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(57) ABSTRACT 

Algorithms stored on one or more computer readable medium 
for interfacing an imaging display with an electronic-ink 
generating system are described. The algorithms includes 
instructions for capturing an electronic-ink image, instruc 
tions for converting the electronic ink image into control 
instructions for controlling an electromechanical aspect of 
the imaging display, and, instructions for providing the con 
trol instructions to control circuitry of the imaging display. 
Interfacing projection systems and methods of interfacing 
electronic-ink images are also described. 
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COMPUTER SYSTEM WITH DGITAL 
MICROMIRRORDEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Application Ser. No. 60/898,008, filed on Jan. 29, 2007, the 
entire disclosure of which is hereby incorporated into this 
disclosure. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

0002. Not applicable. 

NAMES OF PARTIES TO AJOINT RESEARCH 
AGREEMENT 

0003) Not applicable. 

REFERENCE TO A “SEQUENCE LISTING. A 
TABLE, ORACOMPUTER PROGRAM LISTING 
APPENDIX SUBMITTED ON A COMPACT DISC 
AND AN INCORPORATION BY REFERENCE OF 

THE MATERIAL ON THE COMPACT DISC 

0004) Not applicable. 

BACKGROUND OF THE INVENTION 

0005. In the late 1920s, television was invented around 
cathode ray tube technology (CRT), whose use persisted 
throughout the 20" century. CRTs have almost disappeared in 
present-day technology, replaced by more innovative flat 
panel display technologies. Such as plasma screens liquid 
crystal display (LCD), and liquid crystal on silicon (LCOS). 
Besides significant, recent advances in two-dimensional (2D) 
displays, there have been considerable advances toward 
three-dimensional (3D) displays. The growing demands of 
3D displays have stimulated significant research activity over 
the last several years, resulting in many notable achievements 
in areas Such as Stereoscopic, auto Stereoscopic, Volumetric, 
and integral imaging displays. Each display type depends on 
the mechanism being used to display the 3D image data. This 
in turn requires specific systems designed to fit the 3D image 
data formats. These systems are composed of software com 
ponents, optical components, and devices, such as projectors, 
X-y optical beam Scanners, stacks of LCD elements, micro 
lens arrays, Screens of various types, and the like. 
0006 A projector is a device that can be used to display an 
image or computer Screen on a large projection screen. Sev 
eral types of projectors are available in the market that are 
capable of displaying video signals and fixed pictures on 
projection screens. These projectors can be differentiated 
from each other according to the projection technology uti 
lized and/or image resolution exhibited. The most recent 3D 
display mechanisms use high-speed spatial light modulators, 
Such as digital light processors (DLP) or liquid crystal dis 
plays (LCD). 
0007 DLP is a revolutionary display technology that uses 
digital micromirror devices (DMD) to digitally control light 
beams. The DMD demonstrates significant Success as a high 
speed spatial light modulator in the projectors. In general, an 
image is created by switching micromirrors of the DMD such 
that each micromirror represents one pixel in the projected 
image. The number of micromirrors typically matches the 
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resolution of the projected image. For example, 800x600, 
1024x768, 1280x720, 1400x1050 and 1920x1080 matrices 
are some familiar DMD sizes. 
0008. The micromirrors of the DMD can be titled rapidly 
to reflect light either toward a projection lens or to a heat sink 
that absorbs light. The rapid steering of the micromirrors, 
essentially switching between on and off) allows the DMD 
to change the intensity of the light being reflected out toward 
the projection lens, producing shades of grey in addition to 
white (on position) and black (off position). 
0009 Conventional display resolutions for movable pro 

jectors, such as the DLP projectors, include Super video 
graphics array (SVGA) 800x600 pixels, extended graphics 
array (XGA) 1024x768 pixels, SXGA+ 1400x1050, 720p 
1280x720, and 1080p 1920x1080 pixels. For example, Texas 
Instruments (TI) Inc. has developed and manufactured a digi 
tallight processing board to provide the capability of control 
ling each individual micromirror from the DMD surface 
using a special language code. Such as Visual C++. 
0010. In using a DLP projector, scientists and engineers 
desire the ability to render their own 2D images, 2D anima 
tion, 3D images, or 3D animation. Although these projectors 
are greatly Suited for applications such as home theater enter 
tainment and PowerPoint(R) presentations, they are not well 
Suited for use in display research and development where 
precise control of individual micromirrors (or blocks of 
micromirrors) is desired. In Scientific and research arenas, 
each time the user needs to control any individual micromir 
ror over the DMD surface, the software code must be modi 
fied to execute these new changes. This in turn encumbers the 
user with additional time-consuming steps. 

