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COrreSpOndenCe AddreSSI To annotate a three-dimensional electronic document, a user 
OLIFF & BERRIDGE, PLC speci?es, on a two-dimensional screen, a portion of a page of 
R0, BOX 320850 a three-dimensional document as a speci?ed page area to be 
ALEXANDRIA, VA 223204850 (Us) annotated by makmg a stroke. The annotation may be d1s 

played to the user by a hybrid technique Where the annotation 
_ is displayed by a 3D polyline segment placed behind the near 

(73) Asslgnee? PALO ALTO RESEARCH clipping plane of a virtual camera frustum. At the same time, 
CENTER INCORPORATED, previous annotations are displayed by another technique, 
P2110 AlIO, CA (US) such as, for example, the texture coloring technique. During 

the intermittent time between the stroke and another stroke 
_ the 3D polyline segment is removed from behind the near 

(21) Appl' NO" 12/505’262 clipping plane and the page texture is updated With the anno 
tation data. The display techniques support highlighting 

(22) Filed: Jul. 17, 2009 annotations, free-form annotations, and text annotations. 
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SYSTEMS AND MEHTODS FOR 
ANNOTATING PAGES OF A 3D ELECTRONIC 

DOCUMENT 

[0001] This is a Division ofapplication Ser. No. 11/012,902 
?led Dec. 16, 2004, Which copended With US. patent appli 
cation Ser. No. 10/739,213, now US. Pat. No. 7,148,905. The 
disclosures of the prior applications are hereby incorporated 
by reference herein in their entirety. 

BACKGROUND 

[0002] Page annotation of documents including books, 
magazines, journals, textbooks, photo albums, maps, periodi 
cals, or the like, is a common technique performed by readers 
and vieWers of these documents. Page annotation is highly 
desirable to the readers and the vieWers because it provides 
the readers and the vieWers With the ability to mark the docu 
ments With text notes, handWritten notes, bookmarks, high 
lights and/or the like, to, e.g., facilitate later revieW of the 
same material by the annotater or another reader. 
[0003] Although many of these documents have been tra 
ditionally presented in paper format, electronic formats of 
these documents have become Widely available due to numer 
ous developments in the computer related ?elds, e.g., the 
Internet. With the increasing groWth of electronic documents, 
the readers and the vieWers still ?nd page annotation highly 
desirable. Therefore, some annotation tools for tWo-dimen 
sional electronic documents have been provided. 
[0004] For example, Schilit, Price, and Golovchinsky 
describe a research prototype called XLibris® used to display 
tWo-dimensional electronic document pages and support 
free-form annotations, Which runs on a tablet computer and 
accepts pen input. By using the pen, the user can scribble 
notes, draW ?gures, and highlight text. The user also has the 
option of changing the color of the pen and/or selecting 
betWeen a Wide pen and a narroW pen. 

[0005] PCT Publication WO 0,142,980 describes an anno 
tation tool for annotating tWo-dimensional electronic docu 
ments. PCT Publication WO 0,142,980 describes that “the 
annotations are stored separately from the vieWed document 
pages but are correlated With the pages such that When a 
previously annotated page is revisited, annotations related to 
that page are retrieved and displayed on top of the page as an 
‘ink’ layer.” By using the stylus, the user can highlight certain 
parts of the tWo-dimensional document in translucent colors 
or mark opaque annotations on the page, in a Way very similar 
to XLibris. To display the annotations, the “pixel blending 
function blends pixels from a document page With corre 
sponding pixels from an annotation or ‘ink’ layer mapped to 
that document page, and generates a blended pixel image that 
is displayed as an annotated document page.” 
[0006] PCT Publication No. WO 0,201,339 also describes 
an annotation tool for annotating tWo -dimensional electronic 
documents, and describes a technique Which “analyZes the 
ink for each annotated pixel and renders the color and bright 
ness of each pixel based on the original pixel color and the 
added annotation color so as to appear as physical ink Would 
typically appear if similarly applied to physical paper.” 

SUMMARY 

[0007] Although using tWo-dimensional electronic annota 
tion tools in three-dimensional electronic documents is con 
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ceivable, visualiZation and technical implementation prob 
lems result When the annotation tools created for the tWo 
dimensional electronic documents are applied to three 
dimensional electronic documents. Zinio Reader®, 
developed by Zinio Systems Inc., located at http://WWW.Zinio. 
com, and Adobe Acrobat® are tWo examples of annotation 
tools. 

[0008] Adobe Acrobat® includes one example of a tWo 
dimensional electronic annotation tool that alloWs selected 
portions of the electronic document to be highlighted. HoW 
ever, if the tWo-dimensional electronic highlighter annotation 
tool is applied to a three-dimensional electronic document, 
then dif?culty in de?ning the highlight area and the visual 
iZation of the highlighting ink is presented. 
[0009] For example, to capture and display pen-based 
annotations in three-dimensions is different from capturing 
and displaying pen-based annotations in tWo-dimensions. 
Speci?cally, in tWo-dimensions, translation of the user input 
from the computer screen to the page and updating the 
appearance of the page is relatively straightforward. On the 
other hand, in three dimensions, three-dimensional transfor 
mations must be employed to determine Where on the page 
the user Wants to place an annotation and the three-dimen 
sional parameters of the page must be modi?ed in order to 
shoW the annotation in the rendered image. Therefore, it is 
desirable to create annotation tools speci?cally designed to 
annotate three-dimensional electronic documents. 

