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(57) ABSTRACT 

A directional input device for use in a handheld device is 
disclosed herein. The directional input device provides input 
to an element of the user interface in response to the 
inclination of the handheld. The input device can be embed 
ded into any handheld communicating or computing device 
to provide directional input to an element of the user 
interface of the handheld without consuming space on the 
face of the device that could otherwise be used for a larger 
SCCC. 
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METHOD OF OPERATING A HANDHELD DEVICE 
FOR DIRECTIONAL INPUT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is related to and claims priority 
from U.S. Provisional Application Serial No. 60/303,865, 
filed on Jul. 9, 2001. This provisional application, including 
its specification and drawing figures, is hereby incorporated 
into this application by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to the field of con 
trolling a handheld device. More particularly, the present 
invention relates to a method of operating a handheld device 
for directional input, converting a pattern of physical param 
eters into Signals processed by the handheld device. 

BACKGROUND OF THE INVENTION 

0.003 Handheld computing and communication devices 
are well known. Cellular telephones, personal digital assis 
tants (PDAS), and Small form factor computers all require 
input from a user in order to operate. Typically, these 
handheld device have a processor connected to a memory, a 
Screen and a user input device. The Screen typically provides 
either a text or graphical interface through which options or 
applications are Selected. In many instances a Selection is 
made by use of a directional input device, Such as a 
touchpad, rollerball, directional keypad, or thumb wheel. 
These options allow the user to position a pointer or a cursor 
on the list application or option desired. These directional 
input devices allow a user to Select options, launch appli 
cations, and move pointerS or cursors. Typically the direc 
tional input device works in conjunction with Some variety 
of action button, Such as a mouse button, or an integrated 
Selector as used in many thumbwheel devices. 
0004 Directional input devices produce signals which 
are further processed by the handheld device to represent a 
direction to an element of the handheld device user interface. 
For example, in operations involving the displacement of a 
cursor on a Screen, a handheld device user presses, rolls, 
touches, or exerts pressure on Some directional Sensor. The 
pattern of the physical parameter is converted into Signals 
processed by the handheld, and ultimately the cursor or a 
pointer moves. 
0005 Directional input devices can be classified as hav 
ing either one, or a plurality of degrees of freedom. Devices 
that have one degree of freedom are restricted to providing 
directional input in one dimension, for instance up-down, or 
left-right, but not both. In input devices with a plurality of 
degrees of freedom, Several directions are possible, for 
instance both up-down and left-right. In typical directional 
input devices, only two dimensions are tracked. Though 
there are devices for tracking three dimensional input, 
typically these devices are used in conjunction with very 
Specialised user interfaces. The quality of directional signals 
depends on the attributes of the Sensed pattern of physical 
parameters, which ultimately depend on the type of Sensors. 
For instance, Simple push-buttons or keys can only detect 
directional presence-either the key is pressed, or it is not. On 
the other hand, a roller or touch Surface can detect direc 
tional degree. 
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0006 The layout of the handheld device is determined by 
a number of ergonomic and aesthetic constraints. One of the 
greatest constraints is the Overall size of the device, which 
for reasons of portability is tightly constrained. As a result 
of their small form factors, handheld devices typically trade 
off a desirable large Screen, for necessary input device Space. 
Without enlarging the handheld device, a larger Screen must 
come at the cost of a Smaller input device. There exist a 
number of well-known, convenient directional input 
devices, Such as computer mice, trackballs and touchpads, 
that address a number of concerns in directional input 
devices. However, these devices either require a great deal 
of Space or cannot be easily integrated with a portable 
handheld device. 

