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- PEN COMPUTER

The invention relates to alhandheld computer, more
particularly to a pen computer that cah be used as a
“calculator, a telephone directory manager, and as an
electronic dictionary.

Presently, address books and organizers are
available to enable soméone to write down contact
information of clients and acquaintances. However{
unless data were written in a neat and orderly‘manne:,
the search for desired contact information cannot be
facilitated.with fhe use of the conventional-address
books and organizers.

Most electronic dictionaries and personal digital
assistants (PDA) currently incorporate numerous added
functiohs, such as calculating functions, schedule-
organizing functions, and telephone directory managing
functions, thereby increasing their utility. However,
these electronic devices are still relatively bulky and
heavy, thereby resultiﬁg in some inconvenience when
carrying the same.

'Therefore, the main object of the present invention
is to provide a pen computer that can be used as a
calculator, a telephone directory manager, and as an
electronic dictionary, and that can overcome the
aforesaid drawbacks commonly associated with
conventional  electronic dictionaries and personal

digital assistants.
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According to the present invention, a pen computer
comprises an elongated pen barrel, first and second
encoding assemblies, and character recognition means.
ThHe pen barrel has a writing end provided with a
rotatable ball bearing that serves as a ballpoint
writing tip. The pen barrel is adapted to be held on
one'hand for forming characters on a writing surface
via the ball bearing. The first encoding assembly,
which is mounted on the writing end of the pen barrel,
encodes movement of the ball bearing along an X-
direction, and geﬁerateé“ X-axis drive signals
corresponding to encoded movement of the ball bearing
along the X-direction. The second encoding assembly,
which is mounted on the writing end of the pen barrel,
encodes movement of the ball bearing along a Y-
direction, and generates Y-axis drive signals
corresponding to encoded movement of the ball bearing
along the Y-direction. The character recognition means
is disposed in the pen barrel and is connected
electrically to the :first and second encoding

assemblies to receive the X-axis and Y-axis drive

signals therefrom. The character recognition means

identifies the characters formed on the writing surface
via the ball bearing from the X-axis and Y-axis drive
signals, and generates computer codes that are assigned

to the characters identified thereby.



10

15

20

25

Preferably, the pen computer further comprises
calculating means disposed in the pen barrel and

associated with the character recognition means. In the

“event that the characters formed on the writing surface

correspond to an arithmetic expression, the
calculating means can be operated so as to process the
computer codes th_at are assigned to the characters
identified by the character recggnitidn means in order
to compute a result of the arithmetic expression.
More preferably, the pen computer further comprises
a dictionary database di'é‘pos'é.?i in the pen barrel for
storing information abov.;t the words of a language, and
dictionary searching means disposed in the pen barrel
and associated with the character recognition means and
the dictionary database. The dictionary searching
means can be operated so as to process the computer codes
that are assigned to the characters identified by the
character recognition means in order to determine a
word corresponding to t:_]gae computer codes, and so as to
retrieve the information corresponding to the ‘word
determined thereby from the dictionary database.
More preferably, the pen computer further comprises
a directory storage unit disposed in the pen barrel for
storing a telephone directory database therein, and
telephone directory managing means disposed in the pen
barrel and associated with the character récognition

means and the directory storage unit. In the event that
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the characters formed on the writing surface correspond
to a name and a contact number associated with the name,
the telephone directory managing means can be operated
in. a directory building mode so as to process the
computer codes that are assigned to the characters
identified by the character recognition means in order
to determine the name and the contact number
correépoh&ing to the computer codes, and so as to store
the name and the contact number determined thereby in
the directory storage unit. .
Other features and advantages of .the present
invention will become apparent in the following
detailed description of the preferred embodiments with
reference to the accompanying drawings, of which:
Figure 1 is a fragmentary schematic view
illustrating a writing tip of the first preferred
embodiment of a pen computer according to the present
invention;
Eigure 2 is a scheﬁétic view illustrating 'an
encoding assembly of the-first preferred embodiment;
Figure 3 is a schematic view illustrating the
position relationship among encoding assemblies and a
ball bearing of the first preferred embodiment;
-Figure 4 is a schematic view illustrating a rotary

member and a sensing unit of the encoding assembly of

' the first preferred embodiment;
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Figure 5 illustrates the relationship among drive
signals from the encoding assemblies and direction of
movement.of the ball bearing according to the first
‘preferred embodiment;

Figure 6 is a timing diagram illustrating the drive
signals from the encoding assemblies of the first
preferred embodiment when movement of the ball bearing
occurs only in a +¥-direction; ' |

Figure 7 is a timing diagram illustrating the drive
signéls from the encoding assemblies of the first
pr.eferred embodiment wher movement of the ball bearing
occurs in both a -Y-direction and a +X-direction;

