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injuries. These concerns are addressed by capacitive touchpads which encourage
neutral postures and extremely light tapping [24]. The splits in various ergonomic
kevboards have successfully neutralized the awkward wrist postures of conventional
keyboards [44,63.66, 114, 164], but less progress has been made in minimizing typ-
ing force.

Human factors studies have uncovered interesting relationships between typ-
ing force and keyswitch construction. Though make force, the force which must
be applied before the key makes electrical contact, ranges between .3 and 1.0 N on
most kevboards, users apply 2.5 to 7.9 times more force than necessary as a safety
factor to ensure keys are always activated [43.43.126.139]. The safety factor de-
creases with increasing make force, but overall applied force is still minimized with
lower make forces [45,126]. Other keyswitch parameters such as make point travel.
the distance the keyv depresses before making electrical contact. and overtravel. the
distance the key depresses after making electrical contact but before bottoming out.
can also affect applied force. Radwin [123] found that peak applied force dropped
24% as overtravel increased from 0.0 to 3.0 mm. while pretravel had no significant
effect. Gerard [45] found that typists applied roughly the same force to keyswitches
with .72 N buckling springs. which produced an abrupt change in force feedback
and an audible click. as they did to cheaper .28 N rubber dome keyswitches. Peak
applied forces were 53% higher for rubber dome switches with .83 N make force.
Finger flexor EMG's were independent of pace as long as typists worked at or below
their comfortable pace, possibly because faster typists make more efficient move-
ments [43].

Though these studies indicate which keyswitch designs will lessen typing
force. the need to support resting hands and avoid accidental activation of keys
ultimately limits the reduction of typing force [123] with mechanical keyswitches.

Rose [127] suggests make forces less than .5 N may lead to accidental activation
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and an increase in static extensor contraction for postural support, but .3 N seems

tolerable on ergonomic keyboards such as the Kinesis which has firm wrist rests.

A.4 Relevance to the MTS

The approach taken in this dissertation has been to eliminate pressure switches
altogether in favor of touchpad-like surface tapping and algorithmic discrimination
between resting fingers and keypresses. There is no doubt subjectively that finger
impact and finger flexion forces are greatly reduced when typing on the MTS. Future
research should verify that this translates to reduction in pressure inside the carpal
tunnel and avoidance of the critical cumulative trauma threshold. Also. future re-
search should ensure that the MTS does not impose excessive postural demands

since the hands are sometimes suspended above its surface.
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Appendix B

VERTICAL INTERPOLATION BIASES ON
PARALLELOGRAM ELECTRODE ARRAYS

Though the interspersed wedges of parallelogram electrode arrays introduced
in Section 2.1.8 generally aid vertical interpolation when row spacings are larger
than fingertip contact heights, they can cause misleading vertical measurements for
small, light contacts not centered exactly on or between electrodes. The interpo-
lated vertical position is always unbiased if contacts are centered on a row. but as
Figure B.1 illustrates, under certain conditions it is biased when a contact is be-
tween rows. The actual positions of all contacts in Figure B.1 are halfway between
the top (light gray) and bottom (dark gray) rows, and the interpolated positions of
contacts a), c), d). and f) accurately reflect this because the contacts overlap equal
portions of top and bottom electrodes. However. contact b) appears to overlap two
to three times as much light gray as dark gray, which will cause a stronger signal
on the top middle electrode and the interpolated position to be about 3/4 of the
way to the top row. For an electrode row spacing of 1.2 cm this corresponds to a
position error of 3-5 mm.

For the wider contact in Figure B.le the contact overlaps of the middle and
left columns are roughly equal, and only the right column is severely biased because
the contact only touches the top electrode there. When the right column inter-
polation is averaged with the unbiased middle and left column interpolations the

final reported position will be only 1-2 mm too high. For even larger contacts the
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a) b) C) d e f) g)

Figure B.1: Diagram illustrating the vertical interpolation biases which can arise
when small-to-medium-sized contacts are halfway between parallelo-
gram electrode rows but not centered on or between columns. In a)
and d) small and medium contacts (ovals) are centered halfway be-
tween the left and middle columns and touch or overlap equal portions
of top row electrodes (light gray) and bottom row electrodes (dark
gray). In c) and f) the contacts are centered on the middle columns
but still overlap equal portions of top and bottom rows. causing their
vertical position to be correctly interpolated as halfway between the
rows. But in b) and e) the contacts are just to the left of middle
column center and overlap more of the top row electrodes than the
bottom, causing their interpolated vertical position to be erroneously
high. If they were just to the right of column center their interpo-
lated vertical position would be erroneously low. The bias worsens
for smaller contacts so that even though the tiny contacts in g) are
centered between rows, the one on the left will be interpolated to be
centered on the bottom row while the one on the right will be inter-
polated to be centered on the top row. Note that the parallelogram
shadings in this figure are only meant to visually differentiate the top
row electrodes from bottom row electrodes where the contacts over-
lap them, not to indicate the relative proximity measured in each row.
The gaps between columns are necessary to route sensor wiring, but
eliminating them would not eliminate the biases.
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errors caused by biased overlap on peripheral columns become minuscule because
the correct interpolations by columns toward the center of the contact dominate the
centroid average.

Figure B.1g shows the worst case scenario, in which the position error can be
as much as plus or minus half a row spacing. Here the contacts are so small that the
left contact only overlaps the bottom left electrode, so its position will be reported
as centered on the bottom row, a full 6 mm lower than the actual position, and the
right contact will be reported a full 6 mm too high.

Note that the parallelograms cause no significant biases in horizontal centroid
computation. This is easily proved by summing the proximity signals in each column
and then interpolating horizontally using the column sums. As long as the vertical
gaps between parallelograms are minuscule and the proximity sensors are linear.
these computed column sums are equivalent to the proximity signal which would
be obtained from a physically continuous rectangular electrode spanning the whole

column. so they should produce exactly the same horizontal interpolation.

B.1 Nonlinear Vertical Centroid for Parallelogram Interpolation

The MTS employs a number of methods to ameliorate the effects of these
vertical interpolation biases. First, sensed electrode capacitance is inversely propor-
tional to flesh proximity. so using a substantially thick dielectric cover between the
fingers and electrodes weakens the signal at the center of a contact where it is firmly
touching the dielectric, preventing the center from totally dominating the signals
from the contact peripheryv. For verv small, light contacts such as in Figure B.1g,
this causes the contact to appear wider or more diffuse to the sensors and exhibit
more moderate biases between those of Figure B.1b and Figure B.1e. When a finger
is moving horizontally across the surface, the biases manifest themselves as vertical
oscillations in the finger trajectory. Therefore during medium-to-high speed motion

they can be removed with a low-pass motion filter.
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For medium-sized contacts as in Figure B.le, a nonlinear centroid compu-
tation which de-emphasizes the potentially biased columns at the periphery of the
contact in favor of those columns at the center which are overlapped evenly can
further diminish the errors by at least a factor of two. Note that in the biased
right column the contact only overlaps the left side of the column at the tip of
the top electrode, so the total signal from the right column is much less than that
from the left or middle columns. This is the most straightforward indication that
the right column is on the contact periphery and may contribute a biased vertical
interpolation.

Instead of linearly weighting the contribution of each column’s vertical inter-
polation by each column’s total proximity as in a standard centroid (Equation 3.11).
the following nonlinear centroid formulas square each column’s total proximity to
emphasize the stronger. unbiased interpolations of the central columns. Let G, be
the electrodes in the intersection of group G and electrode column j. G. be the
total proximity of Gg,, and G, be the vertical centroid as measured within the

electrodes of column j:

Ge, = Gen{ee€j} (B.1)

G, = ) e (B.2)
CEGE)

G.’h = Z f::_ey (B3)
eEGE) G:J

Then the improved vertical centroid G, for parallelogram arrays is given by:

G:par = ZG;) (B4)
J
GG,
Gypar = Z = (B:-))
j Ipar
Though these steps ameliorate the interpolation biases to less than a millimeter.

ensuring that they are not a nuisance during evaluation of the MTS, they still
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cause noticeable oscillations in on-screen cursor motion given high cursor motion
sensitivity and light fingertip contacts. The only known way to eliminate the biases
entirely is to decrease electrode row spacing so much that parallelograms are no

longer needed.
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Appendix C

CONVERGENCE TRAPS FOR LOCALIZED
COMBINATORIAL SEARCH ON AN ATTRACTOR
RING.

Figures C.1 and C.2 demonstrate unfortunate cases in which a pairwise ex-
change sequence like bubble sort can get trapped in assignments whose cost is only
a local minimum. In Figure C.1. the attractors do not lie on a perfect circle. and
a single contact (circle) is poorly initialized to an attractor r on the opposite side
of the ring from its closest attractor c. For the contact’s assignment to propagate
around the ring to the closest attractor c, there must be a subsequence of the pair-
wise exchange sequence such that swapping in each pair of the subsequence decreases
the contact’s assignment distance. Moreover. this subsequence must connect the far
attractor r to the contact’s closest attractor ¢ through overlapping attractor pairs.

In the case of Figure C.la, where the attractors are arranged around a perfect
circle. this convergence condition is met because the attractors a and d adjacent to
the far attractor r are closer to the contact than r. This can be verified visually by
noticing that they lie within the circle of points (heavy arc) the same distance from
the contact as attractor z. It can also be verified by noticing that these attractors
are on the same side of the relevant perpendicular bisector as the contact o. which
will cause the contact to be swapped out of the far attractor and propagate toward

the near attractor c.
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Figure C.1: Diagrams showing convergence failures for attractor rings which are
not perfectly circular. In a) the attractor ring is perfectly circular so
pairwise swapping of adjacent attractors can propagate a contact’s
(o) assignment from an attractor (x) on the opposite side of the ring
to the closest attractor (c) on the near side. But the concavity in the
ring of b) and the warping of the ring in c) trap the contact (o) in
the far attractor (x) since attractors (a) and (d) adjacent to the far
attractor are farther from the contact than (x).
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The case of Figure C.1b contains a concavity in the attractor ring at x. This
causes attractor r to be closer to the contact o than its adjacent attractors a and
d. Thus pairwise swaps with these adjacent attractors will not be accepted and the
contact cannot escape from attractor z. This is verified visually by noting that the
adjacent attractors ¢ and d lie outside the equidistant arc which passes through r or
noting that attractor z is on the same side of the adjacent perpendicular bisectors
as the contact o.

The elliptical attractor ring of Figure C.lc shows that a concavity is not
necessary to prevent convergence. Again the attractors adjacent to the far attractor
are outside of the equidistant arc and perpendicular bisectors, trapping the contact’s
assignment on the far attractor.

Since the finger attractor ring is not perfectly circular. convergence failures
similar to those of Figure C.1b and Figure C.1c¢ have actually been observed in the
identification system. Typically a fingertip contact will get trapped in a palm attrac-
tor and misidentified as a palm. This has been addressed successfully by increasing
the size of the exchange neighborhood for palm attractors to include all attractors
instead of just the next attractor in the ring. Thus when the exchange sequence
reaches a palm attractor, pairwise swaps are considered between the palm attractor
and all other attractors, and the swap which produces the minimum assignment cost
over all such pairs is taken. This increases the worst case number of comparisons to
O(M3), the same as algorithms for general assignment problems.

Figure C.2 shows that for attractor rings which are perfectly circular. sym-
metric and full of contacts, pairwise exchange can get stuck in rotational local min-
ima. The assignment of Figure C.2a clearly has the globally lowest total assignment
cost, but the rotated assignments of Figure C.2b are also a local minimum. Under
the distance-squared metric, the assignments of Figure C.2b all meet the local pair-

wise ordering relation. All pairwise swaps such as the swap on the bottom attractors
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Figure C.2: Rotational local minimum for a perfectly symmetric attractor ring full
of contacts. The global minimum assignment is shown in a). How-
ever, the rotated assignments in b) are also a stable local minimum
because no pairwise swap such as that in ¢) will be accepted under
the distance-squared metric.
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in Figure C.2c would increase the assignment costs and will not be taken. trapping
the assignments in this rotated state. However, this type of convergence failure
has not been noticed in practice, presumably because the asymmetries in attractor
spacings around the actual finger attractor ring discourage this type of convergence

failure.
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Description

1. Field of the Invention

The present invention relates to pointing devices
and pointers and, more particularly, but without limita-
tion, to pointing devices for use on touchscreen sys-
tems.

2. Background Information and Description of the
Related Art

Conventionally, users interface with the deskiop
and operating system of their computer system using a
"mouse”. A mouse is a special hardware input device
connected by a wire or infrared signal to the computer
system. Typically, the mouse has one or more push but-
tons on its top and a roller on its bottom designed to roll
along a surface next to the computer system. When the
user moves the mouse's roller on the surface, a mouse
pointer positioned on the computer system's display
tracks the movement of the mouse's roller. When the
user has positioned the pointer at a desirable location,
such as over an object, the user clicks or multiple clicks,
depending on how the mouse is programmed, one of
the mouse push buttons to invoke or open the object.

The user may customize the operations of a mouse
and mouse pointer. Through a customization menu
maintained by some conventional operating systems,
the user may customize, for example, the assignment
of a single click of a first mouse button to invoke a first
function and the assignment of a single click over a sec-
ond mouse button to invoke a second function. Further,
the user may customize the appearance of the mouse
pointer on the display screen. For example, one user
may prefer a small arrow to be the mouse pointer, while
another user may prefer alarge blinking arrow. Similarly,
some users may prefer a fast mouse pointer (i.e., small
movements of the mouse's roller cause large movement
of the mouse pointer), while other users may prefer a
slower mouse pointer. This feature is referred to as the
"sensitivity" of the mouse pointer.

These types of mouse and mouse pointer behaviors
may be customized for each individual user. However,
most operating systems provide customization for only
one user on one system. Therefore, for a multi-user sys-
tem, the user must re-customize the mouse from the pri-
or setting. This typically involves the user editing a
mouse settings file or local database that maps button
behavior to a specific function. Some systems, such as
X11, have a special init file to do this.

Conventional mice suffer certain disadvantages
and limitations. For example, the mouse is bulky, fixed
in size so that very small hands or very large hands alike
do not properly fit over the mouse, not permanently at-
tached to the computer system, subject to corrosion,
and requires the user to know the specific mouse be-
havior (e.g., which mouse button and how many clicks
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invoke a function). Accordingly, many customer oriented
systems (e.g., ATM machines) and multi-user systems
donot use mice. Rather, the trend for multi-user systems
is to use touchscreens.

Conventional touchscreens allow the user's finger
or a pointing device to replace the conventional mouse
and mouse pointer. Conventional touchscreens utilize,
for example, heat sensitive, sound sensitive, pressure
sensitive, or motion sensitive grids/detectors to detect
a hand, finger, or object placed on the touchscreen.
However, conventional touchscreens suffer certain lim-
itations and disadvantages. For example, unlike a
mouse pointer, fingers vary in size and, therefore, the
desktop must place contiguous object icons and text far
apart to accommodate the largest fingers. Also, the user
cannot select the customization features as found in
conventional mice and mouse pointers.

Accordingly, there would be great demand foranew
pointing device that uses touchscreen technology, but
allows object icons and text to be placed close to one
another and allows user customization of the pointing
device.

Summary

A method, apparatus, and article of manufacture di-
rect a computer system, having at least a processor,
memory, and touchscreen, to create a reshapable point-
ing device. The method includes the steps of displaying
a pointing device on the touchscreen and, in response
o delecting at least one finger placed on the pointing
device, reshaping the pointing device in accordance
with the size of the finger.

Brief Description of the Drawings

Fig. 1 illustrates a conventional hardware configu-
ration for use with the present invention.

Fig. 2 illustrates a virtual pointing device in accord-
ance with the present invention.

Fig. 3 illustrates detailed logic in the form of a flow-
chart for performing the steps in accordance with the
present invention.

Fig. 4 illustrates a variation of the virtual pointing
device illustrated in Fig. 2.

Fig. 5 illustrates another view of the virtual pointing
device shown in Fig. 2.

Fig. 6 illustrates a menu for defining the character-
istics of the virtual pointing device in accordance with
the present invention.

Fig. 7 illustrates a shape menu, define functionality
menu, and define pointer menu in accordance with the
present invention.

Fig. 8 illustrates detailed logic in the form of a flow-
chart for performing the steps in accordance with the
present invention.

Fig. 8 illustrates detailed logic in the form of a flow-
chart for performing the steps in accordance with the
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present invention.

Detailed Description of the Preferred Embodiments

The preferred embodiments may be practiced in
any suitable hardware configuration that uses a touch-
screen, such as computing system 100 illustrated in Fig.
1 or, alternatively, in a laptop or notepad computing sys-
tem. Computing system 100 includes any suitable cen-
tral processing unit 10, such as a standard microproc-
essor, and any number of other objects interconnected
via system bus 12. For purposes of illustration, comput-
ing system 100 includes memory, such as read only
memory (ROM) 16, random access memory (RAM) 14,
and peripheral memory devices (e.g., disk or tape drives
20) connected to system bus 12 via /O adapter 18.
Computing system 100 further includes a touchscreen
display adapter 36 for connecting system bus 12 to a
conventional touchscreen display device 38. Also, user
interface adapter 22 could connect system bus 12 to
other user controls, such as keyboard 24, speaker 28,
mouse 26, and a touchpad 32 (not shown).

One skilled in the art readily recognizes how con-
ventional touchscreens operate, how conventional
touchscreen device drivers communicate with an oper-
ating system, and how a user conventionally utilizes a
touchscreen to initiate the manipulation of objects in a
graphical user interface. For example, touchscreen
technology includes electronic sensors positioned in-
side a flexible membrane covering a computer screen,
a grid of infrared signals, or a method of detecting a
touch by sensing a change in reflected sound waves
through glass or plastic. Using current touchscreen
technology, a user can initiate the display of a pull down
menu by touching the touchscreen, and then selecting
an object within that menu by dragging a finger down
the pull down menu.

A graphical user interface (GUI) and operating sys-
tem (OS) of the preferred embodiment reside within a
computer-readable media and contain a touchscreen
device driver that allows one or more users a user to
initiate the manipulation of displayed object icons and
text on a touchscreen display device. Any suitable com-
puter-readable media may retain the GUI and operating
system, such as ROM 16, RAM 14, disk and/or tape
drive 20 (e.q., magnetic diskette, magnetic tape, CD-
ROM, optical disk, or other suitable storage media).

In the preferred embodiments, the COSE™ (Com-
mon Operating System Environment) desktop GUI in-
terfaces the user to the AIX™ operating system. The
GUI may be viewed as being incorporated and embed-
ded within the operating system. Alternatively, any suit-
able operating system or desktop environment could be
utilized. Examples of other GUIs and/or operating sys-
tems include X11™ (X Windows) graphical user inter-
face, Sun's Solaris™ operating system, and Microsoft's
Windows 95™ operating system. While the GUI and op-
erating system merely instruct and direct CPU 10, for
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ease in explanation, the GUI and operating system will
be described as performing the following features and
functions.

