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Strategies for Processing Annotations

BACKGROUND

[0001] Digitizing tablets comprise a tablet and a writing mechanism (commonly

referred to as a pen or stylus). A user can use the digitizing tablet to enter any

information in freehand fashion. For instance, the user can use the digitizing tablet to

enter writing information (e.g., alpha-numeric information) or to make drawings.

Generally, the user enters any such information in one or more "ink strokes."

[0002] In a special case, the user may use the digitizing tablet to enter

supplemental information "onto" a base document, such as a word processing

document, an Email, a PDF document, a markup language document, and so forth.

That is, the user may enter supplemental information to mark certain parts of the base

document in various ways. For example, the user may choose to underline a selected

passage of text in the base document. Or the user may choose to draw a circle around

a selected passage of text in the base document, and so on. In general, the user can

apply such supplemental information to simulate the kinds of marks that the user

might make when reviewing a hard-copy version of the base document, e.g., so as to

draw emphasis to certain parts of the base document, to make certain corrections, and

so forth. .

[0003] All such supplemental marks are referred to herein as "annotations." The

digitizing tablet can store the annotations along with the base document. When the

base document is reproduced, the digitizing tablet can redisplay the annotations at the

appropriate positions within the base document. The digitizing tablet may also change

the layout of the base document in various ways, e.g., in response to editing the base

document. To properly display the annotations within a modified base document, the



digitizing tablet should adjust the positions of the annotations so that the annotations

continue to mark appropriate content in the base document.

[0004] The proper handling of annotations is a challenging task, particularly when

the annotations must be redrawn on a modified base document. For instance, different

kinds of annotations may have different respective characteristics. This means that

different considerations may go into redisplaying different types of annotations on a

modified base document. Conventional systems do not employ a mechanism for

addressing this kind of complexity in the processing of annotations.

[0005] For at least the above-identified reasons, there is a need in the art for more

suitable mechanisms for processing annotations.

SUMMARY

[0006] An annotation handling system is described for processing annotations

added to a base document. In one implementation, the annotation handling system

first parses the strokes added to the base document to form a parse tree. The parse tree

has nodes associated with one or more of: drawing objects; paragraphs; lines; words;
r

and strokes. On the basis of this parsing analysis, the annotation handling system then

performs annotation analysis to automatically classify annotations added to the base

document. The annotation analysis may specifically comprise determining whether

the input strokes form one or more of the following non-limiting list of annotations: a

highlight annotation; a blob annotation (comprising an enclosing-type annotation); an

underline annotation; a vertical bracket annotation; a call-out annotation; and a free-

note annotation. The annotation analysis can output its findings in the form of an

annotation parse tree. A reflow engine can use the output of the annotation analysis to

properly position the annotations within a layout-modified base document.



[0007] Additional exemplary implementations are described in the following. The

subject matter set forth in this Summary section refers to exemplary manifestations of

the invention, and hence does not limit the scope of the invention set forth in the

Claims section.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Fig. 1 shows an exemplary environment for processing annotations added to

a base document.

[0009] Fig. 2 shows an exemplary annotation handling system for use in the

environment of Fig. I including a grouping and drawing separation engine (also

known herein as a core parser engine), a document layout analysis engine, an

annotation engine module (comprising, in turn, plural annotation engines), a refiow

engine, and one or more annotation-based applications.

[0010] Figs. 3-8 show different exemplary types of annotations that can be

processed by the annotation handling system of Fig. 2.

[0011] Fig. 9 shows an exemplary operation of a core parser engine of Fig. 2.

[0012] Fig. 10 shows an exemplary output of the core parser engine of Fig. 2.

[0013] Fig. 11 shows an exemplary output of the document layout analysis engine

of Fig. 2.

[0014] Fig. 12 shows an exemplary operation of the annotation engine module of

Fig. 2.

[0015] Fig. 13 shows an exemplary output of the annotation engine module of Fig.

2.

[0016] Figs. 14-18 show various examples which illustrate the operation of the

annotation engine module of Fig. 2.



[0017] The same numbers are used throughout the disclosure and figures to

reference like components and features. Series 100 numbers refer to features

originally found in Fig. I series 200 numbers refer to features originally found in Fig.

2, series 300 numbers refer to features originally found in Fig. 3, and so on.

DETAILED DESCRIPTION

[0018] This disclosure sets forth functionality for handling annotations added to a

base document. The handling includes classifying the types of annotations and

determining anchoring information which links the annotations to the base document.

According to one application, a reflow engine can use the classified annotations and

associated anchoring information to help position the annotations in the base

document when the layout of the base document changes.

[0019] As to terminology, the term "base document" can encompass any kind of

non-handwritten document that can receive the user's annotations. In one case, the

base document comprises a document having computer-generated text, images and/or

other information, such as a word processing document, an Email, a spreadsheet

document, a PDF document, any kind of image, and so forth.

[0020] The term "ink strokes" (or more simply "strokes") refers to individual

marks created by the user using a digitized tablet or like mechanism. That is, a single

stroke comprises a trajectory that is traced by a pen between the point in time at which

the user applies the pen to the tablet and the point in time at which the user removes

the pen from the tablet.

[0021] The term "elements" refers to any object within (or added to) a document.

An element may correspond to a stroke, as discussed above. Other elements are



composed by groupings of strokes. Such composite elements may include, but are not

limited to, drawing objects, paragraphs, lines, and words (to be discussed below in

greater detail).

[0022] The term "anchoring information" refers to words or images in the

document that help re-locate the position of an annotation or deform the annotation

after the layout of the base document changes. Through the use of anchoring

information, the annotation can remain "attached" to the proper content in the base

document.

[0023] The detailed description includes the following sections. Section A

provides an overview of an exemplary environment for handling annotations. Section

B provides an overview of an annotation handling system for use in the environment

of Section A. And Section C describes in greater detail the operation of annotation

engines used by the annotation handling system of Section B.

[0024] A. Exemplary Environment for Processing Annotations

[0025] Generally, any of the functions described with reference to the figures can

be implemented using software, hardware (e.g., fixed logic circuitry), manual

processing, or a combination of these implementations. The term "logic, "module" or

"functionality" as used herein generally represents software, hardware, or a

combination of software and hardware. For instance, in the case of a software

implementation, the term "logic," "module," or "functionality" represents program

code (or declarative content) that performs specified tasks when executed on a

processing device or devices (e.g., CPU or CPUs). The program code can be stored in

one or more computer readable media.

[0026] More generally, the illustrated separation of logic, modules and

functionality into distinct units may reflect an actual physical grouping and allocation



of such software and/or hardware, or can correspond to a conceptual allocation of

different tasks performed by a single software program and/or hardware unit. The

illustrated logic, modules and functionality can be located at a single site (e.g., as

implemented by a processing device), or can be distributed over plural locations.