Figure 8 is a timing diagram illustrating the drive
signals from the encoding assemblies of the first
preferred embodiment when movement of the ball b'earihg
occurs only in a +X-direction; |

Figure 9 is a fragmentary schematic sectional view
of a pen barrel of the first preferred embodiment;

Figure 10 is a schqﬁatic circuit block diagram of
a control unit of the;first preferred embodiment;

Figure 10A is a functional block diagram of a memory
device of the control unit of Figure 10;

Figure 10B is a functional block diagram of a
processor of the controcl unit of Figure 10;

Figure 11 is a flowchart illustrating the ép_eration

of the first preferred embodiment;
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Figure 12 is a flowchart illustrating the operation
of the processor qf the first preferred embodiment in
a calculating mode;

\ Figure 13 is a schematic view illustrating a rotary
member and a sensing unit of an-encoding assembly of
the second preferred embodiment of a pen computer
according to the present invention; and

Figure 14 is a schematic view illustratiﬁg a rotary
member and a sensing unit of an_encoding assembiy of
the third preferred embodiment of a pen computer
according to the present invenfion.

Referring to Figure 1, the first preferred
embodiment of a pen computer 1 according to the present
invention is shown to comprise an elongated pen barrel
10 having a writing end formed with an axial opening
11 and a pair of orthogonél radial chambers that are
communicated with the opening 11 via cut-outs 12, 13.
A rotatable ball bearing 15 extends outwardly of the
pen barrel 10 at the axiél opening 11 to serxrve as a
ballpoint writing tip 16: ‘An ink supplying unit 14, in
the form of aﬁ ink core, is disposed in the'pen.barrel
10 and supplies ink to the ball bearing 15. In the
preferred embodiment, the ball bearing 15 is retained
rotatably on one end of the ink supplying unit 14. First
and second encoding assemblies 2, 2’ are mounted
respectively in the radial chambers at the wfiting'end

of the pen barrel 10. The first encoding assembly 2
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encodes movement of the ball bearing 15 along an X-
direction, and generates X-drive signals corresponding
to encoded movement of the ball bearing 15 along the
*X-direction. The second encoding assembly 2 encodés
movement of the ball bearing 15 along a Y-;dire'ction,
and generates Y-drive signals corresponding to encoded
movement of the ball bearing 15 along the Y-direction.

Referring to Figures 1 through 4, each of the first
and second encoding assemblies 2, 2’ includes a frame
member 22 mounted securely in the réspective radial
chamber at the writing endof the pen barrel 10. A rotary
shaft 220 is mounted rotatably ';:n the frame member 22.
A contact member 20, 21, in the formof a ball, is mounted
securely on the rotary shaft 220 and extends into the
pen barrel 10 via the cut-outs 12, 13 for-cont:acting
the ball bearing 15 such that rotation of the ball
bearing 15 in a certain direction can drive z_'otation
of the rotary shaft 220. The contact members 20, 21
contact the ball bear:i..r:xg 15 at orthogonal locations,
as best shown in Figure-3. A rotary member 23 is mounted
securely on the rotary shaft 220 for co-rotation
therewith. A sensing unit 24 is mounted securely on the
frame member 22 for generating the di‘ive signals in
response to detected movement of the rotary member 23.

As such, when the pen barrel 10 is held on one hand
for forming characters on a writing surface via the ball

bearing 15, the contact members 20, 21 rotate according
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to the direction of movement of the ball bearing 15 to
drive rotation of the respective rotary shaft 220 and
the associated rotary member 23. The X-axis and Y-axis
drive. signals are subsequently and respectively
generated by the sensingunits 24 of the first and second
encoding assemblies 2, 2’ in response to detected
movement of .the corresponding rotary member 23.

In the first preferred embodiment, the rotary mé.mber
23 is formed as a conductive member having a central
mounting portion 232 mounted securely on the rotary
shaft 220, and a plurality of edqually spaced contact
arms 230 that extend radiéily and outwardly from the
central mounting portion 232. The rotary member 23 is
connected electrically to a first voltage source, such
as the ground terminal of a power supply unit. The
sensing unit 24 includes an insulator substrate 241
mounted on the frame member 22 proximate to the rotary
member 23, and front and rear conductor plates 240, 242
mounted respectively on front and rear sides of the
insulator substrate 241.-The front and rear conductor
plates 240, 242 are connected electrically to a second
voltage source, such as the positivé {(or Vec) terminal
of a pdwer supply unit. When the contact members.zo,
21 rotate in a corresponding first direction due to
movement of the ball Bearing 15, thg contact arms 230
contact successively the front conductor plate 240 to

result in +X-axis and +Y¥-axis drive signals.
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Accordingly, when the contact members 20, 21 rotate in
a corresponding opposite second direction due to
movement of the ball bearing 15, the contact arms 230
contact successively the rear conductor plate 242 to
result in -X-axis and -Y-axis drive signals.

