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METHOD AND SYSTEM FOR RECOGNITION OF POINTERSJ/

Background of the Invention
Field of the Invention

The present invention broadly relates to data
processing systems. The invention has particular
application in a multitasking pen-based computer system
in which a single task is dedicated to routing user input
such as keyboard, mouse or stylus events to various
computer programs executing concurrently under user
control.

Description of the Prior Art

Pen qoftware extensions to operating systems, such
as the préferred IBM 0S/2 operating system, permit users
to write directly into a window characters that are
subsequently sent to a gesture and handwriting
recognition engine for recognition. By default, the
system treats the hand printed shapes as gestures unless
the window is one which accepts text such as an edit
field or a text entry window. Pen-based systems are
described generally in U. S. Patent 5,252,951 by Alan
Tannenbaum, et al. entitled “Graphical User Interface
with Gesture Recognition in a Multi-Application
Environment". '

By convention, fields that accept text indicate so
by displaying an I-beam mouse pointer when the pointer is
positioned over the text field. The operating system
provides a standard I-beam mouse pointer for applications
to use so that, 1) all entry fields have a uniform look
and, 2) the developer of each application does not have
to design and ship a custom version of an I-beam mouse
pointer with its respective product.
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this standard I-beam to know the user is writing into a
text field. As the user moves the stylus close to the
surface and begins to write, the system moves the mouse
pointer to the location of the stylus. If the mouse
pointer is in a text field, the pointer becomes an I-
beam. The pen-based system is unaware of the pointer
shapé but compares the ID of the pointer to the ID of the
system supplied I-beam pointer. If the IDs match, the
system takes two actions. First, the system changes the
mouse pointer from an I-beam to a pen figure to alert the
user that he or she may write directly into the field.'
with the stylus. Second,'the system treats the
handwritten characters primarily as text rather than
gestures. The examination of application, window, and
pointer characteristics for the purpose interpreting pen
or stylus input is discussed in IBM Technical Disclosure
Bulletin, Vol. 38, No. 09, September 1995, entitled,
"Data Interpretation Techniques for a Pen-based
Computer”. )

The problem pen faces however is that many
application developers ship their applications with their
own version of an I-beam pointer. These developers
design their own I-beam pointer shapes for aesthetic

" reasons or simply to distinguish their applications from
those of the competition. In all cases, though, these
custom I-beams still retain some resemblance to the
standard I-beam shape to ensure good human factors.
Otherwise, users might become confused and not perceive
that the fields accept text input. Unfortunately, most of
the dominant word processor applications are shipped with
their own I-beam pointers rendering the presently
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pointer IDs somewhat ineffective.

Another problem in pen-based systems is ascertaining
when an application is unable to process mouse and
keyboard input. An application normally signals this
'busy’ condition by displaying an hour glass pointer.
This is usually sufficient indication and the user ceases
jnput until the hour glass pointer gets restored to the
arrow pointer. In many cases however, while the
application is in a busy state, there is already mouse or
keyboard input in the system queue that has been directed
to other active applications on the desktop. But given
the design of both the 0S/2 and Windows operating
systems, the enqueued input cannot be dequeued and
dispatched to the target application until the busy
application has first, in effect, told the operating
system it has finished dequeueing mouse and keyboard
input. The operating system has no way of knowing the
application is momentarily in a busy state, although the
user does. If the operating system had way of detecting
this busy state, it could summarily examine the input
queue and dequeue/route any mouse or keyboard input that
was directed at a non-busy application that was waiting
on user input. The result would be the removal of a

" processing bottleneck.

It is therefore an object of the invention to
optically recognize mouse pointers displayed by various
computer program applications to determine the dynamic
state or environment of the applications.

It is another object of the invention to perform
accurate pointer shape recognition, ensuring that non-
target pointer shapes are rejected with a high degree of
confidence. '
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It is still a further object of the invention to
perform pointer shape recognition in a computationally
efficient manner so that the overhead added by the
recognition process has no discernible effect on the
responsiveness or performance of the computer.

It is yet a further object of the invention to
perform pointer shape recognition on computers with
varying display resolutions and color capabilities.

Summary of the Invention

Briefly stated, the foregoing and other objects are
accomplished by the method and system of the present
invention. In one aspect of the present invention, the
system determines whether or not a non-system pointer is
equivalent to a system pointer. The system and the non-
system pointer each have pointer ID. The system first
determines whether the pointer ID of the non-system
pointer is in a table of pointer IDs and flagged in the
table as being equivalent to the system pointer. Whenever
the pointer ID of the non-system pointer is not in the
table of pointer IDs, the system determines, based on the
shape of the non-system pointer, whether the non-system
pointer is equivalent to the system pointer.

The system determines, based on shape, whether the
”non-system pointer is equivalent to the system pointer by
comparing the non-system pointer to a predefined mask.
.Whenever all picture elements of the non-system pointer
lie within the mask, the system determines whether the
number of picture elements comprising the non-system
pointer is greater than a predetermined threshold.
Whenever the system determines the non-system pointer to
be equivalent to the system pointer, the system adds the
pointer ID of the non—sYstem pointer to the table of



3 iexisting pen-based systems techniques of conparing the pointer |Ds
sonewhat i neffective. Anot her problemin pen-based systens is

ascertai ning when an application is unable to process nouse and keyboard

i nput. An application normally signals this '"busy' condition by displaying
an hour glass pointer. This is usually sufficient indication and the user
ceases input until the hour glass pointer gets restored to the arrow .
pointer. In many cases however, while the application is in a busy state,
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system may determine whether the non-system pointer is
equivalent to the system pointer by first comparing the
non-system pointer with a predefined course mask. If all
picture elements of the non-system pointer lie within the
course mask, the system then compares the non-system’
pointer with a predefined fine mask. Whenever all picture
elements of said non-system pointer lie within the fine
mask, the system determines whether the number of picture
elements comprising the non-system pointer exceeds a
predetermined threshold. The system may then determine

-~ whether the non-system pointer satisfies a predetermined

symmetry condition.

Brief Description of the Drawings

Figure 1 is a hardware block diagram of a system
according to the present invention.

Figure 2 is an architectural diagram of the major
software components of the present invention.

Figures 3A and 3B are pictorial representations of
an editable text window displaying an I-beam and a pen
pointer shape, respectively. | .

Figure 4 is a pictorial representation illustrating
various I-beam pointers.

Figures 5A, 5B and 5C illustrate an I-beam pointer
as found in the pointer image (5A), the image left-
justified (5B) and the image bottom-left-justified (5C).

Figure 6 illustrates a bitmap formatted as both 8-
bit and 32-bit data.

Figure 7 illustrates I-beam pointer shape masks for

- VGA display resolution.
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Figure 8 illustrates I-beam pointer shape.masks for
XGA display resolution.

Figure 9 is a diagram of a pointer table according
to the present invention.

Figures 10-18 are flow diagrams of a preferred
software implementation of the I-beam pointer shape
recognition method and system of the present invention.

Figures 19-22 are flow diagrams of a preferred
software implementation of an alternative embodiment of
the present invention in which hour glass pointer shape
recognition is performed in order to determine when
applications are in a busy or unavailable state.

Figure 23 is a flow diagram of pointer entries being
removed from the pointer table whenever an application is
shut down.

Figure 24 is a pictorial représentation of the
Windows (TM) hour glass 'application busy’ pointer shape.
Figures 25A and 25B are representations of the

course and fine mask for the hour glass pointer shape.

Figure 26 illustrates misalignment of the hour glass
pointer image and the fine mask.

Figure 27 illustrates the symmetry lines and
quadrants of the hour glass pointer shape.

Figure 28 illustrates the queen pointer shape in the

" Chess program application.

- Detailed Description of the Preferred Embodiment
Referring now to the drawings, and first Figure 1, a
hardware block diagram of a personal computer system with
which the system and method of the present invention may
be implemented is designated generally by the numeral 10.
System 10 includes processor 11, which includes é central
processing unit (CPU) 13 and random access memory 15.



It is still a further object of the invention to perform pointer shape
recognition in a conputationally efficient manner so that the overhead
added by the recognition process has no discernible effect on the
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for programs, includlng a software implementation of the
present invention. System 10 also includes user interface
hardware devices including a display 23, a keyboard 25, a
mouse 27, and a pen or stylus 29. System 10 preferably
includes a printer 31.

Referring now to Figure 2, there is illustrated a
high level diagram of the major software system
components of the pen-based system of the present
invention. At the bottom of Figure 2, the output signals
from pen 29, mouse 27, and keyboard 25 are connected to
device drivers 33, which are modules that provide low-
level I/0 support to their respective devices. Device
drivers 33 put events into system queues 35. The events
in system queues 35 are subsequently processed by a |
presentation’manager 37 which then routes pen and mouse
events to pen extensions 39 for processing.

A typical system includes both pen-aware
applications 41 and pen-unaware applications 43. Pen-
aware applications have the native capacity to recognize
and process pen input. Pen-unaware applications are those

" that have the native capacity only to recognize and
process keyboard and/or mouse input. Therefore, pen
extensions 39 routes pen events directly to pen-aware
applications 41. However, since pen-unaware applications
43 are not capable of using pen functionality, the system
includes a compatibility module 45.

Compatibility module 45 acts as a pen-aware
application on behalf of pen-unaware applications. 1If,
for example, the user inputs handwritten character events
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conparing the non-system pointer to a predefined mask. Wenever all picture
el ements of the non-systempointer lie within the mask, the system

det ermi nes whet her the nunber of picture elenments conprising the non-system
pointer is greater than a predeterm ned threshold. Wenever the System
determ nes the non-system pointer to be equivalent to the system pointer,

t he.system adds the pointer ID of the non-system pointer to the table of

5 pointer IDs and flags the pointer ID as being equivalent to the system
poi nter.
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to a pen-aware application, pen extensions 39 routes
those events to compatibility module 45, which in turn
routes all pen strokes to the gesture and handwriting
recognition engine 47. Gesture and handwriting
recognition engine 47 processes the pen stroke events and
returns a recognition result to the compatibility module
45. '

If the recognition event is a gesture, compatibility
module 45 routes it to a recognition event delivery
subsystem 49, which accesses profiles 51 set up for the
user to determine what actions to perform in a pen-
unaware application in response to a particular gesture.
Optionally, some tools 53 may be invoked to perform some
action on the pen-unaware application 43. If the
recognition result returned to compaﬁibility module 45 is
recognized as handwriting, the resultant text string is
routed directly to the appropriate pen-unaware
application 43. .

Referring now to Figure 3A, a computer display
screen is designated generally by the numeral 60. Screen
60 has displayed thereon a window 61, which in turn
displays notebook 63. In a manner familiar to those
skilled in the art, notebook 63 includes various tabs and
buttons, and a text entry field 65. In a pen-based

' system, whenever the user brings the pen or stylus (not
shown) near screen 60, the system moves the pointer to
the location of the pen and processes actions with the
pen according to the characteristics of the pen location.
In Figure 3A, pointer is 'in text field 65 and it has
assumed the shape of an I-beam 67. The I-beam pointer
shape indicates to the user that text field 65 will
accept text input from the keyboard.
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whet her the non-system pointer is equivalent to the system pointer by first
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indicates to the user that text f1e1 65 will accept
handwritten. input in the form of characters or gestures.

Referring now to Figure 4, there is shown a
pictorial representation of an icon bitmap 80, such as
would be displayed in an icon editor application, with
six representative I-beam pointer shapes drawn therein.
Icon bitmap 80 is a grid of 32X32 elements, with each
element representing one picture element (pel) of VGA
resolution. The I-beam pointer shapes illustrated in
Figure 4 include the 0S/2 (TM) I-beam.p01nter 81 and the
Windows (TM) I-beam pointer 83.

The I-beam pointer shapes illustrated in Figure 4
show the considerable variation in pointers at the pel
level while still retaining a shape that users will
recognize immediately as I-beams. Figure 4 also
illustrates that an I-beam pointer may be placed by the
designer anywhere in the bitmap.

Referring now to Figure 10, there is shown a high
level flowchart that depicts a function in pen extensions
39 of Figure 2 that is called for each mouse event
received. This function is nominally called 60-100 times

" per second while the mouse or pen is in motion, since
these are the standard réporting rates of such devices.
For each incremental movement of the pointing device, the
pointer shape must be redrawn at a new position. When
the pointing device is over an entry field of any type,
the operating system or application ?aints an I-beam
pointer to inform the user that keyboard input is
permissible. The function in Figure 10 will cause the
operating system to paint a pen pointer shape 69 of



justified (5B) and the image bottomleft-justified (50C). Figure 6
illustrates a bitmap formatted as both 8- bit and 32-bit data. Fi gure
7 illustrates |-beam pointer shape masks for VGA display resolution.
6 Figure 8 illustrates |-beam poi nter shape masks for XGA di spl ay
resol ution. Figure 9 is a diagramof a pointer table according to the
present i:nventi on. Figures 10-18 are flow diagrans of a preferred
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Figure 3B instead if it is determined that the pointer is
currently an I-beam.

Starting at block 1500, the ID of the current
pointer is queried and it is tested to see if the current
pointer is either the system I-beam, at decision block
1510, or another system pointer, at decision block 1520.
If the pointer is the system I-beam, the system changes
the pointer shape to.the pen at block 1570 and ends at
block 1580.

If the pointer is one of the other pointers supplied
by the operating system, the system takes no further
action and ends at block 1580. Otherwise, the system
accesses a pointer table 1400 according to Figure 9 at
block 1530 to determine if an entry exists for the
current pointer ID.

Turning to Figure 9, pointer table 1400 is a table
having columns including POINTER ID 1405, PROCESS ID
1410, I-BEAM FLAG 1415. In the preferred embodiment,
pointer table 1400 is constructed to hold up to 250
entries in rows 0-249. As will be explained in detail,
pointer table is maintained by adding entries as new
pointers are recognized and deleting entries as
applications are shut down.

Returning to Figure 10, if pointer table 1400

" contains an entry for the current pointer at decision

block 1540, the system branches to test if the table
entry is flagged as an I-beam at decision block 1560. If
so, the system paints the pen pointer at block 1570; else
the process ends at block 1580. If the test for a pointer
table entry at decision block 1540 fails, another routine
is called to test the pointer for the I-beam shape,
indicated generally a process block 1550, and shown in
detail in Figures 12-18. If the routine indicates the
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system of the present invention. Figures 19-22 are flow diagrans of a
preferred software inplenmentation of an alternative enbodi nent of the
present invention in which hour glass pointer shape recognition is
performed in order to determ ne when applications are in a busy or

unavail able state. Figure 23 is a flow diagram of pointer entries
bei ng renoved fromthe pointer table whenever an application is shut down.
Figure 24 is a pictorial representation of the Wndows (TM hour gl ass

"application busy' pointer shape."- Fi gures 25A and 25B are
representations of the course and fine mask4for the hour glass pointer
shape. Figure 26 illustrates m salignnment of the hour glass pointer
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routine that tests for the I-beam shape at block 1550 of
Figure 10 is called only once for each application
supplied pointer. This is because the routine of Figure
12 makes an entry at blocks 1750 and 1780 in I-BEAM FLAG
column 1415 of pointer table 1400 for each pointer
flagging whether or not the pointer tested positive for
the I-beam shape. Once a pointer table 1400 entry exists
for a particular pointer ID, the result of the table
entry test at decision block 1540 of Figure 10 is always
true and the overhead incurred by the I-beam recognftion
process is precluded. The fact that a large majority of
applications use the system supplied I-beam and other
system pointers and that the non-system pointers are
tested only once keeps the processing requirements of
this function to a minimum. The additional load on the
system is not discernible by even a sophisticated and
knowledgeable user.