[0027] The terms "machine-readable media" or the like refers to any kind of

medium for retaining information in any form, including various kinds of storage

devices (magnetic, optical, solid state, etc.). The term machine-readable media also

encompasses transitory forms of representing information, including various

hardwired and/or wireless links for transmitting the information from one point to

another.

[0028] Fig. 1 shows an example of one environment 100 that can be used to

implement the annotation handling techniques described herein. In one

implementation, the techniques can be implemented by a computing device 102. The

computing device 102 includes conventional hardware components, such as a

processing unit 104 (or plural processing units), and various volatile and/or non

volatile memory 106. The memory 106 can include an operating system 108 that

performs base operating tasks. The memory 106 can also include functionality which

run "on top" of the operating system 108 and utilize its resources. Such functionality

can include an annotation handling system 110. The annotation handling system 110

implements the annotation-related tasks described at length below. In this illustrated

implementation, the annotation handling system 110 is implemented as machine-

readable instructions which perform prescribed operations when these instructions are

executed by the processing unit 104.

[0029] The annotation handling module 110 can operate on one or more base

documents, e.g., by creating and classifying annotations which supplement the base

documents. As described above, a base document may comprise any computer-



generated document having text, images, and/or other information, such as a word

processing document, a spreadsheet document, an Email document, a PDF document,

any kind of markup document (such as web-accessible HTML documents, etc.), an

image, and so on (or any combination of these documents). Fig. 1 generally shows

that the memory 106 can store documents 112, which may represent original base

documents without annotations, base documents including annotations, and so on.

[0030] . A user can interact with the computer 102 via one or more input devices

114 and a display device 116 (or other form of output device). The input devices can

comprise a keyboard 118, a mouse device 120, a pen and tablet arrangement 122, or

any other kind of input device 124. In particular, the pen and tablet arrangement 122

can be used to enter freehand strokes into the computing device 102. Pen and tablet

technology is well known in the art. In one case, the pen and tablet arrangement 122

can be integrated with the computing device 102 to form a single computing unit,

commonly referred to in the art as a tablet PC.

[0031] The display device 116 can comprise any kind of device for presenting

information to a user. In one case, the display device 116 can be incorporated with the

pen and tablet arrangement 122. For instance, the display surface defined by the pen

and tablet arrangement 122 can serve as both an input device and a display device. In

any case, the display device 116 provides a user interface presentation 126. The user

interface presentation 126 can display base documents (e.g., document 128) being

processed by the computing device 102. The base document 128 includes base

content (comprise text, images, and/or other information) as well as one or more

annotations 130. The annotations 130 are entered in freehand fashion via the pen and

tablet arrangement 122 or through some other mechanism. The annotations 130

supplement the content of the base document 128 by emphasizing certain parts of the

base document 128, editing certain parts of the base document 128, and so on. In



other words, a user typically annotates the base document 128 in the same

circumstances as the user would manually "mark up" a hard-copy of the base

document 128 in traditional practice.

[0032] The above-described implementation is only one exemplary

implementation. In another case, the computing device 102 can represent a server

computer that is accessible to one or more remote devices 132 via a network coupling

134. The network coupling 134 can comprise a WAN-type coupling (e.g., the

Internet), a LAN-type coupling, or combination thereof. In this implementation, a

user might create ink strokes using a remote device 132, and the web-accessible

computing device 102 can perform the below-described analysis of the ink strokes.

[0033] In yet another implementation, the annotation handling system 110 can be

implemented in hardware (instead of machine-readable code), or by a combination of

machine-readable code and hardware. In yet another implementation, the annotation

handling system 110 can be implemented using some other kind of processing device,

such as game console, a mobile telephone, a set-top box, a personal digital assistant

(PDA) device, and so forth (that is, using any alternative device instead of a

conventional tablet PC framework).

[0034] The remainder of the disclosure describes the exemplary composition and

operation of the annotation handling system 110. To facilitate discussion, certain

operations are described as constituting distinct steps performed in a certain order.

Such implementations are exemplary and non-limiting. Certain steps described herein

can be grouped together and performed in a single operation, and certain steps can be

performed in an order that differs from the order employed in the examples set forth in

this disclosure.



[0035] B. Overview of the Annotation Handling System

[0036] B.I. The Exemplary Composition of the Annotation Handling System

[0037] Fig. 2 shows a more detailed depiction of the annotation handling system

110 introduced in Fig. 1. The system 110 includes a series of modules, arranged in a

vertical stack. In conventional fashion, if a module is "beneath" another module, this

means that the "lower" module performs a foundational operation to produce an

output result which can be used by one or more "upper" modules.

[0038] The lowest level of the annotation handling system 110 includes a grouping

and drawing separation engine 202, referred to below for brevity as a "core parser

engine" 202. The core parser engine 202 can comprise several smaller engines (to be

discussed in a later subsection). The purpose of this engine 202 is to group ink strokes

into words, words into lines, and lines into paragraphs. The core parser engine 202

then discriminates drawing strokes from writing strokes. The core parser engine 202

then groups drawing stokes into drawing objects. The core parser module 202

produces an output in the form of a hierarchical parse tree of nodes (including drawing

object nodes, paragraph nodes, line nodes, word nodes, stroke nodes, etc.). The

lowest level of the annotation handling system 110 also includes a document layout

analysis engine 204. The purpose of this engine 204 is to analyze the layout of a base

document.

[0039] The next level of the annotation handling system 110 comprises an

annotation engine module 206. As will be discussed in greater detail below, the

annotation engine module 206 receives input from the core parser engine 202 in the

form of the above-described hierarchical parse tree. The annotation engine module

206 also receives input from the document layout analysis engine 206. The purpose

of this module 206 is to classify the types of annotations that supplement the base



document. This module 206 also determines anchoring information which links the

annotations to specific content in the base document. Note that the annotation engine

module 206 performs its analysis based on the preliminary analysis already performed

by the core parser engine 202, rather than on the raw uninterrupted stroke information.

Performing interpretation based on the high-level objects produced by the core parser

engine 202 is advantageous because it improves the reliability and efficiency of

annotation classification.

[0040] The annotation engine module 206 can include one or more engines for

processing specific respective types of annotations. More specifically, Fig. 2 shows

that the annotation engine module 206 includes an exemplary six types of annotation

engines to process six different types of annotations. However, this implementation is

representative and non-limiting. In other implementations, additional annotation

engines can be used. In other implementations, one or more annotation engines

shown in Fig. 2 can be omitted.

[0041] The representative six annotation engines include:

[0042] A highlight annotation engine 208 classifies highlight-type annotations.

Fig. 3 shows an exemplary highlight annotation 302. A highlight annotation is

composed of a stroke or strokes that have a special color and width. The highlight

marks document elements (such as text) in conventional fashion, such as by passing

through one or more words in a line of text. The context of this annotation is defined

by the words marked by this annotation in some fashion.

