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CAPTURING HAND MOTION 

BACKGROUND 

[0001] This invention relates to capturing hand motion. 

[0002] Because hand motion is an instinctive and natural 
mode of human expression, electronic devices are often 
designed to capture hand motion as an indicator of infor 
mation or commands that a user Wishes to express. Hand 
Writing motion, for example, can be captured on some 
personal digital assistants (PDAs) by Writing on a touch 
sensitive display surface. Handwriting recognition software 
analyZes the motion to infer What has been Written. A Wide 
range of other input devices have been used to capture hand 
motion including track balls, mice, light pens, digitiZing 
tablets, and electronic pens. 

SUMMARY 

[0003] In general, in one aspect, the invention features, 
apparatus that includes (a) a portable electronic device, (b) 
a digital camera associated With the portable electronic 
device, and (c) softWare con?gured to run on the portable 
electronic device and to derive handWriting and control 
information from hand motion of a Writing instrument in the 
vicinity of the digital camera. 

[0004] Implementations of the invention may include one 
or more of the folloWing features. The portable electronic 
device includes a mobile telephone or a personal digital 
assistant. The digital camera is attached to the portable 
electronic device. The digital camera is incorporated in the 
portable electronic device. An infrared ?lter is arranged to 
?lter light being received from the Writing instrument. A lens 
is arranged to alter the focal length and/or depth of ?eld of 
the digital camera. A mechanism is con?gured to enable the 
digital camera to be attached to a Writing surface. The 
mechanism comprises a suction device con?gured for 
attachment to a White board or a clip con?gured to grasp 
paper. The portable electronic device includes a Writing 
surface. The Writing surface is on a protective cover. The 
softWare is con?gured to de?ne a mapping betWeen a sensor 
surface in the digital camera and a space in Which the hand 
motion is occurring. The softWare is con?gured to de?ne the 
mapping in response to calibration steps that include a user 
marking three locations in the space in Which the hand 
motion is occurring. The softWare is con?gured to derive the 
location and trajectory of the hand motion. The apparatus of 
claim in Which the softWare is con?gured to generate the 
handwriting and control information based on processing 
cycles each associated With one location of the Writing 
instrument. The softWare is con?gured to discriminate light 
received from the Writing instrument by locking onto a 
carrier frequency at Which light from the Writing instrument 
is modulated. The softWare is con?gured to determine a tilt 
of the Writing instrument relative to a direction normal to a 
Writing surface. The portable electronic device includes a 
display and the trajectory of the hand motion is shoWn on the 
display in real-time. The display is not touch-sensitive. The 
portable electronic device includes a digital signal process 
ing chip and a general purpose microprocessor, and the 
softWare is run in part on the chip and in part on the 
microprocessor. The portable electronic device includes a 
Wireless communication facility and the softWare is con?g 
ured to communicate the handWriting and control informa 
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tion to a remote location. The digital camera is con?gured to 
receive light that has been re?ected from the Writing instru 
ment. The digital camera comprises a still camera. The 
digital camera comprises a video-capable camera. an infra 
red beacon con?gured to be directed at the Writing instru 
ment. The softWare is con?gured to apply pattern recogni 
tion to signals from the digital camera. 

[0005] In general, in another aspect, the invention features 
a method that includes (a) exposing a sensor of a digital 
camera to a Writing instrument that is being subjected to 
hand motion, and (b) in a device associated With the digital 
camera, processing the data to infer handWr‘iting and/or 
control information based on the hand motion. 

[0006] Implementations of the invention may include one 
or more of the folloWing features. The exposing of the sensor 
includes receiving light that originates from light sources on 
the Writing instrument. The exposing of the sensor includes 
exposing the sensor to a trace or other marking left by the 
Writing instrument. 

[0007] Implementations of the invention may include one 
or more of the folloWing features. The trace or other marking 
includes ink selected to increase a signal-to-noise ratio of 
light received by the sensor. The exposing of the sensor 
includes processing of an image of a tip of a Writing 
instrument. The tip of the Writing instrument is characteriZed 
by being of high contrast With the environment in Which it 
is used. The sensor is exposed to hand motion occurring With 
respect to any arbitrary surface at any arbitrary angle. The 
digital camera is calibrated in a manner to permit correctly 
inferring linear hand motions. The processing of data is 
calibrated using information derived When the Writing 
instrument is touched to at least tWo points on a Writing 
surface. The digital camera is automatically sWitched from 
one format to another by coupling the camera, or a device to 
Which it is connected, to another mechanism. A tilt and/or 
sWivel position of the camera is adjustable for better cov 
erage of a Writing surface. 