[0010] For example, Hanrahan and Haeberli describe a 
three-dimensional electronic paint program that uses a tech 
nique to paint surfaces of three-dimensional electronic 
objects in “Direct WYSIWYG Painting and Texturing on 3D 
Shapes,” Proceedings of the ACM SIGGRAPH’90 Confer 
ence, pages 215-223. Based on What is displayed on the 
computer screen, the user manipulates the parameters, e. g., 
diffuse color, specular color, and surface roughness, used to 
shade the surfaces of the three-dimensional object. The paint 
brush strokes speci?ed by the user are transformed from the 
screen space to the texture space of the object to update the 
texture data. As a result, the appearance of the 3D surfaces is 
modi?ed. 

[0011] It Would therefore be desirable to implement anno 
tation tools in three-dimensional electronic documents that 
better simulate annotation of actual physical, magaZines, 
journals, textbooks, photo albums, maps, periodicals, or the 
like. 

[0012] Exemplary embodiments provide systems and 
methods that alloW pages of three-dimensional electronic 
documents to be annotated in a manner that more accurately 
simulate annotating pages of an actual physical three-dimen 
sional document. 

[0013] Exemplary embodiments provide systems and 
methods that alloW pages of three-dimensional electronic 
documents to be annotated Without producing noticeable arti 
facts. 

[0014] Exemplary embodiments provide systems and 
methods that provide a frameWork to support highlighting 
annotations, free-form annotations, text annotations and/or 
the like on one or more pages. 

[0015] Exemplary embodiments provide systems and 
methods that alloW the user to annotate, e.g., highlight, a 
?gure, a table, multiple lines of text and/ or the like on one or 
more pages. 
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[0016] Exemplary embodiments provide systems and 
methods that allow the reader or viewer to specify an area as 
the annotated area. 

[0017] Exemplary embodiments provide systems and 
methods that transform an annotated area from the coordinate 
system of the computer screen to the local coordinate system 
of the page, whereupon the annotated area is transformed 
from the local coordinate system of the page to a coordinate 
system of a texture corresponding to the page, and the result 
ing coordinates are stored as part of the annotation data. 
[0018] Exemplary embodiments provide systems and 
methods that use annotation data to display annotations on the 
page as the annotated area is gradually de?ned, and to recre 
ate the annotation from the stored annotation data. 
[0019] Exemplary embodiments provide systems and 
methods that superimpose or place one or more transparent 
polylines over the page area which is to be annotated. 
[0020] Exemplary embodiments provide systems and 
methods that superimpose or place one or more transparent 
geometric shapes, e.g., polygons or polylines over the page 
area which is to be annotated. 

[0021] Exemplary embodiments provide systems and 
methods that re-evaluate the color of vertices as a function of 
vertex color, annotation color and/or ink density. 
[0022] Exemplary embodiments provide systems and 
methods that modify a texture pasted on a page geometry. 
[0023] Exemplary embodiments provide systems and 
methods that generate a new page texture based on the origi 
nal page texture, annotation color and ink density. 
[0024] In exemplary embodiments, a reader, viewer, anno 
tater, or user can annotate more than one portion of a page 
and/or more than one page of the three-dimensional docu 
ment without turning the page. 
[0025] In exemplary embodiments, the annotation tools for 
three-dimensional electronic documents simulate user inter 
action with an actual physical three-dimensional document, 
e.g., a physical book, by providing users with the ability to 
annotate the three-dimensional electronic document in an 
intuitive manner. In exemplary embodiments, there are mul 
tiple stages in producing an annotation. The stages include, 
but are not limited to, the specifying stage and the displaying 
stage. In the specifying stage, the user decides where to place 
an annotation and what annotation, e. g., a red highlight, a blue 
arrow or a free-form line stroke, to place on the electronic 
document. In the displaying stage, the annotation system 
displays the annotation in a visual format based on the data 
captured during the specifying stage. 
[0026] In exemplary embodiments, an annotation instru 
ment, such as a mouse or stylus, is used as an electronic 
annotation tool to annotate the three-dimensional electronic 
document. In exemplary embodiments, a user de?nes a page 
area of the three-dimensional electronic document to be 
annotated in the specifying step. The annotating can be imple 
mented in various ways including, but not limited to, display 
ing the annotations with a transparent polygon, vertex color 
ing, texture coloring, or a hybrid technique. 
[0027] In exemplary embodiments, a method for annotat 
ing a page of an electronic document includes selecting a page 
of the electronic document, the page having a ?rst layer; 
providing an annotation tool to annotate a speci?ed area of the 
selected page; specifying the area of the page to be annotated 
by the annotation tool; annotating a second layer, the second 
layer corresponding to the page, by marking the speci?ed area 
of the page with the annotation tool; displaying an annotation 
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corresponding to the speci?ed area, wherein the annotation is 
displayed in a third layer other than the second layer and the 
?rst layer. 
[0028] In exemplary embodiments, the annotations are dis 
played by superimposing or placing a layer with an annota 
tion over the page area that is speci?ed to be annotated. 
[0029] In exemplary embodiments, the annotations are dis 
played using a texture coloring technique that modi?es the 
texture pasted on the electronic page geometry. 
[0030] In exemplary embodiments, a part of an annotation 
may be represented by one of the transparent polygon (which 
may include, polyline), vertex coloring, and texture coloring 
annotation techniques during a display period, and another 
part of the annotation may be represented by a different 
annotation technique during the same display period. 
[0031] In exemplary embodiments, the annotations can be 
displayed in three dimensions to convey depth and/or a dif 
ferent shape than the underlying page. 
[0032] These and other features and advantages are 
described in or are apparent from the following detailed 
description of exemplary embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] Exemplary embodiments will be described in detail, 
with reference to the following ?gures in which like reference 
numerals refer to like elements and wherein: 
[0034] FIG. 1 illustrates an exemplary embodiment of an 
annotated page of a three-dimensional electronic document, 
which has been annotated using an electronic annotation tool 
to de?ne an annotation area; 
[0035] FIG. 2 illustrates an exemplary embodiment of an 
annotated page of a three-dimensional electronic document 
displaying an annotation area using a transparent polygon 
technique; 
[0036] FIG. 3 illustrates an exemplary embodiment of an 
annotated page of a three-dimensional electronic document 
displaying three annotation areas using a transparent polygon 
technique; 
[0037] FIG. 4 illustrates an exemplary embodiment of an 
annotated page of a three-dimensional electronic document 
displaying an annotation area using a vertex coloring tech 
nique; 
[0038] FIG. 5 illustrates an exemplary embodiment of an 
annotated page of a three-dimensional electronic document 
displaying an annotation area using a texture coloring tech 
nique; 
[0039] FIG. 6 illustrates a ?owchart outlining an exemplary 
embodiment of a method for annotating pages of a three 
dimensional electronic document; 
[0040] FIG. 7 illustrates a ?owchart outlining an exemplary 
embodiment of a method for displaying annotations in the 
page area of a three-dimensional electronic document that has 