BRIEF SUMMARY OF THE INVENTION 

0011. The present invention relates to an interface system 
capable of converting an electronic-ink image to a two-di 
mensional and/or three-dimensional representative images 
and animation for projection on a screen. The developed 
technology is compatible with electronic-ink-generating sys 
tems, such as a standard laptop, desktop computer, a tablet 
PC, slate-shaped mobile PC, or similar device capable of 
producing the electronic-ink image. For example, the elec 
tronic-ink image may be generated using a touch screen or 
digitizing tablet technology that allows a user to operate the 
electronic-ink generating system with a stylus, digital pen, 
and/or the user's touch. Alternatively, the electronic-ink 
image may be generated using a keyboard, mouse, and/or 
pen. 
0012. The interface system translates the electronic-ink 
image on the electronic-ink-generating system to a represen 
tative image for projection in an imaging display. The repre 
sentative image may be an identical copy, vertical mirror 
copy, horizontal mirror copy, a combination of any of the 
above listed, or any other Suitable image. The imaging display 
may include DLP. grating light valve, LCD, LCOS, or other 
Suitable imaging displays capable of projecting the represen 
tative 2D/3D image and/or 2D/3D animation onto a screen. 
For example, the imaging display may be a microelectrome 
chanical system (MEMs) that includes a digital micromirror 
device (DMD) or a grating light valve (GLV). Alternatively, 
the imaging display may be a LCD or LCOS system. 
0013. In one embodiment, the imaging system includes a 
DMD attached to a DLP board. For example, the imaging 
system may include the Discovery TM 1100, developed and 
manufactured by Texas Instruments (Dallas, Tex.), the Dis 
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coveryTM 3000, developed and manufactured, by Texas 
Instruments (Dallas, Tex.), or any other suitable DLP. 
0014. An ALP board may optionally be attached to the 
DLP board. The ALP board may be one of several developed 
by ViALUX (Chemnitz, Germany), including the ALP1, 
ALP2, ALP3, ALP3 High Speed, and the like. For example, 
the ALP1 may be attached to a DLP such as the Discovery 
1100 board. In another embodiment, the ALP3 may be 
attached to the Discovery 3000 board. Alternatively, an inter 
face board may be developed for use with an individual imag 
ing system based on use and design considerations. 
0015. An algorithm stored on one or more computer read 
able medium is read by a computer and causes the computer 
to interface the imaging display and control circuitry with the 
electronic-ink generating system. The algorithm is stored on 
a computer readable medium and/or on a memory located on 
the DLP board. For example, the algorithm may be stored on 
computer readable medium, Such as a memory, disk (e.g. 
magnetic or optical), hardware, and/or firmware. Alterna 
tively, the algorithm can be implemented as Software stored in 
memory, and/or a magnetic oran optical disk. The algorithm 
can also be stored in firmware such as a field programmable 
gate array. 
0016. The algorithm comprises instructions for 1) captur 
ing electronic ink; 2) converting the electronic ink into con 
trol instructions for controlling an electromechanical aspect 
of an imaging display based light processing array; and, 3) 
providing the control instructions to the control circuitry of 
the imaging display. 
0017. The algorithm is able to control electromechanical 
aspects of the imaging display. For example, the pitch of each 
single micromirror, or blocks of micromirrors that cover a 
DMD surface, can be controlled using the algorithm. 
0.018. The algorithm is produced using a language that 
belongs to one of the following types of languages: machine 
languages, assembly languages, high-level languages, and/or 
the like. For example, the algorithm may be produced using 
high-level languages Such as Visual C++, C#, C++, Visual 
basic, Java, XML, and/or other Suitable high-level languages. 
However, knowledge of Visual C++, C#, C++, Visual based, 
Java, XML, and/or other high-level languages is not required 
by a user of the interfacing system. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0019. So that the above recited features and advantages of 
the present invention can be understood in detail, a more 
particular description of the invention, briefly summarized 
above, may be had by reference to the embodiments thereof 
that are illustrated in the appended drawings. It is to be noted, 
however, that the appended drawings illustrate only typical 
embodiments of the invention and are therefore not to be 
considered limiting of its scope, for the invention may admit 
to other equally effective embodiments. 
0020 FIG. 1A is a schematic diagram of one embodiment 
of an interface system for composing electronic-ink images 
and providing the images to an imaging display for projection 
of a representative image in accordance with the present 
invention. 