[0008] Other advantages and features Will become appar 
ent from the folloWing description and from the claims. 

DESCRIPTION 

[0009] FIG. 1 shoWs a hand motion capture system. 

[0010] FIG. 2 shoWs the hand motion capture facility. 

[0011] FIG. 3 shoWs a lights source. 

[0012] FIGS. 4 and 5 illustrate tilt and distance computa 
t1ons. 

[0013] FIG. 6 is a timing diagram. 

[0014] FIG. 7 shoWs a Writing instrument. 

[0015] FIG. 8 shoWs a mobile telephone. 

[0016] FIG. 9 shoWs hand motion capture. 

[0017] FIG. 10 shoWs a White board. 

[0018] FIG. 11 shoWs a cellular phone. 

[0019] FIG. 12 shoWs a circuit for a Writing instrument. 

[0020] Many portable devices, including cellular phones, 
PDAs, pen computers, and tablets, include small digital 
cameras that can capture still images or video sequences of 
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images, enabling, for example, streaming video applica 
tions. A typical digital camera produces a focused image of 
a ?eld of view on a sensor that captures the image and 
produces digital data representing the image. 

[0021] A digital camera, including digital cameras that are 
incorporated into such portable devices, can be used to track 
the position of the tip of a writing instrument on a writing 
surface and process the tracked motion for storage and for 
further processing and communication of the hand motion or 
other handwriting. (When we use the word handwriting in 
this discussion, we mean to include any kind of meaningful 
hand motion, whether or not it can be considered handwrit 
ing. The hand motion can be associated with drawing or 
sketching or with cursor control, for example.) 

[0022] While a streaming video capability may be used to 
track handwriting in process, a still camera can be used to 
capture images. The ?rst approach has the advantages of 
using less memory and data for communication and achiev 
ing easier handwriting recognition compared to still capture 
that needs to process more data as bit maps versus vector 
graphics (in real-time tracing). A real time approach allows 
for trackinginfrared (IR) light, which increases signal to 
noise ratio (S/N) and detection capabilities. 

[0023] Tracking light (IR or visible or ultraviolet) is not 
the only way to increase S/N ratio. When using a passive 
(non light-emitting) writing instrument, special ink can be 
used or a black ink or tip on a white surface also improves 
the S/N ratio. The re?ected light can be tracked by the 
camera. 

[0024] Real time tracking is limited by the camera’s frame 
rate. Fast handwriting recognition requires frame rates to be 
from 60 to 100 HZ. Typical cameras in consumer products 
have rates of 15 to 30 HZ, which would limit the speed of 
handwriting to be recorded. However, some cameras can be 
con?gured to capture only a portion of the sensor signals, 
which permits faster frame rates. That capability may be 
used for cameras of cell phones and other devices. 

[0025] The writing instrument could be a pen, a stylus, a 
whiteboard marker, or any other object that can be held in 
the hand and used to indicate hand motion or handwriting. 
The writing surface could be paper or any other surface on 
which the hand motion or handwriting might occur. In some 
cases, the hand motion or handwriting could be performed 
in mid-air rather than on a surface. 

[0026] Among the advantages of using such a digital 
camera to capture handwriting are the following. If the 
camera is already incorporated in a portable device, there is 
no need to integrate additional hardware into the portable 
device. In other instances, non-portable devices such as a 
desktop personal computer or a white board can be ?tted 
with a digital camera to capture the handwriting. In general, 
any telephone or PDA can be ?tted with the capability 
described here. 

[0027] As shown in FIG. 1, a camera-enabled portable 
device can be used with a pen and paper for capturing 
handwriting. In FIG. 1, a cellular phone 12 includes or is 
?tted with a digital camera 14 and a clip 16 to grasp a piece 
of paper or pad 18. An optional lens 20 and ?lter 22 may be 
attached to the camera as explained later. The pen 24 has a 
tip 26 that releases ink onto the page in the usual way as the 
user writes. Light sources 28, 30 (e.g., LEDs) are arranged 
on the shaft of the pen. 
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[0028] Each of the light sources emits light (e.g., infra-red 
light) in a range of directions. Using IR light sources on the 
pen enhances the signal-to-noise ratio of the signals of 
interest compared to the background that are generated by 
the camera as the pen is used for handwriting. Other 
implementations might use conventional writing instru 
ments that had no light sources. The writing instrument 
could have re?ectors or a colored markings. A conventional 
black tipped marker might be tracked on a white board 
without the need for light sources on the marker. 