Referring to Fig. 2, touchscreen 200 includes any
conventional, suitable touchscreen that is sensitive to,
for example, heat, pressure, or the sound of palm and
fingerprints. In this illustration, a user has placed his/her
right hand (not shown) on touchscreen 200. While any
suitable touchscreen technology may be used, for ease
in explanation, the preferred embodiment will be de-
scribed as using a touchscreen that detects sound pat-
terns. In response to the user placing his/her hand on
touchscreen 200, touchscreen 200 detects the sound
pattern of the user's hand, including the sound from
palmprint area 210, thumbprint area 215, fingerprint ar-
eas 220, 230, 235, and 240, and areas 280. Alternative-
ly, only a portion of the hand (e.g., only fingers) and/or
a unique object (e.g., stylus) could be substituted for the
detection of a hand print. Moreover, more than one hand
or object can be detected at a time.

When touchscreen 200 detects one or more hand/
finger patterns similar to the one shown in Fig. 2, the OS
attempts to identify the user(s). To do so, the OS meas-
ures the distance of each fingerprint area 215, 220, 230
and 240 from palmprint area 210, along with the X, Y
coordinates of palmprint area 210 and the X, Y extrem-
ities of the palmprint area 210. The OS defines the cross
point of the leftmost and uppermost point of the palm-
print area 210 as the first reference point 255. The OS
measures the longest distance from thumbprint 215 to
the first reference point 255. Similarly, the OS measures
the longest distance from fingerprint areas 220 and 230,
respectively, to first reference point 255.

In the same manner, the OS defines the cross point
of the rightmost and uppermost point of palmprint area
210 as the second reference point 260, whereby the
longest distance from fingerprint area 240 to the second
reference point 260 is determined. Finally, the OS meas-
ures the X and Y coordinates 265 and 270 of palmprint
area 210. To add even more accuracy, the size of each
fingerprint could be measured.

Next, the OS searches a user file database (not
shown) stored in memory for a match of the newly de-
termined measurements with any existing measure-
ments to determine if a stored identity exists for the
handprint. Specifically, the OS compares the four dis-
tance measurements and the X, Y coordinates of palm-
print 210 with any existing measurements stored in the
user file database. However, one skilled in the art real-
izes that numerous means exists for identifying the
handprint (or object print) of a particular user (or user's
object) without departing from the scope and spirit of this
invention. lllustratively, only the width of the palmprint
area 210 could be used to determine if a match existed.

If the OS finds a match within a user-defined (or de-
fault) acceptable tolerance (described herein), the OS
reads the user file for pre-defined customization fea-
tures, if any, and creates a virtual pointing device under
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the hand (or a portion of the hand) positioned on touch-
screen 200 using the pre-defined customization fea-
tures. Additionally, one skilled in the art recognizes that
a secondary confirmation of the user match could be
made through, for example, a user id label displayed
next to the virtual pointing device, or a specific color
shading of the virtual pointing device. Therefore, the ar-
eas of touchscreen 200 under, for example, the user's
thumb (i.e., thumbprint area 215), fingers (i.e., finger-
print areas 220, 230, 235, and 240), and palm (i.e.,
palmprint area 210) become "activated", such that cer-
tain defined movements of the user's fingers, thumb,
and/or palm on those "activated" areas cause certain
functions to be invoked. However, if the OS does not
recognize the handprint, the OS can build a default vir-
tual pointing device under the hand or a portion of the
hand using a default set of functions or the user can cre-
ate a customized virtual pointing device (described
herein).

Fig. 5 illustrates how the user(s) move and operate
the virtual pointing device(s). As the user slides histher
hand over touchscreen 200 such that the hand remains
in substantial contact with touchscreen 200, the OS de-
tects the position of the user's moving hand on touch-
screen 200 and, in response, continuously re-defines
the "activated" areas of the virtual pointing device to be
the areas under the hand (or a portion of the hand).
Therefore, the virtual pointing device moves with and
according to the movement of the user's hand. For ex-
ample, if an "activated" area is initially defined as the
area contained within the touchscreen pixel coordinates
[X1, Y1, X2, Y2, X3, Y3, and X4, Y4] (not shown) and
the user moves a finger from that area to the touch-
screen pixel coordinates [X5, Y5, X6, Y6, X7, Y7, and
X8, Y8], the "activated" area moves to those new coor-
dinates.

The OS positions pointer 250 near an activated ar-
ea of the virtual pointing device (in this case, over fin-
gerprint area 230) such that pointer 250 moves in lock
step with the virtual pointing device. Therefore, the user
could, for example, move the virtual pointing device and,
therefore, pointer 250, such that pointer 250 is posi-
tioned over a desired object icon. Alternatively, the user
could merely lift his hand and place it at a desired loca-
tion, whereby the OS would re-create the virtual pointing
device under the user's hand at the new location (de-
scribed herein).

The user operates the virtual pointing device via
movement of the user's fingers, thumb and/or palm. II-
lustratively, the user may invoke the "focus function"
245, whereby an object icon positioned under pointer
250 gains focus, by lifting his/her thumb and then plac-
ing the thumb back on thumbprint area 215 within a cer-
tain amount of time (e.g., two seconds) (referred to as
"single clicking"). Similarly, the user may invoke the
"paste” function by lifting and replacing his/her third fin-
ger on third fingerprint area 235 within a certain amount
of time.
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Each finger, palm, and thumb behavior and associ-
ated functionality/command can be specially defined,
and later redefined, to invoke a specific function (de-
scribed in more detail herein). The OS displays a dialog
above each fingerprint/thumbprint area to indicate the
finger behavior (a "(1)" representing a single click; a "
(2)" representing a double click, etc.) and corresponding
functionality/command (e.g., focus 245, open 257, se-
lect until release 259, paste 261 and default menu 262).

The default functionality/command, finger behavior
and pointer are defined in the preferred embodiment as
follows. A single click of the thumb on thumbprint area
215 causes the OS to invoke focus function 245 on any
object icon or text positioned under pointer 250. A single
click of a finger on fingerprint area 220 or a double click
of thumbprint area 215 causes the OS to invoke an open
function 230 on any object icon or text positioned under
pointer 250. A single click on fingerprint area 230 in-
vokes a select until release function 259 on any object
icon or text positioned under pointer 250, while a single
click of fingerprint area 235 invokes a paste function 261
on any object icon or text positioned under pointer 250.
Finally, a single click of fingerprint area 240 invokes a
default menu function 263. The default pointer 250 is in
the shape of an arrow and is positioned near fingerprint
area 230. However, one skilled in the art readily recog-
nizes that any combination of default functions, pointer
location, and/or finger behavior (e.g., multiple clicks)
could have been used to define the default virtual point-
ing device. Moreover, a simultaneous single click (or
multiple clicks) of two or more fingers could invoke a
function/command.

Fig. Sillustrates a flow chart containing detailed log-
ic for implementing the preferred embodiments. At 302,
touchscreen 200 detects sound/heat/pressure, etc,
from a handprint (or object), or alternatively, a portion of
a handprint. At 306, the OS reads the handprint and cal-
culates the measurements previously described and il-
lustrated in Fig. 2. At 310, the OS searches user files in
a database for the handprint measurements. At 312, if
the OS locates any existing handprint measurements
within a default tolerance of 10% (which can later be
changed by the user, described herein), at 320, the OS
reads all information in that user file and, at 322, draws
a virtual pointing device on the touchscreen under the
user's hand (or portion of the hand) based on pre-de-
fined characteristics found in the user file. Additionally,
in the future, if any objects and/or text have been select-
ed by the virtual pointing device, they will be drawn in a
position relative to their previous location to the virtual
pointing device (described herein). At 333, the OS re-
quests a confirmation that the user maich is correct. If
the user continues to use the virtual pointing device,
then the OS interprets this use as a confirmation. The
OS displays a user id label next to the virtual pointing
device or, alternatively, may display the virtual pointing
device as a specific color shading. Otherwise, if the
wrong user has been assumed, control returns to 310,

APLNDC00021396



7 EP 0 817 000 A1 8

where the OS searches the database for another pos-
sible match.

At 324, the OS determines if there is any consistent
unusual behavior or undefined behavior for four or more
seconds, such as, for example, failing to detect the fin-
gerprint(s), the palmprint, or no handprint on the touch-
screen. If the OS detects no unusual behavior, the OS
performs a work event loop at 326 (see Fig. 9) and con-
trol returns to 324. Referring to Fig. 9, at 902, the OS
determines if any movement of the hand across the
touchscreen has occurred and, if so, at 904 the OS
moves the virtual pointing device in accordance with the
movement of the hand. At 908, the OS determines if
movement of a finger or thumb has occurred to invoke
a function/command and, if so, at 908 the OS invokes
that function/command on any object/text positioned un-
der the pointer. Control returns to 324.

Returning to 324 of Fig. 3, if the OS detects unusual
behavior or undefined behavior for a certain amount of
time (e.g., 4 seconds), at 328, the OS determines if all
fingers have been lifted off the touchscreen while the
palm remains on the touchscreen. Alternatively, one
skilled in the art recognizes that many other indicators
could replace the "all fingers lifted" indicator, such as
determining if a combination of fingers have been lifted
or determining if the palm has been lifted while the fin-
gerprints remain in contact with the touchscreen. If the
OS determines that all fingers have been lifted off the
touchscreen, at 330, the OS displays a main menu 600
(see Fig. 6, described herein) prompting the user to pro-
vide any re-customization of the virtual pointing device.
At 344, the OS displays the new virtual pointing device
in accordance with any changes made at 330 and con-
trol returns to 324.

Returning to 328, if all fingers were not detected as
being raised while the palm remained in contact with the
touchscreen, at 342, control is directed to Fig. 8. Refer-
ring to Fig. 8, at 810, the OS determines if the entire
hand (or object) has been lifted off the touchscreen. If
the entire hand has not been lifted off the touchscreen,
but unusual or undefined behavior has occurred, such
as lifting a combination of fingers, thumb and/or palm
(whose behavior does not have a corresponding defined
functionality), control is directed to 814, where the OS
re-draws the virtual pointing device under the hand
based on the userfile. This indicates to the user that the
immediate past hand/finger behavior has no defined
function. If the entire hand has been lifted off the touch-
screen, at 811, the OS continues to display the virtual
pointing device on the touchscreen in its current location
for a period of time (e.g., 5 seconds), but in an obvious
hibernated state, meaning the fingerprint and palmprint
areas will be viewed as translucent areas on the touch-
screen. When the virtual pointing device is in the obvi-
ously hibernated state, no functionality can be invoked
until it is activated (i.e., brought out of hibernation, de-
scribed herein). At 812, the OS determines if the hand
has been re-positioned on the touchscreen within five
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seconds of detecting its removal. If the hand has not
been re-positioned on the touchscreen within the five
seconds, control is directed to 826 (described herein).
However, if the OS detects the hand being re-positioned
on the touchscreen within 5 seconds, at 816, the OS
determines if more than one virtual pointing device is
concurrently being used and, if so, if more than one user
had lifted his/her hand off the touchscreen at the time
the hand was re-positioned on the touchscreen. If not,
at 814, control is directed to 322 of Fig. 3, whereby the
OS activates and moves the virtual pointing identified
by the user file under the re-positioned hand. Addition-
ally, if any objects and/or text were selected by the virtual
pointing device at the time the hand was lifted, they wiill
be re-drawn in a position relative to their previous loca-
tion to the virtual pointing device (described herein).

If more than one user had concurrently lifted his/her
hand off the touchscreen, at 820, the OS reads the
handprint of the re-positioned hand and calculates the
measurements previously described and illustrated in
Fig. 2. At 822, the OS searches the user files of the vir-
tual pointing devices having a detected lifted hand for a
hand measurement maich. If a match is not found, at
823, the OS searches the user file database for the user
identification of one of the virtual pointing devices having
a detected lifted hand. The OS then displays a dialog
(not shown) asking the user if he/she is the user identi-
fied by the user identification. If the user indicates that
he/she is identified by the user identification at 825, at
826, control is directed to 322 of Fig. 3, whereby the OS
moves the virtual pointing device identified by the user
file under the re-positioned hand, and if any objects and/
or text were selected by the virtual pointing device, they
will be re-drawn in a position relative to their previous
location to the virtual pointing device (described herein).
However, if the user indicates that the identification does
not identify the user at 825, the OS determines if that
identification is the last user file of a virtual pointing de-
vice having a detected lifted hand. If not, control returns
1o 823 where the OS searches the next user file of a
virtual pointing device having a detected lifted hand.
This process repeats until a match is found between the
user and the user identification and, therefore, the cor-
responding virtual pointing device having a detected lift-
ed hand. If the OS has searched the last user file and
no match has been found, at 839, control is directed to
310 of Fig. 3, where the OS search all the user files for
the user's hand.

Returning to 812, if the hand has not been reposi-
tioned on the touchscreen within 5 seconds, at 826, the
OS continues to display the virtual pointing device in the
obvious hibernated state and, at 828, prompts the user
in a dialog (not shown) if the user desires to quit. If the
user desires to quit, control is directed to 830 where the
OS removes the virtual pointing device from the display.
If the user does not desire to quit, at 832, the OS places
the mouse in a "hidden hibernation" state, which means
that the mouse image displayed on the touchscreen in
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the obvious hibernated state (i.e.. translucent) begins to
fade with time, but can be instantly activated when the
user next touches the touchscreen. Therefore, the OS
transforms the virtual pointing device from obvious hi-
bernation (e.g., displayed in an translucent form) to hid-
den hibernation. After a user specified time (e.g., 30
minutes), the OS interprets the time delay as meaning
that the virtual pointing device is no longer needed. At
836, if the OS detects a hand placed on the touchscreen
within 30 minutes, at 840, the OS brings the virtual point-
ing device out of hidden hibemation, redraws it under
the hand, and control returns to 324 of Fig. 3. Otherwise,
at 838, the OS removes the virtual pointing device cur-
rently in a hidden hibernation state from memory (e.g.,
RAM).

Returning to 312 of Fig. 3, the OS determines if a
match has been found between a measured hand
placed on the touchscreen and any existing user files.
If the OS detects several user files having handprint
measurements closely matching the handprint in ques-
tion, at 316, the OS displays in a drop down menu (not
shown) on the touchscreen showing those users having
the closest match. At 318, the OS waits for the user to
select (using his other hand) from the drop down menu
a match in user identity, or a selection indicating that no
match has occurred. If a match has occurred, control is
directed to 320 (previously described). If no match has
occurred, control is directed to 314, where the OS dis-
plays on the touchscreen a menu (see 510 in Fig. 5)
asking the user to indicate if he/she desires to create a
customized virtual pointing device. If the user does not
desire to create a customized virtual pointing device, the
O8 prompts the user to place his/her hand on the touch-
screen and, in response, the OS builds a generic virtual
pointing device under the user's hand, as shown in Fig.
5, having the default finger/palm behavior and finger-
print functionality as previously described and control is
directed to 324.

If the user does desire to create a customized virtual
pointing device, at 332, the OS opens a user file. At 334,
the OS stores the size of the fingerprints and palmprint
in the user file. At 338, the OS calculates the distance
between the first reference point (previously described
and shown in Fig. 2) and the farthest point to each fin-
gerprint of the first three fingers. Additionally, the OS
could calculate the second reference point and distance
therefrom to the fourth fingerprint. At 338, the OS
prompts the user for a user identification and displays
main menu 600, which prompts the user to enter virtual
pointing device characteristics, such as the virtual point-
ing device shape, pointer location, behavior and sensi-
tivity, and fingerprint functionality (described herein and
shown in Fig. 6). At 340, the OS stores all information
in the user file. Control is directed to 322, where the OS
draws the virtual pointing device under the hand (or por-
tion of the hand) based on the information stored in the
user file.

At 324, the OS determines if any unusual behavior
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has occurred. If so, at 328, the OS determines if all fin-
gers of the hand have been lifted off the touchscreen. If
so, at 330, the OS displays a main menu 600 as illus-
trated in Fig. 6, prompting the user to provide any cus-
tomization of the virtual pointing device.

Referring to Fig. 6, after the OS displays the main
menu 600, the user may remove his/her hand from the
touchscreen. If the user selects shape button 620, a
"shape" menu appears (see 700 in Fig. 7) that allows
the user to define/redefine the shape of the virtual point-
ing device. Referring to shape menu 700 of Fig. 7, the
OS displays several options to the user. For example,
the user could select a "fingers only" virtual pointing de-
vice (see Fig. 4, described herein) whereby only the fin-
gers need to be in contact with the touchscreen to move
the virtual pointing device, or a palm and thumb only vir-
tual pointing device, whereby only the thumb and palm
need to be in contact with the touchscreen to move the
virtual pointing device. In the latter case, movement of
the fingers would not be assigned functionality. Addition-
ally, "a thumb plus one finger" or "palm" virtual pointing
device could be created. However, because the OS in-
vokes the main menu 600 (see Fig. 6) by lifting allfingers
while keeping the palm in contact with the touchscreen,
if the user defines a new virtual pointing device that does
not include the palm, the user could not later re-program
the functionality of that special virtual pointing device.
Rather, the user would have to start with a generic virtual
pointing device to create a new device. Alternatively, a
different technique could be used to activate the main
menu 600 without departing from the scope of the in-
vention.

The user may change the default accuracy toler-
ance amount from 10% to one of a number of pre-pro-
grammed values. To do so, the user presses accuracy
button 702 and, in response, a drop-down list (not
shown) of values (e.qg., 4%, 8%, 20%) appears for the
user's selection. The user enters/saves all selections by
pressing button 704. In response, the main menu 600
shown in Fig. 6 reappears.

Returning to Fig. 6, if the user selects define func-
tion button 625, a "define function" menu appears that
allows the user to define/redefine the functionality of the
fingerprints/palmprint areas. Specifically, define func-
tionality menu 730 in Fig. 7 allows the user to change
the functionality of each fingerprint and thumbprint area
by pressing the associated button next to the appropri-
ate finger. For example, the user has pressed button
732, indicating that he/she desires to change the func-
tionality of the second finger (i.e., fingerprint area 230).
In response, the OS displays drop-down list 740 of pre-
defined functions stored in memory. The user has se-
lected open function 742 where, in response, the OS
displays another drop-down list 746. The user selected
a double click 744 of the second finger to invoke the
open function. The user then presses save button 748
to save the entries in the userfile. In response, the main
menu 600 shown in Fig. 6 appears. However, one skilled
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in the art readily recognizes that other changes in finger
behavior and fingerprint area functionality may be made
without departing from the scope and spirit of this pre-
ferred embodiment.

