the minification module 123 uses a decimation technique where a proportionate number of pixels are dropped off from the original image during the subsampling7



WO 96/32691 PCT/US96/05011process. For example, if the bitonal image is at 300 dpi, for every bit selected, the next 6 bits are ignored. The minification module 123 outputs the subsampled image in the image buffer 141. The image buffer 141 is used throughout processing to maintain one current state of the processed input image.5 C, Skew DetectionOnce the image file is minimized 303, the definition executive 121 activates the skew detection module 125 to identify 305 the presence and degree of skew in an input image. The skew detection module 125 accesses the image buffer 141 to obtain the subsampled image output by the minification module 123. In the10 preferred embodiment, the skew detection module 125 is capable of detecting skew between -60° and +60°, where 0° represents a perfect horizontal and vertical alignment of the input document on the scanner 115.Figures 5a and 5b are a graphical illustration of the skew detection analysis. A scanned image 500 will include a line of text 501 that presents some degree of15 skew. The line of text 501 is smoothed, resulting in a number of text blocks 503, each containing a continuous series of pixels. Also present in the image may be image blocks (not shown) which contain non-text derived data, such as lines, shading, and the like. Connected blocks 503 are identified. An imaginary line 505 between the left edge and the right edge of a connected set of blocks 503 is computed,20 and a skew angle F is determined between this line and a horizontal line 507 extending from the left edge of the blocks 503. This process is repeated for each connected set of blocks in an image 500, and a skew angle F is associated with each such set of connected blocks 503. Where a majority of the individual skew angles F are substantially the same, within a specified range of tolerance, then all of the25 individual skew angles F are averaged to produce a skew angle for the image 500, along with an orientation (clock/counterclockwise).Referring to Figure 6, there is shown a flowgraph of the preferred method of skew detection by the skew detection module 125. The skew detection module 125 performs 601 runlength smoothing on the subsampled pixel data in the image30 buffer 141 to produce the smoothed blocks. This is done by calling a smoothing module 801 (Figure 8). The smoothing module 801 applies a general runlength smoothing operation on unset (white) pixels in the input image using an input runlength parameter, converting the unset pixels to set (black) pixels. In the preferred embodiment, the smoothing at this point is performed with runlength35 value of 5, which is based on the preferred resolution of the image (50 dpi), and typical font sizes in text documents. Where other resolutions are used in the system, a different runlength parameter is specified. The smoothed image is maintained in the primary image buffer 141.
8



WO 96/32691 PCT/US96/05011The skew detection module 125 then expands 603 each bit, representing each pixel in the image, to a word (2 bytes). Expanding each bit to a 16 bit representation allows for storage of additional information about each pixel, such as a unique identification value, and information associating the pixel with other pixels, and5 thereby identifying the individual blocks. If additional bit width is needed for block identification numbers or other information, expanding to additional bytes may be used. Each word is later used by the labeling module 131 to store the block identification values. For example, after the smoothing operation, if the pixel includes a portion such as 1111111110000000, where '1' represents the presence of10 data (black pixel) and '0' represents no presence of data (white pixel), then afterexpansion, each bit is stored as a 2 byte word:0000000000000001,0000000000000001,0000000000000001,0000000000000001,0000000000000001, 0000000000000001,... and 0000000000000000, 0000000000000000,0000000000000000, and so on.15 The skew detection module 125 then calls 605 the labeling module 131 tosegment the pixels in the image into blocks. The operation of the labeling module 131 is further described below. The labeling module 131 identifies each of the blocks from the pixel data, and further identifies each set of connected blocks, that is, blocks that are connected by black (set) pixels. Each set of connected block(s) is20 labeled with a unique identification number, such that all connected blocks have tire same identification number.Not all of the blocks in the image are useful to determining the overall skew of the image. Particularly, blocks that either too small or too large with respect to the overall image size tend not to contribute significantly to the actual overall skew.25 Small blocks provide very little skew information, and big blocks give too large skew values. Accordingly, the skew detection module 125 filters 607 out blocks that are outside of predetermined ranges for height and width, prior to determining their skew angles. In the preferred embodiment, the skew detection module 125 filters out blocks with a height greater than 99 pixels and a width greater than 14930 pixels, or blocks with a height less than 6 pixels and a width less than 25 pixels. Again, the filter parameters are based on the resolution of the subsampled image, and would be adapted according to other resolutions. From the remaining blocks, the average height and average width is determined, and only blocks with dimensions exceeding these values are further processed. The blocks that are not35 filtered out are valid blocks.The skew detection module 125 then determines 609 from the remaining blocks the skew angle F and direction of skew for each set of connected blocks, as described above. The imaginary line is preferably computed from center (in the y- axis) of the left edge of the block to the center of the right edge.9