The relationship among drive signals from the first
and second encoding assemblies 2, 2’ and the direction
of movement of the ball bearing 15 is shown in Figure
5. The following are three sample conditions to
illustrate the operation of the encoding assemblies 2,
2': . -

1. In the (+Y¥>X=0) state of Figure 5, movement of
the ball bearing 15 only occurs in the +Y-direction.
As such, the contact member 20 is stationary, while the
contact member 21 rotates in the first directionmn.
Figure 6 shows the X-axis and Y-axis drive signals
generated by the first and second encoding assemblies
2, 2’ under the (+Y>X=0) state. As shown, with further
reference to Figure 6,_Because the“contact member 20
is stationary, the assqgciated rotary member 23 does not
rotate, thereby maintaining the front and rear
conductor plates 240, 242 at the high logic state due
to connection of the latter with the poéitive (oxr Vece)
terminal of a power supply unit. On- the other hand,
because the contact member 21.rotates in the first
direction, the associated rotary member 23 rotates such

that the contact arms 230 contact successively the
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front conductor plate 240. Since the rotary member 23
is connected electrically to the ground terminal of a
power supply unit, the logic state of the front

conductor plate 240 changes from high to low at the

instant one of the contact arms 230 makes contact

therewith. Thus, due to rotation of the rotary member
23 with the contact member 21 in the first direction,
the +Y-axis drive signal from the second encoding
assembly 2’ is generated in the form of a pulse train
having equidistant pulses at this tim'e.-,

In the example of Figure 6, thé +Y-axis drive signal
from the second encoding a;senibly 2’ is formed of nine
consecutive pulses. The number of pulses in the +Y-
axis drive signal from the second encoding assembly 2’
depends upon the speed of movement of the ball bearing
15 in the +Y-direction. The faster the movement of the
ball bearing 15 in the +Y-direction, the pulses in the
+Y-axis drive Signal from the second encoding assembly
2’ will be narrower, and,i:he number of pulses in the
+Y-axis drive signal will be greater.

The speed of rotation of the contact members 20, 21
depénds upon the vectorial angle component of the
movement of the ball bearing 15 that acts on the
correspond_ing contact member 20, 21. For example, when
the vectorial angle components acting on the contact
members 20, 21 are equal, the contact members 20, 21

rotate at the same speed. When the vectorial angle
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component acting on the contact member 20 is greater
than that acting on the contact member 21, the contact
member 20 rotates at a faster. speed as compared to the
contact member 21. Accordingly, when the wvectorial
angle component acting on the contact member 20 is
smaller than that é.cting on the contact member 21, the
contact member 20 rotates at a slower speed as compared
to the contact member 21. |

2. In the (-Y=+X) state of Figure 5, movement of the
ball bearing 15 occurs in both the -Y-direc’:tion and the
+X-direction. As such, thHe contact member 20 rotates
in the first direction, ;zhereas the contact member 21

rotates in the second direction. Figure 7 shows the -

'X-axis and Y-axis drive signals generated by the first

and second encoding assemblies 2, 2’ under the (-¥=+X)

state. As showﬁ, Eoth the +X-axis drive signal and
the -Y-axis drive signal from the first and second
encoding assemblies 2, 2* are in the form of pulse trains.
However, because the veg;torial angle components of the
movement of the ball bearing 15 that act on the contact
members 20, 21 are equal, assuming that the ball bearing
15 moves at the same speed as in the example of Figure
6, the contact members 20, 21_rotate at a slower speed '
as compared to the example of Figure 6, thereby
resulting in wider pulses for the +X-axis and the -

Y-axis drive signals.
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3. In the (+Y¥=0<X) state of Figure 5, movement of
the ball bearing 15 only occurs in the +X-direction.
As such, the contact member 21 ig stationary, while the
contact member 20 rotates in the first direction.
Figure 8 shows the X-axis and Y-axis drive sign‘ais
generated by the first and second encoding assemblies
2, 2’ under the (+Y=0<X) state. As shown, the Y-axis
drive signal from the second encoding assembly 2’ is
maintained at the high iogié state, whereas the +X-
axis drive signal from the first encoding assembly 2
is in the form of a pulse train..

Referring to Figure 9, the pen barrel 10 is further
formed with a mounting hole 17. A positioning frame
portion 18 projects inwardly and integrally from the
pen barrel 10 adjacent to the mounting hole 17. A circuit
board 37 is mounted on the positioning frame 18, and
has a control unit 3 provided thereon.

Referring to Figure 10, the control unit 3 includes
a power supply unit 31, a n;emory device 32, a processor
33, an output device 34,:an alarm sound generator 35,
a switch set 36, and a wireless communications unit 38,
such as a conventional infrared communications unit.

The power supply unit 31 can be in the form of
series-connected battery cells (not shown), and
provides the electrical energy required for operating
the control unit 3.