[0029] In other implementations, the portable device or 
the camera could include an IR beacon that would be 
re?ected back to the camera by a passive writing instrument. 

Calibration: 

[0030] As the camera is an optical device and is not 
designed to reproduce straight lines but rather images, 
calibration has to be performed during assembly and test of 
the product. A number of calibration points will be estab 
lished within the area of intended use of the camera (the area 
may be any of a variety of different siZes). The calibration 
points are recalculated into calibration parameters for later 
use in correcting handwriting for linearity. 

[0031] One challenge for implementations that are based 
on re?ection is that other surfaces in the vicinity of the 
writing instrument also may be re?ective, such as a ring on 
the ?nger of the user. By using image recognition capabili 
ties of software associated with the camera, it would be 
possible to discriminate the writing instrument tip from 
other objects in the environment. 

[0032] When light sources are used on the writing instru 
ment, more than two light sources can be ?tted, as shown in 
FIG. 2. The pen in FIG. 2 has three sources 40, 42, 44 that 
are placed along the length of the writing instrument to 
permit resolving the tilt orientation of the writing instrument 
relative to vertical and the X-Y position (and in some cases 
the Z position) of the writing instrument relative to the 
writing plane. 

[0033] As shown in FIG. 3, each of the light sources 
includes a set of individual light sources (that could be 
LEDs) 50, 52, 54, 56 arranged on a circumference of the 
writing instrument. The LEDs’ ?elds of view (FOV), shown 
in dashed lines, overlap so that light from the light source is 
detectable from any position around the writing instrument. 
A battery powered circuit in the writing instrument powers 
and controls the LEDs so that they all emit light at the same 
time or in a sequence. 

[0034] Light from each light source 40, 42, 44, is received 
through a lens 46 and projected onto a corresponding point 
70, 72, 74 on the surface of the camera sensor 76. The 
distance (e.g., distance D') between any two of the points 70, 
72, 74 on the sensor surface is inversely proportional to the 
distance D from the sensor to the writing instrument . The 
distance D' can be determined by software 60 using the 
stored data 62 that is passed by the driver circuit 64 from the 
sensor. 

[0035] The angle 68 of the line D' connecting the points 
70, 72, 74 represents the vertical position of the writing 
instrument projected above the writing surface. The angle 68 
can also be determined by the software from the stored data. 
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[0036] The location of point 70 on the sensor, representing 
the tip 26 of the Writing instrument, Will move tWo-dimen 
sionally as the Writing instrument is used for handwriting 
and its tip traverses a tWo dimensional path on the Writing 
surface. 

[0037] Distributing the light sources along the length of 
the pen enables reduced tilt error and better background 
interference cancellation. Substantial separation of the light 
sources along the length of the Writing instrument provides 
additional information for determining the distance of the 
Writing instrument from the sensor surface 

[0038] As shoWn in FIG. 4, the distances betWeen any pair 
of the light sources is projected onto the sensor as a 
corresponding distance betWeen the projection points. The 
distances on the sensor betWeen points 1 and 2 and betWeen 
points 2 and 3 and their ratio determine the distance from the 
pen to the sensor. The shorter are those lines, the greater is 
the distance to the Writing instrument. A change of the ratio 
betWeen those lines implies Which direction the pen is tilted 
relative to the orientation (at position A) in Which the pen is 
parallel to the surface of sensor plane and parallel to the 
Writing surface 

[0039] When the line of tilt lies on a plane that is parallel 
to the sensor plane, as in FIG. 4 (looking from above), the 
ratio of the ratio of the lines on the sensor 3A-2A/2A-1A to 
3B-2B/2B-1B are the same but their absolute values are 
exactly proportional to the distance to the Writing instru 
ment. 

[0040] When the plane on Which the Writing instrument is 
tilted is not parallel to the sensor, as shoWn in FIG. 5 (also 
looking from above), in Which the pen is tilted parallel to the 
sensor in position A but at an angle 0t to sensor plane in 
position C, the ratio of the ratio of distances 3A-2A/2A-1A 
to the ratio of distances 3C-2C/2C-1C is proportional to 
angle 0t. 