WO 96/32691 PCT/US96/05011In one preferred embodiment the skew angle is Tan_1(AY/AX) where AX is the difference between the x-axis coordinates of the center of the left and right edges of the block, and AY is the difference between the y-axis coordinates of the edges.In an alternate embodiment, the imaginary line is taken from the top left to 5 bottom right corners of the block, and thus ΔΧ is the difference between the x-axis coordinates of the top left and bottom right corners of the block, and ΔΥ is the difference between the y-axis coordinates of the comers. In this embodiment, the corners are determined as follows. For each pixel column within the block, the bottom of the column is detected as an unset pixel following a series of set pixels.10 The coordinates of the column bottom are stored. The difference between the bottoi λ of the current pixel column and the bottom of the next pixel column, AC, is noted for each pixel column. AC is computed to eliminate the possible skew angle errors that might be introduced by the text ascenders like letters 'h, 1, d' and descenders like 'g, p, y'. The average AC value is then taken for the entire block.15 Pixel columns that have AC values outside of the range of (average AC ±2 pixels) (assuming 50 dpi image) are ignored for determining the ends of the imaginary line which will be used to determine the skew angle. This is the "AC test." The first pixel-column bottom with a AC value that satisfies the AC test while traversing from the top left comer of the block constitutes the beginning of the imaginary line20 and the last pixel-column bottom satisfying this constraint constitutes the other end of the imaginary line. This process is repeated for each valid block, and orientation (direction of rotation) and skew angle is stored in the expanded word of each pixel.The skew detection module 125 performs a series of tests to ensure that the image has an amount of direction and skew that is both significant and25 compensable by the system 100. The skew detection module 125 determines 611 whether the total number of valid blocks is less than or equal to 2. Such a low number of qualified blocks is not predicative of the skew of the whole image. Accordingly, if this is the case, the skew detection module 125 sets 617 the image skew angle F at 0°.30 Otherwise, the skew detection module 125 then determines 613 theorientation that is held by the largest number of sets of connected blocks. If this number is a majority, preferably at least 75%, of the total number of sets of connected blocks, then this orientation is taken as the orientation of the entire image. The skew detection module 125 computes the image skew angle F by35 averaging 615 the individual skew angles F of the valid blocks.The skew detection module 125 determines 619 whether the image skewangle F is greater than 160° I. If so, then the document may be severely misaligned, and unlikely to be correctly scanned or otherwise captured, and thereby are unlikely to be successfully identified and processed. In this case, the skew detection module10



WO 96/32691 PCTZUS96/05011125 sets 617 the image skew angle F to 0°. Otherwise, if the image skew angle F is within the boundary conditions, the skew detection module 125 returns that value. This is shown in Figure 4 as returning the detected skew angle.nj^eskewiiig5 Referring again to Figure 3, with the detected skew angle, the definitionexecutive 121 determines 307 whether or not to deskew the image. In the preferred embodiment, the definition executive 121 does not deskew the image if the image skew angle is equal or less than 1°, as this small amount of skew does not impact registration of the form with respect to a template.10 If the image skew angle F exceeds 1°, the definition executive 121 invokes thedeskewing module 127, to deskew 309 both the subsampled and the original image back to a true horizontal and vertical orientation. The deskewing module 127 reads both the original image from an image file, and the subsampled image from the image buffer, and rotates them in the direction opposite to their determined skew15 direction, by their image skew angle F. Rotation is performed using conventional techniques.Figure 14 is an example of an input document that has been scanned into a bitonal image file and subsampled to 50dpi (printed full page size) and then deskewed.20 E^elecHoiLof_User-Pefined ZonesReferring again to Figure 3, the definition executive 121 provides the deskewed image to the application executive 137, which further presents the deskewed image to the user through a desirable user interface display. The application executive 137 further provides a conventional set of drawing-like tools25 with which the user can graphically create 311 the user defined zones. This is done by choosing an appropriate drawing tool, such as a rectangle or polygon creation tool, and applying it to the deskewed image to select the individual areas or zones containing the desired text information. Figure 7a illustrates one example of a suitable user interface 705, showing a deskewed document 700. Figure 7b illustrates30 the same document now including a number of user defined zones 701. A palette of drawing tools 703 is also shown, with various graphical tools for selecting the user defined zones 701. Once the user defines a number of zones, the coordinates of the boundary of each of user defined zone is stored, preferably using the coordinates of an upper left hand comer, and a lower right hand comer where the35 user defined zone is a rectangle. For general polygonal user defined zones, the coordinates of each vertex may also be stored.F, Data PreparationReferring again to Figure 3, the definition executive 121 then invokes 313 the data preparation module 129 to perform a number of tasks on the subsampled11