Returning to Fig. 6, if the user selects define pointer
button 630, a "define pointer" menu appears that allows
the user to define/redefine the shape, sensitivity, and
position of the pointer on the virtual pointing device. Re-
ferring to define pointer menu 760 in Fig. 7, the user has
a number of choices regarding the pointer. For example,
the user can select a small, medium or large arrow, and/
or a blinking arrow. The user can also select small or
large pointer sensitivity, and the position of the pointer
with respect to the virtual pointing device. For example,
the pointer may be positioned over the third finger (de-
fault position), over the first finger, or below the palm.
However, one skilled in the art readily recognizes that
numerous changes in pointer behavior may be made
without departing from the scope and spirit of this pre-
ferred embodiment.

The user presses save button 762 to save the entries
and, in response, the main menu 600 appears.

Finally, in Fig. 6, the user has the option of saving
and exiting by pressing save/exit button 635, or cancel-
ling all changes and returning to the default virtual point-
ing device by pressing cancel button 615.

Referringto Fig. 4, in a second embodiment, the OS
displays pre-determined, standard size fingerprint areas
420, 430, 435 and 440 and pointer 450 as a non-acti-
vated (also referred to as "obviously hibernated") virtual
pointing device. The fingerprint areas of the virtual point-
ing device are translucent such that object icons can be
seen through them. To activate the virtual pointing de-
vice, the user places one or more fingers over a finger-
print area 420, 430, 435 or 440 on touchscreen 400.
Once activated, the OS assigns a default function (e.g.,
default function displayed above each fingerprint area)
to each fingerprint area.

In response to detecting a finger placed over one or
more of the fingerprint areas, the OS resizes the finger-
print area(s) to the size of the finger placed on the fin-
gerprint area. Therefore, for example, if afinger is small-
er than a fingerprint area, that fingerprint area will be
reduced to the size of the finger. Conversely, if the finger
is larger than the fingerprint area, the fingerprint area
will be enlarged to the size of the finger.

Alternatively, when the OS detects a sound pattern
(or heat, pressure, etc.) over one or more of the trans-
lucent fingerprints areas 420, 430, 435 and 440, the OS
activates only those areas of virtual pointing device hav-
ing afinger placed thereon. In this case, the OS assigns
a default function (e.qg., default function displayed above
each fingerprint area) to each fingerprint area having a
finger placed over it. However, the fingerprint areas not
having a finger placed over them will not be activated
and, as such, will not have the default function assigned
to them until they are activated. Each fingerprint area
may be activated at any time.
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As the user slides his/her fingers over touchscreen
400, the OS detects the touchscreen pixel coordinates
under the user's moving fingers and, in response, con-
tinuously re-defines the "activated" areas of the virtual
pointing device to be the touchscreen areas under the
fingers. Therefore, the virtual pointing device moves
with and according to the movement of the user's fin-
gers. However, while not all of the fingerprint areas may
be activated at once, all fingerprint areas move together
as one object.

The OS positions pointer 450 near the fingerprint
area 420 such that pointer 450 moves in accordance
with movement of the virtual pointing device. Therefore,
the user could, for example, move the virtual pointing
device such that pointer 450 is positioned over a desired
object icon. Alternatively, the user could merely lift his
hand and place it at a desired location, whereby the OS
would re-create the virtual pointing device under the us-
er's fingers at the new location. Additionally, any objects
or text selected by the virtual pointing device at the time
the hand was lifted would also be re-drawn at the new
location.

In this example, the user has placed his/her first fin-
ger over fingerprint area 420 to activate that area of the
virtual pointing device. If the user desires to re-size the
distance between the fingerprint areas of the virtual
pointing device, the user merely places a separate fin-
ger, one by one, over each displayed fingerprint area
(thereby activating them) and then slides each finger
outward/inward or upward/downward, as appropriate, to
customize the distance between the fingerprint areas of
the virtual pointing device. In this manner, the user cus-
tomizes the shape/size of the virtual pointing device to
the shape/size of his/her hand. However, the user must
actively customize the shape/size of the virtual pointing
device each time he/she uses it.

Once the user positions pointer 450 over a desired
object icon 422, the user could, for example, single click
his first finger over fingerprint area 420 to transfer focus
10 object icon 422. However, only generic functions (or
previously established functions) can be used for this
embodiment.

Claims

1. A method for directing a computer system, having
at least a processor, memory, and touchscreen, to
create a reshapable pointing device, comprising the
steps of:

(a) displaying a pointing device on the touch-
screen; and

(b) in response to detecting at least one finger
placed on the pointing device, reshaping the
pointing device in accordance with the size of
the finger.
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The method according to claim 1 wherein step (a)
comprises the step of:

displaying at least one translucent area on the
touchscreen of a first size.

The method according to claim 2 wherein step (b)
further comprises the step of:

in response to detecting a finger placed on the
translucent area, wherein the finger is a second
size, reshaping the translucent area to substantially
the first size.

The method according to claim 1 further comprising
the steps of:

displaying at least two translucent areas on the
touchscreen, wherein the translucent areas are
a first distance apart;

in response to detecting at least one finger
placed on each translucent area, activating
each translucent area; and

in response to moving one of the fingers with
respect to the other finger such that the fingers
are a second distance apart, adjusting the
translucent areas to be substantially the sec-
ond distance apart.

The method according to claim 2 further comprising
the step of:

in response 1o detecting at least one finger placed
on the translucent area, activating the pointing de-
vice.

The method according to claim 2 further comprising
the step of:

in response to detecting at least one finger placed
on the translucent area, activating the translucent
area.

The method according to claim 3 wherein step (b)
further comprises the step of:

detecting heat, pressure, or sound from the finger
to determine the second size of the finger.

A system for carrying out the method for directing a
computer having at least a processor, memory, and
touchscreen, to create a reshapable pointing device
according to anyone of the preceding claims.

An article of manufacture, comprising:

a computer usable medium having computer
readable program code means embodied
therein, the computer readable program code
means in the article of manufacture comprising:
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computer readable program code means for
causing a computer system, having at least a
touchscreen, to display a pointing device on the
touchscreen; and

computer readable program code means for
causing the computer system 1o, in response to
detecting at least one finger placed on the
pointing device, reshape the pointing device in
accordance with the size of the finger.
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Description

1. Field of the Invention

[0001] The presentinvention relates to pointing devic-
es and pointers and, more particularly, but without limi-
tation, to pointing devices for use on touchscreen sys-
tems.

2. Background Information and Description of the
Related Art

[0002] Conventionally, users interface with the desk-
top and operating system of their computer system us-
ing a "mouse”. A mouse is a special hardware input de-
vice connected by a wire or infrared signal to the com-
puter system. Typically, the mouse has one or more
push buttons on its top and a roller on its bottom de-
signed to roll along a surface next to the computer sys-
tem. When the user moves the mouse's roller on the
surface, a mouse pointer positioned on the computer
system's display tracks the movement of the mouse's
roller. When the user has positioned the pointer at a de-
sirable location, such as over an object, the user clicks
or multiple clicks, depending on how the mouse is pro-
grammed, one of the mouse push buttons to invoke or
open the object.

[0003] The user may customize the operations of a
mouse and mouse pointer. Through a customization
menu maintained by some conventional operating sys-
tems, the user may customize, for example, the assign-
ment of a single click of a first mouse button to invoke
a first function and the assignment of a single click over
a second mouse button to invoke a second function.
Further, the user may customize the appearance of the
mouse pointer on the display screen. For example, one
user may prefer a small arrow to be the mouse pointer,
while another user may prefer a large blinking arrow.
Similarly, some users may prefer a fast mouse pointer
(i.e., small movements of the mouse's roller cause large
movement of the mouse pointer), while other users may
prefer a slower mouse pointer. This feature is referred
to as the "sensitivity" of the mouse pointer.

[0004] These types of mouse and mouse pointer be-
haviors may be customized for each individual user.
However, most operating systems provide customiza-
tion for only one user on one system. Therefore, for a
multi-user system, the user must re-customize the
mouse from the prior setting. This typically involves the
user editing a mouse settings file or local database that
maps button behavior to a specific function. Some sys-
tems, such as X11, have a special init file to do this.
[0005] Conventional mice suffer certain disadvantag-
es and limitations. For example, the mouse is bulky,
fixed in size so that very small hands or very large hands
alike do not properly fit over the mouse, not permanently
attached to the computer system, subject to corrosion,
and requires the user to know the specific mouse be-
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havior (e.g., which mouse button and how many clicks
invoke a function). Accordingly, many customer oriented
systems (e.g., ATM machines) and multi-user systems
do not use mice. Rather, the trend for multi-user systems
is to use touchscreens.

[0006] Conventional touchscreens allow the user's
finger or a pointing device to replace the conventional
mouse and mouse pointer. Conventional touchscreens
utilize, for example, heat sensitive, sound sensitive,
pressure sensitive, or motion sensitive grids/detectors
to detect a hand, finger, or object placed on the touch-
screen. However, conventional touchscreens suffer cer-
tain limitations and disadvantages. For example, unlike
a mouse pointer, fingers vary in size and, therefore, the
desktop must place contiguous object icons and text far
apart to accommodate the largest fingers. Also, the user
cannot select the customization features as found in
conventional mice and mouse pointers.

[0007] IBM Technical Disclosure Bulletin, vol. 36, no.
11, pages 5-7 discloses automatical adaption of the ge-
ometrical arrangement of a virtual keyboard on a touch
screen according to the shape of a user's hand.

[0008] Accordingly, there would be great demand for
a new pointing device that uses touchscreen technolo-
gy, but allows object icons and text to be placed close
to one another and allows user customization of the
pointing device.

Summary

[0009] Theinventionis setforthinindependentclaims
1,8 and 9.

[0010] A method, apparatus, and computer program
carrier direct a computer system, having at least a proc-
essor, memory, and touchscreen, to create a reshapa-
ble pointing device. The method includes the steps of
displaying a pointing device on the touchscreen and, in
response to detecting at least one finger placed on the
pointing device, reshaping the pointing device in accord-
ance with the size of the finger.

Brief Description of the Drawings

[0011] Fig. 1 illustrates a conventional hardware con-
figuration for use with the present invention.

[0012] Fig. 2 illustrates a virtual pointing device in ac-
cordance with the present invention.

[0013] Fig. 3 illustrates detailed logic in the form of a
flowchart for performing the steps in accordance with
the present invention.

[0014] Fig. 4 illustrates a variation of the virtual point-
ing device illustrated in Fig. 2.

[0015] Fig. 5 illustrates another view of the virtual
pointing device shown in Fig. 2.

[0016] Fig. 6 illustrates a menu for defining the char-
acteristics of the virtual pointing device in accordance
with the present invention.

[0017] Fig. 7 illustrates a shape menu, define func-
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tionality menu, and define pointer menu in accordance
with the present invention.

[0018] Fig. 8 illustrates detailed logic in the form of a
flowchart for performing the steps in accordance with
the present invention.

[0019] Fig. 9 illustrates detailed logic in the form of a
flowchart for performing the steps in accordance with
the present invention.

Detailed Description of the Preferred Embodiments

[0020] The preferred embodiments may be practiced
in any suitable hardware configuration that uses a
touchscreen, such as computing system 100 illustrated
in Fig. 1 or, alternatively, in a laptop or notepad comput-
ing system. Computing system 100 includes any suita-
ble central processing unit 10, such as a standard mi-
croprocessor, and any number of other objects intercon-
nected via system bus 12. For purposes of illustration,
computing system 100 includes memory, such as read
only memory (ROM) 16, random access memory (RAM)
14, and peripheral memory devices (e.g., disk or tape
drives 20) connected to system bus 12 via I/0 adapter
18. Computing system 100 further includes a touch-
screen display adapter 36 for connecting system bus 12
to a conventional touchscreen display device 38. Also,
user interface adapter 22 could connect system bus 12
to other user controls, such as keyboard 24, speaker 28,
mouse 26, and a touchpad 32 (not shown).

[0021] One skilled in the art readily recognizes how
conventional touchscreens operate, how conventional
touchscreen device drivers communicate with an oper-
ating system, and how a user conventionally utilizes a
touchscreen to initiate the manipulation of objects in a
graphical user interface. For example, touchscreen
technology includes electronic sensors positioned in-
side a flexible membrane covering a computer screen,
a grid of infrared signals, or a method of detecting a
touch by sensing a change in reflected sound waves
through glass or plastic. Using current touchscreen
technology, a user can initiate the display of a pull down
menu by touching the touchscreen, and then selecting
an object within that menu by dragging a finger down
the pull down menu.

[0022] A graphical user interface (GUI) and operating
system (OS) of the preferred embodiment reside within
a computer-readable media and contain a touchscreen
device driver that allows one or more users a user to
initiate the manipulation of displayed object icons and
text on a touchscreen display device. Any suitable com-
puter-readable media may retain the GUIl and operating
system, such as ROM 16, RAM 14, disk and/or tape
drive 20 (e.g., magnetic diskette, magnetic tape,
CD-ROM, optical disk, or other suitable storage media).
[0023] In the preferred embodiments, the COSE™
(Common Operating System Environment) desktop GUI
interfaces the user to the AIX™ operating system. The
GUI may be viewed as being incorporated and embed-
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ded within the operating system. Alternatively, any suit-
able operating system or desktop environment could be
utilized. Examples of other GUIs and/or operating sys-
tems include X11™ (x windows) graphical user inter-
face, Sun's Solaris™ operating system, and Microsoft's
Windows 95™ operating system. While the GUl and op-
erating system merely instruct and direct CPU 10, for
ease in explanation, the GUI and operating system will
be described as performing the following features and
functions.

[0024] Referring to Fig. 2, touchscreen 200 includes
any conventional, suitable touchscreen that is sensitive
to, for example, heat, pressure, or the sound of palm
and fingerprints. In this illustration, a user has placed
his/her right hand (not shown) on touchscreen 200.
While any suitable touchscreen technology may be
used, for ease in explanation, the preferred embodiment
will be described as using a touchscreen that detects
sound patterns. In response to the user placing his/her
hand on touchscreen 200, touchscreen 200 detects the
sound pattern of the user's hand, including the sound
from palmprint area 210, thumbprint area 215, finger-
print areas 220, 230, 235, and 240, and areas 280. Al-
ternatively, only a portion of the hand (e.g., only fingers)
and/or a unique object (e.g., stylus) could be substituted
for the detection of a hand print. Moreover, more than
one hand or object can be detected at a time.

[0025] When touchscreen 200 detects one or more
hand/finger patterns similar to the one shown in Fig. 2,
the OS attempts to identify the user(s). To do so, the OS
measures the distance of each fingerprint area 215,
220, 230 and 240 from palmprint area 210, along with
the X, Y coordinates of palmprint area 210 and the X, Y
extremities of the palmprint area 210. The OS defines
the cross point of the leftmost and uppermost point of
the palmprint area 210 as the first reference point 255.
The OS measures the longest distance from thumbprint
215 to the first reference point 255. Similarly, the OS
measures the longest distance from fingerprint areas
220 and 230, respectively, to first reference point 255.

[0026] In the same manner, the OS defines the cross
point of the rightmost and uppermost point of palmprint
area 210 as the second reference point 260, whereby
the longest distance from fingerprint area 240 to the sec-
ond reference point 260 is determined. Finally, the OS
measures the X and Y coordinates 265 and 270 of palm-
print area 210. To add even more accuracy, the size of
each fingerprint could be measured.

[0027] Next, the OS searches a user file database
(not shown) stored in memory for a match of the newly
determined measurements with any existing measure-
ments to determine if a stored identity exists for the
handprint. Specifically, the OS compares the four dis-
tance measurements and the X, Y coordinates of palm-
print 210 with any existing measurements stored in the
user file database. However, one skilled in the art real-
izes that numerous means exists for identifying the
handprint (or object print) of a particular user (or user's
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object) without departing from the scope and spirit of this
invention. lllustratively, only the width of the palmprint
area 210 could be used to determine if a match existed.
[0028] If the OS finds a match within a user-defined
(or default) acceptable tolerance (described herein), the
OS reads the user file for pre-defined customization fea-
tures, if any, and creates a virtual pointing device under
the hand (or a portion of the hand) positioned on touch-
screen 200 using the pre-defined customization fea-
tures. Additionally, one skilled in the art recognizes that
a secondary confirmation of the user match could be
made through, for example, a user id label displayed
next to the virtual pointing device, or a specific color
shading of the virtual pointing device. Therefore, the ar-
eas of touchscreen 200 under, for example, the user's
thumb (i.e., thumbprint area 215), fingers (i.e., finger-
print areas 220, 230, 235, and 240), and palm (i.e.,
palmprint area 210) become "activated”, such that cer-
tain defined movements of the user's fingers, thumb,
and/or palm on those "activated" areas cause certain
functions to be invoked. However, if the OS does not
recognize the handprint, the OS can build a default vir-
tual pointing device under the hand or a portion of the
hand using a default set of functions or the user can cre-
ate a customized virtual pointing device (described
herein).

[0029] Fig. 5illustrates how the user(s) move and op-
erate the virtual pointing device(s). As the user slides
his/her hand over touchscreen 200 such that the hand
remains in substantial contact with touchscreen 200, the
OS detects the position of the user's moving hand on
touchscreen 200 and, in response, continuously re-de-
fines the "activated" areas of the virtual pointing device
to be the areas under the hand (or a portion of the hand).
Therefore, the virtual pointing device moves with and
according to the movement of the user's hand. For ex-
ample, if an "activated” area is initially defined as the
area contained within the touchscreen pixel coordinates
[X1, Y1, X2, Y2, X3, Y3, and X4, Y4] (not shown) and
the user moves a finger from that area to the touch-
screen pixel coordinates [X5, Y5, X6, Y6, X7, Y7, and
X8, Y8], the "activated" area moves to those new coor-
dinates.

[0030] The OS positions pointer 250 near an activated
area of the virtual pointing device (in this case, over fin-
gerprint area 230) such that pointer 250 moves in lock
step with the virtual pointing device. Therefore, the user
could, for example, move the virtual pointing device and,
therefore, pointer 250, such that pointer 250 is posi-
tioned over a desired object icon. Alternatively, the user
could merely lift his hand and place it at a desired loca-
tion, whereby the OS would re-create the virtual pointing
device under the user's hand at the new location (de-
scribed herein).

[0031] The user operates the virtual pointing device
via movement of the user's fingers, thumb and/or palm.
lllustratively, the user may invoke the "focus function”
245, whereby an obiject icon positioned under pointer
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250 gains focus, by lifting his/her thumb and then plac-
ing the thumb back on thumbprint area 215 within a cer-
tain amount of time (e.g., two seconds) (referred to as
"single clicking"). Similarly, the user may invoke the
"paste” function by lifting and replacing his/her third fin-
ger on third fingerprint area 235 within a certain amount
of time.

[0032] Each finger, palm, and thumb behavior and as-
sociated functionality/command /command can be spe-
cially defined, and later redefined, to invoke a specific
function (described in more detail herein). The OS dis-
plays a dialog above each fingerprint/thumbprint area to
indicate the finger behavior (a "(1)" representing a single
click; a "(2)" representing a double click, etc.) and cor-
responding functionality/command (e.g., focus 245,
open 257, selectuntil release 259, paste 261 and default
menu 262).