0007 To accomplish the reduction in input device size, 
many people have attempted to eliminate a distinct direc 
tional input device. Some devices have eliminated the dis 
tinct directional input device by employing a touch Sensitive 
Screen. This allows the user to Select an option or application 
directly on the Screen. This however, typically requires at 
least a rudimentary directional input device to allow Scroll 
ing through pages. Additionally, it requires two-handed 
operation, which is not always possible, and should not be 
necessary to perform simple tasks with the handheld device. 
0008 Another strategy is to employ a thumbwheel, such 
as a jog-dial, which can be place on the Side of the handheld. 
This removes the directional input device from the face of 
the device and can Save considerable Space. By combining 
the Simplicity of a roller, with optimal placement for use 
with the thumb, a thumb wheel is provided on handheld 
devices for directional input. A thumb roll in a first direction 
is interpreted as a directional input corresponding to a 
positive displacement on a first primary direction, Such as 
up, whereas a thumb roll in a Second opposite displacement 
is interpreted as a directional input corresponding to a 
negative displacement along the same first direction. Fur 
thermore, by detecting a presence condition, Such as the user 
holding down an “alt' key, at the same time as a thumb roll, 
the thumb roll can be interpreted to provide a pointer or 
cursor displacement in a Second direction. Thus a thumb 
wheel can be adapted to provide multidirectional input. An 
example of bi-directional input, a specific type of multidi 
rectional input, is the displacement of a cursor in a text editor 
pane wherein one direction corresponds to the character 
position of the cursor and wherein the other direction 
corresponds to the line number of the cursor. Though 
thumbwheels address many concerns, the thumb wheel 
requires a rotatable key to be installed in the handheld, 
which is only on one Side of the device. The positioning of 
the directional input device on the Side of the device makes 
the device difficult to use for either right or left handed 
people. Additionally, because the handheld is of a Standard 
size, the positioning of the thumb wheel can make the device 
difficult to use for people with large or small hands. Fur 
thermore, the thumb wheel, as with any mechanical device, 
is Subject to mechanical wear and failure, and additionally 
increases the cost of manufacturing the mould for the 
device's exterior due to the additional apertures required. 
0009. In classifying directional input devices it should be 
noted that directional input devices can have both presence 
and degree. The Simplest directional input device has pres 
ence, Such as for example in an arrangement of preSSure 
Sensors Such as buttons, each of which is associated with a 
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fixed increment in a particular direction, Such as is the case 
for example with arrow keys. Either a key is pressed, or it 
is not. The user's input has presence in one particular 
direction and is Sensed in this fashion and the handheld 
device is signalled accordingly. 

0.010 More advanced directional input devices can pro 
vide directional degree. Directional degree is related to the 
magnitude of displacement along a physical degree of 
freedom of the Sensor. For instance, in a roller Sensor, the 
degree of roller activity is proportional to the displacement 
of the roller and has the same Sign as the direction of 
displacement. The degree of user activity in a direction is 
Sensed in this fashion and the handheld device is signalled 
accordingly. Degree can be simulated in devices that can 
only provide presence through mechanisms. Such as key 
repeat rate, which provides a plurality of presence Signals if 
the input device is activated for a Sufficient amount of time. 
Some directional input devices have both presence and 
degree, Such as a rollers or touchSurfaces, that are combined 
with at least one button. 

0.011 Directional input devices can also be categorized 
by the degrees of freedom that they provide. Directional 
input devices which have only one physical degree of 
freedom, Such as thumb wheels, are typically used to provide 
directional input restricted to a Single path. Directional input 
devices which have more than one degree of freedom are 
traditionally used in multidirectional input, Such as for 
example a capacitive touch Surface type Sensor manipulated 
with the finger or a Stylus. Directional input devices with 
Several degrees of physical freedom tend to be more expen 
Sive and complex to operate than Sensors with only one 
degree of freedom. 

0012. As described above, sensors with only one physical 
degree of freedom, a presence based control can be used to 
Select alternate directions, which are typically perpendicular 
to the primary direction, thereby providing Simulated mul 
tidirectional input. An example is the aforementioned a 
thumb wheel which moves a cursor in one dimension in a 
native State, but moves the cursor in a perpendicular direc 
tion when an “alt' key is depressed. 