Referring now to Figure 11, there is shown what
preprocessing is required at boot time to ready pen
extension module 39 (Figure 2) to test and wonitor

" pointer shapes. At block 1600 the number of valid
entries in pointef table 1400 is zeroed. In the preferred
embodiment, a copy of the Windows (TM) I-beam bitmap is
loaded at block 1610, queried at block 1620, and moved
into global memory at block 1630 to facilitate the quick
testing of Windows I-beam pointers.

The preferred 0S/2 operating system is capable of
executing native Windows applications by loading each
Windows application in its own DOS virtual machine. A




System 10 i ncl udes processor 11, which includes a central processing unit
(CPU) 13 and random access nenory 15. '

7 System 10 preferably also includes additional nmenory in the formof a
hard di sk storage device 17 and a fl oppy di sk device 19. Floppy disk device
19 is adapted to receive a diskette 21 on which may be recorded software
for prograns, including a software inplenmentation of the present invention.
System 10 al so i ncludes user interface hardware devices including a display
23, a keyboard 25, a nouse 27, and a pen or stylus 29. System 10 preferably
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quirk of this implementation is that each active Windows
application is given a unique I-beam pointer ID, even
though the applications are all using the same Windows-
supplied I-beam pointer. To speed up the recognition
process, the bitmap of the standard Windows I-beam is
kept in memory for fast memory to memory compares with
the current pointer.

In the last step of initialization, the ID of the
system supplied I-beam is queried at block 1640. This is
the ID used in the test at decision block 1510 of Figure
10.

Figure 12 charts the high level recognition process.
As indicated generally at block 1700, the system calls a
routine to copy the bitmap of the current pointer into
memory where it can be examined and manipulated. Figure
13 depicts this processing. It should be noted that pen
extensions module 39 does not have the same access to
bitmaps that the application has since it is running as
an exténsion of the operating system and -hence has little
knowledge of the application’s environment. This
requires pen extensions 37 to access the bitmap data in a
very indirect and roundabout manner. Using well known
0S/2 system APIs, a presentation space is allocated at
block 1800 and the handle of the pointer shape bitmap is

“"queried at block 1810. Then the bitmap is set into the
presentation space, which is the precursor for reading
the bitmap data out of the restricted memory of the
graphics engine and into pen extension’s global memory at
block 1830. Once the bitmap data has been obtained, it is
deleted from the presentatioh space at block 1840 and the
presentation space resource is deallocated at block 1850.

Returning to Figure 12, after querying the bitmap
‘data at block 1700, the system performs an optimized



i ncl udes; a printer 31. Referring now to Figure 2, there is illustrated
a high level diagramof the nmajor software system conponents of the
pen- based system of the present invention. At the bottomof Figure 2, the
out put signals frompen 29, nouse 27, and keyboard 25 are connected to
~device drivers 33, which are nodul es that provide low level |1/0O support to
their respective devices. Device drivers 33 put events into system queues
35. The events in system queues 35 are subsequently processed by a
presentati on manager 37 which then routes pen and nouse events to pen
extensions 39 for processing. A typical systemincludes both pen-aware
applications 41 and pen-unaware applications 43. Pen- aware applications
have the native capacity to recogni ze and ﬂFbcess pen i nput. Pen-unaware
applications are those that have the native capacity only to recognize and
process keyboard and/qQr nouse input. Theref.are.. p. Xl ensLong.3 out es
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for exanpl e, tRd8%sethen@nteydftflagaed asranttrbesemt block 1785,
and the number of valid pointer table entries is

incremented at 1790. The number of valid pointer entries
is carefully maintained because pointer table 1400 is
constructed to have 250 entries and to reduce the search
time expended at block 1530, the search is suspended
after the last valid éntry is found. ,

If the compare at decision block 1720 tests false,
another routine is called at block 1730 to conduct
further tests on the pointer. If thig routine reports a
negative result at decision block 1740, an entry is added
to the pointer table at block 1750, the entry is flagged
as a non I-beam at block 1760, the number of valid
pointer table entries is incremented at block 1770 and
the routine returns the negative result to the calling
routine at block 1775. If the compare at decision block
1740 tests true, an entry is added to the pointer table
at block 1780, the entry is flagged as an I-beam at block
1785, the number of valid pointer table entries is _
incremented at 1790, and the result is returned at block
1795. .
' Referring to Figure 5A, there is shown a bitmap
array 510 for an arbitrary I-beam pointer shape. Bitmap
array 510 is a 32X32 array of binary data, in which the
pels of the I-beam shape are designated by ones. It will
be noted that the I-beam of bitmap array 510 comprises 28
pels occupying nine columns and fourteen rows. It will
further be noted that the I-beam is positioned at an
arbitrary location within bitmap array 510.



8 .,to a;pen-aware application, pen extensions 39 routes those events to
conpati bility nodule 45, which in turn routes all pen strokes to the
~gesture and handwiting recognition engine 47. Gesture and handwiting
‘recogni tion engine 47 processes the pen stroke events and returns a
recognition result to the conpatibility nodul e 45. If the recognition
event is.a gesture, conpatibility nodule 45 routes it to a recognition
event delivery subsystem 49, which accesses profiles 51 set up for the user
to determ ne what actions to performin a pen- unaware application in
response to a particul ar gesture.
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Figure 14 illustrates the flow for the test of an
approximate I-beam shape, for example the I-beam shape of
Figure 5A. To streamline processing through this routine
and its ancillary subroutines, shown in Figures 15-18,
the bitmap array is converted from 8-bit to 32-bit
alignment at block 1900. The penalty incurred by
reformatting the data is more than amply compensated for
by the use of CPU instructions that operate on 32-bits at
a time. Figure 6 illustrates the conversion from 8-bit
600 to 32-bit 610 alignment of bit array 510. At block
1910, a pointer shape mask is selected according to the
type of pointer being tested and the display resolution.
A mask 710 for VGA resolution and a mask 810 for XGA
resolution are illustrated in Figures. 7 and 8,
respectively. Utilizing different masks increases the
accuracy of pointer shape recognition. At block 1920, the
AND mask of the bitmap is converted to one’s complement
of itself in preparation for combining the AND and OR
masks at block 1930. Because the shape of the pointer may
be encoded into either the AND or the OR mask or both,
the two masks are combined to ensure that the entire
pointer shape is taken into account. And because the AND
mask is normally all ones and changes to zeroes to encode
the pointer shape, it is inverted at block 1920 to match

"the formatting of the OR mask, which is the opposite.

At this point, the bitmap has been reduced from two
masks to one and in order to test the pointer shape
against the mask, the pointer shape must be further
isolated. To accomplish this, subroutines are called to
justify the pointer shape to the left, at block 1940, and
then to the bottom, at block 1950, of the bitmap array.
Before bottom justifying the image though, the system
tests at decision block 1945 to see if the pointer is



Optionally, sone tools 53 may be invoked to performsome action on the
pen- unawar e application 43. If the recognition result returned to
~conpatibility nodule 45 is recognized as handwiting, the resultant text
~string is routed directly to the appropriate pen-unaware application 43.
Referring now to Figure 3A, a conputer display screen is designated
general ly by the numeral 60. Screen. 60 has displayed thereon a w ndow 61,
which in turn displays notebook 63. In a manner faniliar to those skilled
in the art, notebook 63 includes various tabs and buttons, and a text entry
field 65. Ina pen-based system whenever the user brings the pen or stylus-
(not shown) near screen 60, the systen1nnv§ the pointer to the | ocation of
t he pen and processes actions with the pen §bcording to the characteristics
of the pen location. In Figure 3A pointer isintext field 65 and it has

the user that Bigpie; Bhgert IRt oM tﬂﬁﬁdﬂnpu@ﬁ%ﬁfﬁﬁ?ﬁﬁﬁ? Q. °
processing stops and the routine passes C X 1ve
regult at block 1955. The left and bottom justification
processes results, respectively, in bitmap array 520 of
Figure 5B and bitmap array 530 of Figure 5C.

Now that the image of the pointer is in a known
place, another subroutine is called to determine if any
bit outside the mask is set to one at block 1960. 1If
even a single bit is set to one outside the mask, the
test fails at decision block 1965 and false is returned
to the calling routine at block 1985. If no bits are set
to one outside the mask at decision block 1965, yet
another subroutlne is called at block 1975 to count the
number of bits set under the shape mask. If a sufficient
number of bits are set to one at decision block 1975, the
pointer shape is considered to be approximately an I-beam
and true is returned at block 1980. The threshold used to
determine if the shape is an I-beam is empirically set
and the algorithm currently expects counts of 17 bits set
to one for VGA resolution and 24 bits set to one for XGA.

The four subroutines invoked generally at blocks
1940, 1950, 1960, and 1970 in Figure 14 will now be
examined in detail. The left justification of the bitmap
is charted in Figure 15. The pointer shape image is

- justified to the left and not the right because the scan
lines of bitmaps must always be encoded in multiples of
32 bits. This is done to optimize video operations and
allow memory to be mapped directly to the video hardware.
Because of this, any bitmap with a resolution between
32x32 and 64x64 pels will always have 64 bits of data per
scan line even though the image might use only a few bits
of the second 32-bit word. These extra bits are referred
to as padding, illustrated in column 820 of bitmap array



9 , , In Flgure 3B, which is generally simlar to Fi.gure 3A, the system
has drawn a pen-shaped pointer 69 in place of |-beam pointer of Figure 3A
* Pen-shaped pointer 69 indicates to the user that text field 65 will accept
handwritten input in the formof characters or gestures. - Referring now
to Figure 4, there is shown a pictorial representation of an icon bitmap
80,, such as woul d be displayed in an icon editor application, with six
representative |-beam pointer shapes drawn therein. lcon bitmap 80 is a
grid of 32X32 elenents, with each el enent representing one picture el enent

(pel) of VGA resolution. The |I-beam pointer shapes illustrated in Figure 4
i nclude the OS/2 (TM |-beam pointer 81 and the Wndows (TM |-beam pointer
83. The |-beam pointer shapes illustrd#ed in Figure 4 show the

consi derabl e variation in pointers at the pel level while still retaining a

shape that users wll| . .
810 of Figure 8, and if the algorithm used right-

justification, it would first have to shift the image
past the padding of zeroes. This would be time consuming.
When dealing with bitmaps of resolution greater than
32x32, the pointer image will usually be closer to the
left edge of the bitmap.

In Figure 15, at block 2000, the number of scan
lines is loaded from the bitmap header. Then, the
subroutine enters a loop of blocks 2010-2050 where the
leftmost bit of each scan line is tested for a one at
block 2010. After testing each scan line, a test is made
to see if the leftmost bits were all zeroes at decision
block 2020. If so, then the start of the pointer image
has not yet been located, so each scan line is shifted
one bit to the left at block 2030 and the shift count is
incremented 2040. A test is conducted to see to the
number of shifted bits is greater than or equal to the
number of scan lines at decision block 2050. This test
catches the case of a blank pointer shape and pfevents an
infinite loop. If the shift count exceeds the scan line
count at decision block 2050,the subroutine simply
returns true at block 2060. The shifting of the image to
the left at block 2030 continues until finally the
leftmost bit of one of the scan lines contains a one at

“decision block 2020. When this occurs, this image is
fully left justified and the subroutine returns false at
block 2070.

Figure 16 illustrates the flow of the next step of
the recognition algorithm wherein the left justified
image is bottom justified. At entry, the scan line
pointer is set to the bottom of the bitmap array at block
2100 so that testing commences at the last or bottom scan
line. A loop is entered at blocks 2100-2130 in which each



recogni ze inmedi ately as |-beams. Figure 4 also illustrates that an I-beam
poi nter may be placed by the designer anywhere in the bitmap.

Referring now to Figure 10, there is shown a high level flowchart that
depicts a function in pen extensions 39 of Figure 2 that is called for each
nouse event received. This function is nomnally called 60-100 tinmes per
second while the nouse or pen is in notion, since these are the standard
reporting rates of such devices. For each increnmental novenent of the

poi nti ng device, the pointer shape nust be redrawn at a new position. when
the pointing device is over an entry field of any type, the -operating
system or application paints an |-beam poi Lfr to informthe user that
keyboard input is perm ssible. The'functioﬁ'ln Figure 10 will cause the
operating systemto paint a pen pointer shape 69 of

scan line is tested in its entirety for a non-zero bit at
decision block 2110. If no non-zero bits are found, the
scan line pointer is decremented at block 2120. If the
scan line pointer points to the top scan line of the
bitmap at decision block 2130, the routine returns at
block 2140. Else, the loop iterates until a non-zero scan
line is found signifying the bottom of the pointer image
has been located at which point the loop exits and goes
to the second half of the subroutine. :
In the second half of the subroutine, a source
‘pointer is initialized at block 2150 to point to the scan
‘ line at the bottom of the image and the target pointer is
set to point to the bottom of the bitmap array at block
2155. These pointers are used to execute a memory-to-
memory transfer of the bitmap that effectively bottom
juétifies the image. This is accomplished in the loop
bounded by operations 2165 through 2185 inclusive. One by
one, each scan line is transferred at block 2160 and the
source and target pointers are decrement each time at
blocks 2175 and 2180, respectively. After each scan line
is transferred, a test is made at decision block 2165 to
see if the current source pointer is pointing at the top
of the bitmap. If so, the source pointer wraps around to
the bottom of the bitmap at block 2170 so that the entire

~ bitmap get transferred. Eventually, the target pointer
hits the top of the bitmap at decision block 2185,
signifying the completion of the transfer and the loop
exits and the subroutine returns at block 2190.