[0033] The default functionality/command, finger be-
havior and pointer are defined in the preferred embodi-
ment as follows. A single click of the thumb on thumb-
print area 215 causes the OS to invoke focus function
245 on any object icon or text positioned under pointer
250. A single click of a finger on fingerprint area 220 or
a double click of thumbprint area 215 causes the OS to
invoke an open function 230 on any object icon or text
positioned under pointer 250. A single click on finger-
print area 230 invokes a select until release function 259
on any object icon or text positioned under pointer 250,
while a single click of fingerprint area 235 invokes a
paste function 261 on any object icon or text positioned
under pointer 250. Finally, a single click of fingerprint
area 240 invokes a default menu function 263. The de-
fault pointer 250 is in the shape of an arrow and is po-
sitioned near fingerprint area 230. However, one skilled
in the art readily recognizes that any combination of de-
fault functions, pointer location, and/or finger behavior
(e.g., multiple clicks) could have been used to define the
default virtual pointing device. Moreover, a simultane-
ous single click (or multiple clicks) of two or more fingers
could invoke a function/command.

[0034] Fig. 3 illustrates a flow chart containing de-
tailed logic for implementing the preferred embodi-
ments. At 302, touchscreen 200 detects sound/heat/
pressure, etc., from a handprint (or object), 'or alterna-
tively, a portion of a handprint. At 306, the OS reads the
handprint and calculates the measurements previously
described and illustrated in Fig. 2. At 310, the OS
searches user files in a database for the handprint
measurements. At 312, if the OS locates any existing
handprint measurements within a default tolerance of
10% (which can later be changed by the user, described
herein), at 320, the OS reads all information in that user
file and, at 322, draws a virtual pointing device on the
touchscreen under the user's hand (or portion of the
hand) based on pre-defined characteristics found in the
user file. Additionally, in the future, if any objects and/or
text have been selected by the virtual pointing device,
they will be drawn in a position relative to their previous
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location to the virtual pointing device (described herein).
At 333, the OS requests a confirmation that the user
match is correct. If the user continues to use the virtual
pointing device, then the OS interprets this use as a con-
firmation. The OS displays a user id label next to the
virtual pointing device or, alternatively, may display the
virtual pointing device as a specific color shading. Oth-
erwise, if the wrong user has been assumed, control re-
turns to 310, where the OS searches the database for
another possible match.

[0035] At 324, the OS determines if there is any con-
sistent unusual behavior or undefined behavior for four
or more seconds, such as, for example, failing to detect
the fingerprint(s), the palmprint, or no handprint on the
touchscreen. If the OS detects no unusual behavior, the
OS performs a work event loop at 326 (see Fig. 9) and
control returns to 324. Referring to Fig. 9, at 902, the
OS determines if any movement of the hand across the
touchscreen has occurred and, if so, at 904 the OS
moves the virtual pointing device in accordance with the
movement of the hand. At 906, the OS determines if
movement of a finger or thumb has occurred to invoke
a function/command and, if so, at 908 the OS invokes
that function/command on any object/text positioned un-
der the pointer. Control returns to 324.

[0036] Returning to 324 of Fig. 3, if the OS detects
unusual behavior or undefined behavior for a certain
amount of time (e.g., 4 seconds), at 328, the OS deter-
mines if all fingers have been lifted off the touchscreen
while the palm remains on the touchscreen. Alternative-
ly, one skilled in the art recognizes that many other in-
dicators could replace the "all fingers lifted" indicator,
such as determining if a combination of fingers have
been lifted or determining if the palm has been lifted
while the fingerprints remain in contact with the touch-
screen. If the OS determines that all fingers have been
lifted off the touchscreen, at 330, the OS displays a main
menu 600 (see Fig. 6, described herein) prompting the
user to provide any re-customization of the virtual point-
ing device. At 344, the OS displays the new virtual point-
ing device in accordance with any changes made at 330
and control returns to 324.

[0037] Returningto 328, if all fingers were not detect-
ed as being raised while the palm remained in contact
with the touchscreen, at 342, control is directed to Fig.
8. Referring to Fig. 8, at 810, the OS determines if the
entire hand (or object) has been lifted off the touch-
screen. If the entire hand has not been lifted off the
touchscreen, but unusual or undefined behavior has oc-
curred, such as lifting a combination of fingers, thumb
and/or palm (whose behavior does not have a corre-
sponding defined functionality), control is directed to
814, where the OS re-draws the virtual pointing device
under the hand based on the user file. This indicates to
the user that the immediate past hand/finger behavior
has no defined function. If the entire hand has been lifted
off the touchscreen, at 811, the OS continues to display
the virtual pointing device on the touchscreen in its cur-
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rent location for a period of time (e.g., 5 seconds), but
in an obvious hibernated state, meaning the fingerprint
and palmprint areas will be viewed as translucent areas
on the touchscreen. When the virtual pointing device is
in the obviously hibernated state, no functionality can
be invoked until it is activated (i.e., brought out of hiber-
nation, described herein). At 812, the OS determines if
the hand has been re-positioned on the touchscreen
within five seconds of detecting its removal. If the hand
has not been re-positioned on the touchscreen within
the five seconds, control is directed to 826 (described
herein). However, if the OS detects the hand being re-
positioned on the touchscreen within 5 seconds, at 816,
the OS determines if more than one virtual pointing de-
vice is concurrently being used and, if so, if more than
one user had lifted his/her hand off the touchscreen at
the time the hand was re-positioned on the touchscreen.
If not, at 814, control is directed to 322 of Fig. 3, whereby
the OS activates and moves the virtual pointing identi-
fied by the user file under the re-positioned hand. Addi-
tionally, if any objects and/or text were selected by the
virtual pointing device at the time the hand was lifted,
they will be re-drawn in a position relative to their previ-
ous location to the virtual pointing device (described
herein).

[0038] If more than one user had concurrently lifted
his/her hand off the touchscreen, at 820, the OS reads
the handprint of the re-positioned hand and calculates
the measurements previously described and illustrated
in Fig. 2. At 822, the OS searches the user files of the
virtual pointing devices having a detected lifted hand for
a hand measurement match. If a match is not found, at
823, the OS searches the user file database for the user
identification of one of the virtual pointing devices having
a detected lifted hand. The OS then displays a dialog
(not shown) asking the user if he/she is the user identi-
fied by the user identification. If the user indicates that
he/she is identified by the user identification at 825, at
826, control is directed to 322 of Fig. 3, whereby the OS
moves the virtual pointing device identified by the user
file under the re-positioned hand, and if any objects and/
or text were selected by the virtual pointing device, they
will be re-drawn in a position relative to their previous
location to the virtual pointing device (described herein).
However, if the user indicates that the identification does
not identify the user at 825, the OS determines if that
identification is the last user file of a virtual pointing de-
vice having a detected lifted hand. If not, control returns
to 823 where the OS searches the next user file of a
virtual pointing device having a detected lifted hand.
This process repeats until a match is found between the
user and the user identification and, therefore, the cor-
responding virtual pointing device having a detected lift-
ed hand. If the OS has searched the last user file and
no match has been found, at 839, control is directed to
310 of Fig. 3, where the OS search all the user files for
the user's hand.

[0039] Returning to 812, if the hand has not been re-
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positioned on the touchscreen within 5 seconds, at 826,
the OS continues to display the virtual pointing device
in the obvious hibernated state and, at 828, prompts the
user in a dialog (not shown) if the user desires to quit.
If the user desires to quit, control is directed to 830
where the OS removes the virtual pointing device from
the display. If the user does not desire to quit, at 832,
the OS places the mouse in a "hidden hibernation” state,
which means that the mouse image displayed on the
touchscreen in the obvious hibernated state (i.e., trans-
lucent) begins to fade with time, but can be instantly ac-
tivated when the user next touches the touchscreen.
Therefore, the OS transforms the virtual pointing device
from obvious hibernation (e.g., displayed in an translu-
cent form) to hidden hibernation. After a user specified
time (e.g., 30 minutes), the OS interprets the time delay
as meaning that the virtual pointing device is no longer
needed. At 836, if the OS detects a hand placed on the
touchscreen within 30 minutes, at 840, the OS brings
the virtual pointing device out of hidden hibernation, re-
draws it under the hand, and control returns to 324 of
Fig. 3. Otherwise, at 838, the OS removes the virtual
pointing device currently in a hidden hibernation state
from memory (e.g., RAM).

[0040] Returning to 312 of Fig. 3, the OS determines
if a match has been found between a measured hand
placed on the touchscreen and any existing user files.
If the OS detects several user files having handprint
measurements closely matching the handprint in ques-
tion, at 316, the OS displays in a drop down menu (not
shown) on the touchscreen showing those users having
the closest match. At 318, the OS waits for the user to
select (using his other hand) from the drop down menu
a match in user identity, or a selection indicating that no
match has occurred. If a match has occurred, control is
directed to 320 (previously described). If no match has
occurred, control is directed to 314, where the OS dis-
plays on the touchscreen a menu (see 510 in Fig. 5)
asking the user to indicate if he/she desires to create a
customized virtual pointing device. If the user does not
desire to create a customized virtual pointing device, the
OS prompts the user to place his/her hand on the touch-
screen and, in response, the OS builds a generic virtual
pointing device under the user's hand, as shown in Fig.
5, having the default finger/palm behavior and finger-
print functionality as previously described and control is
directed to 324.

[0041] If the user does desire to create a customized
virtual pointing device, at 332, the OS opens a user file.
At 334, the OS stores the size of the fingerprints and
palmprint in the user file. At 336, the OS calculates the
distance between the first reference point (previously
described and shown in Fig. 2) and the farthest point to
each fingerprint of the first three fingers. Additionally, the
OS could calculate the second reference point and dis-
tance therefrom to the fourth fingerprint. At 338, the OS
prompts the user for a user identification and displays
main menu 600, which prompts the user to enter virtual
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pointing device characteristics, such as the virtual point-
ing device shape, pointer location, behavior and sensi-
tivity, and fingerprint functionality (described herein and
shown in Fig. 6). At 340, the OS stores all information
in the user file. Control is directed to 322, where the OS
draws the virtual pointing device under the hand (or por-
tion of the hand) based on the information stored in the
user file.

[0042] At 324, the OS determines if any unusual be-
havior has occurred. If so, at 328, the OS determines if
all fingers of the hand have been lifted off the touch-
screen. If so, at 330, the OS displays a main menu 600
as illustrated in Fig. 6, prompting the user to provide any
customization of the virtual pointing device.

[0043] Referring to Fig. 6, after the OS displays the
main menu 600, the user may remove his/her hand from
the touchscreen. If the user selects shape button 620,
a "shape" menu appears (see 700 in Fig. 7) that allows
the user to define/redefine the shape of the virtual point-
ing device. Referring to shape menu 700 of Fig. 7, the
OS displays several options to the user. For example,
the user could select a "fingers only" virtual pointing de-
vice (see Fig. 4, described herein) whereby only the fin-
gers need to be in contact with the touchscreen to move
the virtual pointing device, or a palm and thumb only vir-
tual pointing device, whereby only the thumb and palm
need to be in contact with the touchscreen to move the
virtual pointing device. In the latter case, movement of
the fingers would not be assigned functionality. Addition-
ally, "a thumb plus one finger" or "palm" virtual pointing
device could be created. However, because the OS in-
vokes the main menu 600 (see Fig. 6) by lifting all fingers
while keeping the palm in contact with the touchscreen,
if the user defines a new virtual pointing device that does
notinclude the palm, the user could not later re-program
the functionality of that special virtual pointing device.
Rather, the user would have to start with a generic virtual
pointing device to create a new device. Alternatively, a
different technique could be used to activate the main
menu 600 without departing from the scope of the in-
vention.

[0044] The user may change the default accuracy tol-
erance amount from 10% to one of a number of pre-
programmed values. To do so, the user presses accu-
racy button 702 and, in response, a drop-down list (not
shown) of values (e.g., 4%, 8%, 20%) appears for the
user's selection. The user enters/saves all selections by
pressing button 704. In response, the main menu 600
shown in Fig. 6 reappears.

[0045] Returning to Fig. 6, if the user selects define
function button 625, a "define function"” menu appears
that allows the user to define/redefine the functionality
of the fingerprints/palmprint areas. Specifically, define
functionality menu 730 in Fig. 7 allows the user to
change the functionality of each fingerprint and thumb-
print area by pressing the associated button next to the
appropriate finger. For example, the user has pressed
button 732, indicating that he/she desires to change the
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functionality of the second finger (i.e., fingerprint area
230). In response, the OS displays drop-down list 740
of pre-defined functions stored in memory. The user has
selected open function 742 where, in response, the OS
displays another drop-down list 746. The user selected
a double click 744 of the second finger to invoke the
open function. The user then presses save button 748
to save the entries in the user file. In response, the main
menu 600 shown in Fig. 6 appears. However, one skilled
in the art readily recognizes that other changes in finger
behavior and fingerprint area functionality may be made
without departing from the scope and spirit of this pre-
ferred embodiment.

[0046] Returning to Fig. 6, if-the user selects define
pointer button 630, a "define pointer” menu appears that
allows the user to define/redefine the shape, sensitivity,
and position of the pointer on the virtual pointing device.
Referring to define pointer menu 760 in Fig. 7, the user
has a number of choices regarding the pointer. For ex-
ample, the user can select a small, medium or large ar-
row, and/or a blinking arrow. The user can also select
small or large pointer sensitivity, and the position of the
pointer with respect to the virtual pointing device. For
example, the pointer may be positioned over the third
finger (default position), over the first finger, or below
the palm. However, one skilled in the art readily recog-
nizes that numerous changes in pointer behavior may
be made without departing from the scope and spirit of
this preferred embodiment. The user presses save but-
ton 762 to save the entries and, in response, the main
menu 600 appears.

[0047] Finally, in Fig. 6, the user has the option of sav-
ing and exiting by pressing save/exit button 635, or can-
celling all changes and returning to the default virtual
pointing device by pressing cancel button 615.

[0048] Referring to Fig. 4, in a second embodiment,
the OS displays pre-determined, standard size finger-
print areas 420, 430, 435 and 440 and pointer 450 as a
non-activated (also referred to as "obviously hibernat-
ed") virtual pointing device. The fingerprint areas of the
virtual pointing device are translucent such that object
icons can be seen through them. To activate the virtual
pointing device, the user places one or more fingers
over a fingerprint area 420, 430, 435 or 440 on touch-
screen 400. Once activated, the OS assigns a default
function (e.g., default function displayed above each fin-
gerprint area) to each fingerprint area.

[0049] In response to detecting a finger placed over
one or more of the fingerprint areas, the OS resizes the
fingerprint area(s) to the size of the finger placed on the
fingerprint area. Therefore, for example, if a finger is
smaller than a fingerprint area, that fingerprint area will
be reduced to the size of the finger. Conversely, if the
finger is larger than the fingerprint area, the fingerprint
area will be enlarged to the size of the finger.

[0050] Alternatively, when the OS detects a sound
pattern (or heat, pressure, etc.) over one or more of the
translucent fingerprints areas 420, 430, 435 and 440,
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the OS activates only those areas of virtual pointing de-
vice having a finger placed thereon. In this case, the OS
assigns a default function (e.g., default function dis-
played above each fingerprint area) to each fingerprint
area having a finger placed over it. However, the finger-
print areas not having a finger placed over them will not
be activated and, as such, will not have the default func-
tion assigned to them until they are activated. Each fin-
gerprint area may be activated at any time.

[0051] As the user slides his/her fingers over touch-
screen 400, the OS detects the touchscreen pixel coor-
dinates under the user's moving fingers and, in re-
sponse, continuously re-defines the "activated" areas of
the virtual pointing device to be the touchscreen areas
under the fingers. Therefore, the virtual pointing device
moves with and according to the movement of the user's
fingers. However, while not all of the fingerprint areas
may be activated at once, all fingerprint areas move to-
gether as one object.

[0052] The OS positions pointer 450 near the finger-
print area 420 such that pointer 450 moves in accord-
ance with movement of the virtual pointing device.
Therefore, the user could, for example, move the virtual
pointing device such that pointer 450 is positioned over
a desired object icon. Alternatively, the user could mere-
ly lift his hand and place it at a desired location, whereby
the OS would re-create the virtual pointing device under
the user's fingers at the new location. Additionally, any
objects or text selected by the virtual pointing device at
the time the hand was lifted would also be re-drawn at
the new location.

[0053] In this example, the user has placed his/her
first finger over fingerprint area 420 to activate that area
of the virtual pointing device. If the user desires to re-
size the distance between the fingerprint areas of the
virtual pointing device, the user merely places a sepa-
rate finger, one by one, over each displayed fingerprint
area (thereby activating them) and then slides each fin-
ger outward/inward or upward/downward, as appropri-
ate, to customize the distance between the fingerprint
areas of the virtual pointing device. In this manner, the
user customizes the shape/size of the virtual pointing
device to the shape/size of his/her hand. However, the
user must actively customize the shape/size of the vir-
tual pointing device each time he/she uses it.

[0054] Once the user positions pointer 450 over a de-
sired object icon 422, the user could, for example, single
click his first finger over fingerprint area 420 to transfer
focus to object icon 422. However, only generic func-
tions (or previously established functions) can be used
for this embodiment.

Claims
1. A method for directing a computer system, having

at least a processor, memory, and touchscreen, to
create a reshapable pointing device, comprising the
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steps of:

(a) displaying a pointing device on the touch-
screen; and

(b) in response to detecting at least one finger
placed on the pointing device, reshaping the
pointing device in accordance with the size of
the finger.

2. The method according to claim 1 wherein step (a)

comprises the step of: displaying at least one trans-
lucent area on the touchscreen of a first size.

The method according to claim 2 wherein step (b)
further comprises the step of:

in response to detecting a finger placed on the
translucent area, wherein the fingeris a second
size, reshaping the translucent area to substan-
tially the second size.

The method according to claim 1 further comprising
the steps of:

displaying at least two translucent areas on the
touchscreen, wherein the translucent areas are
a first distance apart;

in response to detecting at least one finger
placed on each translucent area, activating
each translucent area; and

in response to moving one of the fingers with
respect to the other finger such that the fingers
are a second distance apart, adjusting the
translucent areas to be substantially the sec-
ond distance apart.

The method according to claim 2 further comprising
the step of:

in response to detecting at least one finger
placed on the translucent area, activating the
pointing device.

The method according to claim 2 further comprising
the step of:

in response to detecting at least one finger
placed on the translucent area, activating the
translucent area.

The method according to claim 3 wherein step (b)
further comprises the step of:

detecting heat, pressure, or sound from the fin-
ger to determine the second size of the finger.
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8. A computer system adapted for carrying out the

method for directing a computer having at least a
processor, memory, and touchscreen, to create a
reshapable pointing device according to anyone of
the preceding claims.