0013 In the case of sensors with several degrees of 
freedom, presence can be used to constrain the directional 
input Signals to a major direction, Such as horizontal, Ver 
tical, or diagonal, thereby providing a simulated unidirec 
tional input, which facilitates the drawing of a Straight line 
on a freeform Surface Such as a touchpad. To achieve this, a 
user could use a touch Surface to draw a diagonal line, and 
then hold an action key to constrain the line to the direction 
of the largest component, either horizontal or vertical. 
0.014 Current techniques of directional input control of 
handhelds often combine varied Sensor types and methods to 
provide varied forms of directional input, each of which 
presents. Some advantages but unfortunately also has draw 
backs. 

0.015 Added user operational complexity may be 
required for Simulated uni-dimensional input on devices 
using traditional multidegree of freedom directional input 
devices. The same can be said for Simulated multidimen 
Sional input using traditional Single degree of freedom 
directional input devices. The mere combination of the two 
types of input devices, Such as providing both a thumb wheel 
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and a touch Surface, overcomes many problems, but Still 
requires the expensive tooling required to install a thumb 
wheel, and does not eliminate the valuable area required by 
the touchpad. 
0016. There is therefore a need for a directional input 
device with a minimized size, to allow for a larger Screen, 
while reducing the tooling costs associated with apertures on 
the moulding of the handheld device. There is a further need 
for a directional device that is capable providing directional 
input to a handheld without requiring dual handed operation, 
and without providing a preference to right handed people, 
left handed people, or people with a particular size of hand. 

SUMMARY OF THE INVENTION 

0017. It is an object of the present invention to obviate or 
mitigate at least one disadvantage of previous directional 
input devices in handheld computing or communicating 
devices. 