Figure 17 depicts the logic flow that tests the
pointer image for any bit set to one outside the shape
mask. Again the scan line pointer is set to the bottom of
the array at block 2200, the known start of the pointer
image. The shape mask pointer is also set to the bottom



10, Figure 3B instead if it is determned that the pointer is currently an
| - beam Starting at bl ock 1500, the ID of the current pointer is
queried and it is tested to see if the current pointer is either the system
| -beam at decision block 1510, or another system pointer, at decision

bl ock 1520. If the pointer is the systeml|-beam the system changes the

poi nter shape to the pen at bl ock 1570 and ends at bl ock 1580. If the
pointer is one of the other pointers supplied by the operating system the
systemtakes no further action and ends at bl ock 1580. O herw se, the
system accesses a pointer table 1400 according to Figure 9 at block 1530 to
determne if an entry exists for the current pointer I|D. Turning to
Figure 9, pointer table 1400 is a table havigg colums including PO NTER I D
1405, PROCESS | D 1410, |-BEAM FLAG 1415. In the preferred enbodi nent,

pointer table 1400 is constructed to hold up to 250 entries in rows 0-249.
As will be explen ridie imasgietat | bleekn2elor kol keep i hogkedd sSEepaaditly the

entries as NneWpjtmap scan line. The loop from blocks 2220-2290
inclusive inverts the mask line by taking its ones
complement at block 2220 and employing an AND operation
at block 2230, and tests it against its associated bitmap
scan line at decision block 2240. Any shape that is
approximately an I-beam will not have bits set outside
the mask. If a non-zero bit is found, the subroutine
returns true 2250 which will indicate a non I-beam shape
to the calling routine. Else, a test is made to see if
the pointer reached the top of the of the bit array,
signalling completion of the test at decision block 2260.
If not, the scan line pointer and mask line pointer are
decdremented at blocks 2280 and 2290, respectively, and
the loop iterates back to block 2220. If the last scan
line is reached 2260 at decision block, no bits were
found outside the mask and the subroutine returns false
at block 2270.

Figure 18 is the final worker routine of the
recognition'algorithm. It has now been established that
the all non-zero bits are under the shape mask, which
signifies a close fit of the two shapes. The last task is
to count the bits set under the mask to see if it
qualifies as an I-beam. In actuality, the shape mask is

" not needed in this step since all the non-zero bits are
within the mask. Initializing loop variables, the shift
count, the scan line count, and the bit count are all
cleared at blocks 2300, 2305, and 2310, respectively.
Then two predefined constants, the number of non-zero
mask lines and the number of non-zero mask columns, are
loaded for use within the loop, at blocks 2315 and 2320,
respectively. At block 2325, the current scan line
pointer is set to the bottom of the bitmap array and then



poiinters are recogni zed and deleting entries as applications are shut down.
Returning to Figure 10, if pointer table 1400 contains an entry for the
current pointer at decision block 1540, the system branches to test if the
table entry is flagged as an |-beam at decision block 1560. If so, the
~system paints the pen pointer at block 1570; else the process ends at bl ock

1580. If the test for a pointer table entry at decision block 1540 fails,
another routine is called to test the pointer for the |I-beam shape,

i ndi cated generally a process bl ock 1550, and shown in detail in Figures
12-18. If the routine indicates the -
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code falls into an inner loop 2330-2350 and’' an outer loop
2355-2370. The inner loop 2330-2350 traverses each scan
line counting each non-zero bit, while the outer loop
2355-2370 iterates through each scan line.

At decision block 2330 the leftmost bit of the-
current scan line is tested for a one. If it is a one,
the bit count is incremented block 2335. In any case; the
shift count is always incremented at block 2340 and a
test is made at decision block 2345 to see if the number
of bits shifted is equal to the number of non-zero
columns at decision block 2345. If not, the entire scan
line is shifted one bit to the left at block 2350 and the
loop iterates back to decision block 2330. If the number
of bits shifted equals the number of non-zero mask
columns at decision block 2345, the shift count is
cleared at block 2355 and the scan line pointer is
decremented at block 2360 to examine the next scan line.
'If the number of scan lines examined equals the number of
non-zero mask scan lines at decision block 2365, then all
scan lines under the mask have been tested and the
subroutine returns the total number of non-zero bits
counted at block 2375. Otherwise, the scan line count is
incremented at block 2370 and the outer loop iterates to
the top of the inner loop at decision block 2330. In this
manner, all non-zero bits in the pointer shape are '

- counted and returned to-the calling routine.

As previously stated, the count of valid pointer
table 1400 entries is carefully maintained. Entries are
added to the table whenever a new application supplied
pointer ID is discovered while processing mouse movement.
Figure 23 shows how the table is further maintained so
that entries get removed when no longer needed. The
routine in Figure 23 gets called each time the operating



poi,nter .is an |-beam at decision block 1560, the system changes the pointer
to a pen at block 1570; else, the routine ends 1580. Referring to
Figure 12, it will be noted that the routine that tests for the |I-beam
shape at block 1550 of Figure 10 is called only once for each application
~supplied pointer. This is because the routine of Figure 12 makes an entry
at bl ocks 1750 and 1780 in |-BEAM FLAG col um 1415 of pointer table 1400
for each pointer flagging whether or not the pointer tested positive for
the |-beam shape. Once a pointer table 1400 entry exists for a particular
pointer 1D, the result of the table entry test at decision block 1540 of -
Figure 10 is always true and the overhead incurred by the |-beam
recogni tion process is precluded. The fact 2that a large majority of
applications use the system supplied |I-beam and ot her system pointers and

that the non-system pointers are tested only once, keeps the_processin
requirenents ofsystiem [akRaes X SHUES A, Zﬁh@ﬁhﬁ??'bﬂ%r Pga gﬁyf hg
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moni t or poi nt erhamastiné dide lkati @Docke2880beIf othestalile is not empty
at decision block 2800, the process ID of the application
being shut down is queried at block 2810. The number of
valid entries is loaded at block 2820 and the table
pointer is set to the first entry in pointer table 1400
at block 2830. A loop is then entered at decision block
2840 wherein each entry is tested to see if it is valid.
If it is wvalid, the entry is tested at decision block to
see if it beiongs to the application being shut down. If
so, the count of valid entries is decremented at block
2855 and the entry is removed from the table at block
2860. Regardless of the outcome of the test at decision
2850, the loop count is decremented at block 2865 and
tested for zero 2870 at block. If not zero, there are
still -some valid entries in pointer table 1400 so the
table pointer is incremented at block 2875 and the loop
iterates back to decision block 2840. If a non-valid
table entry is found at decision block 2840, the entry is
ignored and the table pointer is incremented at block
2875 and again the loop iterates. Eventually, all valid
entries are found and when the loop count goes to zerd at

" block 2870, the loop exits and the routine ends at block

2880. Although pointer table 1400 is constructed to
contain 250 entries, only a minimum number of entries are
examined in most practical cases.

Referring to Figure 24, there is illustrated the
bitmap 2410 for the Windows (TM) hour glass pointer. Upon
examining the hour glass pointer shape in Figure 24, it
can be observed that the hour glass is a ’‘thin waisted’
shape and in order for a mask to be effective, it too



entries_in pointer table 1400 is zeroed. In the preferred enbodi ment, a
copy of the Wndows (TM I|-beambitmap is | oaded at block 1610, queried at
bl ock 1620, and noved into gl obal nmenory at block 1630 to facilitate the
qui ck testing of Wndows |-beam pointers. The preferred OS/ 2 operating
systemis capable of executing native Wndows applications by |oading each
W ndows application in its own DOS virtual machine. A

12 quirk of this inplenentation is that each active Wndows application
i's given a unique |-beam pointer ID, even
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would have to have a thin waist. The wider the waist of
the mask, the more rectangular the shape would become,
resulting in a decrease of recognition accuracy. Also, as
can be seen in Figures 26A and 26B, a misalignment of a
the mask with the pointer shape can result in failure to
recognize an hour glass pointer shape. Figure 26A
illustrates a bit array 2610 for a fine shape mask to an
hour glass pointer, and Figure 26B illustrates a bit
array for an hour glass pointer 2620. Hour glass shape
2620 is still recognizable as an hour glass, but it is
short and therefore has a low waist, as indicated at scan
line midpoint 2630. Therefore, the wide top of hour glass
pointer 2620 coincides with the waist, indicated at scan
line midpoint 2640, of the mask of mask 2610 which would
cause the recognition algorithm to fail due to non-zero
bits outside the mask. "

A potential problem with shape masks is that as they
get larger, such as the hour glass mask in Figure 26B,
the greater the likelihood that some non-hour glass shape
will fall under the mask. Although a high bit count
threshold, on the order of one hundred fifty, might
provide effective filtering, it is not necessarily
effective in all cases. As unusual as the hour glass
shape is, and even with a high bit threshold, some other

" shapes, for exawple the queen pointer shape of bitmap
2810 of Figure 28, would pass both tests. Mistaking the
queen pointer for a busy application would cause serious
usability problems.

To account for these problems, the second embodiment
employs a modified, albeit slightly longer, algorithm
that uses a course 2510 and a fine mask 2520, shown in
Figures 25A and 25B, respectively, and takes pointer
image symmetry into account, as shown in Figure 27.



though the applications are all using the same Wndows- supplied I-beam
pointer. To speed up the recognition process, the bitmap of the standard
W ndows |-beamis kept in nenory for fast nmenory to nenory conpares with

the current pointer. ~In the last step of initialization, the ID of the
system supplied |-beamis queried at block 1640. This is the ID used in the
test at decision block 1510 of Figure 10. Figure 12 charts the high

| evel recognition process. As i ndi cated generally at block 1700, the system
calls a routine to copy the bitmap of the current pointer into menory where
It can be exam ned and mani pul ated. Figure 13 depicts this processing. It
shoul d be noted that pen extensions nodule 39 does not have the same access
to bitmaps that the application has since 2@ is running as an extension of
the operating systemand hence has little know edge of the application's
environment. This requires pen extensions 37 to access the bitmap data in a
very indirect and raeﬁexmm MMI% vt (Widdohe alyseried BlIs, a
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pe bitmap i s querie bl ock 181 Then e bitmap is _se
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Figure 19 shows the slightly modified logic of the
second embodiment of the present invention. Upon entry to
Figure 19, the pointer shape has already been left and
bottom justified and at block 2400 a test for any non-
zero bit outside the course mask in made. The course mask
is designed to eliminate a high percentage of non-hour
glass pointers while permitting considerable license in

i the design of the hour glass. If any bit is set outside
the course mask at decision block 2410, processing is
halted and false is returned at block 2495. If no bits
are set at decision block 2410, the pointer shape is
centered over the fine mask block 2420.

Figure 20 demonstrates the flow of the centering
technique in order to eliminate the problem of scan line
mismatches illustrated in Figures 26A and 26B. Two loops
are entered in which the system counts the number of non-
zero pointer scan lines at block 2500 and the number of
non-zero pointer columns at block 2510. The resultant
non-zero scan line and column counts are divided by 2 to

'-calculate the midpoint of the pointer shape at block
2520. The midpoint of the fine shape mask is also
calculated by taking those two known constants and
dividing by 2 at block 2530. Then to find the difference
between the two midpoints of the two comparands, the
midpoint X and Y of the pointer shape is subtracted from
the midpoint X and Y of the fine mask at block 2540.
Note that the calculated'X and Y displacements may be
zero or a positive number, but may never be negative



del.eted fromthe presentation space at block 1840 and the presentation

space resource is deallocated at bl ock 1850. Returning to Figure 12,
~after querying the bitmap data at block 1700, the system perforns an
. optim zed ' 13 menory to nmenory

conpare at block 1710 to see if the pointer is the Wndows |-beam If the
conpare tests equal at 1720, an entry is added to pointer table 1400 at
bl ock 1780, the entry is flagged as an |-beam at bl ock 1785, and the nunber

of valid pointer-table entries is incremented at 1790. The nunber of valid
poi nter entries
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since the pointer shape cannot be larger than the fine
mask.

Once the column (X) and the scan line (Y)
displacement are known, the fine mask is left justified
an amount equal to the column displacement at block 2550
and bottom justified an amount equal to the scan line
displacement at block 2560. The net effect of these .
operations is to superimpose the midpoint of the fine
mask over the midpoint of the pointer shape. The
superimposition of the pointer shape and the fine wmask
permits the mask to have a smaller and more tightly
contoured silhouette, thereby increasing recognition
accuracy. The routine returns to the caller in at block
2570 passing the midpoint of the pointer to be used in-
the test for symmetry. ' _

Referring again to Figure 19, at block 2450 the
system calls a subroutine to count the bits set under the
fine mask by quadrant. Figure 27 shows the order of the
quadrants that share the midpoint of the pointer image as
an origin. Figure 22A is the subroutine that counts the
bit under the fine mask by quadrant. The subroutine of
Figure 22A is identical to the previously described
subroutine of Figure 18 of the first embodiment that
counts the bits under the mask, with the exception a

"separate bit counter is maintained for each quadrant. At
block 2705, all 4 quadrant bit counters are cleared. Bit
counting commences as in Figure 18 by means of .an inner
and outer loop, however as non-zero bit are detected at
decision block 2730, a subroutine is called at block 2732
to increment the quadrant count.

Figure 22B shows the logic flow of determining in
which quadrant a bit is located. At entry to the
subroutine, three tests are made at decision blocks 2771,



is.carefully maintai ned because pointer table 1400 is constructed to have
250 entries and to reduce the search tine expended at bl ock 1530, the
search is suspended after the last valid entry is found. If the
conpare at decision block 1720 tests false, another routine is called at

bl ock 1730 to conduct further tests on the pointer. If this routine reports
a negative result at decision block 1740, an entry is added to the pointer
table at block 1750, the entry is flagged as a non |-beam at bl ock 1760,
the nunber of valid pointer table entries is increnmented at block 1770 and
the routine returns the negative result to the calling routine at bl ock
1775. 1If the conpare at decision block 1740 tests true, an entry i s added
to the pointer table at block 1780, the entaa is flagged as an |-beam at

bl ock 1785, the nunber of valid pointer table entries is increnented at
1790, and the result is returned at bl ock 1795. Referring to Figure
5A, there is shxpme adnd rm'm:artrmyséémf ochencelwm reeynt - andntbei scan

shape. Bitmap grray qgﬁfﬁaﬁrégg nOf 1R 6RE rd%%ateé £ #Bich the pels

of the |-beam e are deS| nes. It w noted that the
| - beam of bit Wﬁl@%%ﬁ%é@lﬁg be| divided,intonpyemebrd and
fourteen rows. ydyyid 'aﬂd”ibeéh@fe r@i-édaﬁhaadtﬂmbebeam £610mAEt benedasi an

arbitrary locatlli(;:nesv\,lI tthllu-;] celztngg51 an“r%g scan line must be ignored
since it is the axis of symmetry. In the case of an even
number of columns or scan lines, the actual line of
symmetry falls between the two columns or rows and the
computed midpoint column and row become part of quadrants
3 and 4, or 3 and 2, respectively. After establishing the
relationship of the column and scan line counts,
operations 2701-2704, 2706-2709, 2716-2719 and 2721- 2724
act as sieves to determine in which quadrant the newly
found bit falls. In the case of an odd column or scan
line count, bits found on the axis of symmetry are not
counted and logic simply returns at block 2763.
Operations 2751-2754 increment the appropriate quadrant
count -and the subroutine returns at block 2763.

Upon return from the subroutine of Figure 22B, the
total number of non-zero bits is incremented at block
2735 of Figure 22A. When all scan lines have been
examined at decision block 2765, the outer loop exits and
all bit counts get returned at block 2775 to the calling

~routine. ' ' '

Referring again to Figure 19, the testing of the bit
count at decision block 2560 uses a threshold appropriate
for the hour glass shape, empirically set at one hundred
fifty bits. If the test fails, a negative result is
returned at block 2495. Else, the pointer image is
checked for symmetry at block 2470.