WO 96/32691 PCT/CS96/05011image to filter out unnecessary or insignificant elements in the image. This includes smoothing, vertical and horizontal line removal, and formation of blocks. The data preparation module 129 produces an ’ ge with smoothed blocks ready for labeling by the labeling module 131. Referrmg to Figure 8, there is shown a5 dataflow diagram of the underlying modules of the data preparation module 129. The data preparation module 129 includes the smoothing module 801, a line removal module 803, a rotate image module 805, and a combination module 807. Referring to Figure 9 there is shown a flowgraph of the operation of the data preparation module 129. In the figure, text between the process blocks refers to the10 current status of the processed image. Text above the connecting arrows indicates that the image is in the primary image buffer 141; text below the connecting arrows indicates that the image is in the secondary image buffer 143. A key is provided in the figure for the text abbreviations used. In addition, the text has been labeled to identify a figure showing an example image at the given stage of processing.15 Removal of Horizontal and Vertical LinesThe data preparation module 129 invokes the smoothing module 801 tosmooth 901 the deskewed image. Smoothing increases the accuracy of the removal of horizontal lines. The smoothing module 801 performs runlength smoothing in a conventional manner, using an input runlength parameter. During scanning,20 vertical and horizontal lines in a document may be disjointed into a number of broken line segments. This results from variations in brightness/contrast, scanning techniques, orientation of the document and the like. Such broken lines are more difficult to identify and remove at the line removal stage by the line removal module 803. Similarly, a form may contain areas demarcated by dashed or dotted25 lines, which are also difficult to remove. Accordingly, to increase the accuracy of the line removal module 803, it is desirable to cause such broken, dashed, or dotted lines to form continuous lines. This is done by the smoothing module 801.The smoothing module 801 is invoked and passed in a runlength parameter, dependent again oh the resolution of the subsampled image, that will cause such30 disjointed lines to be connected by set pixels. In the preferred embodiment, the runlength parameter is set to a maximum of 5, given the preferred resolution of 50 dpi; the runlength parameter would be adjusted for other resolutions. This converts any sequence of 5 or less white pixels into a sequence of black pixels. This pass will connect dotted, dashed or similar lines into continuous line segments. A35 low runlength value further aids in not deleting the dots used in letters such as "i" and "j", or the crosses on "t", "f" and others.Figure 15 is an illustration of the image of Figure 14, following runlength smoothing by the smoothing module 801.
12



WO 96/32691 PCT/US96/05011The data preparation module 129 then invokes the line removal module 803 to remove 903 horizontal lines in smoothed image. Figure 16 shows the results of horizontal line removal .903 on the image of Figure 15. The line removal module 803 scans the image buffer to identify set (black) pixels with a runlength of at least5 15. This identifies a potential line segment. The line removal module 803 thenchecks the Second line above the potential line segment to determine either if this line segment has a series of unset pixels for the same runlength as the potential line segment. Alternatively the line removal module 803 may determine the number transitions from set to unset, or unset to set pixels, and compare this value to a10 predetermined maximum of transitions for a given runlength.■ If the foregoing conditional is satisfied, then this indicates the top edge of thepotential line segment. The line removal module 803 similarly checks the second line below the potential line segment to identify the bottom of the potential line segment. In this manner the potential line segment can have a maximum height15 of 3 pixels. If both of these conditions are true, the potential line segment is an actual line segment. The line removal module 803 then removes the line segment by changing all of the set pixels to unset pixels. This process is repeated from the top of the image to the bottom. The resulting image is stored in the secondary image buffer 143. The specific number of lines and line height again is dependent20 on the resolution of the image, and may adjusted accordingly.The combination module 807 combines two images in the image buffers 141,143. This module 807 is invoked by the data preparation module 129 after line removal to produce 905 an image with both vertical and horizontal lines removed. Combination is done by logically ANDing each bit of the two input images. The25 combination module 807 is invoked after removal of horizontal lines to combine the deskewed bitonal image with the smoothed image without horizontal lines. This results in a deskewed image without horizontal lines. Figure 17 shows an illustration of a deskewed image without horizontal lines, here the combination of Figure 14 and Figure 16.30 After horizontal line removal, the data preparation module 129 normalizes907 the deskewed image without horizontal lines. Normalization is the procedure, of drawing temporary horizontal lines (1 pixel wide) at the top of the image and the bottom of the image. This procedure is done to improve accuracy during removal of the vertical lines in the image by clearing demarcating the top and bottom of the35 image during the smoothing operation. Without the temporary lines, during smoothing, parts of the image may be smoothed across the page boundary. After the vertical lines are removed, the temporary lines are also removed.Once normalized, the deskewed image is rotated 90°. This rotation is performed 909 by the rotate image module 805, and is done so that the vertical lines13