been annotated; 
[0041] FIG. 8 illustrates an exemplary embodiment of an 
annotated page of a three-dimensional electronic document 
displaying an annotation area using a texture coloring tech 
nique; 
[0042] FIG. 9 illustrates an exemplary embodiment of an 
annotated page of a three-dimensional electronic document 
displaying an annotation area using a hybrid technique; 
[0043] FIG. 10 illustrates an exemplary embodiment of an 
annotated page of a three-dimensional electronic document 
displaying an annotation area using a hybrid technique; 
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[0044] FIG. 11 illustrates a cross-section of the annotated 
three-dimensional page shown in FIG. 10 displaying an anno 
tation area using a hybrid technique; 
[0045] FIG. 12 illustrates an exemplary embodiment of an 
annotated page of a three-dimensional electronic document 
displaying an annotation area using a hybrid technique; 
[0046] FIG. 13 illustrates a ?owchart outlining an exem 
plary embodiment of a method for annotating pages of three 
dimensional electronic documents using a hybrid technique; 
and 
[0047] FIG. 14 is a block diagram outlining one exemplary 
embodiment of a system for annotating pages of three-dimen 
sional electronic documents. 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0048] The folloWing detailed description illustrates exem 
plary embodiments of methods and systems for annotating 
pages of a three-dimensional electronic document. 
[0049] Producing an annotation on an electronic document 
may include a specifying stage and a displaying stage. In the 
specifying stage a reader, vieWer or user indicates to a system 
an areas of a page to Which to place an annotation, and 
instructs the system as to the type of annotation (e.g., a red 
highlight, a blue arroW, or a free-form line) to place at the 
areas. The reader may specify an annotation using an input 
device such as, for example, a mouse or stylus. The system 
may capture the speci?cation data, during the speci?cation 
stage, as it is being input. In the displaying stage, the system 
displays the annotation in a visual format based on the data 
captured during the specifying stage. 
[0050] For example, as shoWn in FIG. 1, a user speci?es an 
area to be annotated, e.g., highlighted, using a highlighting 
speci?cation technique to specify an area to be annotated. 
FIG. 1 illustrates a close-up vieW of an exemplary embodi 
ment of a three-dimensional electronic document (e-book) 
1 00 containing multiple document pages, such as the depicted 
document page 110. The document page 110 is annotated 
With an annotation tool, e. g., a mouse (not shoWn) that marks 
a page area 120 of the document page 110 With a speci?c 
highlight color. 
[0051] It Will be appreciated that, as used herein, “annota 
tion tool” refers to any device or combination of devices that 
alloWs a user to produce a visual enhancement, such as under 
lining, coloring, text, graphics or the like, on an electronic 
document. For example, a computer mouse or keyboard 
manipulates a cursor combined With circuitry and/ or softWare 
and/ or other hardWare, such as physical buttons and/ or menus 
on a screen as an annotation tool. An electronic highlighter is 
one type of annotation tool. Operations of a highlighter Will 
be described in examples beloW. 
[0052] Additionally, as used herein, “ink” of course refers 
not to liquid ink, but rather virtual (e.g., electronically repre 
sented) ink used to produce visual enhancement, such as 
underlining, coloring or the like, on an electronic page. 
[0053] The system may alloW the user to modify the anno 
tation color and/or the ink density if desired. For example, if 
the user Wants to modify the highlighter color, the user may 
select the color from a drop-doWn menu. Then, color of the 
highlighter is modi?ed and neW color data is stored When the 
highlighter is used on an electronic page. If the user Wants to 
modify the ink density, the user may select the ink density 
from a drop-doWn menu. Then, the ink density of the high 
lighter is modi?ed and neW ink density data is stored When the 
highlighter is used on an electronic page. 
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[0054] As the user reads through the e-book 100 shoWn in 
FIG. 1, the user may annotate, e.g., highlight, an area of the 
page by marking a portion of the document page 110 With a 
highlighter. The portion to be highlighted is de?ned in this 
example as a rectangular page area 120 based on the user 
input. Depending on the annotation technique, the page area 
120 may be annotated in a speci?ed color or ink density. 
[0055] To mark an area, e.g., the page area 120 of the 
document page 110, the user inputs a command, such as, for 
example, by operating a mouse to move a cursor to a starting 
position 122 and pressing a mouse button to anchor a comer 
of the mark at the starting position 122. The user can then drag 
the mouse to move the cursor to select the desired area 120 to 