0018. In a first aspect, the present invention provides an 
input device, for embedding in a handheld device, for 
providing directional input to an element of the user inter 
face in the handheld device in response to an inclination of 
the handheld device. The input device comprises a primary 
contact positionally fixed in the handheld, and a directional 
contact positionally fixed in the handheld and operatively 
connected to the primary contact. A circuit closing means, 
Such as a ball bearing or a mercury contact, is movable on, 
and in electrical contact with, the primary contact. In 
response to inclination of the handheld device in the direc 
tion of the directional contact, the circuit closing means 
moves between a neutral position in which the primary 
contact and the directional contact form an open circuit, and 
an active position in which the primary contact and the 
directional contact form a closed circuit. A direction inter 
preter, operatively connected to the primary and directional 
contacts, generates the directional input to the element of the 
user interface when the closed circuit is formed. In a further 
embodiment, a Second directional contact is positionally 
fixed in the handheld and operatively connected to the 
primary contact to form a Second open circuit when the 
circuit closing means is in the neutral position. The Second 
open circuit is closable by the circuit closing means, in 
response to inclination of the handheld device in the direc 
tion of the Second directional contact by movement of the 
circuit closing means to a Second active position. In this 
case, the direction interpreter generates a Second directional 
input when the circuit closing means is in the Second active 
position. 
0019. In another embodiment, the input device includes a 
plurality of Subsequent directional contacts, positionally 
fixed in the handheld. Each Subsequent directional contact is 
connected to the primary contact to create a plurality of 
Subsequent open circuits. Each Subsequent open circuit 
closable by the circuit closing means in response to an 
inclination of the handheld device in the direction of the 
asSociated Subsequent directional contact by movement of 
the circuit closing means to a Subsequent active position. 
This embodiment can be modified Such that each of the 
directional contacts is further connected to adjacent direc 
tional contacts to create a plurality of Secondary open 
circuits. Each of the plurality of Secondary open circuits is 
closable by the circuit closing means in response to incli 
nation of the handheld to a junction of adjacent directional 
COntactS. 
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0020. The input device of claim 1, further including a 
base, electrically connected to the primary contact, for 
Supporting the circuit closing means in response to move 
ment between the neutral position and the active position. 
0021. In a further aspect, the present invention provides 
an input device, embedded in a handheld device, for pro 
Viding directional input to an element of the user interface in 
the handheld device in response to an inclination of the 
handheld device. The input device comprises a base posi 
tionally fixed in the handheld. A plurality of directional 
contacts, positionally are fixed in the handheld around the 
base. Each directional contact is operatively connected to at 
least one adjacent directional contact. Circuit closing means, 
movable on the base between a neutral position and a 
plurality of active positions, is provided. In the neutral 
position the base and the plurality of directional contacts are 
in open circuit. In the active positions two of the plurality of 
directional contacts are operatively connected to close the 
open circuit in response to the inclination of the handheld 
device in the direction of a pair of adjacent directional 
contacts. A direction interpreter is operatively connected to 
the plurality of directional contacts, and generates the direc 
tional input in response to closing the open circuit. Prefer 
ably, the base biases the circuit closing means to the neutral 
position, and is provided with a plurality of grooves for 
guiding the circuit closing means between the neutral posi 
tion and at least one of the plurality of active positions. 
0022. In another aspect, there is provided a method of 
controlling an element of a user interface of a handheld 
device based on the inclination of the handheld device. The 
method comprises Sensing the inclination of the handheld 
device; generating a directional input Signal representative 
of the inclination of the handheld device; transmitting the 
generated directional input Signal to the user interface of the 
handheld device; and processing the transmitted directional 
input Signal to control the element of the user interface. 
0023. Other aspects and features of the present invention 
will become apparent to those ordinarily skilled in the art 
upon review of the following description of Specific embodi 
ments of the invention in conjunction with the accompany 
ing Figs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024. Embodiments of the present invention will now be 
described, by way of example only, with reference to the 
attached FigS., wherein: 
0.025 FIG. 1 illustrates an embodiment of a system of the 
present invention; 
0.026 FIG. 2 illustrates top and side views of an embodi 
ment of a 1 degree of freedom directional input device of the 
present invention in a neutral position; 
0.027 FIG. 3 illustrates top and side views of an embodi 
ment of a 1 degree of freedom directional input device of the 
present invention in an active position; 
0028 FIG. 4 illustrates top and side views of an embodi 
ment of a 2 degree of freedom directional input device of the 
present invention in a neutral position; 
0029 FIG. 5 illustrates top and side views of an embodi 
ment of a 2 degree of freedom directional input device of the 
present invention in an active position; and 
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0030 FIG. 6 is a flowchart which illustrates the steps in 
one embodiment of the method of directional input for a 
handheld device in accordance with the present invention. 

DETAILED DESCRIPTION 

0031 Generally, the present invention provides a direc 
tional input device integrated into a handheld device. In 
particular the present invention provides a directional input 
device that is internal to the handheld device, so that 
directional input is provided by manipulation of the orien 
tation of the entire handheld device. 

0032. The present invention provides a directional input 
device that provides a directional input signal when the 
orientation of the handheld device is manipulated. For 
example, if it desired to move the cursor to the right, the 
handheld would be tilted to the right. This completely 
removes the directional input device from the face of the 
device to allow for a larger Screen, and does not require 
either an external mechanical mechanism Subject to external 
wear and tear or an expensive moulding modification. 
0033 FIG. 1 illustrates the principle of the present inven 
tion. Directional input device 20 is typically embedded in a 
handheld device. Abase, or primary contact 26, is connected 
to a directional contact 28, to create an open circuit. Between 
primary contact 26 and directional contact 28 is a direction 
interpreter 70. When a connection is made between primary 
contact 26 and directional contact 28, direction interpreter 
70 Senses the closing of the open circuit and generates a 
directional input signal 76. Circuit closing means 25 is 
provided, So that the open circuit can be closed by inclining 
the handheld. When the handheld device is inclined, direc 
tional input device 20 is inclined, which results in base 26 
tilting, allowing gravity to pull circuit closing means 25 
towards directional contact 28 which causes circuit closing 
means 25 to close the open circuit. As illustrated in FIG. 1, 
circuit closing means 25 is in a neutral position, which 
corresponds to the open circuit remaining open. When the 
handheld device is Sufficiently inclined, circuit closing 
means 25 moves to an active position, in which the open 
circuit is closed. One of skill in the art will appreciate that 
a number of different implementations of circuit closing 
means are available. Illustrated in FIG. 1 is a simple 
embodiment, where a ball bearing is used as the circuit 
closing means. Tilting the directional input device will cause 
the ball bearing to roll along primary contact 26 towards 
directional contact 28. Upon touching contact 28, the bear 
ing will close the circuit. In an alternate embodiment, circuit 
closing means 25 is a Small quantity of mercury that forms 
a mercury contact. The use of mercury as circuit closing 
means 25, reduces the present invention to a mercury Switch 
that is used to provide a directional input. 

