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I, Simona A. Agnolucci, declare as follows: 

1. I am a member of the bar of the State of California, admitted pro hac vice in this 

action and an associate at the law firm of Keker & Van Nest LLP, counsel of record for 

Defendants, HTC Corporation, HTC America, Inc., One & Company Design, Inc., and HTC 

America Innovation Inc. in the above-captioned action. Except where expressly stated, I have 

knowledge of the facts set forth herein, and if called to testify as a witness thereto, could do so 

competently under oath. 

2. Attached hereto as Exhibit A is a true and correct copy of an article titled, 

"Overview of the U.S. Patent Classification System (USPC)," published by the United States 

Patent and Trademark Office dated December 2011 and available at: 

http://www.uspto.gov/patents/resources/classification/overview.pdf.  

3. Attached hereto as Exhibit B are true and correct copies of the cover pages from 

U.S. Patents 6,421,571 Bl, 6,898,495 B2, 7,380,722 B2, 7,664,571 B2, 7,918,993 B2, 

8,049,231B2, 8,079,714 B2, 8,140,992 B2, 8,155,837 B2, and 8,180,121 B2. 

4. Attached hereto as Exhibit C is a true and correct copy of U.S. Patent No. 

7,876,309 B2 dated January 25, 2011. 

5. Attached hereto as Exhibit D is a true and correct copy of U.S. Patent No. 

8,072,433 B2, dated December 6, 2011. 

6. Attached hereto as Exhibit E is a true and correct copy of Apple's Opening Brief 

in Support of Its Motion to Amend Its Counterclaims filed in HTC Corp. v. Apple, Inc., Case No. 

1:11-CV-00785-GMS (D. Del. Sept. 7, 2011)(hereafter "Delaware V")(Dk. 22) on April 30, 

2012. 

Attached hereto as Exhibit F is a true and correct copy of an Order denying 



4akagar .u, 

Apple's Motion to Amend/Correct its Answer and Counterclaims entered in Delaware V (Dk. 

33) on May 22, 2012. 

I declare under penalty of perjury under the laws of the United States of America that the 

foregoing is true and correct. 

Executed this 9th day of July, 2012 at San Francisco, California. 
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Overview of the U.S. Patent Classification System (USPC) 
 

 1.1 The USPC  

 

 The USPC is a system for organizing all U.S. patent documents and many other technical 

documents into relatively small collections based on common subject matter. Each 

subject matter division in the USPC includes a major component called a class and a 

minor component called a subclass. A class generally delineates one technology from 

another. Subclasses delineate processes, structural features, and functional features of the 

subject matter encompassed within the scope of a class. Every class has a unique 

alphanumeric identifier, as do most subclasses. 

 

A class/subclass pair of identifiers uniquely identifies a subclass within a class (for 

example, the identifier ―2/456‖ represents Class 2, Apparel, subclass 456, Body cover).  

This unique identifier is called a classification symbol, or simply a classification, or 

USPC classification, to distinguish it from classifications of other patent classification 

schemes. A subclass represents the smallest division of subject matter in the USPC under 

which documents may be collected. 

 

A collection of documents is defined as a set of documents sharing a common 

classification. A classification assigned to a document associates the document to the 

class and subclass identified by the classification. Documents are ―classified in a 

subclass‖ if a classification corresponding to the unique subclass has been assigned to it. 

A document may be a member of more than one collection, i.e., it may have more than 

one classification assigned to it. Classifications are assigned to documents based on 

disclosure in the document. 

 

The USPC includes the following: 

 

 The Manual of Classification (MOC).  The MOC is an ordered listing of all the valid 

classifications in the USPC. Classifications are presented in the MOC as class 

schedules. A class schedule is a listing of all the subclasses in a class in top-to-

bottom order of classification precedence, with the most complex and comprehensive 

subject matter generally at the top of the schedule, and the least complex and 

comprehensive at the bottom. Class schedules are arranged in the MOC in numerical 

order; for example, the schedule for Class 2 appears before the schedule for Class 

224. The MOC is published electronically in HTML and PDF versions, which are 

available from the internal and external USPTO Web sites, respectively. 
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 Tools to provide guidance for the proper classification of documents in the USPC 

include the published definitions of the classes and subclasses, and the Index to the 

U.S. Patent Classification System.  All classes, and most subclasses have definitions. 

The definition of a class or subclass is a detailed description of the subject matter that 

must be in a document in order for the document to be properly classified in the 

subclass within the subclass. The Index to the U.S. Patent Classification System is 

an index to the MOC. It lists technical subject matter alphabetically using ordinary 

terminology and directs the user to the general area of the MOC listing subclasses 

related to that subject matter. 

 

 Classification Data Systems (CDS) includes databases and automated processes for 

storing and managing the collections.  The database containing information regarding 

which classifications are assigned to which documents is called the Master 

Classification File (MCF). The MCF can be queried to identify which documents are 

in which collections. The MCF is also used to make certain that every U.S. patent 

document has at least one USPC classification. 

 

 The United States Patent Classification Standards and Procedures (USPCLASP) is 

the official guide for conducting a reclassification project, including classifying 

documents into the USPC, creating new classes and subclasses, and modifying or 

abolishing existing classes and subclasses. Changes to any standards or practices of 

the USPC occurring between successive editions of the USPCLASP are reflected in 

the Classification Bulletins, published periodically by the Office of Patent 

Classification. 

 

The USPC serves both to facilitate the efficient retrieval of related technical documents 

and to route patent applications within the USPTO for examination.  Periodically, the 

USPC is amended to cover new technologies or to cover in finer detail technologies that 

encompass large and growing collections of documents.  Revisions to the USPC that 

require a redistribution of documents between collections, i.e., reclassification of the 

documents, are made through reclassification projects. 

 1.2 Documents Organized by the USPC 
 

U.S. patent documents comprise the primary set of documents organized by the USPC. 

These include U.S patent grants (―patents‖), U.S. Pre-Grant Publications (PGPub 

documents), U.S. Statutory Invention Registrations (SIR) and other U.S. defensive 

publications, Reissued U.S. patents, Reexamined U.S. patents, and U.S. Trial Voluntary 

Protest Program documents. Each of these documents must be classified in one or more 

subclasses. Other types of technology-related documents, such as foreign patent 

documents, non-patent literature (NPL) including books and journal articles, and even 

Web sites, are optionally classified in the USPC by patent examiners. 
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 1.3 Document Collections in the USPC 

 

 There are two types of document collections in use today at the USPTO:  electronic 

collections and paper collections. 

 

 Electronic collections are used most often by the public and by patent examiners. 

Electronic collections exist as records in an electronic database associating classifications 

with electronic copies of documents. Viewing documents in an electronic collection 

involves displaying on a computer screen the images or text of the documents having the 

desired classifications associated with them. 

 

  The paper collections are boxes of paper documents. These boxes, known as ―shoes,‖ are 

still available, on a limited basis, in some examiner search rooms. Reviewing the 

documents in a paper collection involves physically locating the shoes containing the 

documents and reviewing the individual documents. 

 

 1.4.1 USPC Classifications 

 

A USPC classification uniquely identifies one of the more than 150,000 subclasses in the 

USPC.  Because subclass identifiers may be repeated among the more than 450 classes, a 

USPC classification must include both a class and a subclass.  Every U.S. patent 

document has at least one mandatory classification, and may optionally include one or 

more discretionary classifications.  For U.S. patent documents, the classification of 

―invention information‖ is mandatory, and the classification of ―other‖ information is 

discretionary.  ―Invention information‖ is the technical subject matter disclosed in a 

document that is new and non-obvious to one having ordinary skill in the technical field. 

―Other‖ information is non-trivial, technical subject matter that is not invention 

information, but which otherwise clearly teaches or illustrates a principle that would be 

useful for search purposes. For U.S. patent documents, the invention information is 

almost always in the claims. 

 

U.S. patents receive a mandatory classification for all claimed disclosure, that is, the 

claims are read in conjunction with the specification since the claims define the invention 

information.  A classification is assigned to the patent where each of its claims is 

separately classified.  Some claims, such as Markush and generic-type claims may be 

classifiable in more than one class or subclass in the USPC.  Multiple mandatory 

classifications are assigned to documents based on such claims. Classifications based on 

unclaimed disclosure in patents are generally discretionary classifications. 

 

 U.S. PGPub documents, which are published patent applications, also receive mandatory 

 classifications for all of their disclosed ―invention information.‖  Using the claims as a 

 guide, subject matter disclosed in a PGPub document that is both novel and non-obvious 
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 is considered to be ―invention information.‖  PGPub documents may additionally be 

 assigned discretionary classifications based on other, non-invention information 

 disclosure. 

 

 1.4.2 Types of Classifications 

 

USPC classifications are either mandatory or discretionary and also differ according to 

the type of document with which they are associated. There are four types of 

classifications in the USPC and the documents associated with each classification depend 

on the document type: Original Classifications (OR) and Cross Reference 

Classifications (XR) are associated with U.S. patents; and Primary Classifications (PR) 

and Secondary Classifications (SR) are associated with U.S. PGPub documents. All 

other documents classified in the USPC receive only XR classifications. 

 1.4.3 Original Classifications 

 

Every U.S. patent must have one—and only one—principal mandatory classification 

known as an OR classification.  The OR classification must be in a primary subclass.  

The class of the OR classification is the same as the class of the controlling claim in the 

patent, or the most superior class of the controlling claim if it has more than one 

classification.  The subclass of the OR classification is determined by the classification of 

whichever claim is classified deepest in the highest subclass array in the class. 

 

 1.4.4 Cross-Reference Classifications 

 

Any document may be classified in the USPC in more than one subclass, but no 

document may be classified in the same subclass more than once.  If a U.S. patent has 

more than one classification, all classifications other than the OR classification are 

referred to as cross-reference (XR) classifications. An XR classification of a U.S. patent 

may be in any subclass except a foreign (FOR) subclass. XR classifications based on the 

claimed or unclaimed invention information disclosed in the patent are mandatory 

classifications. XR classifications based on other information are discretionary 

classifications. Although information regarding the difference between mandatory and 

discretionary XR classifications is now captured on a limited basis, there is no means 

currently available to display that information. 

 

 The classifications assigned to all foreign patent documents and NPL are XR 

 classifications. These XR classifications may identify either invention information or 

 non-invention information. 
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 1.4.5 Primary Classifications 

 

U.S. PGPub documents classified in the USPC are assigned one, and only one, principal 

mandatory classification, known as the Primary Classification (PR). The PR classification 

of a U.S. PGPub document must be in a primary subclass.  The PR classification is 

indicative of the invention as a whole or the main inventive concept using the claims as a 

guide. The experience and knowledge of the state of the art by those classifying the 

documents can be a factor in how these documents are classified. 

 1.4.6 Secondary Classifications 

 

Classifications in addition to the PR on a U.S. PGPub document are known as Secondary 

Classifications (SR).  All invention information subject matter in a U. S. PGPub 

document must receive a mandatory classification. Any invention information disclosed 

in a U.S. PGPub separately classifiable apart from the PR is assigned a mandatory SR 

classification.  Other noninvention information thought to have particularly good search 

value may be assigned a discretionary SR classification by the person classifying the 

documents. 

 1.5.1 Class Properties 

 

 Although the subject matter encompassed by each class is different, classes have some 

common properties or attributes. Properties that uniquely identify a class are listed below.  

 

 Every class has a title descriptive of the subject matter found in the documents 

classified in the class. 

 

 Every class has an identifier of one to three characters that uniquely identifies the 

class. The plant class identifier is PLT; utility classes are identified by a one-, two-, or 

three-digit integer; and the design classes employ a D followed by a one- or two-digit 

integer.  The identifiers are otherwise arbitrary and used for identification purposes 

only. 

 

 Every class has a definition describing in detail the type of subject matter that may be 

classified in the class. Each class definition must include: 

 

  –   A class identifier and class title identical to that of the class. 

 

–   A statement of the basic subject matter provided for by the class. 

 

Each class definition may optionally include the following: 
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–  Line notes to distinguish the subject matter of the class from that of other 

classes or between subclasses within the class. 

 

–  See or Search Class notes which point to similar subject matter or other 

relevant information in other classes. 

 

–  See or Search This Class, Subclass notes to similar subject matter or 

other relevant information within the class. 

 

– References to Other Classification Systems, i.e., concordance 

information. 

 

– A Glossary for terminology peculiar to the technology in the class. 

 

– Drawings or figures representative or definitive of the subject matter 

found in the class. 

 

 Classes are mutually exclusive, meaning that the subject matter provided for by one 

class does not overlap that provided for by another.  This principle was developed to 

ensure that patents are consistently classified into the USPC; however, in practice, 

emerging technologies not clearly provided for in any one class may develop in more 

than one class simultaneously. 

 

 Each class is exhaustive of the subject matter provided for in its definition. Except for 

those items explicitly excluded in the definition or provided for according to special 

agreement between Technology Centers, all the subject matter a class encompasses in 

its definition must also be addressed by the class schedule. In order to satisfy this 

condition, most class schedules include a residual subclass intended to take all the 

subject matter of the class not provided for by any other subclasses in the class.  The 

residual subclass is generally entitled ―MISCELLANEOUS‖ and usually appears at 

the end of the class schedule. 

 1.5.2 Class Types 

 

 The USPC must provide a classification for every US patent document; thus, the system 

incorporates classes covering the entire spectrum of types of subject matter that can be 

claimed in a US patent. Accordingly, the USPC has class types that account for all of the 

basic statutory invention types. To improve the ability to search patents, other class types 

have also been developed in the USPC. These newer class types are the result of changes 

regarding how subject matter should be grouped together, both in response to judicial 

review of the patent system and in consideration of the positive aspects of other 

classification systems.  The types of classes currently in the USPC are as follows: 
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 Design classes.  Design patents, issued under Title 35 of the United States Code in 

Section 171 (35 U.S.C. 171), protect ornamental designs.  The principal 

classification, i.e., OR classification, for a design patent is placed in one of the 

design classes. Design patents can easily be recognized by their patent number, which 

usually begins with the letter "D."  The USPC currently has 33 design classes. 

 

 Plant class.  Plant patents, issued under 35 U.S.C. 161, protect new and distinct 

varieties of asexually reproducible plants.  The USPC has one plant class, designated 

PLT, in which all plant patents are classified.  Plant patents are the only US patents 

published with full color drawings.  

 

 Utility classes.  Utility patents, issued under 35 U.S.C. 101, protect any new and 

useful process, machine, manufacture, or composition of matter, or any new and 

useful improvement thereof.  Utility classes have a class number from 1 to 999.  The 

USPC currently has more than 400 utility classes.  Some utility classes provide 

exclusively for a single statutory category.  Examples of such categories include 

articles of manufacture, processes, and machines to make articles of manufacture, in 

addition to composition and compound classes.  Many utility classes include some 

combinations of types of subject matter.  For example, compound classes also cover 

most processes for making compounds.  Additionally, the following types of utility 

classes exist in the USPC: 

 

– Proximate function classes.  Proximate function classes are utility classes 

intended to provide for subject matter from a wide area of applications that 

operate in a similar manner.  For example, a butter churn and a mixer (shaken, 

not stirred) both function using agitation and are classified in Class 366, 

Agitating. 

 

–  Industry classes.  Industry classes are utility classes intended to provide for all 

subject matter that may be utilized within an industry, even though that 

subject matter would be classified elsewhere if it were not intended for use in 

that industry.  Class 128, Surgery, is an example of an industry class 

encompassing almost everything having to do with surgery, such as a surgical 

knife, which would otherwise be classifiable in Class 30, Cutlery, if it were 

not used for surgical purposes.  Industry classes are sometimes referred to as 

intended use classes. 

 

 Cross-reference art collection classes.  These are classes that have been created as an 

alternative search.  Cross-reference art collection classes are not used as a basis for 

assigning patent applications for examination and may not serve as the OR 

classification for an issuing patent.  Some cross-reference art collection classes reflect 

the European Classification system (ECLA) used by the EPO.  Currently, all cross-

reference art collection classes are based on utility. 
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 1.6.1 Subclass Properties 

 

Subclasses within a class are uniquely identifiable by their positions in the class schedule. 

Subclasses, like classes, have properties identifying them and the type of subject matter 

they include.  In addition, the properties of a subclass distinguish it from other subclasses 

and determine its relative placement in a schedule.  Listed below are subclass properties. 

 

 Every subclass has a descriptive title indicating the type of subject matter provided 

for by the subclass. 

 

 Primary subclasses (excluding alpha subclasses) and cross-reference art collection 

subclasses have definitions to further define the subject matter they contain.  Not all 

subclasses in the Design classes have been written yet. A subclass definition includes 

the following:  

 

–  A title identical to that of the subclass title found in the Manual of 

Classification. 

 

–  Statement of the basic subject matter provided for by the subclass. 

 

A subclass definition may optionally include the following: 

 

–  See or Search Class notes to other classes. 

 

–  See or Search This Class, Subclass notes to other subclasses within the class. 

 

–  References to Other Classification Systems.  

 

–  Glossary. 

 

–  Illustrations or figures. 

 

 Every subclass has an indent level.  Indentation is a shorthand notation for 

illustrating dependency.  The indent level of a subclass is shown as a series of zero or 

more dots (periods) immediately preceding the title of the subclass in the class 

schedule. 

 

–  A subclass having an indent level of zero (i.e., no dots) is called a mainline 

subclass.  A mainline subclass has no parent subclass. A mainline subclass 

directly depends from the class and inherits all the properties of the class.   
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–  The class title of a mainline subclass is interpreted as including the title of the 

class; the mainline definition includes all the limitations of the class 

definition; etc.  

 

–  A mainline subclass is set in capital letters and bold font to make it easy to 

identify in a class schedule. 

 

–  A subclass having one dot before the title has one indent level and is called a 

one-dot indent subclass; a subclass having two dots before the title has two 

indent levels and is called a two-dot indent subclass; a subclass having five 

dots before the title is called a five-dot indent subclass; etc. 

 

–  A second subclass is the child of a first subclass if the second subclass is 

indented one level more (i.e., has one more dot) than the first subclass, is 

positioned below the first subclass in the class schedule, and there are no 

intervening subclasses having an indent level less than the second subclass.  

Conversely, the first subclass is referred to as the parent subclass of the 

second. 

 

–  Subclasses are coordinate with each other when they each have the same 

parent subclass and the same indent level. 

 

–  Subclasses inherit all the properties of their parent subclass. This means that 

every subclass title is interpreted to include the title of its parent subclass; its 

definition is interpreted to include the definition of its parent subclass; etc. 

 

–  A subclass array is a subclass and all the subclasses indented under it.  A class 

schedule is like a tree having many limbs and branches: each mainline forms 

the main limb of a subclass array with the indented subclasses in the array 

forming the branches of the limb.  

 

 Subclasses employ an alphanumeric identifier. While every effort is made to keep 

them in numerical sequence, the alphanumeric identifiers associated with subclasses 

are arbitrary and used only to identify the subclass, not their relative order. Subclass 

identifiers are not necessarily unique from one class to the next. For example, there is 

currently a subclass 1 in 425 different classes. 

 

 Coordinate subclasses are exhaustive of the subject matter they provide for. This 

means that the first subclass among coordinate subclasses that provides for a 

particular subject matter will take all documents having that subject matter. No 

documents having that subject matter will be classified in coordinate subclasses 

below it.  In other words, when classifying documents, coordinate subclasses have 

top-to-bottom precedence. 
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 Subclasses are inclusive. This means that a document is classifiable in a subclass if 

the document discloses ―at least‖ the subject matter required by the subclass, although 

the document may disclose more than is required by the subclass. For example, if a 

subclass is defined to cover the technical subject matter ―A‖, because of the inclusive 

nature of subclasses, the subclass will also take combinations of subject matter 

including ―A‖ (e.g., ―AB‖, ―AC‖, ―ABCD‖, etc.) unless the combination is provided 

for by a subclass higher in the class schedule. 

 

 Some subclasses are harmonized with classifications in other classification systems, 

for example, the International Patent Classification (IPC) or the European 

Classification (ECLA) systems. By definition, the scopes of subject matter covered 

by corresponding harmonized classifications in the two systems are identical. E-

subclasses are examples of harmonized subclasses. Harmonized subclass definitions 

indicate both the foreign classification system and the individual classification in the 

foreign system with which the subclass is harmonized. Harmonized subclasses can be 

identified by the ―(EPO)‖, ―(JPO)‖, or ―(IPC)‖ designations that appear at the end of 

their titles. These designations indicate the international system with which the 

subclass is harmonized.  A primary benefit of harmonized USPC subclasses is that 

they are regularly populated with foreign documents classified by the Offices with 

which the subclasses are harmonized, allowing examiners to find both the US and 

foreign documents together in a single subclass.  

 

 1.6.2 Subclass Types 

 

The USPC contains different types of subclasses.  Each type of subclass performs a 

specific function or contains a specific type of document. Having different types of 

subclasses in the USPC improves the search of patent documents.   The types of 

subclasses are as follows: 

 

 Primary subclasses.  Primary subclasses can be used as classifications for all types 

of documents and can be used with either mandatory or discretionary classification 

types.   Primary subclasses are the only subclasses that can be used for assigning 

Original classifications to U.S. patents, and for this reason, are the only subclasses 

used for docketing patent applications within the USPTO.  Primary subclasses and E-

subclasses are also the only types of subclasses that have mandatory classifications 

assigned to them. Primary subclasses define the main body of all class schedules 

except for cross-reference art collection classes. Primary subclasses may be either of 

the following two types of subclasses:  

 

–  Numbered subclasses. Numbered subclasses can have up to a seven-digit decimal 

numeric identifier (including the decimal point, i.e., 123.456).  Numbered 

subclasses can have an application assigned to them for examination if they reside 
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in a class where an application can be assigned for examination.  Numbered 

subclasses have definitions. 

 

–  Alpha subclasses. Alpha subclasses are similar to numbered subclasses except 

that they contain one or two alphabetic characters after the numeric identifier 

(e.g., 2R, 23AB). However, only residual alpha subclasses, the alpha subclasses 

where the alphabetic identifier is ―R,‖ have definitions.  Originally, alpha 

subclasses were collections of patents examiners created and kept as private 

collections for their personal use. Later, these private collections of patents were 

brought into the USPC as ―alphas.‖  Presently, because alpha subclasses can be 

incorporated into the USPC rapidly to provide a home for emerging technologies, 

alpha subclasses continue to be created as temporary subclasses until definitions 

can be written for them.  

 

 Secondary subclasses. Secondary subclasses are subclasses that can neither accept 

 an original classification of a U.S. patent nor a primary classification of a PGPub 

 document. Secondary subclasses can only have discretionary classifications  

 assigned to them, no mandatory classifications. These subclasses are used 

 exclusively to improve the quality of a search. There are five types of secondary 

 subclasses: 

 

–  Unnumbered subclasses. Unnumbered subclasses have no identifier and serve 

only as headers in the class schedules to provide a general description of the 

subclasses indented beneath them.  Unnumbered subclasses have no documents 

whatsoever assigned to them.  They have no definitions and are being 

systematically eliminated. 

 

–  Cross-reference art collection subclasses. Cross-reference art collection 

subclasses, as do numbered subclasses, have numeric identifiers and definitions. 

The numeric identifiers of cross-reference art collection subclasses are usually 

900 and greater, although cases exist where they are lower than 900. Cross-

reference art collections exist primarily to house examiners’ collections of art not 

easily classified in the existing class schedules.  Near the end of the schedule, 

after the primary subclasses, cross-reference art collections appear after a header 

identifying them and are only superior to other cross-reference art collection 

subclasses indented under them. 

  

–  Digests. Digests are similar to cross-reference art collections, but they do not have 

definitions.  The identifiers for digest subclasses all begin with ―Dig‖, and are 

followed by a one- to three-digit number.  Digests appear at the very end of the 

schedule after a header identifying them and are only superior to other digest 

subclasses indented under them. 
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–  Foreign Patent and Non-Patent Literature Collections. Foreign subclasses have 

an identifier ―FOR‖ followed by three digits, e.g. FOR100, and consist solely of 

the foreign patent documents and selected non-patent literature. Before 1995, 

foreign patent documents and selected non-patent literature documents that were 

in subclasses with U.S. patents were reclassified with the U.S. patents when the 

subclasses were reclassified.  In 1995, reclassification of foreign patent 

documents was halted to conserve financial resources.  In order to keep the 

foreign patent and non-patent literature collections intact when subclasses were 

abolished by reclassification projects, Foreign Patent and Non-Patent Literature 

Collections were created corresponding to the old, abolished, reclassified 

subclasses.  The FOR subclasses include the definitions of their predecessor 

primary subclasses, but they do not preserve any SEE OR SEARCH CLASS or 

SEE OR SEARCH THIS CLASS, SUBCLASS references. However, they do 

retain any numbered notes, i.e., (1) Note, etc.  In the Schedules, unnumbered and 

indented titles are provided above FOR subclasses in order to preserve their 

original indent level.  FOR collections appear at the end of the class schedules 

before Digests, if there are any Digests, are placed after a header identifying them, 

and are superior only to other FOR subclasses indented under them. A special 

subclass, FOR000, has been created in each schedule to facilitate machine 

placement of foreign patent documents into the USPC system. Documents 

classified in FOR000 are considered classified at the class level. 

  

–  E-subclasses. E-subclasses are special cross-reference art collections that have a 

one-for-one correspondence with classifications in the European Classification 

system (ECLA). In addition to serving as a basis for harmonizing USPC with 

ECLA, E-subclasses provide alternative searches for the other USPC subclasses 

in the classes in which they appear. Positionally, they follow the primary 

subclasses in class schedules. E-subclass identifiers begin with the letter ―E‖ and 

are followed by up to five numerical digits having the format Enn.nnn. When E-

subclasses are created, they are initially populated with both U.S. and foreign 

documents classified in their ECLA counterparts. Initially, this includes both U.S. 

and foreign patent documents. After their creation, E-subclasses are updated with 

new U.S. patent documents classified by USPTO and by new European foreign 

documents by the European Patent Office (EPO). If the title of an E-subclass ends 

with ―(EPO)‖, then the subclass is regularly updated with foreign documents 

classified by the EPO. If the title has a ―(JPO)‖ suffix the subclass is regularly 

updated with documents classified by the Japan Patent Office (JPO). Both 

suffixes may appear at the end of an E-subclass title. In some cases, the title, 

indent level, or order of the E-subclasses has been modified from their ECLA 

counterparts to make their contents clearer and more amenable to U.S. 

classification practices. Each E-subclass has a definition that indicates its 

hierarchy and the ECLA classification to which it corresponds. Some, but not all 

E-subclasses, have a description of the basic subject matter of the subclass. As 

with other subclasses, a review of several documents classified in an E-subclass 

can be useful for interpreting or confirming its scope. 
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 1.7 How to Scan a Class Schedule to Select a Subclass 

 

Consistent and correct classification of subject matter in the USPC is what ensures the 

efficient retrieval of subject matter by classification. The inclusive nature of coordinate 

subclasses, along with top-to-bottom precedence of subclasses within a class schedule 

ensures consistent classification of like subject matter within a class. A simple procedure 

exists for selecting the proper subclass within a class schedule to classify subject matter.  