0021 FIG. 1B is a perspective view of an electronic-ink 
generating system displaying an electronic-ink image and the 
corresponding projected representative image. 
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0022 FIG. 2A is a diagrammatic view of one embodiment 
of an electronic-ink-generating system having a digitizer for 
composing an electronic-ink image in accordance with the 
present invention. 
0023 FIG. 2B is a block diagram of another embodiment 
of an electronic-ink-generating system having a mouse and 
keyboard for composing an electronic-ink image in accor 
dance with the present invention. 
0024 FIG. 3A is a flow chart of an exemplary algorithm 
for an interfacing system for capturing generated strokes of an 
electronic-ink image and providing the electronic-ink image 
to an imaging display. 
0025 FIG.3B is a screen shot of frame window associated 
with the algorithm of FIG. 3A. 
0026 FIG. 4 is a flow chart of another exemplary algo 
rithm for an interfacing system for capturing generated 
strokes of an electronic-ink image and providing event han 
dlers corresponding to generated strokes. 
0027 FIG. 5 is a screen shot of a frame window provided 
to a user in facilitating acquisition of the user's stroke to 
provide an electronic-ink image in accordance with the 
present invention 
0028 FIG. 6A is a plurality of screen shots forming an 
exemplary animation sequence in accordance with the 
present invention. 
0029 FIG. 6B is a flow chart of another exemplary algo 
rithm for an interfacing system for providing event handlers 
corresponding to a user's actions. 
0030 FIG. 7 is a screen shot of an exemplary frame win 
dow for capturing an electronic-ink image for projection in an 
imaging display in accordance with the present invention. 
0031 FIG. 8 is a diagrammatic representation of a coor 
dinate translation of a Zoomed electronic-ink image. 
0032 FIG. 9 is a screen shot of an exemplary electronic 
image and a photograph of a corresponding representative 
image acquired in accordance with the present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0033 Present embodiments of the invention are shown in 
the above-identified figures and described in detail below. In 
describing the embodiments, like or identical reference 
numerals are used to identify common or similar elements. 
The figures are not necessarily to Scale and certain features in 
certain views of the figures may be shown exaggerated in 
scale or in Schematic in the interest of clarity and conciseness. 
0034 Referring now to the drawings, and in particular to 
FIGS. 1A and 1B, shown therein and designated by reference 
numeral 10 is an interfacing projection system for providing 
images produced on an electronic-ink-generating system 12 
to an imaging display 14. In general, the interface projection 
system 10 acquires an electronic-ink image 16 from the elec 
tronic-ink-generating system 12, and provides control 
instructions representative of the electronic-ink image 16 to 
electromechanically control the imaging display 14 and con 
trol circuitry of the imaging display to produce a representa 
tive image 18. The representative image 18 is a 2D/3D image 
and/or 2D/3D animation, that is substantially similar to the 
electronic-ink image 16, and projected onto a screen 20, or 
other suitable device. Alternatively, the representative image 
18 may be used in a non-display application. 
0035. The imaging display 14 may be a microelectrome 
chanical system (MEMs) that includes a digital micromirror 
device (DMD) or a grating light valve (GLV). Alternatively, 
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the imaging display may be a LCD or LCOS system. For 
simplicity, FIG. 1A illustrates the imaging display 14 using a 
single projection system. However, multiple projection sys 
tems may be used in accordance with the present invention. 
For example, the imaging display 14 may include three DLPs, 
wherein each DLP is responsible for projecting single colors 
of Red, Green, or Blue. A device, such as a prism, may be used 
to combine the Red, Green, and Blue producing full color 
images. 
0036. In the preferred embodiment, the imaging display 
14 includes the use of a DLP. For example, the imaging 
system 14 may include the Discovery TM 1100, developed and 
manufactured by Texas Instruments (Dallas, Tex.), the Dis 
coveryTM 3000, developed and manufactured, by Texas 
Instruments (Dallas, Tex.), or any other suitable DLP. The 
DLP board 23 is attached to the DMD 22. The DMD 22 may 
be ultra-violet (UV), visible, near-infrared (NIR), or infrared 
(IR) DMD depending on use and design considerations of the 
imaging system 14. 
0037. An ALP board may optionally be attached to the 
DLP board 23. The ALP board may be one of several devel 
oped by ViALUX (Chemnitz, Germany), including the 
ALP1, ALP2, ALP3, ALP3 High Speed, and the like. Alter 
natively, an interface board may be developed for use with an 
individual imaging system based on use and design consid 
erations. 
0038. There are multitude of combinations of DMDs, with 
or without the use of an ALP attached to the DLP board 23, 
that provide suitable elements within the imaging display 14 
including, but not limited to: 

0039 Discovery 1100 including a XGA DMD wherein 
the DMD may be a Near Infrared DMD, Ultra violet 
(UV) DMD, or Visible (VIS) DMD; 

0040 Discovery 1100 in communication with an ALP 
board with any type of DMD (e.g. XGA DMD); 

0041 Discovery 3000 with any type of DMD (e.g. 
SXGA+ DMD); 

0042 Discovery 3000 in communication with an ALP 
High Speed board having any type of DMD (e.g. XGA 
DMD); 

0043. Discovery 4000 communicating with an ALP 
board having any type of DMD (e.g. XGADMD). 

0044. In general, the representative image 18 is created by 
switching micromirrors of the DMD 22 such that each micro 
mirror represents one pixel in the representative image 18. 
The number of micromirrors typically matches the resolution 
of the representative image 18. For example, 800x600, 1024x 
768, 1280x720, 1400x1050 and 1920x1080 matrices are 
some familiar DMD sizes. Thus, the higher the number of 
micromirrors, the greater the resolution of the representative 
image 18. 
0045. A light source 26 emits at least one light beam 24 
through a directing lens 28 and optical module 30 to provide 
the light beam in the imaging display 14. The light source 26 
may include lasers, LEDs, and/or the like. For example, the 
light source 26 may be a solid-state laser Source with an 
exemplary output wavelength of 543.5 nm and an exemplary 
output power of up to 100 mW. Other output wavelengths and 
output power for the light source may also be used. Selection 
of the light Source is based on design considerations and use 
of the invention. 
0046. The directing lens 28 may be any suitable shape and 
size. For example, the directing lens 28 may be a spherical 
lens. The light beam 24 passes through the directing lens 28 
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steering the beam towards an optical module 30. It should be 
noted, that the user can deliver light to the DMD 22 through 
any preferred method with the directing lens 28 only being an 
example of a suitable directing device. For example, the user 
may alternatively use a fiberbundle cable to deliver light 24 to 
the DMD 22. 