0034. One of skill in the art will appreciate that a number 
of embodiments of direction interpreter 70 are possible. 
FIG. 1 illustrates a simple embodiment, wherein contacts 26 
and 28 are connected by a power supply 74 and a sensor 72. 
While contacts 26 and 28 are connected in an open circuit 
configuration no power flows between them, but when 
circuit closing means 25 moves to the active position the 
open circuit is closed and Sensor 72 can detect the current 
flow between the contacts. One of skill in the art will 
appreciate that this is a Simple embodiment of the direction 
interpreter 70, and that further embodiments could be 
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employed by one of Skill in the art without departing from 
the Scope of the present invention. 
0035 FIG. 2 illustrates the top and side views of an 
improved one degree of freedom directional input device 
according to the present invention. Though inclining the 
device of FIG. 1 results in the open circuit being closed, 
there is no guarantee that circuit closing means 25 will return 
to its neutral position when device 20 returns to a horizontal 
inclination. This is problematic for both applications of the 
present invention in which degree is simulated, and appli 
cations where both positive and negative directional control 
(e.g. both left and right inputs) is required. To overcome this, 
base 22 of device 20, as illustrated in FIGS. 2 and 3, is 
designed to bias circuit closing means 25 to the neutral 
position when the inclination is ceased. In the embodiment 
illustrated in FIGS. 2 and 3, the base is curved so that 
gravity will pull the circuit closing means back to the neutral 
position, this gravitationally biases circuit closing means 25 
to the neutral position. Base 22 is connected to lead 26, 
which forms an open circuit with lead 28A, which is 
connected to contact 24A. One of skill in the art will readily 
appreciate that the open circuit between leads 26 and 28A 
include direction interpreter such as direction interpreter 70 
of FIG. 1. The direction interpreter has been omitted for 
clarity of the drawings. Also omitted for clarity is a lead 
from connection 24B that forms a Second open circuit with 
lead 26. As device 20 of FIGS. 2 and 3 is inclined in one 
direction or another, the circuit closing means 25 is pulled by 
gravity towards one of the contacts (contact 24A as illus 
trated in FIG.3). The direction interpreter detects the closed 
circuit when circuit closing means 25 is in an active position 
and generates a directional input Signal. Lid 29 Serves to 
both contain the circuit closing means 25, and to Seal device 
20. The embodiment of FIGS. 2 and 3 provides a directional 
input device with a biased neutral position and two active 
positions, each active position being associated with the 
closure of one of the two open circuits. 
0036) One of skill in the art will readily appreciate that a 
two degree of freedom directional input device can be 
implemented using a simple extension of the above embodi 
ment. Whereas the embodiment of FIGS. 2 and 3 restricts 
the path of circuit closing means 25 to a single dimension, 
in a 2-degree of freedom embodiment, circuit closing means 
25 is allowed to move freely in two directions, and is 
bounded by a plurality of contacts arranged about the base 
So as to form an approximation of a circle. Each directional 
contact is connected to the base in the same fashion that 
contacts 24A and 24B were connected to base 22, via lead 
26, to create an open circuit. When the handheld is tilted in 
any direction the directional input device 20 is inclined. This 
causes the circuit closing means 25 to create a closed circuit 
between one of the contacts and the base by gravitationally 
overcoming the bias to the neutral position. This can be 
Sensed by a direction interpreter which would provide a 
directional input signal. One of skill in the art will readily 
appreciate that the circuit closing means will often close 
more than one circuit Simultaneously by touching two 
adjacent directional contacts. The direction interpreter will 
recognise the multiple closed circuits as motion in a direc 
tion corresponding to a combination of the directions asso 
ciated with each directional contact in the closed circuits. 