Figure 21 charts the logic flow of the symmetry
checking subroutine. At block 2600 the fine shape mask
for the hour glass of Figure 25B is queried to determine



14 . ., Figure 14 illustrates the flow for the test of an appr oxi mat e
| - beam shape, for exanple the |-beam shape of Figure 5A. To streaniine
processing through this routine and its anci'llary subroutines, shown in

Fi gures 15-18,
at bl ock 1900.

the bitmap array is converted from8-bit to 32-bit alignnent
The penalty incurred by reformatting the data is nore than

anply conpensated for by the use of CPU instructions that operate on
32-bits at a tinme. Figure 6 illustrates the conversion from8-bit 600 to
32-bit 610 alignment of bit array 510. At bl ock 1910, a pointer shape mask
I's selected according to the

25

if any symmetry checks are required for this particular
pointer shape. If no checks are required at decision
block 2610, the system simply returns to the caller a
positive indication for symmetry at block 2680. In the
case of the hour glass, both column and scan line
symmetry are required so the operation at decision block
2620 tests true and the logic falls through to block 2630
where the columns bit counts on each side the column
symmetry line are added together. These two counts are
compared and if they differ by more than three pels at
decision block 2640, the two sides are considered
asymmetrical and the subroutine returns a negative
indication at block 2690. Else, a check is made to see if ;
scan line symmetry must also be checked at decision block
2650. If not, the subroutine exits with a positive
return at block 2680. Otherwise, operation 2660 is
executed wherein the quadrant bit counts on each side of
the scan line symmetry line are added. If these two
counts differ by more than three bits at decision block
2670, the pointer is considered to be asymmetrical in the
vertical axis and a negative result is returned at block
2690. Else, the subroutine returns true to the calling
routine at block 2680. If the queen pointer Figure 28 was
being tested, it would fail the test for symmetry in the

" horizontal axis.

Referring again to Figure 19, processing the return
of called subroutine, a test is made for the required
symmetry at decision block 2480 and a true or false
indication is returned accordingly, at blocks 2490 or
2495, respectively.

'This modification incurs a slight performance
penalty from having to process a second mask,
superimposing the two images and checking symmetry,



type of pointer being tested and the display resolution. A mask 710 for VGA
resolution and a mask 810 for XGA resolution are illustrated in Figures. 7
.and 8, respectively. Uilizing different masks increases the accuracy of
poi nter shape recognition. At block 1920, the AND nmask of the bitmap is
converted to one's conplenent of itself in preparation for conbining the
AND.and OR masks at bl ock 1930. Because the shape of the pointer may be
encoded into either the AND or the OR mask or both, the two nmasks are
conbined to ensure that the entire pointer shape is taken into account. And
because the AND.nask is normally all ones and changes to zeroes to encode
the pointer shape, it is inverted at block 1920 to match the formatti ng of
the OR mask, which is the opposite. AR6t hi s point, the bitmap has been
reduced fromtw nmasks to one and in order to test the pointer shape

agai nst the mask, the gointer shape nust be further isolated. To acconplish

this, subroutiheveuer thel pengdtyuds mitdgated dyethehdncrenaged |eft, at
bl ock 1940, angelhaBilietiNebehcoectigniitddh BAoforithnt.herHd tp@ia Pty avs
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conditional by pointer type.

From the foregoing, it may be seen that the present
invention is well adapted to accomplish the recognition
of pointer shapes. Given that the text pointer shape must
approximate a shape of an I-beam, the invention examines
the bitmap of the pointer for the purpose of performing
optical recognition to determine if the pointer shape has.
the visual appearance of an I-beam. The pointer shape is
tested against a mask of an I-beam that permits a good
amount of variation in I-beam size, shape and features
while rejecting any shape that is not a reasonable
facsimile of an I-beam.

The invention takes into consideration many
variables. For example, multiple display resolutions,
e.g., VGA, SVGA and XGA resolution display drivers, may
each have different pointer bitmap sizes (e.g. 32 x 32,
40 x 40). The difference in pointer resolution is made
transparent to the recognition algorithm by selecting a
shape mask based on pointer size. The invention is
unaffected by the use of color in a mouse pointer.
Variation in color is ignored and the pointer-is treated

‘as if it were monochrome. .

A pointer shape is not a standard bitmap. A pointer
bitmap actually consists of two masks, the XOR and the
AND mask, along with an array of color index values that
combine to produce a pointef shape image that is
transparent except for the desired pointer shape. The
pointer shape maybe coded into either the XOR or AND mask
or both. The XOR mask is normally zeroes and the shape is
encoded by converting zero bits to one bits. Conversely,



15, bl ank, which is not an uncommon occurrence. |f so, processing stops
and the routine passes back a negative result at bl oeck 1955. The |eft and
bottom justification processes results, respectively, in bitmap array 520
of Figure 5B and bitmap array 530 of Figure 5C Now t hat .t he i mage of
the pointer is in a known place, another subroutine is called to determ ne
If any bit .outside the mask is set to one at block 1960. If even a single
bit is set to one outside the nmask, the test fails at decision block 1965
and false is returned to the calling routine at block 1985. If no bits are
set to one outside the nmask at deci sion block 1965, yet another subroutine
Is called at block 1975 to count the nunber of bits set under the shape

nﬁsk. If a sufficient nunber of bits are sé to one at decision bl ock 1975,
t he :

the AND mask is normally all ones and gets converted to
zeroes to encode the shape.

The 32 x 32 pel pointer shape contains 1024 pels of
which 18 or so may be used to define the shape. The
designer of the pointer is free to encode the pointer
anywhere within the boundary of the bitmap. To
circumvent this problem, the invention locates the
pointer image within the bitmap and then relocates the
image to the bottom left of the bitmap.

The invention allows considerable license for
creative I-beam shapes while rejecting non-I-beam shapes
with high certainty. To increase accuracy, some pointer
- shapes may require extra operations in the recognition
process where the pointer shépe being tested is precisely
aligned with a higher resolution mask. And to provide
even more stringent filtering, pointer shapes that are
symmetrical in either the vertical or horizontal axes or
both, the system may search for these symmetries in the
pointer shape under test.

Bitmaps are built to accommodate fast transfers at
the device driver level. Therefore the top-leftmost bit
ends up as the bottom-leftmost bit in the binary format.
In addition, bitmaps are bytes arréys which means that
two bits that are qontiguous in the image may: be

" geparated by 15 bits if they cross a byte boundary. All
of this requires significant bit manipulation of the
bitmap prior to processing. Two consecutive bits can
become discontiguous when treating the bitmap data as 32-
bit data instead of 8-bit data. Therefore, the invention
reformats the bitmap data from 8-bit to 32-bit alignment.

Pen-based systems have very stringent performance
requirements that do not allow computationally intensive
operations such as optical recognition on a mouse-move or



poi nter shape is considered to be approximately an |I-beamand true is
returned at block 1980. The threshold used to determne if the shape is an
| -beamis enpirically set and the algorithmcurrently expects counts of 17

bits set to one for VGA resolution and 24 bits set to one for XGA The
four subroutines invoked generally at blocks 1940, 1950, 1960, and 1970 in
Figure 14 will now be examned in detail. The left justification of the

bitmap is charted in Figure 15. The pointer shape image is justified to the
|l eft and not the right because the scan |lines of bitmaps nust al ways be
encoded in multiples of 32 bits. This is done to optim ze video operations
and allow nenory to be mapped directly to £ge vi deo hardware. Because of
this, any bitmap with a resol ution between®32x32 and 64x64 pels will always
have 64 bits of data per scan line even though the image m ght use only a

few bits of t g&ggg qttb&gig ggeéileébgﬁlghtioﬁrﬁe&ﬁ&ﬁﬁfEd to as
padding, illu rat In CcO
: pointers. The process of claSS1fy1ng application defined
pointers as text or non-text pointer shapes is optimized
to point of having no discernible effect on system
responsiveness or performance.

Although the preferred embodiment of the invention
uses optical recognition of the I-beam pointer shape to
distinguish text window areas from non-text window areas,
the invention may be embodied in any task where the
operating system would benefit from knowing, as does the
user, the specific state of an application as a pointing
device traverses said application. A second embodiment
is described that uses recognition of an hour-glass or
clock to determine when an application is currently busy
and unable to process user input.

Although two specific embodiments have been
disclosed, it will be understood by those skilled in the
art that changes can be made to these specific
embodiments without departing from the spirit and scope
of the invention. Furthermore, these embodiments are for
the purpose of example and illustration only and are not
to be taken to limit the scope of the invention or narrow
the scope of the appended claims.




16 . 810, of Figure 8, and if the algorithmused right justification, it
woul d first have to shift the i mage past the padding of zeroes. This woul d
be tinme consum ng. When dealing with bitnmaps of resolution greater than
'32x32, the pointer image will usually be closer to the left edge of the
"bi t map. In Figure 15, at block 2000, the nunber of scan lines is
‘| oaded fromthe bitmap header. Then, the subroutine enters a | oop of bl ocks
2010- 2050 where the leftnost bit of each scan line is tested for a one at
bl ock 2010. After testing each scan line, atest is nmade to see if the
| eftmost bits were all zeroes at decision block 2020. If so, then the start
of the pointer inmage has not yet .been | ocated, so each scan line is shifted
one bit to the left at block 2030 and the &% ft count is incremented 2040.
A test is conducted to see to the nunber of shifted bits is greater than or
equal to the nunber of scan lines at decE¥(¥1 bl ock 2050. This test

' Clalms _

. What is claimed is:

1. In a pen-based computer system having a system I-beam
pointer having a system I-beam pointer ID, a wmethod of
determining that a location of a pointer is capable of .
accepting character data, said pointer having a pointer
ID, said method comprising the computer implemented steps
of:

determining whether said pointer ID equals said
system I-beam pointer ID;

whenever said pointei ID does not equal said system
I-beam pointer ID, determining whether said pointer ID is
in a table of pointer IDs and flagged in said table as
being an I-beam pointer; and,

whenever said pointer ID is not in said table
pointer IDs, determining whether said pointer has an I-
beam shape.

2. The method as claimed in claim 1, including the
further computer implemented step of:

whenever said pointer ID equals said system I-beam
pointer ID, changing said pointer to a pen-shaped
pointer.

3. The method as claimed in claim 1, including the
further computer implemented step of:

whenever said pointer ID is in said table of pointef
IDs and flagged in said table as being an I-beam pointer,
changing said pointer to a pen-shaped pointer.

4. The method as claimed in claim 1, including the
further computer implemented step of:

* C L M S * '



catehes the case of a blank pointer shape and prevents an infinite loop. If
the shift count exceeds the scan |line count at decision block 2050,the
'subroutine sinply returns true at bl ock 2060. The shifting of the inmage to
the left at block 2030 continues until finally the leftnost bit of one of
the scan lines contains a one at decision block 2020. Wen this occurs,
this image is fully left justified and the subroutine returns fal se at

bl ock 2070. Figure 16 illustrates the flow of the next step of the
recognition algorithmwherein the left justified inmage is bottomjustified.
At entry, the scan |ine pointer is set to the bottomof the bitmap array at
bl ock 2100 so that testing commences at thggl ast or bottomscan line. A

| oop is entered at bl ocks 2100-2130 in which each

whenever said pointer is determined to have an I-
beam shape, adding said pointer ID to said table of
pointer IDs and flagging said pointer ID as being an I-
beam pointer.

5. The method as claimed in claim 1, including the
further computer implemented step of:

' whenever said pointer is determined to have an I-
beam shape, changing said pointer to a pen-shaped
pointer.

6. The method as claimed in claim 1, wherein said step of
determining whether said pointer has an I-beam shape
includes the computer implemented step of: l

comparing said pointer to a predefined I-beam
pointer-shaped mask.

7. The method as claimed in claim 6, wherein said step of
determining whether said pointer has an I-beam shape
includes the further computer implemented step of:
whenever all picture elements of said pointer lie
within said I-beam pointer-shaped mask, counting the
number of picture elements comprising said pointer.

8. The method as claimed in claim 7, includin§ the
further computer implemented step of:
whenever the number of picture elements comprising
said pointer is greater than a predetermined threshold,
changing said pointer to a pen-shaped pointer.

9. The method as claimed in claim 6, wherein said pointer
is in a bit map and said method includes the computer

implemented step of: -

L



17 - scap line is tested in its entirety for a non-zero bit at decision

bl ock 2110. If no non-zero bits are found, the scan |ine pointer is
decrenented at bl ock 2120. If the scan line pointer points to the top scan
line of the bitmap at decision block 2130, the routine returns at bl ock
2140. Else, the loop iterates until a non-zero scan line is found
signifying the bottom of the pointer inmge has been | ocated at which point
the loop exits and goes to the second half of the subroutine. In the
second half of the subroutine, a source pointer is initialized at bl ock
2150 to point to the scan line at the bottom of the inmage and the target
pointer is set to point to the bottomof t{p bitmap array at block 2155.
These pointers are used to execute a nenory-to- nenory transfer of the
bitmap that effectively bottomjustifies the image. This is acconplished in

the | oop bounded tW’6H$§fE1ﬂgssgﬂ&5biarﬂa heZéRosi-BitUtbv82-bie by one,
each scan line is transterred at block 2160 and the source and target

poi nters are cEEVYEMSACeach tine at bl ocks 2175 and 2180, respectively.
After each scan line is transferred, a test is made at decision block 2165

to see if the currant Sourcs PO 01 SinkA BY Bkl &, WRSredd saia
pointer is in a bit map and said method includes the
computer implemented steps of:
left-justifying and bottom-justlfying said pointer
in said bit map.

11. A method of determining that a non-system pointer is
equivalent to a system pointer, said non-system pointer
having a pointer ID, said method comprising the computer
implemented steps of:

detérmining whether said pointer ID is in a table of
pointer IDs and flagged in said table as being equivalent
to said system pointer; and,

whenever said pointer ID is not in said table
pointer IDs, determining, based on the shape of said non-
system'pointer, whether said non-system pointer is
equivalent to said system pointer.

12. The method as claimed in claim 11, including the
further computer implemented step of:
whenever said non-system pointer is determined,
~based on shape, to be equivalent to said systém pointer,
adding said pointer ID to said table of pointer IDs and
flagging said pointer ID as being equivalent to said
system pointer.

13. The method as claimed in claim 11, wherein said step
of determining, based on shape, whether said non-system
pointer is equivalent to said system pointer includes the
computer implemented step of:

e



.of the bjtmap. If so, the source pointer waps around to the bottom of the
bitmap at block 2170 so that the entire bitmap get transferred. Eventually,
the target pointer hits the top of the bitmap at deci sion bl ock 2185,
signifying the conpletion of the transfer and the |oop exits and the
subroutine returns at bl ock 2190. Figure 17 depicts the logic flow
‘that. tests the pointer inmage for any bit set to one outside the shape nask.
Again the scan line pointer is set to the bottomof the array at bl ock
2200, the known start of the pointer inage. The shape mask pointer is also
set to the bottom 18

32

comparing said non-system pointer to a predefined
mask. '

14. The method as claimed in claim 13, wherein said step
of determining, based on shape, whether said non-system
pointer is eqﬁivalent to said system pointer includes the
further computer iwmplemented step of:

whenever all picture elements of said non-system
pointer lie within said mask, counting the number of
picture elements comprising said non-system pointer.