WO96/32691 PCT/DS96Z05011may be removed by the line removal module 803. Figure 18 shows the normalization and rotation of the deskewed image of Figure 17.The data preparation module 129 invokes the smoothing module 801 to smooth 911 the normalized deskewed image without horizontal lines. Figure 195 shows the results of smoothing 911 the image of Figure 18. The line removal module 803 then removes 913 the vertical lines, which are now horizontal lines in the rotated image. Figure 20 shows the results of removing 913 horizontal (vertical in the unrotated image) lines in Figure 19.After the vertical lines are removed 913, the image is stored in the primary10 image buffer 141, separately from the rotated, normalized, deskewed image without horizontal lines in the secondary image buffer 143, resulting from step 909. The combination module 807 is then called to combine 915 the rotated deskewed image without horizontal lines from the step 909, with the smoothed image without the vertical lines, here producing a rotated deskewed image without horizontal or15 vertical lines. Figure 21 shows the results of combining the vertical line removed image of Figure 20 with the deskewed, rotated, normalized image of Figure 18, thereby producing a deskewed, rotated image without horizontal or vertical lines. The order in which the which the vertical and horizontal lines can be removed may be switched with the appropriate modifications,20 Once the horizontal and vertical lines have been removed, the rotate imagemodule 805 rotates 917 the combined image back to its original orientation. The data preparation module 129 denormalizes 919 the image, and removes the temporary lines introduced during normalization. The result is a deskewed image without vertical or horizontal lines. This image is stored in the primary image25 buffer 141. Figure 22 shows the results of rotating back the image of Figure 21 and denormalizing to remove the top and bottom temporary lines.
Formation of System BlocksThe second major function of the data preparation module 129 is the formation of blocks that can be subsequently considered for labeling as system30 blocks by the labeling module 131. The blocks are formed as follows.Blocks are formed by a similar series of steps as the line removal process.Horizontal runlength smoothing 921 is performed on the deskewed image without horizontal and vertical lines by the smoothing module 801 with a runlength parameter that will produce large blocks of continuous pixels. In the preferred35 embodiment, the smoothing operation 921 is performed with a runlength value of about 80 (at 50 dpi) such that white (unset) runlength occurrences of 80 or less pixels along each pixel line are converted or filled with black (set) pixels. The resulting image is stored in the primary image buffer 141. Figure 23 shows the results of smoothing 921 the image in Figure 22. 14



WO 96/32691 PCT/US96/05011Smoothing 923 is then performed on the vertical line-free image data resulting from step 915, which is then stored in the secondary image buffer 143. Figure 24 shows the results of vertical smoothing on the image of Figure 21. The vertically smoothed image is then rotated back to a portrait orientation, and stored5 in the secondary image buffer 143.The horizontally smoothed image in the primary image buffer 141, and the vertically smoothed image in the secondary image buffer 143 are combined 925 together by the combination module 807. This process generate a set of data blocks in the image. Figure 25 shows the combined results of horizontal and vertical10 smoothing to produce data blocks, here the combination of Figure 23 and Figure 24 (following rotation).In some instances there may be some small gaps in the output which may have to be smoothed further. Further smoothing 927 of the resultant data is performed with a runlength value of 3 pixels, , thereby eliminating these residual15 elements. The resultant image is stored in the primary image buffer 141, and contains the blocks ready for processing by the labeling module 131. Figure 26 shows the results of smoothing 927 to eliminate residual elements in Figure 25.G. Labeling & Classification of System Blocks Referring again to Figure 3, following data preparation, the blocks are labeled20 and classified 315 by the labeling module 131. Generally, the labeling module 131 analyses the blocks created by the data preparation module 129, identifying each block with a unique block identification number and classifying each block as either a text block, an image block, or a dual block. Text blocks are thos e blocks that are probably generated by the presence of text areas on the original image. Image blocks25 are those blocks that are probably generated by the presence of graphics or pictures in the original image. Dual blocks are those blocks that are not identifiably either text or image blocks. Each group of connected block are assigned a unique block identification number.The labeling module 131 maintains a list of block identification numbers,30 each corresponding to a block, and for each block identification number further stores statistical and classification data about the block. In the preferred embodiment, the block identification list is an array of block structs, each block struct having attributes for block identification number, and other data values as further described below.35 The labeling module 131 preferably employs a 4 pixel-connnectivity tracingtechnique to determine whether a selected pixel is connected to its neighboring pixels. Such collections of pixels collectively form, clusters, thereby contributing to the formation of a type of block. For each block that is formed, various features are
15