Referring to Figure 10A, the memory device 32 is
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configured to include at least a computer code storing
region 321, a dictionary database region 322, a
directofy storage region 323, and a computing region
324. The computer code storing region 321 is used to
store character patterns and associated standard
computer codes that are assigned to characters to be
formed on a writing surface via the ball bearing 15.
One example of a sﬁandard computer code ié ASCII, which
is suitable for encoding alphanumeric characters.
However, in view of the fact that some languages, such

as Chinese and Japanese,"' do Tnot use ASCII for the

encoding of their characters, more than one type of

character patterns and standard computer codes may be
stored in the region 321 to enable operation of the pen
computer 1 under different language formats. The
dictionary database region 322 is used to store
information about the words of a language. The
information can be the meaning of a word, or a
translation of the wofd in another language, e.g.
Engiish to Chinese. Knpwn dictionary databases of the
aforementioned type i.h electronic form are applicable
for storage in the dicﬁionary database region 322. The
directory storage region 323 is used to store a
telephone directory database therein. The format of the
directory storage region 323 éan be similar to those
found in most conventional handheld electronic devices,

such as electronic dicltionaries and personal digital
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assistants. The computing region 324 is used for
temporary storage of data when making calculations,
when identifying an input character, when forming an
entry for the telephone directory database, etc.

In the preferred embodiment, the memory device 32
is implemented using two different kinds of memory
units. The first memory unit is a FLASH random access
memory having at least the computer code storing region
321, the diétionary database . region 322, and the
directory storage region 323. The second memory unit

iga static random-access mémorf having' at least the

computing region 324.

Referring again to Figure 10, the output device 34
is preferably in the form of a liquid crystal display
(LCD) unit that is mounted in the mounting hole 17 of
the pen barrel 10. The alarm sound generator 35 is in
the form of a speaker, and the switch set 36 is used.
to control the operating mode of the processor 33, as
will be described. in greaf.e_r detail in the succeeding
paragraphs. ‘

As shown in Figures 10 and 10B, the processor 33,
such as a microprocessor, is connected to the power
supply unit 31, the memory device 32, the output device
34, the alarm sound generator 35, the switch set 36 and
the wireleés communicationé unit 38. The processor 33
is further connected to the first and second encoding

assemblies 2, 2’ (see Figure 1) so as to receive the
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X~-axis and Y-axis drive signals therefrom. With'
reference to Figure 10B, the processor 33 is configured
tq include a character recognition- unit 331, an
electronic clock unit 332, a calculating unit 333, a
dictionary searching unit 334, a telephone directory
managing unit 335, an ouﬁput driver unit 336, a mouse

operation _unit 338, and a keyboard operation unit 339 .

Figure 11 is a flowchart illustrating the operation

of the first preferred embodiment. With additional

reference to Figures 1, 10, 10A and 10B, when the power
supply 31 is active, the switch set 36 canlbe operated
in a predetermined manner to select the operating mode
of the processor 33 and the operating language of the
pen computer 1. Once the ball bearing 15 moves to form
characters on a writing surface, the first and secoﬁd .
encoding assemblies 2, 2’ generate the X-axis and
Y-axis drive signals corresponding to the detected
movement of the ball bearing 15. At this time, the
character recognitior;'; unit 331 retrieves the
appropriate character:patterns and standard computer
codes from the computer code storing region 321 of the
memory device 32, and stores the same in the computing
region 324 so that computations and comparisons can be
made in order to commence identification of the
characters formed on the writing surface, and
generation of the computer codes that are assigned to

the characters identified thereby. The generated
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computer codes for the identified characters are storéd
in the computing region 324 at this time. The character
recognition unit 331 is further associated operably
with the output driver unit 336, which enables the
output device 34 to indicate the characters identified
by the character recognition unit 331 thereon.

As to how the character recognition unit 331
identifies the characters that are formed on the
writ_:ing surface via the ball bearing 15, this can be
accomplished wusing known character recognition
techniques, which vary accor'ding to the language of the
characters to be identified.

When using the pen computer 1 to compute the result
of an arithmetic expression, the switch set 36 is
initially operated so as to enable operation of the
processor 33 in a calculating mode. When the characters
that constitute the arithmetic expression are written
down on the writing surface wvia the ball bearing 15,
the character recognitior,x' unit 331 proceeds to store
the computer codes for the identified characters in the
computir_tg region 324. The calculating unit 353 then
processes the computer codes stored by the character
recognition unit 331 in order to compute the result of
the arithmetic expression. This action can be triggered
upon detection of the computer code for the “=" sign.
The calculating unit 333 is further associated operably

with the output driver unit 336, which enables the
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output device 34 to indicate the result of the
arithmetic expression thereon.