[0041] One advantage of using more than tWo light 
sources is to prevent loss of signal When objects (for 
example a ?nger) obstruct the line of sight. In such a case, 
the unobstructed light sources Will still help to resolve the 
position of the tip of the Writing instrument. The resolution 
of the tracking Will be compromised, but the tracking of the 
general location of pen and its movements can be main 
tained. 

[0042] (The light sources need not be LEDs but could be 
?ber optical or other light emitting devices.) 

[0043] The LEDs at each of the light sources on the 
Writing instrument can be triggered all at the same time or 
in pairs (the LEDs of each pair being ones that are located 
on opposite sides of the Writing instrument.) Because the 
spatial shift betWeen LEDs in a single light source should be 
minimized, it is desirable to light all four of the LEDs for a 
given light source together. The beams of the respective 
LEDs have to overlap to create a light source for the sensor. 
HoWever, electronics in the Writing instrument may restrict 
hoW many LEDs can be lit at one same time, especially in 
the case of the limited poWer and voltage of a portable pen. 

[0044] For that reason, it may be useful to light only 
opposing pairs of the LEDs at one time. Because CMOS 
sensors integrate the received light, and the time separation 
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betWeen the triggering of the respective pairs is miniscule, 
the sensor Will not determine that the lights are spatially and 
time-Wise separated. 

[0045] FIG. 6 illustrates the simple case in Which there are 
only tWo light sources at tWo locations along the length of 
the Writing instrument, and each of the light sources has four 
LEDs. 

[0046] The sensor and related softWare operate in succes 
sive capture cycles. In each of the capture cycles, the 
softWare determines an X-Y position of the tip of the Writing 
instrument. The sequence of ?ring of different lights can also 
be used to encode information on the biometrics of the 
handWriting, such as pressure, and also differentiate the use 
of different Writing instruments, such as different color 
pencils and markers and “erasers” (for example, in the case 
of a White board application) or for graphical designers. In 
such cases, more than three light sources might be used in 
combination to encode 2n functions, Where n is the number 
of light sources. If a PLL is used, other parameters can be 
used including frequency and time stamps or divisions. 

[0047] Within each capture cycle, there are three stages, 
each lasting 4 msec for a total of 12 msec per capture cycle, 
corresponding to an 80 HZ frame rate. Other frame rates and 
stage times can be used in other applications and for other 
rates of handWriting. As shoWn in FIG. 6, in the ?rst stage, 
the ?rst light source is operated. In the second stage, the 
second light source is operated. In the third stage, both light 
sources are off and the background light is captured. 

[0048] To increase the frame rate of the camera, partial 
frames can be captured (by using only a section of the 
sensor). Because the Writing instruments are not moving as 
fast as the frame rate, an assumption can be made that the 
next light spot is near the previous one, i.e., that a line is 
being draWn, and increments of X and Y coordinates are not 
large. If the Writing instrument light sources “disappear” the 
softWare can infer that the Writing instrument is off the 
Writing surface and can be located anyWhere. For that 
reason, a full frame should be captured again after light spot 
has been detected. While the Writing instrument is “o?‘”, the 
softWare is looking for light spots of high intensity. If they 
are found, the softWare processes them for high precision 
positioning With subpixel resolution. The number of bright 
light spots and their separation (ratio of distances betWeen 
different light spots) Within a certain WindoW depending on 
tilt offers a Way to prevent capture and to cancel background 
interference and noise. The approach Would be to maintain 
a certain pattern of the ratio of distances (+/— due to tilt). 
Light spots that do not ?t the pattern are considered as 
interference and excluded. This same pattern recognition 
technique is useful With systems of the kind that track hand 
motion of a Writing instrument discussed in Us. patent 
application Ser. Nos. 09/376,837 and 09/698,471, ?led Aug. 
18, 1999, and Oct. 27, 2000, and incorporated by reference 
in their entirety. 

[0049] During each of the three 4 msec stages, the oper 
ated light sources are driven by a 10 kHZ modulating 
frequency. Each half of the on cycles of 10 kHZ is divided 
in half. During one-half, one pair of the LEDs is illuminated; 
and during the next one-half, the other pair is illuminated. To 
summariZe, then, ?rst one LED pair of one light source is lit, 
then the other pair of that source, this sequence repeats for 
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the ?rst stage illuminating the ?rst light source. Then such 
sequence of illuminating pairs of LEDs repeats With another 
light source. 