0047. The optical module 30 contains a mirror 32 that 
reflects the light beam 24 toward to the DMD 22. In the 
preferred embodiment, the mirror 32 reflects the light beam 
24 toward the DMD 22 at a slight angle relative to the normal 
of the DMD 22 surface. For example, the light beam 24 may 
beat a 12-20 degree angle relative to the normal of the DMD 
22 surface. It should be appreciated by those skilled in the art 
that this angle will depend on design considerations of the 
imaging display 14. Micromirrors of the DMD 22 reflect the 
light back through the optical module 28towards a projecting 
lens 33. 
0048. The projecting lens 33 may be mounted internally 
within the optical module 30 or external to the optical module 
30. The projecting lens 33 may be any suitable shape and size. 
In the preferred embodiment, the projecting lens 33 has an 
aperture size of 3 cm and a focal length of approximately 33 
mm. However, otheraperture sizes and focal lengths may be 
used. Selection of the aperture size and focal length is based 
on design considerations and use of the invention. 
0049. Each micromirror within the DMD 22 can be tilted 
rapidly to reflect light either toward the projection lens 33 or 
to a heat sink that absorbs the light beam 24. The rapid 
steering of the micromirrors of the DMD 22 allows the DMD 
to change the intensity of the light beam 24 being reflected 
toward the projecting lens 34. Variations in intensity alter the 
shade of the light beam 24. For example, a micromirror in the 
“on” position produces a shade of white while a micromirror 
in the “off position produces a shade of “black. Varying the 
intensity of the light beam 24 produces a shade of grey. 
0050. The DMD 22 can receive the data relating to the 
electronic-ink image 16 in a variety of manners, including, 
but not limited to, parallel, USB, or high-speed serial port 
connections. The DLP board 23 receives the data from the 
electronic-ink-generating system 12 and provides this data to 
DMD 22. The DLP board 23 may optionally have an attached 
ALP board. In this regard, the ALP is a parallel interface 
controller board connected with the DLP board 23 to provide 
high-speed micromirror operation. The electronic-ink image 
16 can be pre-loaded to an on-board SDRAM of the ALP and 
transported to the DMD 22 at high speeds. For examples, the 
inclusion of an ALP board in communication with the Dis 
covery 3000 provides speeds up to 13300 frames/sec. Alter 
natively, an interface board may be designed with each indi 
vidual imaging system 14 to provide for design 
considerations and use of the interfacing system. 
0051 Referring now to FIG. 2A, illustrated therein is one 
embodiment of a portion of the electronic-ink-generating 
system 12 having an input device 34 capable of producing the 
electronic-ink image 16 (not shown). In general, the elec 
tronic-ink-generating system 12 includes a microprocessor, 
digital signal processor, or other similar device capable of 
producing the electronic-ink image 16 through the use of an 
input device 34. Examples of suitable electronic-ink-gener 
ating systems 12 include standard laptops, desktop comput 
ers, tablet PCs, slate-shaped mobile PCs, and the like. The 
input device 34 providing the electronic-ink image 16 is a 
stylus, digital pen, keyboard, mouse, and/or any other Suitable 
device capable of producing electronic ink. 
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0052. In the embodiment of the electronic-ink-generating 
system 12 illustrated in FIG. 2A, the electronic-ink-generat 
ing system 12 is a Tablet PC including a microprocessor 35 
capable of producing the electronic-ink image 16 (not shown) 
through the use of the input device 34. In this embodiment, 
the input device 34 includes a screen 36 sensitive to user 
interaction. The screen 36 is able to sense a user's touch or 
stylus interaction through the use of a digitizer 37. For 
example, the digitizer 36 can be incorporated into the screen 
35 of the Tablet PC and provide the relative movements of the 
user's touch or stylus to the microprocessor 35. 
0053. There are two main types of digitizers, passive digi 