[0043] • A "blob" annotation engine 210 classifies blob-type annotations. Fig. 4

shows an exemplary blob annotation 402. A blob annotation is composed of a stroke

(or a series of strokes, one after another) which encloses (or substantially encloses)

one or more document elements. The context of this annotation is defined by the

words that this annotation surrounds.



[0044] An underline annotation engine 212 classifies underline-type annotations.

Fig. 5 shows a first underline annotation 502 comprising a single stroke, and a second

underline annotation 504 comprising a series of strokes. In general, an underline

annotation is composed of a stroke or a series of strokes that is drawn under lines of a

document. The context of this annotation is defined by the words above this

annotation.

[0045] A vertical bracket annotation engine 214 classifies vertical bracket-type

annotations. Fig. 6 shows an exemplary vertical bracket annotation 602. In general, a

vertical bracket is composed of one or more lines which vertically designate a portion

of a base document. The context of the vertical bracket annotation is defined by the

lines that are associated with the vertical span of the annotation.

[0046] • A call-out annotation engine 216 classifies call-out-type annotations. Fig.

7 shows an exemplary call-out annotation 702. In general, a call-out annotation

connects one or more elements in a base document to some ink words (or other

object). In the case of Fig. 7, for instance, the call-out annotation 702 connects the

text element "logic" to the strokes which form the phrase "ask tony." A call-out

annotation can optionally possess an arrowhead (or other feature which graphically

designates its endpoint). The context of the call-out annotation is defined by the

document elements and ink words connected by this annotation.

[0047] A free-notes annotation engine 218 classifies free-notes-type annotations.

Fig. 8 shows an exemplary free-note annotation 802. As the name suggests, this

annotation comprises a note that is added in proximity to some document element that

is associated with the document element. For example, in Fig. 8, the free-note text

"good" is placed in proximity to the document element comprising the word

"combination." The free-note annotation can comprise textual writing and/or a



drawing. The context of the free-note annotation is defined by the document element

or elements that are closest to the annotation.

[0048] Again, the above-identified list of six annotations engines (208-218) is to be

construed as exemplary, non-exhaustive, and non-limiting. Additional sections

describe the operation of each of the six annotation engines (208-218) in greater

detail. In general, and as will be discussed in greater detail below, the output of the

annotation engine module 206 defines a hierarchical tree having nodes associated with

the different types of detected annotations.

[0049] Advancing on to the next higher level in the annotation handling system

110, an annotation reflow engine 220 uses the output of the annotation engine module

206 to properly display the annotations in the base document when the layout of the

document is changed for any reason. For example, the document may be edited in any

fashion to change it layout, or the document be simply viewed in a different fashion to

change its layout. Due to these changes in layout, the content that is being marked by

the annotations may change position within the base document. The purpose of the

annotation reflow engine 220 to track the position of the annotated content in the base

document, and to adjust the position of the annotations so that the annotations

continue to be displayed in proper positional proximity to the content. The annotation

reflow engine 220 performs this task, in part, based on anchoring information defined

by the annotation engine module 206. The annotation reflow engine 220 also

performs this task based on a consideration of type of annotation being repositioned.

This is because different types of annotations will exhibit different behavior when the

layout of the document changes. In other words, different rules apply to the manner in

which different kinds of annotations are repositioned when the layout of the document

changes.



[0050] Finally, one or more annotation-based applications 222 can use the analysis

produced by the annotation engine module 206 and the annotation reflow engine 220.

These applications 222 can comprise any kind of end-use applications, such as word

processing programs, spreadsheet programs, image editing programs, and so forth. .

The applications 222 can dispense with the reliance on the annotation reflow engine

220 if the document context is static (and therefore the layout of the document should

not change).

[0051] B.2. Overview of the Core Parser Engine

[0052] As summarized above, the function of the core parser engine 202 is to

perform preliminary analysis on the ink strokes. The result of the analysis is to

classify the elements formed by the ink strokes into different categories, including

drawing objects, paragraphs, lines, words, and strokes. The annotation engine module

206 operates on the high-level analysis results produced by the core parser engine 202,

rather than the raw stroke data itself.

[0053] Fig. 9 shows an overview of various modules in the core parser engine 202.

Fig. 9 also conveys the flow of operations in the core parser engine 202. As shown

there, the core parser engine 202 includes three modules (902, 904, 906) that operate

in series. Namely, a writing parser 902 operates first. A drawing/writing

distinguisher 904 accepts the output of the writing parser 902 and operates second. A

drawing grouper 906 accepts the output of the drawing/writing distinguisher 904 and

operates third. The annotation engine module 206 accepts the output of the drawing

grouper 906 and performs annotation classification based thereon.

[0054] Each of the modules shown in Fig. 9 accepts an input in the form of a parse

tree and generates an output that is also in the form of a parse tree. A parse tree

defines a hierarchical data structure that describes the composition of the information

entered by the user in freehand fashion using the pen and tablet arrangement 202. The



right-hand portion of Fig. 9 shows exemplary nodes in the parse trees at different

stages in the analysis performed by the core parser engine 202. As indicated there, the

parse trees become progressively richer as analysis proceeds, that is, by incorporating

additional types of nodes.

[0055] Each of the modules in the core parser engine 202 will be described below

in turn.

[0056] Starting with the writing parser 902, this module accepts input in the form

of a root node and a plurality of ink strokes. The ink stokes define elementary marks

made by the user. For example, a user creates a single ink stroke by applying the pen

to the tablet, tracing a trajectory of arbitrary shaped path, and then lifting the pen from

the tablet. The writing parser 902 groups these strokes into hierarchies of words,

lines, and paragraphs (also referred to as blocks). A word is a group of strokes that

are expected to be a writing word. A word can be either writing or drawing. A line is

a group of words that are expected to be a writing line. A line can be either writing or

drawing. A paragraph is a group of lines that are expected to be a writing paragraph.

A paragraph can be either writing or drawing. (At this stage, the words, lines and

paragraphs do not necessarily correspond to real semantic words, lines and

paragraphs.)

[0057] Various analyses can be used to detect the occurrence of words, lines and

paragraphs, including a combination of feature extraction, dynamic programming,

clustering grouping, and post-processing.

[0058] Feature extraction bases its analysis on the features of distance, geometric

dissimilarity, and linearity. The distance feature refers to a spatial distance between

elements. This feature prevents groups of strokes that are far apart from being

grouped together. The dissimilarity feature refers to the extent to which elements

differ from each other. This feature may help, for instance, reduce the probability that



drawing strokes are classified with writing strokes (since these two types of strokes

have dissimilar characteristics). The linearity feature refers to a linear regression error

in a word or a line. This feature can prevent two words in two lines from being

grouped together, because the regression error will be doubled if the two words are

grouped as one word. After feature extraction, a fuzzy function is used to combine the

features to produce a score. The score represents the probability that the stroke set is a

correct group.

[0059] • Dynamic programming groups the strokes according to temporal

information. Namely, the user enters strokes in a certain temporal order, and the

computing device 202 can record this temporal order when the user enters the strokes.