WO96Z32691 PCT/US96/050Πextracted in order to discriminate them as unique blocks belonging to one of the block types.
Block Identification and LabelingReferring now to Figure 10 there is shown a flowgraph of the process of block 5 identification by the labeling module 131. The labeling module 131 receives from the data preparation module 129 via the primary image buffer 141, the smoothed image without horizontal or vertical lines, along with a list of the blocks and their identification values. The labeling module 131 expands 1001 each bit in the image, as described above, to a 2 byte representation. The additional bit width will be used10 to store information about the identified system blocks. The expanded data is stored in the addressable memory 113,The labeling module 131 scans 1003 the expanded data of the image to identify set pixels. Only the bit in the expanded data that corresponds to actual image data is checked. This scanning processes proceeds from left to right, top to15 bottom; a count of the number of lines (based on resolution), and in the image is maintained to determine when the entire image is scanned.If a set pixel is located, the pixels immediately adjacent to the set pixel in the same and previous line that have already been checked (thus the left, top-left, top, and top-right) are checked 1009 to determine 1011 if they all have the same block20 identification number. If so, then the set pixel is assigned 1013 the same block identification number. The labeling module 131 determines 1005 if the current line is the first line in the image or next to a blank line. If so, then only the pixel to the immediate left is checked, as above.If the block identification numbers are different among the neighboring25 pixels, then the labeling module 131 determines 1015 whether the set pixel has multiple block identification numbers. If so, then the labeling module 131 will assign 1021 to the pixel the block identification number held by the largest number of the neighboring pixels. Also, any Other neighboring pixels will have their block identification number changed as well to this block identification number. The30 block identification numbers are assigned from the list of available block identification numbers. The block identification number of the changed pixels is thus added 1023 back into the list of available block identification numbers. Each block identification number is thus associated with one set of connected pixels.Once the block identification number is assigned, a number of statistics on35 the block identification numbers are updated 1025. In particular, labeling module 131 maintains for each block identification number:the number of set pixels present in the image buffer that have the block identification number (NUMB);

16



WO 96/32691 PCT/US96/05011the spanning area of the block, as determined by the top-left, and bottom right set pixels of the block (AREA);the number of set-to-unset transitions (scanning left to right/top to bottom) in the block (TRANS);5 the height of the block, as the difference between the y-axiscoordinates of the he top-left, and bottom right set pixels of the block (HEIGHT);the width of the block as the difference between the y-axis coordinates of the he top-left, and bottom right set pixels of the10 block (WIDTH);a run factor determined by the quotient of NUMB/TRANS, the run factor indicates the average runlength of set pixels in the block (RUN);an aspect ratio determined by the quotient of WIDTH/HEIGHT 15 (ASPECT); anda density factor determined by the quotient of NUMB/AREA, the density factor indicates the average number of set pixels per pixel in the block (DENSITY).These data values are updated 1025 with each scanned pixel.20 The labeling module 131 determines 1027 whether all lines in the imagehave been processed. If not, the labeling module 131 continues to scan 1003 the expanded data. If so, then all distinct, separate blocks of connected pixels have been identified, and provided with a block identification number, and each block identification number applies only to one group of connected pixels.25 Once all of the blocks have been assigned block identification numbers, thelabeling module 131 qualifies 1029 selected blocks for determining average block data for the entire image. Qualified blocks are those that have an adequate size and shape to be readily identifiable by the system. In the preferred embodiment, using 50 dpi images, qualified blocks meet the following criteria:30 HEIGHT/RUN > 4.00HEIGHT <= 22 lines ASPECT >= 5.00 DENSITY >= 0.5Each block is checked 1029 against these criteria, list of block identification35 numbers is updated to indicate whether the block is qualified. The values are related to the preferred resolution, and in other embodiments, other criteria may be employed.From the qualified blocks, an average height and average runlength is computed 1031. The average height is determined by summing the heights of the17