tizers and active digitizers. Passive digitizers are typically 
constructed of resistors and/or capacitors that provide a reso 
lution of approximately 0.25 mm and a sampling rate of 
approximately 40 samples per second. Using a passive digi 
tizer, the input device 34 may include a stylus as well as a 
user's finger touch. The second type of digitizer, an active 
digitizer, produces an electromagnetic field around the screen 
and calculates the position of the input device 34 using the 
point at which the input device 34 interacts with this field. For 
example, the input device 34 may be a stylus having a core 
magnet Surrounded by a coil. Active digitizers provide a high 
precision and a high sampling rate in the range of 100 samples 
per second. 
0054. In another embodiment of the interfacing system 10, 
as illustrated in FIG. 2B, the electronic-ink-generating sys 
tem 12 includes a computer 50 having a microprocessor or 
similar device, with a monitor 54, and the input device 34. The 
input device 34 is any input device capable of rendering the 
electronic-ink image 16 Such as a keyboard, mouse, and/or 
the like. For example, the input device 34 may be a mouse 
providing a user point-and-click interaction to compose the 
electronic-ink image 16. 
0055 An algorithm stored on one or more computer read 
able medium provides interaction to a microprocessor or 
similar device, such as the computer 50, to interface the 
imaging display 14 with the electronic-ink generating system 
12. In general, the algorithm comprises instructions for 1) 
capturing electronic ink; 2) converting the electronic ink into 
control instructions for controlling an electromechanical 
aspect of the imaging display 14; and, 3) providing the control 
instructions to the control circuitry of the imaging display 14. 
Preferably, the algorithm reads all strokes of the input device 
34 created by the input device 34 and provides the coordinates 
to the imaging display 14. The algorithm provides a user the 
capability of providing the electronic image and being able to 
display the representative image without having to under 
stand highly complex programming languages such as C++. 
For example, prior users of DMD Discovery Kits had to 
undertake significant programming for precision control or 
undertake tedious and time-consuming routines for simple 
DMD control requirements. The algorithm provides a user 
friendly way to have each every micro-mirror of a DMD 
Discovery individually addressable and controllable without 
the need of the user to undertake significant time-consuming 
programming or hire an expensive programmer. 
0056. The algorithm is stored on a computer readable 
medium, Such as a memory, disk (e.g. magnetic or optical), 
hardware, and/or firmware. For example, the algorithm can be 
implemented as Software stored in memory, and/or a mag 
netic or an optical disk. Alternatively, the algorithm can be 
stored in firmware such as a field programmable gate array. 
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0057 The algorithm is produced using a language that 
belongs to one of the following types of languages: machine 
languages, assembly languages, high-level languages, and/or 
the like. For example, the algorithm may be produced using 
high-level languages Such as Visual C++, C#, C++, Visual 
basic, Java, XML, and/or other Suitable high-level languages. 
Although the algorithm uses high-level languages, it provides 
a user of the interfacing system a mechanism to display the 
representative image without having to know these program 
ming languages. 
0058. The algorithm is able to control electromechanical 
aspects of the imaging display 14. For example, the pitch of 
each single micromirror, or blocks of micromirrors can be 
controlled using the algorithm. 
0059 FIG. 3A illustrates a flow chart of the algorithm for 
one possible scenario where there are generated strokes and a 
clear button. In this scenario, the clear button is used to erase 
all strokes associated with the electronic-ink image 16. After 
initializing and attaching the electronic-ink-generating sys 
tem 12 with the imaging display 14, the algorithm waits until 
electronic ink is generated. For example, electronic ink may 
be generated through the use of a stylus, mouse, or other 
similar input device 34. Alternatively, electronic ink may be 
generated by importing images. For example, JPEG, BMP, or 
other similar images may be imported into any specified 
frame. 
0060. When electronic ink is generated, the algorithm cap 
tures the electronic ink by collecting the coordinates of all the 
generated points related to that stroke. Each stroke constitutes 
a pair of (x, y) coordinates within an array of pixels. The 
coordinates are then stored in an array, which in turn is loaded 
to the imaging display 14. In the preferred embodiment, the 
array is loaded to the interface board 23 for display on the 
DMD 22 surface. The array may be a one-dimensional or 
multi-dimensional array. 
0061. When electronic ink is removed, such as when the 
clear button is clicked, the algorithm erases the point coordi 
nates previously stored in the array. These updated coordi 
nates are loaded as blanks to the imaging display 14. In the 
preferred embodiment, the coordinates are loaded as blanks 
to the DLP board 23 or ALP memory and the blanks are 
displayed in the DMD 22. FIG. 3B illustrates a screenshot of 
this application where the origin is assigned. 
0062 FIG. 4 illustrates a flow chart of another exemplary 
algorithm for a possible scenario wherein event handlers 40 
are used to provide instructions for capturing the electronic 
ink provided by the input device 34. In general, the event 
handler 40 acquires all points that constitute each stroke 42 as 
pairs of (x, y) coordinates within an array of pixels. In an 
effort to simply the description of the algorithm, the term 
stroke will be used. However, other terms associated with the 
input device 34 are considered, such as mouse, key, touch, and 
the like. 
0063 Each stroke 42 may be associated with a specific 
event handler 40. For example: 

0.064 Stroke Down: This event is triggered when the 
user selects a particular (x, y) coordinate on the applica 
tion window. When the Stroke Down event occurs, the 
corresponding event handler OnStrokeDown is called 
and executed. 