[0050] In the case of three light sources, another stage of 
4 msec Would be added to produce a frame or cycle period 
of 16 msec, and the frame rate Will be approximately 66 HZ. 

[0051] This same approach of using tWo light sources and 
illuminating them in sequence can be used in the triangu 
lation system based on tWo sensors that is described in Us. 
patent application Ser. Nos. 09/376,837 and 09/698,471, 
?led Aug. 18, 1999, and Oct. 27, 2000, and incorporated by 
reference in their entirety. 

[0052] Phase lock loop circuitry coupled to the sensor 
locks on to the 10 kHZ modulation carrier and its phase to 
detect When the light sources are on. As a result, only three 
stages are required Within one frame for background can 
cellation. In other Words, the sensor acquisition is synchro 
niZed With the Writing instrument by locking onto the 
modulation frequency. 

[0053] The construction of the Writing instrument is simi 
lar to the Writing instrument described in Us. patent appli 
cation Ser. Nos. 09/376,837 and 09/698,471, ?led Aug. 18, 
1999, and Oct. 27, 2000, incorporated by reference. 

[0054] As shoWn in FIG. 7, the battery 140 is positioned 
in the middle of the Writing instrument 142. All electronics: 
LEDs, pressure sWitch, a controller, and contacts for the 
battery are mounted on the back of a single ?ex board 144. 

[0055] A circuit for the Writing instrument is shoWn in 
FIG. 12. Different light sources comprising LEDs and their 
pairs are shoWn. The pressure sensor signal is processed for 
tWo outputs: one to start the circuitry and poWer supply and 
the other to digitiZe pressure for signature veri?cations and 
thickness of the line. 

[0056] FIG. 8 shoWs a mobile phone 100. Processor 102 
does housekeeping, including managing the control buttons 
104 and LCD display 106, While the DSP 108 processes 
audio, video and Wireless communication algorithms. The 
imaging softWare 110 reads data from the sensor 112 of the 
camera and provides the digital signal processor (DSP) With 
digital data. The camera sensor and the imaging softWare 
can be on one chip. 

[0057] When the camera is a part of a cell phone, a PLL 
(phase lock loop) Would require extra hardWare in the 
cellular phone. Instead a softWare algorithm can be used that 
relies on three frames and subtracts one from the other and 
then adds their absolute values. 

[0058] Such an algorithm is set forth in Us. patent 
application Ser. Nos. 09/698,471, ?led Oct. 27, 2000 and 
incorporated by reference. 

[0059] The tilt-sensing approach based on light sources 
that are spaced along the length of the Writing instrument can 
also be applied to systems in Which the sensing of hand 
Writing motion is done by triangulation from tWo sensors. 

[0060] As shoWn in FIG. 9, the portable device 150 With 
the camera 152 is positioned With the camera facing the 
Writing surface 12, and the Whole Writing surface is Within 
its ?eld of vieW (FOV). An extra lens-?lter 154 may be 
required for such an application to increase the FOV as a 
regular camera is not designed for near focus applications. 
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The extra lens can provide a shalloW ?eld of focus so that 
only the Writing surface and Writing instrument are in focus. 

[0061] The lens-IR ?lter can be carried as a separate item 
and attached to the camera on the mobile phone When it is 
to be used for handWriting capture. Or the lens-?lter can be 
a part of a clip for the phone. The clip can be designed so 
When the cell phone is inside the clip its camera is looking 
through the lens-?lter on the clip. When you take the camera 
out from the clip, the camera sees in regular light. SWitching 
from one mode to the other can be done automatically. 

[0062] Different clips can be provided to mount the mobile 
phone on paper, White board, etc. The clips could have 
different designs, have different sWivel and tilt arrange 
ments, and be automatically recogniZed When a phone is 
plugged into them. 

[0063] The IR ?lter maybe required to ?lter out sunlight 
and other sources of IR interference. The mobile phone 
camera can be positioned and focused using a clip With 
special tilting mechanism (to tilt it doWn the page for better 
vieW). The clip can be designed for multiple uses: to clip it 
to the belt like a regular clip or to the paper When it Will be 
focused. The clip should also have a mechanism for tilting 
and rotating to focus the camera appropriately on the Writing 
surface. (A tilting mechanism 158 is shoWn in FIG. 9.) 