9. A computer program carrier comprising:
a computer usable medium having computer read-
able program code means embodied therein, the
computer readable program code means in the ar-
ticle of manufacture comprising:
computer readable program code means for
causing a computer system, having at least a
touchscreen, to display a pointing device on the
touchscreen; and
computer readable program code means for
causing the computer system to, in response to
detecting at least one finger placed on the
pointing device, reshape the pointing device in
accordance with the size of the finger.
Patentanspriiche
1. \Verfahren, das dazu dient, ein Computersystem,
welches mindestens aus einem Prozessor, einem
Speicher und einem Sensorbildschirm besteht, an-
zuweisen, am Sensorbildschirm eine in ihrer Form
veranderliche Zeigevorrichtung zu erstellen, und
das folgende Schritte umfalit:
(a) Anzeigen einer Zeigevorrichtung am Sen-
sorbildschirm;
(b) In Reaktion auf das Erkennen von minde-
stens einem Finger, der auf der Zeigevorrich-
tung plaziert wurde: Neugestaltung der Form
der Zeigevorrichtung entsprechend der Gréle
des Fingers.
2. \erfahren nach Anspruch 1, wobei der Schritt (a)
folgenden Schritt umfalit:
Anzeigen von mindestens einer durchsichtigen
Flache einer ersten GrolRe am Sensorbild-
schirm.
3. \Verfahren nach Anspruch 2, wobei der Schritt (b)

weiterhin folgenden Schritt umfalit:

In Reaktion auf des Erkennen eines auf der
durchsichtigen Flache plazierten Fingers einer
zweiten Grolke: Neugestaltung der Form der
durchsichtigen Flache, so dal sie im wesentli-
chen der zweiten Grole entspricht.

APLNDC00021418



15 EP 0 817 000 B1 16

4. \erfahren nach Anspruch 1, das dartber hinaus fol-

gende Schritte umfal}t:

Anzeigen von mindestens zwei durchsichtigen
Bereichen am Sensorbildschirm, die sich in ei-
nem ersten Abstand zueinander befinden;

In Reaktion auf das Erkennen von zumindest
einem Finger, der auf einer der durchsichtigen
Flachen plaziert wurde: Aktivieren aller durch-
sichtigen Flachen; und

In Reaktion auf das Bewegen der Finger in be-
zug auf den anderen Finger, so daB sich die
Finger in einem zweiten Abstand zueinander
befinden: Einstellen der durchsichtigen Fla-
chen, so dal sie sich im wesentlichen in einem
zweiten Abstand zueinander befinden.

Verfahren nach Anspruch 2, das darliber hinaus fol-
genden Schritt umfaft:

In Reaktion auf das Erkennen von mindestens
einem Finger, der auf der durchsichtigen Fla-
che plaziert wurde: Aktivieren der Zeigevorrich-
tung.

Verfahren nach Anspruch 2, das dariber hinaus fol-
genden Schritt umfaldt:

In Reaktion auf das Erkennen von mindestens
einem Finger, der auf der durchsichtigen Fla-
che plaziert wurde: Aktivieren der durchsichti-
gen Flache.

Verfahren nach Anspruch 3, wobei Schritt (b) au-
Rerdem folgenden Schritt umfaft:

Erkennen von Warme-, Druck- oder Schallwir-
kungen, die vom Finger ausgehen, um so die
zweite GrofRe des Fingers bestimmen zu kén-
nen.

Computersystem, das fir die Ausfihrung des Ver-
fahrens zur Steuerung eines Computers mit minde-
stens einem Prozessor, Speicher und Sensorbild-
schirm so angepalit wurde, dalb es eine in ihrer
Form veranderliche Zeigevorrichtung nach einem
der vorstehenden Anspriche erstellen kann.

Computerprogrammtrager, der folgendes umfalit:
ein von einem Computer verwertbares Medium mit
computerlesbaren Programmcode-Mitteln, wobei
die computerlesbaren Programmcode-Mittel werk-
seitig folgendes umfassen:

Computerlesbare Programmcode-Mittel, die
ein mit mindestens einem Sensorbildschirm
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ausgestattetes Computersystem zum Aufbau
einer virtuellen Zeigevorrichtung am Sensor-
bildschirm veranlassen; und

Computerlesbare Programmcode-Mittel, die
das Computersystem veranlassen, in Reaktion
auf das Erkennen von mindestens einem Fin-
ger, der auf der Zeigevorrichtung plaziert wur-
de, die Form der Zeigevorrichtung entspre-
chend der GroRe des Fingers neu zu gestalten.

Revendications

Procédé pour commander un systéme informati-
que, ayant au moins un processeur, une memoire
et un écran tactile, pour créer un dispositif de poin-
tage déformable, le précédé comprenant les pha-
ses qui consistent a :

a. Afficher un dispositif de pointage sur I'écran
tactile ; et

b. Enréponse a la détection d'au moins un doigt
sur le dispositif de pointage, déformer le dispo-
sitif de pointage en se conformant 2 la taille du
doigt.

Procédé selon la revendication 1 ou la phase (a)
comprend la phase qui consiste a:

afficher, sur I'écran tactile, au moins une zone
translucide ayant une premiére taille.

Procédé selon la revendication 2ou la phase (b)
comprend en outre la phase qui consiste a:

en réponse ala détection d'un doigt sur la zone
translucide, ou le doigt a une seconde taille, dé-
former la zone translucide pour qu'elle ait sen-
siblement la seconde taille.

Procédé selon la revendication 1 comprenant le
outre les phases qui consistent a :

afficher au moins deux zones translucides sur
I'écran tactile, ou une premiere distance sépare
les zones translucides ;

en réponse a la détection d'au moins un doigt
sur chaque zone translucide, activer chaque
zone translucide ; et

en réponse au déplacement de 'un des doigts
par rapport a l'autre, de telle sorte qu'une
deuxieme distance sépare les deux doigts,
ajuster les zones translucides pour qu'elles
soient espacées sensiblement de la deuxieme
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distance.

Procédé selon la revendication 2 comprenant en
outre la phase qui consiste a:

en réponse a la détection d'au moins un doigt
sur la zone translucide, activer le dispositif de
pointage.

Procédé selon la revendication 2 comprenant en
outre la phase qui consiste a:

en réponse a la détection d'au moins un doigt
sur la zone translucide, activer la zone translu-
cide.

Procédé selon la revendication 3 ou la phase (b)
comprend en outre la phase qui consiste a :

détecter la chaleur, la pression ou le bruit pro-
voqués par le doigt pour déterminer la seconde
taille du doigt.

Systéme informatique adapté pour exécuter le pro-
cédé de commande d'un ordinateur ayant au moins
un processeur, une mémoire et un écran tactile pour
créer un dispositif de pointage déformable selon
I'une quelconque des revendications précédentes.

Support de programme informatique comprenant :
un support utilisable sur machine dans lequel est
réalisé un moyen de code de programme lisible par
machine, le moyen de code de programme lisible
par machine du support de programme informati-
que comprenant :

un moyen de code de programme lisible par
machine pour qu'un systeme informatique, qui
posseéde au moins un écran tactile, affiche un
dispositif de pointage sur I'écran tactile ; et

un code de programme lisible par machine pour
que, en réponse a la détection d'au moins un
doigt sur le dispositif de pointage, le systéme
informatique déforme le dispositif de pointage
en se conformant a la taille du doigt.
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Interactive copying system.

A system for generating new documents (20)
from originals (4) containing text and/or images
(22,28) employing e.g. a camera-projector sys-
tem (6,8) focussed on a work surface (2), in
conjunction with a copier or printer. In use, the
camera 6 captures various manual operations
carried out by the user, e.g. by pointing with
fingers and tapping on the surface on the text or
images (22,28) in an original paper document
(4) on the surface (2) and representing manipu-
lations of the text or images (22,28). Feedback
to the user is provided by projection of an image
(21,24) onto the surface or onto the original, or
using some other visual display.
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The present invention relates to interactive image
reproduction machines, and more particularly repro-
duction machines for performing various operations
on text or images during the creation of a new docu-
ment.

It is common for office workers and others who
work with documents on a regular basis to have ef-
fectively two desks-the "electronic desktop" provided
by a workstation or personal computer by means of a
graphical interface, and the physical desk on which
paper documents are received and processed.

The electronic desktop, which has become more
and more like the physical one, can perform numer-
ous useful operations on documents stored in elec-
tronic form; but in dealing with tangible documents
such devices have limitations. A paper document
must either be converted into electronic form before
the operations are performed on it in the electronic
environment, or copying operations are carried out on
the tangible document using an electrophotographic
copier (such as a photocopier with an editing func-
tion) or a combined scanning and printing device, the
available functions of which are restricted in nature.

US-A-5,191,440 discloses a photocopier system
for combining plural image segments taken from a
series of different documents and printing the series
of image segments as a compasite image on a com-
mon copy sheet. The documents are sequentially
scanned in, and the results of page creation and edit
functions may be previewed on a display screen.

It is known from EP-A-495 622 to use a camera-
projector arrangement positioned above a desk, in or-
der to select functions to be performed by selecting
items located within the field of view of the camera.
Such functions include calculating and translating op-
erations carried out on data [e.g., in a paper docu-
ment] located on the desk.

The present invention seeks to reduce the above-
mentioned limitations on the operations which may be
performed on data in a paper document, using inter-
active techniques in which the paper document effec-
tively becomes part of the means for designating
which operations (such as text/image selection, cre-
ation and manipulation) are carried out on the infor-
mation contained in it, in order to create new docu-
ments using a processor-controlled copying or print-
ing device.

It is an object of the present invention to provide
an interactive copying system in which the available
functions are expanded beyond both those provided
by the conventional electronic environment alone,
and those provided by existing copying equipment
alone.

The present invention provides a copying system,
comprising: a work surface; means for displaying im-
ages on the work surface; a camera, focussed on the
work surface, for generating video signals represent-
ing in electronic form image information present with-
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in the field of view of the camera; processing means
for recognising one or more manual operations relat-
ing to the image information which are executed by a
user within the field of view of the camera, and for per-
forming electronic operations, corresponding to said
manual operation(s), on the electronic form to pro-
duce a modified electronic form; the displaying
means being adapted to display, under the control of
the processing means, simultaneously with or subse-
quent to said electronic operation performing step,
images defined by said manual operations; and
wherein said images defined by said manual opera-
tions include an image of the newly created docu-
ment.

The copying system may further including a
scanner, coupled to the processing means, for scan-
ning a document containing said image information.

The system preferably further includes means,
for sensing vibrational signals on the surface; the
processing means being adapted to recognise a tap
or strike by a user on the surface.

Preferably, the processing means includes a
frame grabber, for storing video frames, and differ-
encing means, for establishing the difference be-
tween pixel data values of corresponding pixels in
successive video frames, and for displaying the resul-
tant video frame data. Preferably, the processing
means includes thresholding means, for converting
multi-bit per pixel video frame data to 1 bit per pixel
video frame data. Preferably, the thresholding means
is adapted for carrying out said converting operation
based on an estimate equal to the moving average of
pixel intensities in a local area. Preferably, the local
area comprises 1/nth of the width of a video frame,
where n is preferably about 8.

Preferably, the processing means includes a
frame grabber, for storing video frames, and means
for calibrating positions in the frame grabber relative
to positions within the display. Preferably, the cali-
brating means includes means for projecting a mark
at four points in the display and carrying out said cal-
ibration by means of a four point mapping, given by

X =0iX + Gy + C3xy + G4

Y = CsX t+ CGgy + Cixy + Cg,
where (x,y) is a point in the display (21) and (x',y’) is
a corresponding point in the video frame stored in the
frame grabber.

The processing means may further include
means for determining whether the user is right- or
left-handed.

The present invention further provides a method
of generating documents, comprising: providing a
work surface, means for displaying images on the
work surface, and a camera focussed on the work
surface, said camera generating video signals repre-
senting in electronic form image information present
within the field of view of the camera; recognising cne
or more manual operations relating to the image in-
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formation which are executed by a user within the
field of view of the camera; performing electronic op-
erations, corresponding to said manual operation(s),
on the electronic form to produce a modified electron-
ic form; displaying, simultaneously with or subse-
quent to said electronic operation performing step,
images defined by said manual operation(s); and
wherein said images defined by said manual opera-
tions include an image of a newly created document.

The manual operation(s) may include designat-
ing a plurality of the extremities of a shape encom-
passing said selected portion of text or image infor-
mation.

Preferably, the images defined by said manual
operation(s) include an outline of, or a shaded area
coincident with, said shape. Preferably, the shape is
a rectangle.

The manual operation(s) may include pointing
with a plurality of fingers at the corners of said shape.

Alternatively, said extremities are designated us-
ing a stylus in association with a position sensing tab-
let on the surface.

The manual operation(s) may include designat-
ing a text or image unit in the document by pointing a
finger at it. The manual operation(s) may include des-
ignating a successively larger text or image unit in the
document by tapping on the surface. The manual op-
eration(s) include confirming a text or image selection
by tapping on the surface. The manual operation(s)
may include copying the selected text or image to a
location in a new document displayed on the surface
by pointing at the selected text orimage using afinger
or stylus and dragging the finger or stylus across the
surface to said location in the new document, and
dropping the selected text orimage at said location by
tapping on the surface. The manual operation(s) may
include changing the dimensions of selected text or
image by changing the separation of finger tips of the
user defining extremities of the selected text or im-
age. The manual operation(s) include placing paper
signs within the field of view of the camera, the signs
defining operations to be performed on selected text
or image information.

The invention further provides a programmable
copying apparatus when suitably programmed for
carrying out the method of any of claims 4 to 7, or any
of the above described particular embodiments.

The present invention further provides a copying
system according to claim 9 of the appended claims.

The copying system may further including means
for scanning the second document to generate an
electronic version of the second document; wherein
the processing means includes means for recognis-
ing the positions of the transferred image information
in said electronic version; the system further includ-
ing means for printing said transferred image informa-
tion on said second document.

The present invention further provides an inter-
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active image reproduction system, comprising: a plur-
ality of workstations interconnected by a communica-
tions link, each workstation comprising a copying sys-
tem according to any of claims 1 to 3, 8 or 9, each
workstation being adapted for displaying the video
output from the camera of the or each other worksta-
tion. The system may further include an audio or vid-
eoconferencing link between the workstations.
Embodiments of the present invention will now
be described, by way of example, with reference to
the accompanying drawings, in which:
Fig. 1 is a schematic diagram of a copying system
according to the invention;
Fig. 2 shows schematically a known imaging sys-
tem into which the system of Fig. 1 may be incor-
porated;
Fig. 3 illustrates an image generated in the fin-
ger-tracking technique employed in the present
invention;
Fig. 4 shows a four point mapping technique em-
ployed by the present invention;
Fig. 5 illustrates four ways to sweep out a selec-
tion rectangle when using the present invention;
Figs 6(a) to (f) show successive scenes of the
desk surface in a copying operation according to
one embodiment of the invention;
Fig. 7 is a flow chart of the procedure of Fig. 6;
Figs. 8(a) ta (e) illustrate successive scenes of
the desk surface in a copying operation accord-
ing to a second embodiment of the invention;
Fig. 9 is a flow chart of the procedure of Fig. 8;
Figs. 10(a) to (h) show successive scenes of the
desk surface in a copying operation according to
a third embodiment of the invention;
Fig. 11 is a flow chart of the procedure of Fig. 10;
Fig. 12 shows a view from above of the desk sur-
face during a copying operation according to a
fourth embodiment of the invention;
Fig. 13 is a flow chart of the procedure of Fig. 12;
Fig. 14 shows a view from above of the desk sur-
face during a copying operation according to a
fifth embodiment of the invention; and
Fig. 15 is a flow chart of the procedure of Fig. 14.
Referring to Fig. 1, this illustrates schematically
the copying system of the present invention. A flat
desk surface 2 has placed on it a document 4 to be
used as a source if textual or graphical information
during manipulations which are described in detail
below. The document 4 is located within the field of
view of a video camera 6 mounted above the desk
surface 2. Avideo projector 8 is mounted adjacent the
camera 6 and projects onto the surface 2 a display 21
which is generally coincident with the field of view of
the camera 6, and which, in the example shown, in-
cludes an image of a newly created document 20, as
discussed below. The camera 6 and the projector 8
are both connected to a signal processing system,
generally designated 10, which is in turn connected
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to a printing device 208 and, optionally, a document
scanner 206 (see Fig. 2). A small snare-drum micro-
phone 16 (preferably with built in amplifier) is attach-
ed to the bottom of the desk and picks up audible or
vibrational signals. The system 10 monitors the (digi-
tised) signal amplitude of the microphone 16 to deter-
mine (e.g. by comparison with a threshold value)
when the user taps on the desk 2 (e.g. to designate
an operation (see below)).

The architecture of the signal processing system
10 is schematically illustrated in Fig. 1. This imple-
mentation runs on standard X Window applications
using the human finger as a pointing device. The sys-
tem is implemented so that finger tip location and
desk tapping information are sent through X in such
away thatfrom the point of view of applications, these
events are indistinguishable from those of a conven-
tionally-used mouse. The system runs on two ma-
chines: a Sun 4/110 (104) and a SPARCstation (1086).
This is because the image processing board 102
plugs into a VME bus, while the projected video (LCD)
display plugs into an Sbus. The images captured by
the camera 6 are initially processed by an Itex100 im-
age processing board 102. Any other suitable archi-
tecture could be used to achieve the image signal
handling. Figure 1 illustrates how the software mod-
ules interface to each other and to the hardware. The
system is implemented in C + + and C under SunOS
and TCP/IP.

The desk-camera-projector arrangement (2,6,8)
may be located remotely from the printing device 208
and any number of such arrangements may be linked
up to a common printer. Alternatively, the surface 2
may itself constitute an upper surface of a copying or
printing machine, or the surface of a desk nextto such
a machine, with the advantage that any documents
created using the system may be immediately printed
out and taken away by the user. The processor 10
may form an integral part of a copying or printing ma-
chine, or may be remotely located in a separate de-
vice and coupled to the printer by a conventional com-
munications link.

In a preferred embodiment, the system of Fig. 1
forms an integral part of a printing system, for exam-
ple as schematically illustrated in Fig. 2 and descri-
bed in detail in EP-A-592108, with the exception that
appropriate elements of the control section 207 are
replaced by hardware from Fig. 1, such as the user in-
terface 252 (which is implemented by the camera-
projector arrangement (6,8)), the system control 254,
etc. For additional control detail, reference is made to
US-A-s 5,081,494, 5,091,971 and 4,686,542.

Interacting with objects with bare fingers is facili-
tated in the present invention through video-based
finger-tracking. A bare finger is too thick, however, to
indicate small objects such as a single letter, for which
a pen or other thin object is used.

The current implementation uses simple image
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processing hardware to achieve the desired interac-
tive response time (although suitable algorithms
could be used to achieve the same result): it initially
subsamples the image and processes it at very low
resolution to get an approximate location for the fin-
ger. Only then does the system scale to its full reso-
lution in order to get a precise location, so only small
portions of the image need to be processed. If the
user moves too quickly, the system loses track of
where the finger is, so it immediately zooms back out
tofind it. The result is thatlarge, quick movements are
followed less precisely than fine movements, but for
pointing applications this seems acceptable.