The dynamic programming can group the strokes based, in part, on the recorded

temporal order (based on the presumption that the order in which the user enters the

strokes has a bearing on how the strokes should be grouped together).

[0060] • Cluster-processing groups the strokes according to spatial information

associated with the drawing elements, such as position, shape and size.

[0061] • Post-processing serves as a corrective to the above-described analysis by

addressing various exceptional cases, such as the user's entry of "late" strokes (which

happens when the user decides to modify a writing or drawing element that was

created earlier).

[0062] The output of the writer parser 904 is a parse tree having a root node and

one or more of paragraph node(s), line node(s), word node(s), and stroke node(s). At

this juncture in the analysis, the parse tree does not distinguish whether the various

nodes correspond to writing nodes or drawings nodes.

[0063] The next module, the writing/drawing distinguisher 904, receives the output

of the writing parser 902. The writing/drawing distinguisher 904 operates on this

received data to make a determination whether the words identified by the writer



parser 902 correspond to writing elements or drawings elements. The distinguisher

904 differentiates writing elements from drawing elements based on various features.

Exemplary features include: single word features, such as curvature, density, and

handwriting model features; and context features, such as temporal and spatial context

features. More specifically, the distinguisher 904 adopts a fuzzy decision architecture,

where each feature is mapped to a fuzzy function. The distinguisher 904 provides a

final classification result based on a combination of these functions.

[0064] The output of the drawing/writing distinguisher 904 is a parse tree having a

root node and one or more of paragraph node(s), line node(s), word node(s), and

stroke node(s). At this juncture in the analysis, the parse tree now distinguishes

whether the various nodes correspond to writing nodes or drawings nodes. However,

the drawing elements have not yet been grouped into higher-level objects.

[0065] The next module, the drawing grouper 906, receives the output of the

drawing/writing distinguisher 904. The drawing grouper 906 operates on this received

data to group the drawing strokes and the attached writing strokes into independent

objects according to the spatial relationship among these elements. A grid-based

approach can be used to perform this task, which may involve: fitting the ink strokes

into an image grid with an appropriate size; labeling the image grid to find connected

components (where each connected component corresponds to a drawing object); and

applying heuristic rules to adjust the drawing objects.

[0066] The output of the drawing grouper 906 is a parse tree having a root node

and one or. more of drawing object nodes, paragraph node(s), line node(s), word

node(s), and stroke node(s). Fig. 10 shows an example of the output of the drawing

grouper 906. The output of the drawing grouper 906 is also the input to the annotation

engine module 206.



[0067] B.3. Overview of the Document Layout Analysis Engine

[0068] The document layout analysis engine 204 analyzes the layout of an

electronic base document. Fig. 1 1 shows the exemplary output of the document

layout analysis engine 204. As indicated there, the document layout analysis engine

204 determines the composition of an electronic document, including image content,

line content, and word content. The output of the document layout analysis engine

204 is also an input to the annotation engine module 206.

[0069] C. Additional Details Regarding the Operation of the Engine's

[0070] C L Overview of the Operation

[0071] Fig. 12 provides an overview of the operation of the annotation engine

module 206. Namely, the operations above the dotted line 1202 in Fig. 12 correspond

to tasks performed by the core parser engine 202 and the document layout analysis

engine 204, while the operations below the dotted line 1202 correspond to tasks

performed by the annotation engine module 206.

[0072] To begin, step 1204 entails receiving an electronic document. The

document can include strokes that represent annotations added to a base document.

The base document may include text, images, or other information (or some

combination thereof). The document may comprise a word processing document, an

Email document, a markup language document, a PDF document, an image of any

kind, and so on.

[0073] Step 1206 entails performing grouping and drawing separation analysis

(using the core parser engine 202). These operations were described in the previous

section. These operations can comprise identifying paragraphs, lines, words, and

strokes in the electronic document, distinguishing writing words from drawing words,



and then grouping the drawing elements into drawing objects. Fig. 9 represents the

output of step 1206.

[0074] Step 1208 entails performing document layout analysis. Fig. 11 represents

the output of step 1208.

[0075] The next series of steps correspond to operations performed by the

respective six annotation engines (208-218) of Fig. 2. These engines (208-218) are

executed one-by-one in sequential fashion. Each engine receives input based on the

results generated in preliminary steps 1206 and 1208. Moreover, one or more engines

may benefit from the analysis results of other engines. Each engine produces an

annotation result that classifies the annotation into a prescribed type. Each engine also

produces anchoring information which helps associate the annotation with content in

the electronic document.

[00761 Each of the engines is characterized by various operational characteristics,

which are identified below. The next subsection provides pseudo-code which

comprises one exemplary and non-limiting way to implement the engines.

[0077] Highlight Engine

[0078] Beginning with the highlight operation performed in step 1210, the

highlight engine 208 can rely on the following features to detect the presence of a

highlight annotation:

[0079] • The annotation has special ink properties, such as color and width. An

application 222 can inform the highlight engine 208 which stroke has highlight

properties.

[0080] • The annotation is classified as a drawing stroke.

[0081] • The annotation overlaps text words in the electronic document.



10082} • The annotation has a large width to height ratio. The height refers to the

vertical range of points in the stroke. The width refers to the horizontal range of

points in the stroke.

10083) Additional processing can be performed to improve the analysis and

classification of highlight annotations. For example, the highlight engine 208 can

perform dynamic programming to determine the presence of multiple-stroke highlight

annotations. Moreover, a merging process can be used to absorb (e.g., combine) short

highlights.

[0084] The anchoring information for the highlight annotation comprises those

words which overlap with the highlight annotation.

[00851 Blob Engine

[0086] In step 1212, the blob engine 210 can rely on the following features to

detect the presence of a highlight annotation:

[0087] The annotation is formed by a substantially closed stroke or a series of

sequential strokes.

[0088] • The annotation encloses text words or images.

[0089] Additional processing can be performed to improve the analysis and

classification of blob annotations. For example, the blob engine 210 can perform a

merging process to address multiple-stroke blobs. Moreover, the blob engine can

execute an image-based method to help validate the enclosing property of the blob.

[0090] The anchoring information for the blob annotation comprises those words

and images located in the closed area that is annotated by the blob annotation.

[0091] Underline Engine

[0092] In step 1214, the underline engine 212 can rely on the following features to

detect the presence of an underline annotation:

[0093] • The annotation is classified as a drawing stroke.



[0094] • The annotation is formed beneath and adjacent to a writing line or lines.

[0095] • The annotation has a large width to height ratio.

[0096] • The annotation overlaps with a word in the. horizontal direction.

[0097] Additional processing can be performed to improve the analysis and

classification of underline annotations. For example, the underline engine 212 can

perform dynamic programming to determine the presence of multiple-stroke underline

annotations. Moreover, a merging process can be used to absorb (e.g., combine) short

underlines.