WO 96/32691 PCT/US96/05011qualified blocks, and dividing by the number of qualified blocks. The average runlength is similarly determined.Figure 27 shows as a schematic example of the results of labeling on the image of Figure 26. In the image of Figure 27, blocks that have the same pixel5 density pattern have been labeled as part of one block, and have the same block identification number.
Block ClassificationThe labeling module 131 then continues to determine the data type of each block (both qualified, as above and not qualified), whether it is text, image, or dual.10 Referring to Figure 11 there is shown a flowgraph of the data type classification process of the labeling module 131,The labeling module 131 tests 1100 whether there are any qualified blocks resulting from the qualification process. If not, then the labeling module 131 segregates all blocks into invalid blocks and dual blocks. The labeling module 13115 loops 1101 over the block list and determines 1103 for each block whether the area (AREA) is less than 100 pixels (assuming 50 dpi). If so, then the block is an invalid block, and processing continues. If the area is greater than 100 pixels, then the block is classified 1105 as a dual block. In each case the block list is updated with the assigned values,20 Once the blocks are initially segregated, or if there are any qualified blocksthen the labeling module 131 determines whether the blocks are text or image blocks, or simply indeterminate. This is done by looping 1109 over the list of qualified or dual block blocks, and for each block, determining 1111 whether the height of the block is within a particular range of block heights from the average25 block height of the image. In the preferred embodiment, where the preferred image resolution is 50 dpi, the test is whether the height of each block is less or equal to four times the average block height. Other approximate ratios may be used with other image resolutions. .If the block height is within the desired range, this indicates a small to30 medium size block that may be either text or image data. Accordingly, the labeling module 131 further determines 1113 the runlength (RUN) of the block with respect to the average runlength of the all the qualified blocks. In the preferred embodiment, if the block runlength is less than about six times the average runlength plus an adjustment factor of two, then the block is a text block, and the35 block identification list is updated 1115 accordingly. This effectively tests whether the block has the area and length common to text blocks once smoothed by data preparation. Blocks meeting these various tests are probably text blocks and so classified.
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If the runlength exceeds this value, then the block may still be an image block or indeterminate, in which case it remains classified as a dual block. Accordingly, the labeling module 131 tests 1117 whether the height (HEIGHT) of the block is greater than three lines (again, assuming a 50 dpi image; this value should be scaled with other resolutions). Since most text blocks are less than this amount, if the height exceeds this value, the block is likely an image block, and so the block identification list is updated 1119 accordingly. If not, then no further classification is performed, and the block remains classified as a dual block.Returning then to the conditional 1111, where the height of the block is greater than about four times the average block height, the block is probably an image block, but further tests are applied to verify this classification. The labeling module 131 determines 1121 whether the aspect ratio (ASPECT) of the block is greater than or equal to about 0.2. If so, this indicates that the block has the approximate width to height common in most images; any smaller value would indicate a very narrow block that is unlikely to be an image. Accordingly, the labeling module 131 will update 1119 the block list to indicate an image block. If this test fails, then the labeling module 131 determines 1123 whether the width of the block is greater than 3 pixels. If it is, then the block is again classified 1119 as an image block. Otherwise, the block remains classified as a dual block.At the end of the labeling and classification processes, the blocks in the image have been distinctly identified and typed as either text, image, or dual blocks. The resulting set of blocks are 'system blocks/ and will be used to define the structure of the template.H, Creation of Dynamic Data NetworkReferring again to Figure 3, the dynamic data networks that describe the structure of a template are defined 317 from the valid, labeled, classified blocks. Referring now to Figure 12, there is shown a flowgraph of the process of creating the dynamic data network of template by the template module 133.The template module 133 determines 1200 whether any of the system blocks intersect any of the user defined zones. These system blocks are eliminated from further processing. The template module 133 also determines the first line of the deskewed, subsampled image in which a set pixel occurs, and the last line in which a set pixels occurs. These lines determine the area of the image where any data is present, thereby eliminating unnecessary processing of the image area outside of these lines.The template module 133 segments 1201 the image data between the first and last line into a number of zones having equal area. Segmenting the image into segments allows for normalizing the block size in each segment, such that large blocks do not overly influence the selection of blocks for the dynamic data network.19
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By using segments, blocks in, each zone of the image will be used in the template, resulting in a more robust template. In the preferred embodiment, the image is segmented into fifteen segments, dividing the image top to bottom.In each segment, template module 133 determines 1203 the average area of the text blocks, and separately, the image blocks in the segment. The average area of each block type in each segment is then stored. The template module 133 then selects 1205 in each segment those blocks with an area approximately equal to the average block area of the segment, with respect to the block type. In the preferred embodiment, selected blocks are within ±20% of the average block area of their type. Alternatively, a block with an area less than and next to (in an ordered list) the average block size, and a block with an area greater than and next to the average block size may be selected. For example, assume the blocks in a segment have areas of 104, 100, 118, 132,138, 102, and 128 sq. pixels, and the average block area is 120 pixels. Then the selected blocks would be those with 118 and 128 sq. pixels. This selection is done for both image and text blocks, resulting in four blocks in each segment.The template module 133 then determines 1207 if there are least five blocks selected. If so, a dynamic data network for the template can be created. From experimentation it was determined that a minimum of five blocks are preferred to create a dynamic data network. If five blocks are not selected, the template module 133 indicates 1209 to the form processing definition executive 121 that template definition has failed.If there are more than five blocks for the entire image, the dynamic data network for the image is created 1211. The dynamic data network comprises a list of vectors between the system blocks meeting the average size requirement, preferably between their centroids. More particularly, for each system block a vector is defined from the centroid of the system block to the centroid of every other system block. Accordingly, for each system block Bj (i = 1 to n, where n is the number of system blocks) there is a vector list Vi, containing vectors v(i,j) between system block Bj and system blocks Bj.· Vi = [v(i,j), v(M+i), ... v(i,n))In the preferred embodiment each vector is preferably defined as the distance between the centroids of the system blocks, and a direction.
Vo.n = ^(xrXj)where indicates the direction of the vector from system block Bj tosystem block Bj.
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WO 96/32691 PCT/US96/05011Other vector definitions may also be used, so long as a vector invariantly associates one system block with another. For example, each vector may be stored as the coordinates of its end points:V(W)5 from which distance and orientation may be computed as needed.The dynamic data network D for the image includes the set of vector lists Vfor the system blocks: D = [Vi, V2, V3,... Vn]The dynamic data network of an image describes the structure of the image10 because the vector relationships between the system blocks are fixed on the image, and remain same even when the image is rotated or displaced by a significant amount. Figure 28a shows a sample form with the text areas used as system blocks, and Figures 28b through 28h shown the various vector list Vi between each of the system blocks and the other system blocks.15 Additionally, a portion of the dynamic data network D may defined withrespect to the user defined zones. This is done by establishing for each user defined zone Zk (k = 1 to m, the number of user defined zones), a vector list U, containing vectors u(k,i) between zone Zk and each system block Bj:Ui = [u(i,j), u(i/j+i), ... u(i,m)]20 In this embodiment, vectors between user defined zones have not beenfound to add significantly to the robustness of template, and hence are not stored. In alternate embodiments these vectors may be used should they improve the template. In either case, if vectors between the user defined zones were included, dynamic data network D would additionally comprise the set of vector lists (J for25 the user defined zones: D = [Vi,V2,V3,... Vn,Ui,U2,U3,...Um]The template module 133 then stores 1213 the created template with a userinput name and the defined template data, including the location of each system block in the template, the statistical data on each system block, the dynamic data30 network information, and the coordinates of the user defined zones. The template module 133 returns control to the definition executive 121.HI. Template RegistrationReferring again to Figure 2, after one or more templates have been defined 201, the user may begin processing documents with the templates. The selection of35 templates and inputting of documents is described above. Application of the template is the process of automatically registering the document with a template.Generally, the registration process is very similar to the template definition process, except that instead of creating a new template, the identified system blocks21