Interaction techniques using video-based finger
tracking, are demonstrated by M. Krueger (Artificial
Reality Il, Addison-Wesley, 1991). The disadvantag-
es of his system are discussed in UK patent applica-
tion 9313637.2 (hereafter Ref. 1), a copy of which was
filed with the present application.

In contrast, the present invention senses motion
(since most objects on the desk 2 do not move except
the user’s hands and the objects they are holding): it
captures sequential video frames and examines the
image produced by subtracting the sequential values
of each pixel in two successive frames. The result for,
e.g., amoving hand looks like Figure 3. Further proc-
essing is then carried out to remove noise and to lo-
cate the precise paosition of the fingertips.

Motion detection uses an image loop-back fea-
ture of the board 102 that allows the most significant
bits of two images to be sent through a look-up table.
This table is set up to subtract the two images, allow-
ing very fast differencing of successive frames. Cur-
rent finger-tracking performance using the Sun 4/110
and Itex100 image processing board 102 is 6-7
frames/sec.

Determining when the user taps on the desk is
preferably achieved using the microphone 16. An-
other way to detect tapping is to use a touch screen,
which can provide dragging information as well as ex-
tra location data.

Projection from above provides similar capabili-
ties to a large flat display screen, but it has the key
advantage that computer-generated images 21 can
be superimposed onto paper documents. This is nec-
essary for creating merged paper and electronic
documents, and for providing feedback when making
selections 22, 28, 31 (see below) on paper. Overhead
projection, however, does produce problems, such as
shadows: these are hardly noticed when the projector
is mounted above a horizontal desk 2, but special
measures must be taken to avoid shadow problems
on a nearly vertical surface, if this is used as the work
surface (like a drawing board).

The brightness of the room may affect the clarity
of the projected display. This is not a problem with
normal fluorescent lights, but a bright desk lamp or di-
rect sunlight should be avoided. The area onto which
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display 21 is projected should preferably be white.

In the implementations described herein the im-
age output device may be any device that provides an
image in the work surface: e.g. a CRT display con-
veyed to the surface 2 by means of mirror elements
above or below the surface 2; or a flat panel LCD dis-
play integral with the desk and disposed either at the
surface or below it. Any number of displays may be
used.

Document images are captured through an over-
head video camera 6, but a difficulty with standard
video cameras is their low resolution (compared to
scanners), which may not permit good quality copying
from a document on the work surface. Several solu-
tions are possible.

One technique is to use a very high resolution
camera 6 for the system.

Another solution is to use multiple cameras. At
least one camera 6 is set up with a wide field of view
that encompasses the substantially the entire work
surface 2. At least one other camera (hereafter-"sub-
sidiary camera";not shown) is mounted adjacent the
main camera 6 and zoomed in to cover a small part
of the desk surface 2 (within or outside the display
area 21) at high resolution (e.g. about 200 spots/inch;
8 spots/mm). Multiple fixed subsidiary cameras may
be used to cover the whole area at high resolution, or
fewer movable subsidiary cameras could be used.
The video signal from each camera is processed via
a respective channel of the image processing board
102, by means of suitable multiplexing technigques
which are well known in the art. When such a subsidi-
ary camera with a relatively small field of view is used,
a light area (e.g. a white "window" or other visual in-
dication such as a black rectangular outline) is pro-
jected onto the surface 2 so as to coincide with the
field of view of the high resolution subsidiary cam-
era(s) and indicate to the user exactly what part of the
work surface is within that field of view (i.e., the active
area). The user can therefore place source docu-
ments 4 within this high resolution "window" to enable
text or image information to be scanned in by the sys-
tem at high resolution. Since it has been found so far
that only small parts of a document at a time need be
used, and sliding a piece of paper into the camera’s
"window" is so easy, the use of multiple fixed cameras
to cover the whole desk appears unnecessary.

A further possible technique solves this problem
by storing information about the positions in the
source document 4 of the part(s) to be copied, by
means of image recognition techniques and the use
of document descriptors. The document is then put
through a (desktop) scanner 206 (or is pre-scanned
before image manipulation takes place), preferably a
high resolution (e.g. 24 dots/mm; 800 dots/inch)
scanning machine, and this position information is
used to determine what parts of the scanned image
to use in the eventual copy. With this technique, the
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user interacts with the documents at the lower (cam-
era) resolution, but the finished product is construct-
ed from higher (scanner) resolution images. Pre-
scanning is inconvenient for many interactive applica-
tions, however, so it is preferred to use one of the
abovementioned alternative methods.

The image produced from a video camera 6 and
frame grabber (not shown) on the board 102 is grey-
scale (typically eight bits/pixel). This grey-scale im-
age must be thresholded, or converted to a one
bit/pixel black and white image, before it can be used
for character recognition or any of the other embodi-
ments which are described herein.

Simple thresholding is not adequate for obtaining
an image suitable for character recognition. Another
problem can be automatic grey balancing on the cam-
era. This can cause a change in brightness in one part
of the image to affect the values in all other parts.

Consequently, the system uses an adaptive
thresholding algorithm which varies the threshold val-
ue across the image according to its background val-
ue at each pixel. The present system produces results
in a single pass which are nearly as good as systems
requiring multiple passes through the image, by cal-
culating the threshold value at each point from an es-
timate of the background illumination based on a
moving average of local (within about 1/8th the width
of the image) pixel intensities. This method is fast and
can be combined with a scaling operation if neces-
sary.

Finally, when dealing with text, the thresholded
image is skew-corrected and recognised by an OCR
server (in this case, Xerox Image System’s Scan-
WorkX). If the resolution is high enough relative to the
text size, then it returns the associated ASCII string.
For accuracy, it is important to provide both quick
feedback to the user (by displaying immediately the
number or character which the system "thinks" it has
recognised), and a simple way for the user to correct
unrecognised characters.

To support interaction, projected feedback 24, 26
(see Fig.6) to the user, and selective grabbing of im-
ages through the camera 6, the system must map co-
ordinates in the projected display 21 to coordinates in
the frame grabber of image processor board 102.
This calibration may be difficult because the project-
ed display 21 is not a perfect rectangle (there are opt-
ical distortions such as "keystoning"), the camera 6
and/or tablet may be rotated relative to the projected
display 21, and it may be necessary for the camera 6
to view the projected display from an angle. Also, vi-
brations caused by, e.g., air conditioners or slamming
doors cause movements which disrupt the calibra-
tion, as do any adjustments to the equipment.

In the case where stylus input is used to indicate
position on a tablet, the system first maps absolute
positions on the digitising tablet to positions on the
display 21 in order to provide feedback. Second, pos-
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itions on the display 21 are mapped to corresponding
positions in the frame grabber in order to support
grabbing of selected areas 22, 28, 31 (see below) on
the desk. Obtaining the data to calibrate the pointing
device (stylus + tablet; touchscreen) to the display 21
is relatively straightforward: a series of points are dis-
played and the user is prompted to touch them with a
pointer 32 (see Fig. 8).

In the case where position indication by finger tip
location is used, obtaining data for calibrating the vid-
eo camera 6 to the display 21 is not as simple.

Figure 4 shows an approach which improves on
prior techniques: this is to project an object that can
be located by the image processing system, allowing
the system to self-calibrate without any assistance
from the user. The present system projects a thick
"plus" sign (+), and uses image morphology (see D.
Bloomberg & P. Maragos, "Image Algebra and Mor-
phological Image Processing", SPIE Conference
Procs, San Diego, CA, July 1990) to pinpoint the cen-
tre of the mark in the frame grabber coordinate space.

For accurate mapping, preferably a four point cal-
ibration system (Fig. 4) is used, which compensates
for rotation and keystoning. The mapping is given by
the equations

X' =X t oy tooxy + 60 (1)
Y = Csx + Cey + Cxy + Cg (2)
where (x,y) are coordinates in the projected display,
and (x’,y’) are coordinates in the frame grabber.

With four point pairs, the set of simultaneous lin-
ear equations can be quickly solved by Gaussian
Elimination. Then, a fifth plus mark (+) is projected
and its location is checked to make sure it is close
enough to the position produced by the above map-
ping. The result is accurate to within one or two dis-
play pixels, allowing the user to select areas 22, 28,
31 on the desk 2 and rely on the displayed feedback
24 to precisely indicate what will appear in the grab-
bed image.

Unlike a traditional workstation, user interfaces
on the present system must take account of handed-
ness. If feedback 24 (see, e.g., Fig. 6) is projected to
the lower left of the pointer 32 (finger, stylus), for ex-
ample, then a right-handed person has no trouble
seeing it, but a left-handed person does have trouble
because it gets projected on the hand. Not only is
feedback affected, but also the general layout of ap-
plications, and left-handed users are inconvenienced
because it requires them to reach their arm farther
than right-handed subjects, and their arms hide the
paper 4 they are reading. The system’s video camera
6 can see the user’s hands, so it preferably recognis-
es automatically which hand the user is pointing with,
and then uses this information in implementing the in-
terface during the following work session. A pop-up
menu, for example, is preferably projected to the left
of the pointer for a right-handed person, and to the
right of the pointer for a left-handed person.
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When pointing at paper with the present system,
the camera 6 must be able to "see" the paper 4, and
this means that fingers and other pointing devices 32
must be out of the way. However, new users do not
seem to have much difficulty learning how to interact
with the system in a way that keeps selections
(22,28,31) visible. When sweeping out a rectangle 24
(for example in the Fig, 6 embodiment described be-
low) there are four ways of doing this (see Fig. 5). If
right-handed people use method (D, or if left-handed
people use method @), they obscure the selection.
But users do not seem to repeat the mistake: in gen-
eral, the system cannot see a selection (22, 28, 31)
unless the user can see it too, and that seems easy
for people to learn.

Selection feedback 24 can also play an important
role in preventing obscuration. In the implementation
discussed herein, the projected selection rectangle
24 floats slightly ahead of the pointer, so it is easy to
avoid placing the pointer inside.

Selecting parts of a document tc be copied

In Figs 6(a)-(f) a basic user interface technique
made possible by the copying system of the present
invention - the selection of parts of a paper document
4 directly on the paper itself while the system reads
the image selected - is illustrated in successive
scenes, viewed from above the desk surface 2. The
user 18 is creating a new document (generally desig-
nated 20) within the projected display 21, and here
the source document 4 is a book page. The user se-
lects a figure 22 on the book page 4 by first touching
his two index fingers together at the top right hand
corner of the figure 22: the system recognises this as
a gesture for starting a selection. As the user then
moves his left hand index finger to the bottom left
hand corner of the figure 22 (motion 3) in Fig.5), the
system processor recognises the movement and
causes the projector to display, as feedback to the
user, a selection block 24 (here a rectangular outline;
alternatively a grey rectangle) which increases in size
until this movement ceases (Fig.6(a)). The user can
see exactly what is encompassed by the selection
block 24, and when this is as desired, the user taps
on the desk to confirm the selection (the tap being in-
terpreted by the processor as such confirmation). The
processor obtains via the camera 6 information indi-
cating the positions of the boundaries of the selection
block 24 relative to the original document 4 and there-
fore the extent of part of the document which has
been selected.

Next, the user puts his pointed finger on the page
4 in the selection block 24 and "drags" a projected im-
age of the selection block 24 by moving his finger
across the display 21 (the selection block 24 is dis-
played by the projector 8 for feedback and moves to
follow the position of the moving finger tip), positions
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it in the appropriate location in the document 20, and
taps on the desk with a finger to confirm the position-
ing (Flg. 6(b)). The figure 22 is captured by the cam-
era 6, thresholded by the processor and the stored
form of the document 20 edited accordingly; and the
result is that the projected display is modified so that
the figure 22 is "pasted" into the document 20 at the
desired location (Fig. 6(c)); here, the dimensions of
the pasted-in figure 22 are adapted by the processor
10 to the available height and width of the text area
of the new document 20.

It is then possible for the user to add a legend to
the pasted-in figure 22 by typing out the text thereof
on a conventional keyboard (not shown) linked to the
processor 10. The stored electronic form of the docu-
ment 20 is edited by the processor, and the projected
display 21 is simultaneously modified to show the leg-
end 26 (Fig. 6(d)) as it is typed in.

Next, the user selects a portion 28 of text from the
book page 4 which is to be pasted in below the figure
in document 20 (Fig. 6(e)). This is done in exactly the
same way as selecting the figure 22 in Fig. 6(a), ex-
cept that the user starts with both index fingers at the
top left hand corner of the text portion 28 and moves
his right hand index finger to the bottom right hand
corner of the text portion 28 (motion @) in Fig. 5). The
text selection 28 is positioned in the document by tap-
ping on the surface 2, as before. The difference in this
case is that optical character recognition (OCR) is
performed on the selected text portion 28 captured by
the camera 6. The font of the text 28 is automatically
converted into that of the rest of the electronic docu-
ment 20, and is reformatted so as to fit into the text
flow of the document 20 being made up. (Alternatively
the text 28 could be treated in the same way as the
figure 22 in Figs 6(a) to (c), by selecting from top right
to bottom left: i.e. motion @ in Fig.5.) The stored elec-
tronic form of the document 20 is updated accordingly
by the processor 10 and the projector 8 automatically
displays the modified document 20 (Fig.6(f}).

Once completed, the document 20 can be printed
out by conveying to the processor 10 a command to
send the electronic version of the document 20 to the
printer 14. This command may be entered via the key-
board or conventional mouse operation, but is prefer-
ably designated by the user selecting an appropriate
item from a pull-down menu (not shown) accessable,
e.g. by finger pointing, in the display area 21 on the
surface 2.

In an alternative implementation, the work sur-
face 2 may incorporate a touch pad or other position
sensing device; and the user can use an appropriate
stylus to indicate corners of a rectangular selection
block designating a part to be copied, such as by
starting in one corner and moving the stylus to the op-
posite corner. (In this case, in order for the stylus and
position-sensing tablet to operate, the document 4
must only be a single-sheet thick.) It is also possible
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to select non-rectangular regions by tracing a "lasso"
around the part of the paper document to be copied.
Another possibility is for the user to simply point ata
region and the system can use image morphology
techniques to determine the scope of the selection.
One tap on the work surface could select only the
smallest discernable element pointed to (e.g. a letter
or word). Another tap in the same location would ex-
pand the selection to include the sentence containing
that letter or word, a further tap causing selection of
the paragraph containing that sentence, or larger vis-
ual unit, and so on. With all of these selection techni-
ques, precise feedback is projected so the user can
see exactly what is selected, and can therefore adjust
the selection if it is not exactly what the user wants
(e.g. selecting a "don’t care" location - beyond the
boundaries of the document 20 - whereupon the pro-
jected selection is cancelled; and then re-selecting
from the source document).

Figure 7 illustrates, by means of a flow chart of
appropriate software running in the signal processing
system 10 of Fig. 1, the steps involved in carrying out
the procedure sequentially illustrated in Fig. 6.

Copying onto marked document

Another basic technique made possible by the
present invention is the copying onto a previously
marked document in novel ways. For example, a form
can be filled in with data from parts of one or more
other documents.

This technique is illustrated in Figs 8(a) to (f),
which show successive scenes, viewed from above
the surface 2. The technique is similar to that used in
the embodiment illustrated in Fig. 6, except that the
document 20 consists of the information to be added
to a marked document 30 (in this case a form) placed
on the work surface 2. Operations are performed to
indicate how the form 30 should be completed, pro-
ducing a projected image showing the additional
marks that are to be made on the document.

As illustrated in Fig.8(a), the source document 4
comprises a receipt positioned within the camera’s
field of view. The user selects the numerical total 31
indicated on the receipt using the above-mentioned
stylus and position-sensing tablet method (but any of
the above-mentioned image-selection techniques
could be used). An image of the selected number,
captured by the camera 6, is projected back onto the
display 21 at the position of the point of the stylus 32.
As the projected image of selected number is dragged
to the appropriate box 34 of the form 30, in a similar
way to the moving selection block 24 in the Fig.6 em-
bodiment, the motion of the number is shown in the
display by the projector 8 (Fig.8 (b)). The number is
recognised by the processor 10 using OCR and drop-
ped in the box 34 by releasing a button on the stylus,
or by the user tapping on the desk with his free hand.
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Figure 8(c) illustrates an operation performed in
the case where the appropriate data is not present in
the source document 4: the user writes a date in the
appropriate box 36 of the form by hand. The move-
ment of the point of the stylus 32 is tracked as the
user writes, and an image is simultaneously projected
down onto the form 30 showing the ink which would
have been left on the form if the stylus were a pen.
The system recognises the user’s characters as they
are written, converts the projected “ink" characters
into the same font as the other numbers on the form
30 and modifies the projected characters to make
them appear in that font. Once one entry (e.g. a date
in numerical form) has been made in this way, it can
be copied to other boxes in in the same or neighbour-
ing column using the above-described drag and drop
process, or even copied by making ditto signs by hand
in the appropriate places.

Once the relevant numbers have been "entered"
in the form 30, an operation can be performed on a
group of numbers. In Fig.8(d) a column 38 containing
a set of "entered"” numbers is selected using the stylus
32. Next, the user places on the form 30 a small piece
of paper having a button 39 printed on it and desig-
nated "SUM", with its arrow pointing at the interior of
a box 40 on the form 30 in which a total is to be en-
tered. When the user "presses" the paper button by
tapping a finger on the piece of paper as shown in Fig.
8(e), the sum of the numbers in the selected column
38 is projected into the box 40. In doing this, the sys-
tem (1) recognises the function of the button (e.g. by
means of morph glyphs present in the drop shadow 42
of the button 39), (2) recognises the tapping of the
button so as to be aware of where and when to per-
form the summing operation, (3) carries out the sum-
ming operation, and (4) projects the resulting numer-
ical sum into the box 40.

When all the necessary entries have been made
in the form 30, the latter can be fed through a printer
14 in order to make the projected marks permanent.
[For this purpose it may be convenient, in the case
where the main printer 14 is remote from the desk 2,
to have an additional compact ink jet printer (not
shown) on the desk surface 2, enabling the printing
of the additional marks on the form and, if necessary,
the signing of the form by a user, to be carried out im-
mediately.] The processor 10, which stores the rela-
tive positions of all the projected characters and num-
bers with respect to the features of the form 30, caus-
es the corresponding ink marks to be made in the ap-
propriate locations (row/column/box) in the form dur-
ing the printing operation.

Figure 9 illustrates, by means of a flow chart of
appropriate software running in the signal processing
system 10 of Fig. 1, the steps involved in carrying out
the procedure sequentially illustrated in Fig. 8.