[0098] The anchoring information for the underline annotation comprises those

words which overlap with the underline annotation.

[0099] Vertical-BracketEngine

[00100] In step 1216, the underline engine 214 can rely on the following features to

detect the presence of an underline annotation:

[00101] • The annotation is classified as a drawing stroke.

[00102] • The annotation is located in the margin area of the electronic document.

[00103] The annotation has a large height to width ratio.

[00104] The annotation overlaps with text words in the vertical direction.

[00105] Additional processing and considerations can be performed to improve the

analysis and classification of vertical bracket annotations. For instance, dynamic

programming can be performed to support multi-stroke vertical brackets. Further, the

vertical bracket engine 214 can check direction validity when merging two vertical

brackets as an integral bracket. Consider, for instance, the example shown in Fig. 14.

As indicated there, strokes A and B can be regarded as a complete vertical bracket.

However, strokes B and C can also be considered as a complete vertical-bracket which

faces to the left. However, the leftward-facing bracket does not make sense in this

context, since these bracket strokes are located on the left part of the document



content. The vertical bracket engine 216 can apply this direction-related rule to

eliminate vertical bracket merge-candidates

[00106] The anchoring information for the vertical brackets comprises the

consecutive lines that are vertically spanned by the vertical bracket. The vertical

bracket engine 216 can consider the bracket's direction when performing this

anchoring task.

[00107] Call-Out Engine

[00108] In step 1218, the call-out engine 216 can rely on the following features to

detect the presence of a call-out annotation:

[00109] • The connector element of the call-out is classified as a drawing element.

[00110] • The annotation includes a connector seed element having prescribed

properties. Namely, the connector seed comprises a drawing stroke that crosses the

border of document content. One end of the connector seeds directs to a word or an

image in a document while the other end directs to an ink stroke (or strokes) or to a

writing paragraph. This connector seed is the starting point to determine the context

of a call-out annotation. For an illustration of the connector seed concept, note Fig.

15. In this example, stroke B comprises the connector seed (because it meets the

properties described above), while stroke A and stroke C are not connector seeds.

[00111] • The connector connects text words or an image to another ink object (e.g.,

a writing paragraph or drawing stroke).

[00112] • The connector may or may not include an arrow head or other terminal

feature.

[00113] Additional processing and considerations can be performed to improve the

analysis and classification of call-out annotations. For instance, the call-out engine

216 can perform processing to determine if there is any connector which has been

incorrectly classified as an underline. If so, the call-out engine 216 can perform an



ungroup process to redefine the underline node in the parse tree as a call-out

annotation node. According to another processing feature, the call-out engine 216 can

perform processing to determine whether there is any. connector that has been

incorrectly classified as a vertical bracket. If so, the call-out engine 216 can perform

an ungroup process to redefine the vertical bracket node in the parse tree as a callout

annotation node. Finally, the call-out engine 216 can use a procedure to handle

multiple-stroke connectors.

[00114] The anchoring information for the call-out engine 216 comprises text words

or an image connected by the connector.

[00115] Free-Notes Engine

[00116] In step 1220, the call-out engine 218 can rely on the following features to

detect the presence of a free-note annotation:

[00117] • This annotation has a nearby context (text words or an image), where the

writing paragraph defines a basic unit.

[00118] The anchoring information for the free-note engine 218 comprises the text

words or an image whose center is nearest to the center of the free-note.

[00119] As a general note, an annotation engine may regroup drawing strokes in

various circumstances. Note, for example, Fig. 16. As shown there, stroke A, stroke

B and stroke C originally compose an integral drawing object. Suppose, however, that

the highlight annotation engine 208 subsequently classifies stroke B as an underline,

and thus extracts this stroke from the drawing object formed by strokes, A, B and C.

Because there is now a large gap between strokes A and C this means that strokes A

and C can no longer be considered as an integral drawing object. To remedy this

situation, drawing regrouping can be performed to reclassify drawing strokes A and C

as two separate drawing objects.



[00120] Fig. 13 shows an exemplary parse tree output of the annotation engine

module 206. As indicated there, the underline annotation, highlight annotation,

vertical bracket annotation, and blob annotation each include a node identifying a

respective type of annotation, a node representing the context of the annotation, and at

least one node representing the strokes that comprise the annotation. The call-out

annotation comprises a connector node and an ink pile node. The connector node

represents the connector stroke associated with the call-out annotation, while the

annotation ink pile is composed of a series of strokes, writing words, writing lines, or

writing paragraphs. The free-note annotation comprises an ink pile node. The

annotation ink pile is composed of a series of strokes, writing words, writing lines, or

writing paragraphs.

[00121] C.2. Exemplary Pseudo-Code for the Engines

[00122] The following exemplary pseudo-code presents one non-limiting technique

for implementing the six engines (208-218) introduced in Fig. 2. The comments in the

pseudo-code and descriptive nature of the pseudo-code itself explain the operation of

the algorithms.

[00123] Highlight Engine

FOR EACH drawing object

//Collect highlight candidate strokes

Put all drawing strokes in HilightCandiStrokeArray

FOR EACH stroke S in HilightCandiStrokeArray

IF NOT ((S has high-light stroke properties) and (there exist some words or
images which intersect with S)) Then

Remove S from HilightCandiStrokeArray

END IF

END FOR



Sort HilightCandiStrokeArray by time

N = the length of HilightCandiStrokeArray.

//Let D define an N *N matrix. Each entry of D contains information such as score,
ink strokes, context, bounding box of ink stroke, bounding box of context

//Initialize D

FOR EACH cell in D

cell score = -1.0

Clear cell ink

Clear cell.context

END FOR

FOR(J=0;/<JV; /++)

cell D[I][I]

S HilightCandiStrokeArray [I]

cell.context —{Those text words overlapping with S)

cell.ink =

cell inkrect = bounding box of cell ink

cell.contextrect = bounding box of cell.context

cell.score —cell.inkrect.width / (cell.inkrect.width + cell.inkrect.keight)

END FOR

// Dynamic programming to calculate score

FOR step = I ; step < N; step++

FOR row ~ 0; row < N—step; row++

col —row + step

cell —D[row] [col]

//Total score of two cells is calculated using the following rules:

//Let celll and celU be the two cells

Let denotes totalscore and rect= celll.inkrect + celll. inkrect

if cell2.score< 0.0

if celll. score < 0.0

if the two rectangulars overlap in horizontal direction

otherwise

//Let (celll, cell2) be the pair whose total score is the highest
among //(D[row + l][col], D[row][rowJ), {D[row][col - I],
D[col][col]), H(JD[WMf + l][col- l], D[row + l][col- IJ)

cell.score total score of cell] and cell2



cell.ink = celll.ink + cell2.ink

cell, context = cell 1.context + - cell2. context

cell.inkrect —bounding box of cell.ink

cell.contextrect = bounding box of cell. context

END FOR

END FOR

//Merge highlight

IJA cell is considered as a highlight annotation if it satisfies the following conditions:

III. score is higher than a given threshold

111. in horizontal direction, inkrect and contextrect overlap each other

//3. context words belong to a single text line in horizontal direction

FOR EACH couple of cells {celll and cell!) in D both of which are considered as
highlight annotation

IF celll. inkrect intersects with cell2. inkrect THEN

Merge celll and cell2

IF result in highlight annotation THEN

Merge cell2 into celll

Cell2.score - \

END IF

END IF

END FOR

//Merge highlight like cells

FOR EACH cell in D which is considered as a highlight annotation

FOR EACH celltemp in D

IF celltemp. score > another given threshold AND celltemp. inkrect is
nearby cell.inkrect THEN

Merge celltemp and cell.