0037 FIGS. 4 and 5 illustrate another embodiment of 
the present invention. Referring to FIG. 4 a first embodi 
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ment of a two degree of freedom directional input device 20 
is illustrated. The orientation sensor 20 is preferably embed 
ded in a handheld device. FIG. 4 illustrates the present 
embodiment in the neutral position. A dish, or base, 22 
Supports circuit closing means 25 and biases circuit closing 
means 25 to the neutral position. AS illustrated, base 22 is 
substantially horizontal with respect to line HH. A plurality 
of direction contacts 24A, 24B, and further unlabelled 
direction contacts, are disposed on the interior of a non 
conductive cover 29 in a peripheral fashion, to form a 
circular approximation. Preferably, at an equilibrium orien 
tation of the handheld device, the shape of base 22 biases the 
circuit closing means 25 to the neutral position. 
0038 Referring to FIG. 5, an inclined or active position 
is illustrated. Base 22 is inclined past a certain threshold by 
inclining the handheld in the direction 23 of a pair of 
direction contacts 24A,B. Circuit closing means moves 
along a guide 27AB and comes to rest on the direction 
contacts 24A, B thereby creating a closed circuit condition 
which can be Sensed between the direction contact leads 
28A.B. This embodiment does not require a contact for the 
base 22. 

0039. In reference to FIGS. 1-5, various embodiments of 
orientation Sensors are described. Although not expressly 
shown in the FigS., many alternative Sensors are compatible 
with the method, Such as a Solid State compass or gyroscope 
which Senses orientation with respect to magnetic north, or 
a pendulum Such as a tine pendulum, a micro Saucer, or a 
Solid State memory device. The choice of an actual orien 
tation Sensor is a matter which depends on the application of 
the present invention to a particular handheld device and the 
choice of Sensor is obvious to those knowledgeable in the 
field in light of a particular handheld and the present 
invention. 

0040 Although not expressly shown in the drawings, the 
use of a Sensor that detects orientation in terms of degree 
instead of presence is also envisaged. Many orientation 
Sensors can be used to detect degree using orientation, of 
varied complexity from as Simple a principle as a pendulum, 
or a Solid State compass, to as complex a principle as a 
gyroscope. The Substitution of any orientation Sensor is 
considered obvious to a person skilled in the art in view of 
this invention. 

0041 Finally, having described general principles of 
directional input, having considered examples of handheld 
devices, and having considered examples of orientation 
sensors in reference to FIGS. 1-5, embodiments of the 
method for operating a handheld device for directional input 
will be described next by way of example and reference to 
F.G. 6. 

0042. The method of FIG. 6 can be used to signal to an 
element of the user interface in the handheld that a change 
in orientation has occurred. Typically the element of the user 
interface is either a cursor or a pointer. In relation of the 
embodiments of the system as illustrated in FIGS. 1-5, this 
Signalling to the handheld occurs when the circuit closing 
means moves to an active position. The first step 30 of the 
method is to Sense the handheld orientation or inclination. 
Once the handheld orientation has been Sensed, the Second 
Step 40 is to convert the orientation to a direction signal. 
Then, at the third step 50 the direction signal is communi 
cated to the handheld. Finally, at the fourth step 60 the 
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direction Signal is further processed in the handheld. In the 
fourth Step, events are generated by the further processing of 
the Signal, Such as by detecting patterns of the Signal which 
correspond to patterns of the physical parameters of the 
Sensors can be as complex or as Simple as required. For 
instance as accelerated directional input, to as Simple as a 
simple click caused by the flick of the wrist, as defined by 
processing steps 