A similar procedure is used for selecting subclasses to review for a classified search of 

documents. The procedure entails successively finding the first coordinate subclass in 

deeper indented subclass arrays that provide for any portion of the subject matter until no 

further indentation is possible.  The steps of selecting the proper subclass within a class 

schedule are illustrated with an example, below. 

 

 Beginning at the top of the schedule, scan downward through the schedule looking 

only at mainline subclasses until one is found that provides for any portion of the 

subject matter to be classified or searched. 

 After identifying the first mainline subclass that provides for any portion of the 

subject matter, scan downward through the schedule, from that subclass, considering 

only coordinate one-dot subclasses indented under the selected mainline subclass. If 

you cannot find one that encompasses at least a portion of the subject matter, then the 

selected mainline subclass is the subclass to use. 

 If one of the coordinate one-dot subclasses under the selected mainline subclass 

provides for at least a portion of the subject matter, then continue to scan downward 

from the selected one-dot subclass, considering only coordinate two-dot subclasses 

indented under the selected one-dot subclass.  If you cannot find one that 

encompasses at least a portion of the subject matter then the selected one-dot subclass 

is the subclass to choose. 

 As long as you continue to find further indented subclasses that provide for at least a 

portion of the subject matter, continue to successively select them for consideration. 

 When you can no longer find another indented coordinate subclass that provides for 

the subject matter, then the last subclass selected is the subclass where the subject 

matter is classified, or the subclass to be searched for the subject matter. 

 

Example 

 

Suppose the ―invention‖ we need to classify is a combination cellular telephone, laser 

pointer, and printer.  The following is a hypothetical USPC class that provides for this 

combination. 

 

1 PROGRAMMABLE CONTROL 

2 SAFETY DEVICE 
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3 . Ground fault detector 

4 PLURAL DIVERSE ELECTRICAL SYSTEMS 

5 . Printer and television 

6 . Cellular telephone 

7 . . With camera 

8 . . . With illuminating means 

9 . . With recording means 

10 . Pointer 

11 PRINTER 

 

The first step to classifying this hypothetical invention is to find the first mainline 

subclass, scanning downward from the top of the schedule, which covers a cellular 

telephone, a laser pointer, a printer, or any combination of these. We can rule out 

subclass 1, PROGRAMMABLE CONTROL, since our device doesn’t have this feature. 

Likewise, it isn’t a safety device so we can also rule out subclass 2. Subclass 4, PLURAL 

DIVERSE ELECTRICAL SYSTEMS, is the first mainline subclass that appears to cover 

our invention, which is a combination of three different electrical systems. We select 

subclass 4. 

 

Now that we’ve selected subclass 4, we continue to scan downward, looking now only at 

the one-dot subclasses indented under subclass 4 until we find one that covers at least a 

portion of the invention. Subclass 5 is the first on-dot subclass. Subclass 5 covers the 

combination of printers and televisions. Our device has a printer, but no television. 

Therefore, our device does not have ―at least‖ the subject matter required for 

classification in subclass 5. The next one-dot subclass under subclass 4 is subclass 6, 

Cellular telephone. Our invention has ―at least‖ a cellular telephone, which is the subject 

matter required for classification in subclass 6, so we select subclass 6. 

 

Next, we scan downward from subclass 6, looking only at the two-dot subclasses 

indented under subclass 6, until we find one that covers some feature of our invention. 

Subclass 7 is the first two-dot subclass indented under subclass 7. Subclass 7 requires a 

camera, which our invention does not have. Therefore, we skip subclass 7 and look at the 

next two-dot subclass indented under subclass 6, which is subclass 9. Subclass 9 requires 

a recording means. Our device includes a printer, and a printer is a recording means. 

Therefore, subclass 9 covers at least a portion of the subject matter of our device and we 

select subclass 9. 

 

Since there are no three-dot subclasses indented under subclass 9 for us to consider, our 

classification process for the combination cellular telephone, laser pointer, and printer is 

complete. The last selected subclass was subclass 9, and that is where we would classify 

a document claiming that combination.  If there were some novel aspect of the laser 

pointer or the printer, per se, we might also assign classifications to subclass 10, Pointer 

or subclass 11, PRINTER.  It would be impermissible to assign a classification to 

subclass 8, With illuminating means, even though our device includes a laser pointer 

(which is an illuminating means), because our device does not include a camera, which is 
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necessary for everything classified in subclass 8, which is indented under subclass 7, 

With camera. 

 1.8 USPC as a Routing Tool 

 

The assignment of patent applications to patent examiners for the purpose of examination 

is made at the discretion of each Technology Center.  Traditionally, the USPC has been 

used as a tool for routing new applications to the appropriate personnel for examination. 

Each USPTO examining art unit (an organizational unit of patent examiners and a 

supervisory patent examiner) is responsible for a set of subclasses in the USPC and is 

staffed with personnel qualified to examine the technology classified in those subclasses. 

Patent applications classified in particular subclasses are generally examined by the 

examining personnel responsible for those subclasses. This helps ensure that applications 

are consistently assigned to personnel qualified to examine them. With a few exceptions, 

patent applications are assigned for examination purposes to the art unit responsible for 

the subclass that would receive an OR classification if the application were a patent. 

 

 1.9 Reclassification of the USPC 

 

Reclassification is the process of changing classifications assigned to documents 

classified in the USPC.  A reclassification project is a means for changing the USPC by 

creating, abolishing, or modifying one or more USPC class schedules and reclassifying 

the documents classified therein. The terms ―reclassify‖ and ―reclassification‖ are used 

synonymously to refer to the process of performing a reclassification project, as in ―the 

art needs to be reclassified,‖ meaning that a particular body of subject matter in the USPC 

requires a reclassification project. 

 

Reclassification is a necessary correction of the USPC to maintain efficient and 

meaningful search opportunities as the number of documents classified in USPC grows 

and the breadth of the technologies covered by those documents becomes more diverse. 

When the number of documents classified in a particular subclass becomes too large to 

efficiently search, the subclass can be broken down into a group of new subclasses with 

each having fewer classified documents. New classes and subclasses can be created in 

USPC to cover newly evolving technologies. Reclassification is used to provide new 

classes and subclasses for searching what’s important in an art as the ―important‖ subject 

matter changes through innovation. Additionally, reclassification projects offer 

opportunities to harmonize the USPC with the other major patent document 

classification systems in use today. 

 

Every reclassification project has essentially six different phases. These are: 
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 Project plan development and maintenance 

 

–  Based on an initial determination of the subclasses involved in a 

 reclassification project and the number of documents classified in them, 

 project milestones are determined using a project plan template. 

 

 Project scope definition 

 

–  From the subclass titles and definitions of the art encompassed by the project 

 and from reviewing other close art, a precise statement of project scope is  written 

 that defines the metes and bounds of the project, so as to distinguish the art 

 in the project from other, similar arts. 

 

 Initial classification schedule and definitions 

 

 –  Using both Examiner input and schemes of related arts from IPC, ECLA, and 

 FI as guidance, test schedules and definitions are constructed that cover the 

 invention information within the defined scope of the project. 

 

 Schedule testing 

 

 –  Test schedules are ―tuned‖ for uniform document distribution, with new 

 concepts added as needed, with deference to Examiner input, prior to 

 ―freezing‖ the schedules and finalizing their definitions. 

 

 Document placement - reclassify all documents into new schedule 

 

 –  All U.S. patent documents within the defined scope of the project are assigned 

 mandatory classifications within the new schedules corresponding to their 

 disclosed invention information and discretionary classifications for useful 

 other, non-invention subject matter. Foreign documents are reclassified on a 

 case-by-case basis. 

  

 Project documentation development - prepare classification order (documentation to 

effect the changes) 

 

 –  A reclassification order is prepared listing all the changes to the USPC 

 encompassed by the project. 

 

After a reclassification order publishes, there are generally newly published patent 

documents with classifications that were abolished by the project. Cleanup for the project 

involves reclassifying these documents into the newly created schedules. 
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vided to comply with the rules requiring an abstract that will 
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TOOTHED SLIDER 

TECHNICAL FIELD 

This invention relates generally to touch sensing devices, 
and in particular, to the structure of a touch sensing device. 

BACKGROUND 

Computing devices, such as notebook computers, personal 10 

data assistants (PDAs), and mobile handsets, have user inter
face devices, which are also known as human interface device 
(HID). One user interface device that has become more com
mon is a touch-sensor pad. A basic notebook touch-sensor 
pad emulates the function of a personal computer (PC) 15 

mouse. A touch-sensor pad is typically embedded into a PC 
notebook for built-in portability. A touch-sensor pad repli
cates mouse x/y movement by using two defined axes which 
contain a collection of sensor elements that detect the position 
of a conductive object, such as finger. Mouse right/left button 20 

clicks can be replicated by two mechanical buttons, located in 
the vicinity of the touchpad, or by tapping commands on the 
touch-sensor pad itself. The touch-sensor pad provides a user 
interface device for performing such functions as positioning 
a cursor, or selecting an item on a display. These touch-sensor 25 

pads can include multi -dimensional sensor arrays. The sensor 
array may be one dimensional, detecting movement in one 
axis. The sensor array may also be two dimensional, detecting 
movements in two axes. 

FIG. 1 illustrates an example of a conventional slider struc- 30 

ture 100 connect to ten conductive traces 102. Each trace 102 
may be connected between a conductive line and a ground. 
The conductive line is typically coupled to a sensing pin. The 
ground is typically coupled to a finger of person. By being in 
contact or in proximity on a particular portion of the slider 35 

structure 100, the capacitance between the conductive lines 
and ground varies and can be detected. By sensing the capaci
tance variation of each trace 102, the position of the changing 
capacitance can be pinpointed. For example, a stylus or a 
user's finger in proximity or in contact to the slider structure 40 

100 generates signals 104 using the traces 102. A stylus or a 
user's finger in proximity or in contact to the slider structure 
100 at trace number 4 may generate a capacitance variation 
differential of, for example, 5 units. Adjacent traces number 3 
and numberS may respectively generate a capacitance varia- 45 

tion differential of, for example, 2 and 3 units. The detected 
position of the finger or stylus (i.e., centroid position) may be 
detected using a complex formula. 

2 
FIG. SB illustrates a top view of a slider structure in accor

dance with another embodiment. 
FIG. 6 illustrates a cross-sectional view of the slider struc

ture of FIGS. SA and SB. 
FIG. 7 illustrates a flow diagram of a method for manufac

turing the slider structure of FIG. S. 
FIG. 8 illustrates a flow diagram of a method for operating 

the slider structure of FIG. S. 

DETAILED DESCRIPTION 

In the following description, for purposes of explanation, 
numerous specific details are set forth in order to provide a 
thorough understanding of the present invention. It will be 
evident, however, to one skilled in the art that the present 
invention may be practiced without these specific details. In 
other instances, well-known circuits, structures, and tech-
niques are not shown in detail or are shown in block diagram 
form in order to avoid unnecessarily obscuring an under-
standing of this description. 

Reference in the description to "one embodiment" or "an 
embodiment" means that a particular feature structure or 
characteristic described in connection with th~ embodi~ent 
is included in at least one embodiment of the invention. The 
appearances of the phrase "in one embodiment" in various 
places in the specification do not necessarily all refer to the 
same embodiment. The term "coupled" as used herein may 
include both directly coupled and indirectly coupled through 
one or more intervening components. 

A method and apparatus for detecting a user input is 
described. The apparatus includes a touch sensing device 
structure, in particular, a slider structure. Those of ordinary 
skills in the art will recognize that a slider may be a subset of 
a touchpad. In other words, the slider may be a one-dimen-
sional touch sensing device. The slider may not be necessarily 
used to convey absolute positional information of a contact
ing object (such as to emulate a mouse in controlling cursor 
positioning on a display). The slider may rather be used to 
actuate one or more functions associated with sensing ele-
ments of the device. 

FIG. 2 illustrates a block diagram of one embodiment of an 
electronic system having a processing device for recognizing 
a tap gesture. Electronic system 200 includes processing 
device 210, touch-sensor pad 220, touch-sensor slider 230, 
touch-sensor buttons 240, host processor2SO, embedded con
troller 260, and non-capacitance sensor elements 270. The 
processing device 210 may include analog and/or digital gen
eral purpose input/output ("GPIO") ports 207. GPIO ports 
207 may be programmable. GPIO ports 207 may be coupled 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example, and 
not by way oflimitation, in the figures of the accompanying 
drawings. 

50 to a Programmable Interconnect and Logic ("PIL"), which 
acts as an interconnection between GPIO ports 207 and a 
digital block array of the processing device 210 (not illus
trated). The digital block array may be configured to imple
ment a variety of digital logic circuits (e.g., DAC, digital 

FIG. 1 is a top view illustrating an example of a conven
tional slider structure. 

FIG. 2 illustrates a slider system in accordance with one 
embodiment. 

FIG. 3A illustrates a varying switch capacitance. 
FIG. 3B illustrates one embodiment of a relaxation oscil

lator. 
FIG. 4 illustrates a block diagram of one embodiment of a 

capacitance sensor including a relaxation oscillator and digi
tal counter. 

FIG. SA illustrates a top view of a slider structure in accor
dance with one embodiment. 

55 filters, digital control systems, etc.) using, in one embodi
ment, configurable user modules ("UMs"). The digital block 
array may be coupled to a system bus. Processing device 210 
may also include memory, such as random access memory 
(RAM) 20S and program flash 204. RAM 20S may be static 

60 RAM (SRAM), and program flash 204 may be a non-volatile 
storage, which may be used to store firmware (e.g., control 
algorithms executable by processing core 202 to implement 
operations described herein). Processing device 210 may also 
include a memory controller unit (MCU) 203 coupled to 

65 memory and the processing core 202. 
The processing device 210 may also include an analog 

block array (not illustrated). The analog block array is also 



US 7,876,309 B2 
3 

coupled to the system bus. Analog block array also may be 
configured to implement a variety of analog circuits (e.g., 
ADC, analog filters, etc.) using configurable UMs. The ana
log block array may also be coupled to the GPIO 207. 

As illustrated, capacitance sensor 201 may be integrated 
into processing device 210. Capacitance sensor 201 may 
include analog I/0 for coupling to an external component 
such as touch sensing devices (e.g. touch-sensor slider 230, 
touch-sensor pad 220, touch-sensor buttons 240, and/or other 
touch sensing devices). Capacitance sensor 201 and process- 10 

ing device 202 are described in more detail below. 

4 
Processing device 210 may include internal oscillator/ 

clocks 206, and communication block 208. The oscillator/ 
clocks block 206 provides clock signals to one or more of the 
components of processing device 210. Communication block 
208 may be used to communicate with an external compo
nent, such as a host processor 250, via host interface (I/F) line 
251. Alternatively, processing block 210 may also be coupled 
to embedded controller 260 to communicate with the external 
components, such as host 250. Interfacing to the host 250 can 
be through various methods. In one exemplary embodiment, 
interfacing with the host 250 may be done using a standard 
PS/2 interface to connect to an embedded controller 260, 
which in tum sends data to the host 250 via low pin count 
(LPC) interface. In some instances, it may be beneficial for 

It should be noted that the embodiments described herein 
are with respect to touch sensing devices that can be used in 
other capacitive sensing implementations. FIG. 2 illustrates 
touch sensing devices including, for example, a touch-slider 
230, a touch-sensing pad 220, or a touch-sensor 240 (e.g., 
capacitance sensing button). Similarly, the operations 
described herein are not limited to notebook cursor opera
tions, but can include other operations, such as lighting con
trol (dimmer), volume control, graphic equalizer control, 
speed control, or other control operations requiring gradual 
adjustments. It should also be noted that these embodiments 

15 the processing device 210 to do both touch-sensor structures 
and keyboard control operations, thereby freeing up the 
embedded controller 260 for other housekeeping functions. 
In another exemplary embodiment, interfacing may be done 
using a universal serial bus (USB) interface directly coupled 

of capacitive sensing implementations may be used in con
junction with non-capacitive sensing elements, including but 
not limited to pick buttons, sliders (ex. display brightness and 
contrast), scroll-wheels, multi-media control (ex. volume, 
track advance, etc) handwriting recognition and numeric key
pad operation. 

20 to the host 250 via host interface line 251. Alternatively, the 
processing device 210 may communicate to external compo
nents, such as the host 250 using industry standard interfaces, 
such as USB, PS/2, inter-integrated circuit (I2C) bus, or sys
tem packet interface (SPI). The embedded controller 260 

25 and/or embedded controller 260 may be coupled to the pro
cessing device 210 with a ribbon or flex cable from an assem
bly, which houses the touch-sensor slider 230 and the pro
cessing device 210. 

In one embodiment, the electronic system 200 includes a 
touch-sensor slider 230 coupled to the processing device 210 
via bus 231. Touch-sensor slider 230 may include a single
dimension sensor array. The single-dimension sensor array 
comprises a plurality of sensor elements, normally organized 

In one embodiment, the processing device 210 is config-
30 ured to communicate with the embedded controller 260 or the 

host 250 to send or receive data. The data may be a command 
or alternatively a signal. In other words, the processing device 
210 may operate to communicate data (e.g., commands or 
signals) using hardware, software, and/or firmware, and the 
data may be communicated directly to the processing device 
of the host 250, such as a host processor, or alternatively, may 
be communicated to the host 250 via drivers of the host 250, 
such as OS drivers, or other non-OS drivers. It should also be 
noted that the host 250 may directly communicate with the 
processing device 210 via host interface 251. 

In one embodiment, the data sent to the host 250 from the 
processing device 210 includes tap, double-tap, scroll-left, 
and scroll-right. Alternatively, other user interface device 
commands may be communicated to the host 250 from the 
processing device 210. These commands may be based on 
gestures occurring on the sensing device that are recognized 
by the processing device, such as tap and scroll gestures. 
Alternatively, other commands may be recognized. Similarly, 
signals may be sent that indicate the recognition of these 

as rows, or alternatively, as colunms. In another embodiment, 
the electronic system 200 includes a touch-sensor pad 220 35 

coupled to the processing device 210 via bus 221. Touch
sensor pad 220 may include a multi-dimension sensor array. 
The multi-dimension sensor array comprises a plurality of 
sensor elements, organized as rows and colunms. In another 
embodiment, the electronic system 200 includes a touch- 40 

sensor button 240 coupled to the processing device 210 via 
bus 241. Touch-sensor button 240 may include a single-di
mension or multi-dimension sensor array. The single- or 
multi-dimension sensor array comprises a plurality of sensor 
elements. For a touch-sensor button, the plurality of sensor 45 

elements may be coupled together to detect a presence of a 
conductive object over the entire surface of the sensing 
device. Capacitance sensor elements may be used as non
contact switches. These switches, when protected by an insu
lating layer, offer resistance to severe environments. 50 operations. 

The electronic system 200 may include any combination of 
one or more of the touch-sensor slider 230, touch-sensor pad 
220, and/or touch-sensor button 240. In another embodiment, 
the electronic system 200 may also include non-capacitance 
sensor elements 270 coupled to the processing device 210 via 55 

bus 271. The non-capacitance sensor elements 270 may 
include buttons, light emitting diodes (LEDs ), and other user 
interface devices, such as a mouse, a keyboard, or other 
functional keys that do not require capacitance sensing. In 
one embodiment, buses 271, 241, 231, and 221 may be a 60 

single bus. Alternatively, these buses may be configured into 
any combination of one or more separate buses. 

The processing device may also provide value-add func
tionality such as keyboard control integration, LEDs, battery 
charger and general purpose I/0, as illustrated as non-capaci- 65 

tance sensor elements 270. Non-capacitance sensor elements 
270 are coupled to the GPIO 207. 

In particular, a tap gesture, for example, may be when the 
finger (e.g., conductive object) is on the sensing device for 
less than a threshold time. If the time the finger is placed on 
the touch sensor slider is greater than the threshold time it 
may be considered to be a movement of along the one-dimen
sional axes. Scroll-left, and scroll-rightmay be detected when 
the one-dimensional position of the conductive object is 
within a pre-defined area (for example, such as extreme right 
and extreme left), and movement of the conductive object 
along the touch-sending slider is detected. 

Processing device 210 may reside on a common carrier 
substrate such as, for example, an integrated circuit (I C) die 
substrate, a multi-chip module substrate, or the like. Alterna
tively, the components of processing device 210 may be one 
or more separate integrated circuits and/or discrete compo
nents. In one exemplary embodiment, processing device 210 
may be a Programmable System on a Chip (PSoC™) pro-
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cessing device, manufactured by Cypress Semiconductor 
Corporation, San Jose, Calif. Alternatively, processing device 
210 may be other one or more processing devices known by 
those of ordinary skill in the art, such as a microprocessor or 
central processing unit, a controller, special-purpose proces
sor, digital signal processor (DSP), an application specific 
integrated circuit (ASIC), a field programmable gate array 
(FPGA), or the like. In an alternative embodiment, for 
example, the processing device may be a network processor 
having multiple processors including a core unit and multiple 
micro-engines. Additionally, the processing device may 
include any combination of general-purpose processing 
device(s) and special-purpose processing device(s). 

Capacitance sensor 201 may be integrated into the IC of the 
processing device 210, or alternatively, in a separate IC. Alter
natively, descriptions of capacitance sensor 201 may be gen
erated and compiled for incorporation into other integrated 
circuits. For example, behavioral level code describing 
capacitance sensor 201, or portions thereof, may be generated 
using a hardware descriptive language, such as VHDL or 
Verilog, and stored to a machine-accessible medium (e.g., 
CD-ROM, hard disk, floppy disk, etc.). Furthermore, the 
behavioral level code can be compiled into register transfer 
level ("RTL") code, a netlist, or even a circuit layout and 
stored to a machine-accessible medium. The behavioral level 
code, the RTL code, the netlist, and the circuit layout all 
represent various levels of abstraction to describe capacitance 
sensor 201. 

6 
but may include other methods, such as current versus voltage 
phase shift measurement, resistor-capacitor charge timing, 
capacitive bridge divider or, charge transfer. 

The current versus voltage phase shift measurement may 
include driving the capacitance through a fixed-value resistor 
to yield voltage and current waveforms that are out of phase 
by a predictable amount. The drive frequency can be adjusted 
to keep the phase measurement in a readily measured range. 
The resistor-capacitor charge timing may include charging 

1 o the capacitor through a fixed resistor and measuring timing on 
the voltage ramp. Small capacitor values may require very 
large resistors for reasonable timing. The capacitive bridge 
divider may include driving the capacitor under test through a 
fixed reference capacitor. The reference capacitor and the 

15 capacitor under test form a voltage divider. The voltage signal 
is recovered with a synchronous demodulator, which may be 
done in the processing device 210. The charge transfer may be 
conceptually similar to an R-C charging circuit. In this 
method, Cp is the capacitance being sensed. CsuM is the 

20 s=ing capacitor, into which charge is transferred on suc
cessive cycles. At the start of the measurement cycle, the 
voltage on CsuM is reset. The voltage on CsuM increases 
exponentially (and only slightly) with each clock cycle. The 
time for this voltage to reach a specific threshold is measured 

25 with a counter. Additional details regarding these alternative 
embodiments have not been included so as to not obscure the 
present embodiments, and because these alternative embodi
ments for measuring capacitance are known by those of ordi-

It should be noted that the components of electronic system 
200 may include all the components described above. Alter- 30 

natively, electronic system 200 may include only some of the 
components described above. 

nary skill in the art. 
FIG. 3A illustrates a varying switch capacitance. In its 

basic form, a capacitive switch 300 is a pair of adjacent plates 
301 and 302. There is a small edge-to-edge capacitance Cp, 
but the intent of switch layout is to minimize the base capaci
tance Cp between these plates. When a conductive object 303 

In one embodiment, electronic system 200 may be used in 
a notebook computer. Alternatively, the electronic device 
may be used in other applications, such as a mobile handset, 
a personal data assistant (PDA), a keyboard, a television, a 
remote control, a monitor, a handheld multi-media device, a 
handheld video player, a handheld gaming device, or a control 
panel. 

In one embodiment, capacitance sensor 201 may be a 
capacitive switch relaxation oscillator (CSR). The CSR may 
have an array of capacitive touch switches using a current
programmable relaxation oscillator, an analog multiplexer, 
digital counting functions, and high-level software routines to 
compensate for environmental and physical switch varia
tions. The switch array may include combinations of inde
pendent switches, sliding switches (e.g., touch-sensor slider), 
and touch-sensor pads implemented as a pair of orthogonal 
sliding switches. The CSR may include physical, electrical, 
and software components. The physical component may 
include the physical switch itself, typically a pattern con
structed on a printed circuit board (PCB) with an insulating 
cover, a flexible membrane, or a transparent overlay. The 
electrical component may include an oscillator or other 
means to convert a changed capacitance into a measured 
signal. The electrical component may also include a counter 

35 (e.g., finger) is placed in proximity to the two plate 301 and 
302, there is a capacitance 2*Cfbetween one electrode 301 
and the conductive object 303 and a similar capacitance 2*Cf 
between the conductive object 303 and the other electrode 
302. The capacitance between one electrode 301 and the 

40 conductive object 303 and back to the other electrode 302 
adds in parallel to the base capacitance Cp between the plates 
301 and 302, resulting in a change of capacitance Cf. Capaci
tive switch 300 may be used in a capacitance switch array. The 
capacitance switch array is a set of capacitors where one side 

45 of each is grounded. Thus, the active capacitor (as represented 
in FIG. 3B as capacitor 351) has only one accessible side. The 
presence of the conductive object 303 increases the capaci
tance (Cp+Cf) of the switch 300 to ground. Determining 
switch activation is then a matter of measuring change in the 

50 capacitance (Cf). Switch 300 is also known as a grounded 
variable capacitor. In one exemplary embodiment, Cf may 
range from approximately 10-30 picofarads (pF). Alterna
tively, other ranges may be used. 