be marked. As the user drags the mouse, the siZe of the area 
120 changes and the highlight area is updated dynamically 
providing a visual feedback to the user of the area to be 
highlighted. The user ?naliZes the highlighted rectangular 
page area 120 by releasing the mouse button to anchor 
another comer of the rectangular page area at an end position 
124. 
[0056] During the mouse action (e.g., the mouse press 
action, the mouse drag action, or the mouse release action) the 
mouse communicates With the system to indicate Where the 
mouse action occurred on the display screen. The screen 
coordinates corresponding to the mouse action are mapped to 
the local coordinate system of the page to determine Where on 
the three-dimensional document page the user pointed at 
When the mouse action occurred. In other Words, the area 
speci?ed by the user on the screen is transformed from the 
screen coordinate system, to the World coordinate system, 
and further to the local coordinate system of the page. If 
necessary, the area is further transformed from the local coor 
dinate system of the page to a texture coordinate system of the 
page. The resulting area is then stored as part of the highlight 
data. 
[0057] The World coordinate system, sometimes referred to 
as the global coordinate system, is the principal coordinate 
system of a three-dimensional Workspace and is independent 
of vieWpoint and display. Individual objects, such as a page, 
are each de?ned in their oWn local coordinate systems Within 
the World coordinate system. The local coordinate systems 
are each independent from each other and the World coordi 
nate system. Light sources, the vieWer, and virtual cameras 
are positioned in the World coordinate system. In some 
embodiments the vieWer may be the virtual camera. 

[0058] The screen coordinate system may correspond to the 
coordinate system of a virtual camera. The location of the 
camera may correspond to the origin of the screen coordinate 
system. For example, a reader’s eye revieWing the screen 
corresponds to the origin of a screen coordinate system. 
[0059] The texture coordinate system de?nes a texture and 
is independent from the World coordinate system, screen 
coordinate system and the local coordinate system. Texture 
mapping is a process that maps a texture (for example, a high 
de?nition image, such as a picture or text) onto an object (e. g., 
a page). The shape of the object, e.g., a page, is represented 
With a polygon mesh. The polygon mesh is, generally, a set of 
ver‘tices connected by edges. A vertex of the polygon mesh 
has a 3D coordinate (x,y,Z) Which de?nes Where it is located 
in the local coordinate system of the page. Each vertex also 
has a 2D texture coordinate (u,v) for the purpose of texture 
mapping. For example, the loWer left comer of the page may 
be located at (0,0,0) of the local coordinate system and have 
a texture coordinate of (0,0). The upper right comer of the 
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page may be located at (pageWidth,pageHeight,0) and have a 
texture coordinate of (1,1). Note that in this example the 
texture mapping may require some compressing or stretching 
of the texture. For a point not lying at any vertex of the 
polygon mesh, scan conversion determines Where the point is 
located in the local coordinate system, and determines the 
point’s texture coordinate. The texture coordinate determines 
the point’s texture color. 
[0060] Raycasting is one example of a technique that is 
used in mapping a screen coordinate to a local coordinate of 
the page. The raycasting technique includes shooting a ray 
from a virtual camera (corresponding to the eye of a user 
vieWing the screen) through/from the screen coordinate posi 
tion of the mouse (xm, ym) toWards the three-dimensional 
document. Next, the intersection position, i.e., coordinate 
points, (xW, yW, ZW), of the ray and the page of the three 
dimensional document, is calculated. Assuming that the inter 
section position is represented in the World coordinate sys 
tem, this point is then mapped from the World coordinate 
system to the local coordinate system of the page. If neces 
sary, the point represented in the local coordinate system of 
the page is further mapped to the texture coordinate system of 
the page. 
[0061] It should be appreciated that the annotation speci? 
cation technique described above may be applied to docu 
ment pages facing straight to the user and/ or facing to the user 
at oblique angles; that the annotation speci?cation technique 
may be applied to document pages represented as ?at three 
dimensional and/or curved three-dimensional surfaces; that, 
although the previous description mentioned a rectangular 
area to be annotated, an area of any shape, including circles, 
oblong or oval shapes, and polygons of any numbered sides 
can be speci?ed by the user in a similar manner; and that, 
rather than a mouse, other input devices (e.g., a stylus or 
electronic pen) can be employed to specify the page area to be 
annotated. 