0.043 Although not expressly shown in the drawings, the 
Second Step 40 is not required if the Sensed orientation is 
already converted to a direction Signal by a direction inter 
preter. Adaptation of the present invention to use alternate 
orientation Sensors is within the Scope of the invention as it 
would be obvious to a person skilled in the art in view of this 
disclosure. 

0044) In one embodiment, orientation is used as the basis 
for directional input on a handheld device. Returning to 
FIG. 6, in the second step 40, the orientation is converted to 
a direction signal compatible with traditional directional 
input means, Such as a roller, touch pad, or arrow keys, 
thereby allowing a next generation handheld using the 
method to reclaim the Space used by traditional directional 
controls Such as a thumbwheel. 

0.045. In another embodiment, orientation is used in con 
junction with other forms of directional input Such as that 
provided by buttons, a roller, a touch Surface or any other 
Sensor capable of providing directional input, on a handheld 
device. For instance, a thumb wheel can be used to Signal a 
degree of displacement in conjunction with the orientation 
sensed at the first step 30. At step 40, the sensed orientation 
and amount of roller displacement are converted into a 
direction signal. 
0046. In an axis constraining embodiment, a change in 
orientation constrains the axis corresponding to directional 
input on a handheld device. For instance, a touch pad on an 
handheld oriented So as to be inclined along an inclination 
axis is used to Signal a degree of displacement in conjunction 
with the orientation sensed at the first step 30. At step 40, the 
Sensed orientation and amount of touch pad displacement 
are converted into a direction signal constrained in a direc 
tion Substantially perpendicular to the inclination axis. 

0047. In an axis selecting embodiment, the orientation is 
mapped to an axis corresponding to directional input on a 
handheld device. For instance, a touch pad on an handheld 
oriented So as to be inclined along an inclination axis is used 
to Signal a degree of displacement in conjunction with the 
orientation sensed at the first step 30. At step 40, the sensed 
orientation and amount of touch pad displacement are con 
verted into a direction signal constrained in a direction 
Substantially parallel to the inclination axis. Alternatively, a 
Sensed change of orientation Sensed at Step 30 can cause 
roller displacement to operate on an alternate direction at 
step 60. 

0.048. The present invention provides a directional input 
device that does not consume Surface area on the face of a 
handheld device. This allows for a larger Screen in the same 
form factor as a handheld device with a face mounted 
directional input device. Additionally, because it can be 
completely embedded in the handheld, no external acceSS is 
required, obviating the need for expensive apertures in the 
moulding. Furthermore, reliability of the directional input 

Jan. 9, 2003 

device is improved by eliminating the mechanical wear that 
occurs with an externally accessible directional input device 
Such as a thumbwheel. 

0049. The above-described embodiments of the present 
invention are intended to be examples only. Alterations, 
modifications and variations may be effected to the particu 
lar embodiments by those of skill in the art without departing 
from the scope of the invention, which is defined solely by 
the claims appended hereto. 

What is claimed is: 
1. An input device, for embedding in a handheld device, 

for providing directional input to an element of the user 
interface in the handheld device in response to an inclination 
of the handheld device, the input device comprising: 

a primary contact positionally fixed in the handheld; 
a directional contact positionally fixed in the handheld 

and operatively connected to the primary contact; 
circuit closing means, movable on, and in electrical 

contact with, the primary contact, for movement, in 
response to inclination of the handheld device in the 
direction of the directional contact, between a neutral 
position in which the primary contact and the direc 
tional contact form an open circuit, and an active 
position in which the primary contact and the direc 
tional contact form a closed circuit; and 

a direction interpreter, operatively connected to the pri 
mary and directional contacts, for generating the direc 
tional input to the element of the user interface when 
the closed circuit is formed. 