IF result in a highlight annotation THEN

Merge celltemp into cell

celltemp. score = -1.0

ENDIF

END IF

END FOR

ENDFOR

//Put highlight annotation to the parse tree



FOR EACH cell in D which is considered as a highlight annotation

Output cell to the parse tree

END FOR

END FOR

[00124] Blob Engine

//Collect blob candidate strokes

//Let BlobStrokeCandiArray store the stroke candidates

FOR EACH writing block

IF the writing block intersects with some words or images in the document THEN

Add all strokes in the writing block into BlohStrokeCandiArray

END IF

END FOR

FOR EACH drawing object

IF the drawing object intersects with some words or images in the document THEN

Add all drawing strokes in the drawing object into BlobStrokeCandiArray

END IF

END FOR

Separate BlobStrokeCandiArray into several stroke clusters by the distance between
strokes.

FOR EACH stroke cluster

Let StrokeArray denote all the strokes in the stroke cluster

Sort StrokeArray by time

JV = the number of strokes in stroke cluster.

//Let D define an N matrix, each cell of which stores information such as score, ink,
//context.

//Fill D with score and ink strokes

FOR row —0; row <N; row++

FOR col = 0; col < N; col++

cell - D[row][col]

cell.score = -1.0

Clear cell.ink

Clear cell.context

IF row > col THEN

Continue



END IF

cell = D[row][col]

cell. ink —Stroke Array [row. .col]

cell.score - CalculateBlobScore(ce/#;

// CalculateBlobScore is defined in the following parts

IF cell.score >= a given threshold THEN

cell.context = those words or images in the convex hull of
cell ink

END IF

END FOR

END FOR

//Merge blob

//A cell in D is considered as a blob if it satisfies the following conditions:

//1 . cell.score >= a given threshold

112. cell.context is not empty

FOR EACH couple of cells {celll and celll) in D both of which is considered as blob

IF celll. ink shares any stroke with celU.ink THEN

IF celll. score >= cell2. score THEN

celll score = -1.0

ELSE

celll. score - -1.0

END IF

END IF

END FOR

//Merge blob like strokes

Collect those strokes which belong to BlobStrokeCandiArray but do not belong to any
of the blobs in D , and store them in BlobLikeStrokeCandiArray

FOR EACH cell which is considered as a blob in D

FOR EACH stroke in BlobLikeStrokeCandiArray

M = the number of points in stroke which are near the strokes
belonging to cell.ink or in the convex hull of cell.ink

SN= the number of points in stroke

IF M > SN * 0. 75 THEN

cell.ink + — stroke

Remove stroke from BlobLikeStrokeCandiArray



END IF

END FOR

END FOR

//Output blobs

FOR EACH cell which is considered as a blob in D

Output cell to the parse tree

END FOR

END FOR

//Definition of CalculateBlobScore

CaIculateBlobScore(ce//)

BEGIN

Let grid denote a matrix

Draw all strokes in cell.ink in grid

Draw the convex hull of cell.ink in grid

Use grid to calculate the following values:

SCCR = the number of stroke points near convex hull / the number of point in
convex hull

SSR = the number of stroke points near convex hull /the number of stroke points

ScoreXCircuit - the density of projection of strokes to X axis

ScoreYCircuit = the density of projection of strokes to Y axis

ScoreClosed the density of projection of strokes to a circle whose center is the
center of grid

Score = SCCR + SSR

IF SCCR, SSR, ScoreXCircuit, ScoreYCircuit or ScoreClosed are less then given
thresholds THEN

Score -= -1.0

END IF

IF score < 0.0 THEN

Score = 0.5

END IF

END



] Underline Engine

R EACH drawing object

//Collect underline candidate strokes

Collect drawing strokes and store them in UnderlineCandiArrqy

FOR EACH stroke in UnderlineCandiArrqy

rectangle ~ bounding box of stroke

rectangle.top -= a threshold

IF rectangle does not intersect with any word or image THEN

Remove stroke from UnderlineCandiArray

END IF

FOR

Sort UnderlineCandiArray by time

N = the length of UnderlineCandiArray

//Let D be an N*N matrix. Each cell of D contains information such as score, ink

// stokes, context, bounding box of ink stroke, bounding box of context

//Initialize D

FOR EACH cell in D

cell.score —-1.0

Clear cell ink

Clear cell.context

END FOR

FOR (1 0; K N; /++)

cell = D[I][I]

S = UnderlineCandiArray[I]

cell.context = (words above and adjacent to the stroke S)

cell, ink — S

cell.inkrect = bounding box of cell ink

cell.contextrect —bounding box of cell.context

cell.score = cell.inkrect.width / (cell.inkrect.width + cell.inkrect.height)

END FOR

// Dynamic programming to calculate score

FOR step = 1; step < N; step++



FOR row ~ 0; row < N —step; row++

col = row + step

cell = D[row][col]

//Total score of two cells is calculated using the following rules:

//Let cell J and cell2 be the two cells

Let.? denotes totalscore and rect = celll.inkrect + cell2.inkrect

cell 1.score, if cell2.score < 0.0

cell2.score, if cell! .score < 0.0

S = i width of rect
- if the two rectangulars overlap in horizontal direction

width of rect + height of rect
- 1.0, otherwise

//Let (celll, cell!) be the pair whose total score is the highest
among /l(D[row + l][col], D[row] [row]), (D[row][col — //,
D[CoI][COl]), lfφ [row + l][col- l], D[row + 1] [col - I])

cell.score = total score of celll and cell2

cell.ink = celll .ink + cell2.ink

cell.context = celll. context + cell2. context

cell.inkrect = bounding box of cell.ink

cell.contextrect = bounding box of cell.context

END FOR

END FOR

//Merge underline

//A cell is considered as an underline annotation if it satisfies the following conditions:

//1 . score is higher than a given threshold

111. in horizontal direction, inkrect and contextrect overlap each other

/13. context words belong to a single text line in horizontal direction

FOR EACH couple of cells (celll and cell2) in D both of which are considered as
underline annotation

IF celll. inkrect intersects with cell2. inkrect THEN

Merge celll and cell2

IF result in underline annotation THEN

Merge cell2 into celll

cell2. score = -1.0

END lF

END IF

END FOR



//Merge underline like cells

FOR EACH cell in D which is considered as an underline annotation

FOR EACH celltemp in D

IF celltemp.score > 0.0 AND celltemp. inkrect is nearby cell.inkrect
THEN

Merge celltemp and cell.