[0062] It should also be appreciated that factors other than 
the location of the annotation area may be used to in?uence 
the annotation effect. For example, “covering up” the original 
contents of the page so that they cannot be vieWed after 
annotating, e.g., highlighting, may be desirable, or alloWing 
the original contents to still be vieWable after highlighting 
may be desirable. The color of the highlight and the ink 
density of the highlight used Will impact Whether the original 
contents can be vieWed. If the original contents of the page are 
to be vieWed after highlighting, the original contents of the 
page that are located in the marked page area may be blended 
With the highlight color to produce a highlighting effect. 
Generally, the ink density of the highlight determines hoW 
much of the highlight color appears in the blending result. The 
denser the highlight ink is, the more the highlight color shoWs 
in the blending result. To modify both the color and/ or the ink 
density of the highlight, a user interface (not shoWn) can be 
provided that alloWs the user to change the color and/or ink 
density of the highlight. 
[0063] It should be appreciated that, as the annotation, e.g., 
highlight, is created, annotation data pertaining to the anno 
tated area including the area boundary, the color, the ink 
density and/or the like is stored in the system for annotating 
three-dimensional documents and correlated With the corre 
sponding page. The system for annotating three-dimensional 
documents is intended to display the annotation on the page as 
the annotation area is gradually de?ned. Additionally, When 
ever the page is revisited, e.g., due to backWard and/or for 
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Ward page turning, the annotation is recreated from the stored 
annotation data and displayed on the corresponding page. 
[0064] The folloWing detailed description of methods and 
systems for annotating pages of three-dimensional electronic 
documents, such as e-books discloses exemplary embodi 
ments of methods and systems of displaying a user speci?ed 
annotation, such as highlights, using transparent geometric 
shapes, vertex coloring, texture coloring and/or a hybrid tech 
nique. 
[0065] Hereafter, a polygon Will be used as a geometric 
shape. FIG. 2 illustrates an embodiment of displaying an 
annotation 200, e. g., highlight, by using a transparent and/or 
translucent polygon 220 (hereafter, referred to as “transparent 
polygon” for convenience) and superimposing or placing the 
transparent polygon 220 over the page area 230, of a three 
dimensional page 210, that is to be highlighted. The highlight 
may be created by a highlighting speci?cation technique 
described previously. The location and siZe of the transparent 
polygon 220 is preferably equal to the location and siZe of the 
page area 230, Which is determined by the stored highlight 
data. The color of the polygon 220 re?ects the color of the 
highlighter, and the opacity of the polygon 220 models the ink 
density of the highlighter. 
[0066] Superimposing the transparent polygon 220 over 
the page area 230 that is to be highlighted creates a “Z ?ght 
ing” problem. The problem of Z ?ghting arises When tWo 
overlapping, co-planar polygons P1 and P2 are displayed. 
During scan conversion, polygon P1 may have some pixels in 
front of polygon P2 and other pixels behind polygon P2. As a 
result, there is no clear separation betWeen polygon P1 and 
polygon P2. As such When a user vieWs a page from the front 
side of the page, as vieWed from the side of polygon 220 
labeled “FRONT,” part of the transparent polygon 220 may be 
in front of the page area 230 and part of the transparent 
polygon 220 may be behind the page area 230 (i.e., be blocked 
from the user’s vieW by the page area 230). To avoid the Z 
?ghting problem, the transparent polygon 220 is offset/el 
evated (for example, along a Z axis, if the plane correspond 
ing to the page is de?ned by “x” and “y” axes) from the page 
210 toWards the front side of the page by a distance D1. The 
minimum offset distance may depend, e.g., on the Z buffer of 
the graphics hardWare. 
[0067] FIG. 3 illustrates an exemplary embodiment of the 
step of displaying annotations 300 by superimposing multiple 
transparent polygons 320, 330, 340 over three page areas that 
are to be annotated 350, 360, 370 of a three-dimensional page 
310. When multiple transparent polygons 320, 330, 340 over 
lap a common area 380 of the three-dimensional page 310, the 
transparent polygons 320, 330, 340 are offset from each other 
to avoid the Z ?ghting problem. HoWever, as multiple anno 
tations, e. g., highlights, are created and/or removed, algo 
rithms for determining the offset for neW polygons created by 
additional annotations of the three-dimensional page 310 
becomes increasingly complex. 
[0068] FIG. 4 illustrates an exemplary embodiment of dis 
playing an annotation, e.g., highlights on a page 400, using 
vertex coloring to color tho se vertices Within the three-dimen 
sional page area 410 that are to be annotated. The vertex 
coloring technique has advantages over the transparent poly 
gon technique because it can avoid some of the system com 
plications associated With the transparent polygon technique 
When surfaces Which are to be vieWed as curved are anno 
tated. For example, in the transparent polygon technique, if a 
page is curved, e.g., When turned, after being highlighted, the 
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transparent polygons associated With the highlight must also 
be curved. As in the transparent polygon technique, and as 
illustrated in FIG. 4, in the vertex coloring technique the 
polygonal boundary speci?ed by the user determines the page 
area 410 that Will be annotated. However, after determining 
the boundary of the polygon area 410, i.e., the area to be 
annotated, the polygonal area 410 is additionally transformed 
from the local coordinate system of the page to the coordinate 
system of the texture corresponding to the page. This trans 
formation takes place during the speci?cation stage. The 
resulting texture coordinates are stored as part of the annota 
tion data. 
[0069] As shoWn in FIG. 4, the page 400 can be represented 
as a geometric object. In FIG. 4 the page geometry is repre 
sented as having a polygon mesh. The polygon mesh is a 
computer graphics technique Which approximately repre 
sents a three-dimensional object, such as the three-dimen 
sional page, using vertices 415 connected by edges 420. Once 
a user inputs the boundary of the polygon area 410 to be 
annotated, the vertices 415 lying inside the user-speci?ed 
polygonal area 410 can be identi?ed. After the vertices 415 
are identi?ed, the colors of the identi?ed vertices 415 are 
re-evaluated as a function of the annotation color and the ink 
density. Re-evaluation may change the colors of the vertices. 
The colors of the vertices inside and outside the polygonal 
area 410 of the polygon mesh may subsequently be interpo 
lated and then blended With the page texture corresponding to 
the page to produce an annotating effect. 
[0070] HoWever, the vertex coloring technique may pro 
duce noticeable artifacts, e. g., at the annotation boundary, 
resulting from the bi-linear interpolation of vertex colors 
occurring from the scan conversion of the polygon mesh. 
Although using a ?ner polygon mesh Will, to a certain degree, 
ameliorate the annotation boundary, a ?ner mesh Will require 
more vertices to be processed and someWhat impact the pro 
cessing speed of the system. 
[0071] FIG. 5 illustrates an exemplary embodiment of dis 
playing an annotation, e.g., highlight, using the texture col 
oring technique. In the texture coloring technique, the page 
texture is modi?ed and/or updated to display the annotated 
data. As discussed above, the page texture is a layer corre 
sponding to the page and used to represent high resolution 
images. Moreover, like the vertex coloring technique, in the 
texture coloring technique the page is represented by a poly 
gon mesh. Each vertex of the page has a texture coordinate in 
the texture coordinate system of the page. 