15. The method as claimed in claim i4, wherein said step
of determining, based on shape, whether said non-system
pointer is equivalent to said system pointer includes the
further computer implemented step of:

whenever the number of picture elements comprising
said non-system pointer is greater than a predetermined
threshold, determining whether said non-system pointer
satisfies a predetermined symmetry condition.

16. The method as claimed in claim 11, wherein said step
of determining, based on shape, whether said non-system
pointer is equivalent to said system pointer includes the
computer implemented step of:

. pomparing said non-system pointer to a predefined
course mask.

17. The wmethod as claimed in claim 16, wherein said step
of determining, based on shape, whether said non-system
pointer is equivalent to said system pointer includes the
computer implemented step of:

Lk [ L M S *



on the npsk at block 2210 to keep in | ocked step with the bitmap scan |ine.
The | oop from bl ocks 2220-2290 inclusive inverts the mask |ine by taking
its ones conplenent at bl ock 2220 and enpl oyi ng an AND operation at bl ock
2230, and tests it against its associated bitmap scan |line at decision

bl ock 2240. Any shape that is approximately an |I-beamw || not have bits
set outside the mask. If a non-zero bit is found, the subroutine returns
‘true 2250 which will indicate a non |-beam shape to the calling routine.
Else, a test is nade to see if the pointer reached the top of the of the
bit array, signalling conpletion of the test at decision block 2260. If
.not, the scan line pointer and mask |ine pointer are decrenented at bl ocks
12280 and 2290, respectively, and.-the |oop i¥3¥rates back to block 2220. I|f
the last scan line is reached 2260 at decision block, no bits were found
~outside the mask and the subroutine returns false at bl ock 2270.

Figure 18 is the fi whenge@llbpictuxg elemeried@f (s34d DARrEYHEEM| t has

how been est abgbaheéﬁ 3le tvhﬁ:h‘ld élﬁhzt?é&rélé lfadk S ¢ORSaring SA2@enBASK,
which signifieS a close fit of the two_sh g i The | ast task is to count

the bits set uS¥étempoinbexn $o & pyeder ifine wask, | _peam In

-actuality, the shape mask is not needed in this step since all the non-zero
bits are 18. The method as claimed in claim 17, wherein said step
of determining, based on shape, whether said non-system
pointer is equivalent to said system pointer includes the
further computer implemented step of: '

whenever all picture elements of said non-system
pointer lie within said fine mask, counting the number of

picture elements comprising said non-system pointer.

; 19. The method as claimed in claim 18, wherein said step
of determining, based on shape, whether said non-system
pointer is equivalent to said system pointer includes the
further computer implemented step of:

whenever the number of picture elements comprising
said non-system pointer is greater than a predetermined
threshold, determining whether said non-system pointer
satisfies a predetermined symmetry condition.

20. The method as claimed in claim 11, wherein said non-
system pointer is an hour glass pointer.

' 21. The method as claimed in claim 11, wherein said non-
system pointer is an I-beam pointer.

22. In a pen-based computer system having a display and
system I-beam pointer displayable on said display, said
system I-beam pointer having a system I-beam pointer ID,
a system for determining that a location on said display
indicated by a pointer is capable of accepting character

-
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within the mask. Initializing |oop variables, the shift count, the scan
line count, and the bit count are all cleared at bl ocks 2300, 2305, and
2310, respectively. Then two predefined constants, the nunber of non-zero
mask |ines and the nunber of non-zero mask columms, are | oaded for use
within the | oop, at blocks 2315 and 2320, respectively. At block 2325, the
current scan line pointer is set to the bottomof the bitmap array and then
19 . code falls into an inner | oop 2330-2350 and an outer |oop

34

data, said pointer having a pointer ID, said system
comprising:

means for determining whether said pointer ID equals
said system I-beam pointer ID;

means for determining, whenever said pointer ID does
not equal said system I-beam pointer ID, whether said
pointer ID is in a table of pointer IDs and flagged in
said table as being an I-beam pointer; and,

means for determining, whenever said pointer ID is
not in said table pointer IDs, whether said pointer has
an I-beam shape.

23. The system as cla;med in claim 22, further.
comprising: ’

means for adding, whenever said pointer is
determined to have an I-beam shape, said pointer ID to
said table of pointer IDs and flagging said pointer ID as
being an I-beam pointer.

24. The system as claimed in claim 22, wherein means for
determining whether said pointer has an I-beam shape
includes:

means for comparing said pointer to a predefined I-
beam pointer-shaped mask. '

25. The system as claimed in claim 24, wherein said means
for determining whether said pointer has an I-beam shape
further includes:

means for counting, whenever all picture elements of
said pointer lie within said I-beam pointer-shaped mask,
the number of picture elements comprising said pointer.

| i:
(IR .
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23%5-2370. The inner |oop 2330-2350 traverses each scan |line counting each
non-zero bit, while the outer | oop 2355-2370 iterates through each scan
l'i ne. At decision block 2330 the leftnost bit of the current scan |ine
is tested for a one. If it is a one, the bit count is incremented bl ock

- 2335. In any case, the shift count is always increnented at bl ock 2340 and
a test is nade at decision block 2345 to see if the nunber of bits shifted

is equal to the nunber of non-zero colums at decision block 2345. |If not,
the entire scan line is shifted one bit to the left at block 2350 and the
| oop iterates back to decision block 2330. If the nunber of bits shifted

. equal s the nunber of non-zero mask col ums at deci sion block 2345, the

shift count is cleared at block 2355 and th5scan |line pointer is
decrenented at bl ock 2360 to exam ne the next scan line. |If the nunber of °

i scan |ines exam ned equals the nunber of_ non-zero _nmask scan |ines at
deci si on bl ock 28650 (ohGPEPULRE FYFLemshawiBg andifRiRYnadeSyEER™ £OXed

and the subroutdeternginiiny tikt t@tRbn AsFBEemopoiifibezeis Bghivadentetoita
bl ock 2375. Qhers\é%ejqe’ the scan_lj ' bl ock .2 7(]):_ and

. e_count hs i ncre ntg% at
the outer |oop 5% BT ¢he T SORRBY PHARY pP&ngﬁt LG BnPH
2330. In this rMDnhesaidlsysten zaompbisingn t he poi nter shape are counted
and returned to the | o) '£§hi . [ Y Sl , t
of valid pointer table édfg%afen‘?%#es |Is)‘uc1 r??ﬁpfl§¥n§|g‘?l' apéégiagnf[ﬁqg'sscg'rﬁe]
a table of pointer IDs and flagged in said table as being
equivalent to said system pointer; and,
means for determining, whenever said pointer ID is
not in said table pointer IDs, based on the shape of said
non-system pointer, whether said non-system pointer is

equivalent to said system pointer.

27. The system as claimed in claim 26, including:
means for adding, whenever said non-system pointer
. is determined, based on shape, to be equivalent to said
system pointer, said pointer ID to said table of pointer
IDs and flagging said pointef ID as being equivalent to
said system pointer.

28. The system as claimed in claim 26, wherein said means
for determining, based on shape, whether said non-system
pointer is equivalent to said system pointer includes:

- means for comparing said non-system pointer to a
predefined mask.

29. The system as claimed in claim 28, wherein said means
for determining, based on shape, whether said non-system
pointer is equivalent to said system pointer includes:
means for counting, whenever all picture elements of
said non-system pointer lie within said mask, the number
of. picture elements comprising said non-system pointer.

R R O - .



added tg the table whenever a new application supplied pointer IDis
~discovered while processing nouse novenent. Figure 23 shows how the table
is further maintained so that entries get renoved when no | onger needed.
 The routine in Figure 23 gets called each tinme the operating

, 20 system cl oses or shuts down an application. At entry, a check is nade
at decision block 2800 to see if any entries exists. If not, there is
nothing to clean up and the routine ends at block 2880. If the table is not
enpty at decision block 2800, the process I D of the application

36

30. The method as claimed in claim 29, wherein said means
for determining, based on shape, whether said non-system
pointer is equivalent to said system pointer includes:

means for determining, whenever the number of
‘picture elements comprising said non-system pointer is
greater than a predetermined threshold, whether said non-
systém pointer satisfies a predetermined symmetry
condition.

31. The system as claimed in claim 26, wherein said means
for determining, based on shape, whether said non-system
pointer is equivalent to said system pointer includes:

r means for comparing said non-system pointer to a
predefined course mask.

32. The system as claimed in claim 31, wherein said means
for'determining, based on shape, whether said non-system
pointer is equivalent to said system pointer includes the
computer implemented step of:

means for comparing, whenever all picture elements
of said non-system pointer lie within said course mask,
said non-system pointer to a predefined fine mask.

33. The system as claimed in claim 32, wherein said means
" for determining, based on shape, whether said non-system
pointer is equivalent to said system pointer includes:
means for counting, whenever all picture elements of
said non-system pointer lie within said fine mask, the
number of picture elements comprising said non-system
pointer.

A



bei ng shut down is queried at block 2810. The nunber of valid entries is
| oaded at bl ock 2820 and the table pointer is set to the first entry in
poi nter table 1400 at block 2830. A loop is then entered at decision bl ock
2840 wherein each entry is tested to see if it is valid. If it is valid,
the entry is tested at decision block to see if it belongs to the
application being shut down. If so, the count of valid entries is
decrenented at bl ock 2855 and the entry is renoved fromthe table at bl ock
2860. Regardl ess of the outcone of the test at decision 2850, the |oop
count is decrenented .at bl ock 2865 and tested for zero 2870 at bl ock. If
not zero, there are still sonme valid entries_in pointer table 1400 so the
tabl e pointer is incremented at bl ock 2875 4hd t he | oop iterates back to
deci si on bl ock 2840. If a non-valid table entry is found at decision block

2840, th t [

2875 andeaggla¥% S oop é@gﬁ%%qgﬁ%gﬁ% a?ﬁ;?igiwl%%fpﬁﬁggﬁgﬁggagbéRFound

and when the | d@:pr dehargiouing o based sonbshape 2gwhethex sabd pen-system he
routine ends a?cﬁrﬁ@:’r %@%qﬂ\hﬂ&g@ @8' Bh2a kpBteml@OPntérCoARIhideksd (O

contain 250 enfries nl m ni num nu of entries, are exam ned 1 n nost
practical cases. QQ§:§9¥rEFFQFW4ﬁhPSI owhepgyer the; pppberaPfy t he

Ei t m':lpl 2410 fonp:ldw:\# mtﬁexlizﬁéocda@wmiﬁgswﬂdnhen-sybeémeﬁ lih&ﬁﬁtg r%tshe

our gl ass p0|nter sha I.n Fiqur a rve at_thne hour

glass is a "t hidF Bﬁuu1 éé@é 8 Qhr f& He£ er said non-
system.p01nter satisfies a predetermined symmetry

_condition.

35. The method as claimed in claim 26, wherein said non-
system pointer is an hour glass pointer.

36. The system as claimed in claim 26, wherein said non-
system pointer is an I-beam pointer.
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shape and in order for a mask to be effective, it too

21 woul d have to have a thin waist. The w der the waist of the mask, the
nore rectangul ar the shape woul d becone, resulting in a decrease of
recognition accuracy. Also, as can be seen in Figures 26A and 26B, a

m sal i gnment of a the mask with the pointer shape can result in failure to
‘recogni ze an hour gl ass pointer shape. Figyre 26A.illustrates a bit array
2610 for a fine shape nmask to an hour gl ass pointer, and Figure 26B
illustrates a bit array for an hour glass pointer 2620. Hour gl ass shape

METHOD AND SYSTEM FOR RECOGNITION OF POINTERS

A system and method for determining whether or not a non-system pointer is
equivalent to a system pointer. The system and the non-system pointer each have pointer
IDs. The system first determines whether the pointer ID of the non-system pointer is in
a table of pointer IDs (1520) and flagged in the table as being equivalent to the system

| pointer (1540). Whenever the pointer ID of the non-system pointer is not in the table of
pointer IDs, the system determines, based on the shape of the non-system pointer,
whether the non-system pointer is equivalent to the system pointer.

Fig. 10



2630-issstill recogni zabl e as an hour glass, but it is short and therefore
has ‘a | ow wai st, as indicated at scan |line m dpoint 2630. Therefore, the

wi de top of’ hour gl ass pointer 2620 coincides with the waist, indicated at
scan |ine mdpoint 2640, of the nmask of mask 2610 which mould cause the
recognition algorithmto fail due to non-zero bits outside the mask. A
potential problemw th shape masks is that asébaey get larger, such as the
hour glass nmask in Figure 26B, the greater th i kel i hood that sone

non- hour gl ass shape will fall under the mask. Al though a high bit count

t hreshol d, on the order of one hundred fifty, mght provide effective
filtering, it is not necessarily effective in all cases. As unusual as the
hour. gl-ass shape i's, and even with a high bit threshold, sone other shapes,
for exanple the queen pointer shape of bitmap 2810 of Figure 28, would pass
both tests. M staking the queen pointer for a busy application would cause
serious usability problens. To account for these problens, the second
enbodi ment enploys a nodified, albeit slightly longer, algorithmthat,pses

a course 2510 and a fine | 0 wn in Egures 25A and 25B,
respectively, and takes ppi i HARD ge nnetryrpuuppngsgurt, as s
Fi gure 27. STORAGE [ ] DEVICE g~~~ ~-

PROCESSOR
CPU 15 | MEMORY 3
PRINTER
81
MOUSE
29
KEYBOARD 25 PEN
DISPLAY 53

FIG. 1



22 Referring to Figure 27, it wll be observed that hour glass

pbi ntet inmage 2710 is symetrical about both its scan |ine mdpoint 2715
and its. colum mdpoint 2720. Scan line mdpoint 2715 and col um m dpoi nt
2720 divide pointer image 2710 into four quadrants. Fi gure 19 shows
the slightly nodified | ogic of the second enbodi nent of the present

i nvention. Upon entry to Figure 19, the poinhﬁé shape has al ready been |eft
and bottomjustified and at bl ock 2400 a tes or any non- zero bit outside
t he course mask in made. The course mask is designed to elimnate a high
per cent age of non-hour glas§‘ppinters mhilémp§rnitting consi derabl e |license
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the_degign of the hour glass. If any bit is set outside the course mask at -
déci si on bl ock 2410, processing is halted and false is returned at bl ock
2495. If no bits are set at decision block 2410, the pointer shape is

centered over the fine mask bl ock 2420. Fi gure 20 denonstrates the
flow of the centering technique in order to elimnate the problem of scan
line msmatches illustrated in Figures 26A and 26B. Two | oops are entered

in which the system counts the nunber of nd3{33 zero pointer scan |lines at

bl ock 2500 and the nunber of non-zero pointer colums at bl ock 2510. The
resul tant non-zero scan line and colum counts are divided by 2 to

cal cul ate the m dpoint of the pointer shape at bl ock 2520. The m dpoi nt of
the fi.ne shape mask.is al so cal cul ated by taking those two knownggonst ants
and dividing by 2 at block 2530. Then to find the difference petween the
two mdpoints of the two conparands, the m dpoint X and Y of the pointer
shape is subtract@€d fromthe mdpoint X and Y of the fine nask at bl ock
2540. Note that tlhe cal culated X and Y di splacenents nay be zero or a

R X R NN\ E
m= | Erogram
=5 Title: | Network Messaging | Session
= o L% Association
= Window
= Currenticon Creato p—— i_ieneral
= &Q— Edt.