Figure 12 is a flowchart illustrating the operation
©of the processor 33 in the calculating mode. Since the
functions associated with the processor 33 when
operating in this mode are similar to those found in

conventional calculators, a detailed explanation of

‘the flowchart of Figure 12 will be dispensed with herein

" for the sake of brevity.

When using the pen computer 1 to search for
information regarding a pa‘i:‘ticf?lar word, the switch set

36 is initially operated: so as to enable operation of

. the processor 33 in a dictionary searching mode. When

the characters that constitute the particular word are
written down on the writing surface via the ball bearing '
15, the character recognition unit 331 proceeds to
store the computer codes for the identified characters
in the computing region 324. The dictionary searching
unit 334 then proces_seé the computer codes stored by
the character recognition unit 331 in order to
determine the word corresponding to the computer codes,
é.nd retrieves the information corresponding to the word
that was determined thereby from the dictionary
database region 322 of thé memory device 32. This action
can be triggered upon detection of the computer code
for the ®“?” character, which is appended_ to the

characters of the subject word. The dictionary
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searching unit 334 is further associated operably with
the output driver unit 336, which enables the output
device 34 to indicate the information retrieved by the
dié¢tionary searching unit 334 from the dictionary
database region 332 thereon.

As is known in the art, the procedure for determining
a subject word from computer codes varies according to
the selected operating language of the pen cbmpuﬁer 1.
Since the search routine associated wit.h the dictionary
gsearching unit 334 _is commonly found in electronic
dictionaries, a detailed de's'criﬁfion of the same will
be dispensed with herein Eor the sake of brevity.

The switch set 36 can be further operated so as to
enable operation of the processor 33 in a directory
managing mode. In the directory managing mode, a name
and an associated contact number can be added into the
directory storage region 323, and the contact number
that is associated with an input name can be retrieved
from the directory storag{é region 323. When adding an
entry into the directopy storage region 323, the
characters that constitute the name and the contact
number associated with the name are written down on the
writing surface via the ball bearing 15. The character
recognition unit 331 proceeds to store the computer
codes for the identif-ied characters in the computing
region 324 as described beforehand. ‘fhe telephone

directory managing unit 335 then processes the computer
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codes stored by the character recognition unit 331 in
order tb determine the name and the contact number
corresponding to the computer codes. The telephone
directory managing unit 335 is further associated
operably with the output driver unit 336, which enables
the output device 34 to indicate the name and the contact
number determined.by the telephone directory managing
unit 335 thereon for verification. Upon operation of
the switch set 36 to verify accuracy of the information
indicated on the output device 34, the telephone
directory ménaging unit 335 stores the name and the
contact numbef as a new éhtry in the directory storage
region 323.

When searching a contact number in the directory
storage region 323, the characters that constitute an
input name are written down on the writing surface via
the ball bearing 15. The character recognition unit 331
proceeds to store the computer codes for the identified
characters in the coﬁputing region 324, and the
telephone directory mgnaging unit 335 then proéesses
the computer codes stored by the character recognition
unit 331 in order to determine the input name
corresponding to the computer codes. By appending a
symbol, such as the “?” character, to the input name,
the teiephone directory managing unit 335 is enabled
upon detection of the symbol to search the directory

storage region 323 for the contact number that is
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associated with the input name. With the assista.nce of
the output driver unit 336, the output device 34 is
enabled so as to indicate the input name and the
associated contact number retrieved by the telephone
directory managing unit 335 thereon.

Since known di'rectory building and directory
searching techniques found in handheld electronic
device_s are applicable to the telephone directory
managing unit 335, a more detailed description of the

operation of the 1_attér will be dispensed with herein

a3

for the sake of brevity.

The switch set 36 can b;. further operated so as to
permit operation of the processor 33 in a clock mode.
In the clock mode, the electronic clock unit 332 is
enabled to generate a time output. The electronic clock
unit 332 is associated operably with the output driver
unit 336 so as to enable the oi:.tput device 34 to indicate
the time output of the electronic clock unit 332 thereon.
Like conventional electrq!rlic clocks, operation of the
switch set 36 in a prepgétermined manner while the
processor 33 is in the clock mode enables setting of
the time output of the electronic ciock unit 332 and
setting of an alarm time. In addition, upon
determination by the electronic clock unit 332 that the

time output has reached the preset alarm time, the

electronic clock unit 332 activates the alarm sound

generator 35 in a known manner to generate an alarm sound
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output.

The switch set 36 can be further operated so as to
enable operation of the processor 33 in a mouse mode.
In the mouse mode, the mouse operation unit 338 receives

the X-axis and Y-axis drive signals from the first and

‘second encoding assemblies 2, 2’. Then, the mouse

operation unit 338 controls the wireless
communications unit 38 to establish a wireless.
communications link in a known manner with a computer
4 so as to trahsmit the X-axis é.nd X-axis drive signals
wirelessly for reception by “the computer 4 via a
corresponding standard :*.ommunications unit (SCU) 40
thereon. Thus, the X-axis and Y-axis drive signals can
be used to control movement of a cursor on a screen (not
shown) of the computer 4. The switch set 36 functions
in a manner similar to the switches found on a
conventional computer mouse. When the switch set 36 is
operated, the mouse operation unit 338 controls the
wireless communicatio;;s unit 38 to transmit the
corresponding switch gignals to the computér 4.