This technique is preferably extended by per-
forming OCR on a selection from a source document
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4 and then projecting the recognised numbers or
characters in image to fill in a form or other pre-mar-
ked document. In general, text selections are discrim-
inated from graphics selections and OCR performed,
where necessary. Optionally, a user may select a lo-
cation on a form 30 using one of the above-described
techniques, and then type characters into the project-
ed image with a conventional keyboard (not shown)
linked to the processor 10.

The above-mentioned paper buttons may also be
used to extend this technique: various buttons dis-
playing appropriate recognisable codes (as men-
tioned above) are used to perform commonly execut-
ed operations, such as currency conversions, averag-
ing etc.

This technique further includes recognising other
tools and modifying the projected image appropriate-
ly. When a stylus is used as a marking tool, and
moved across the surface (e.g. for handwriting), a
mark is produced in the image. If the resulting marks
meet some criterion, recognition is performed and the
marks replaced by the appropriate characters or num-
bers. Also, an eraser is recognised similarly and, in
addition to its physical erasure of marks, the project-
ed image is modified appropriately.

If a paper form is recognised by the system, then
it can assist the user with prompts as to how to fill it
out, and it can perform calculations (e.g. adding a col-
umn of numbers) that are specified on the form. In
general, the system can augment any recognisable
paper form with features now available only with elec-
tronic forms.

Scaling and positioning document parts in
projected image

Another user interface technique made possible
by the presentinvention is scaling or positioning parts
of a document before copying. In this disclosure, the
term "arrange" is used generally to include an opera-
tion that scales (re-sizes) a document part, an oper-
ation that positions a document part, or an operation
that both scales and positions a document part. Pos-
ition of a document part also includes orientation. The
basic technique for arranging a document part is to
perform arranging operations in the projected image.
In other words, a user can provide signals through the
camera requesting operations so that the document
part appears at a different scale or different position
in the projected image. In effect, the user changes the
projected image until it shows a desired final, output
document with the indicated document part scaled
and positioned as desired. The output document can
then be printed.

To perform scaling, the user can indicate a differ-
ent spacing between the opposite corners of a docu-
ment part bounded by a selection rectangle, such as
by moving the fingertips together or apart. Scale of
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the selected part in the projected image can then be
changed in proportion to the change in spacing.

To perform selection and positioning, the user
proceeds as in the embodiments of Figs 6 and 8, ex-
cept as mentioned below.

Figure 10 illustrates this technique: successive
scenes, viewed from above the surface 2, show how
the invention is employed by a user in producing a
sketch.

Initially, the user sketches out a scene using an
ordinary pencil and which includes a tree 46 (Fig.
10(a)). Next, the user, desiring to create a row of
trees, selects the image of the tree 46 by sweeping
out a selection block 24 in the same manner as de-
scribed with reference to the Fig.6 embodiment (Fig.
10(b)). The user then moves a copy of the selection
block 24 as in the Fig.6 embodiment, except that two
fingers (or finger and thumb) are used which, when
the copied block 24 is in the desired position, are used
to reduces the size of the block to the desired scale
(Fig. 10(c)). The user taps on the desk surface 2 to
"drop" the reduced tree 48 in position, and the projec-
tor displays the new tree 48 spaced apart from the
original 46. This process is repeated three more times
with the user’s fingers progressively closer together,
to produce a row of trees (46-54) in perspective along
the lane 56 (Fig. 10(d)).

Next, the user begins to draw some slates 58 on
the roof 60 of the house 62 (Fig. 10(e)). In order to
save time the user places a paper button 64 designat-
ed "FILL" with its arrow pointing at the roof 60. The
code in the drop shadow 66 of the button 64 is cap-
tured by the camera 6 and the command is recog-
nised by the processor 10; similarly, the slate pattern
58 is captured when the user taps on the button 64.
The user then moves the button 64 to the empty re-
gion of the roof and taps on the button again; and the
system executes the button command by replicating
the slate pattern 58 to fill the area within the boundar-
ies of the roof 60 (Fig.10(f)). The resulting pattern is
displayed by the projector 8.

Afurther step is illustrated by Figs 10(g) and (h):
the user decides to include a window 66 in the roof 60,
so some of the slate pattern must be erased. An
"eraser" 68 having on it a printed sticker 70 displaying
a code, similar to that on the above-mentioned paper
buttons (39, 64), by means of which the system rec-
ognises the implement as an eraser. As the user
sweeps out an area with the "eraser" 68, the erasing
motion is recognised by the system, and the dis-
played pattern 58 is modified so as to omit the slate
pattern from that area Fig. 10(g)). The user then
draws in the dormer window 66 by hand Fig. 10(h)).

The result of these operations is a merged phys-
ical and electronically projected sketch similar to the
combined form described in the Fig. 8 embodiment.
Again, in order to make the projected marks (e.g.
trees 48-54 and the slate pattern 58) permanent, the
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sheet 30 containing the sketch would be passed
through a printer connected to the processor 10. The
processor, which stores the relative positions of all
the projected images with respect to either the fea-
tures of the sketch or the boundaries of the sheet 30,
causes the corresponding ink marks to be made in the
appropriate locations on the sheet 30 during the print-
ing operation.

Figure 11 illustrates, by means of a flow chart of
appropriate software running in the signal processing
system 10 of Fig. 1, the steps involved in carrying out
the procedure sequentially illustrated in Fig. 10.

Another possibility for rotating and positioning
parts of a source document 4 in the projected image
is to move a paper original, for example containing im-
age elements to be included in the final sketch, into
the desired position within the projected document
20, and to select the image element of interest (e.g.
by tapping on the surface 2) to be "pasted down" in
place. This natural interaction technique allows any
printed or hand-drawn image to be used as a sort of
rubber stamp and advantageously allows the user to
try an image element in various positions without
having to produce a new complete sketch each time.

Random copying of document parts

The above basic techniques are especially pow-
erful when considered together with the possibility of
randomly copying from a set of input documents 4 to
produce output documents. This user interface tech-
nique is based on obtaining information indicating the
relationship between the input documents 4 and the
output documents.

One way to obtain this information is to operate
on the documents in sequence. In other words, the
output documents include parts from input docu-
ments 4 in sequence, so that the input documents can
be copied in order into the output documents. This
can be inconvenient, however, such as when one of
the input documents 4 include different parts that are
copied into several of the output documents.

Another way to obtain this information without op-
erating on the documents 4 in sequence is to use
document recognition techniques. This is similar to
the previous way except that it is unnecessary to pro-
vide identifiers on the documents. Instead, a docu-
ment characteristic that can be detected at low reso-
lution, such as line length pattern, can be used to ob-
tain identifiers that are very likely to be unique for
each document. Document classification techniques
are described briefly in EP-A-495 622.

"Select and Paste" (or "Copy and Paste")

Although selecting text orimages from one docu-
ment, and "pasting" the selection into a second docu-
ment is now a standard feature when manipulating
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electronic documents, the same operation is awk-
ward to perform with real paper, requiring a photoco-
pier, scissors, and some glue or tape. The system of
the present invention, however, makes it possible to
select and paste paper documents 4 in the same way
that we select and paste electronic documents. In this
implementation, a sketch 80 on paper 4 can be elec-
tronically selected by sweeping out an area 24 of the
paper (e.g. with a stylus 32) in a similar manner to that
described above. When the stylus 32 is raised, the
system snaps a picture of the selection 80, and the
projected rectangle 24 is replaced by a thesholded
electronic copy of the area. This copy can then be
moved aboutand copied to other parts 82 of the paper
4 as described in the aforementioned application.
Sliding this electronically projected copy over the
drawing to place it somewhere else is very similar to
sliding a paper copy (see Fig. 12).

In Fig. 12, the user has selected the sketch 80 of
the window on the sheet 4, and has made two copies
of it (82). Now he has moved and is about to "paste
down" a copy 86 of the flower 84 that he drew.

Figure 13 illustrates, by means of a flow chart of
appropriate software running in the signal processing
system 10 of Fig. 1, the steps involved in carrying out
the procedure illustrated in Fig. 12.

User testing revealed another way of using this
tool which is also very powerful. Instead of construct-
ing a mixed paper and projected drawing, it has been
found that a user can construct a purely projected
drawing from selected portions taken from any num-
ber of their paper sketches. The user can sketch a fig-
ure on paper, move itto the desired location in the pro-
jected drawing, then select it using the above-
mentioned techniques so that it remains "pasted
down" in that location even after moving the paper
away. The effect is like that of dry-transfer lettering
or "rubber stamping", but in this case from any piece
of paper onto a projected drawing. This interaction
technique is quite different from the standard “"copy
and paste" found on most workstations and takes ad-
vantage of unique qualities of the present invention:
using both hands for manipulating and pointing as
well as the superimposition of paper and electronic
objects.

Multi-user systems

People often use documents when working to-
gether, and they often need simultaneously to see
and modify these documents. Physical paper is nor-
mally constrained in that it cannot be written on, point-
ed to, or otherwise manipulated by two people simul-
taneously who are, for example, located on separate
continents; but this constraint can also be addressed
by the present invention.

Shared editing of documents has been disclosed
in, e.g. J.S. Olsen et al., "Concurrent editing: the
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group’s interface" in D. Daiper et al. (eds) Human
Computer Interaction - Interact '90, pp. 835-840,
Elsevier, Amsterdam). Most of this work has concen-
trated on screen-based documents, but the multi-
user implementation of the present invention makes
it possible to share real paper documents. It allows
users in (at least) two separate locations to "share"
their physical desks, by enabling both users to see
and to edit each other’s paper documents 4.

Referring to Fig. 14, in the case of a two-user sys-
tem, the two processors 10 are connected by means
of a conventional communications link. Each installa-
tion continuously grabs images 88 from its local desk
2 and projects thresholded images 90 from the re-
mote desk 2'. The result is that both users see what
is on both desks. When a paper document 4 is placed
on a desk 2 of user A, it is projected onto desk 2’ of
user B and vice versa. The projections are digitally
scaled and positioned to provide What You See Is
What | See (WY SIWIS), and both users can draw (us-
ing a real pen 92, 92) on either paper documents 4
or on virtual documents. On both sides, the remote
user B will see the new drawing projected in the cor-
responding place. Hand motions are also transmitted
over the communications link and displayed, so if a
user points to a certain place on a document 4 the
other user can see this. (The partner’s hands block
the view of what is underneath them, just as with an
ordinary desk, so this must be dealt with through so-
cial protocols and speech: not pictured in Fig. 12 is an
audio link through telephones or speakerphones
which is preferably provided to facilitate this. Another
useful and even more preferable addition is a face-to-
face audio-visual link.)

In Fig. 14, the local user A is drawing a "X" 88 on
a paper sheet 4 in ink, while the remote user’s (B) pa-
per and hand can be seen having just finished draw-
ing a "O" 90.

Figure 15 illustrates, by means of a flow chart of
appropriate software running in the signal processing
system 10 of Fig 1, the steps involved in carrying out
the procedure illustrated in Fig. 14.

Claims

1. A copying system, comprising:

a work surface (2);

means (8) for displaying images on the
work surface;

a camera (6), focussed on the work sur-
face, for generating video signals representing in
electronic form image information present within
the field of view of the camera;

processing means (10) for recognising
one or more manual operations relating to the im-
age information which are executed by a user
within the field of view of the camera, and for per-
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forming electronic operations, corresponding to
said manual operation(s), on the electronic form
to produce a modified electronic form;

the displaying means (8) being adapted to
display, under the control of the processing
means (10), simultaneously with or subsequent
to said electronic operation performing step, im-
ages defined by said manual operations; and

wherein said images defined by said man-
ual operations include an image of the newly cre-
ated document.

The copying system according to claim 1, where-
in the modified electronic form includes an elec-
tronic version of a newly created document.

The copying system according to claim 2, further
including means (208) for printing a document
corresponding to at least part of said modified
electronic form.

A method of generating documents, comprising:

providing a work surface, means for dis-
playing images on the work surface, and a cam-
era focussed on the work surface, said camera
generating video signals representing in elec-
tronic form image information present within the
field of view of the camera;

recognising one or more manual opera-
tions relating to the image information which are
executed by a user within the field of view of the
camera;

performing electronic operations, corre-
sponding to said manual operation(s), on the
electronic form to produce a modified electronic
form;

displaying, simultaneously with or subse-
quent to said electronic operation performing
step, images defined by said manual opera-
tion(s); and

wherein said images defined by said man-
ual operations includes an image of the newly
created document.

The method according to claim 4, wherein the
maodified electronic form includes an electronic
version of a newly created document.

The method according to claim 4 or 5, further in-
cluding the step of supplying to a printing device
said electronic version; and printing out said new-
ly created document.

The method according to claim 6, wherein said
manual operation(s) include selecting a portion of
text or image information in a document (4) locat-
ed within the field of view of the camera.
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8. A programmable printing apparatus when suit-

ably programmed for carrying out the method of
any of claims 4 to 7.

A copying system, comprising:

a work surface (2);

means (8) for displaying images on the
work surface;

a camera (6), focussed on the work sur-
face, for generating video signals representing in
electronic form image information present in at
least first and second documents within the field
of view of the camera;

processing means (10) for recognising
one or more manual operation(s) which are exe-
cuted by a user within the field of view of the cam-
era and represent the transfer of image informa-
tion from the first document to the second docu-
ment, and for performing electronic operations,
corresponding to said manual operation(s), on
the electronic form of said second document to
produce a modified electronic form;

the displaying means (8) being adapted to
display, under the control of the processing
means (10), simultaneously with or subsequent
to said electronic operation performing step, im-
ages defined by said manual operations.

10. An interactive image reproduction system, com-

prising:

a plurality of workstations interconnected
by a communications link, each workstation com-
prising a system according to any of claims 1 to
3, 8 or 9, each workstation being adapted for dis-
playing the video output from the camera (6) of
the or each other workstation.

APLNDC00021440



43

ITEX 100 IMAGE PROCESSOR
IMAGE SUBSAMPLING AND DIFFERENCING
SET UP WITH LOOKUP TABLES &REGISTERS
LN VME BUIS /027 1o

SUN 4/110 N/

READ BLOCK
OF PIXELS

Y

SIGNAL
CHARACTER

REcoNizeR /) \KICKER
=t ~~—~=

\ 7 /
FINGER  COPV/PASTE SELECTED  1Api
LOCATIONS—. OPERATION TEXT/IMAGE T/AP. (TCP/IP}%

SPARC;AII[]@N\:J‘IINDEWS cué%D

MOVEPTR EDPV/*PASTE TE;(T/IMAGE
\menuws SER\@

____§QU§_<"F__._ _____ —

! HARDWARE

10 SOFTWARE

PRNTER e

dv TTLTT9 0 d3

J

-
e o —— - ————— —— - —— — ————— — . —— . . e — o

J\—~m SPARC STATION/ 2

PRINTER CONTROLLER

APLNDCO00021441



€l

F T T e T T T T T T e e e e - ar— e 1
SCANNER | CONTROLLER f PRINTER !
/! H I
l 252 i
1 L I :
/! I [
! USER ! |
! INTERFACE 1 !
i i 107 |
I 1
225 :' 250 260 " 287 / :
/ I 4 272 274 / :: '
| |
I |IMAGE 1 2
AGC Y | INPUT [ SYSTEM IMAGE | |, | o
o |- || PROCESSOR > OUTPUT PAPER ||
PWB —T CONTROL
T | CONTROL CONTROL| || suPPLY | | 8
C :1 COMP., " : N
251 - |
! 51 I s | S
! — 256 ! :
:: 'lclnAAhﬁIE’U- s o O :: ;'SQFGEﬁ 120 \ * :
! i LATION S g 7 205 !
| I FINISHER
|: \258 K 90-1,-2 -3 i: ) :
1 1 :
} | PRINT !
1 I MODULE |
1 I [
i ;

APLNDC00021442



EP 0 622 722 A2

Fig.3.

(xo Y) (x’, y’)

N
£
AT

[

N

B
I3
%
%

P

,_:
O
k=4
iR
3
R
]
B
b3

iy

APLNDC00021443



EP 0 622 722 A2

15

APLNDC00021444



EP 0 622 722 A2

16

APLNDC00021445



EP 0 622 722 A2

17

APLNDC00021446



EP 0 622 722 A2

START

PROJECT BLANK
DOCUMENT WITH
DEFAULT FONT
AND COLUMN
WIDTH SETTINGS

CAPTURE (INDEX)
FINGER POSITIONS
MAPPED TO
DISPLAY COORDS
(SEE FIG. 7(b))

2
TWO FINGERS
DETECTED? N

Y

h 4

IPS OF FINGERS
COINCIDENT? N

‘}Y

STORE INITIAL FINGER
TIP POSITIONS

3

CAPTURE DIFFERENCED
IMAGE FRAME

v

DETERMINE INDEX-
FINGER TIP POSITIONS

i

|
|
|
|
|
|
|
| MAP FINGER TIP
|
|
|
|
|
|
|

POSITIONS FROM
FRAME GRABBERTO
DISPLAY COORDINATES

-
END

CAPTURE (INDEX) FINGER
POSITIONS MAPPED TO
DISPLAY COORDINATES

A
-

CAPTURE (INDEX) FINGER

TIP POSITIONS MAPPED TO
DISPLAY COQRDS (SEE FIG.

(B))

+

N
<)ESK TAP SENSED>_.,

‘VY

FREEZE CURRENTLY
DISPLAYED SELECTION
RECTANGLE

e

PROJECT DISPLAY OF SELECTION
RECTANGLE BETWEEN INITIAL
AND CURRENT FINGER TIP

POSITIONS

CAPTURE AND STORE
IMAGE WITHIN CURRENT
SELECTION RECTANGLE

A

CLASSIFY ASTEXT OR IMAGE
ACCORDING TO RELATIVE START
AND END FINGER POSITIONS

Fig.7(a)

18

APLNDC00021447



° FROM FIG.7(a)

<

CAPTURE INDEX
FINGERTIP
POSITIONS MAPPED
TO DISPLAY COORDS
(FIG.7(B))

TIP OF ONE
FINGER
WITHIN

RECTANGLE?

Y

A 4

STORE FINGER TIP
POSITION

Al

h 4

CAPTURE INDEX
FINGER TIP POSITIONS
MAPPED TO DISPLAY

COORDS (FIG.7(B))

+

PROJECT DISPLAY OF
STORED IMAGEOF
SELECTED MATERIAL
AT CURRENT FINGER
TIP POSITION

<

< DESK TAP SENSED? >—
Y N

A 4

REMOVE SELECTION
DISPLAY RECTANGLE

EP 0 622 722 A2

CAPTURED

IMAGE TEXT
CLASSIFIED AS

IMAGE OR TEXT?

IMAGE

h 4

RESIZE STORED IMAGE
TO FIT AVAILABLE
COLUMN
HEIGHT/WIDTH IN
NEW DOCUMENT

h 4

ADD IMAGE TO NEW
DOCUMENT AND
UPDATE NEW
DOCUMENT DISPLAY

19

OCR TO DETERMINE
SELECTED TEXT

w

REFORMAT TEXT TO
FONT AND COLUMN
WIDTH OF NEW
DOCUMENT

h 4

ADD TEXT TO NEW
DOCUMENT AND
UPDATE NEW
DOCUMENT

>

) 4

@ TO FIG. 7(a)

Fig.7(c).