[0064] A portable device With its camera can be used on 
any surface, not only on a conventional Writing surface. 
When the surface is large, for example a White board or a 
Wall, the softWare that analyZes the sensor-captured data can 
be con?gured and calibrated to handle the larger scale. When 
the scale is larger, the center position on the sensor surface 
Would be interpreted as located at a different (greater) 
distance from the Writing instrument. The array of locations 
on the sensor Would be mapped to a larger Writing area. The 
resolution of the captured data, of course, suffers. For large 
scale handWriting capture from a large surface such as a 
White board, the Writing instrument Would be replaced With 
a special marker. The black (or other colored) tip of the 
marker Would then automatically be tracked by the same 
phone and camera. No other special tracking equipment 
Would be required. 

[0065] FIG. 10 illustrates the use of a White board. As 
shoWn in FIG. 8, a cellular phone 120 can be used on any 
siZe board 122. The sensor and its related softWare can be 
calibrated by placing the phone into the calibration mode 
and pressing the marker 124 at three corners, A, B and C. If 
the marker is one that has been ?tted With light sources, the 
marker could have a pressure sensitive tip that causes the 
marker to emit light When it is pressed onto the board at each 
of the three corners. 

[0066] This enables the sensor softWare to determine the 
siZe and orientation of the White board. After calibration, the 
cellular phone is ready to accept data from the marker. An 
erasing function can be implemented by using a special 
marker that is ?tted With LEDs and a control method for 
triggering the LEDs that uses a different (from the one 
normally used for data capture) spatial, time, or frequency 
separation betWeen light sources or pairs of LEDs Within the 
same light source. When the different pattern is invoked, the 
softWare in the cellular phone determines that the marker is 
being used in an erasing mode. 



US 2007/0182725 A1 

[0067] The same technique can be used to implement 
different colors of writing instruments and biometrics of 
handwriting. 

[0068] The phone is attached to the board using a suction 
cup, a clip or some other mechanism 126 or can be inte 
grated into the white board structure or the writing surface. 

[0069] When the phone or PDA is equipped with a display, 
an image of the writing surface and the trajectory of the 
writing instrument could be shown on the display. In addi 
tion to enabling the user to see the results of his handwriting, 
this would enable the user to determine when the orientation 
and location of the camera is suitable to effectively capture 
the handwriting motion. 

[0070] A writing surface may not be necessary at all. The 
user may write in mid-air. 

[0071] As shown in FIG. 11, non-conventional writing 
surfaces may be used, including the inner surface 131 of a 
?ipping cover 132 that protects the display 133 of the 
portable device when it is not being used. 

[0072] FIG. 11 shows that the portable device could have 
two triangulating sensors 135, 137, such as the ones dis 
cussed in US. patent application Ser. Nos. 09/376,837 and 
09/698,471, ?led Aug. 18, 1999, and Oct. 27, 2000, and 
incorporated by reference. And a camera 134 can be pro 
vided. 

[0073] As explained earlier, cursive text or drawings 
appear on LCD display 133 in real time, and text can be 
immediately or later be converted to ASCII using a software 
handwriting recognition algorithm. Thus, the display itself 
need not have a touch-sensitive surface for entering data. 
Instead the separate writing surface on the portable device 
can be used for that purpose. The cover could have a clip 139 
for a piece of paper 143 so that the user could produce a 
paper copy of whatever he is entering into the portable 
device. 

[0074] The separate writing surface could also be used for 
cursor control and navigation on the display, like a mouse or 
trackball. 

[0075] The same approach can be used on “pen” comput 
ers, writing tablets, and tablet PC’s to eliminate the need and 
cost for tracking directly on the LCD display. For redun 
dancy, sensors can be used in all four comers of display or 
more. 

[0076] Single row arrays can be used for the same purpose 
on tablet PCs or other devices to track stylus on display. 

[0077] When the user is about to begin using the hand 
writing capture feature, the camera may ?rst be focused 
using a regular camera mode to view the page and then 
clipped to the writing surface so it does not move. Then the 
phone can be switched into a handwriting capture mode 
where instead of capturing an image, the sensor and the 
related software track the light source(s) from the pen. 

[0078] As mentioned earlier, the writing surface is mapped 
by the software onto the sensor so that each coordinate on 
the writing surface has a corresponding subpixel location on 
the sensor. If the resolution of a camera is not high enough 
to provide pixel-by-pixel capturing, algorithms of the kind 
described in US. patent application Ser. Nos. 09/698,471, 
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?led Oct. 27, 2000, and incorporated by reference, can be 
used to resolve pen position with sub-pixel accuracy. 