The switch set 36 can be further operated so as to
enable operation of the processor 33 in a keyboard mode .
In the keyboard mode, the keyboard operation unit 339
receives the computer.codes generated by the character
recognition unit 331. Then, the keyboard operation unit
339 controls the wireless communications unit 38 to

establish a wireless communications link with the
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computer 4 so as to transmit the computer codes
wirelessly for reception by the computer 4 via the
standard communications wunit (SCU) 40, thereby
enabling the pen computer 1 to serve as a character input
device for the computer 4. The pen computer 1 of this
invention can thus facilitate the input of characters
of a complex language, such as Chinese.

Referring again to Figurés 10 and 10B, in the
preferred embodiment, the processor 33 is further
configured to include a power managing unit 337 that
is associated operably with‘the memory device 32 such
that, when power to the pe.h computer 1 is turned off
or when residual power of the power supply unit 31 is
insufficient to ensure normal operation of the control
unit 3, the power managing unit 337 will transfer data,
such as a name and the associated contact number, in
the static RAM into the FLASH RAM to avoid data loss. -

The configuration of the first and second encoding

assemblies should not be.E limited to that described

beforehand. Other forms ¢f encoding assemblies can be
employed in the pen computer of this invention, as shown
in Figures 13 and 14.

Figure 13 illustrates a rotary member 23a and a
sensing unit 24a of an encoding assembly of the second
preferred embodiment of a pén computer according to the
present invention. The rotary member 23a is made of

plastid, and has a central mounting portion 232a
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mounted securely on the rotary shaft (not shown), and
a plurality of'equally spaced shielding arms 230a that
extend radially and outwardly £rom the central mountingl
portion 232a. The sensing unit 24a includes first and
second photo detectors (T1), (T2), such as ‘photo
transistors, mounted on the frame member (not shown)
in a side-by-side relationship proximate to the rotary
member 23a. When the rotary shaft rotates in the first
direction, each of the shielding arms 230a shields the
first; photo detector (T1) fifst before shielding the
secon'd photo detector (T2)"._ Thus, the drive sighal from.
the first photo detector‘. (Tl1) changes to a 1"1igh logic
state before that from the second photo detector (T2).
When the rotary shaft rotates in the opposite second
direction, each of the shielding arms 230a shields i:he
second photo detector (T2) first before shielding the
first photo detector (Tl). Thus, the drive signal from
the second photo detéctor (T2) changes to a high logic
state before that from _Ehe first photo detector (T1).
When the rotary shaft:;does not rotate, the first and
second photo detectors (T1), (T2) are not shielded by
the shielding arms 230a, and generate a corresponding
drive signal that is maintained at the low logic state.
Figure 14 illustrates a rotary member 23b and a
sensing unit 24b of an encoding assembly of the third
preferred embodiment of a pen computer according to the

present invention. The rotary member 23b has a central
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mounting poftion 232b mounted securely on the rotary
shaft (not shown), and a plurality of equally spaced
arms 230b that extend radially and outwardly from the
central mounting portion 232b. Each of the arms 230b
has a permanent magnet thereon. Preferably, each of the
arms 230b is formed from a permanent magnet material.
The sensing unit 24b includes first and second hall
effect sensors (S1), (S2) mounted on the frame member
(not shown) in a side-by-side relationship proximate
to the rotary member 23b. When the rotary shaft rotates
in the first direction, each of the arms 230b moves
closely adjacent to the fi;:'st hall effect sensor (S1)
first before moving adjacent to the second hall effect
sensor (S2). Thus, the drive signai from the first hall
effect sensor (S1) changes to a high logic state before
that from the second hall effect sensor (S2). When the
rotary shaft rotates in the opposite second direction,
each of the arms 230b moves closely adjacent to the
second hall effect senSQ;r (s2) first before moving
adjacent to the first hall effect sensor (Sl). Thus,
the drive signal from the second hall effect sensor (52)
changes to a high logic state before that from the first
hall effect sensor (S1) . When the rotary shaft does not
rotate, the first and second hall effect sensors (S1),
(S2) are not affected by the magnetic properties of t;he
arms 230b, and generate a corresponding drive signal

that is maintained at the low logic state.
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CLAIMS:
1. A pen computer comprising?

an elongated pen barrel having a writing end
provided with a rotatable ball bearing that serves as
a ballpoint writing tip, said pen barrel being adapted
to be held on one hand for forming characters on a
writing surface via said ball bearing;

a first encoding assembly, mounted on said writing

end of said pen barrel, for encoding movement of said

ball bearing along an X-direction and for geherating'