- Find... | |

== Template L~ 63
=5 | Undo | |Default| | Help ,

= |

FIG. 3A



23 since the pointer shape cannot be | arger than the fine mask. Once
tthe cdl um (X) and the scan line (Y) displacenent are known, the fine mask
is left justified an anpbunt equal to the columm displacenent at bl ock 2550
and bottom justified an anount equal to the scan |ine displacenent at bl ock
2560. The net effect of these operations is to superinpose the m dpoint of
the fine mask over the m dpoint of the po&@3er shape. The superinposition
of the pointer shape and the fine nask permts the nmask to have a snaller
and nore tightly contoured sil houette, thereby increasing recognition
aecuracy. The routine returns to the caller-in at block 2570 passing the

m dpoi nt of the pointer to be used in the test for symetry. 60

a4 )
SPEmWework Messaging - Sefings NI\ 01 =
= " Program
=5 Title: | Network Messaging |
= . % Association
== Window
o5 [ Curent o Create another... Gonerd
= | 55 Ed.. |
= Find...
== Template s
=5 | Undo | |{Default| | Help

' 5
J
61
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Ref.erring again to Figure 19, at block 2450 the systemcalls a subroutine
to count the biits set under the fine mask by quadrant. Figure 27 shows the
order of the quadrants that share the m dpoint of the pointer imge as an
origin. Figure 22A is the subroutine that counts the bit under the fine
mask by quadrant. The subroutine of Figure 22A is identical to the

previ ously descri bed subroutine of Figure 18 of the first enbodi nent that
counts the bits under the mask, with the exc éﬁion a separate bit counter

I s jmai ntai ned for each quadrant. At block 2705, all 4 quadrant bit counters
are cleared. Bit counting commences as in Figure 18 by neans of an inner
and outer |oop, however as non-zero bit are detected at decision bl ock
2730, a subroutine is called at block 2732 to increnent the quadrant count.
Fi gure 22B shows the logic flow of determining in which quadrant a bit is

| ocated. At entry to the subroutine, three tests are nade at deci sion
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24 2772, and 2773 to see if the columm count and the scan line count are
odd or even. In order to test for symretry, the image nmust be divided into
symretrical halves and if there are an odd nunber of colums or scan |ines,
the center colum or scan |line nust be ignored since it is the axis of
symmetry. In the case of an even nunber of columms or scan lines, the

actual line of symetry falls between the tgﬁ columms or rows and the
conput ed m dpoi nt colum and row becone par af guadrants 3 and 4, or 3 and
2, respectively. After establishing the relationship of the colum and scan

| i he. counts, operations 2701-2704, 2706-2709 2716-2719 and 27/21-2724 act
as sieves to determ ea0@0QQQQOQOQGOQQO@@QOQQDQO@@OQ@Qﬂt alls. In the

case of an odd col unff (90608000060000000000000000000008¢ &kis of

symetry are not coupt@b mljd au%%%% Do 0 2¥p3. Qperations
PraLzraa nerement L O O ORO0ROA000000000000000 4P 2| ™
/* 00000000000000000000000000000000 */ :
/* 00000000000000000000000000000000 */ .
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000001110001110000000000 */
/* 00000000000000001110000000000000 */
/* 00000000000000000100000000000000 */
/* 00000000000000000100000000000000 */
/* 00000000000000000100000000000000 */
/* 00000000000000000100000000000000 */
/* 00000000000000000100000000000000 */
/* 00000000000000000100000000000000 */
. /* 00000000000000000100000000000000 */
/* 00000000000000000100000000000000 */
/* 00000000000000000100000000000000 */ 510
/* 00000000000000000100000000000000 */ »~~
/* 00000000000000001110000000000000 */
/* 00000000000001110001110000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* -.00000000000000000000000000000000 */

FIG. 5A



Uppon return fromthe subroutine of Figure 22B, the total nunber of non-zero-
bits is increnented at bl ock 2735 of Figure 22A. Wien all scan |ines have
been exam ned at decision block 2765, the outer loop exits and all bit

© counts get returned at block 2775 to the calling routine. Referring
again.to Figure 19, the testing of the bit count at decision block 2560
uses a threshold appropriate for the hour gﬁ s shape, enpirically set at
one hundred fifty bits. If the test fails, a negatlve result is returned at
bl ock 2495. Else, the pointer inage is checked for symmetry at bl ock 2470
Figure 21 charts the logic flow of the symetry checklng subrouti ne.

bl ock 2600 the fine Ehi}ﬁOOﬂﬁOOGﬁOOﬂQ 06080000060 B is quer| ed
to determne {* 00000000000000000000000000000000 */
' /* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
- /* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 11100011100000000000000000000000 */
/* 00011100000000000000000000000000 */
/* 00001000000000000000000000000000 */
/* 00001000000000000000000000000000 */
/* 00001000000000000000000000000000 */
/* 00001000000000000000000000000000 */
/* 00001000000000000000000000000000 */
/* 00001000000000000000000000000000 */
/* 00001000000000000000000000000000 */

/* 00001000000000000000000000000000 */ :

/* 00001000000000000000000000000000 */ 520

/* 00001000000000000000000000000000 */ »
/* 00011100000000000000000000000000 */
/* 11100011100000000000000000000000 */
/* 00000000000000000000000000000000 - */

/* 00000000000000000000000000000000 */

/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */

FIG. 5B



25 if any symmetry checks are required for this particular pointer shape."
I f' no checks are requi red at decision block 2610, the systemsinply returns
to the caller a positive indication for symetry at block 2680. In the case
. of the hour glass, both colum and scan |ine symetry are required so the
operation at decision block 2620 tests true and the logic falls through to
bl ock 2630 where the columms bit counts on h side the colum symetry

| ine are added together. These two counts are conpared and if they differ
by nore than three pels at decision block 2640, the two sides are

consi dered asymmetriga Zﬂﬁﬁﬁ i ndi cation at
bl ock 2690. El se, /l?) g%@a%% Oﬂgggﬂ?ﬂfg@ g %ggﬁe must al so be
checked at deC|S|on/ | s/mnth a

positive return at W‘WDOWOOOOO&O@OGGOO@M@OOO@MOOO_S *¥xecut ed

wher ei n the quadrantf*b 000! | symmetry line
are added. |f theset/ 010 OB ﬂ C= Q Bltrg at deci sion
bl ock 2670, the poi £ gg he verti cal
axis and a negative reQﬂQO 9

Jhe subrouti ne

returns true totrm/6a000@0000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/*00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */-
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 11100011100000000000000000000000 */
/* 00011100000000000000000000000000 */
/* 00001000000000000000000000000000 */ 530
/*00001000000000000000000000000000 */  ,~
/* 00001000000000000000000000000000 */
/* 00001000000000000000000000000000 */
/* 00001000000000000000000000000000 */
/* 00001000000000000000000000000000 */
/* 00001000000000000000000000000000 */
/*00001000000000000000000000000000 */
/* 00001000000000000000000000000000 */
/* 00001000000000000000000000000000 */
/* 00011100000000000000000000000000 */
/* 11100011100000000000000000000000 */

i )

FIG. 5C



routine at block 2680. If the queen pointer Figure 28 was being tested, it
would fail the test for symmetry in the horizontal axis. Referring
again to Figure 19, processing the return of called subroutine, a test is
made for the required symetry at decision block 2480 and a true or false
i ndication is returned accordingly, at blocks 2490 or 2495, respectively.
This nodification incurs a s!ight.perforna@g§.penalty fromhaving to
process a second mask, superinposing the t i mges and checki ng synmetry,
26
-0x00000000,  0x00000000, /* 00000000000000000000000000000000 */
0x00000000,  0x00000000, /* 00000000000000000000000000000000 */
0x00000000,  0x00000000, /* 00000000000000000000000000000000 */
0x00000000,  0x00000000, /* 00000000000000000000000000000000 */
0x00000000,  0x00000000, /* 00000000000000000000000000000000 */
0x00000000,  0x00000000, /* 00000000000000000000000000000000 */
0x00000000,  0x00000000, /* 00000000000000000000000000000000 */
0x00000000,  0x00000000, /* 00000000000000000000000000000000 */
0x00000000,  0x00000000, /* 00000000000000000000000000000000 */
0x001C0700,  0x00071C00, /* 00000000000001110001110000000000 */
0x00E00000,  0x0000E000, /* 00000000000000001110000000000000 */
- 0x00400000, 0x00004000, /* 00000000000000000100000000000000 */
0x00400000,  0x00004000, /* 00000000000000000100000000000000 */
0x00400000,  0x00004000, /* 00000000000000000100000000000000 */
0x00400000,  0x00004000, /* 00000000000000000100000000000000 */
0x00400000,  0x00004000, /* 00000000000000000100000000000000 */
0x00400000,  0x00004000, /* 00000000000000000100000000000000 */
0x00400000,  0x00004000, /* 00000000000000000100000000000000 */
0x00400000,  0x00004000, /* 00000000000000000100000000000000 */
i 0x00400000,  0x00004000, /* 00000000000000000100000000000000 */
. 0x00400000,  0x00004000, /* 00000000000000000100000000000000 */
0x00E00000,  0x0000E000, /* 00000000000000001110000000000000 */
0x001C0700,  0x00071C00, /* 00000000000001110001110000000000 */
0x00000000,  0x00000000, /* 00000000000000000000000000000000 */
0x00000000,  0x00000000, /* 00000000000000000000000000000000 */
0x00000000,  0x00000000, /* 00000000000000000000000000000000 */
0x00000000,  0x00000000, /* 00000000000000000000000000000000 */
0x00000000,  0x00000000, /* 00000000000000000000000000000000 */
0x00000000,  0x00000000, /* 00000000000000000000000000000000 */
0x00000000,  0x00000000, /* 00000000000000000000000000000000 */
0x00000000,  0x00000000, /* 00000000000000000000000000000000 */
0x00000000,  0x00000000, /* 00000000000000000000000000000000 */
ii ;i gi
FIG. 6



however the penalty is mtigated by the increased reliability of the
récogni'tion algorithm The penalty is further mtigated by having the
symetry check be conditional by pointer type. Fromthe foregoing, it
may be seen that the present invention is well adapted to acconplish the
recogni tion of pointer shapes. Gven that the text pointer shape nust
approxi mate a shape of an |-beam the |nv 3Pon exam nes the bitmap of the
poi nter for the purpose of performng optical recognition to determne if

t he poi nter shape has the visual appearance of an |I-beam The pointer shape
i s"tested against a nask of an |-beamthat pernts a good anount of

variation in |-beanf*siggoo 9090‘ K)00000000 Ogm):o@ ny/ any shape that
i s not ‘a reasonabl ejpf tth takes inte
consi deration rrany 38 gggw gg gﬁﬂ&% | o ;esol utions,
e.g., VGA SVGA an 0 0 ch/ have different
poi nter bi t nap SIzag(@00009000@@DOGDQOGODOOU@OGOUOOG@cé/lnrxnnter
resolution is nmade J* 00 UUUO090§§§§0999000660909@00 Grrpy selecting a

shape mask based on teg by the use of
Sl S

/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */-
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 11111111100000000000000000000000 */
/¥ 11111111100000000000000000000000 */
/* 11111111100000000000000000000000 */
/* 00111110000000000000000000000000 */ 710
/* 00111110000000000000000000000000 */ »~~
/* 00111110000000000000000000000000 */
/* 00111110000000000000000000000000 */

- /* 00111110000000000000000000000000 */
/* 00111110000000000000000000000000 */
/* 00111110000000000000000000000000 */
/* 00111110000000000000000000000000 */
/* 00111110000000000000000000000000 */
/* 00111110000000000000000000000000 */
/* 11111111100000000000000000000000 */
/* 11111111100000000000000000000000 */
/* 11111111100000000000000000000000 */

FIG. 7



A pointer shape is not a standard bitmap. A pointer bitmap actually
consists of two nmasks, the XOR and the AND nask, along with an array of
col or index values that conbine to produce a pointer shape inmage that is
transparent except for the desired pointer shape. The pointer shape maybe
coded.into either the XOR or AND mask or both. The XOR mask is nornally
zeroes and the shape is encoded by converti}i§8 zero bits to one bit 320
Conver sel vy, 27 t he AN 17 S
normal |y all ones/ arQ)O@Q@QOB&Q\Q&QQQQ@QOQQBQQQO@@QQWOQQO%eQJe- 0

/* 0000000000000000000000000000000000000000 0 */-

/* 0000000000000000000000000000000000000000 0. . .0
/* 0000000000000000000000000000000000000000 0. . .0*/
/* 0000000000000000000000000000000000000000 0. . .0*/
/*0000000000000000000000000000000000000000 0. . .0*/
/* 0000000000000000000000000000000000000000 0. . .0*/
/* 0000000000000000000000000000000000000000 0. . .0*/
/* 0000000000000000000000000000000000000000 0. . .0%/
/* 0000000000000000000000000000000000000000 0. . .0*/
/* 0000000000000000000000000000000000000000 0. . .0*/
/* 0000000000000000000000000000000000000000 0. . .0*/
/* 0000000000000000000000000000000000000000 0. . .0/
/*0000000000000000000000000000000000000000 O. . .0*/
/* 0000000000000000000000000000000000000000 0. . .0*/
/* 0000000000000000000000000000000000000000 0. . .0*/
/* 0000000000000000000000000000000000000000 0. . .0*/
~/* 0000000000000000000000000000000000000000 O. . .0*/
/* 0000000000000000000000000000000000000000 0. . .0"/
/* 0000000000000000000000000000000000000000 0. . .0*/
/* 0000000000000000000000000000000000000000 0. . .0*/
/* 0000000000000000000000000000000000000000 0. . .0*/
/* 0000000000000000000000000000000000000000 0. . .0*/
/*0000000000000000000000000000000000000000 0. . .0*/
* 1111111111000000000000000000000000000000 0. . .0*/
/* 1111111111000000000000000000000000000000 0. . .0*/
/* 1111111111000000000000000000000000000000 0. . .0*/
/* 0001111000000000000000000000000000000000 0. . .0%/
/* 0001111000000000000000000000000000000000 0. . .0*/
/* 0001111000000000000000000000000000000000 0. . .0*/
/* 0001111000000000000000000000000000000000 0. . .0*/
/* 0001111000000000000000000000000000000000 O. . .0*/
/* 0001111000000000000000000000000000000000 0. . .0%/
/* 0001111000000000000000000000000000000000 O. . .0*/
/* 0001111000000000000000000000000000000000 0. . .0*/
/* 0001111000000000000000000000000000000000 O. . .0*/
/* 0001111000000000000000000000000000000000 0. . .0*/
/* 1111111111000000000000000000000000000000 0. . .0*/
/* 1111111111000000000000000000000000000000 0. . .0*/
/* 1111111111000000000000000000000000000000 0. . .0*/