[0079] During handwriting capture, each captured frame is 
processed to ?nd peaks of light intensity, and only those 
points are processed for calculation of coordinates on paper. 

[0080] When frames from the 2-D sensor are captured, the 
data is processed to ?nd bright spots having intensity higher 
than a certain threshold. Then their position is processed to 
eliminate interference by separation of light sources (as 
discussed earlier). Invalid frames are thrown away. Then 
invalid light spots are thrown away in valid frames. If valid 
frames and subsequent light spots are found, each valid 
frame is processed for subpixel positions. Windows are 
established in vertical dimension to average the values of 
light intensity around the brightest spots. Window siZe 
(number of lines up and down for averaging) is a function of 
the previous position of the writing instrument but in most 
cases can be approximated. One approach is to use +/—16 
lines in the sensor. After the appropriate lines are averaged, 
the resultant pixel array (pseudo linear array) is then pro 
cessed using the algorithm described in the previous patent. 

[0081] When tracing a passive writing instrument by look 
ing at the ink or pen tip (black on white) we look for 
“different intensity” rather than “brightness”. 

[0082] The coordinates that represent handwriting, or 
traces of the writing instrument on the writing surface, can 
be displayed on the display of the portable or other device 
that is performing the tracking and can be simultaneously in 
real time or later on translated into ASCII. Either format, raw 
cursive or drawing motion, or handwriting that has already 
been converted to ASCII, can be stored in memory of the 
device and/or transmitted to other devices. Other processing 
of data, such as language translation, may be done on the 
capturing device or later on using a personal computer or 
server to which the data has been uploaded. Additional 
information about uploading and further processing is found 
in US. patent application Ser. Nos. 09/832,340, ?led on Apr. 
10, 2001, and incorporated by reference in its entirety. 

[0083] The software for capturing and processing hand 
writing motion can be written using application develop 
ment platforms provided by vendors such as OMAP by 
Texas Instrument and PCA by Intel. 

[0084] One advantage of OMAP or PCA is that a third 
party designs its application using a higher level language 
like C or C++. When that software is compiled, the compiler 
separates computationally intensive calculations to be run on 
a digital signal processing (DSP) chip on the portable device 
from control functions to be run on the general purpose 
processor. Both OMAP and PCA are dual core processors. 

[0085] Other implementations are within the scope of the 
following claims. 

1-26. (canceled) 
27. A method comprising 

exposing a sensor of a digital camera directly to infrared 
light received from a writing instrument that is being 
subjected to hand motion on a writing surface, and 

in a device integrated with the digital camera and separate 
from the writing instrument and writing surface, pro 
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cessing data from the sensor to derive handwriting or 
control information based on the hand motion. 

28. The method of claim 27 in Which the exposing of the 
sensor includes receiving light that originates from light 
sources on the Writing instrument. 

29. The method of claim 27 in Which the exposing of the 
sensor includes exposing the sensor to a trace or other 

marking left by the Writing instrument. 
30. The method of claim 29 in Which the trace or other 

marking includes ink selected to increase a signal-to-noise 
ratio of light received by the sensor. 

31. The method of claim 27 in Which the exposing of the 
sensor includes processing of an image of a tip of a Writing 
instrument. 

32. The method of claim 31 in Which the tip of the Writing 
instrument is characterized by being of high contrast With 
the environment in Which it is used. 

33. The method of claim 27 in Which the sensor is exposed 
to hand motion occurring at any arbitrary angle. 

34. The method of claim 27 also including 

calibrating the digital camera to permit correctly inferring 
linear hand motions. 

35. The method of claim 27 also including calibrating the 
processing of data using information derived When the 
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Writing instrument is touched to at least three points on the 
Writing surface. 

36. The method of claim 27 also including automatically 
sWitching the digital camera from one format to another by 
coupling the camera, or a device to Which it is connected, to 
another mechanism. 

37. The method of claim 27 also including adjusting a tilt 
and/or sWivel position of the camera for better coverage of 
a Writing surface. 

38. The method of claim 27 in Which light sources on the 
Writing instrument are operated to enabling ?ltering of noise 
and interference. 

39. The method of claim 27 in Which light sources on the 
Writing instrument are sequenced to encode functionality 
that includes at least one of erasing or biometrics of hand 
Writing. 

40. The method of claim 27 in Which there are enough 
light sources associated With the Writing instrument to 
prevent loss of tracking When one or more of the light 
sources are blocked. 

41. (canceled) 