WO 96/32691 PCT/USS6/05011in each input image are compared with the system blocks and dynamic data network of the template. If there is a match, then the system applies the user defined zones of the template to the input image and extracts via optical character recognition any text therein.5 More particularly, referring to Figures 13a and 13b there is shown afiowgraph of the registration process. The modules used during registration have been previously described, and their underlying operations are effectively the same. The registration process is managed by the registration executive 135.The registration executive 135 controls the scanner 115 and scanner control 10 module 139 to scan the input document and obtain 1301 the image data. The image data is thresholded as described to produce a bitonal image. The registration executive 135 invokes the minification module 123 to minimize 1303 the imagedata to a desired resolution.The registration executive 135 the invokes the skew detection module 125 to 15 detect 1305 any skew within the image, and report the image skew angle and orientation. The registration executive 135 determines 1306 if the skew exceeds 1°, and if so, calls the deskewing module 127 to deskew 1307 the minimized image and the original image data. The minimized image is stored in the primary imagebuffer 141.20 The registration executive 135 invokes the data preparation module 129 toremove 1309 the horizontal and vertical lines and to smooth 1311 the image into distinct data blocks, The labeling module 131 is then invoked to label and classify 1313 the data blocks with block identification numbers. The labeled blocks are qualified, as above, to produce a list of qualified blocks. The qualified blocks are25 classified, as described above, as either text, image, or dual blocks.The registration executive 135 calls the template module 133, which loads1315 the dynamic data network of the template. The template module' 133 then creates a dynamic data network for the input image. This is done by further qualifying 1317 the classified data blocks. This qualification identifies those blocks30 that are potential system blocks that match the system blocks of template. Each data block in the input image is compared with each system block in the template. The criteria for qualification are:the classification of the data blocks must be the same (text or image);the absolute difference between the width of the blocks must be less or equal35 to 5 pixels;the absolute difference between the height of the blocks must be less or equal to 5 lines;
22



WO 96/32691 PCT/US96/05011the absolute difference between the number of set pixels in the data block and in the system block must be less than 10% of the number of set pixels in the system block.The template module 133 tests 1319 whether the number of qualified system 5 blocks of the input image is at least 20% of the number of system blocks in the template. If not, the template does not match the input image, and the templatemodule 133 returns 1333 a failure condition to the registration executive 135.If the number of qualified system blocks meets the threshold value, then the template module 133 creates 1321 a dynamic data network for the input image, as10 described above. This dynamic data network is not stored as a template, but rather is compared 1323 with the dynamic data network of the user selected template.The comparison process 1323 iterates over each vector list in the input image ' dynamic data network, thus effectively iterating over each system block in the input image. The vectors in each image vector list are compared with the vectors in the15 template vector list. A vector in the input image matches a vector in the template where it is within a predetermined range of dimensional tolerance. In the preferred embodiment, using 50 dpi image, the dimensional tolerance is 3 pixels. That is, if the input image vector's length is within +3 pixels of the template's vector length, then the vectors match. In other embodiments, a different20 dimensional tolerance, appropriately scaled, may be used. The vectors may also be compared by the coordinates of the ends points, the dimensional tolerance being approximately squared. The template module 133 maintains a count of the number of matching vectors.The template module 133 then determines 1325 whether the number of25 matching vectors, and hence matching system blocks, is at least 10% of the number of system blocks in the template. If so, then the dynamic data networks match, and registration is successful.If there is match between the dynamic data network of the input image and the template, then the (x,y) offset between the centroids of each pair corresponding30 system blocks (one in the template, and one in the input image) is determined 1327. This will produce a list of offset values (x,y). The offset value which applies to the largest number of system block pairs is taken as the offset of the image. For example, if five system block pairs have an offset of (2,3), two have an offset of (2,4), and six have an offset of (3,3), then the image offset is (3,3) pixels. The image offset35 is added to the coordinates of each of the user defined zones, stored in the template, to determine 1329 the coordinates of the user defined zones on the input image.The coordinates of the user defined zones in the input are provided 1331 to the optical character recognition module 145. The optical character recognition module 145 then extracts 209 (Figure 2) the text in such zones on the image,40 providing the data to a file, a database or other storage facility.23