0065 Stroke Move: This event is triggered continu 
ously as the user selects several continuous (x, y) coor 
dinates on the application window. For example, a stylus 
moving over a portion of the screen triggers this event. 



US 2008/O 192068 A1 

When the Stroke Move event occurs, the OnStrokeMove 
event handler is called and executed. 

0.066 Stroke Up: This event is triggered when the user 
discontinues selection of (x,y) coordinates on the appli 
cation window. For example, the event triggers when a 
stylus is released after being placed down on the screen. 
Typically, this event occurs only if there was at least one 
incidence of the Stroke Down event. When the Stroke 
Up event occurs, the OnStrokeUp event handler is called 
and executed. 

0067. When an event occurs, the corresponding eventhan 
dler 40 receives and delivers a specified number of internal 
parameters 44 related to the event. Some of these parameters 
44 include, but are not limited to: 

0068 Graphics: This parameter provides a pointer to 
the graphics Surface or drawing canvas. Graphics can 
provide a set of functions for rendering graphics over the 
SCC. 

0069 X-Y: This parameter provides the coordinates of 
the current coordinate location with respect to the top 
left corner of the current application window, referenced 
as the origin. 

0070. The event handler 40 then transfers and stores the 
pixels as an array 46 in the electronic-ink-generating system 
12 or in the interface board 23. The array 46 may be a one 
dimensional or multi-dimensional array. In the preferred 
embodiment, the array is a one-dimensional array. 
(0071 Referring now to FIG. 5, in one embodiment of the 
algorithm, a frame window 60 or similar screen is provided to 
the user to facilitate the acquisition of the user's stroke. The 
frame window 60 provides a model of a DMD array, with the 
mirrors in the DMD represented by a grid 62 of rectangular 
elements 64. The dimensions of this grid correspond to the 
dimensions of the DMD 22 (not shown) in the imaging dis 
play 14. For example, the grid may correspond to a DMD 
having 1024x768 dimensions. Although the grid of FIG. 5 is 
formed of rectangular elements 64, as one skilled in the art 
will appreciate, the rectangular elements 64 may be any shape 
Such as a circle, square, triangle, or any fanciful shape in 
accordance with the present invention. Additionally, the lines 
forming the grid need not appear in the frame window 60 but 
may be hidden from the user. 
0072 To activate a particular mirror in the DMD 22, a user 
will select a rectangular element 64 corresponding to that 
mirror. For example, in FIG. 5, the activation of coordinates 
x=17 and y=13, activates a mirror of the DMD 22 at coordi 
nates X=17, Y=13. 
0073. In the preferred embodiment, the algorithm pro 
vides for binary frames, such that selection of the particular 
rectangular element 64 provides for turning the correspond 
ing mirror ON or OFF for a given frame window 60. In 
another embodiment, the algorithm, in addition to turning the 
corresponding mirrors ON or OFF provides means of modu 
lating the state of the given mirror over a select duration of 
time. For example, such modulation may occur through the 
use of an animation sequence. 
0074 Animation enables a user to design not only a single 
frame window 60 for display, but a sequence of frame win 
dows as well. FIG. 6 illustrates a sequence of frame windows 
60a-60fproviding for an animation sequence 66 in accor 
dance with the present invention. Each frame window 60a-f 
for the animation sequence 66 is designed within a separate 
tab 68af. The pixels belonging to a given frame window 
60a-fare contained within the tab 68a–f exclusively designed 
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for that frame window. A user may activate or deactivate each 
pixel in the particular frame window 60af separately from 
the pixels belonging to other frame windows 60a-f in the 
animation sequence 66. For example, a user may activate a 
pixel with coordinates of (100, 200) and (101, 200) in frame 
window 60a and deactivate pixel (101, 200) in frame window 
60b. 

0075. In the preferred embodiment, the frame windows 
60a-60fare sequentially numbered according their position in 
the animation sequence 66. The animation sequence 66 may 
be looped or manually initiated and/or stopped For example, 
each animation sequence 66 may be a looped sequence Such 
that all frame windows 60a-fare displayed starting with the 
first and ending with the last, and then repeated until manually 
stopped. In a looped animation sequence, the algorithm will 
provide for manual or automatic selection of a preferable 
frame period. In the preferred embodiment, the frame period 
is denoted in microsecond. 

0076. The frame rate controls how quickly the animation 
sequence 66 is displayed. A faster frame rate will cause the 
each frame window 60afto be displayed more quickly. The 
algorithm provides the means for manual or automatic selec 
tion of a preferable frame rate. In the preferred embodiment, 
the frame rate is denoted in frames per second. 
(0077 FIG. 6B illustrates aflow chart of anotherexemplary 
algorithm for a possible scenario wherein event handlers 40 
are used to provide instructions for animation based on a 
user's action. In general, the interface projection system 10 is 
able to work in two different modes: 1) one frame display 
mode 70; or 2) animation mode 72. The event handlers 40a 
and 40b determine whether to add ordelete frames. The user's 
selection to either add or delete frames can determine which 
mode is initiated. For example, if there is only one frame, the 
interface projection system 10 follows the one frame display 
mode 70. If there is >1 frame, the interface projection system 
10 follows the animation mode 72. 