FIG. 8 ®< 510



The 32 x 32 pel pointer shape contains 1024 pels of which 18 or so may be
used to define the shape. The designer of the pointer is free to encode the
poi nter anywhere within the boundary of the bitmap. To circunvent this
problem the invention |ocates the pointer inmage within the bitmp and then
rel ocates the image to the bottomleft of the bitnmap. The invention
al l ows considerable license for creative |-bpygg shapes while rejecting

non- 1 - beam shapes with high certainty. To increase accuracy, Some pointer
shapes may require extra operatio + ™05 he recogndtdi on proc 14¥6ere t he
poi nter shape being tested is preﬂ?gzly aI|g d wth a hig#er resolution
mask. And to provide even nore

ent filtering, Nﬁéﬂﬁ?apes that are
symmet.rical in either the veﬁKNNEéR hoﬂRQGﬁéﬁlBaxeiﬁka t he system
may search for these symmget|r he pointer shape un estf. .
Bitmaps are built to accomo iﬁﬂ#ﬁm@t transférs at the 3@&* e qriver |evel.
Therefore the top-Ieftnngt . gobot t om | ef . it in the
binary format. In additi s 14at t wo

bits that are contiguous % N “TZB‘FMG may be23eparat ed FKLS@ bl_L,s/i f. they

cross a byte boundary. Al WS- GtiF-e5—SHghi-H-eart—a+—radi pul ati on of

the bitmap prior to procésqi n¢2éFB4chonsecut Pfe bits caRAkBE oy
di sconti guous when treati p_dara 32- DI T T3t ead of
8-bit data. Therefore, t %|n¢§mﬁhkga Sg ?ﬁdﬁ ]

249
FIG. 9
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i SET COUNT OF POINTER TABLE
ENTRIES TO ZERO
1610 !
LOAD COPY OF THE WINDOWS I-BEAM POINTER
‘ 1620 1 Y
' N QUERY THE POINTER'S BITMAP IMAGE
1630 v

N MOVE BITMAP IMAGE TO GLOBAL MEMORY

1640 . +
N QUERY POINTER ID OF THE SYSTEM |-BEAM

- 1650 —, ¥
FIG. 11




reformats the bitmap data from8-bit to 32-bit alignnment. Pen- based
systens have very stringent performance requirenents that do not allow
conputationally intensive operations such as optical recognition on a
nouse- nove or _ 28 pen- down event
basis-for all application defined pointers. The process of classifying
application defined pointers as text or no#f3/8xt pointer shapes is

optim zed to point of having no discernible effect on system responsi veness

or performance. 1504 though the preferred enbodi nent of the invention
\ QUERY CURRENT POINTER ID |
y FIG. 10

1510

YES NO

ID=
SYSTEM? [-BEAM

1520

YES

ID=
SYSTEM?POINTER

1530
\ SEARCH POINTER TABLE

Y

ENTRY
FOUND FOR CURRENT
POIN'!'?ER D

1540
NO

1550
\ TEST POINTER FOR I-BEAM SHAPE|

l< . Y

IS
POINTER AN
I-BEAM?
1570 '\
CHANGE POINTER
SHAPE TO PEN
-¢ Y ¢




uses opt;i cal

wi ndow areas from non-text w ndow areas,

recognition of the I-beam pointer shape to distinguish text

the invention nay be enbodied in

any task where the operating systemwould benefit from know ng, as does the

user,

sai d application. Asecond enbodi nent

an hour-glass or clock to determ ne when an
Al th
be understood by those skilled in the art that
enbodi ments wi thout departing from

and unabl e to process user

have been disclosed, it wll

changes can be made to these specifiﬁ
o

i nput .

00

the specific state of an application as a pointing device traverses
I's described that uses recognition of

plication is currently busy
h two specific enbodi nments

the spirit and scope of the inventi Furthernore, these enbodi nents are
for the purpose of exanple and i 11 ust raf | on QUERY fElPEINEEROL to]be taken to
limt the scope of the invention or nar}f¢w t he BETMAEIMAGEt he apjpended
cl ai ns.
1710 i
N COMPARE BITMAP IMAGE WITH THE
STANDARD WINDOWS |-BEAM IMAGE
FIG. 12
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POINTERSHAPEAN ~\YES
I-BEAM
?
1730
N PERFORM TEST FOR
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1740+
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1750 ~ 1780 ~ v
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INCREMENT INCREMENT
COUNT OF TABLE COUNT OF TABLE
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29 ; d ai n8 What
pen- based conputer system having a system | -beam pointer having a system
| -beam pointer ID, a nmethod of determning that a | ocation of a pointer
capabl e of accepting character data, said pointer having a pointer
det er m ni ng

met hod conprising the conputer inplenmented steps of:
whet her said pointer ID equals said systeml-beam pointer

tabl e as being an |-beam pointer; and, whenever said pointer
in said table pointer IDs, determ ning whether said pointer has an |- beam
shape.: :
1800
\ ALLOCATE A PRESENTATION
SPACE FROM GRAPHICS
ENGINE
1810 _ Jv
\ QUERY BITMAP HANDLE OF THE
POINTER
1820 *
N SET THE BITMAP INTO THE
ALLOCATED PRESENTATION
SPACE USING HANDLE
1830 &
N TRANSFER THE BITMAP IMAGE
BITS FROM THE PRESENTATION
~ SPACE TO MEMORY
1840 i
N DELETE THE BITMAP FROM
THE PRESENTATION SPACE
1850 W
N DEALLOCATE THE
PRESENTATION SPACE

FIG. 13

is clained is:

| D, said

whenever
said pointer ID does not equal said syst en&3beam poi nter 1D, determning
whet her said pointer IDis in a table of pointer IDs and flagged in said

IDis not




2. The pethod as clainmed in claim11, including the further conputer

i npl ement ed step of: whenever said pointer ID equals said system
| -beam pointer ID, changing said pointer to a pen-shaped pointer. 3. The
method as clainmed in claiml, including the further conputer inplenented
step of: whenever said pointer IDis in said table of pointer IDs and
flagged in said table as being an |-beamp ter, changing said pointer to
a pen-shaped pointer. 4. The method as clained in claiml1, including the
fu[ther conmput er i nplenented step of:
. 1900 CONVERT BITMAP IMAGE FROM 8 BIT TO 32 BIT ALIGNMENT
. ¥ |
1910~ SELECT AMASK AGAINST WHICH TO COMPARE POINTER SHAPE
. \ |
1920 CONVERT 'AND' MASK TO ONE'S COMPLEMENT OF ITSELF
Y
1930 ~—— OR THE 'AND-MASK WITH THE 'OR' MASK
\

LEFT JUSTIFY THE RESULTANT BIT ARRAY

/ 1950
: BOTTOM JUSTIFY THE BIT ARRAY
1960 v
N[ EST FOR ANY BIT SET OUTSIDE THE MASK
1965 Y

ANY
BIT Sﬁl’ TO

YES

‘ 1970
\ COUNT NUMBER OF BITS SET UNDER THE MASK

Y

1975

IS
THE NUMBER OF

YES BITS SET > NO »y
THRESHOLD
1980 ~ 1985~y

FIG. 14



30 = Whenever said poinfer I's determ ned to have an |- beam shape,
adding said pointer IDto said table of pointer IDs and flagging said

pointer 1D as being an |- beam pointer. 5. The method as clained in claim
1, including the further conputer inplenmented step of: whenever said
pointer is determned to have an |- beam shape, changing said pointer to a

pen-shaped pointer. 6. The nethod as claizﬁg in claiml, wherein said
step of determ ning whether said pointer h& n | -beam shape incl udes the

conput er i nplenented step of: conparing said pointer to a predefined
| - beam poi nt er - shaped mask.

2000
/

LOAD NUMBER OF SCAN LINEé IN BIT ARRAY

f | 2010 w

I TEST LEFTMOST BIT OF EACH SCAN LINE FORA1

2000 R

N SHIFT EACH SCAN LINE LEFT 1 BIT

2040 . Y
\ INCREMENT SHIFT COUNT

2060 — 2070

_ ~ ¥
( RETURN TRUE ) ( RETURN FALSE )

FIG. 15



7. The nethod as clainmed in claim®6, wherein said step of determ ning

whet her sai d poi nt er
i mpl ement ed step of:

whenever

has an |-beam shape i ncludes the further conputer

all picture elenments of said pointer

lie

within said I-beam pointer-shaped nask,

counting the nunber of picture

el ements conprising said pointer.

8. The nmethod as clained in claim?7,

including the further conputer inplemented ‘581389 of :

nunber of picture ele
pr edet er mi ned t hreshol

, SENSCMYILINE POINTER [0 BOTTOM QRBIBARRAY -

whenever the
cater than a
haped pointer.

9.7 The method as cl ai Tsard POTRE r isin abit map
and sai d net hod i nclfUdes € comnpu er | ement-ed step a0
2110
ANY
2120 NO_~"BIT IN CURRENT ~YES
\ SCAN l‘;INE =1
POINTER FIG. 16
SCAN LINE
POINTER AT TOP 2140
OF ARRAY?
Y f 2150
SET SOURCE POINTER EQUAL TO CURRENT SCAN LINE:
2155 ° !
N SET TARGET POINTER TO BOTTOM OF BIT ARRAY
2160 l‘ \
TRANSFER SCAN LINE FROM SOURCE TO TARGET
2165 +
SOURCE
' YES ATTOP OF BIT 2175
2170 ARRAY? f
N -SET SOURCE POINTER DECREMENT
TO BOTTOM OF ARRAY SOURCE
& POINTER
>
2180 ¢
\\\ DECREMENT
TARGET
POINTER
.
TARGET
AT TOP OF BIT

ARRAY



31 ~converting said bit map from8-bit to 32-bit alignnent. 10. The"
met hod"as claimed in claim6, wherein said pointer is in a bit map and said
nmet hod i ncludes the conputer inplenmented steps of: | eft-justifying and
bottomjustifying said pointer in said bit map. 11. A method of
determ ning that a non-system pointer is equivalent to a system pointer,
sai d non-system poi nter having a pointer [{f33sai d method conprising the

comput er i npl emented steps of: determ ning whether said pointer IDis
in a table of pointer IDs and flagged in said table as being equivalent to
sai d system pointer; and, whenever said pointer IDis not in said
tabl e

SET CURRENT SCAN LINE POINTER | 2200
TO BOTTOM OF ARRAY

l

SET CURRENT MASK LINE POINTER |~ 2210.
TO BOTTOM OF MASK

P>

‘ l

CONVERT CURRENT MASK LINE L 2220
TO ONE'S COMPLEMENT

l

'AND* CURRENT MASK WITH f 2230
CURRENT SCAN LINE

'

ANY
BIT SET UNDER !
MASK

2240

2260

2250
RETURN TRUE
CURRENT VES C )

SCAN LINE AT TOP
OF BIT QARRAY

[ 280 C RETURN FALSE)
DECREMENT SCAN
LINE POINTER
; 2290
DECREMENTMASK
LINE POINTER

| FIG. 17



poi nter, | Ds, determ ning, based on the shape of said non- system pointer,

whet her sai d non-system pointer is equi.valent to said system pointer. 12.
The nethod as clainmed in claim11l, including the further conputer
I mpl enented step of: whenever said non-system pointer is determ ned,

based on shape, to be equivalent to said system pointer, adding said
pointer IDto said table of pointer |Ds andfglasggi ng said pointer ID as
bei ng equivalent to said system pointer. . The nethod as clainmed in
claim1l, wherein said step of determ ning, based on shape, whether said
noh-system pointer is equivalent to said systempointer i n%otédes t he

conputer inplenented step of: CLEAR SHIFT COUNT "
CLEAR SCANLINECOUNT  p—— 2305
Y
CLEAR BIT COUNT — 2310
LOAD NUMBER OF NON-ZERO MASK LINES _— 2315
Y
LOAD NUMBER OF NON-ZERO MASK COLUMNS - }— 2320
y
SET CURRENT SCAN LINE POINTER TO BOTTOM OF ARRAY
i ’l \ 2305,
2330 '

RIGHTMOST
2335
BiT=1
A ;
INCREMENT BIT COUNT - )
20~ | FIG. 18
INCREMENT SHIFT COUNT
2345 Y

SHIFT

COUNT = MASK YES

COLS? I
| CLEAR SHIFT COUNT
i NO
2350 ~ 2360 !
SHIET SCAN DEGREMENT SCAN LINE POINTER
LINE LEFT 1 BIT 7
| I 2365
* SCAN
NO ~ LINECOUNT= SYES
MASK LINES
2370 v -
" INCREMENT SCAN LINE (RETURN p_- COUNT)
COUNT

< Yy




32 conparing said non-system pointer to.a predefined mask. 14. The
met hod*as claimed in claim 13, wherein said step of deternining, based on
shape, whether said non-system pointer is equivalent to said system pointer

i ncludes the further conputer inplenented step of: whenever all
picture el ements of said non-systempointer lie within said nmask, counting
t he nunber of picture el enents conprising 2483 non-system pointer. 15.

The' nethod as claimed in claim 14, wherein said step of determ ning, based
on shape, whether said non-systempointer is equivalent to said system

poi nter includes the further conputer inplleTESTiFOHARY BIP SET QUTSIDE | whenever
t he nunmber of picture el enents conpP8iwagT THE COURSE MASK

2410

ANY YES

BITSETTO 1
?
2420 |
N\ T CENTER BIT MAP ARRAY OVER FINE MASK
2430 ! .
N\ T7EST FOR ANY BIT SET OUTSIDE FINE MASK
2440
ANY YES »V
BITSETTO |
2450 _
N T COUNT NUMBER OF BITS SET
BY QUADRANT
2460 Y ;
NUMBER '
YES - orBiTS SET> SN0 Y
THRESHOLD
2470
CHECK POINTER IMAGE
FOR SYMMETRY
2480
IMAGE NO
SYMMETRICAL >y
YES
2490 A5~ ¥

FIG. 19



sai d non-system pointer is greater than a predeterni ned threshold,

det er mi'ni ng whet her sai d non-system pointer satisfies a predeterm ned
symmetry condition. 16. The method as clained in claim1ll, wherein said
step of determ ning, based on shape, whether said non-system pointer is
equi valent to said system pointer includes the conputer inplenented step
of: conmparing said non-system pointer to a predefined course mask
17. The method as clained in claiml16, mherﬂygasaid step of determ ning,
based on shape, whether said non-system poi is equivalent to said
system poi nter includes the conputer inplenmented step of:

LOOP THROUGH BIT ARRAY
2500 ~— COUNTING NONZERO SCAN LINES

v

LOOP THROUGH BIT ARRAY COUNTING
2510 ~— NONZERO SCAN COLUMNS

v

' DIVIDE LINE AND COLUMN COUNT
2620 ~—— BY 2 TO FIND MID POINT.