WO 96/32691 PCT/US96/05011If there was not a match with the template, the registration executive 135 returns 1333 a failure condition to the application executive 137, which prompts the user that the template could not be applied. This will occur where the document is not of the same type as the form, or was scanned with significantly different5 brightness and contrast settings that either significantly more or less pixels were set in the image than in the original image from which the template derived. The user may then check the scanner 115 settings and rescan the document.In the preferred embodiment, if the match failed, the application executive 137 allows the user to redefine 1335 the template, including redrawing the user10 defined zones. This allows the user to adapt and evolve the template over time to changes in the form, for example, as new versions of the underlying form are made. The registration executive 135 will then attempt to rematch the modified template. The user may chose to exit if the user does not want to redefine the template.
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I Claim:1. A method for automatically identifying user defined zones in second image with respect to at le st one user defined zone in a first image and compensating for skew and displacement in the second image with respect to the5 first, comprising the steps of:identifying in the first image a first plurality of blocks of connectedpixels;defining at least one first set of vectors among selected ones of the first plurality of blocks;10 identifying in the second image a second plurality of blocks ofconnected pixels;defining at least one second set of vectors among selected ones of the second plurality of blocks;comparing the at least one first set of vectors to the at least one second 15 set of vectors to establish a degree of similarity therebetween; and,responsive to the at least one first set of vectors being similar to the at least one second set of vectors, applying the user defined zones of the first image to the second image.2. The method of claim 1, further comprising the step of:20 defining the at least one user defined zone in the first image.3. The method of claim 1, further comprising the step of:thresholding the first and second images to obtain a bitonal images.4. The method of claim 1, further comprising the step of:subsampling the first and second images to reduce the resolution of 25 each image.5. The method of claim 1, wherein the step of identifying in the first image a first plurality of blocks of connected pixels, comprises the substeps of:determining a skew angle and orientation in the first image; deskewing the first image according to the skew angle and orientation;30 removing horizontal lines from the first image;removing vertical lines from the first image;smoothing the first image to produce the first plurality of blocks ofconnected pixels.6. The method of claim 5, further comprising the steps of:35 distinctly identifying each of the first plurality of blocks; anddetermining for each block a data classification.25



WO 96/32691 PCT/US96/050117. The method of claim 1, wherein the step of defining at least one first set of vectors, further comprises the step of:determining between a centroid of each of the selected blocks a vector to a centroid in each other selected block.5 8. The method of claim 7 further comprising the step of:determining between a centroid of each of the at least one user definedzone a vector to a centroid in each selected block.9. The method of claim 7, where each vector comprises a distance and an direction.10 10. The method of claim 5, wherein the step of determining a skew angleand orientation in the first image further comprises the steps of:smoothing pixel data in the first image into a plurality of blocks; identifying blocks forming connected sets of pixels, each block having aheight and a width;15 qualifying as valid blocks those blocks having a height and a widthwithin predetermined ranges;for each valid block, determining a block skew angle and orientation; determining an orientation of a majority of the valid blocks; and averaging the block skew angles of the valid blocks.20 11. The method of claim 5, wherein the step of removing horizontal linesfrom the first image further comprises the steps of:runlength smoothing the first image using a runlength parameter selected to convert broken horizontal line segments into continuous horizontal line segments;25 identifying horizontal line segments having less than a maximumheight; andremoving the identified horizontal line segments by converting set pixels in the horizontal line segments to unset pixels.12. The method of claim 5, wherein the step of removing vertical lines from 30 the first image further comprises the steps of:normalizing the first image by adding temporary horizontal lines at the top and bottom of the image;rotating the first image 90°;runlength smoothing the first image using a runlength parameter 35 selected to convert broken vertical line segments into continuous verticalline segments; 26



-27-

identifying vertical line segments having less than a maximum height; 

removing the identified vertical line segments by converting set pixels in the

vertical line segments to unset pixels;

rotating the first image back 90°; and

denormalising the first image by removing the temporary horizontal lines.

13. A method for automatically identifying user defined zones in a document image of 

a form substantially as hereinbefore described with reference to any one of the disclosed 

embodiments and its associated drawings.

9 · · ·• « ·
9 9 a
«a ·• · · a e · ·
9 9 «• · ·

DATED this 11th Day of May 1998

10 REBUS TECHNOLOGY, INC.

Attorney: PETER R. HEATHCOTE 
Fellow Institute of Patent Attorneys of Australia

of Baldwin Shelston Waters
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