2. The input device of claim 1, further including a Second 
directional contact positionally fixed in the handheld and 
operatively connected to the primary contact to form a 
Second open circuit when the circuit closing means is in the 
neutral position, and wherein the Second open circuit is 
closable by the circuit closing means in response to incli 
nation of the handheld device in the direction of the second 
directional contact by movement of the circuit closing 
means to a Second active position. 

3. The input device of claim 2, wherein the direction 
interpreter generates a Second directional input when the 
circuit closing means is in the Second active position. 

4. The input device of claim 3, wherein the generated 
Second directional input is uniquely associated with the 
direction of the inclination. 

5. The input device of claim 1, further including a 
plurality of Subsequent directional contacts, positionally 
fixed in the handheld, each Subsequent directional contact 
connected to the primary contact to create a plurality of 
Subsequent open circuits, each Subsequent open circuit clos 
able by the circuit closing means in response to an inclina 
tion of the handheld device in the direction of the associated 
Subsequent directional contact by movement of the circuit 
closing means to a Subsequent active position. 

6. The input device of claim 5, wherein the direction 
interpreter generates a directional input when the circuit 
closing means is in a Subsequent active position. 

7. The input device of claim 6, wherein the generated the 
directional input is uniquely associated with the direction of 
the inclination. 

8. The input device of claim 5, wherein each of the 
directional contacts are further connected to adjacent direc 
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tional contacts to create a plurality of Secondary open 
circuits, each of the plurality of Secondary open circuits 
closable by the circuit closing means in response to incli 
nation of the handheld to a junction of adjacent directional 
COntactS. 

9. The input device of claim 8, wherein the direction 
interpreter generates the directional input when one of the 
Secondary open circuits is closed. 

10. The input device of claim 1, further including a base, 
electrically connected to the primary contact, for Supporting 
the circuit closing means in response to movement between 
the neutral position and the active position. 

11. The input device of claim 10, wherein the base biases 
the circuit closing means to the neutral position. 

12. The input device of claim 1, wherein the circuit 
closing means is a ball bearing. 

13. The input device of claim 1, wherein the circuit 
closing means a mercury contact. 

14. An input device, embedded in a handheld device, for 
providing directional input to an element of the user inter 
face in the handheld device in response to an inclination of 
the handheld device, the input device comprising: 

a base positionally fixed in the handheld; 
a plurality of directional contacts, positionally fixed in the 

handheld around the base, each directional contact 
operatively connected to at least one adjacent direc 
tional contact; 

circuit closing means, movable on the base between a 
neutral position in which the base and the plurality of 
directional contacts are in open circuit, and a plurality 
of active positions in which two of the plurality of 
directional contacts are operatively connected to close 
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the open circuit in response to the inclination of the 
handheld device in the direction of a pair of adjacent 
directional contacts, and 

a direction interpreter, operatively connected to the plu 
rality of directional contacts, for generating the direc 
tional input in response to closing the open circuit. 

15. The input device of claim 14, wherein the direction 
interpreter generates a unique directional input for each 
active position of the circuit closing means. 

16. The input device of claim 14, wherein the base biases 
the circuit closing means to the neutral position. 

17. The input device of claim 14, wherein the base has a 
plurality of grooves for guiding the circuit closing means 
between the neutral position and at least one of the plurality 
of active positions. 

18. The input device of claim 14, wherein the circuit 
closing means is a ball bearing. 

19. The input device of claim 14, wherein the circuit 
closing means is a mercury contact. 

20. A method of controlling an element of the user 
interface of a handheld device based on the inclination of the 
handheld device, the method comprising: 

Sensing the inclination of the handheld device; 
generating a directional input Signal representative of the 

inclination of the handheld device; 
transmitting the generated directional input signal to the 

user interface of the handheld device; and 
processing the transmitted directional input signal to 

control the element of the user interface. 