DIVIDE FINE MASK LINE AND COLUMN
2530 ~ _ COUNT BY 2 FOR MID POINT

v

, SUBTRACT BIT ARRAY MID POINT FROM
2540 ~ MASK MID POINT TO FIND THE LINE AND
: COLUMN DISPLACEMENTS

v

SHIFT FINE MASK LEFT FOR AMOUNT
2550 ~ EQUAL TO COLUMN DISPLACEMENT

BOTTOM JUSTIFY FINE MASK USING LAST SCAN

2560 ~— LINE MINUS LINE DISPLACEMENT AS THE NEW
- - MASKBOTTOM

BN~ l
(RETURN MID POINT OF POINTER)

FIG. 20



33 whenever

fi ne mask.
determ ni ng,

whenever al
fine mask, counting
non- syst em poi nter.
step of determ ning,
equi valent to said
step of:

al |
within said course mask

picture el ements of said non-system pointer lie
conparing said non- system pointer to a predefined

18. The nmethod as clained in claim 17, wherein said step of
_ based on shape, whether said non-system pointer
- to said system pointer
pi cture el ements of said non-

i s equival ent

I ncludes the further conputer inplenented step of:
§¥§%2n1pointer lie within said

t he nunber of picture nts conprising said

19. The method as clained in claim 18, wherein said

ased on_shape, whether said non-system pointer is
%ymwmmnﬁmnagmc udes the further conputer inplenented
er t h8YMMETBYr of piret@P® el enents conprising

whene\

2610

YES NONE
REQL))IRED
2620
COLUMN
STEy FIG. 21
REQl%IRED
2630 YES
N ADD QUADRANT BIT COUNTS 1 AND 2
ADD QUADRANT BIT COUNTS 3 AND 4
2640
~~" COUNTS
DIFFER BY MORE “>YES >
, THI:\?NS
' N
2650
SCAN ;
Ve NO "L INE SYMMETRY YES
REQUIRED
2 2660
ADD QUADRANT BIT COUNTS 1 AND 3
ADD QUADRANT BIT COUNTS 2 AND 4
2670
COUNTS YES
DIFFER BY MORE
THAN 37
B

2680-\ 2690




sai,d non-system pointer is greater than a predeterm ned threshold,
determ ni ng whet her said non-system pointer satisfies a predeterm ned

symretry condi tion. 20. The nmethod as clained in claim1ll, wherein said
non- system'pointer is an hour glass pointer. 21. The nethod as cl ai ned
in claim21l, wherein said non- sSystempointer is an |-beam pointer. 22.

In a pen-based. conput er system havi ng a248%pl ay and system | - beam poi nter

di spl ayabl e on said display, said s = havizg& a system
| -beam pointer 1D, a systemfor detlerQEAR 4QUADRARNT COUNISafftOn 0N sai d di spl ay

indi cated by a pointer is capable of accepti g character

CLEARSHIFTCOUNT | 27
* .
CLEAR SCAN LINE COUNT 2710
Y
- CLEAR BIT COUNT _— 2712
Y
LOAD NUMBER OF NONZERO MASK LINES 2715
Y
LOAD NUMBER OF NONZERO MASK COLUMNS ~ }.— 2720
Y
-SET CURRENT SCAN LINE POINTER TO BOTTOM OF ARRAY
A 2730 l - 2725
YES NO
INCREMENT QUADRANT COUNT | }— 2732 -
INCREMENT TOTAL BIT COUNT |~ 2735
2740~ l< y
INCREMENT SHIFT COUNT
A FIG. 22A
2745 _ |
YES
' v 275
NO CLEAR SHIFT COUNT
(20 ¥ 2760
SHIFT
SCAN LINE DECREMENT SCAN LINE POINTER
LEFT 1 BIT
T 2765
»
A SCAN
LINECOUNT= ~\YES
MASK LINES
2770 ? | o715
| INCREMENT SC:N LINE COUNT CRETURN BTG oums)
) .




34, data, said pointer having a pointer ID, said system conprising:

nmeans for determ ning whether said pointer ID equals said system|-beam

poi nter I'D; nmeans for determ ning, whenever said pointer |ID does not

- equal said system|-beam pointer ID, whether said pointer IDis in a table
of pointer I1Ds and flagged in said table as being an |-beam pointer; and,

~means for determning, whenever said point@p/38D is not in said table

poi nter |Ds, whether said pointer has an |-beam shape. 23. The system as

claimed in claim22, further conpr|5|ng means for addi ng, whenever

said-pointer is determined tg , . said pointer IDto said

tabl e of poi nt ep7HR ' bei ng an |-beam

poi nt er.
2716 2721
COL> COL>
MIDPOINT +1 G~ MIDPOINT +1
LINE> MIDPO! LINE> MIDPOINT

MIDPOINT +1
LINE>M'I?DPOINT

+1

RETURN

FIG. 22B

NO
-t L)
‘ . @ 2751 @ 2752 @ 2753 (? 2754
INCREMENT | | INCREMENT | | INcREMENT | | INCREMENT
QUAD #1 QUAD #2 QUAD #3- QUAD #4
COUNT COUNT COUNT COUNT
Yo Y Y Y, Y
2763 '
\i




24. The,systemas clained in claim22, wherein neans for determ ning

whet her said pointer has an |-beam shape i ncl udes: means for conparing
, said pointer to a predefined |- beam pointer-shaped nask. 25. The system
~as claimed in claim 24, wherein said neans for determ ning whether said

poi nter has an |-beam shape further includes: means for counting,
whenever all picture ele of said poinp§B3lie within said |I-beam

poi nt er - shaped mask, the nunbep6f>pgjcture el enents conprising said

poi nter. YES NUMBER OF

ENTRIES IN POINTER
TABLE=0
2810
QUERY PROCESS ID OF APPLICATION /
2820 {
v \ LOAD NUMBER OF VALID ENTRIES
2830 ' *
\ SET POINTER TO START OF POINTER TABLE
A 2840
< NO
FIG. 23
2850
BELONG TO THIS NO .
PROQ?%HD
; YES 2855
DEGREMENTCOUNTQFVNJDENTRES "/
2860 " * , _
\ REMOVE ENTRY FROM TABLE
2865 *4 y
DECREMENT LOOP COUNT
2870 *
2875
' N
INCREMENT TABLE POINTER
P +
I
2880 ~ T
END :)
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whenever said
to be equivalent. to said

means for adding,
ID to said table of pointer

I ncl udi ng:
I s determ ned, "based on shape,

as“claimed in claim 26,
non- syst em poi nt er

system poi nter,

| Ds and fl aggi ng

sai d pointer

| D as being equivalent to said system pointer. 28. The

sai d pointer

R 2410

wherein said neans

GGLHHLY 11 T, 7
GLBHHGHLY) 27 A0

BHBHGGHUL 77 707

477 07 07

GHBHILOHLLLLLGHLLLY 2oL H1,

A A7 7. 07

GHLHG UGG LABILGG %Y 7

A 74 BHLLHY.

%% BONHL 1LY %%

7%% 77

a7 GO HY

%% %

VAV v /]

%97 Z

%% /

%%% /

A i/

77

44" 7% 7

%7 47

%47 %%

w1 07

w1 SBLBHODL LY 4%

%447 A A7 4%,

%1% A A A A

w41 GHG G LGB HB GGG G LBIGGHH LAY

77 A A A A%
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systemas clained in claim 26,

FIG. 24




for_determ ning, based on shape, whether said non-system pointer is _ :
equi val ent to said system pointer includes: means for conparing said

. non-system pointer to a predefined mask. ~ 29. The systemas claimed in

| clai'm 28, wherein said means for deternini ng, based on shape, whether said
non-system pointer is equivalent to said system pointer includes:
means for counting, whenever all picture el enents of said non-system
pointer lie within said mask, the nunber of 2833 ure el ements conprising
sai d non-system pointer.

/*-00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */

/* 00000000000000000000000000000000 */
/*00000000000000000000000000000000 */
 11111111111111111000000000000000 */.
f 11111111111111111000000000000000 */
" 11111111111111111000000000000000 */
M 11111111111111111000000000000000 */
M 11111111111111111000000000000000 */
M 11111111111111111000000000000000 */
M 11111111111111111000000000000000 */
M 11111111111111111000000000000000 */
7 11111111111111111000000000000000 */
/* 01111111111111110000000000000000 */
/*00111111111111100000000000000000 */
/* 00011111111111000000000000000000 */
/* 00011111111111000000000000000000 */
- /[* 00001111111110000000000000000000 */
/* 00001111111110000000000000000000 */
/* 00001111111110000000000000000000 */ 510
/* 00011111111111000000000000000000 */»
/* 00011111111111000000000000000000 */
/¥ 00111111111111100000000000000000 */
/ 01111111111111110000000000000000 */
7 11111111111111111000000000000000 */
 11111111111111111000000000000000 */
7 11111111111111111000000000000000 */
 11111111111111111000000000000000 */
" 11111111111111111000000000000000 */
/ 11111111111111111000000000000000 */
7 11111111111111111000000000000000 */
f 11111111111111111000000000000000 */

FIG. 25A



36, 30. The nethod as clained in claim?29, wherein said neans for -
determ ni ng, based on shape, whether said non-system pointer is equival ent
to said system pointer includes: means for determ ning, whenever the
nunber of picture elenents conprising said non-system pointer is greater
than a predeterm ned threshol d, whether said non- system pointer satisfies
a predeterm ned symetry condition. 31. The systemas clained in claim
26, wherein said nmeans for determning, baseggl g}n shape, whether said
non-system pointer is equivalent to said sys g poi nter incl udes:

means for conparing said non- system pointer to a predefined course nask.
32. The system as clainmed in claim 31, V\/nerel n said nmeans for determ ni ng,
based on shape, th t sal
system pointer in d@@@ﬁﬁ@%@)ﬁéﬁ g g g ﬁl@ﬁ[)b a § for
conpari ng, V\,heneve/r a010 00004000000 Q)QQ 00 Rk 00:00:0 lie
wi thin said course/*waemowcomoemeoo)olmwooaaoa@eo@olme@fl*ﬁe mask.

/* 00000000000000000000000000000000 */

F 11111111111111111000000000000000 */-
f 11111111111111111000000000000000 */
F 11111111111111111000000000000000 */
/* 01111111111111110000000000000000 */
/¥ 01111111111111110000000000000000 */
¥ 01111111111111110000000000000000 */
* 01111111111111110000000000000000 */
* 01111111111111110000000000000000 */
* 01111111111111110000000000000000 */
* 01111111111111110000000000000000 */
/* 00111111111111100000000000000000 */
/* 00011111111111000000000000000000 */
/* 00001111111100000000000000000000 */
/* 00000111111100000000000000000000 */
/* 00000111111100000000000000000000 */
/* 00000111111100000000000000000000 */ 20
/* 00001111111100000000000000000000 */»
/* 00011111111111000000000000000000 */
/* 00111111111111100000000000000000 */
/ 01111111111111110000000000000000 */
/* 01111111111111110000000000000000 */
* 01111111111111110000000000000000 */
* 01111111111111110000000000000000 */
/¥ 01111111111111110000000000000000 */
/* 01111111111111110000000000000000 */
11111111111111111000000000000000 */
 11111111111111111000000000000000 */
1111111111111 11

[* 000000000000000 */

FIG. 25B



33. The systemas claimed in claim32, wherein said neans for deternmining,
based on shape, whether said non-system pointer is equivalent to said
syst em poi nter incl udes: means for counting, whenever all picture

el enents of said non-system pointer lie within said fine mask, the nunber
- of picture elements conprising said non-system pointer.

37 34. The systemas clained in claim 33, wherein said neans

30/33

00000000000000000000000000000000 */
00000000000000000000000000000000 */
00000000000000000000000000000000 */
00000000000000000000000000000000 */
11000000000000000 */ -
11000000000000000 */
11000000000000000 */
10000000000000000 */
10000000000000000 */
10000000000000000 */
10000000000000000 */
10000000000000000 */
10000000000000000 */
10000000000000000 */
00000000000000000 */
00000000000000000 */
00000000000000000 */

11
11
11
11
11
11
11
11
11
11
11
11
00
00000000000000000000 */ 55
00 SCANLINE MIDPOINT /v
00
00
11
11
11
11
11
11
11
11
11
11
11

000000000000000000

000000000000000000 V
00000000000000000 */
00000000000000000 */
10000000000000000 - */
10000000000000000 */
10000000000000000 */
10000000000000000 */
10000000000000000 */
10000000000000000 */
11000000000000000 */
11000000000000000 */
11000000000000000 *

‘1 2610
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for determ ning, based on shape, whether said non-system pointer is

equi val ent to said system pointer includes: nmeans for determ ning,
whenever the nunber of picture elenments conprising said non-system pointer
is greater than a predeterm ned threshol d, whether said non- system pointer
satisfies a predeterm ned symretry condition. 35. The nethod as cl ai ned
in claim26, wherein said non- systempointer is an hour glass pointer.

36. The systemas clainmed in claim 26, vvh§{/§3n said non- system pointer is
an_| - beam poi nter.

/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/¥ 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/¥ 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */

/* 00000000000000000000000000000000 */
/* 00000000000000000000000000000000 */
# 11111111111111100000000000000000 */
# 11111111111111100000000000000000 */
* 01111111111111000000000000000000 */
/~ 01111111111111000000000000000000 */
# 01111111111111000000000000000000 */
/* 00111111111110000000000000000000 */
/* 00011111111100000000000000000000 */ a3
/* 00001111111000000000000000000000 *//v
/* 00000111110000000000000000000000 */
/* 00000011100000000000000000000000 */
/* 0000001110000 - SCANLINE MIDPOINT
/* 00000011100000000000000000000000 */
/* 00000111110000000000000000000000 */
/* 00001111111000000000000000000000 */
/¥ 00011111111100000000000000000000 */
/[ 00111111111110000000000000000000 */
> 01111111111111000000000000000000 */
/* 01111111111111000000000000000000 */
/* 01111111111111000000000000000000 */
/A 11111111111111100000000000000000 */
/A 11111111111111100000000000000000 */
COLUMNIIIIDPOINT ‘}2620

FIG. 26B



32133

/* 000000000000000000000 */
7 111111111111111000000 */
7 111111111111111000000 */
: S e
. © 0111 0 *
T 011111111111110000000 *  UATAT
 001111111111100000000 */
/* 000111111111000000000 */
* 600011111110000000000 */ -
/* 000001111100000000000 */ o
¥ 000000111000000000000 */
0011100 i
/* 000000111000000000000 */ \, .
/* 000001111100000000000 */
/¥ 000011111110000000000 */
* 000111111111000000000 */
* 001111111111100000000 * _
QUADRANT /¢ 011111111111110000000 */  QUADRANT
3 011111111111110000000 */ 2.
7 011111111111110000000 */ -
7 111111111111111000000 *
7 111111111111111000000 */
I\«2720

FIG. 27
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