0078. In the one frame display mode 70, a particular frame 
data pixel is displayed directly by the imaging display 14. In 
this regard, the interfacing projection system 10 memory may 
be updated with the user's strokes continuously. 
0079. In the animation mode 72, a sequence of frames are 
uploaded into the memory of the interfacing projection sys 
tem 10. In this regard, the interfacing projection system 10 
memory may be updated with the user strokes on every frame/ 
page continuously. The sequence of frames may be uploaded 
frame by frame, or in the entirety. Frames may be numbered 
sequentially from 1 to a maximum number related to the 
device maximum capacity. The frame number may be used to 
reference the frame in its order of display in the animation 
mode 72. 

0080 Referring now to FIG. 7, the algorithm provides for 
familiar basic operatives found in drawing programs such as 
FILE 80 and EDIT 82 options. These options contain well 
known functions such as New, Open, and Save, along with 
Cut, Copy, and Paste. Additionally, other common basic 
operative are contemplated for use in the program Such as a 
shape selector, pen selector, color selector, Zoom function, 
and/or any other similar basic operative known within the art. 
I0081. In addition to the basic operatives found in drawing 
programs, the algorithm provides a status bar 84 located 
within the frame window 60g as illustrated in FIG. 7. The 
status bar 84 provides status information to the user regarding 
the coordinates of the input device that is active on the grid. In 
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addition, the status bar 84 may provide information regarding 
the display status of the animation sequence. 
0082. The algorithm also provides for different scales as 
part of a ZOOM and SCROLL function as illustrated in FIG. 
8. When the frame window 60h is being drawn with a differ 
ent scale (ZOOM action) and/or moved to different coordi 
nates (SCROLL action), the coordinates passed from the 
event handler no longer represent the actual coordinates that 
need to be stored. To get the correct coordinates, the algo 
rithm translates the electronic ink image 16 coordinates by 
taking into consideration the current Zoom factor and the 
current Scroll position. 
0083. In another embodiment, the algorithm can option 
ally provide for a trigger system providing synchronization 
between the imaging display 14 and one or more external 
devices. External devices may be color wheels, light sources, 
one or more slave DLP projection systems, or the like. For 
example, the trigger system may include the imaging display 
14 and a slave DLP projection system with two types of 
trigger signals: Trigger Input and Trigger Output. A user adds 
the Trigger Output signal to at least one frame or multiple 
frames to be provided by the imaging display 14. The Trigger 
Input signal is assigned to at least one frame or multiple 
frames to be provided by the slave DLP projection system. 
Once activated, the imaging display 14 projects the frame 
associated with the Trigger Output signal and sends an elec 
trical pulse toward a specified pin at the slave DLP projection 
system. The electrical pulse activates the slave DLP projec 
tion system to immediately project the frame associated with 
the Trigger Input signal. This provides synchronization 
between the imaging display 14 and the slave DLP projection 
system. 
0084. The following examples of the interface projection 
system 10 are set forth hereinafter. It is to be understood that 
the examples are for illustrative purposes only and are not to 
be construed as limiting the scope of the invention as 
described 

Example 1 

I0085 FIG. 9 illustrates an example of the representative 
image 18 that results from the electronic ink image 16 pro 
duced on the electronic-ink generating system 12. In this 
example, a house is drawn on the electronic-ink generating 
system 12 and the resulting representative image 18 of the 
house is shown projected from the imaging display 14 (not 
shown). The algorithm acquires all of the strokes from the 
electronic-ink-generating system 12 and then Supplies their 
coordinates to the DLP and/or ALP boards that render over 
the DMD micromirror array of the imaging display 14. In 
turn, the imaging display 14 projects light onto the screen 20 
to render the representative image 18. The algorithm provides 
a single updated two-dimensional image that can be projected 
onto a two-dimensional projection screen. The algorithm 
continuously checks for any new added strokes over the frame 
window 60h. Any new or added stroke is subsequently added 
to the representative image 18. The algorithm provides the 
user with the capability of Zooming and Scrolling the frame 
window 60h and achieving a level of control down to each 
individual micromirror in the imaging display. 

Example 2 

I0086. In another example, the algorithm provides the user 
the ability to render a three-dimensional volumetric image by 
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drawing the slices of the three-dimensional image over a 
previously specified number of frame windows. Using a loop 
ing function, the algorithm can provide continuous projection 
of the slices forming the three-dimensional image with com 
plete control over the projection speed. In the preferred 
embodiment, the algorithm provides control over the projec 
tion speed up to 6900 frames/sec. The slices can be projected 
at any chosen projection speed according to the utilized Volu 
metric three-dimensional based translational Screen. For 
example, the animation sequence of FIG. 6 when provided as 
slices forms a three-dimensional image of a cube whose side 
equals the length of approximately twenty-five micromirrors. 
I0087. The foregoing disclosure includes the best mode for 
practicing the invention. It is apparent, however, that those 
skilled in the relevant art will recognize variations of the 
invention that are not described herein. While the invention is 
defined by the appended claims, the invention is not limited to 
the literal meaning of the claims, but also includes these 
variations. 