[0072] The texture coloring technique employs many of the 
same steps used by the transparent polygon and vertex color 
ing techniques. Like the vertex coloring technique, after 
determining the boundary of the polygon area 510, e.g., the 
area to be highlighted, in the speci?cation stage, the polygo 
nal area 510 is additionally transformed from the local coor 
dinate system of the page (i.e., polygon mesh) to the coordi 
nate system of a texture corresponding to the page. The 
resulting texture coordinates are stored as part of the highlight 
data. Thus, the page texture and the associated highlight data 
is separate from the page during annotation specifying; hoW 
ever, after specifying an annotation, the associated annotation 
is blended to the page texture, Which is then pasted onto the 
page geometry. FIG. 5 illustrates the page texture pasted on 
the page 500 (i.e., page geometry). The entire image shoWn 
on the page 500 corresponds to the texture. 

[0073] In the texture coloring technique, a blending step 
may also be performed to achieve the annotation effect. The 
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blending step includes computing the color of each texture 
pixel Within the annotated polygonal area 510. The color of 
the texture pixel may be determined by satisfying the folloW 
ing relationship: Ct:(1.0—density)*Ct+density*Ch, Where Ct 
is the color of the pixel, Ch is the color of the annotation, and 
density is the ink density of the annotation normaliZed to be in 
the range of 0.0 to 1.0. The blending operation produces a neW 
texture for the page geometry. The neW texture is then applied 
to the page 500 by pasting the neW texture onto the page 
geometry. 
[0074] The texture coloring technique produces relatively 
Well-de?ned boundaries for the annotated areas because, as 
discussed above, the page texture generally has a higher reso 
lution than the polygon mesh. Therefore, the bi-linearly inter 
polated texture coordinates are generally more visually 
appealing than the result of the bi-linearly interpolated vertex 
colors. 
[0075] FIG. 6 is a How chart illustrating an outline of an 
exemplary embodiment of a method for annotating three 
dimensional documents. As shoWn in FIG. 6, operation of the 
method begins in step S100, and continues to step S105, 
Where a three-dimensional document is obtained. Then, in 
step S110, a three-dimensional page of a three-dimensional 
document to be annotated is turned to based, e.g., on a user 
input, and displayed. A user may use a drop-doWn menu, a 
mouse button, or other input device to select a page to be 
turned to. 

[0076] Next, in step S115, a page area of the three-dimen 
sional page to be annotated is speci?ed by marking an anno 
tation on the screen. The annotation data (e.g., data corre 
sponding to the movement of an annotation input device (e. g., 
pen), the polygon boundary, annotation color, ink density, 
etc.) relating to the speci?ed page area is correlated With the 
page by mapping the boundaries of the annotation data from 
the screen coordinate system to the page and texture coordi 
nate systems. The correlated annotation data is then stored 
With other data (e.g., the page texture) of the page to be 
annotated. Then, in step S120, an annotation is displayed 
based on the annotation data. Next, in step S1125, it is deter 
mined Whether the annotation of the current page is com 
pleted. This determination may be based on, e.g., a clock or 
Whether the page has been turned. If so, operation continues 
to step S130. If not, operation returns to step S115. 
[0077] In step S130, it is determined Whether the annotation 
of the current document is completed. This determination 
may be based on, e.g., a clock or Whether the document has 
been closed. If so, operation continues to step S135 Where the 
method ends. If not, operation returns to step S110. 
[0078] It should be appreciated that annotation is not nec 
essarily performed as a single activity. More likely, annota 
tions are added as the user is reading through a document. For 
example, a user may read a page and ?nd an area of the page 
to be annotated, e.g., a feW interesting sentences on the page. 
The user can then mark the sentences With an annotation tool, 
e.g., a highlighter, and then continue to read through the 
document. In other Words, the user can perform other activi 
ties betWeen annotations such as reading, turning pages and/ 
or the like. 

[0079] FIG. 7 is a How chart outlining an exemplary 
embodiment of a method for displaying an annotation. For 
convenience, the method of FIG. 7 may be considered a 
detailed method of performing step S1120 of FIG. 6. Thus, 
operation of the method of FIG. 7 begins in step S120, and 
continues to step S1201, Where it is determined Whether the 



US 2010/0011281A1 

annotation is to be displayed With a transparent polygon tech 
nique. If so, operation continues to step S1202. In step S1202 
a transparent polygon is superimposed over the page area to 
be highlighted. Operation then jumps to step S1206 and 
returns to step S125 of FIG. 6 Where a determination is made 
Whether the current document’s page annotations are com 