The conductive object in this case is a finger, alternatively, 
55 this technique may be applied to any conductive object, for 

example, a conductive door switch, position sensor, or con
ductive pen in a stylus tracking system. or timer to measure the oscillator output. The software com

ponent may include detection and compensation software 
algorithms to convert the count value into a switch detection 
decision. For example, in the case of slide switches, a calcu- 60 

lation for finding position of the conductive object to greater 
resolution than the physical pitch of the switches may be 
used. 

FIG. 3B illustrates one embodiment of a relaxation oscil
lator. The relaxation oscillator 350 is formed by the capaci
tance to be measured on capacitor 351, a charging current 
source 352, a comparator 353, and a reset switch 354. It 
should be noted that capacitor 351 is representative of the 
capacitance measured on a sensor element of a sensor array. 
The relaxation oscillator is coupled to drive a charging cur-It should be noted that there are various known methods for 

measuring capacitance. Although the embodiments described 
herein are described using a relaxation oscillator, the present 
embodiments are not limited to using relaxation oscillators, 

65 rent (Ic) 357 in a single direction onto a device under test 
("DUT") capacitor, capacitor 351. As the charging current 
piles charge onto the capacitor 351, the voltage across the 



US 7,876,309 B2 
7 

capacitor increases with time as a function of Ic 357 and its 
capacitance C. Equation (1) describes the relation between 
current, capacitance, voltage and time for a charging capaci
tor. 

(1) 

8 
the sensor array 410 may be a single-dimension sensor array 
including the sensor elements 355(1)-355(N), where N is a 
positive integer value that represents the number of sensor 
elements of the single-dimension sensor array. The single
dimension sensor array 410 provides output data to the analog 
bus 401 of the processing device 210 (e.g., via lines 231). 

The relaxation oscillator begins by charging the capacitor 
351 from a ground potential or zero voltage and continues to 
pile charge on the capacitor 351 at a fixed charging current Ic 
357 until the voltage across the capacitor 351 at node 355 10 

reaches a reference voltage or threshold voltage, V rH 355. At 

Relaxation oscillator 350 of FIG. 4 includes all the com-
ponents described with respect to FIG. 3B, and a selection 
circuit 430. The selection circuit 430 is coupled to the plural
ity of sensor elements 355(1)-355(N), the reset switch 354, 
the current source 352, and the comparator 353. Selection 

V rH 355, the relaxation oscillator allows the accumulated 
charge at node 355 to discharge (e.g., the capacitor 351 to 
"relax" back to the ground potential) and then the process 
repeats itself. In particular, the output of comparator 353 15 

asserts a clock signal Four 356 (e.g., Four 356 goes high), 
which enables the reset switch 354. This resets the voltage on 
the capacitor at node 355 to ground and the charge cycle starts 
again. The relaxation oscillator outputs a relaxation oscillator 
clock signal (Four 356) having a frequency (fRo) dependent 20 

upon capacitance C of the capacitor 351 and charging current 

circuit 430 may be used to allow the relaxation oscillator 350 
to measure capacitance on multiple sensor elements (e.g., 
rows or colurm1s). The selection circuit 430 may be config
ured to sequentially select a sensor element of the plurality of 
sensor elements to provide the charge current and to measure 
the capacitance of each sensor element. In one exemplary 
embodiment, the selection circuit 430 is a multiplexer array 
of the relaxation oscillator 350. Alternatively, selection cir
cuit may be other circuitry outside the relaxation oscillator 
350, or even outside the capacitance sensor 201 to select the 

Ic 357. 
The comparator trip time of the comparator 353 and reset 

switch 354 add a fixed delay. The output of the comparator 
353 is synchronized with a reference system clock to guaran
tee that the comparator reset time is long enough to com
pletely reset the charging voltage on capacitor 355. This sets 
a practical upper limit to the operating frequency. For 
example, if capacitance C of the capacitor 351 changes, then 
fRo will change proportionally according to Equation (1 ). By 
comparing fRo ofF our356 against the frequency (fREF) of a 
known reference system clock signal (REF CLK), the change 
in capacitance ll.C can be measured. Accordingly, equations 
(2) and (3) below describe that a change in frequency between 
F our356 and REF CLK is proportional to a change in capaci
tance of the capacitor 351. 

L\.Ccxi\.f, where (2) 

(3) 

In one embodiment, a frequency comparator may be 
coupled to receive relaxation oscillator clock signal (Four 
356) and REF CLK, compare their frequencies fRo and fREF' 

respectively, and output a signal indicative of the difference 
ll.f between these frequencies. By monitoring ll.f one can 
determine whether the capacitance of the capacitor 351 has 
changed. 

In one exemplary embodiment, the relaxation oscillator 
350 may be built using a 555 timer to implement the com
parator 353 and reset switch 354. Alternatively, the relaxation 
oscillator 350 may be built using other circuiting. Relaxation 
oscillators are known in by those of ordinary skill in the art, 
and accordingly, additional details regarding their operation 
have not been included so as to not obscure the present 
embodiments. 

FIG. 4 illustrates a block diagram of one embodiment of a 
capacitance sensor including a relaxation oscillator and digi
tal counter. Capacitance sensor 201 of FIG. 4 includes a 
sensor array 410 (also known as a switch array), relaxation 
oscillator 350, and a digital counter 420. Sensor array 410 
includes a plurality of sensor elements 355(1 )-355(N), where 
N is a positive integer value that represents the number of 
rows (or alternatively colurm1s) of the sensor array 410. Each 
sensor element is represented as a capacitor, as previously 
described with respect to FIG. 3B. The sensor array 410 is 
coupled to relaxation oscillator 350 via an analog bus 401 
having a plurality of pins 401(1)-401(N). In one embodiment, 

sensor element to be measured. Capacitance sensor 201 may 
include one relaxation oscillator and digital counter for the 
plurality of sensor elements of the sensor array. Alternatively, 

25 capacitance sensor 201 may include multiple relaxation oscil
lators and digital counters to measure capacitance on the 
plurality of sensor elements of the sensor array. The multi
plexer array may also be used to ground the sensor elements 
that are not being measured. This may be done in conjunction 

30 with a dedicated pin in the GP10 port 207. 
In another embodiment, the capacitance sensor 201 may be 

configured to simultaneously scan the sensor elements, as 
opposed to being configured to sequentially scan the sensor 
elements as described above. For example, the sensing device 

35 may include a sensor array having a row of sensing elements. 

40 

The sensing elements of the row may be scanned simulta
neously. Alternatively, other methods for scanning known by 
those of ordinary skill in the art may be used to scan the 
sensing device. 

Digital counter 420 is coupled to the output of the relax-
ation oscillator 350. Digital counter 420 receives the relax
ation oscillator output signal356 (Four)· Digital counter 420 
is configured to count at least one of a frequency or a period 
of the relaxation oscillator output received from the relax-

45 ation oscillator. 
As previously described with respect to the relaxation 

oscillator 350, when a finger or conductive object is placed on 
the switch, the capacitance increases from Cp to Cp+Cf so the 
relaxation oscillator output signal356 (Four) decreases. The 

50 relaxation oscillator output signal 356 (Four) is fed to the 
digital counter 420 for measurement. There are two methods 
for counting the relaxation oscillator output signal 356, fre
quency measurement and period measurement. In one 
embodiment, the digital counter 420 may include two multi-

55 plexers 423 and 424. Multiplexers 423 and 424 are configured 
to select the inputs for the PWM 421 and thetimer422 for the 
two measurement methods, frequency and period measure
ment methods. Alternatively, other selection circuits may be 
used to select the inputs for the PWM 421 and the time 422. 

60 In another embodiment, multiplexers 423 and 424 are not 
included in the digital counter, for example, the digital 
counter 420 may be configured in one, or the other, measure
ment configuration. 

In the frequency measurement method, the relaxation 
65 oscillator output signal 356 is counted for a fixed period of 

time. The counter 422 is read to obtain the number of counts 
during the gate time. This method works well at low frequen-
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cies where the oscillator reset time is small compared to the 
oscillator period. A pulse width modulator (PWM) 441 is 
clocked for a fixed period by a derivative of the system clock, 
VC3 426 (which is a divider from the 24 MHz system clock 
425). Pulse width modulation is a modulation technique that 
generates variable-length pulses to represent the amplitude of 
an analog input signal; in this case VC3 426. The output of 
PWM 421 enables timer 422 (e.g., 16-bit). The relaxation 
oscillator output signal 356 clocks the timer 422. The timer 
422 is reset at the start of the sequence, and the count value is 10 

read out at the end of the gate period. 
In the period measurement method, the relaxation oscilla-

tor output signal356 gates a counter 422, which is clocked by 
the system clock 425 (e.g., 24 MHz). In order to improve 
sensitivity and resolution, multiple periods of the oscillator 15 

are counted with the PWM 421. The output of PWM 421 is 
used to gate the timer 422. In this method, the relaxation 
oscillator output signal 356 drives the clock input of PWM 
421. As previously described, pulse width modulation is a 
modulation technique that generates variable-length pulses to 20 

represent the amplitude of an analog input signal; in this case 
the relaxation oscillator output signal 356. The output of the 
PWM 421 enables a timer 422 (e.g., 16-bit), which is clocked 
at the system clock frequency 425 (e.g., 24 MHz). When the 
output of PWM 421 is asserted (e.g., goes high), the count 25 

starts by releasing the capture control. When the terminal 
count of the PWM 421 is reached, the capture signal is 
asserted (e.g., goes high), stopping the count and setting the 
PWM' s interrupt. The timer value is read in this interrupt. The 
relaxation oscillator 350 is indexed to the next switch (e.g., 30 

capacitor 351(2)) to be measured and the count sequence is 
started again. 

The two counting methods may have equivalent perfor
mance in sensitivity and signal-to-noise ratio (SNR). The 
period measurement method may have a slightly faster data 35 

acquisition rate, but this rate is dependent on software load 
and the values of the switch capacitances. The frequency 
measurement method has a fixed-switch data acquisition rate. 

The length of the counter 422 and the detection time 
required for the switch are determined by sensitivity require- 40 

ments. Small changes in the capacitance on capacitor 351 
result in small changes in frequency. In order to find these 
small changes, it may be necessary to count for a considerable 
time. 

At startup (or boot) the switches (e.g., capacitors 351(1)- 45 

(N)) are scanned and the count values for each switch with no 
actuation are stored as a baseline array (Cp ). The presence of 
a finger on the switch is determined by the difference in 
counts between a stored value for no switch actuation and the 
acquired value with switch actuation, referred to here as lm. 50 

The sensitivity of a single switch is approximately: 

!ln Cf (4) 

n Cp 55 

10 
line capacitance Cp includes the capacitance of the switch 
pad plus any parasitics, including routing and chip pin capaci
tance. 

In switch array applications, variations in sensitivity 
should be minimized. If there are large differences in lm, one 
switch may actuate at 1.0 em, while another may not actuate 
until direct contact. This presents a non-ideal user interface 
device. There are numerous methods for balancing the sensi
tivity. These may include precisely matching on-board 
capacitance with PC trace length modification, adding bal
ance capacitors on each switch's PC board trace, and/or 
adapting a calibration factor to each switch to be applied each 
time the switch is tested. 

In one embodiment, the PCB design may be adapted to 
minimize capacitance, including thicker PCBs where pos
sible. In one exemplary embodiment, a 0.062 inch thick PCB 
is used. Alternatively, other thicknesses may be used, for 
example, a 0.015 inch thick PCB. 

It should be noted that the count window should be long 
enough for lm to be a "significant number." In one embodi
ment, the "significant number" can be as little as 10, or alter
natively, as much as several hundred. In one exemplary 
embodiment, where Cf is 1.0% of Cp (a typical "weak" 
switch), and where the switch threshold is set at a count value 
of 20, n is found to be: 

Cf 
n = !ln · - = 2000 

Cp 

(5) 

Adding some margin to yield 2500 counts, and running the 
frequency measurement method at 1.0 MHz, the detection 
time for the switch may be 2. 5 microseconds. In the frequency 
measurement method, the frequency difference between a 
switch with and without actuation (i.e., CP+CF vs. CP) is 
approximately: 

fcount · ic Cj 
!ln=--

VTH Cp2 
(6) 

This shows that the sensitivity variation between one chan
nel and another is a function of the square of the difference in 
the two channels' static capacitances. This sensitivity differ
ence can be compensated using routines in the high-level 
Application Programming Interfaces (APis ). 

In the period measurement method, the count difference 
between a switch with and without actuation (i.e., CP+CF vs. 
CP) is approximately: 

Cf· VTH 
D.n = NPeriods · --. - · fsysClk 

tc 

(7) 

The charge currents are typically lower and the period is 
The value of lm should be large enough for reasonable 

resolution and clear indication of switch actuation. This 
drives switch construction decisions. 

Cf should be as large a fraction of Cp as possible. In one 
exemplary embodiment, the fraction of Cf/Cp ranges 
between approximately 0.01 to approximately 2.0. Alterna
tively, other fractions may be used for Cf/Cp. Since Cf is 
determined by finger area and distance from the finger to the 
switch's conductive traces (through the over-lying insulator), 
the baseline capacitance Cp should be minimized. The base-

60 longer to increase sensitivity, or the number of periods for 
which f sysczk is counted can be increased. In either method, by 
matching the static (parasitic) capacitances Cp of the indi
vidual switches, the repeatability of detection increases, mak
ing all switches work at the same difference. Compensation 

65 for this variation can be done in software at runtime. The 
compensation algorithms for both the frequency method and 
period method may be included in the high-level APis. 
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Some implementations of this circuit use a current source 
programmed by a fixed-resistor value. If the range of capaci
tance to be measured changes, external components, (i.e., the 
resistor) should be adjusted. 

Using the multiplexer array 430, multiple sensor elements 
may be sequentially scanned to provide current to and mea
sure the capacitance from the capacitors (e.g., sensor ele
ments), as previously described. In other words, while one 
sensor element is being measured, the remaining sensor ele
ments are grounded using the GPIO port 207. This drive and 10 

multiplex arrangement bypasses the existing GPIO to con
nect the selected pin to an internal analog multiplexer (mux) 
bus. The capacitor charging current (e.g., current source 352) 
and reset switch 353 are connected to the analog mux bus. 
This may limit the pin-connt requirement to simply the num- 15 

ber of switches (e.g., capacitors 351(1)-351(N)) to be 
addressed. In one exemplary embodiment, no external resis
tors or capacitors are required inside or outside the processing 
device 210 to enable operation. 

The capacitor charging current for the relaxation oscillator 20 

350 is generated in a register programmable current output 
DAC (also known as IDAC). Accordingly, the current source 
352 is a current DAC or IDAC. The IDAC output current may 
be set by an 8-bit value provided by the processing device 
210, such as from the processing core 202. The 8-bit value 25 

may be stored in a register or in memory. 
Estimating and measuring PCB capacitances may be dif

ficult; the oscillator-reset time may add to the oscillator 
period (especially at higher frequencies); and there may be 
some variation to the magnitude of the IDAC output current 30 

with operating frequency. Accordingly, the optimum oscilla
tion frequency and operating current for a particular switch 
array may be determined to some degree by experimentation. 

In many capacitive switch designs the two "plates" (e.g., 
301 and 302) of the sensing capacitor are actually adjacent 35 

PCB pads or traces, as indicated in FIG. 3A. Typically, one of 
these plates is grounded. The layout for touch-sensor slider 
(e.g., linear slide switches) may include switches that are 
immediately adjacent. In this case, all of the switches that are 
not active are grounded through the GPIO 207 of the process- 40 

ing device 210 dedicated to that pin. The actual capacitance 
between adjacent plates is small (Cp ), but the capacitance of 
the active plate (and its PCB trace back to the processing 
device 210) to ground, when detecting the presence of the 
conductive object 303, may be considerably higher (Cp+Cf). 45 

The capacitance of two parallel plates is given by the follow-
ing equation: 

(8) 50 

12 
There is some variation of switch sensitivity as a result of 

environmental factors. A baseline update routine, which com
pensates for this variation, may be provided in the high-level 
APis. 

Sliding switches are used for control requiring gradual 
adjustments. Examples include a lighting control (dimmer), 
volume control, graphic equalizer, and speed control. These 
switches are mechanically adjacent to one another. Actuation 
of one switch results in partial actuation of physically adja
cent switches. The actual position in the sliding switch is 
found by computing the centroid location of the set of 
switches activated. 

In applications for touch-sensor sliders (e.g., sliding 
switches), it is often necessary to determine finger (or other 
capacitive object) position to more resolution than the native 
pitch of the individual switches. The contact area of a finger 
on a sliding switch is often larger than any single switch. In 
one embodiment, in order to calculate the interpolated posi
tion using a centroid, the array is first scanned to verifY that a 
given switch location is valid. The requirement is for some 
number of adjacent switch signals to be above a noise thresh
old. When the strongest signal is found, this signal and those 
immediately adjacent are used to compute a centroid: 

. n;_1 ·(i-1)+n;i+n;+1 ·(i+1) 
Centrmd = . , 

(9) 

ni-l +nit+ ni+l 

The calculated value will almost certainly be fractional. In 
order to report the centroid to a specific resolution, for 
example a range ofO to 100 for 12 switches, the centroid value 
may be multiplied by a calculated scalar. It may be more 
efficient to combine the interpolation and scaling operations 
into a single calculation and report this result directly in the 
desired scale. This may be handled in the high-level APis. 
Alternatively, other methods may be used to interpolate the 
position of the conductive object. 

A physical touchpad assembly is a multi-layered module to 
detect a conductive object. In one embodiment, the multi
layer stack-up of a touchpad assembly includes a PCB, an 
adhesive layer, and an overlay. The PCB includes the process
ing device 210 and other components, such as the connector 
to the host 250, necessary for operations for sensing the 
capacitance. These components are on the non-sensing side 
of the PCB. The PCB also includes the sensor array on the 
opposite side, the sensing side of the PCB. Alternatively, 
other multi-layer stack-ups may be used in the touchpad 
assembly. 

The PCB may be made of standard materials, such as FR4 
or Kapton™ (e.g., flexible PCB). In either case, the process
ing device 210 may be attached (e.g., soldered) directly to the 
sensing PCB (e.g., attached to the non-sensing side of the The dimensions of equation (8) are in meters. This is a very 

simple model of the capacitance. The reality is that there are 
fringing effects that substantially increase the switch-to
ground (and PCB trace-to-ground) capacitance. 

55 PCB). The PCB thickness varies depending on multiple vari
ables, including height restrictions and sensitivity require
ments. In one embodiment, the PCB thickness is at least 
approximately 0.3 millimeters (mm). Alternatively, the PCB 
may have other thicknesses. It should be noted that thicker 

Switch sensitivity (i.e., actuation distance) may be 
increased by one or more of the following: 1) increasing 
board thickness to increase the distance between the active 
switch and any parasitics; 2) minimizing PC trace routing 
underneath switches; 3) utilizing a grided ground with 50% or 
less fill if use of a gronnd plane is absolutely necessary; 4) 
increasing the spacing between switch pads and any adjacent 
ground plane; 5) increasing pad area; 6) decreasing thickness 65 

of any insulating overlay; or 7) verifying that there is no 
air-gap between the PC pad surface and the touching finger. 

60 PCBs may yield better results. The PCB length and width is 
dependent on individual design requirements for the device 
on which the sensing device is mounted, such as a notebook or 
mobile handset. 

The adhesive layer is directly on top of the PCB sensing 
array and is used to affix the overlay to the overall touchpad 
assembly. Typical material used for connecting the overlay to 
the PCB is non-conductive adhesive such as 3M 467 or 468. 



US 7,876,309 B2 
13 

In one exemplary embodiment, the adhesive thickness is 
approximately 0.05 mm.Altematively, other thicknesses may 
be used. 

The overlay may be non-conductive material used to pro
tect the PCB circuitry to environmental elements and to insu
late the user's finger (e.g., conductive object) from the cir
cuitry. Overlay can be ABS plastic, polycarbonate, glass, or 
Mylar™. Alternatively, other materials known by those of 
ordinary skill in the art may be used. In one exemplary 
embodiment, the overlay has a thickness of approximately 1.0 10 

mm. In another exemplary embodiment, the overlay thick
ness has a thickness of approximately 2.0 mm. Alternatively, 
other thicknesses may be used. 

The sensor array may be a grid-like pattern of sensor ele
ments (e.g., capacitive elements) used in conjunction with the 15 

processing device 210 to detect a presence of a conductive 
object, such as finger, to a resolution greater than that which 
is native. The touch-sensor pad layout pattern maximizes the 
area covered by conductive material, such as copper, in rela
tion to spaces necessary to define the rows and colunms of the 20 

sensor array. 
FIG. SA illustrates one embodiment of a slider SOO. The 

slider SOO includes a first conductive trace S02 and a second 
conductive trace S04. The first conductive trace S02 may have 
at least one sub-trace. FIG. SA illustrates an embodiment 25 

14 
from the first end S10 to the second end S12. In FIG. SB, both 
sub-traces S06 and S08 together form a rectangular pattern. 
FIG. SB illustrates a slider with the lowest resolution pos
sible. Those of ordinary skills in the art will recognize that 
higher resolution is achieved with a higher number of sub
traces. 

FIG. 6 illustrates a cross-sectional view of the slider SOO. 
The assembly of the slider SOO may include a multi-layered 
module 600 that maximizes the ability to detect a conductive 
object. The multi-layeredmodule 600 may include a process
ing device 602. Those of ordinary skills in the art will recog-
nize that there are many types of processing devices. For 
example, the processing device 602 may be a programmable 
system on chip (PSoC®) manufactured by Cypress Semicon
ductor. The processing device 602 may include components 
(not shown) necessary for capacitive variation sensing opera-
tion on the non-sensing side 603 of a printed circuit board 
(PCB) 604. A sensing array 606 is formed on the sensing side 
607 of the PCB 604 opposite to the non-sensing side 603. 

In accordance with one embodiment, the PCB 604 may be 
made of a flexible PCB. Components may be attached (for 
example, soldered) directly to the PCB 604 on the non-sens
ing side 603. The thickness of the PCB 604 may vary depend
ing on height restrictions and sensitivity requirements. For 
example, a minimum thickness of the PCB 604 may be 0.3 
mm. A maximum thickness may not be defined as thicker 
PCBs yield better results. The length and width of the PCB 
604 may be dependent on various design requirements. 

An adhesive layer 608 may be formed directly on top of the 

where the first conductive trace S02 has four sub-traces S06. 
The second conductive trace S04 has at least one sub-trace. 
FIG. SA illustrates an embodiment where the second conduc
tive trace S04 has five sub-traces S08. The sub-traces S06 of 
the first conductive trace S02 may be interleaved with the 
sub-traces S08 of the second conductive trace S04. The sub
traces S06, and S08 may form a toothed pattern. 

Each sub-trace S06, S08 may have a variable width from a 
first end S10 to a second end S12 of the slider SOO. In accor-

30 sensing array 606 of the PCB 604. The adhesive layer 608 
may be used to affix an overlay 610 to the overall touchpad 
assembly. For example, a typical material used for connecting 
the overlay 610 to the PCB 604 may include a non-conductive 
adhesive. In accordance with one embodiment, the thickness 
of the adhesive layer 608 may be approximately 0.05 mm. 
Alternatively, other thicknesses may be used. 

The overlay 610 may include a non-conductive material 
used to protect the touchpad circuitry from environmental 
elements and to insulate a user's finger from the touchpad 

dance with one embodiment, the width of each sub-trace S06 35 

of the first conductive trace S02 may gradually decrease from 
the first end S10 to the second end S12. The width of each 
sub-trace S08 of the second conductive trace S04 may gradu
ally increase from the first end S10 to the second end S12. In 
order words, the width of each sub-trace may be tapered from 
one end to the other. 

40 circuitry. For example, the overlay may be made of ABS 
plastic, polycarbonate, glass, or Mylar™. The thickness of 
the overlay 610 may be variable. In accordance with one 
embodiment, a maximum thickness of the overlay 610 may 

FIG. SA illustrates an example of the sub-traces S06, S08 
each having a triangle shape. The sub-traces S06 of the first 
conductive trace S02 are alternated with the sub-traces S08 of 
the second conductive trace S04. The sub-traces S06 are adja- 45 

cent to the sub-traces S08 at the first end S10 and the second 
end S12 of the slider SOO. 

be 2.0 mm, and a typical thickness of the overlay 610 may be 
less than 1.0 mm. Alternatively, other thicknesses may be 
used. 

The sensing array 606 on the sensing side 607 of the PCB 
604 may include a physical pattern of capacitive elements 
used in conjunction with the processing device 602 to detect 

In accordance with one embodiment, the first and second 
conductive traces are disposed in the same plane. Alterna
tively, the first and second conductive traces S02, S04 may be 
disposed respectively on different planes. The different 
planes may and may not be substantially parallel to one 
another. 

Each conductive trace is capacitive sensing pin of a pro
cessing device. Because the slider SOO illustrated in FIG. SA 
has only two conductive traces S02, S04, the slider SOO may 
need only two capacitive sensing pins connected. 

FIG. SB illustrates another embodiment of the slider SOO. 
The slider SOO includes a first conductive trace S02 and a 

50 the position of a conductive object, such as finger. FIGS. SA 
and SB illustrate an example of a pattern of interleaved con
ductive traces S02, S04 made of a conductive material, such 
as, for example, copper. This physical pattern of capacitive 
elements reduces the number of contact pins needed for the 

55 module 600. Instead of requiring ten pins as illustrated in FIG. 
1, only two pins may be used for the slider SOO. 

In accordance with one embodiment, the interleaved con-

second conductive trace S04. FIG. SB illustrates an embodi- 60 

ductive traces may have a thickness ranging from about 0.1 
mm to about 6.0 mm. In accordance with one embodiment, 
the maximum thickness of each conductive trace may range 
from about 0.035 mm to about 0.2275 mm. Alternatively, ment where the first conductive trace S02 includes one sub

trace S06 and the second conductive trace S04 includes one 
sub-trace S08. The sub-trace S06 of the first conductive trace 
S02 may be interleaved with the sub-trace S08 of the second 
conductive trace S04. The width of the sub-trace S06 may 
gradually decrease from the first end S10 to the second end 
S12. The width of the sub-trace S08 may gradually increase 

other thicknesses may be used. 
FIG. 7 illustrates a flow diagram of a method for manufac

turing the slider structure of FIGS. SA, SB. At 702 a circuit 
65 board having a first side and a second side is provided. At 704, 

a first conductive trace and second conductive trace of the 
slider are formed on the first side of the circuit board. The first 
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and second conductive traces each have at least one sub-trace. 
The sub-traces of the first conductive trace are interleaved 
with the sub-traces of the second conductive trace. Each 
sub-trace of the first and second conductive traces has a vari
able width from a first end to a second end of the slider. 