APLNDC00021448



EP 0 622 722 A2

20

APLNDC00021449



EP 0 622 722 A2

21

APLNDC00021450



EP 0 622 722 A2

22

APLNDC00021451



EP 0 622 722 A2

‘ START ’ —3

- STORE INKED STROKE
- 4—
W
SE'\,{/?EETC‘SLAJ&DASND PROJECT INKED STROKE
-
N SENSE STYLUS AND MAP
STYLUS SWITCH
<PRESSED DOWN?>_ COORDINATES
< Y 4 N
v STYLUS SWITCH
<STY“L;;§RVKVE'TDH'N N R < LIFTED? >—
DOCUMENT? / v
N b 4
= STORE STROKE
STORE STYLUS POSITION T
.b START TIMER
CAPTURE IMAGE IN -
VICINITY OF
SENSE STYLUS AND
STORET’OS'T'ON MAP COORDINATES
DISPLAY IMAGE AS N . 4
FEEDBACK STYLUS SWITCH
PRESSED?
4 l Y
SENSE STYLUS AND
MAP COORDS

v/ STYLUS IN SAME
REGION AS
- N o\ BEFORE?

<STYLUS SWITCH > 3 N
2?
L'FTE(D' INCREMENT TIMER
h 4
OCR TO DETERMINE N ~ Y
A 4
v APPLY RECOGNITION TO
ADD NUMBER TO STORED STROKES: ADD TEXT
MARKED DOCUMENT TO MARKED DOCUMENT
| ]

v

(=0 ) Fig.9(a).

23

APLNDC00021452



EP 0 622 722 A2

START

CAPTURE DIFFERENCED
IMAGE FRAME

h. .4

CHECK FOR MORPH
GLYPHS AND FINGER
POSITIONS

*

FINGER POSITIONS
FOUND? N

Y

b 4

MAP FINGER POSITIONS
TO DISPLAY COORDS

+

STORE FINGER
POSITIONS

MORPH GLYPHS
L MORERLS >
v

EXTRACT CODE AND
DETERMINE FUNCTION

-

EXTRACT POINTER
POSITION AND MAPTO
DISPLAY COORDS

.;gms.z'.%gz > Fig.9(b)

FUNCTION N
INVOLVES TAP?

Y
A 4

FINGER TAP > \ /" DO FUNCTION )

SENSED? '\(SEE FIG. 9(c))

APLNDC00021453



ERASE
FUNCTION

CLEAR STORED SKETCH
IMAGE IN REGION OF
POINTER COORDS

it

DISPLAY MODIFIED
SKETCH

it

SUM
FUNCTION

h.

EP 0 622 722 A2

FILL
FUNCTION

CAPTURE IMAGE IN
VICINITY OF POINTER

i

< VICINITY EMPTY? >—

Y

A

N

DETERMINE BOUNDARY
OF EMPTY REGION

-

REPLICATE STORED FILL
PATTERN
THROUGHOUT EMPTY
REGION

CALCULATE SUM OF
STORED NUMBERS IN
COLUMN ABOVE
POINTER POSITION

h 4

ADD TO STORED

SKETCH AND DISPLAY

+

ADD TO MARKED
DOCUMENT

!

DISPLAY SUM

v

END

v

MAP PATTERN TO
DISPLAY COORDS

w

STORE AS FILL
PATTERN

END

Fig.9(c).

25

APLNDC00021454



Fig.10a

Fig.10b

Fig.10c

EP 0 622 722 A2

26

APLNDC00021455



EP 0 622 722 A2

4{5 2450 54

Fig.10d @/ i

Fig.10e

27

APLNDC00021456



EP 0 622 722 A2

28

APLNDC00021457



EP 0 622 722 A2

C START )
F |
CAPTURE INDEX CAPTURE INDEX
FINGER POSITIONS FINGER AND
MAPPED TO THUMB POSITIONS
DISPLAY COORDS MAPPED TO
(SEE FIG. 7(b)) DISPLAY COORDS
T (SEE FIG. 7(b))
PROCESS AS FOR . 4
FIG. 7(a) PROJECT DISPLAY
OF IMAGE
3 " RECTANGLE
DESK TAP |
SENSED? v N
> DESK TAP |
- SENSED?
FREEZE Y
CURRENTLY 3
DISPLAYED ADD SCALED
SELECTION OBJECTTO
RECTANGLE SKETCH
7 T
CAPTURE AND SISPLAY SCALED
STORE SELECTED OB\SESCCT
IMAGE T
C END ’

Fig.11

29

APLNDC00021458



EP 0 622 722 A2

Fig.12.

30

APLNDC00021459



‘ SELECT }

d

-

READ STYLUS
POSITION AND
SWITCH, MAP TO
DISPLAY COORDS
(SEE FIG. 7(b)

L

SWITCH N
PRESSED?

Y

A 4

STORE STYLUS
POSITION

4

hl
-

READ STYLUS
POSITION AND
SWITCH, MAPTO
DISPLAY COORDS
(SEE FIG. 7(b)

+

DISPLAY
RECTANGLE

h 4

SWITCH N
RELEASED?

Y

h 4

STORE STYLUS
POSITION

+

CAPTURE IMAGE

v

DISPLAY
RECTANGLE

(oo )

Fig.13(a).

EP 0 622 722 A2

31

‘ MOVE }

v

READ STYLUS
POSITION AND

(SEE FIG. 7(b)

SWITCH, MAPTO
DISPLAY COORDS

-

< sWITcH NV

PRESSED? /

1rY

STORE STYLUS
POSITION

4
AJ
h

READ STYLUS
POSITION AND
SWITCH, MAPTO
DISPLAY COORDS
(SEE FIG. 7(b)

-

REPOSITION
DISPLAY OF
OBIJECT

¥

SWITCH N
RELEASED?

‘VY

STORE STYLUS
POSITION

+

UPDATE POSITION
OF IMAGE IN
SKETCH

v

DISPLAY OBIJECT

T

Fig.13(b).

APLNDC00021460



EP 0 622 722 A2

h 4

COMBINE WITH
LOCALLY HELD
DIGITAL
DOCUMENTS

A 4

DISPLAY

h 4

COMBINE WITH
LOCALLY HELD
DIGITAL
DOCUMENTS

v

DISPLAY

T 71 Toek2 T T T
Gw) | G
— || 1%
CAPTURE VIDEO | | CAPTURE VIDEO
IMAGE || IMAGE
* |
THRESHOLD THRESHOLD
s |
MAP BINARY | | MAP BINARY
IMAGE TO GLOBAL || IMAGE TO GLOBAL
COORDS COORDS
| | I
1
- | {
MAP BINARY |
MAP BINARY
IMAGE TO LOCAL l | IMAGE TO LOCAL
COORDS | COORDS
|
I
-
| |
||
||
||
}—
}

32

APLNDC00021461



EP 0 622 722 A3

(19) p)

Européisches Patentamt
European Patent Office

Office européen des brevets

(12)

(88) Date of publication A3:
14.04.1999 Bulletin 1999/15

(43) Date of publication A2:
02.11.1994 Bulletin 1994/44

(21) Application number: 94302912.4

(22) Date of filing: 25.04.1994

(11) EP 0 622 722 A3

EUROPEAN PATENT APPLICATION

(51) Intcle: GO6F 3/00, GO6F 3/033,
G0O6K 11/08

(84) Designated Contracting States:
DE FR GB

(30) Priority: 30.04.1993 GB 9308955
01.07.1993 GB 9313637

(71) Applicant: RANK XEROX LIMITED
Marlow, Buckinghamshire SL7 1YL (GB)

(72) Inventor: Wellner, Pierre
Allenhurst, N.J. 07711 (US)

(74) Representative: Reynolds, Julian David et al
Rank Xerox Ltd
Patent Department
Parkway
Marlow Buckinghamshire SL7 1YL (GB)

(54) Interactive copying system

(57) A system for generating new documents (20)
from originals (4) containing text and/or images (22,28)
employing e.g. a camera-projector system (8,8) fo-
cussed on a work surface (2), in conjunction with a cop-
ier or printer. In use, the camera 6 captures various man-
ual operations carried out by the user, e.g. by pointing

with fingers and tapping on the surface on the text or
images (22,28) in an original paper document (4) on the
surface (2) and representing manipulations of the text
or images (22,28). Feedback to the user is provided by
projection of an image (21,24) onto the surface or onto
the original, or using some other visual display.

ITEX 100 IMAGE PROCESSOR

IMAGE SUBSAMPLING AND Dif FERENCING
SET UP WITH LOOKUP TABLES & REGISTERS

Fig.1.
)

205//\ N

VME BUS /2 o
<5

READ BLOCK
OF PIXELS

SUN&/110

SIGNAL

CHARACTER | e

RECGENIZER

=
FNER  COPY/PASTE SELEéTED o

DT Gl @/

Al

T0 SPARC STATION/
PRINTER CONTROLLER

TCP/IP)

LOCATIONS . OPERATION TEXV/IMAGE |
LEVEL

SPARC STATION X SOON
X wmnuws cum IHRESH[]LDER

MOVEPTR CUPV/PASTE TEXT/IMAGE
APPLICATION
X WINOOWS SERVER) \ £ 5.PASTE-UP

R 2 R
=

————— __._....______._.___________.__.__.__.—-

AR

b G

PRITER _Dm,

Printed by Jouve, 75001 PARIS (FR)

APLNDC00021462



EHO FOHM 1503 03.82 (P04C01)

9

EP 0 622 722 A3

European Patent
Office

EUROPEAN SEARCH REPORT

Apptication Number

EP 94 30 2912

DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of decument with indication, where appropriate. Relevant CLASSIFICATION OF THE
of relevant passages to ¢laim APPLICATION (int.CL5)
X WELLNER P: "THE DIGITALDESK CALCULATOR: 1-10 GO6F3/00
TANGIBLE MANIPULATION ON A DESK TOP GO6F3/033
DISPLAY" G06K11/08
PROCEEDINGS OF THE SYMPOSIUM ON USER
INTERFACE SOFTWARE AND TECHNOL ( UIST ),
HILTON HEAD, S. CAROLINA, NOV. 11 - 13,
1991,
no. SYMP. 4, 11 November 1991, pages
27-33, XPO00315063
ASSOCIATION FOR COMPUTING MACHINERY
* the whole document *
A KRUEGER M W: "SELECTED PRACTICAL 1-9
APPLICATIONS"
ARTIFICIAL REALITY,1 January 1983, pages
140-149, XP002009298
* the whole document *
A US 5 025 314 A (TANG JOHN C ET AL) 10
18 June 1991
* abstract = TECHNICAL FIELDS
* column 3, line 30 - column 4, line 26; SEARCHED (o9
figure 1 = GO6F
* column 10, line 22 ~ column 11, 1ine 24; GO6K
figure 5 *
P,X |WELLNER P: "INTERACTING WITH PAPER ON THE |1-10
DIGITALDESK"
COMMUNICATIONS OF THE ASSOCIATION FOR
COMPUTING MACHINERY,
vol. 36, no. 7, 1 July 1993, pages 87-96,
XP000384570
* the whole document *
P,X |EP 0 568 161 A (XEROX CORP) 1-9
3 November 1993
* the whole document *
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
THE HAGUE 17 February 1999 Bravo, P
GATEGORY OF GITED DOCUMENTS T ' theory or prirciple urdarly:ng the invention
E : earlier patent dccument, but published on, or
X : particularly relevant if taken alcna attar the filing date
¥ . particuiarly relevant it combined with another D : document cited in the applicaticn
document of the same category L : document cited tor other reasons
A technological background . O . e [
QO : non-written disclosurs & : member of the same patent family, corresponding
P : intermediate decumant document
2

APLNDC00021463



EPO FORM P0459

EP 0 622 722 A3

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO.

E

P 94 30 2912

This annex lists the patent family members ratating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

17-02-1999

Patent document Publication Patent family Puttication
cited in search report date member(s) dale
US 5025314 A 18-06-1991 NONE
EP 0568161 A 03~11-1993 EP 0495622 A 22-07-1992
JP 6110755 A

22-04-1994

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

APLNDC00021464



EP 0 622 722 B1

Europédisches Patentamt

(19) -0)

European Patent Office

Office européen des brevets

(1) EP 0 622 722 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention
of the grant of the patent:
17.07.2002 Bulletin 2002/29

(21) Application number: 94302912.4

(22) Date of filing: 25.04.1994

(51) Intcl.”: GO6F 3/00, GOGF 3/033,

GO6K 11/08

(54) Interactive copying system
Interaktives Kopiersystem

Systéme de copie interactive

(84) Designated Contracting States:
DE FR GB

(30) Priority: 30.04.1993 GB 9308955
01.07.1993 GB 9313637

(43) Date of publication of application:
02.11.1994 Bulletin 1994/44

(73) Proprietor: Xerox Corporation
Rochester, New York 14644 (US)

(72) Inventor: Wellner, Pierre
Allenhurst, N.J. 07711 (US)

(74) Representative: Griinecker, Kinkeldey,
Stockmair & Schwanhdusser Anwaltssozietét

Maximilianstrasse 58
80538 Miinchen (DE)

(56) References cited:

EP-A- 0 568 161 US-A- 5025 314
WELLNER P: "THE DIGITALDESK
CALCULATOR: TANGIBLE MANIPULATION ON
A DESKTOP DISPLAY" PROCEEDINGS OF THE
SYMPOSIUM ON USERINTERFACE SOFTWARE
AND TECHNOL ( UIST ), HILTON HEAD, S.
CAROLINA, NOV. 11 - 13, 1991, no. SYMP. 4, 11
November 1991, pages 27-33, XP000315063
ASSOCIATION FOR COMPUTING MACHINERY
KRUEGER M W: "SELECTED PRACTICAL
APPLICATIONS" ARTIFICIAL REALITY,1
January 1983, pages 140-149, XP002009298
WELLNER P: "INTERACTING WITH PAPER ON
THE DIGITALDESK" COMMUNICATIONS OF
THE ASSOCIATION FOR COMPUTING
MACHINERY, vol. 36, no. 7, 1 July 1993, pages
87-96, XP000384570

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.

99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

APLNDC00021465



1 EP 0 622 722 B1 2

Description

[0001] The presentinvention relates to interactive im-
age reproduction machines, and more particularly re-
production machines for performing various operations
on text orimages during the creation of a new document.
[0002] itis common for office workers and others who
work with documents on a regular basis to have effec-
tively two desks—the "electronic desktop” provided by
a workstation or personal computer by means of a
graphical interface, and the physical desk on which pa-
per documents are received and processed.

[0003] The electronic desktop, which has become
more and more like the physical one, can perform nu-
merous useful operations on documents stored in elec-
tronic form; but in dealing with tangible documents such
devices have limitations. A paper document must either
be converted into electronic form before the operations
are performed on it in the electronic environment, or
copying operations are carried out on the tangible doc-
ument using an electrophotographic copier (such as a
photocopier with an editing function) or a combined
scanning and printing device, the available functions of
which are restricted in nature.

[0004] Wellner P.: "The DigitalDesk Calculator: Tangi-
ble Manipulation on a Desk Top Display”, Proceedings
of the Symposium on User Interface Software and Tech-
nology (UIST), Hilton Head, S. Carolina, November 11
to 13, 1991, No. Symp. 4, 11 November 1991, pages 27
to 33, XP000315063, Association for Computing Ma-
chinery describes a digital desk with a computer-con-
trolled camera and projector above it. The camera sees
where the user is pointing and it reads portions of doc-
uments that are placed on the desk. The projector dis-
plays feedback and electronic objects onto the desk sur-
face. In more detail, the video camera is mounted above
the digital desk pointing down at the work surface. The
camera's output is fed through a computer and image
processing system. The computer and image process-
ing system is further connected with a computer-driven
projector that is also mounted above the desk, allowing
to superimpose electronic objects onto paper docu-
ments on the users work surface. The digital desk per-
mits to project feedback onto the desk instead of on a
separate screen. The key features of this digital desk
are: using a camera to allow pointing with the fingers,
reading paper documents on the desk, and projecting
images onto the desk. Further to fingers, other things
that can be used on the digital desk are described: an
ordinary eraser may be made to erase electronic docu-
ments in addition to physical documents, a stapler could
be used to attach electronic documents together, and a
staple remover would detach them. Furthermore, a dig-
ital desk calculator is described as an example for an
application of the digital desk.

[0005] The present invention seeks to reduce the
above-mentioned limitations on the operations which
may be performed on data in a paper document, using
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interactive techniques in which the paper document ef-
fectively becomes part of the means for designating
which operations (such as text/image selection, creation
and manipulation) are carried out on the information
contained in it, in order to create new documents using
a processor-controlled copying or printing device.
[0006] It is an object of the present invention to pro-
vide an interactive document creation system in which
the available functions are expanded beyond both those
provided by the conventional electronic environment
alone, and those provided by existing copying equip-
ment alone. This object is solved by the subject-matter
of the independent claims. Preferred embodiments are
the subject-matter of the dependent claims.

[0007] Embodiments of the present invention will now
be described, by way of example, with reference to the
accompanying drawings, in which:

Fig. 1 is a schematic diagram of a copying system
according to the invention;

Fig. 2 shows schematically a known imaging sys-
tem into which the system of Fig. 1 may be incor-
porated;

Fig. 3 illustrates an image generated in the finger-
tracking technique employed in the present inven-
tion;

Fig. 4 shows a four point mapping technique em-
ployed by the present invention;

Fig. 5 illustrates four ways to sweep out a selection
rectangle when using the present invention;

Figs 6(a) to (f) show successive scenes of the desk
surface in a copying operation according.to one em-
bodiment of the invention;

Fig. 7 is a flow chart of the procedure of Fig. 6;
Figs. 8(a) to (e) illustrate successive scenes of the
desk surface in a copying operation according to a
second embodiment of the invention;

Fig. 9 is a flow chart of the procedure of Fig. 8;
Figs. 10(a) to (h) show successive scenes of the
desk surface in a copying operation according to a
third embodiment of the invention;

Fig. 11 is a flow chart of the procedure of Fig. 10;
Fig. 12 shows a view from above of the desk surface
during a copying operation according to a fourth
embodiment of the invention;

Fig. 13 is a flow chart of the procedure of Fig. 12;
Fig. 14 shows a view from above of the desk surface
during a copying operation according to a fifth em-
bodiment of the invention; and

Fig. 15 is a flow chart of the procedure of Fig. 14.

[0008] Referringto Fig. 1, this illustrates schematical-
ly the copying system of the present invention. A flat
desk surface 2 has.placed onita document 4 to be used
as a source if textual or graphical information during ma-
nipulations which are described in detail below. The doc-
ument 4 is located within the field of view of a video cam-
era 6 mounted above the desk surface 2. A video pro-
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