plete. If, in step S1201, the transparent polygon technique is 
not to be employed, operation jumps to step S1203. 
[0080] In step S1203 it is determined Whether the annota 
tion is to be displayed With a vertex coloring technique. If so, 
operation continues to step S1204. Otherwise, operation 
jumps to step S1205. 
[0081] In the vertex coloring technique, in step S220, all 
vertices Within the page area to be annotated are colored. 
Operation then jumps to step S230. 
[0082] If the vertex coloring technique is not employed, 
then, in step S225, those texture pixels Within the page area to 
be annotated are modi?ed using the texture coloring tech 
nique. Operation then continues to step S1206 and returns to 
step S125 of FIG. 6 Where a determination is made Whether 
the current document’s page annotations are complete. The 
determinations in steps S1201 and S1203 may be based on, 
e.g., a user input, or be preprogrammed into the system and 
based on variables such as the siZe of the page and/or docu 
ment, or the processing speed and memory of the system. 
[0083] As discussed above, the texture coloring technique 
has advantages over the transparent polygon and vertex col 
oring techniques and, as such, the texture coloring technique 
is a preferred method. Moreover, generally, When a reader is 
interactively involved With a document, the reader generally 
desires quick frame rates, i.e., quick updates of the screen 
information, as the information is input. For example, the 
reader may be interested in quick frame rates during tWo 
scenarios, 1) When an annotation is being speci?ed by a 
reader, and 2) When a page on Which the annotation Was 
speci?ed is re-visited (e. g., due to page turning). As such, the 
blending operation of the texture coloring technique needs to 
be carried out quickly When a reader is interactively involved 
With a document and a high processing speed/quick frame 
rate is desired. HoWever, the computational speed of the 
blending operation depends on the resolution of the page 
texture to be pasted on the page, along With system con 
straints, such as, for example, available memory and/or pro 
cessing speed. For example, as the resolution increases, the 
number of pixels to be processed by the blending operation 
also increases. As the number of pixels to be processed 
increases, the potential for a bottleneck and a failure of the 
blending operation to be performed quickly can develop. 
[0084] In the second scenario, Where a reader re-visits the 
page on Which the annotation Was speci?ed, multi-resolution 
texture features used in features for turning a page of a three 
dimensional document can be used to loWer the resolution of 
the texture for a speci?c time and, thus, reduce the possibility 
of a bottleneck forming in the system. For example, When 
user responsiveness is desired, e. g. to generate the ?rst frame 
of a page turning animation, the blending operation can be 
performed using a loW-resolution texture for the page. This 
signi?cantly reduces the overhead of the blending operation 
because the number of pixels to be processed is reduced from 
the number of pixels processed for a high-resolution texture. 
When, on the other hand, a high image quality is desired, e. g., 
at the end of the page turning animation, the blending opera 
tion can use the higher resolution page texture. In other 
Words, the system may, for example, initially display the 
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loW-resolution texture, and then automatically change to dis 
play a high-resolution texture after the page turning anima 
tion is complete. 
[0085] HoWever, unlike the scenario When a page on Which 
the annotation Was speci?ed is re-visited (e.g., due to page 
turning), a high resolution is generally desired before, during 
and after the annotation is initially speci?ed by the reader. As 
such, multi-resolution page texture features, such as used 
With page turning, cannot be easily adapted to reduce the 
possibility of bottlenecks developing in the system. For 
example, if the resolution of the texture on a page is changed 
When the reader speci?es an annotation on a page visual 
artifacts Will be produced. 
[0086] FIG. 8 illustrates an exemplary method for annotat 
ing three-dimensional documents. As illustrated in FIG. 8, 
pen-based annotations 610, i.e., annotations With a stylus, 
may be used as a method for annotating three-dimensional 
documents. Pen based annotations alloW the user to sketch 
out free-form annotations. 

[0087] Handwritten annotations 610 can be decomposed 
and approximated With a set of strokes Where each stroke has 
a trajectory, Width, color, and ink density. The trajectory of a 
stroke is captured as the user annotates the page 600 by 
sliding the stylus (not shoWn) from one location of the three 
dimensional page 600 to the next location of the three-dimen 
sional page 600. The Width, color, and ink density of a stroke 
can be modi?ed by the user With a user interface (not shoWn). 
The stroke trajectory, coupled With stroke Width, generally 
de?nes the footprint of the stroke on the display screen. This 
footprint can be approximately represented as a polygon or 
other shape. For convenience, “polygon” is used hereafter as 
an example. 
[0088] After the speci?cation stage discussed previously, 
the annotation, i.e., polygon, is transformed from the screen 
coordinate system to the local coordinate system of the three 
dimensional page 600. If necessary, the polygon is further 
transformed from the local coordinate system of the page 600 
to the coordinate system of the texture corresponding to the 
page 600. The annotation data, e.g., the polygon boundary, 
the color, and the ink density, is then stored and correlated 
With the respective page. Although the handWritten annota 
tion can be displayed using any of the display techniques 
previously discussed, the texture coloring technique is the 
preferred display technique. 
[0089] It should be appreciated that the previously 
described annotation operations may be modi?ed to support 
other types of annotations for three-dimensional documents. 
For example, at the speci?cation stage, by using a mouse or a 
stylus the user can indicate Where on the three-dimensional 
page to place a text annotation. This location is transformed 
from the screen coordinate system to the coordinate system of 
the texture corresponding to the page. Then, by using a key 
board, the user can input the content of the text annotation. 
Alternatively, the content of the text annotation can be speci 
?ed in a handWritten manner using the stylus. At the display 
stage, the content of the text annotation can be rendered as an 
ink layer and blended With the original page texture to create 
a neW texture, Which is pasted on the page geometry. Thus a 
transparent or opaque text annotation can be shoWn on top of 
the original content of the three-dimensional page. 
[0090] FIG. 8 illustrates an exemplary embodiment of an 
annotation of a document page in a virtual three-dimensional 
document. Virtual three-dimensional document systems 
often have a relatively loW frame rate speed and display a page 
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With a texture at a relatively high resolution. In FIG. 8, “PARC 
TAP” Was Written using a stylus or pen in a top margin of the 
document page and captured on a high-end desk top, such as 
a Dell, Precision 340 equipped With anATI 9700 PRO graph 
ics card. In FIG. 8, the Words “PARC TAP” Were deliberately 
Written sloWly; hoWever, the Words “PARC TAP” Were not 
captured adequately enough by the system for the Words 
“PARC TAP” to be considered by a reader as naturally Writ 
ten. In particular, the curves on the letters “P”, “C” and “R” 
Were not captured as curves (to the extent that a “curve” can 
be Written by a reader) but, instead, captured as individual line 
segments. 
[0091] One factor in the failure of the system to capture the 
curves of the letters is the loW frame rates of the three 
dimensional document system used in FIG. 8. The loW frame 
rates limit the number of visual updates provided back to the 
reader as the reader annotates the document page. Pen events 
correspond to the reader’s annotation of the page, such as, for 
example, the movement of a stylus on the page. A system With 
loW frame rates is unable to capture enough pen events cor 
responding to the pen movement in real time. The latency 
(i.e., time) betWeen tWo consecutive frames is one factor that 
determines the ability of the system to capture pen events and 
display the annotation as the reader annotates the page. In the 
example shoWn in FIG. 8, due to the loW frame rates, the 
latency betWeen tWo consecutive frames Was signi?cant 
enough that the system only captured a feW pen events cor 
responding to each of the curves. As such, the displayed 
curves include only a feW line segments. 