16 
2. The apparatus of claim 1, wherein the width of each 

sub-trace of the first conductive trace gradually decreases 
from the first end to the second end, and the width of each 
sub-trace of the second conductive trace gradually increases 
from the first end to the second end. 

At 706, a processing device is coupled to the second side of 
the circuit board. At 708, the first conductive trace is con
nected to a first capacitive sensing pin of the processing 
device. The second conductive trace is connected to a second 
capacitive sensing pin of the processing device. 

3. The apparatus of claim 1, wherein each sub-trace of the 
first and second conductive trace is in the shape of a triangle. 

4. The apparatus of claim 1, wherein the at least one sub
trace of the first conductive trace are alternated with the at 

10 least one sub-trace of the second conductive trace. 
FIG. 8 illustrates a flow diagram of a method for operating 

the slider structure ofFIGS. SA, SB.At 802, a first conductive 
trace and a second conductive trace of the slider are provided. 
The first and second conductive traces each have at least one 
sub-trace. The sub-traces of the first conductive trace are 15 

interleaved with the sub-traces of the second conductive 
trace. Each sub-trace of the first and second conductive traces 
has a variable width from a first end to a second end of the 
slider. 

At 804, the capacitance variation of the first conductive 20 

trace, d1, and the capacitance variation of the second conduc
tive trace, d2, is measured. If both d1 and d2 have a value 
substantially close to zero, no finger or stylus may be 
detected. Otherwise, at 806, the one-dimensional position on 
the slider (i.e., the Centroid position) is computed by com- 25 

paring the capacitance variation of the first conductive trace 
or the second conductive trace to the total capacitance varia
tion of both first and second conductive traces multiplied by 
the resolution: 

Peen ~d2/(d1 +d2)xNreo 

where, Nres is an arbitrary resolution (or the number of 
sub-traces). 

30 

An advantage of the present toothed slider structure is the 
reduced number of pins used in the structure. As a result, the 35 
total scan time of each pin is reduced. The resolution or the 
total number of sub-trace may bet set arbitrarily. 

Although the present invention has been described with 
reference to specific exemplary embodiments, it will be evi
dent that various modifications and changes may be made to 40 
these embodiments without departing from the broader spirit 
and scope of the invention as set forth in the claims. Accord
ingly, the specification and drawings are to be regarded in an 
illustrative rather than a restrictive sense. 

What is claimed is: 
1. An apparatus, comprising: 
a first conductive trace of a slider having at least one sub

trace; 
a second conductive trace of the slider having at least one 

sub-trace, 
wherein at least one sub-trace of the first conductive trace 

is interleaved with at least one sub-trace of the second 
conductive trace, each sub-trace of the first and second 
conductive traces having a variable width from a first 
end to a second end of the slider; and 

a processing device coupled with the slider, wherein the 
processing device is configured to calculate a centroid 
position P cen' with P cen =d2/( d1 +d2)xNres' wherein d1 is 
a capacitance variation of the first conductive trace, d2 is 
a capacitance variation of the second conductive trace, 
and Nres is a resolution of the slider. 

45 

50 

55 

5. The apparatus of claim 1, wherein the first end of the at 
least one sub-trace of the first conductive trace is adjacent to 
the first end of the at least one sub-trace of the second con
ductive trace. 

6. The apparatus of claim 1, wherein the first and second 
conductive traces are in a same plane. 

7. The apparatus of claim 1, wherein the first conductive 
trace is in a first plane, and the second conductive trace is in a 
second plane parallel to the first plane. 

8. The apparatus of claim 1, comprising: 
a circuit board having a first side and a second side, the first 

and second conductive traces formed on the first side; 
and 

a processing device coupled to the second side of the circuit 
board. 

9. The apparatus of claim 8, wherein the first conductive 
trace is coupled to a first capacitive sensing pin of the pro
cessing device, and the second conductive trace is coupled to 
a second capacitive sensing pin of the processing device. 

10. The apparatus of claim 8, wherein the first and second 
conductive traces form a single layer on the first side of the 
circuit board. 

11. The apparatus of claim 10, comprising: 
an overlay coupled to the first and second conductive traces 

with a non-conductive adhesive layer. 
12. The apparatus of claim 11, wherein the overlay com

prises a non-conductive material. 
13. An apparatus, comprising: 
means for generating an electric field between a first con

ductive trace and a second conductive trace of a slider; 
means for determining a one-dimensional position of an 

object on the slider; and 
means for calculating centroid position p cen with p cen =d2/ 

( dl+d2)xN res wherein d1 is the capacitance variation of 
the first conductive trace, d2 is the capacitance variation 
of the second conductive trace, and N res is the resolution 
of the slider, 

wherein the first conductive trace includes at least one 
sub-trace, and the second conductive trace includes at 
least one sub-trace. 

14. The apparatus of claim 13, further comprising: 
means for comparing a capacitance variation of the first 

conductive trace with a total capacitance variation of the 
first and second conductive traces. 

15. The apparatus of claim 13, further comprising: 
means for comparing the capacitance variation of the sec

ond conductive trace with a total capacitance variation 
of the first and second conductive traces. 

* * * * * 
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(57) ABSTRACT 

A system and process for capturing and rendering ink is 
described. An ink canvas object may contain none, one, or 
more objects or elements and may specifY the z-order of the 
objects or elements. The ink canvas object may host a variety 
of objects or elements and, therefore, provide ink functional
ity to the objects or elements, even though the objects or 
elements themselves may not have ink functionality. The ink 
canvas object is attached to an ink editor that has an associated 
modifiable ink editor behavior, whereby ink specific behav
iors are collected in the ink edit behavior. 

502 
503 

20 Claims, 23 Drawing Sheets 

Ink Canvas Object I 
'------.--------'f-

Ink Canvas() 

Custom Edit Behavior r---~ 505 
Default Drawing Attributes f- ! 

Editing Mode f ~ 507 
EraserSize ~ 
Eraser Shape f.-- 528 

Ink 
508 

509 

r,:C'::'Iip:,::ln:::,k ,.,.-:--:--:-:--L- 510 
Editing Mode Inverted 

f:::?":~e::"•:.;:~~:.::::":':'7:----t-- 512 

f::~:!!:""~==-=~"'~:"":~=
1

·:'------t--- 514 
Access Selected Elements 

511 

513 

515 

Access Selected Strokes ~ 516 517 
Use Custom Cursor 

";:ln::;.k::::Ca:;:;nv::;as:..l(E:::Ie:::me:::n,_t_...J.____r.cU:-se--:rl--:sE::-:d:::-ftln-g----,.--518 
Parent) - _ 

r.;Rc:;•co:.:.g;:;;ni:;:::ze:':'d l"':nk:...__---j. __ 519 520 
Detected Word 

r.:D.::;ete:::ete;::d:;-;lm="a"'ge---L-- 521 522 

Detected Line 
J-:D.::;ete:::ete;::d;.;P;:::ar::_ag-ra-,ph--l-- 523 524 

Detected Shape 
r.:D.::;ete:::cted:=.-:;AC:'nn"'otaC:-:t::-ion:---L-- 525 526 

Converted Text 527 
Selection Groups 



US 8,072,433 B2 
Page 2 

U.S. PATENT DOCUMENTS 

6,415,439 B1 7/2002 Randell eta!. 
6,587,587 B2 7/2003 Altman et al. 
6,594,390 B2 7/2003 Frink eta!. 
6,651,221 B1 1112003 Thompson et a!. 
6,667,739 B2 12/2003 Atwood et al. 
6,681,045 B1 112004 Lapstun et a!. 
6,707,473 B2 3/2004 Dresevic eta!. 
6,724,372 B1 4/2004 Bi eta!. 
6,909,430 B2 6/2005 Dresevic eta!. 
7,096,199 B2 8/2006 Lapstun et a!. 
7,190,346 B2 3/2007 Lapstun et a!. 
7,190,375 B2 3/2007 Dresevic eta!. 
7,190,491 B2 3/2007 Silverbrook eta!. 
7,567,239 B2 * 7/2009 Seni 345/173 

2002/0013795 A1 112002 Dresevie eta!. 
2002/0157880 A1 10/2002 Atwood et al. 
2004/0212617 A1 * 10/2004 Fitzmaurice et al. 345/440 
2004/0263486 A1 * 12/2004 Seni 345/173 
2005/0052433 A1 3/2005 Silverman et a!. 
2005/0093836 A1 5/2005 Dodge eta!. 
2007/0106928 A1 * 5/2007 Klask. 715/501.1 
2007/0176904 A1 8/2007 Russo 
2008/0244468 A1 * 10/2008 Nishihara et a!. 715/863 
2009/0213085 A1 * 8/2009 Zhen eta!. 345/173 

FOREIGN PATENT DOCUMENTS 

JP 2000006365(A) 1/2000 
JP 2000200 128(A) 7/2000 
JP 2000200266(A) 7/2000 
JP 2002082937(A) 3/2002 
KR 20010036164(A) 5/2001 
RU 98104110(A) 12/1999 
wo W09416408(A1) 7/1994 

OTHER PUBLICATIONS 

Aref, et a!., "On Handling Electronic Ink", vol. 27, No. 4, ACM, 
Computer Surveys, Dec. 1995, pp. 4. 
Aref, eta!., "The Handwritten Trie; Indexing Electronic Ink", ACM, 
1995, pp. 151-162. 
Bargeron, et al., "Reflowing Digital Ink Annotations", vol. 5, No.1, 
ACM 2003, Apr. 5-10, 2003, pp. 385-392. 
Chiu, et a!., "A Dynamic Grouping Technique for Ink and Audio 
Notes", ACM, 1998, pp. 195-202. 

Golovchinsky, et a!., "Moving Markup: Repositioning Freeform 
Annotations", vol. 4, No. 2,ACM, 2002, Oct. 27-30,2002, pp. 21-29. 
Gotze, et al., "The Intelligent Pen-Toward a Uniform Treatment of 
Electronic Documents", ACM, 2002, Jun. 11-13, 2002, pp. 129-135. 
Hong, eta!., "Satin: A Toolkit for Informal Ink-basedApplications", 
vol. 2, No.2, ACM, 2000, pp. 63-72. 
Hsu, et a!., "Skeletal Strokes", ACM, 1993, Nov. 3-5, 1993, pp. 
197-206. 
Meyer, "Pen Computing", A Technology Overview and a Vision, vol. 
27, No, 3, Jul. 1995, pp. 46-90. 
Moran, et a!., "Pen-Based Interaction Techniques for Organizing 
Material On an Electronic Whit board", ACM, 1997, pp. 45-54. 
Schilit, eta!., "Beyond Paper: Supporting Active Reading with Free 
Form Digital Ink Annotations", Apr. 18-23, 1998, pp. 249-256. 
Stifelman, et al., "The Audio Not book", vol. 3, No. 1, Mar. 31- Apr. 
5, ACM, 2001, pp. 182-189. 
Strassmann, "Hairy Brushes", vol. 20, No. 4, Aug. 18-22, 1986, 
ACM, 1986, pp. 225-232. 
Trabelsi, et al., "A Voice and Ink XML Multimodal Archit cture for 
Mobile e-Commerce Systems", ACM, 2002, Sep. 28, 2002, pp. 100-
104. 
Wilcox, et al., "Dynomite: A Dynamically Organized Ink and Audio 
Notebook", ACM, 1997, Mar. 22-27, 1997, pp. 186-193. 
The Australian Office Action mailed May 20, 20 11 for Austrailian 
Patent Application No. 2010219367, a counterpart foreign applica
tion ofU.S. App. No. 7,483,017. 
Translated the Japanese Office Action mailed Apr. 22, 2011 for Japa
nese Patent Application No. 2004-569436, a counterpart foreign 
application of U.S. Appl. No. 7,483,0 17. 
Cohen, et al, "Harold: A World Made of Drawings", ACM, 2002, pp. 
83-90. 
Golovchinsky, et a!, "Moving Markup: Repositioning Freeform 
Annotations", ACM, vol. 4, Issue 2, pp. 21-24. 
Saund, et a!, "Perceptually-Supported Image Editing of Text and 
Graphics", ACM, vol. 5, Issue 2, pp. 183-192. 
Saund, et al, "Stylus Input and Editing without Prior Selection of 
Mode", ACM, vol. 5, Issue 2, 2003, pp. 213-216. 
Official Notice of Rejection for Chinese Patent Application No. 
03801758.X Mailed on Jan. 3, 2008, pp. 17. 

* cited by examiner 



166 

~ SYSTEM MEMORY 100 1--------
{ROM) 140 

I 1601 
-,20 DIGITIZER BIOS 

""' 1--------- 108" 1 
(RAM) 150 

I MONITOR I OPERATING 
195 PROCESSING 

"" 
VIDEO SYSTEM UNIT ADAPTER 

r--
110 

!APPLICATION 
196 

10{ jJ jl PROGRAMS 

i) 
SYSTEM BUS OTHER 

h~ ~J. '130 ..!. ~ j.../1061 
PROGRAM 197 

';?' MODULES LOCAL AREA 

65 

MAGNETIC OPTICAL SERIAL Nt- .. ~~., HARD 
NElWORK V 

DISK DISK DRIVE DRIVE PORT 
INTERFACE 1\ 

INTERFACE INTERFACE INTERFACE INTERFACE 7 
PROGRAM 

198 ~92 I ~93 1 )94 11.( 
112 

DATA 
I I c:=:l L18o =L 91 70 ~ I 113 ........_ .> .., 

t t .., 
' MODEM K: }\ REMOTE 

,... 
' .., 
',, e190 19~ 11 ~COMPUTER .., .., 

WIDE .., .., 
) rl KEYBOARD AREA 

1 
ol .., 

", 10 
,... 

10 NElWORK 

0 ~ OTHER PROGRAM MOUSE I MEMORY 
IG195 ~ 196 PROGRAM 197 DATA 198 -SYSTEM PROGRAMS 

MODULES 

Figure 1 
196-

-... -
APPLICATION 
PROGRAMS 

111 

~ 
00 
• 
~ 
~ 
~ 
~ = ~ 

c 
('D 

~ 
~Cl\ 

N 
0 .... .... 

rFJ 

=('D 
('D ..... .... 
0 ..... 
N 
(.H 

d 
rJl 
00 = -....l 
N 
~ 
w 
w 

= N 



U.S. Patent 

WI-
oz Q) ow 0 
()~ ~ I-(!) Q) enw -..-en r:: 

I-
z w 
~ 
(.!) 
w 
en 
w 
0 
0 
() 

I-en ...... 

0 -w 
0::: 
::l 
(!) 
lL 

m -w 
0::: 
::l 
(!) 
lL 

Dec. 6, 2011 

N WI-
Q) oz 
0 ow 
~ ()~ 

Q) o(!) - zW r:: N(J'J 

I-
z 
w 
~ 
(.!) 
w 
(J') 

w 
0 
0 
() 

0 
z N 

Sheet 2 of23 

WI-
oz 
ow 
()~ 
I-(!) enw ..-en 

I-
z w 
~ 
(.!) 
w 
en 
w 
0 
0 
() 

I-
(J') 
...... 

c -w 
0::: 
::l 
~ 
lL 

w -w 
0::: 
::l 
(!) -lL 

US 8,072,433 B2 

WI-
oz 
ow 
()~ 
o(!) 
zW Nen 

I-
z w 
~ 
(.!) 
w 
(J') 

w 
0 
0 
() 

0 
z N 



Square 
me ani 

output, a 

FIGURE1F 

FIGURE 1H 

1ST CODE SEGMENT 

./ ............ 

z 
-1 
m 
:::0 
"'T1 
)> 
0 
m 

............ / 

2ND CODE SEGMENT 

~-------1 

I I 
I 1STCODE 1 
I SEGMENT 1 

I I ---................. ----..,.... _ ....... 

- 1 "'T1 z-' 
I f> rri 1 

..... - m :::oL -....... I ..,.... 

~---'~---1 
I I 
I 2ND CODE 1 
I SEGMENT 1 

I I --------

put,--, 
--) 

1ST CODE 
SEGMENT 

Interface 11' 

Interface 12' I 

2ND CODE 
SEGMENT 

1ST CODE 
SEGMENT 

Interface 11 

Interface 12A 
I 

:;;> .............. 

I I Interface 128 I 
2ND CODE 
SEGMENT 

I 

I 

I 

FIGURE 1G 

FIGURE 11 

~ 
00 
• 
~ 
~ 
~ 
~ = ~ 

c 
('D 

~ 
0\ 
~ 

N 
0 .... .... 

rFJ 

=-('D 
('D ..... 
(.H 

0 ..... 
N 
(.H 

d 
rJl 
00 = -....l 
N 
~ 
w 
w 

= N 



U.S. Patent Dec. 6, 2011 Sheet 4 of23 US 8,072,433 B2 

-u. 

WI- WI- ..c WI-
oz oz oz 
ow ow N ow 
0::2: 0::2: 0::2: 
I-(!) o<!l co o(!) 
CJ)W c:::W 

N zW 
"l""""C/) (")C/) NCJ) 

I- w I-
z 0 z 
w <( w 
::2: LL :E c::: (!) w (!) 
w I- w 
C/) INTERFACE1 z C/) 

w w 
0 w 0 
0 (.) 0 
(.) c::: (.) 

I- 0 0 
C/) > z 
"l"""" 0 N 

-u. 



U.S. Patent 

~ z 
w 
~ 
(!) 
w 
en 
w 
Cl 
0 
u 
~ en 
"r" 

Dec. 6, 2011 

INTERFACE1 

w~ 
ClZ ow 
u~ 
~(!) 
enw ..-en 

w 
u 
<( 
u. a:: 
w ..... z 
w 
u a:: 
0 
> 
0 

-o::: 
O::w 
w~ 
:::!w a..o::: 
~a.. 
00::: 
uw 
~~ _z 
-,-

Sheet 5 of23 US 8,072,433 B2 

INTERFACE2C 

INTERFACE28 

INTERFACE2A 

w~ 
ClZ ow 
u~ 
o0 zW Nen 

~ z 
w 
~ 
(!) 
w 
en 
w 
Cl 
0 
u 
Cl z 
N 

..J 
"'C""' 

w 
D::: 
::J 
(!) -LL 



U.S. Patent 

r z 
UJ 0 
z T""" -0 
a.. .c 
::?! T""" -0 
(.) «S 

T""" r -en 
T""" 

r z 
UJ 
z T""" -
0 Q) 

a.. 0 

::?! ~ 
0 Q) 

(.) -r:::: -r en 
T""" 

Dec. 6, 2011 

VtM\ 
~ y 

Vt 
N 

0:: 
UJ 
...J -a.. 
::?! 
0 
(.) 

1-...., 

M~ 

Sheet 6 of23 US 8,072,433 B2 

-r:::: 0 Q) 
N r:::: - 0 

c. .c E N - 0 
(.) 

ns 
Cl N z 
N 

r z 
N 

UJ 
z -

Q) 0 
0 a.. 
~ ::?! 
Q) 0 - u r:::: - Cl z 

N 



U.S. Patent Dec. 6, 2011 Sheet 7 of23 

N 
0 
N 

US 8,072,433 B2 

N 
Cl> 
~ 

:::::s 
C) ·-LL 

\_ 
0 
N 



U.S. Patent 

v 
0 
M 

Dec. 6, 2011 

-0 
0 

0::: 

\ 

II... 

Cl> 

LO 
0 
M 

"'C r--.. 
'-O 
OM 

I 

N 

~ 
~ 
() 

Sheet 8 of23 

M 
0 
M 

co 
0 
M 

/ 

US 8,072,433 B2 

m 
~ 

«"') 

~ ~ 
() ... 

::l 
C) ·-LL 



U.S. Patent Dec. 6, 2011 Sheet 9 of23 US 8,072,433 B2 



~ 
Custom Edit Behavior 

00 
505 • 

Default Drawing Attributes ~ 
~ 

Editing Mode 507 
~ 
~ 

Eraser Size = -- 1:\?A ~ 

501 1 Eraser Shape 

Ink 509 
Clip Ink c 

Ink Canvas Object 
Editing Mode Inverted 511 ('D 

~ 

Stylus Inverted ~Cl\ 

Move Enabled 513 
N 
0 .... 

Resize Enabled .... 
Rotate Enabled 515 
Access Selected Elements 

rFJ 
502 Access Selected Strokes 517 =-('D 

Use Custom Cursor 
('D ..... .... 
0 

Ink Canvas (Element 518 
0 ..... 

User Is Editing Parent) N 
(.H 

Recognized Ink 

Detected Word 

Detected Image I __;;:;::..:-- 522 
Detected Line 

Detected Paragraph 524 d 
rJl 

Figure 5 Detected Shape 00 = Detected Annotation 526 -....l 
N 

Converted Text ~ 
Selection Groups 

w 
w 

= N 



Set Default Drawing 

Attributes Override 623 

Ink Canvas Object 

Get Default Drawing Attrib. Override 602 

On Editing Mode, Inverted Change 603 

On Editing Mode, Inverted Changing 604 

On Stylus Is Inverted Change 605 

On Custom Edit Behavior Changed 606 

- On Custom Edit Behavior Changing 607 

~ On Editing Mode Changed 608 

On Editing Mode Changing 609 

On Ink Canvas Adorner Entered 610 

On Ink Canvas Adorner Exited 611 

On Ink Erased 612 

-- On Ink Erasing 613 

On Stroke Collected 614 

'----On Selection Rotating 615 On Ink Recognition 624 

On Selection Rotated 616 

On Selection Resizing 617 

On Selection Resized 618 

On Selection Moving 619 

On Selection Moved 620 

On Selection Changing 621 

On Selection Changed 622 

Figure 6 

~ 
00 
• 
~ 
~ 
~ 
~ = ~ 

c 
('D 

~ 
~Cl\ 

N 
0 ...... 
...... 

rFJ 

=('D 
('D ...... 
...... 
...... 
0 ...... 
N 
(.H 

d 
rJl 
00 = -....l 
N 
~ 
w 
w 

= N 



~ 
703 00 

• 

Custom Edit Behavior Changed 
~ 
~ 

Figure 7 Custom Edit Behavior Changing 705 ~ 
~ 

Editing Mode Changed = ~ 

Editing Mode Changing 

Ink Canvas Adorner Entered 

701 
Ink Canvas Adorner Exited 709 c 

('D 

Ink Erased 
~ 
~Cl\ 

Ink Erasing //711 
N 
0 

Editing Mode Inverted Changed 
.... .... 

Ink Canvas Object I I I Editing Mode Inverted Changing 

Stylus Is Inverted, Changing v rFJ 

=-Stylus Is Inverted, Changed ('D 
('D ..... .... 

715 N 
0 ..... 

Selection Changed 
723 

N 

Ink Recognized 
Selection Changing 

(.H 

724 Selection Moved 
Detected Word 725 
Detected Image 726 

Selection Moving V/' 10 /719 

Detected Line 727 
Selection Resized 

Detected Paragraph 
Selection Resizing 

d 

728 
721 rJl 

Detected Shape 
Selection Rotated 

"'010 

729 
= 

Detected Annotation 
Selection Rotating 

-....l 

730 

N 

Stroke Collected 
~ 

Converted Ink to Text 
w 
w 

= N 



I 
Ink Editor v802 

I I L:'801 
Ink Canvas Object 

L....-

Sub Element -

Edit Behavior 

Derive1• 
From 1--

v804 

Ink Edit Behavior 

• 

Activates/ 
Deactivates 

803 1 
I--

~805 

/806 

Ink Collector Behavior 
L....- 807 

I 
I 
I 

- - ~ - - -+- --L._Lasso Selection Behavior 

I~ -- L -I_ ~Manipulates_ _ .___ ---

~-

~-

I_ 

Figure 8 

Additional Behaviors -
............... 

/809 808 I 
Rubberband Behavior 1 ... 

.___ 

L....-

Move Behavior 
811 

Resize Behavior 

Additional Behaviors ~ 

""812 

~ 
00 
• 
~ 
~ 
~ 
~ = ~ 

c 
('D 

~ 
~Cl\ 

N 
0 .... .... 

rFJ 

=('D 
('D ..... .... 
(.H 

0 ..... 
N 
(.H 

d 
rJl 
00 = -....l 
N 
~ 
w 
w 

= N 



U.S. Patent 

<t en 
N 

C1) 
0 

.... 
0) ::::s 

CD ·-LL 

"l'""" 

0 
0) 

Dec. 6, 2011 

'V 
0 
0) 

Sheet 14 of 23 

m 
en 

C1) .... 
::::s 
CD ·-LL 

10 
0 
0) 

....... 
0 
0) 

US 8,072,433 B2 

0 en 
C1) .... 
::::s 
CD ·-LL 

• 

co 
0 
0) 



Ink Editor activates 
I nkEditing Behavior 

1001 

lnkEditingBehavior 
registers to be notified 
when EditingMode is 

changed 

Stylus Up 
notification 

1002 

Editing Mode 
change notification 

Call virtual 
OnEditingModeProperty 

Changed 

Wait for StylusUp 
notification. 

1003 

Figure 10 

1004 

1009 

1006 

No Operation 

1008 

Remove property 
change handler. 

Pop ourselves 

~ 
00 
• 
~ 
~ 
~ 
~ = ~ 

c 
('D 

~ 
~Cl\ 

N 
0 ...... 
...... 

rFJ 

=('D 
('D ...... 
...... 
Ul 
0 ...... 
N 
(.H 

d 
rJl 
00 = -....l 
N 
~ 
w 
w 

= N 



lnkEditor attached 14--------------------------------, 
OnAttach called 

Ye: llnkCollectionBehavior 
is activated 

1112 

11A 

118 

~ EraserBehavior I I ~ r Editing Mode 
is activated change 

1116 

lnkEditor. 
CustomBehaviort------' 

is activated 

notification 

Check to see if 
new EditingMode 

is supported. 