X-axis drive signals corresponding to encoded movement
of said ball bearing along the X-direction;

a second encoding assembly, mounted on said writing
end of said pen barrel, for encoding movement of said
ball bearing élong a Y-direction and for generating
Y-axis drive signals corresponding to encoded movement
of said ball bearing along the Y-direction; and

character recognition means disposed in said pen
barrel and connected electrically to said first and
second encoding assemblies to receive the X-axis and
Y-axis drive signals therefrom, said character
recognition means identifiririg the characters formed on
the writing surface via said ball bearing from the
X-axisandY=axisdrivesignalsandgeneratingcomputer
codes that are assigned to the characters identified

thereby.

-
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2. The pen computer as 'clairﬁed in Claim 1, further
comprising an output device mounted on said pen barrel,
and an output driver unit diéposed in said pen.barrel
and connected to said output device, said character

recognition means being associated operably with said

output driver unit so as to enable said output device

to indicate the characters identified by said character
recognitiog htéans. |

3. The pen computer as c_laimed in Claim 2, wherein said
output device is a display unit for wvisual indication
of the characters identified by said character
recognition means.

4. The pen computer as claimed in Claim 3, further
comprising elecﬁronic clock means, disposéd in said pen
barrél, for generating a time output, said electronic
clock means being associated operably with said output
driver unit so as to enable said output device to

indicate the time output of said electronic clock

‘means.

5. The pen computer as jclaimed in Claim 4, further
cotﬁprisihg an alarm sound generator mounted in said pen
barrel and connected to and controlled by said
electronic clock means so as to generate an alarm sound
output upon determination by said electronic clock
means that the time output of said electronic clock

means has reached a preset alarm time.
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6. The pen computer as claimed in Claim 1, wherein the
characters formed on the writing surface correspond to
an arithmetic expression, said pen computer further
comprising calculating means disposed in said pen
barrel and associated with said character recognition
means, said calculating means being operable sd as to
process the computer codes that are assigned tol the
characters identified by said character recdgnition
means in order to compute a result of the arithmetic
expression. -

7. The pen computer as claim&d in Claim 6, further
comprising an output devfce mounted on said pen barrel,
and an output driver unit disposed in said pen barrel
and connected to said output device, said calculating
means being further associated operably with said
output driver unit so aé to enable said output device
to indicate the result of the arithmetic expression.
8. The pen computer as claimed in Claim 7, wherein said
output device is a disp,iay unit for visual indication
of the result of the a_':fithmetié expression. '

9. The pen compuﬁe‘r as claimed in Claim 1, further;
comprising:

a dictionary database, disposed in said pen barrel,
for storing information about the words of a language;
and

dictionary searching means disposed in said pen

barrel and associated with said character recognition

/l .
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means and said dictionary database, said dictionéry
searching means being operable so as to process the
computer codes that are assigned to the characters
idéntified by said character recognition means in order
to determine a word corresponding to the computer codes,
and so as to retrieve the information corresponding to
the word determined thereby from said dictioriary
database. |

10. The pen computer as claimed in Claim 9, further
comprising an output device mounted on said pén barrel,
énd an output driver unit a-i‘épos-é“d in said pen barrel
and connected to said outp-{lt device, said dictionary
searching means being further associated operably with
said output driver unit so as to enable said output
device to indicate the information retrieved by said

dictionary searching means from said dictionary

database.

11. The pen computer as claimed in Claim 10, wherein
said output device is a g_i:isplay unit._ _
12. The pen computer as claimed in Claim 1, wherein the
characters formed on the writing surface correspond to
a name and a contact number associated with the name,
said pen computer further comprising: '

a directory storage unit, disposed .in said pen
barrel, for storing a telephone directory database

therein; and

\\\\\\\\}\\\\\\\\\x\\\\\s\\\\y\
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telephone directory managing means disposed in said
pen barrel and associated with said cﬁaracter
recognition means and said directory storage unit, said
telephone directory managing means being operable in
a directory building mode so aé to process the computer
codes that are assigned to the characters identified
by said character recognition means in order to
determine the name and the contact number corresponding
to the computer codes, and so as to store the hame and
the contact number determined thereby in said directory
storage unit.
13. The pen computer as claimed in Claim 12, wherein
said telephone directory managing means is further
operable in a directory searching mode, where said
telephone directory managing means processes the
computer codes that are assigned to the characters
identified by said character recognition means in order
to determine the name corresponding to the computer
codes, and searches saicf directory storage unit for the
contact numbef associated with the name.
14. The pen computer as claimed in Claim 13, further
comprising an output device mounted on said pen barrel,
and an output driver unit disposed in said pen barrel
and connected to said output device, said telephone
directory managing means being further associated
operably with said output driver unit so as to enable

said output device to indicate the contact number

_—
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retrieved by said telephone directory managing means
from said directory storage unit.