[0092] Frame rates are impacted negatively by, at least, 1) 
the texture resolution of the page (e.g., texture resolution 
needs to be high enough to make the text on the page read 
able), and 2) the blending operation of the high-resolution 
texture of the page With the annotation layer and the other 
layers of visual augmentation, such as Word/ sentence under 
lining and highlighting, that Were placed on the texture. For 
example, as other layers are sequentially blended With the 
texture, these layers are usually rendered on top of the anno 
tation layer. As such, changes to the annotation layer entail the 
re-evaluation of the other layers that Were placed on top of the 
annotation layer. Moreover, an additional factor negatively 
impacting frame rate speed is that after all of the layers are 
blended With the texture, the neW texture is sent from the main 
memory to the texture memory of the graphics card and 
rendered. 
[0093] The problem of loW frame rates impacting the visual 
quality of annotations on a page can be alleviated With faster/ 
more advanced CPUs and graphic cards; hoWever, as faster 
CPUs and more advanced graphic cards are used, it is also 
anticipated that three-dimensional document systems Will 
use textures With higher resolutions (e.g., to support multi 
monitors, i.e., systems comprising multiple monitors before a 
vieWer) and, similarly, employ more layers of visual augmen 
tation. 
[0094] The folloWing detailed description discloses a 
hybrid technique for annotating pages of three dimensional 
documents and discloses exemplary methods and systems 
providing an increased interactive rendering and displaying 
speed at the annotation specifying stage. The folloWing exem 
plary embodiments provide a relatively quick blending opera 
tion When the annotation is being speci?ed by the reader. 
[0095] A hybrid technique uses one annotation technique, 
e.g., the polyline technique, for one part of an annotation and 
another annotation technique, e.g., the texture coloring tech 
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nique, for another part of an annotation such that the entire 
annotation can be displayed “on the ?y” at interactive speeds 
acceptable to a reader vieWing an annotation When, for 
example, the reader is specifying an annotation. For example, 
FIG. 9 illustrates a free-form annotation of the letters “PAR” 
in the top margin of a document page. The Word Was anno 
tated on the page by a reader using an electronic pen. 

[0096] As shoWn in FIG. 9, a reader annotates the page by 
moving the pen on the page. The pen movements correspond 
to a set of strokes. For example, as shoWn in FIG. 9, the letter 
“A” may consist of three strokes “/”, “\” and “—”. In three 
dimensional systems, a reader uses a sequence of pen events 
to specify a stroke. A pen “doWn” event indicates the begin 
ning of a neW stroke. Moving the pen While holding the pen 
doWn sketches the trajectory of the stroke. A pen “up” event 
denotes the completion of a stroke. Each stroke can corre 
spond to a group of connected lines, commonly referred to as 
a polyline. 
[0097] FIGS. 9, 10 and 11 illustrate an exemplary embodi 
ment of a hybrid technique for annotating an area of a page of 
an electronic document. FIG. 10 illustrates a vieW of an 
electronic page 800. FIG. 11 illustrates a cross-section vieW 
of the page 800 taken along line A-A of FIG. 10, through the 
leg of the letter “P” that has been annotated on the page. In the 
illustrated hybrid technique, as the reader speci?es an anno 
tation, for example, by sketching a stroke 810 betWeen a 
beginning point 805 and an ending point 815, 3D polyline 
segments 820 corresponding to the pen events of the stroke 
are created on an annotation layer 830. Layer 835 is a page 
texture layer. Annotation layer 83 0 and page texture layer 835 
are shoWn as separate layers from the page 800; hoWever, 
these layers may be intrinsic thereWith, i.e., the information of 
the separate layers may actually be formed and/or stored as 
parts of the same layer. The annotation layer 830 and texture 
layer 835 have coordinates that correspond to the page geom 
etry (e.g., polygon mesh) of the page 800. The stroke 810 is 
captured as a 3D polyline segment 820 by transforming the 
speci?ed area marked on the screen from the screen coordi 
nate system to the local coordinate system of the page and to 
the corresponding coordinates of the annotation layer. 
[0098] A raycasting technique can be used to perform the 
transformations. During the specifying stage, a ray 845 is shot 
from a camera 840 through the screen 850 position of a point, 
corresponding to the point marked by the mouse, toWards the 
page 800. By using the coordinates of the intersection of the 
ray 845 With the 3D polyline 820, on the annotation layer 830 
and the page 800, a point(s) 860 corresponding to the 3D 
polyline 820 are computed slightly behind the near clipping 
plane 850 (i.e., “lens”) and in front of the far clipping plane 
(not shoWn) of the camera frustum of the virtual camera, i.e., 
slightly behind the plane 850 in FIG. 11. At the same time, the 
local coordinates of the page corresponding to the intersec 
tion coordinates, i.e., the points 870 Where the rays 845 strike 
the page 800, and subsequently, the intersection’s texture 
coordinates, are calculated. 
[0099] FIG. 11 shoWs four layers: the page geometry layer 
800, the page texture layer 835, the page annotation layer 83 0, 
and the 3D polyline layer 880. The page geometry layer 800, 
the page texture layer 835, and the page annotation layer 830 
are all located in the same space. That is, in FIG. 11, they 
should all be located at the same location. HoWever, for the 
basic, conceptual, understanding of the hybrid technique, the 
layers 800, 830 and 835, are shoWn as separated. Moreover, 
although layers 800, 830 and 835 are illustrated as generally 