If not, wait for 
StylusUp event 

Figure 11A 
1107 

StylusUp I 
MouseUp 
notification 

~ 
00 
• 
~ 
~ 
~ 
~ = ~ 

c 
('D 

~ 
~Cl\ 

N 
0 .... .... 

rFJ 

=('D 
('D ..... .... 
Cl\ 
0 ..... 
N 
(.H 

d 
rJl 
00 = -....l 
N 
~ 
w 
w 

= N 



1117 

EditingMode is Select. 

Monitor MouseMove, 
Mouse Down 

event 

Adorner's 
EditBehavior is 

activated 

Change Cursor to 
EditBehavior's cursor 

1123 

Change Cursor 
~ lnkEditor.Selection 

Behavior's cursor 

1132 

Current selection 
in the attached 

element is cleared 

lnkEditor. 
Selection Behavior 

is activated. 

1 ...,, MoveBehavior 1----------~ 
Yes is activated 

1129 

~ 
00 
• 
~ 
~ 
~ 
~ = ~ 

c 
('D 

~ 
0\ 
~ 

N 
0 .... .... 

rFJ 

=('D 

a .... 
-....l 
0 ..... 
N 
(.H 

d 
rJl 
00 = -....l 
N 
~ 
w 
w 

= N 



Start 

Rubberband Inserts 
Selection 

(SelectedlnkEiement) 

1201 

1206, 

1202 
Selection Service 

SelectionService raises ~ 1203 
the SelectionChanged 

event 

SelectionAdornerServic I ~1204 

e is notified of 

I SelectionChanged 

1205 

Selectio nService I 

Get the list of For each 
EditBehaviors enabled EditBehavior 

on the element in the list 

1208, I Get the list of 
Adorners for this Edit 

Behavior 

Figure 12 

1209 End 

Render the 
Produce an 
AdornerSet 

AdornerSet on the 
element 

I 

1210, 

~ 
00 
• 
~ 
~ 
~ 
~ = ~ 

c 
('D 

~ 
0\ 
~ 

N 
0 .... .... 

rFJ 

=-('D 
('D ..... .... 
QO 

0 ..... 
N 
(.H 

d 
rJl 
00 = -....l 
N 
~ 
w 
w 

= N 



I r;1301 
I ~1302 

Rubberband I Lasso HitTests 
lnkCanvasPresenterDesign 

lnkCanvasPresenterDesigner 

!Collection lnkCanvasPresenterDesigner. 
HitTest(element, rectangle) 

Find the element's Ink DP 

.-------I------,-- 1304 

Hittest using Ink or Renderer 

-1305 

1306 1/ 

Instance a Selected Ink element, pass it the 
collection of Strokes to be selected 

._,_, 13071 ====~t~~~· I 

~ CalllnkCanvasPresenteroWatchSelection() 
method 

~eturn !collection with a single Selectedlnk eleme 

~ 1303 Figure 13A 

BtEj .-----------, 1309 

lnkCanvas 1310 

Selectedlnk element / 1311 

Constructor (strokesy 1312 

I Store stroke collection I 
Register for the 

SelectionServiceoSelectionChange event 

Selected Ink 
element.OnSelectionChanged 

1315 
lsthis 1317 

Selectedlnk element in 
SelectionServic 0 .----...L..J~-....... 

Yes_f 

Apply changes to 
strokes 

' 131~ Unregister for 
SelectionCha nged 0 

1318 Done 
I No Operation 

I 

\V """1314 \V 1308 

~ 
00 
• 
~ 
~ 
~ 
~ = ~ 

c 
('D 

~ 
~Cl\ 

N 
0 .... .... 

rFJ 

=('D 
('D ..... .... 
\0 
0 ..... 
N 
(.H 

d 
rJl 
00 = -....l 
N 
~ 
w 
w 

= N 



1321 

1322 

lnkCanvasPresenter 

lnkCanvasPresenter.WatchSelection() 

Register for 
Selection Service. Selection Changed 

lnkCanvasPresenter.OnSelectionChanged 

Yes 

Get the Selected 
Ink Element 11326 

Strokes 
collection 

Invalidate 
lnkCanvas. Do 

not render 
selected strokes 

No 

Unregister for 
Selection Service. 
SelectionChanged 

Invalidate 
lnkCanvas. Render 

all strokes 

1320 

SelectionService 

SelectionChanged 
event 

1328 

Figure 138 

~ 
00 
• 
~ 
~ 
~ 
~ = ~ 

c 
('D 

~ 
0\ 
~ 

N 
0 ...... 
...... 

rFJ 

=('D 

a 
N 
0 
0 ...... 
N 
(.H 

d 
rJl 
00 = -....l 
N 
~ 
w 
w 

= N 



1406 

1408 

1409 

1410 

User programmatically sets the 
lnkCanvas.Selection property 

Nol Throw an 
Invalid Ope ratio 

n Exception 

No 
1407 

Clear 
Selection 

Instance a Selectedlnk element, pass it 
the collection of Strokes to be selected 

Call 
I nkCanvasPresenter. Watch Selection() 

internal method 

Append the Selectedlnk element in the 
Selection Service 

1401 

1403 

1405 

1415 

1417 

Figure 14A 
1411 

Selectedlnk Element 
141

2 

Constructor (strokes) 

Store stroke collection 

Register for the 
SelectionService.SelectionChange even 

Selected Ink 
element.OnSelectionChanged 

1416 

1418 

Unregister for 
SelectionChanged 

1419 

~ 
00 
• 
~ 
~ 
~ 
~ = ~ 

c 
('D 

~ 
~Cl\ 

N 
0 ...... 
...... 

rFJ 

=('D 
('D ...... 
N 
...... 
0 
....... 
N 
(.H 

d 
rJl 
00 = -....l 
N 
~ 
w 
w 

= N 



F 

1420 

lnkCanvasPresenter 
1421 

lnkCanvasPresenter.WatchSelection() 

Register for 
SelectionService. SelectionCh a nged 

1 

lnkCanvasPresenter.OnSelectionChanged 

1424 

No 

Get the strokes Unregister for 

collection Selection Service. 
SelectionChanged 

14 

Invalidate 
Invalidate lnkCanvas. Do not 

render selected lnkCanvas. Render 

strokes all strokes 

14 

SelectionService 

SelectionChanged 
event 

1429 
1423 

1427 

Figure 148 

1428 

~ 
00 
• 
~ 
~ 
~ 
~ = ~ 

c 
('D 

~ 
~Cl\ 

N 
0 ...... 
...... 

rFJ 

=('D 
('D ...... 
N 
N 
0 ...... 
N 
(.H 

d 
rJl 
00 = -....l 
N 
~ 
w 
w 

= N 



Convert ink/object to 
501 

ink canvas II 

coordinates 

502 
Find points on line 

until reach specified II 
density on line 

1503 
Connect points to find ~,~ 

new lines 

Find points on line 
1504 

until reach specified ~ 
density on lines 

1505 
Hit test points on 

object with selection ~ 
region 

Figure 15 

1602 

1601 

1603 

.n 
~1606 

1607 2~1605 

.n 
l_ ~JL__ 1609 

1610 1611 

Figure 16 

~ 
00 
• 
~ 
~ 
~ 
~ = ~ 

c 
('D 

~ 
~Cl\ 

N 
0 .... .... 

rFJ 

=('D 
('D ..... 
N 
(.H 

0 ..... 
N 
(.H 

d 
rJl 
00 = -....l 
N 
~ 
w 
w 

= N 



US 8,072,433 B2 
1 

INK EDITING ARCHITECTURE 

RELATED APPLICATION INFORMATION 

2 
These and other aspects are addressed in relation to the 

Figures and related description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example and 
not limited in the accompanying figures in which like refer
ence numerals indicate similar elements and in which: 

This application is a divisional ofU.S. Ser. No. 11/845,430, 
filed on Aug. 27, 2007, which is a divisional ofU.S. Ser. No. 
10/692,015, filed on Oct. 24, 2003, which is a continuation in 
part of U.S. Ser. No. 10/644,896, filed on Aug. 21, 2003, 
entitled "Ink Collection and Rendering", whose contents are 
expressly incorporated herein. 

FIG. 1 shows a general-purpose computer supporting one 
10 or more aspects of the present invention. 

FIELD OF THE INVENTION 
FIG. 2 shows a display for a stylus-based input system 

according to aspects of the present invention. 

Aspects of the present invention relate to information cap
turing and rendering. More specifically, aspects of the present 
invention relate to providing an architecture for editing elec
tronic ink. 

FIGS. 3A and 3B show various examples of interfaces and 
how ordering is controlled in each in accordance with aspects 

15 of the invention. 
FIG. 4 shows ink applied to a region in accordance with 

aspects of the present invention. 

DESCRIPTION OF RELATED ART FIG. 5 shows constructors and properties of an object in 

20 
accordance with aspects of the present invention. 

People often rely on graphical representations more than 
textual representations of information. They would rather 
look at a picture than a block of text that may be equivalent to 
the picture. For instance, a home owner may cut out pictures 
from magazines to show contractors exactly what is desired 25 

when remodeling a kitchen or bathroom. Textual descriptions 

FIG. 6 shows methods of an object in accordance with 
aspects of the present invention. 

FIG. 7 shows events of an object in accordance with 
aspects of the present invention. 

FIG. 8 shows relationships in accordance with objects and 
various behaviors in accordance with aspects of the present 
invention. of the same material often fall short. The tool that the home 

owner may use is no more complex than a pair of scissors. FIGS. 9A, 9B, and 9C show various degrees of ink clipped 
to a region in accordance with aspects of the present inven-

30 tion. 
In the computing world, however, attempting to capture 

and convey the identical content is cumbersome. Typical 
computer systems do not provide an easy interface for cap
turing and conveying graphically intensive content. Rather, 
they are optimized for capturing and rendering text. For 
instance, typical computer systems, especially computer sys
tems using graphical user interface (GUI) systems, such as 35 
Microsoft WINDOWS, are optimized for accepting user 
input from one or more discrete input devices such as a 
keyboard for entering text, and a pointing device such as a 
mouse with one or more buttons for driving the user interface. 

FIG. 10 shows relationships between ink edit behaviors in 
accordance with aspects of the present invention. 

FIGS. llA and llB show interaction of an ink editor and 
various editing modes in accordance with aspects of the 
present invention. 

FIG. 12 shows how adorners may be handled based on 
selection in accordance with aspects of the present invention. 

FIGS. 13A and 13B show how ink strokes are handled 

Some computing systems have expanded the input and 
interaction systems available to a user by allowing the use of 

when a user manually selects strokes in accordance with 
40 aspects of the present invention. 

a stylus to input information into the systems. The stylus may 
take the place of both the keyboard (for data entry) as well as 
the mouse (for control). Some computing systems receive 
handwritten electronic information or electronic ink and 
immediately attempt to convert the electronic ink into text. 45 

Other systems permit the electronic ink to remain in the 
handwritten form. 

Despite the existence of a stylus, various approaches to 
combining electronic ink with a typical graphical user inter
face may be cumbersome for developers of third party appli- 50 

cations. Accordingly, there is a need in the art for an improved 
system for capturing, editing, and rendering ink that is 
friendly for third party developers. 

BRIEF SUMMARY 
55 

Aspects of the present invention address one or more of the 
issues mentioned above, thereby providing better content 
capture, editing, and rendering for use by third party devel
opers. In some embodiments, the ink capturing, editing, and 
rendering aspects may be manifest as an object that is part of 60 

a structure in which each element in an interface may be 
specified in depth (or z-order). In some cases, the object may 
render the various elements in the interface in their specified 
z-order and then render ink on the top-most layer. In other 
cases, the ink and other elements may be intermingled. Addi- 65 

tiona! aspects of the invention relate to providing an architec
ture for editing ink. 

FIGS. 14A and 14B show how ink strokes are handled 
when strokes are selected progrmatically in accordance 
with aspects of the present invention. 

FIG.15 shows a process for determining overlap of regions 
in accordance with aspects of the present invention. 

FIG. 16 shows a process for creating a new ink canvas for 
performing sub-element processing in accordance with 
aspects of the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Aspects of the present invention relate to an improved ink 
capturing, editing, and rendering system and method. Aspects 
of the invention permit one or more of the following: 

A mode in which ink can be written even when a selection 
is present. 

Allows a user to edit elements and ink together. 
Includes an approach for determining whether an arbitrary 

region is enclosed within a lasso, which is used for 
selecting hosted objects. 

Permits editing of sub-elements. 
Permits attachment of ink editing behaviors to arbitrary 

elements. 
This document is divided into sections to assist the reader. 

These sections include: characteristics of ink; terms; general
purpose computing enviroument; ordering of objects; con
structors, properties, methods, and events of objects; relation-
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ships; clipping; ink editor and ink editor behaviors; erasing 
ink; selection modes; sub-element editing; renderer integra
tion; and interface definitions 
Characteristics oflnk 

4 
Service-A component (with no restnct10ns on type), 

which can be specified, enabled or disabled by its "type" at 
any element in a tree structure. The element where the service 
is defined is known as its "scope." The service is available for 
all children of the element unless explicitly disabled or 
replaced. Services may be defined and enable programmati
cally or declaratively. 

As known to users who use ink pens, physical ink (the kind 
laid down on paper using a pen with an ink reservoir) may 
convey more information than a series of coordinates con
nected by line segments. For example, physical ink can reflect 
pen pressure (by the thickness of the ink), pen angle (by the 
shape of the line or curve segments and the behaviorofthe ink 
around discreet points), and the speed of the nib of the pen (by 
the straightness, line width, and line width changes over the 
course of a line or curve). Because ofthese additional prop
erties, emotion, personality, emphasis and so forth can be 
more instantaneously conveyed than with uniform line width 
between points. 

Designer-A design component with knowledge of a par
ticular element. It translates "conceptual" commands (like 

10 "move") to a tree and property changes specific for the ele
ment (e.g. could be change of X, Y or Dock, depending on 
parent element) 

Edit Behavior-A component (often a "service." though 
not necessarily) responsible for processing input events. 

15 Receives events from an edit router component. 
Edit Router-Manages one or more edit behavior compo

nents using a stack (where behaviors can be temporarily 
suspended and resumed) and/or a group (where multiple 
behaviors can be active simultaneously). Routes events to 

Electronic ink (or ink) relates to the capture and display of 
electronic information captured when a user uses a stylus
based input device. Electronic ink refers to a sequence of 
strokes, where each stroke is comprised of a sequence of 
points. The points may be represented using a variety of 
known techniques including Cartesian coordinates (X, Y), 
polar coordinates ( r, 8 ), and other techniques as known in the 
art. Electronic ink may include representations of properties 

20 active edit behavior component(s), with an optional event 
filter. 

of real ink including pressure, angle, speed, color, stylus size, 25 

and ink opacity. Electronic ink may further include other 
properties including the order of how ink was deposited on a 
page (a raster pattern of left to right then down for most 
western languages), a timestamp (indicating when the ink 
was deposited), indication of the author of the ink, and the 30 

originating device (at least one of an identification of a 
machine upon which the ink was drawn or an identification of 
the pen used to deposit the ink), among other information. 
Terms 

Ink-A sequence or set of strokes with properties. A 35 

sequence of strokes may include strokes in an ordered form. 
The sequence may be ordered by the time captured or by 
where the strokes appear on a page or in collaborative situa
tions by the author of the ink. Other orders are possible. A set 
of strokes may include sequences of strokes or unordered 40 
strokes or any combination thereof. Further, some properties 
may be unique to each stroke or point in the stroke (for 
example: pressure, speed, angle, and the like). These proper
ties may be stored at the stroke or point level, and not at the ink 
level. 

45 
Ink object-A data structure storing ink with or without 

properties. 
Stroke-A sequence or set of captured points. For 

example, when rendered, the sequence of points may be con
nected with lines. Alternatively, the stroke may be repre
sented as a point and a vector in the direction of the next point. 50 

In short, a stroke is intended to encompass any representation 
of points or segments relating to ink, irrespective of the under
lying representation of points and/or what connects the 
points. 

Point-Information defining a location in space. For 55 

example, the points may be defined relative to a capturing 
space (for example, points on a digitizer), a virtual ink space 
(the coordinates in a space into which captured ink is placed), 
and/or display space (the points or pixels of a display device). 

Elements-Objects that are placed in a tree, with their 60 

placement in the tree serving as an order. They are also handle 
persistence of ink and input. 

Adorners-Adorners are visual decorations attached to 
objects by editing tools. They serve at least two purposes: 

1) Provide visual feedback for selection and available edit- 65 

ing operations; and 
2) Provide a target for action-specific lit testing. 

Event Filter-An optional filter that may be attached to an 
edit router component for preliminary processing of events. It 
can modify events or event routing. 

Selection-A component representing content currently 
selected by the user. The selection is not necessarily a collec
tion of elements. It may be a range (or ranges) of text, area of 
an image, and the like. Also, the selection can be mixed 
(combinations of different elements, ranges of text, areas of 
an image and the like). Specific data types which require 
special handling in selection may have a "selection type" 
associated with them. Selection Type describes an object 
implementing !Selection. !Selection is an interface that 
allows an editing framework to determine which editor to use 
for a specific element. A specific editor is generally associated 
with a selection. The editor-selection pair describes a major
ity of data-type-specific editing logic. 

Editor-A super edit behavior component that is respon
sible for activating subordinate edit behaviors. It can do this 
based on heuristics or based on an attached property (that 
specifies the activation of the subordinate edit behaviors). 

Selection Router-A specialized edit router, which creates 
selection and editor objects as needed and directs events to the 
appropriate editor, based on type of element the event comes 
from. Selection router (and an optionally associated event 
filter) is responsible for in-place activation and managing 
mixed selection. 
General-Purpose Computing Environment 

FIG. 1 illustrates a schematic diagram of an illustrative 
conventional general-purpose digital computing environment 
that can be used to implement various aspects of the present 
invention. In FIG. 1, a computer 100 includes a processing 
unit 110, a system memory 120, and a system bus 130 that 
couples various system components including the system 
memory to the processing unit 110. The system bus 130 may 
be any of several types of bus structures including a memory 
bus or memory controller, a peripheral bus, and a local bus 
using any of a variety of bus architectures. The system 
memory 120 includes read only memory (ROM) 140 and 
random access memory (RAM) 150. 

A basic input/output system 160 (BIOS), containing the 
basic routines that help to transfer information between ele
ments within the computer 100 such as during start-up, is 
stored in the ROM 140. The computer 100 also includes a 
hard disk drive 170 for reading from and writing to a hard disk 
(not shown), a magnetic disk drive 180 for reading form or 
writing to a removable magnetic disk 190, and an optical disk 
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drive 191 for reading from or writing to a removable optical 
disk 192 such as a CD ROM or other optical media. The hard 
disk drive 170, magnetic disk drive 180, and optical disk drive 
191 are connected to the system bus 130 by a hard disk drive 
interface 192, a magnetic disk drive interface 193, and an 
optical disk drive interface 194, respectively. The drives and 
their associated computer-readable media provide nonvola
tile storage of computer readable instructions, data structures, 
program modules and other data for the personal computer 
100. It will be appreciated by those skilled in the art that other 
types of computer readable media that can store data that is 
accessible by a computer, such as magnetic cassettes, flash 
memory cards, digital video disks, Bernoulli cartridges, ran
dom access memories (RAMs), read only memories (ROMs), 
and the like, may also be used in the example operating 
environment. 

When used in a LAN networking environment, the com
puter 100 is connected to the local network 112 through a 
network interface or adapter 114. When used in a WAN net
working environment, the personal computer 100 typically 
includes a modem 115 or other means for establishing a 
communications over the wide area network 113, such as the 
Internet. The modem 115, which may be internal or external, 
is connected to the system bus 130 via the serial port interface 
106. In a networked environment, program modules depicted 

10 relative to the personal computer 100, or portions thereof, 
may be stored in the remote memory storage device. Further, 
the system may include wired and/or wireless capabilities. 
For example, network interface 114 may include Bluetooth, 

15 
SWLan, and/or IEEE 802.11 class of combination abilities. It 

A number of program modules can be stored on the hard 
disk drive 170, magnetic disk 190, optical disk 192, ROM 140 

is appreciated that other wireless communication protocols 
may be used in conjunction with these protocols or in place of 
these protocols. 

It will be appreciated that the network connections shown or RAM 150, including an operating system 195, one or more 
application programs 196, other program modules 197, and 
program data 198. A user can enter commands and informa
tion into the computer 100 through input devices such as a 
keyboard 101 and pointing device 102. Other input devices 
(not shown) may include a microphone, joystick, game pad, 
satellite dish, scanner or the like. These and other input 
devices are often connected to the processing unit 110 
through a serial port interface 106 that is coupled to the 
system bus, but may be connected by other interfaces, such as 

20 are illustrative and other techniques for establishing a com
munications link between the computers can be used. The 
existence of any of various well-known protocols such as 
TCP/IP, Ethernet, FTP, HTTP and the like is presumed, and 
the system can be operated in a client-server configuration to 

25 permit a user to retrieve web pages from a web-based server. 
Any of various conventional web browsers can be used to 
display and manipulate data on web pages. 

A programming interface (or more simply, interface) may 
be viewed as any mechanism, process, protocol for enabling a parallel port, game port or a universal serial bus (USB). 

Further still, these devices may be coupled directly to the 
system bus 130 via an appropriate interface (not shown). A 
monitor 107 or other type of display device is also connected 
to the system bus 130 via an interface, such as a video adapter 
108. In addition to the monitor, personal computers typically 
include other peripheral output devices (not shown), such as 
speakers and printers. In one embodiment, a pen digitizer 165 
and accompanying pen or stylus 166 are provided in order to 
digitally capture freehand input. Although a direct connection 
between the pen digitizer 165 and the serial port interface 106 

30 one or more segment(s) of code to communicate with or 
access the functionality provided by one or more other seg
ment(s) of code. Alternatively, a programming interface may 
be viewed as one or more mechanism( s ), method( s ), function 
call(s), module(s), object(s), etc. of a component of a system 

35 capable of communicative coupling to one or more mecha
nism(s), method(s), function call(s), module(s), etc. of other 
component(s). The term "segment of code" in the preceding 
sentence is intended to include one or more instructions or 

is shown, in practice, the pen digitizer 165 may be coupled to 40 

the processing unit 110 directly, parallel port or other inter
face and the system bus 130 by any technique including 
wirelessly. Also, the pen 166 may have a camera associated 
with it and a transceiver for wirelessly transmitting image 
information captured by the camera to an interface interacting 45 

with bus 130. Further, the pen may have other sensing sys
tems in addition to or in place of the camera for determining 
strokes of electronic ink including accelerometers, magne
tometers, and gyroscopes. 

lines of code, and includes, e.g., code modules, objects, sub
routines, functions, and so one regardless of the terminology 
applied or whether the code segments are separately com-
piled, or whether the code segments are provided as source, 
intermediate, or object code, whether the code segments are 
utilized in a runtime system or process, or whether they are 
located on the same or different machines or distributed 
across multiple machines, or whether the functionality rep-
resented by the segments of code are implemented wholly in 
software, wholly in hardware, or a combination of hardware 
and software. 

Notionally, a programming interface may be viewed 
generically, as shown in FIG. 1B or FIG. 1C. FIG. 1B illus
trates an interface Interface 1 as a conduit through which first 
and second code segments communicate. FIG. 1C illustrates 
an interface as comprising interface objects I1 and I2 (which 

Furthermore, although the digitizer 165 is shown apart 50 

from the monitor 107, the usable input area of the digitizer 
165 may be co-extensive with the display area of the monitor 
107. Further still, the digitizer 165 may be integrated in the 
monitor 107, or may exist as a separate device overlaying or 
otherwise appended to the monitor 107. 55 may or may not be part of the first and second code segments), 

which enable first and second code segments of a system to 
communicate via medium M. In the view ofFIG. 1 C, one may 
consider interface objects I1 and I2 as separate interfaces of 

The computer 100 can operate in a networked environment 
using logical connections to one or more remote computers, 
such as a remote computer 109. The remote computer 109 can 
be a server, a router, a network PC, a peer device or other 
common network node, and typically includes many or all of 60 

the elements described above relative to the computer 100, 
although only a memory storage device 111 has been illus
trated in FIG. 1. The logical connections depicted in FIG. 1 
include a local area network (LAN) 112 and a wide area 
network (WAN) 13. Such networking environments are com- 65 

monplace in offices, enterprise-wide computer networks, 
intranets and the Internet. 

the same system and one may also consider that objects I1 and 
I2 plus medium M comprise the interface. Although FIGS. 1B 
and 1 C show bi-directional flow and interfaces on each side of 
the flow, certain implementations may only have information 
flow in one direction (or no information flow as described 
below) or may only have an interface object on one side. By 
way of example, and not limitation, terms such as application 
programming interface (API), entry point, method, function, 
subroutine, remote procedure call, and component object 
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model (COM) interface, are encompassed within the defini
tion of programming interface. 

Aspects of such a programming interface may include the 
method whereby the first code segment transmits information 
(where "information" is used in its broadest sense and 
includes data, commands, requests, etc.) to the second code 
segment; the method whereby the second code segment 
receives the information; and the structure, sequence, syntax, 
organization, schema, timing and content of the information. 
In this regard, the underlying transport medium itself may be 10 

unimportant to the operation of the interface, whether the 
medium be wired or wireless, or a combination of both, as 
long as the information is transported in the manner defined 
by the interface. In certain situations, information may not be 

15 
passed in one or both directions in the conventional sense, as 
the information transfer may be either via another mechanism 
(e.g. information placed in a buffer, file, etc. separate from 
information flow between the code segments) or non-exis
tent, as when one code segment simply accesses functionality 20 

performed by a second code segment. Any or all of these 
aspects may be important in a given situation, e.g., depending 

8 
skill in the programming arts can appreciate that there are a 
variety of ways of making different function calls that achieve 
the same result. 
B. Redefinition 

In some cases, it may be possible to ignore, add or redefine 
certain aspects (e.g., parameters) of a programming interface 
while still accomplishing the intended result. This is illus
trated in FIGS. 1F and 1G. For example, assume interface 
Interface 1 of FIG. 1B includes a function call Square (input, 
precision, output), a call that includes three parameters, input, 
precision and output, and which is issued from the 1st Code 
Segment to the 2nd Code Segment. If the middle parameter 
precision is of no concern in a given scenario, as shown in 
FIG. 1F, it could just as well be ignored or even replaced with 
a meaningless (in this situation) parameter. One may also add 
an additional parameter of no concern. In either event, the 
functionality of square can be achieved, so long as output is 
returned after input is squared by the second code segment. 
Precision may very well be a meaningful parameter to some 
downstream or other portion of the computing system; how
ever, once it is recognized that precision is not necessary for 
the narrow purpose of calculating the square, it may be 
replaced or ignored. For example, instead of passing a valid 
precision value, a meaningless value such as a birth date could 

on whether the code segments are part of a system in a loosely 
coupled or tightly coupled configuration, and so this list 
should be considered illustrative and non-limiting. 