IF result in a underline annotation THEN

Merge celltemp into cell

celltemp.score = - 1.0

END IF

END IF

END FOR

END FOR

// Put underline annotations in parse tree

FOR EACH cell in D which is considered as an underline annotation

Output cell to the parse tree

END FOR

END FOR

26] Vertical Bracket Engine

FOR EACH drawing object

//Collect VB candidate strokes

Collect drawing strokes and store them in VBCandiArray

FOR EACH stroke in VBCandiArray

IF the stroke dose not locate in blank area or looks like a closed stroke or a
question mark THEN

Remove the stroke from VBCandiArray

END IF

FOR

Sort the VBCandiArray by time

N = the length of VBCandiArray

//Let D be an N*N matrix. Each cell of D contains information such as score, ink

//strokes, context, bounding box of ink stroke, bounding box. of context

//Let DIR be an N *N matrix. Cells of DIR store the direction of corresponding cells



/I m D

//Initialize D and DIR

FOR EACH cell in D

cell.score = -1.0

Clear cell ink

Clear cell.context

END FOR

FOR EACH celldir in DIR

celldir = DIR_NONE

END FOR

OR (I 0; K N; I++)

ce// = £>/7y/7/

S = VBCαndiΛrrαy[I]

cell.ink S

cell.inkrect = bounding box o cell.ink

cell.score = cell.inkrect.height / (cell.inkrect.width + cell.inkrect.height)

DIR[I][I] =CalculateDirection(ce//)

//This procedure is defined in the following part

END FOR

//Dynamic programming to calculate score of other cells in D

FOR step = 1; step <N; step++

FOR row = 0; row < N —step; row++

col = row + step

cell = D[row][col]

Il (celll, cell!) is the pair whose total score is the highest among
ll{P[row + l][col], D[row][rowJ), D[row][col- 1], D[col][colJ),
l/(D[row + l][col- lj, D[row + IJ[col- IJ)

//Let S be the highest score.

//There is a procedure prescribing how to calculate total score of
two //cells in the following part

cell.score = .S

cell.ink = cellLink + celH.ink

cell.context —celll. context + cell2.context

cell.inkrect = bounding box of cell.ink

cell.contextrect = bounding box of cell.context



//Let celldir be the according cell in DIR of cell

celldir = direction of celll and cell2

END FOR

END FOR

//Search context

FOR EACH cell in D

IF cell.score > a given threshold THEN

celldir = the value of according cell in DIR

IF celldir == DIRJJSFT THEN

cell.context —words or images to left side of cell. inkrect

ELSE IF celldir == DIRJUGHT THEN

cell.context = words or images to right side of cell inkrect

END IF

cell.contextrect = bounding box of cell.context

END IF

END FOR

//Merge vertical-bracket

//A cell is considered as a vertical-bracket annotation if it satisfies the following
//conditions:

111 . score is higher than a given threshold

112. in vertical direction, inkrect and contextrect overlap each other

113. the density of projection to Y axis is greater than a given threshold

FOR EACH couple of cells {celll and cell!) in D both of which are considered as
vertical-bracket annotation

TF celll. ink intersects with cell2.ink share some strokes THEN

Merge celll and cell2

IF result in vertical-bracket annotation THEN

Merge cell2 into celll

cell2. score —-1.0

END TF

END IF

END FOR

// Put vertical-bracket annotations in parse tree

FOR EACH cell in D which is considered as a vertical-bracket annotation

Output cell to the parse tree



END FOR

END FOR

//Calculate Direction of cell

CalculateDirection(ce//)

BEGIN

dir = DIRJJONE

IF dir = = DIRJsTONE AND cell ink locate in left margin THEN

dir = DIRJUGHT

END lF

IF dir = = DIRJlONE AND ce//.m£ locate in right margin THEN

dir = DIRJUGHT

END IF

IF d/r == DIR_N0NE THEN

MidX- the average value of X coordinates of points locate in middle part
of cell ink in Y direction

MidTB - the average value of X coordinates of points locate in top part or
bottom part of cell.ink

IF MidX <MidTB THEN

dir = DIRJUGHT

ELSE IF MidX > MidTB THEN

dir = DIRJEFT .

END IF

END IF

IF dir = = DIRJIONE THEN

Search words or images in left or right side of cell.inkrect

IF the first word or image is found in left side THEN

dir = DIRJEFT

ELSE IF the first word or image if found in right side THEN

dir = DIRJUGHT

ELSE IF left page boundary is reached THEN

dir = DIRJUGHT

ELSE

dir =DIRJEFT

END IF



END IF

Return dir

END

//Calculate total score of two cells

CaIculateScore(ce//7, celll)

BEGIN

IF the direction of celll o the direction of cell2 THEN

RETURN -1.0

END IF

IF celll.score < 0.0 THEN

RETURN celU.score

END IF

IF celU.score < 0.0 THEN

RETURN celU.score

END IF

Score = - 1.0;

IF celll. inkrect intersects with cell2. inkrect in horizontal direction THEN

IF celU.inkrect in near to ce112. inkrect in vertical direction THEN

Calculate the turning angle theta illustrated in Figure 17

direction —the direction celll and cell2

ANGLEJFHRESHOLD a given threshold

(Note Fig. 17 which illustrates the direction difference between

inks of two cells.)

IF abs(th βtά) < ANGLE JTHRESHOLD OR

(direction = = DIR JLEFT AND e r < -ANGLEJTHRESHOLD)
OR

{direction == DIRJRIGHT A D thet α >=
ANGLEJTHRESHOLD)

THEN

e = ce///. inkrect UNION cell2. inkrect

score = rect.hight / (rect.height + rect.width)

END IF

END IF

END IF



Return score

END

27] Call-Out Engine

Collect writing blocks and put writing blocks in WritingBlockArray

FOR EACH drawing object in the parse tree

Collect all drawing strokes and put them in NormalDrawingStrokeArray

//Collect callout seed strokes

FOR EACH stroke in NormalDrawingStrokeArray

IF stroke is large enough THEN

IF one end of stroke is located in a blank area AND the other end of
stroke directs to a word or image in the document THEN

Put stroke into CalloutSeedStrokeArray

Remove stroke from NormalDrawingStrokeArray

END IF

END IF

END FOR

//Collect callout arrowhead stroke candidates

FOR EACH stroke in NormalDrawingStrokeArray

IF stroke is small enough THEN

IF the number of pieces of stroke <= 2 THEN

Put stroke into CalloutArrowStrokeCandiArray

Remove stroke from NormalDrawingStrokeArray

END IF

END IF

END FOR

//Search both document context and ink context for callout seeds

FOR EACH stroke in CalloutSeedStrokeArray

H denotes one end of the stroke

T denotes the other end of the stroke

Search document context from H end and search ink context from Tend
recursively using NormalDrawingStrokeArray and CalloutSeedStrokeArray as
the search space