What is claimed is: 
1. An algorithm stored on one or more computer readable 

medium for interfacing an imaging display with an elec 
tronic-ink generating System, comprising: 

instructions for capturing an electronic-ink image; 
instructions for converting the electronic ink image into 

control instructions for controlling an electromechani 
cal aspect of the imaging display; and, 

instructions for providing the control instructions to con 
trol circuitry of the imaging display. 

2. The algorithm of claim 1, wherein the imaging display is 
a microelectromechanical imaging system. 

3. The algorithm of claim 2, wherein the microelectrome 
chanical imaging system includes a digital micromirror 
device having micromirrors, wherein the instructions pro 
vided to the control circuitry control the pitch of the micro 
mirrors. 

4. The algorithm of claim 3, wherein the instructions pro 
vided to control circuitry correspond to a grid-system com 
prising rectangular elements, each rectangular element cor 
responding to a digital micromirror of the digital micromirror 
device. 

5. The algorithm of claim 2, wherein the imaging display 
includes a grating light valve and wherein the instructions 
provided to the control circuitry controls the grating light 
valve. 

6. The algorithm of claim 1, wherein the imaging display 
includes liquid crystal on silicon (LCOS) display, and 
wherein the instruction provided to the control circuitry con 
trol the LCOS display. 

7. An interfacing projection system comprising: 
a computer assessing at least one coordinate location of an 

electronic-ink image and providing control instructions 
for controlling an electromechanical aspect of a imaging 
display to cause the imaging display to render a repre 
sentative image of the electronic ink image. 

8. The interfacing projection system of claim 7, wherein 
the coordinate location of an electronic-ink image is provided 
on a grid having a plurality of rectangular elements, each 
rectangular element corresponding to a pixel of the represen 
tative image. 

9. The interfacing projection system of claim 7, wherein 
the representative image is an identical copy of the electronic 
ink image. 
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10. The interfacing projection system of claim 7, wherein 
the representative image is a mirror copy of the electronic-ink 
image. 

11. The interfacing projection system of claim 10, wherein 
the mirror copy of the electronic-ink image is a vertical mirror 
copy. 

12. The interfacing projection system of claim 7, wherein 
the computer communicates with an input device capable of 
providing the electronic-ink image. 

13. The interfacing projection system of claim 12, wherein 
the input device comprises: 

a screen having a digitizer capable of recognizing user 
interaction, the digitizer producing an electromagnetic 
field around the screen; and, 

a stylus interacting with the electromagnetic field of the 
Screen such that the position of the input device in rela 
tion to the screen provides a coordinate location of the 
stylus. 

14. The interfacing projection system of claim 7, wherein 
the imaging display is a microelectromechanical system. 

15. The interfacing projection system of claim 14, wherein 
the microelectromechanical system includes a digital micro 
mirror device having a plurality of digital micromirrors, 
wherein the control instructions provided to the microme 
chanical system control the pitch of the micromirrors. 

16. The interfacing projection system of claim 15, wherein 
the control instructions provide the electronic ink image in a 
grid format having a plurality of pixel elements, each pixel 
element assigned to a corresponding digital micromirror in 
the digital micromirror device. 

17. The interfacing projection system of claim 15, wherein 
the microelectromechanical system includes a grating light 
valve, and wherein the control instructions are used to control 
the grating light valve. 

18. The interfacing projection system of claim 7, further 
comprising an interface board having a first communication 
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link to the electronic-ink-generating system and a second 
communication link to the imaging display, wherein the con 
trol instructions provided by the electronic-ink-generating 
system are communicated to the interface board through the 
first communication link and provided to the imaging display 
to provide high-speed micromirror operation. 

19. A method of interfacing an electronic-ink image having 
at least one coordinate location with an imaging display to 
provide a Substantially similar representative image, com 
prising the steps of: 

assessing, by a computer, the electronic-ink image; 
providing, by the computer, a first set of control instruc 

tions for controlling an electromechanical aspect of the 
imaging display based on the coordinate location of the 
electronic-ink image on a grid system; 

providing, by the computer, a second set of control instruc 
tions to control circuitry of the imaging display based on 
the coordinate location of the electronic-ink image on 
the grid system; 

instructing, by the computer, the imaging display to display 
a representative image Substantially similar to the elec 
tronic-ink image based on the first set of control instruc 
tions and the second set of control instruction. 

20. The method of claim 19, further comprising the step of 
Zooming to a particular portion of the grid system such that 
the representative image is an enlarged portion of the elec 
tronic-ink image. 

21. The method of claim 19, wherein the imaging display is 
a DLP projection system. 

22. The method of claim 19, wherein a user is able to 
provide the electronic image and the imaging display is able 
to display the representative image without the user having to 
program a computer language. 

c c c c c 