This notion of a programming interface is known to those 
skilled in the all and is clear from the foregoing detailed 
description of the invention. There are, however, other ways 

25 be passed without adversely affecting the result. Similarly, as 
shown in FIG. 1G, interface I1 is replaced by interface Il', 
redefined to ignore or add parameters to the interface. Inter
face I2 may similarly be redefined as interface I2', redefined 

to implement a programming interface, and, unless expressly 
excluded, these too are intended to be encompassed by the 30 

claims set forth at the end of this specification. Such other 
ways may appear to be more sophisticated or complex than 
the simplistic view of FIGS. 1B and 1C, but they nonetheless 
perform a similar function to accomplish the same overall 
result. We will now briefly describe some illustrative alterna- 35 

tive implementations of a programming interface. 
A. Factoring 

A communication from one code segment to another may 
be accomplished indirectly by breaking the communication 
into multiple discrete communications. This is depicted sche- 40 

matically in FIGS. 1D and 1E. As shown, some interfaces can 
be described in terms of divisible sets of functionality. Thus, 
the interface functionality of FIGS. 1B and 1C may be fac
tored to achieve the same result, just as one may mathemati
cally provide 24, or 2 times 2 times 3 times 2. Accordingly, as 45 

illustrated in FIG. 1D, the function provided by interface 
Interface 1 may be subdivided to convert the communications 
of the interface into multiple interfaces Interface 1A, Inter
face 1B, Interface 1 C, etc. while achieving the same result. As 
illustrated in FIG. 1E, the function provided by interface I1 50 

may be subdivided into multiple interfaces Ila, Ilb, Ilc, etc. 
while achieving the same result. Similarly, interface I2 of the 
second code segment which receives information from the 
first code segment may be factored into multiple interfaces 
I2a, I2b, I2c, etc. When factoring, the number of interfaces 55 

included with the 1st code segment need not match the num
ber of interfaces included with the 2nd code segment. In either 
of the cases of FIGS. 1D and 1E, the functional spirit of 
interfaces Interface 1 and I1 remain the same as with FIGS. 

to ignore unnecessary parameters, or parameters that may be 
processed elsewhere. The point here is that in some cases a 
programming interface may include aspects, such as param-
eters, which are not needed for some purpose, and so they 
may be ignored or redefined, or processed elsewhere for other 
purposes. 
C. Inline Coding 

It may also be feasible to merge some or all of the func
tionality of two separate code modules such that the "inter
face"between them changes form. For example, the function-
ality of FIGS. 1B and 1C may be converted to the 
functionality ofF I GS. 1H and 11, respectively. In FIG. 1H, the 
previous 1st and 2nd Code Segments of FIG. 1B are merged 
into a module containing both of them. In this case, the code 
segments may still be communicating with each other but the 
interface may be adapted to a form which is more suitable to 
the single module. Thus, for example, formal Call and Return 
statements may no longer be necessary, but similar process-
ing or response(s) pursuant to interface Interface 1 may still 
be in effect. Similarly, shown in FIG. 11, part (or all) of 
interface I2 from FIG. 1 C may be written inline into interface 
I1 to form interface I1 11

• As illustrated, interface I2 is divided 
into I2a and I2b, and interface portion I2a has been coded 
in -line with interface I1 to form interface I1 11

• For a concrete 
example, consider that the interface I1 from FIG. 1 C performs 
a function call square (input, output), which is received by 
interface I2, which after processing the value passed with 
input (to square it) by the second code segment, passes back 
the squared result with output. In such a case, the processing 
performed by the second code segment (squaring input) can 
be performed by the first code segment without a call to the 

60 interface. 1B and 1 C, respectively. The factoring of interfaces may also 
follow associative, commutative, and other mathematical 
properties such that the factoring may be difficult to recog
nize. For instance, ordering of operations may be unimpor
tant, and consequently, a function carried out by an interface 
may be carried out well in advance of reaching the interface, 65 

by another piece of code or interface, or performed by a 
separate component of the system. Moreover, one of ordinary 

D. Divorce 
A communication from one code segment to another may 

be accomplished indirectly by breaking the communication 
into multiple discrete communications. This is depicted sche
matically in FIGS. 1J and 1K. As shown in FIG. 11, one or 
more piece( s) of middleware (Divorce Interface( s ), since they 
divorce functionality and/or interface functions from the 
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original interface) are provided to convert the connnunica
tions on the first interface, Interface 1, to conform them to a 
different interface, in this case interfaces Interface2A, 
Interface2B and Interface2C. This might be done, e.g., where 
there is an installed base of applications designed to connnu
nicate with, say, an operating system in accordance with an 
Interface 1 protocol, but then the operating system is changed 

10 
2. Tablet PC 201 includes a large display surface 202, e.g., a 
digitizing flat panel display, preferably, a liquid crystal dis
play (LCD) screen, on which a plurality of windows 203 is 
displayed. Using stylus 204, a user can select, highlight, 
and/or write on the digitizing display surface 202. Examples 
of suitable digitizing display surfaces 202 include electro
magnetic pen digitizers, such as Mutoh or Wacom pen digi
tizers. Other types of pen digitizers, e.g., optical digitizers, 
may also be used. Tablet PC 201 interprets gestures made 

to use a different interface, in this case interfaces Interface2A, 
Interface2B and Interface2C. The point is that the original 
interface used by the 2nd Code Segment is changed such that 10 using stylus 204 in order to manipulate data, enter text, create 

drawings, and/or execute conventional computer application 
tasks such as spreadsheets, word processing programs, and 
the like. 

it is no longer compatible with the interface used by the 1st 
Code Segment, and so an intermediary is used to make the old 
and new interfaces compatible. Similarly, as shown in FIG. 
lK, a third code segment can be introduced with divorce 
interface Dil to receive the communications from interface I1 15 

and with divorce interface DI2 to transmit the interface func-

The stylus 204 may be equipped with one or more buttons 
or other features to augment its selection capabilities. In one 
embodiment, the stylus 204 could be implemented as a "pen
cil" or "pen", in which one end constitutes a writing portion 
and the other end constitutes an "eraser" end, and which, 
when moved across the display, indicates portions of the 

tionality to, for example, interfaces I1 and I2b, redesigned to 
work with DI2, but to provide the same functional result. 
Similarly, Dil and DI2 may work together to translate the 
functionality of interfaces I1 and I2 of FIG. lC to a new 
operating system, while providing the same or similar func
tional result. 
E. Rewriting 

Yet another possible variant is to dynamically rewrite the 
code to replace the interface functionality with something 
else but which achieves the same overall result. For example, 
there may be a system in which a code segment presented in 

20 display are to be erased. Other types of input devices, such as 
a mouse, trackball, or the like could be used. Additionally, a 
user's own finger could be the stylus 204 and used for select
ing or indicating portions of the displayed image on a touch
sensitive or proximity-sensitive display. Consequently, the 

25 term "user input device", as used herein, is intended to have a 
broad definition and encompasses many variations on well
known input devices such as stylus 204. Region 205 shows a 
feedback region or contact region permitting the user to deter
mine where the stylus 204 as contacted the display surface 

an intermediate language (e.g. Microsoft IL, Java ByteCode, 
etc.) is provided to a Just-in-Time (JIT) compiler or inter
preter in an execution environment (such as that provided by 
the .Net framework, the Java runtime environment, or other 
similar runtime type environments). The JIT compiler may be 
written so as to dynamically convert the connnunications 
from the 1st Code Segment to the 2nd Code Segment, i.e., to 
conform them to a different interface as may be required by 35 

the 2nd Code Segment (either the original or a different 2nd 
Code Segment). This is depictedinFIGS.lL and lM.As can 

30 202. 

be seen in FIG. lL, this approach is similar to the Divorce 
scenario described above. It might be done, e.g., where an 
installed base of applications are designed to connnunicate 40 

with an operating system in accordance with an Interface 1 
protocol, but then the operating system is changed to use a 
different interface. The JIT Compiler could be used to con
form the connnunications on the fly from the installed-base 
applications to the new interface of the operating system. As 45 

depicted in FIG. 1M, this approach of dynamically rewriting 
the interface(s) may be applied to dynamically factor, or 
otherwise alter the interface(s) as well. 

In various embodiments, the system provides an ink plat
form as a set of COM (component object model) services that 
an application can use to capture, manipulate, and store ink. 
One service enables an application to read and write ink using 
the disclosed representations of ink. The ink platform may 
also include a marknp language including a language like the 
extensible markup language (XML ). Further, the system may 
use DCOM as another implementation. Yet further imple
mentations may be used including the Win32 progrannning 
model and the .Net progrming model from Microsoft Cor
poration. 
Ordering of Objects 

FIGS. 3A and 3B show various techniques of ordering 
items in an interface. In FIG. 3A, a window 301 includes 
items 302 and 303. Here, item 302 has focus so it is present in 
front of item 303. In FIG. 3B, content is arranged in a tree. 
Here, a root node (referred to as "root") 304 is the node from 
which all other nodes in the tree are based. Child nodes 305 
and 306 are placed in the tree from root node 304. Their 

50 relative positions to each other define how they will be ren
dered, above or below each other. The axis 307 at the left side 
ofFIG. 3B illustrates the "z-order" of the various nodes in this 
example tree. 

It is also noted that the above-described scenarios for 
achieving the same or similar result as an interface via alter
native embodiments may also be combined in various ways, 
serially and/or in parallel, or with other intervening code. 
Thus, the alternative embodiments presented above are not 
mutually exclusive and may be mixed, matched and com
bined to produce the same or equivalent scenarios to the 55 

generic scenarios presented in FIGS. lB and lC. It is also 
noted that, as with most programming constructs, there are 
other similar ways of achieving the same or similar function
ality of an interface which may not be described herein, but 
nonetheless are represented by the spirit and scope of the 60 

invention, i.e., it is noted that it is at least partly the function
ality represented by, and the advantageous results enabled by, 
an interface that underlie the value of an interface. 

FIG. 2 illustrates an illustrative tablet PC 201 that can be 
used in accordance with various aspects of the present inven
tion. Any or all of the features, subsystems, and functions in 
the system of FIG. 1 can be included in the computer of FIG. 

FIG. 4 shows an example of how ink may be rendered in a 
system having a z-ordered (or depth ordered) ordering struc
ture. Here, window 401 is shown with content. The content 
includes content 402 that is rendered at position 403 and 
content 404 that is rendered at position 405. Once the previ
ous contents 402 and 404 have been rendered, ink 406 may be 
rendered at position 407 on the top most content (here 404). 
Ink 406 may or may not always be associated with the top 
most content 404. For instance, a user may be working with a 
form 404 that accepts ink information as content 406. Here, 
the form 404 may be rendered prior to having ink 406 placed 

65 upon it. 
In an alternative approach, the ink may lie underneath other 

elements. For instance, ink may be rendered and then ele-
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ments rendered on top. The rendering of ink may be inter
mixed with the rendering of the elements. 
Constructors, Properties, Methods, and Events of Objects 

To control the layering order of content, an object may be 
used to handle this task. For simplicity, this disclosure refers 
to an object that may handle this task related to ink as an "ink 
canvas" object (in that it is functionally similar to how a 
painter applies paint in layers to a physical canvas). In one 
example, the ink canvas may be an element. In another 
example, the ink canvas may be an object (where all elements 10 

are objects, but not all objects are elements). For simplicity, 
the ink canvas is referred to herein as an object. The ink canvas 
object is shown in FIGS. 5-7 with various constructors, prop
erties, methods and events. It is appreciated that the various 
constructors, properties, methods and events are shown for 15 

illustrative purposes only. Some, all, or additional ones may 
be present in various forms in other examples of an ink canvas 
object without departing from this invention. The ink canvas 
object may host zero or more elements or objects. The ink 
canvas object may render ink for hosted elements or objects or 20 

those elements or objects may render ink for themselves. 
The following Figures and description thereof illustrate 

various examples of methods, properties, events and con
structors. It is appreciated that, in some instances, various 
items may be hidden from outside access, yet accessible by a 25 

different mechanism. For instance, a method may be used to 
return an ink object, selected ink strokes, an ink stream, or an 
array ofbytes. This method may be used in place of accessing 

12 
The Ink property SOS allows access to the ink contained in 

the ink canvas object. 
Clip Ink property 509 determines when ink will be clipped 

to the size of the ink canvas displayed region. 
Editing Mode Inverted property 510 indicates which edit

ing mode (or other language or state) will be active when 
a user's pen is inverted. It is noted that additional pens 
may be used. Accordingly, additional properties 510 
may be used to define other modes to be associated with 
other pen tips. 

Stylus Inverted property 511 indicates whether the stylus is 
currently inverted. 

Move Enabled property 512 enables and disables an ability 
to move created ink. 

Resize Enabled property 513 enables and disables an abil
ity to resize created ink. 

Rotate Enabled property 514 enables and disables an abil
ity to rotate created ink. 

Access Selected Elements property 515 enables access to 
currently selected elements that are children of a current 
ink canvas 501. 

Access Selected Strokes property 516 enables access to 
currently selected strokes that are associated with the 
current ink canvas 501. 

Use Custom Cursor property 517 indicates that a developer 
is using a custom mouse cursor and that the current 
cursor is to be maintained. 

User Is Editing property 518 indicates that the ink canvas 
501 is currently collecting ink. 

Selection Groups property 527 indicates which strokes or 
ink objects are grouped together for group or parser
aware selections and operations. 

a property that may contain this information. Methods may be 
used to access or set properties, respond to or throw events, 30 

and the like. Properties may describe the states of methods 
and/or events. Events may indicate when properties are set or 
when methods have been executed. Other examples follow 
from these but are not listed here. 

Various aspects may or may not be present in an ink canvas 
object. First, an ink canvas object may host elements and/or 
objects. The elements and objects may be rendered by the ink 
canvas object or may render themselves. The ink canvas 
object may be hosted in a tree-based organizational structure. 
The ink canvas object may be created in a markup language 40 

(for instance, HTML, XML, and/ or XAML, and the like). The 
ink canvas object may include recognition functionality (in
cluding handwriting recognition, shape recognition, drawing 
recognition, annotation recognition and the like). The ink 
canvas object may include extensible editing functionality. 45 

Finally, the ink canvas object may include a variety of appli
cation progrming interfaces that permit a developer to 
write applications that interact with the ink canvas object. 
One or more of these aspects may be present in an ink canvas 
object. 

In addition to the above properties, the ink canvas object 
35 501 may or may not further include one or more ink recog-

FIG. 5 shows constructors and properties associated with 
the ink canvas object. The ink canvas object is shown as 501. 
Two constructors are shown as 502 and 503. Constructor 502 

50 

is a public constructor with default collection and rendering 
capabilities enabled. Constructor 503 creates a new instance 55 

of the ink canvas object 501 with a link to a specified parent. 
FIG. 5 also shows properties 504-518: 

nition properties. 
Recognized Ink property 519 indicates that ink has been 

recognized. The recognition may or may not be associ
ated with a currently selected or previously selected 
stroke or strokes. 

Detected Word property 590 indicates which set of strokes 
or ink object has been detected as a word. 

Detected Image property 521 indicates which set of strokes 
or ink object has been detected as an image. 

Detected Line property 522 indicates which set of strokes 
or ink object has been detected as a line. 

Detected Paragraph property 523 indicates which set of 
strokes or ink object has been detected as a paragraph. 

Detected Shape property 524 indicates which set of strokes 
or ink object has been detected as shape (and/or the type 
of shape). 

Detected Annotation property 525 indicates which set of 
strokes or ink object or objects have been detected as an 
annotation. 

Converted Text property 526 includes text recognized from 
ink. Alternatively, it may indicate that, for a rendering of 
one or more ink strokes or objects, converted text is to be 
used in place of a visible form of the ink. Custom Edit Behavior property 504 allows one to set a 

custom edit behavior. 
Default Drawing Attributes property 505 defines drawing 

attributes for newly collected strokes. 
Editing Mode property 506 sets the current editing mode. 
Eraser Size properly 507 sets the size of the eraser when an 

erasing mode has been enabled. 

It is appreciated that the above properties are listed for 
60 illustrative purposes only. Other properties may be used in 

addition to or in place of the above properties with the ink 
canvas object. 

Erase Shape property 528 sets the shape (round, oval, 65 

square, rectangular, and the like) of the eraser when an 
erasing mode has been enabled. 

FIG. 6 shows various methods associated with an ink can
vas object 601: 

Get Default Drawing Attributes Override method 602 gets 
the default override settings for a specific stylus. For 
instance, a user may have one stylus for editing and one 
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for erasing. This method allows one to control the 
default behavior for a specific stylus. 

On Editing Mode, Inverted Change method 603 throws an 
event that the inverted mode has changed. 

On Editing Mode, Inverted Changing method 604 throws 
an event that the inverted mode is changing. 

On Stylus Is Inverted Change method 605 throws an event 
when a stylus is used to change the inverted editing 
mode. 

On Custom Edit Behavior Changed method 606 throws an 10 

event indicating that a custom edit behavior has 
changed. 

On Custom Edit Behavior Changing method 607 throws an 
event indicating that a custom edit behavior is changing. 

On Editing Mode Changed method 608 throws an event 15 

indicating that the editing mode has changed. 
On Editing Mode Changing method 609 throws an event 

indicating that the editing mode is changing. 
On Ink Canvas Adomer Entered method 610 throws an 

event when a graphic adorner (a graphical placeholder 20 

that may or may not be shown when a user selects ink) 
for ink is entered. 

On Ink CanvasAdomer Exited method 611 throws an event 
when a graphic adomer for ink is exited. 

On Ink Erased method 612 throws an event when ink is 25 

erased. 
On Ink Erasing method 613 throws an event when ink is in 

the process of being erased. 
On Stroke Collected method 614 throws an event when 

strokes are collected. 
On Selection Rotating method 615 throws an event when a 

selection is in the process of being rotated. 
On Selection Rotated method 616 throws an event when a 

selection has been rotated. 

30 

On Selection Resizing method 617 throws an event when a 35 

selection is in the process of being resized. 
On Selection Resized method 618 throws an event when a 

selection has been resized. 
On Selection Moving method 619 throws an event when a 

selection is in the process of being moved. 
On Selection Moved method 620 throws an event when a 

selection has been moved. 
On Selection Changing method 621 throws an event when 

a selection is in the process of being changed. 

40 

On Selection Changed method 622 throws an event when a 45 

selection has been changed. 
Set Default Drawing Attributes Override method 623 over

rides the default drawing attributes associated with cap
tured strokes. 

In addition to the above methods, the ink canvas object 601 50 

may or may not further include one or more ink recognition 
methods. 

14 
Ink Canvas Adorner Entered event 706 occurs when an ink 

adomer has been entered. 
Ink Canvas Adorner Exited event 707 occurs when an ink 

adomer has been exited. 
Ink Erased event 708 occurs when ink has been erased. 
Ink Erasing event 709 occurs when ink is about to be 

erased. 
Editing Mode Inverted Changed event 710 occurs when an 

editing mode related to an inverted pen has changed. 
Editing Mode Inverted Changing event 711 occurs when an 

editing mode relating to an inverted pen is about to 
change. 

Stylus Is Inverted, Changing event 712 occurs when a user 
is inverting a stylus. 

Stylus Is Inverted, Changed event 713 occurs when a user 
has inverted a stylus. 

Selection Changed event 714 occurs when a selection has 
changed. 

Selection Changing event 715 occurs when a selection is 
about to change. 

Selection Moved event 716 occurs when a selection has 
moved. 

Selection Moving event 717 occurs when a selection is 
about to be moved. 

Selection Resized event 718 occurs when a selection has 
resized. 

Selection Resizing event 719 occurs when a selection is 
about to be resized. 

Selection Rotated event 720 occurs when a selection has 
rotated. 

Selection Rotating event 721 occurs when a selection is 
about to be rotated. 

Stroke Collected event 722 occurs when a stroke has been 
collected. 

In addition to the above events, the ink canvas object 701 
may or may not further include ink recognition events. 

Ink Recognized event 723 occurs when ink has been rec
ognized. 

Detected Word event 724 occurs when a word has been 
detected. 

Detected Image event 725 occurs when an inked image has 
been detected. 

Detected Line event 726 occurs when an inked line has 
been detected. 

Detected Paragraph event 727 occurs when an inked para
graph has been detected. 

Detected Shape event 728 occurs when an inked shape has 
been detected. 

Detected Am10tation event 729 occurs when an ink anno
tation has been detected. 

Converted Ink to Text event 730 occurs when ink has been 
convened to text. 

On Ink Recognition method 624 throws one or more events 
when ink has been recognized. 

It is appreciated that the above methods are listed for illus
trative purposes only. Other methods may be used in addition 
to or in place of the above methods with the ink canvas object. 

It is appreciated that the above events are listed for illus
trative purposes only. Other events may be used in addition to 

55 or in place of the above events with the ink canvas object. 

FIG. 7 shows various events that may be associated with 
the ink canvas object 701: 

Custom Edit Behavior Changed event 702 occurs when the 
custom edit behavior has changed. 

Custom Edit Behavior Changing event 703 occurs when 
the custom edit behavior is about to change. 

Editing Mode Changed event 704 occurs when the editing 
mode has changed. 

Editing Mode Changing event 705 occurs when the editing 
mode is about to change. 

Relationships 
FIG. 8 shows various illustrative relationships between the 

ink canvas object, an ink editor, and various behaviors. Ink 
canvas object 801 includes one or more sub elements 803. Ink 

60 canvas object 801 is attached to the ink editor 802 and handles 
input events (change in focus, keyboard inputs, stylus inputs, 
and the like). The ink editor 802, among other things, orches
trates activation of componentized edit behavior 804 (includ
ing, but not limited to, ink behaviors and non-ink specific 

65 behaviors). The ink specific behaviors are collected in the ink 
edit behavior 805. The ink edit behavior 805 provides base 
activation/deactivation heuristics (deactivate on pen up, deac-
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tivate when the editing mode property changes on the ink 
canvas object, etc.). The ink edit behaviors 805 include ink 
collection behaviors 806, selection behaviors 807 (including 
lasso selection), and additional behaviors 808. The non-ink 
specific behaviors include rubberband behavior 809, move 
behavior 810, resize behavior 811, and additional behaviors 
812. 

The ink editor 802 manages the various behaviors 806-812 

16 
The following is an example of XAML containing ink 

using the ink canvas object: 

<InkCanvas 
Ink~"base64:sdfsdfdsf. .. " 
Factoid~"Default" 

as shown by the arrows from the ink editor 802 to each of the 
behaviors 806-812. The various behaviors 806-812 may be 10 

grouped according to relative function. For instance, the cre
ation or selection of a subset of content in sub element 803 
may be performed by various selection behaviors including, 
but not limited to, the lasso selection behavior 807 and the 

15 
rubberband selection behavior 809. The selected content in 
sub element 803 may be modified and/or manipulated by 
various behaviors as well by, for example, the move behavior 
810 and resize behavior 811 (among others). 

TopRecognitionResult~"To get her" 
<!--hook up a gesture event handler--> 
Gesture~''HandleGesture'' 

Stroke~''HandleStroke'' 

<!-- set the default ink properties on the collection 
behavior 
--> 
DefaultDrawingAttributes.FitToCurve~true> 

<Image Left~"200" Top~"75" Source~"image.png" 
Alt~"alternate text"/> 

<def:Code> 
<![CDATA[ 
void OnStroke(Element sender, ClickEventArgs e) 
{ 

II Some Code 
Referring back to the ink canvas object 801, it may be used 20 

with no children to have a region where the user can draw. 
Also, the ink canvas object 801 may be used on top of any 
other element or object or control, since the ink canvas object 
801 may host any other type of element. This allows the 
developer to easily make anything annotatable or have any 25 

background for inking. It is appreciated that ink may be 
rendered at various levels (intermixed with elements, above, 

void OnGesture(Element sender, ClickEventArgs e) 
{ 

II Some Code 

]]> 
</def:Code> 

"To get her" 
</InkCanvas> 

or below elements) in accordance with aspects of the inven
tion. 

An example of a code for accessing the ink canvas object 
may be as follows: 

<InkCanvas> 
<TextPanel FontSize~"12" FontFamily~"Arial"> 

Ink in XAML will be 
<TextPanel FontWeight~''Bold''>really</TextPanel> 
cool! 

</TextPanel> 
</InkCanvas> 

Since the InkCanvas can host any other type of element, the 
ability to ink does not need to be enabled for all other types of 
panels. The following is another example of a code snippet 
that allows association between the ink canvas and a flow 
panel (where the ink will be displayed): 

<InkCanvas> 
<DockPanel Background~"white"> 

<Flow Panel Background~"#669999" Width~"100" 
Height~"75" 

Dock~"Right"> 

<Text>Right</Text> 
</Flow Panel> 

<Flow Panel Background~"#669966" Width~"100" 
Height~"75" Dock~"Left"> 

<Text>Left</Text> 
</Flow Panel> 

</DockPanel> 
</InkCanvas> 

The following shows the ink object being associated with 
the element itself it is available as a dynamic property or 
as a .NET property for convenience: 

public static readonly DynamicProperty InkProperty= 
PropertyManager.RegisterProperty("Ink", ... ); 

public System.Windows.Ink.Ink Ink; 

Various points of the ink canvas object may include one or 
30 more of the following: 

35 

Any element may be a child of the ink canvas in XAML. 
The children may be absolutely positioned. 

Any dynamic event may have code attached by setting an 
XML attribute. 

Any dynamic property may be initialized by setting an 
XML attribute. 

The ink, which may or may not be a dynamic property, may 
be serialized as base64 ISF (a format for storing ink) in 
an XML attribute called "ink." 