IF succeed THEN



Composite Document context, ink context and searched path into a
callout annotation. Put this annotation node in CalloutArray

Remove strokes in path from NormalDrawingStrokeArray or
CalloutSeedStrokeArray

ELSE

Search document context from H end and search ink context from T
end recursively using NormalDrawingStrokeArray and
CalloutSeedStrokeArray as the search space

IF succeed THEN

Composite Document context, ink context and searched
path into a callout annotation, put this annotation node in
CalloutArray

Remove strokes in path from
NormalDrawingStrokeArray or CalloutSeedStrokeArray

END lF

END IF

END FOR

//Deal with the arrowheads of callout

FOR EACH callout node in CalloutArray

Collect strokes in CalloutArrowStrokeCandiArray near the two end points of
connector

Add collected strokes into connector

END FOR

//Output callout nodes

FOR EACH callout node in CalloutArray

Output callout node to the parse tree

END FOR

END FOR

//Check underline annotation

FOR EACH underline annotation nodes (denoted by U) in the parse tree

IF C/is compose by only one stroke AND not completely overlapped by its context
in horizontal direction AND one end of this stroke locates in blank area
THEN

Take this stroke as the callout seed.

If a new callout annotation is found THEN

Remove U from the parse tree

Output new callout annotation to the parse tree



END IF

END lF

END FOR

//Check vertical-bracket annotation

FOR EACH vertical-bracket annotation nodes (denoted by V) in the parse tree

IF V is compose by only one stroke THEN

Take this stroke as callout seed.

If a new callout annotation is found THEN

Remove V from the parse tree

Output new callout annotation to the parse tree

END lF

END lF

END FOR

Note Fig. 18 which illustrates the callout search process. The stroke 1802 is the callout
seed. Starting from the seed, through the two other strokes, both the document context
(i.e., the word "software") and the ink context (the star-shaped stroke) can be found. The
two small strokes at the end of the connector are added onto the connector as its
arrowhead. This series of strokes generally defines a multi-stroke callout annotation.

28] Free-Notes Engine

FOR EACH writing block

IF there exists a word or an image which is nearest to the center of the writing block
within the current page THEN

Output this writing block as a free-notes annotation and the word or image as
anchoring information to the parse tree

END IF

END FOR

FOR EACH drawing object

Cluster all drawing ink strokes by spatial information

FOR EACH stroke cluster

IF there exists a word or image which is nearest to the center of the stroke
cluster within the current page THEN

Output this stroke cluster as a free-notes annotation and the word or
image as anchoring information to the parse tree

END IF

END FOR
P



END FOR

[00129] In closing, although the invention has been described in language specific to

structural features and/or methodological acts, it is to be understood that the invention

defined in the appended claims is not necessarily limited to the specific features or

acts described. Rather, the specific features and acts are disclosed as exemplary forms

of implementing the claimed invention.



CLAIMS

What is claimed is:

1. A method for processing annotations added to a base document, comprising:

receiving input (1204) that identifies elements added to the base document;

automatically classifying (1210-1220) one or more annotations added to the

base document based on the received input; and

generating (1210-1220) an output that represents a result of the classifying.

2. The method of claim 1, wherein the base document comprises a document

having machine-generated content.

3. The method of claim 2, wherein the machine-generated content includes

machine-generated text.

4. The method of claim 1, wherein the received input comprises a hierarchical

tree that organizes the elements added to the base document into different types of

nodes.

5 . The method of claim 4, wherein the types include or more of:

a drawing object node;

a paragraph node;

a line node;

a word node; or

a stroke node.



6 . The method of claim 1, wherein the classifying identifies annotations

corresponding to one or more of:

a highlight annotation;

an enclosing-type annotation;

an underline annotation;

a vertical bracket annotation;

a call-out annotation; or

a free-note annotation.

7 . The method of claim 1, wherein the classifying employs one or more of:

a highlight annotation engine;

an enclosing-type annotation engine;

an underline annotation engine;

a vertical bracket annotation engine;

a call-out annotation engine; or

a free-note annotation engine.

8. The method of claim 1 wherein the classifying employs each of:

a highlight annotation engine;

an enclosing-type annotation engine;

an underline annotation engine;

a vertical bracket annotation engine;

a call-out annotation engine; and

a free-note annotation engine.



9. The method of claim I wherein the output of the classifying comprises a

hierarchical tree that identifies different types of annotations using different respective

types of nodes.

10. The method of claim 1, further comprising using the output of the

classifying to modify a position of at least one annotation when a layout of the base

document is changed.

11. One or more machine-readable media containing machine readable

instructions for implementing the method of claim 1.

12. An annotation handling system (110) for processing annotations added to a

base document, comprising:

one or more base engines (202, 204) configured to classify elements added to

the base document, to provide a parsed output result; and

an annotation engine module (206) comprising one or more annotation engines

(208-2 18), configured to:

receive the parsed output result as input;

automatically classify one or more annotations added to the base

document based on the parsed output result; and

generate an output that represents a result of the automatic classification

of annotations.

13. The annotation handling system of claim 12, wherein the parsed output

result comprises a hierarchical tree that organizes the elements added to the base

document into different types of nodes.



14. The annotation handling system of claim 13, wherein the different types

include or more of:

a drawing object node;

a paragraph node;

a line node;

a word node; or

a stroke node.

15. The annotation handling system of claim 12, wherein said one or more

annotation engines comprise one or more of:

a highlight annotation engine;

an enclosing-type annotation engine;

an underline annotation engine;

a vertical bracket annotation engine;

a call-out annotation engine; or

a free-note annotation engine.

16. The annotation handling system of claim 12, wherein the generated output

comprises a hierarchical tree that identifies different types of annotations using

different respective types of nodes.

17. The annotation handling system of claim 12, further comprising a reflow

engine configured to use the generated output to modify a position of at least one

annotation when a layout of the base document is changed.



18. An annotation engine module (206) for processing annotations added to a

base document, comprising:

one or more annotation engines (208-218) configured to:

receive an input that identifies elements added to the base document;

automatically classify one or more annotations added to the base

document based on the received input; and

generate an output that represents a result of the automatic classification

of annotations.

19. The annotation engine module of claim 18, wherein:

the received input comprises a hierarchical tree that organizes the elements

added to the base document into different types of nodes; and

the generated output comprises a hierarchical tree that identifies different types

of annotations using different respective types of nodes.

20. The annotation engine module of claim 18, wherein said one or more

annotation engines comprise one or more of:

a highlight annotation engine;

an enclosing-type annotation engine;

an underline annotation engine;

a vertical bracket annotation engine;

a call-out annotation engine; or

a free-note annotation engine.
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