15. The pen computer as claimed in Claim 14, wherein
satd output device is a display unit. _

16. The pen computer as claimed in Claim 1, further
compri'-sing ink supplying means, disposed in said pen
barrel, for supplying ink to said ball bearing.

17. The pen computer é.s claimed in Claim 1, wherein each
of said first and second encoding.assemblies comprises:

a frame member mounted securely on said v_vriting end
of said pen barrel;

a rotary shaft mounted rotatably ori_ said frame
member;

a contact member mounted éecurely on said rotary
shaft and in contact with said ball bearing such that
rotation of said ball bearing can drive corresponding
rotation of said rotary shaft;

a rotary member mounted securely on said rotary
shaft for co-rotation therewith; and

a sensing unit mounted,decurely on said frame member
for generéting the drive signals in response to
detected movement of said rotary member.
18. The pen computer as claimed in Claim 17, wherein:

said rotary member is formed as a conductive member
having a central mounting portion mounted securely on
said rotary shaft, and a plurality of équally spaced

contact arms that extend radially and outwardly from

-

R



10

15

20

25

31

said central mounting portion, said rotary member being
adapted to be connected electrically to a voltage
source; and |
v\ gaid sensing unit includes an insulator substrate
and front and rear conductor plates mounted
respectively on front and rear sides of said insulator
substrate, said insulator substrate being mounted on
said frame member proximate to said .ro.t:ary member such
that rotation of said rotary shaft in a first direction
enableé said contact arms to contact successively said
front conductor plate and such that rotation of said
rotary shaft in an opposite second direction enables
said contact arms to contact successively said rear
conductor plate.
19. The pen computer as claimed in Claim 17, wherein:
said rotary member has a central mounting portion

mounted securely on séid rotary shaft, and a plurality

of equally spaced shielding arms that extend radially

and outwardly from said' central mounting portion; and

gsaid sensing unit iricludes first and second photo
detectors mounted on said frame member in a side-
by-side relationship proximate to said rotary member
such that rotation of said rotary shaft in a first
direction enables each of said shielding arms to shield
said first photo detector first before shielding said
second photo detector, and such that rotation of said

rotary shaft in an opposite second direction enables
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each of said shielding arms to shield said second photo
detector first before shielding said first photo
detector.
20! The pen computer as claimed in Claim 19, wherein
said first and second photo detectors are photo
transistors.
21. The pen computer as claimed in Claim 17, wherein:
said rotary member has a central mounting portion
mounted securély on said rotary shaft, aﬁd a plurality
of equally spaced arms that extend radially aﬁd
outwardly from said central{mouﬁiing'portion, each of
said arms having a perman;nt magnet thereon; and
said sensing unit includes first and second hall
effect sensors mounted on said frame member in a
side-by-side relationship proximate to said rotary
member such that rotation of said rotary shaft in a first
direction enables each of said arms to move closely
adjacent to said first-hall effect sensor first before
moving adjacent to said.sécond.hall effect sensor, and
such that rotation of sajd rotary shaft in an opposite
second direction enables each of said arms to move
closely adjacent to said second hall effect sensor
first before moving adjaéent to said first hall effect
sensor. |
22. The pen computer as claimed in Claim 1, further

comprising:

-
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a4 mouse operation unit disposed in said pen barrel
and connected electrically to said first and second
encoding assemblies to receive the X-axis and Y-axis
drive signals therefrom} and

a communications unit provided on said pen barrel
and connected eiectrically to said mouse operation
unit;

said mouse operatioﬁ unit being operable so as to

enable said communications unit to establish a

communications link with a computer.

23. The pen computer as claiméd in Claim 22, wherein
said mouse operation unil is operable so as to enable
said communications unit to.transmit the X-axis and
Y-axis drive signals for reception by the computer.
24. The pen computer as claimed in Claim 23,.wherein
the X-axis and Y-axis drive signals are adapted to
control movementlof a cursor on a screen of the computer.

25. The pen computer as claimed in Claim 22, wherein

said communications unit is an infrared communications

‘unit.

26. The pen computer as claimed in Claim 1, further
comprising:
a keyboafd operation unit.disposed-in said pen

barrel and associated with said character recognition

 means to receive the computer codes therefrom; and

a communications unit provided on said pen barrel

and connected electrically to said keyboard operation
. R ket
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unit;

said keyboard operation unit being operable so as
to enable said communications unit to establish a
communications link with a computer. |
27. The pen computer as claimed in Claim 26, wherein
said keyboard operation unit is 'opex‘able 80 as to enable
said communications unit to transmit the computer codes

for reception by the computer.

28. The pen computer as claimed in Claim 26, wherein

said communications unit is an infrared communications

unit.
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