40 The body of the tag is the top recognition result string. 
Clipping 

FIGS. 9A, 9B, and 9C show a visual attribute of the ink 
canvas object. Ink displayed on the ink canvas may or may not 
be clipped. In one example, the ink canvas object may be 

45 automatically resized to prevent the clipping of any content or 
only ink content. Alternatively, the ink canvas may be set to a 
size and have the content or only ink content clip. The clip
ping may be specified by a clip property or a combination of 
clip properties (for instance, a general content clip and a 

50 specific clip property for ink). In FIG. 9A, the entire content 
of ink 901 is shown in region 902. In FIG. 9B, the entire ink 
is shown. A first portion 903 of the ink is shown in region 904. 
The remainder 905 of the ink spills over the end of region 904. 
Here, ink clipping is off. In FIG. 9C, the ink 906 is clipped to 

55 
the region 907. Here, clipping is on. 
Ink Editor and Ink Editor Behaviors 

The editor may use heuristics to determine which edit 
behavior to activate in response to input events from the 
computer system. In a number of scenarios, the ink editor 
does not have heuristics to guide this decision, so it may rely 

60 on an attached property (for instance one that specifies the ink 
editing mode editing mode, which may be a property speci
fied as "InkEditingBehavior.EditingMode" to help disam
biguate the user's intentions). 

In some cases, such as when the ink editor is in a selection 
65 mode (for instance a property as follows: Ink 

EditingBehavior.EditingMode=Select), heuristics may exist. 
They may be the same as other editors 
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The edit behaviors that ink editor uses may be generic or 
may have some aspects that are different from other editor 
functions. First, the ink editor may or may not detach and 

18 
haviors that are activated. The EditBehavior that is activated 
for each EditingMode value is customizable by setting the 
corresponding AttachedProperty: 

InkEditingBehavior.EditingMode Default EditBehavior activated AttachedProperty override 

EditingMode.Ink InkCollectionBehavior InkCollectionBehavior.Service 
EditingMode.Select LassoSelectionBehavior LassoSelectionBehavior.Service 
EditingMode.Erase EraserBehavior Eraser Behavior. Service 
EditingMode.Custom None InkEditor.CustomBehavior 

revert to another mode on a stylus up or mouse up events. 
Alternatively, they may remain attached (and functioning) 
after these events. Remaining attached permits the mode to 
maintain its cursor and listen for ink gestures (predefined ink 
movements that are not to be interpreted as ink). Second, they 
may remove themselves when the editing mode specified 
changes to a mode they do not support. This detaching may be 
delayed when engaged in an action associated with a mode 
(for instance collecting a stroke) until the end of the action 
(for instance, a stylus or pen up event). 

This behavioral contract may be specified by the following 
abstract base class: 
public abstract class InkEditingBehavior: EditBehavior 

Three examples are provided where various behaviors may 
15 or may not be used. First, if one sets the erasing mode to 

"erase", then the call may appear as follows: 
<InkCanvas EditingMode="Erase" /> 

Second, a one may set a custom behavior for the same 
erase. Here, a third party may have written a behavior entitled 

20 'MyEraserBehavior' that inherits from InkEditingBehavior. 

25 

This call may be expressed as follows: 
<InkCanvas EditingMode="Erase" EraserBehavior.Service= 
"My EraserBehavior" /> 

Third, one may set a custom behavior that does not inherit 

The following description and drawings describe various 
elements, objects, and interactions between them. As an illus
tration of the general references in the description, the Figures 
may include references to illustrative examples of how one 
may name objects and related methods and properties. For 30 

instance, a method that acts on a selected ink element when a 
selection changes may be named "SelectedinkElement.On
SelectionChanged". 

from the existing modes (erase, for example). Here, a third 
party may have written InsertSpaceBehavior: 
<InkCanvas EditingMode="Custom" 
InkEditor. CustomBehavior="InsertSpaceBehavior" /> 

The ink editor may be attached by a selection router during 
a change in focus event (or on focus event). FIGS. 11A and 
11B show this process in greater detail. 

In step 1101, the ink editor is attached and an on-attach 
handler called (OnAttach may be an event that reflects when FIG. 10 shows how classes of components inherit behav

iors from a parent ink editing behavior. In step) 1001, an ink 
editor (referred to herein as InkEditor) activates an ink editing 
behavior (referred to herein as InkEditingBehavior). Next, in 
step 1002, the InkEditingBehavior registers with the system 
so that it will be notified when the editing mode (the property 
referred to here as EditingMode) changes. In step 1003, the 
editing mode changes and a notification is sent to InkEditing
Behavior. In step 1004, a virtual processor is called to handle 
the editing mode clanging. Here, it is represented by OnEdit
ingModePropertyChanged to handle the change. In step 
1005, the system determines if the new editing mode is sup
ported by the derived class. If yes, then the system performs 
no operation as reflected in step 1006, as no action is neces
sary. An example of relevant code may look like the follow
ing: 

if( some condition) 
{ 

return; 

//else do some work 

Alternatively, in step 1007, the system determines whether 
the derived class is between a pen down and pen up event (the 
user is still writing). This may be represented by stylusdown 
and stylusup events. If no, then in step 1008, the property 
change handler is removed and the system deactivates the 
current ink editing behavior so it will no longer receive input 
events. If yes, then in step 1009, the system waits for a stylus 
up notification. In step 1010, the stylus up notification is 
received and the system steps back to step 1005. 

The InkEditingBehavior.EditingMode property has at least 
four possible values and at least four corresponding EditBe-

35 the ink editor is attached). In step 1102, the system determines 
if the editing mode is ink. If yes, then the system determines 
whether an ink collection behavior is enabled in step 1103. If 
no, then the system performs no operation and no changes are 
made in step 1104. If yes, then the ink collection behavior is 

40 activated in step 1105. Next, an edit mode change notification 
is provided to a user (through a user interface, for example) in 
step 1106. In step 1107, the system determines whether the 
new editing mode is supported. If not, the system waits for a 
stylus tip event. In step 1108, the stylus up (or mouse up) 

45 event notification is received and the process returns to step 
1101 (with control returned to the ink editor). 

If the editing mode from step 1102 was not ink, then the 
system determines in step 1109 whether the editing mode is 
an erase mode. If yes, then the system determines whether an 

50 erase behavior is enabled in step 1110. If no, then the system 
performs no operation in step 1111. If yes, then the erasing 
behavior is activated in step 1112 (control may be transferred 
as well to the erasing behavior). Next, the system moves to 

55 

step 1106 as described above. 
If no from step 1109, the system determines if the editing 

mode is a custom editing mode in step 1113. If yes, then the 
system determines whether the custom editing mode is 
enabled in step 1114. If no, then the system performs no 
operation in step 1115. If yes, the custom behavior is activated 

60 for the ink editor in step 1116 (control may be transferred to 
the custom behavior as well). Next, the system sends the 
editing mode change notification in step 1106. 

If no from step 1113, the editing mode is set to a selection 
mode in step 1117 (in FIG. 11B). Here, the system may 

65 monitor for a stylus down/mouse down or stylus move/mouse 
move event. If the user performs a mouse down/stylus move 
event in step 1118, then the system determines whether a 
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cursor is located over an adorner in step 1119. If yes, then the 
cursor is changed to an edit behavior's cursor in step 1120. If 
no from step 1119, then the system determines in step 1121 
whether the cursor is over a child element or a selected ink 
element. If yes, then the cursor is changed to a default cursor 
in step 1122. If no from step 1121, then the cursor is changed 
to a cursor associated with the ink editor's selection behavior 
cursor. 

From step 1117, if a mouse down/stylus down event was 
received in step 1124, then the system determines whether the 
cursor is over an adornerin step 1125. If yes, an edit behavior 
associated with the adorner is activated. Control may also be 
transferred to this edit behavior. The system then performs 
based on the adorner edit behavior until a stylus up/mouse up 
event is received in step 1108. 

If no from step 1125, then the system determines (in step 
1127) whether the cursor is over a child element or over a 
selected ink element. If yes, then, if a move behavior is 
enabled (step 1128) then a move behavior is activated (and 
control may be passed to it) in step 1129. The move behavior 
continues until a mouse or stylus up event is received in step 
1108. 

If a move behavior is not enabled as determined by step 
1128, the system performs no operation as shown in step 
1131. 

If no from step 1127, then the system determines whether 
an ink editor selection behavior is enabled in step 1130. If no, 
then the system performs no operation state in step 1131. If 
yes from step 1130, then the current selection in the attached 
element is cleared and the ink editor selection behavior is 
activated in step 1132. Control may also be passed to the ink 
edit selection behavior of step 1132. The selection behavior 
continues until a mouse or stylus up event is received in step 
1108. 

Using the process of FIGS. 11A and 11B, one may change 
various editing modes, for instance. If there is an active edit 
behavior (active between the stylus down event, stylus move, 
and stylus up sequence of events), the system may deactivate 

20 
constant pressure. It provides a significant WYSIWYG expe
rience by taking into account ink rendering transformations. 

The eraser is pressure-insensitive and can have either round 
or rectangular shape. 
Selection Modes 

Various selection modes are possible including a lasso 
selection (in which the path of a pen determines which ele
ments are encompassed in the selection. Here, the selection 
modes may listen to the pointer or sty Ius events. Iflistening to 

10 just the pointer events, it will receive the pointer's current 
location. Iflistening to the pen events, it may also receive the 
pen's angle, pressure, and other information. As selection 
modes may be pressure and angle insensitive, listening to the 
pen events may be excessive. Accordingly, in one aspect, one 

15 may limit listening to only pointer information. 
Sub-Element Editing 

Ink strokes may be grouped into ink objects. Strokes may 
be stored in a variety of formats. If one needed to move, 
delete, or resize an ink object, these operations may be limited 

20 by the characteristics of the actual combinations of strokes in 
the ink object, making predictability of what will happen 
based on these operations impossible. 

Accordingly, in some aspects of the invention, one may be 
able to manipulate smaller parts of the ink strokes then an 

25 entire ink stroke. In some aspects, one may relate a sub
element to a designer. The designer may be used to make 
changes in the element's content. The sub-element designer 
translates instructions from the system into changes in the 
element's content. For example, move instructions may tell 

30 the sub-element's associated designer to perform a move 
operation. The sub-element's designer translates those 
instructions into changes to the content (in this case, moving 
the selected ink strokes or portions of ink strokes). 

An example of how one may perform sub-element editing 
35 is described below and with reference to FIG. 12. Prior to the 

process of FIG. 12, one deposits ink. For example, one may 
have a form with an ink canvas on it. The editing mode was 
ink and the ink collection behavior was used to draw ink. 

it until the stylus up event. In this regards, a current edit 
behavior may continue functioning until removed by a com- 40 

plete sequence of events. 

Next, the ink editing behavior's editing mode may be 
switched to a selection mode. When the pen goes down and 
drags across the screen, a rubber band behavior is pushed on 

The edit behaviors described above for ink, erase, and 
custom may or may not inherit their characteristics from the 
ink edit behavior control. 

the edit router by the ink editor and assumes control as shown 
in step 1201. The rubber band behavior responds to pointer 
move (or pen move) messages from the edit router by drawing 

Erasing Ink 
The EraserBehavior may listen to the pointer or stylus 

events. Iflistening to just the pointer events, it will receive the 
pointer's current location. If listening to the pen events, it may 
also receive the penis angle, pressure, and other information. 

45 feedback for the user (for instance, a rubber band around the 
ink). 

As erasing may be pressure and angle insensitive, listening to 50 

the pen events may be excessive. Accordingly, in one aspect, 
one may limit listening to only pointer information. 

Some aspects of the invention relate to point erasing. Point 
erasing is a dynamic real-time ink editing process that 
involves building the contour of a moving erasing shape 55 

(eraser), hit-testing that contour against specified ink strokes, 
and splitting or clipping the hit strokes at the areas crossed by 
the eraser. 

In one aspect of point erasing is a hit-testing approach that 
that finds the areas on an ink stroke contour hit by the eraser 60 

and determines the points where the stroke should be split or 
clipped for dynamic feedback. The points of splitting/clip
ping are found such that there's no or minimal space between 
the erasing contour and the resulting ink, that gives the user an 
experience of smooth and precise point erasing. 65 

Point erasing supports erasing of ink strokes rendered with 
round and rectangular stylus shapes, with variable as well as 

Next, a pointer up or pen up event occurs. The area that is 
highlighted is inspected by the rubber band behavior in step 
1201. It may perform a hit-test operation (to see what ele
ments or objects are encountered or at least partially encom
passed by the rubber band. It hit -tests using the designer of the 
element for which it is enabled. The hit-test may be a method 
associated with the designer. In this case, the designer for the 
ink canvas then inspects the ink canvas for any ink strokes in 
the hit-test region. If one or more exists, the designer creates 
a selected ink element and returns it to the rubber band behav-
ior, which in turn inserts it into the service handling selection 
in step 1202. 

Next, when the selected ink is constructed, it is passed the 
collection of strokes in the collection of ink (that which the 
selection was performed on). The ink canvas presenter or 
renderer is informed to listen to the selection service's selec
tion changed event in step 1203 so that the ink canvas pre
senter knows which strokes not to render. 

Now, the rubber band behavior references a single selected 
ink group, returned from a hit test method from the ink can
vas' designer. The rubber band behavior informs the selection 
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service about the ink and deactivates itself in step 1204. 
Control may be returned to the ink editor. 

Other services may also be notified of the change. Here, a 
selection adorner service may have received a notification 
from the selection service that the global selection has 
changed. In response, the selection adorner service may 
inspect the collection of elements in the selection service and 
find the single selected ink in the selection. Next, the selection 
adorner service determines for each element in the selection 
service in step 1205 which edit behavior are enabled on the 
selected ink (for instance, move, resize, rotates and the like) in 
step 1206. It may then ask each of the enabled edit behaviors 
in step 1207 what their adorners are and create a set of the 
adorners in step 1209. The set ofadorners may then be ren
dered on the element in step 1210. It may also get a list in step 
1208 of the adorners enabled on each element in the edit 
behavior list of step 1207. 

The ink editor may still be in control. It may listen to 
pointer move and pointer down events. When a pointer move 
event occurs, it determines if the pointer is over an adorner. If 
it is, it asks the adorner for its cursor and changes the cursor 
to it. 

If the pointer down event happens on one of these adorners, 
the corresponding edit behavior is activated. In this case, the 
resize behavior becomes active. It responds to that activation 
by determining the designer of the element it is attached to. 

In pointer move events, the resize behavior responds by 
calling methods on the designer of the element (methods like 
extend right and extend bottom). 

The selected ink's designer may override these virtual 
extend XXX methods to track the actions being taken. It may 
respond by scaling the ink to the new area. The selected ink's 
designer may be aware of various instructions including 
resizing. Move and rotate instructions may simply be acted on 
the ink. 

The selected ink has been manipulated and has now been 
de-selected. When the selected ink was constructed, one of 
the things it did was to ask the selection service to notify it 
when the selection has changed. The selected ink responds to 
this notification by fixing up the strokes with the change that 
has occurred during editing (scaling, rotation, resize). 

To determine whether an object is included within a selec
tion region (determined by rubberbanding or by a lasso selec
tion), one may provide a volume threshold of an object that is 
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step 1501, the coordinates of the ink or object is converted to 
ink canvas coordinates. In step 1502, points are found and 
placed on a line within or bounding the object (for instance, a 
bounding box of the object may be used or the contour of the 
object used). In step 1503, points may be connected to form 
additional lines. In step 1504, additional points may be placed 
on the lines nntil a desired density is reached. In step 1505, the 
set of points is hit tested against a selection region to deter
mine which ink or objects fall within the selection region or 

10 meet the threshold levels previously set. 
FIG. 16 shows an illustration of how sub-element process

ing may be used to manipulate sub-elements. FIG. 16 is 
applied it ink. Sub-element processing may also be applied to 

15 
other objects as well. FIG. 16 shows an ink canvas 1601 with 
a number of ink strokes in it. The ink strokes may or may not 
be grouped as ink objects. Here, a user wants to move the ink 
"20" 1602, defined by rectangle 1603 a little bit down and 
right as shown by vector 1604. While the selection here is 

20 shown as a rectangle 1603, it is appreciated that other selec
tion mechanisms are also possible including lasso selection. 
In this example, the ink "20" is part of a larger ink object. 
Moving the ink object that contains the ink "20" is not what 
the user desires. Sub-element editing permits the movement 

25 of something smaller than the ink object. It is appreciated that 
items larger than an ink object may be moved as well with this 
technique. 

Sub-element editing as applied to ink starts by determining 
the bounding box for the selected ink strokes. Another ink 

30 canvas 1606 is created. Here, it may be created in the size of 
the bounding box surrounding ink 1605. The selected ink 
strokes "20" 1605 are copied (or moved) into the new ink 
canvas 1606, the location of ink 1605 is determined by a 
coordinate system of the ink canvas 1601. With the new ink 

35 canvas 1606, the identifYing information of ink "20" 1605 is 
the same, it's relation in the new ink canvas 1606 is that same 
as that in ink canvas 1601. In other words, ink "20" 1605 is 
offset from the origin of the ink canvas coordinate system by 
vector 1607. Here, ink canvas 1606 may be repositioned and 

40 ink 1605 be moved as well (as it resides now in ink canvas 
1606). However, the location of the canvas 1606 and ink 1605 
are separated from each other, thereby leading to possible 
confusion in trying to manipulate or select ink 1605. 

To address this potential for confusion, vector 1607 is then 
45 applied as an offset 1610 to the ink canvas 1609 so that it 

shows ink 1608 within its borders 1611. 
to be within a selection region for the object to be selected. Ink 
and other objects may have the same threshold. Alternatively, 
ink and other objects may have different thresholds. For 
instance, for arbitrary objects one may set the threshold 
between 50% and 70% and for ink one may set the threshold 
between 70% and 90%. Of course, these ranges are for ill us- 50 

trative purposes only. They may differ based on user/devel
oper experiences or desires. 

Renderer Integration 
The following describes how the selected ink control 

knows which strokes to render. The selected ink is passed a 
strokes collection when instantiated. A presenter associated 
with the selected ink control knows how to render the strokes. 
The issue is determining which strokes not to render. The 
presenter associated with the ink canvas checks the selection 
service to determine if selected ink associated with the ink 
canvas is in the current selection. If it is, the presenter 
accesses the selected ink's strokes property to determine the 
strokes not to render. Optionally, the presenter may only listen 
to the selection service when selected ink is about to be 

To determine the volume of an object enclosed by a selec
tion, the object may be filled with ordered points or random 
points. The ratio between those points contained within the 55 

selection region may be compared with the total number of 
points, yielding a percentage of inclusion. If the percentage of 
inclusion falls within the ranges set forth above (or as modi
fied), the object or ink may be the to fall within the selection 
region. Optionally, to minimize the delay for large objects and 
increase the accuracy for small objects, the number of points 
placed inside the objects may vary based on size. For 
instance, for small objects, the density of points may be high. 
For large objects the density of points may be low. Or, alter
natively, the densities may be the same for all objects. 

inserted. This may occur based on method that instructs the 
60 presenter to limit to what it listens. For instance, one may use 

a method similar to InkCanvasPresenter.WatchSelection. 
To demonstrate this, consider the fact that there are two 

ways to cause ink to be selected. First, a user may manually 
select strokes using a lasso selection behavior or a rubberband 

65 behavior. Second, a developer may progrannnatically set the 
selection in the ink canvas. The selection may be set as a 
property in the ink canvas. 

The following lists process steps that may be used to deter
mine whether a region is included. Referring to FIG. 15, in 
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The net effect is the same: selected ink is created and 
inserted into the selection service. Before insertion, one may 
optionally tell the ink canvas presenter to listen for a change 
event (for instance, the selection service having been changed 
using a watch selection method). If, however, when the ink 
canvas presenter receives the selection changed event and no 
selected ink is present in the selection, it may deactivate itself 
from the selection changed event. 

FIGS. 13A and 13B show what may happen when a user 
manually selects strokes using a lasso or rubber band selec- 10 

tion behavior. First, the rubberband/lasso select hit tests in 
step 1301 the ink canvas presenter designer 1302. In the ink 
canvas presenter designer 1302 is a method 1303 that per
forms a hit test on the collection. The title, for illustrative 

15 
purposes is !Collection InkCanvas PresenterDesigner Hit
Test. The parameters passed to the method may include the 
elements and rectangle from the selection. In step 1304, the 
system finds the element's data points from ink canvas 1309. 
In step 1305, the system may hit test using information in ink 20 

or the renderer. In step 1306, the system determines if one or 
more strokes were returned. If no, then null is returned and the 
system performs no operation. If at least one stroke was 
returned, then an instance of selected ink element is instanti
ated and a collection of strokes to be selected is passed to it in 25 

step 1307. Next, an ink canvas presenter watch selection 
method is called in step 1308. Finally, the ink collection is 
returned with a single selected ink element. 

24 
Selected ink element 1411 is instantiated containing a con

structor (relating to strokes) 1412. The constructor stores a 
stroke collection 1413 and registers for a selection service 
selection change event 1429. 

The selected ink element also contains method (selected 
ink, on selection changed) 1415. In step 1416, the system 
determines if the selected ink element is in the selection 
service? If yes, then the system performs no operation in step 
1417. If no from step 1416, the system applies changes to the 
strokes in step 1418 and unregisters from selection changed 
notifications 1429 in step 1419. 

In step 1409, the system calls the ink canvas presenter 1420 
watch selection method 1421. The watch selection method 
1421 registers (1422) one for the selection service, selection 
changed event 1429. When the selection is changed, the ink 
canvas presenter may execute method 1423. In step 1424, the 
system determines if there is a selected in element in the 
selection service. If yes, the strokes collection 1425 is 
obtained. Next, the ink canvas is invalidated and no strokes 
are rendered in step 1426. If no from step 1424, the system 
unregisters from the selection service selection changed noti
fication in step 1427. Finally, the system invalidates ink can
vas 1428 and renders all strokes. 

In step 1410, the system appends the selected ink element 
in the selection service 1429. 

The differences between the two codepaths of FIGS. 13A 
and 13B and 14A and 14B include how the selection is initi
ated and who inserts the selected ink into the selection ser-
VICe. 

Interface Definitions 

From step 1307, the selected ink element 1310 is instanti
ated. It includes a constructor (laving strokes) and a method 30 

1314 that operates when the selection is changed for ink. Its 
name may be selectedinkelement.onselectionchanged. The following provides a list of interface definitions that 

may or may not be used. It is appreciated that these interfaces 
are show for illustrative purposes only. The interfaces may be 

35 
augmented or otherwise modified including separated and 
still remain within the scope of the aspects of the invention. 

Constructor 1311 performs the following: it stores a stroke 
collection 1312 and registers for the selection service, selec
tion change event 1328 in step 1313. 

When the selection has been changed, the system deter
mines whether the selected ink element is in the selection 
service in step 1315. If yes, the system performs no operation 
in step 1316. If not, then the system applies changes to the 
strokes in step 1317. In step 1318, the selected ink element 40 

unregisters from listening to the selection change event 13 28. 
Referring to FIG. 13B, ink canvas presenter 1319 contains 

a method ink canvas presenter watch selection 1320. The 
method 1320 may be registered 1321 for a selection service, 
selection changed event 1328. The ink canvas presenter 1319 45 

may also contain a method ink canvas presenter on-selected 
changed event 1322 that operates in response to the selection 
service changed event 1328. In step 1323, the system deter
mines whether there is a selected ink element in the selection 
service. If yes, then the system gets the stroke collection in 50 

step 1324. In step 1325, the system invalidates ink canvas and 
does not render the selected strokes. If no, from step 1323, 
then the system unregisters from the selection service, selec
tion changed event in step 1326. Next, in step 1327, the 
system invalidates the ink canvas and renders all strokes. 55 

FIGS. 14A and 14B show a programmatically initiated 
selection. A user or developer programmatically sets the ink 
canvas selection property in step 1401. An ink canvas 1402 
contains a selection (which is being used to set the identity of 
the collection) 1403. In step 1404, the system determines if it 60 

is in the selection editing mode. If no, then it throws an invalid 
operation exception in step 1405. If yes, then the system 
determines in step 1406 if the strokes are not equal to null and 
the count of strokes is greater than zero. If no, then the 
selection is cleared in step 1407. If yes, then an instance of a 65 

selected ink element is created and it is passed the collection 
of strokes to be selected in step 1408. 

The InkEditor inheritance chain may appear as follows: 

System. Object 
-EditBehavior : !Service 

-Editor 
-InkEditor 

Included below are the class definitions for each of these 
classes. 
!Service 

[TypeConverter(typeo f(ServiceConverter))] 
public interface !Service 
{ 
} 

This interface may be used to associate implementing 
classes with the ServiceConverter. This allows a type conver
sion between a string and a service (for parser support) 
EditBehavior: !Service 

public abstract class EditBehavior : !Service 
{ 

internal void Attach(Element scope, EditRouter router) 
internal void Resume( ) 
internal void Suspend( ) 
internal void Detach( ) 
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-continued 

internal void Cancel( ) 
public static readonly DynamicEvent StartBehaviorEvent 
public static readonly DynamicEvent EndBehaviorEvent 
public virtual Type Service Type{ get} 
public virtual Type AdornerSetType { get } 
public virtual object GetAdornerSet() 
public Element BehaviorScope 
public boo! Is Suspended { get} 
protected EditBehavior( ){ } 
protected virtual void OnAttach(Element scope, 

EditRouter router) 

element) 

protected virtual void OnResume( ) 
protected virtual void OnSuspend( ) 
protected virtual void OnDetach( ) 
protected virtual void On Cancel() 
protected object GetService(Type service Type){} 
protected object GetService(Type service Type, Element 

protected !Collection GetSelectedComponents() 
protected !Collection GetFilteredSelectedComponents() 
protected InputManager GetlnputManager( ) 
protected Pointer GetPointer() 
protected EditRouter ContainingEditRouter { get } 
protected !Designer Host DesignerHost { get } 

Editor: EditBehavior 

public abstract class Editor : EditBehavior 
{ 

public static readonly AttachedProperty 
SelectionTypeProperty 

public abstract Type Selection Type { get} 
public abstract !Selection Selection { get } 

InkEditor: Editor 

narnespace System.Windows.Design 
{ 

public class InkEditor : Editor 
{ 

I /DynamicProperties 
public static readonly AttachedProperty ServiceProperty; 
public static readonly AttachedProperty IsEnabledProperty; 
public static readonly AttachedProperty EditingModeProperty; 
public Static readonly AttachedProperty 

InkCollectionBehaviorProperty; 
public static readonly AttachedProperty EraserBehaviorProperty; 
public static readonly AttachedProperty 
SelectionBehaviorProperty; 
public static readonly AttachedProperty CustomBehaviorProperty; 
public static readonly AttachedProperty MoveBehaviorProperty; 
I /Constructor 
public InkEditor(Element serviceRoot); 
//EditBehavior overrides (Editor inherits from EditBehavior) 
protected override void OnAttach(Element scope, EditRouter 
router); 
protected override void OnDetach() 
protected override void OnResume() 
I /Editor overrides 
public override Type Selection Type; 
public override !Selection selection; 
I /Private router event handlers 
private void OnPointerMove(DynarnicComponent sender, 

PointerPositionEventArgs args); 
private void OnPointerButtonDown(DynarnicComponent sender, 

PointerButtonEventArgs args); 
private void OnPointerButtonUp(DynamicComponent sender, 

PointerButtonEventArgs args); 

10 
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InkSelection: !Selection 

narnespace System.Windows.Design 
{ 

public class InkSelection : !Selection 
{ 

I /DynamicProperties 
public Static readonly AttachedProperty ServiceProperty; 
public static readonly AttachedProperty IsEnabledProperty; 
I I Constructor 
public InkSelection(Element serviceRoot); 
public !SelectionService SelectionService {get}; 
!SelectionJtemType {get}; 
void !Selection, Clear(); 

15 } 

20 

25 

30 

35 

40 

InkCanvasPresenter: CanvasPresenter 

narnespace System. Windows. Presenters 
{ 

internal WatchSelection() 

Selectedlnk: Object 

narnespace System.Windows.Controls 
{ 

public class Selectedlnk 
{ 

internal Selectedlnk(Element, Strokes) 
public Strokes SelectedStrokes {get} 

SelectedlnkDesigner: Designer 

narnespace System.Windows.Design 
{ 

public class SelectedlnkDesigner : Designer 
{ 

internal SelectedlnkDesigner ( ) 
45 public override boo! ExtendBottom(Element element, 

float extendBy) 
public override boo! ExtendLeft(Element element, 
float extendBy) 
public override boo! ExtendRight(Element element, 
float extendBy) 

50 public override boo! ExtendTop(Element element, 
float extendBy) 

55 Aspects of the present invention have been described in 

60 

terms of illustrative embodiments thereof Numerous other 
embodiments, modifications and variations within the scope 
and spirit of the appended claims will occur to persons of 
ordinary skill in the art from a review of this disclosure, 

What is claimed is: 
1, A process for modifYing behavior of an ink editor with an 

associated ink editor behavior, the process comprising: 
determining that a new ink editing mode is supported by a 

65 derived class of ink editors; 
determining that a behavior associated with the new ink 

editing mode is enabled; 



US 8,072,433 B2 
27 

activating the behavior that is determined to be enabled; 
receiving a stylus up event; 
associating the new ink editing mode with the ink editor in 

response to the receiving the up event; and 
using the behavior to operate in the new ink editing mode. 
2. The process according to claim 1, wherein the new 

editing mode includes an inking mode. 
3. The process according to claim 1, wherein the new 

editing mode includes a selection mode. 
4. The process according to claim 1, wherein the new 10 

editing mode includes an erasing mode. 
5. The process according to claim 1, wherein the new 

editing mode includes a custom mode. 
6. The process according to claim 1, wherein the stylus is a 

15 
finger of a user. 

7. The process according to claim 1, the process further 
comprising determining that the derived class is between a 
stylus up event and a stylus down event if the new ink editing 
mode is not supported. 

8. The process according to claim 1, the process further 
comprising: 

determining that another new ink editing mode is not sup
ported by a derived class of ink editors; 

receiving another stylus up event; and 
determining to remove a virtual processor for handling 

changing to the another new ink editing mode. 

20 

25 

28 
or more processors, perform acts for modifYing behavior of 
an ink editor with an associated ink editor behavior, the acts 
comprising: 

receiving an editing mode change notification for a new ink 
editing mode; 

determining that the new ink editing mode is supported by 
a derived class of ink editors; 

receiving a stylus up event; 
associating the new ink editing mode with the ink editor in 

response to the receiving the up event; 
receiving an editing mode change notification for a select 

editing mode; 
receiving a first stylus down event; 
associated with the first stylus down event, determining 

that the stylus is located over an adorner; 
activating an adorner edit behavior; and 
performing in the select editing mode based on the adomer 

edit behavior until another stylus up event is received. 
16. The one or more computer-readable storage devices 

according to claim 15, the acts further comprising: 
receiving a second stylus down event; 
associated with the second stylus down event, determining 

that the stylus is located over a child element or over a 
selected ink element; 

determining that a move behavior is enabled; 
activating the move behavior; and 
performing in the select editing mode based on the move 

behavior until another stylus up event is received. 
17. The one or more computer-readable storage devices 

according to claim 15, the stylus being a finger of a user. 9. The process according to claim 8, the process further 
comprising removing the ink editor behavior. 

10. The process according to claim 9, the process further 
comprising returning control to the ink editor. 

30 
18. The one or more computer-readable storage devices 

according to claim 15, wherein the new ink editing mode 
includes one of an inking mode, a selection mode, an erasing 
mode or a custom mode. 11. The process according to claim 3, the process further 

comprising: 
receiving a stylus down event; 
determining that the stylus is located over an adorner; 
activating an adorner ink editor behavior; 
performing in the selection mode based on the adorner 

editor behavior until a stylus up event is received. 

35 

12. The process according to claim 3, the process further 40 

comprising: 
receiving a stylus down event; 
determining that the stylus is located over a child element 

or over a selected ink element; 
determining that a move behavior is enabled; 
activating the move behavior; 
performing in the selection mode based on the move 

behavior until a stylus up event is received. 

45 

13. The process according to claim 1, wherein the behavior 
associated with the new ink editing mode is a third party 50 

custom behavior that inherits characteristics from an associ
ated ink editor behavior. 

14. The process according to claim 1, wherein the behavior 
associated with the new ink editing mode is a third party 

55 
custom behavior that does not inherit characteristics from an 
associated ink editor behavior. 

15. One or more computer-readable storage devices storing 
computer-executable instructions that, when executed on one 

19. A system for modifying behavior of an ink editor with 
an associated ink editor behavior, the system comprising: 

memory; 
one or more processors communicatively coupled to the 

memory for executing instructions, the instructions to: 
activate the ink editor behavior by the ink editor; 
register the ink editor behavior to be notified that an ink 

editing mode changes; 
receive a notification by the ink editor behavior of a change 

to a new ink editing mode; 
call a virtual processor to handle the change to the new ink 

editing mode; 
determine that the new ink editing mode is supported by a 

derived class of ink editors; 
determine that a behavior associated with the new ink 

editing mode is enabled; 
activate the behavior associated with the new ink editing 

mode; 
receive a stylus up notification; 
associate the new ink editing mode with the ink editor in 

response to the up notification; and 
use the behavior to operate in the new ink editing mode. 
20. The process according to claim 19, wherein the behav

ior associated with the new ink editing mode is a custom 
behavior provided by a third party. 

* * * * * 
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INTRODUCTION 

Defendant Apple Inc. (“Apple”) respectfully moves the Court for leave to file a First 

Amended Answer, Affirmative Defenses and Counterclaims to assert counterclaims against 

Plaintiff HTC Corporation (“HTC”) for infringement of the following Apple patents:  U.S. 

Patent Nos. RE41,922 (the “’922 patent”); RE42,639 (the “’639 patent”); 7,856,605 (the ‘’605 

patent”); and 5,473,777 (the “’777 patent”) (collectively the “Apple Patents”).1  Each of the 

Apple Patents is directed to smartphone technology, just like the HTC patents asserted against 

Apple in this action, and is infringed by one or more of HTC’s Android smartphones.  Under 

Federal Rule of Civil Procedure 15(a), leave to amend “should freely be given when justice so 

requires.”  Apple’s request for leave more than meets the liberal standard of Rule 15(a) —

Apple’s motion is made in good faith, firmly rooted in factual and legal support, will not add 

undue complication to this case and will not prejudice HTC.  Accordingly, Apple respectfully 

requests that the Court grant this motion.   

Apple has conferred with HTC and HTC has indicated that it will oppose this motion.  

But HTC’s opposition is without merit.  Apple’s request for leave does not arise from undue 

delay, bad faith, or dilatory motives.  To the contrary, this case is in its infancy:  the Court only 

recently held a scheduling conference on April 25, 2012 and HTC itself has agreed that the 

pleadings can be amended until July 20, 2012.  Moreover, Apple’s proposed amendment is not 

futile.  Each of the Apple Patents was duly issued by the United States Patent and Trademark 

Office, and Apple’s proposed counterclaims include well-pleaded claims of patent infringement.  

There also is no prejudice to HTC, particularly given the early stage of this litigation.   

                                                 
1  In accordance with Local Rule 15.1, Apple’s First Amended Answer, Affirmative Defenses 

and Counterclaims to the Complaint and a black-lined comparison to the original Answer, 
Affirmative Defenses and Counterclaims to Complaint are attached hereto as Exhibits “A” 
and “B” respectively.   
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STATEMENT OF FACTS 

Apple requests leave to assert counterclaims alleging that HTC infringes the ’922 patent, 

the ’639 patent, the ’605 patent, and the ’777 patent.  Based on its investigation to date, at least 

the following HTC devices infringe the following claims of these patents: 

Patent Exemplary Infringed Claims Exemplary Accused Devices 

Reissued ’639 patent Claim 37  HTC Rezound, HTC One S  

Reissued ’922 patent Claims 29 and 33   HTC devices that run the Gallery 
application, such as the HTC 
Rezound  

’777 patent Claims 9 and 23   HTC devices running the Android 
Operating System 

’605 patent Claims 1 and 17  HTC devices that run the 
Messaging application, such as 
the HTC Inspire 

 

 The ’922 patent is directed to a method of overlaying a translucent image on top of a base 

image on a computer screen, such that the user can see the base image through the translucent 

image.  The ’639 patent is directed to a method and apparatus for using sensors to change the 

orientation of a digital camera viewfinder image from horizontal to vertical based on the 

orientation of the camera.  The ’605 patent is directed to a method for moving an insertion 

marker on a screen to identify where text will be added by a user’s touch input on the screen.  

Finally, the ’777 patent is directed to a method for allowing fundamentally different types of 

software to interact with each other. 

ARGUMENT 

Federal Rule of Civil Procedure 15(a) contemplates that leave to amend a party’s 

pleadings should be freely granted.  No basis exists to deny Apple leave in the present 

circumstances.  This case is in its infancy— the scheduling conference was held on April 25, 
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2012 and HTC has agreed that the pleadings can be amended until July 20, 2012.  Indeed, HTC 

agreed to the July 20 date knowing full well of Apple's intention to seek leave to amend its 

Answer and Counterclaims to bring infringement counterclaims against HTC.  Nor will the 

amendment Apple seeks cause prejudice to HTC or add undue complication to this case.  The 

patents Apple seeks to add to this action share commonalities amongst each other, are not overly 

complicated, and relate to the same technology as HTC’s patents—smartphone technology.  In 

contrast, denial of the motion would cause substantial prejudice to Apple by delaying Apple 

from pursuing infringement claims against HTC while HTC moves forward with its action 

against Apple.  Apple’s motion for leave to amend should therefore be granted. 

I. Leave To Amend Should Be Freely Granted 

A district court’s decision to grant or deny a motion to amend falls within its sound 

discretion.  Amgen, Inc. v. Ariad Pharms., Inc., et al., No. 06-259-MPT, 2008 WL 280881, at *1 

(D. Del. Jan. 31, 2008) (citing Forman v. Davis, 371 U.S. 178, 182 (1962)).  Under Federal Rule 

of Civil Procedure 15(a), leave to amend “should freely be given when justice so requires.”  

Indeed, “Rule 15 clearly embodies a liberal approach to the allowance of amendments.”  Amgen, 

Inc., 2008 WL 280881, at *1.  This Court has followed the Third Circuit’s “liberal approach to 

the amendment of pleadings to ensure that “a particular claim will be decided on the merits 

rather than on technicalities.”  Butz v. Lawns Unlimited Ltd., 568 F.Supp.2d 468, 478 (D. Del. 

2008).  Leave should only be denied where “(1) the moving party has demonstrated undue delay, 

bad faith or dilatory motives, (2) the amendment would be futile, or (3) the amendment would 

prejudice the other party.”  Frazer Nationwide Mut. Ins. Co., 352 F.3d 107, 116-117 (3d Cir. 

2003).  As demonstrated below, no such circumstances exist here. 
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II. Apple’s Motion Should Be Granted 

Under Federal Rule of Civil Procedure 15(a), the Court should grant Apple’s motion for 

leave to assert patent infringement counterclaims against HTC.  After serving its initial answer in 

this case, Apple identified additional patents that HTC’s mobile smartphone devices infringe.  

Apple seeks leave to amend to hold HTC accountable for its infringement of these patents.  

Because adding Apple’s proposed counterclaims to this action will not overly complicate this 

case, and because Apple’s motion is made in good faith and firmly rooted in factual and legal 

support, Apple’s motion should be granted.   

A. Apple’s Amended Counterclaim Is Proper Under The Rules 

HTC cannot show that Apple’s proposed amendment arises from undue delay, bad faith 

or dilatory motives.  Although this case was filed in September 2011, a scheduling conference 

has only just occurred.  Apple’s proposed counterclaims therefore will in no way delay the 

schedule of this case, which remains in its infancy. 

Nor can HTC show that Apple’s claims would be futile.  Apple’s proposed amendment 

seeks to add well-pleaded claims of patent infringement of issued U.S. patents arising from 

HTC’s current sale and marketing of smartphone products.  Because HTC cannot show that these 

claims would be susceptible to a motion to dismiss, HTC cannot argue that Apple’s claims are 

futile.  Pettinaro Enterp., LLC v. Continental Cas. Co., No. 09-139-GMS, 2010 WL 4274658, at 

*3 (Oct. 29, 2010).  And given the early stage of this litigation, HTC cannot reasonably claim 

prejudice flowing from the amendment. 

Finally, HTC cannot credibly contend that Apple should be barred from pursuing these 

patent infringement claims because of the pending Apple actions in the ITC.  None of the four 

patents that Apple wishes to assert here are at issue in any ITC action against HTC and none 

relate to any of those actions.  Moreover, HTC itself is pursuing the present action while 
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simultaneously prosecuting an ITC action against Apple.  Thus, fundamental fairness dictates 

that Apple be permitted to pursue these patent claims here. 

B. Apple’s Amended Counterclaim Will Not Unnecessarily Complicate This 
Action 

Adding Apple’s proposed counterclaims to this action will not overly complicate this 

action.  For one, the counterclaim patents all relate to smartphone technology, the same subject 

matter as HTC’s asserted patents in this action.  Moreover, the patents that Apple seeks leave to 

assert also share several commonalities with each other.  For instance, the ’922 patent, the ’639 

patent and the ’605 patent relate to smartphone features that jurors likely use or encounter every 

day.  The ’639 patent, for instance, generally relates to images on a digital camera screen being 

rotated if the user rotates the devices.  The ’605 patent relates to insertion markers that make it 

easier for users to identify where they are adding or editing text on a touch screen display.   And 

the ’922 patent relates to overlaying a translucent image on top of a base image on a computer 

screen, such that a user can see through the top, translucent image to the base image.  The ’777 

patent is asserted against a feature of HTC’s accused products that Apple’s infringement theories 

for the ’922 patent, the ’639 patent and the ’605 patent commonly depend upon—Android.  

Apple’s infringement proof for these four patents will thus relate to the same feature of HTC’s 

products.  Because of these commonalities, overlapping witnesses, proof and issues are likely to 

predominate between the ’777 patent, the ’605 patent, the ’922 and ’639 patents. 

Nor will the asserted counterclaim patents involve a burdensome numbers of claims or 

witnesses.  At present, Apple anticipates that trying its infringement claims related to the asserted 

counterclaim patents will require testimony of three or four expert witnesses, coupled with the 

testimony of a handful of fact witnesses related to the patents-in-suit.  In addition, Apple does 

not anticipate requiring excessively long expert testimony given the manageable number of 
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claims that Apple expects to assert against HTC’s products.  For instance, based on its 

investigation to date, Apple anticipates asserting one independent claim of the reissued ’639 

patent, two independent claims of the ’922 patent, two independent claims of the ’777 patent and 

two independent claims of the ’605 patent.   

Finally, even if the Court determines that Apple’s counterclaims would overly complicate 

this action, such complications would not outweigh the efficiencies to be gained by litigating 

Apple’s and HTC’s claims in the same action.  As set forth, both Apple’s and HTC’s cases relate 

to smartphone technologies and more specifically, to the interaction among mobile operating 

systems with various applications or functionalities.  Given this overlap, the resulting potential 

for overlapping witnesses and the overlapping education that will be required of the jury with 

respect to Apple’s and HTC’s infringement theories, it makes sense to litigate and try HTC’s and 

Apple’s actions together.  At the very minimum, to avoid the needless duplication of efforts that 

will be required of the parties and the Court if Apple’s and HTC’s claims proceed on separate 

tracks, it makes sense to litigate these actions under one common schedule.  To the extent the 

Court then wishes to deal with any perceived complexities through separate trials, Apple’s 

counterclaims can be tried separately to the extent necessary.      
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CONCLUSION 

For the reasons set forth above, Apple respectfully requests that the Court permit Apple 

to amend its responsive pleadings in the present case to assert patent infringement counterclaims 

for HTC’s infringement of U.S. Patent Nos. RE41,922; RE42,639; 7,856,605; and 5,473,777. 
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IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF DELAWARE 

HTC CORPORATION, 

Plaintiff, 

v. 

APPLE, INC., 

Defendant. 

) 
) 
) 
) 
) 
) 
) 
) 
) ______________________________ ) 

ORDER 

C.A. No. 11-cv-785 (GMS) 

WHEREAS, on September 7, 2011, HTC Corporation ("HTC") filed a Complaint against 

Apple, Inc. ("Apple") in the above-captioned action alleging that Apple infringes its U.S. Patent 

Numbers 5,418,524 ("the '524 Patent"), 5,630,152 ("the '152 Patent"), 5,630,159 ("the '159 

Patent"), and 5,302,947 ("the '947 Patent") (D.I. 1); 

WHEREAS, on October 31, 2011, Apple filed its Answer to HTC 's Complaint, in which 

it asserted counterclaims seeking declarations of invalidity and non-infringement with respect to 

each of the HTC patents asserted in this action (D.I. 7 at 9-15); 

WHEREAS, on April 30, 2012, Apple filed a Motion to Amend/Correct its Answer and 

Counterclaims (D.I. 21) and an accompanying Opening Brief (D.I. 22), seeking to assert 

additional counterclaims that HTC infringes the following Apple patents-U.S. Patent Numbers 

RE41,922 ("the '922 Patent"), RE42,639 ("the '639 Patent), 7,856,605 ("the '605 Patent"), and 

5,473,777 ("the '777 Patent"); 

WHEREAS, Apple, in support of its motion, asserts that it should be granted leave to 

amend because: (1) Federal Rule of Civil Procedure 15(a) contemplates that leave to amend 
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should be granted freely 1 (id. at 1-3); (2) Apple has not engaged in "undue delay, bad faith[,] or 

dilatory motives," and HTC cannot show that its counterclaims are futile or that the amendment 

would prejudice it, particularly at this stage of the proceedings2 (id. at 1 ); and (3) such 

amendment would facilitate judicial economy as HTC's patented technology is similar to and 

shares many commonalities with the technology covered by the patents Apple seeks to 

introduce3 (id. at 3-6); 

WHEREAS, on May 7, 2012, HTC filed an Answering Brief (D.I. 27) in opposition to 

Apple's motion, asserting that Apple should not be granted leave to amend because: (I) Apple 

delayed in filing the instant motion and could have added its proposed counterclaims at an earlier 

date4
; (2) the patents Apple seeks to introduce via its counterclaims involve patents unrelated to 

the technology at issue and, as a result, would prejudice HTC by confusing the jury and/or 

diverting the jury's attention to patent claims Apple could bring in another action; (3) Apple 

incorrectly states that there are significant "commonalities" among and/or overlap between the 

1 See FED. R. C!V. PRO. 15(a). 
2 Apple notes, in support of its argwnent, that it seeks to amend its counterclaims before the July 20, 20 12 

deadline for the parties to amend their respective pleadings. (D.I. 22 at 3.) In addition, Apple notes that this 
litigation is in its "infancy," having just had its scheduling conference on April 25, 2012 and, as a result, HTC will 
not be prejudiced by the introduction of these counterclaim patents at this stage. (Jd at 1.) Finally, Apple notes that 
the patents it seeks to include in this action were "duly issued by the United States Patent and Trademark Office, and 
Apple's proposed counterclaims include well-pleaded claims of patent infringement." (!d) 

3 Specifically, Apple argues that the patents it seeks to add "to this action share commonalities amongst 
each other, are not overly complicated, and relate to the same technology as HTC's patents-smartphone 
technology." (!d. at 3.) Apple further asserts that, as an example of these commonalities, "[f]or instance, the '922 
[P]atent, the '639 [P]atent and the '605 [P]atent relate to smartphone features that jurors likely use or encounter 
every day." (Id at 5.) 

4 HTC notes that Apple's "counsel approached HTC's counsel with a private request to stay the current 
case. Without the benefit of a Rule 16 scheduling conference, HTC declined." (D.I. 27 at 2.) HTC alleges that it 
was only after HTC declined to stipulate to stay the instant action that Apple informed it of their intention to assert 
"affirmative counterclaims." (!d.) HTC states that Apple provided their proposed pleading amendment only when 
the court ordered a Rule 16 scheduling conference and asserted counterclaims involving patents that were issued 
before Apple filed its original answer. (Id at 2-3.) HTC also notes that, because Apple seeks to introduce the '605 
Patent into this action, Apple's amended answer would have the effect of staying this case as it involves an ITC 
reexamination patent involved in the stayed 10-cv-167, 10-cv-544, and 11-cv-611 actions before the court. (Id at 2 
n.l, 3.) 

2 
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patents at issue when, in fact, the patents involve different technologies,5 do not share a common 

inventor, are not related as continuing or divisional applications, and do not reference each other 

in their lengthy descriptions; and (4) the introduction of Apple's patents will result in at least 

three additional expert witnesses, "a handful" of additional fact witnesses, and, therefore, will 

diminish judicial economy (id. ); 

WHEREAS, as Apple correctly notes, Federal Rule of Civil Procedure 15(a) 

contemplates that leave to amend "should freely be given when justice so requires"6
; 

WHEREAS, a district court's decision to grant or deny a motion to amend falls within its 

sound discretion. See Amgen, Inc. v. Ariad Pharms., Inc., C. A. No. 06-259-MPT, 2008 WL 

280881, at *1 (D. Del. Jan. 31, 2008) (citing Forman v. Davis, 371 U.S. 178, 182 (1962)); 

WHEREAS, a court reviewing a motion to amend, should deny that motion where: "(1) 

the moving party has demonstrated undue delay, bad faith[,] or dilatory motives, (2) the 

amendment would be futile, or (3) the amendment would prejudice the other party." Frazer 

Nationwide Mut. Ins. Co., 352 F.3d 107, 116-17 (3d Cir. 2003); 

WHEREAS, as HTC correctly cites, district courts have denied motions to amend 

pleadings where the inclusion of counterclaim patents unrelated to the technology at issue would 

5 HTC notes that its patents relate to "the communications field for smartphones and other electronic 
devices." (D.l. 27 at 4.) Specifically, the HTC patents include: "(a) methods and apparatuses for loading software 
into an external device, (b) methods of apparatuses for upgrading software over-the-air, (c) methods and apparatuses 
for implementing communication protocols between chipsets, and (d) methods and apparatuses for enabling 
preference selection and establishment." (Jd at 4-5.) Conversely, the patents that Apple seeks to introduce involve: 
"(a) images on a digital camera screen being rotated if the user rotates the devices; (b) insertion markers that make it 
easier for users to identify where they are adding or editing text on a touch screen display; (c) overlaying a 
translucent image on top of a base image; and (d) allowing fundamentally different types of software to interact with 
each other." (Jd at 5.) Thus, HTC argues that Apple is incorrect in asserting that the technologies are related 
because they involve smartphones. To the contrary, HTC notes that smartphones involve over two hundred different 
types of technologies, such that individual technologies employed in a smartphone cannot be deemed related to other 
smartphone technologies simply because it is implemented in the same device. (I d) 

6 See FED. R. CIV. PRO. lS(a). 

3 
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potentially result in jury confusion and would fail to promote a quick or economical resolution of 

WHEREAS, the court, having considered the pending motion, the opening brief and 

response thereto, and the applicable law, concludes that the technology covered by HTC's 

patents and the patents Apple proposes to include in this action via counterclaims is dissimilar to 

the extent that allowing Apple leave to amend would prejudice HTC8
; 

WHEREAS, the court further concludes that granting Apple's motion would not promote 

the interests of judicial econom/; 

IT IS HEREBY ORDERED that Apple's Motion to Amend/Correct its Answer and 

Counterclaims is DENIED. 

May 'Y )- 2012 

7 See, e.g., Matsushita Elec. Indus. Co. Ltd. v. CMC Magnetics Corp., C.A. No. 06-04538 WHA, 2007 WL 
127997 at *4 (N.D. Cal. Jan. 12, 2007) (concluding that, where "two technologies are related only in a very broad 
sense" and, therefore, "would inject an additional layer of complexity and delay into an already complex action," 
"Rule 15(d) bars the proposed amendment" because this addition would "not promote a quick or economic 
resolution to the case"). 

8 As noted in footnote 5, the technology at issue in the case and the technology Apple seeks to introduce via 
its counterclaims do not share many commonalities-as Apple asserts--other than the fact that each parties' patents 
are employed in smartphone devices. To this end, the court agrees with HTC's assertion that introduction of the 
Apple patents would potentially "unduly complicate and increase discovery and trial to include at least (I) different 
documents, information, and source code on a large number of new products that are unrelated and work differently 
than those currently at issue; (2) prior art references that would be irrelevant to the HTC patents-at-issue; (3) 
testimony from additional fact" and expert witnesses; and (4) "additional experts, expert reports, and depositions on 
patents, prior art, products, and source code that are divergent from those currently in the case". (D.I. 27 at 8-9.) In 
light of these considerations, the court concludes that introduction of Apple's patents into this action would 
potentially prejudice HTC and would impede judicial economy. As a result, the court will deny Apple's motion to 
amend its counterclaims as, per Apple's own Opening Brief statement, its "counterclaims can be tried separately to 
the extent necessary." (D.I. 22 at 1.) 

9 See supra note 8. 
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