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PRESSURE AUGMENTED MOUSE 

FIELD OF THE INVENTION 

[0001] The present invention relates to an input device for 
an electronic device, for example a computer, and more par 
ticularly relates to a computer input device having one or 
more pressure sensitive sWitches arranged to generate a range 
of pressure values corresponding to different pressures being 
applied by a user. 

BACKGROUND 

[0002] What seems to be a natural addition to the next 
generation of mice is apparent in Apple’s MightyMouseTM 
[10] in Which tWo pressure buttons are available on each side 
of the mouse. Although, pressure based input is featured in 
many digitiZers and TabletPCs and has been Widely studied 
[3,11,15,16], little is knoWn about the limitations to pressure 
based input using a mouse. This lack of knowledge may 
explain Why the pressure buttons available on the Mighty 
MouseTM do not supply continuous pressure values and oper 
ate similar to a tWo-state button. One possible reason is that 
there is not suf?cient knowledge on the limitations and ben 
e?ts of a pressure augmented input With a mouse. 
[0003] Designers can naively augment a mouse by adding a 
pressure sensor to a ?xed location on the mouse. This 
approach, While providing an additional input dimension to 
most mouse-based interactions, can also be limiting. The 
location of the sensor may not be appropriate for interacting 
With some of the major features of a mouse, such as clicking. 
Additionally, a poorly augmented mouse Would restrict users 
to a limited number of pressure levels [11,15]. Furthermore, 
selection mechanisms Would be limited to the current meth 
ods for selecting pressure values, such as quick release or 
dWell [15]. Finally, a simple augmentation may not facilitate 
bi-directional pressure input (Where pressure control starts at 
0 and moves to a higher pressure and the reverse). 
[0004] Understanding the limitations and bene?ts of pres 
sure based input With a mouse can alloW designers to augment 
the mouse With pressure sensors (FIG. 1) and utiliZe the 
augmented device in a variety of novel contexts. To effec 
tively harness the potential of a pressure augmented mouse 
designers need to knoW Where to mount the pressure sensors 
on the mouse, create some mechanisms for controlling pres 
sure input, and identify methods for selecting a pressure 
value. 

RELATED LITERATURE 

[0005] We revieW the literature in tWo related areas: aug 
mented mice and pressure-based interaction. 

Augmented Mice 

[0006] The traditional tWo-button mouse has been aug 
mented in numerous Ways such as by adding multiple buttons, 
by providing tactile feedback or by serving as a device With 
more than tWo degrees-of-freedom. 
[0007] Manufacturers continue to add buttons to the mouse. 
Multiple secondary buttons make certain tasks easier but they 
require that users remember the mappings betWeen the button 
and its function and in some cases require repositioning the 
?ngers to facilitate input. The scroll Wheel is a variation of a 
button that alloWs users to scroll vertically or horizontally in 
a WindoW. Studies shoW that the scroll Wheel is particularly 
useful in navigating through long documents [5,20]. 

May 27, 2010 

[0008] The tactile mouse [1] contains a small actuator that 
makes the mouse vibrate under certain conditions. This form 
of feedback can inform the user When the cursor is moving 
into different areas of a WindoW or When the user is crossing 
WindoW boundaries. Akamatstu et al. [1] conducted a study to 
compare the effect of tactile feedback in a mouse With visual 
and auditory feedback. Their results shoW that users complete 
selection tasks better With tactile feedback over visual and 
auditory conditions [1]. 
[0009] The Rockin’ Mouse [2] augments the mouse With 
tilt sensors. The Rockin’ Mouse has a rounded bottom Which 
alloWs users to tilt it and control objects in 3D. Balakrishnan 
et al. [21 shoW that in a 3D object positioning task users Were 
30% With the Rockin’ Mouse over the conventional mouse. 
[0010] The VideoMouse (61 augmented the mouse by add 
ing a video camera as its input sensor. In the VideoMouse a 
real-time vision algorithm determines the six degree-of-free 
dom mouse position, Which consists of x-y motion, tilts in the 
forWard/backWard and left/right axes, rotation of the mouse 
around the Z-axis and limited height sensing. As a result the 
VideoMouse facilitates a number of 3D manipulation tasks. 
[0011] MacKenZie et al. [9] designed a tWo-ball mouse by 
adding an additional ball to capture angular movement along 
the Z-axis. The angular motion is computed based on simple 
calculations on the tWo sets of x-y displacement data. This 
enhancement makes rotation tasks easier to perform. 
[0012] Siio et al. [17] introduced the FieldMouse Which 
augments the mouse With an ID recogniZer similar to a bar 
code reader. With the FieldMouse, users can interact With 
virtual objects using any ?at surface that is embedded With ID 
recogniZers, such as a paper book. 

Pressure Based Interaction 

[0013] Numerous studies have proposed novel interaction 
techniques or investigated different applications and offered 
guidelines for Working With pressure based input. 
[0014] Ramos et al. [15] explored the design space of pres 
sure based interaction With styluses. They proposed a set of 
pressure Widgets that operate based on the users’ ability to 
effectively control a discrete set of pressure values. Ramos et 
al. [15] identi?ed that adequate control of pressure values is 
tightly coupled to a ?xed number of discrete pressure levels 
(six maximum levels), the type of selection mechanism and a 
high degree of visual feedback, HoWever, their results are 
mainly applicable to the use of pressure based input on a 
stylus and they did not examine the design space resulting 
from more than one pressure sensor. 

[0015] MiZobuchi et al. (11] conducted a study to investi 
gate hoW accurately people control pressure exerted on a 
pen-based device. Their results shoW that continuous visual 
feedback is better than discrete visual feedback, users can 
better control forces that are smaller than 3N, and 5 to 7 levels 
of pressure are appropriate for accurate discrimination and 
control of input values. Their results apply to pen based 
pressure and they do not investigate multi-pressure input. 
[0016] Isometric input devices are common and use pres 
sure based input to control the mouse cursor speed. The 
pointing stick is a pressure sensitive nub used like, a joystick 
on laptops. Users decrease or increase the amount of force on 
the nub to control the velocity of the mouse cursor. Similarly, 
the PalmMouseTM [12] alloWs users to control cursor speed 
by applying a slight amount of pressure to a navigation dome 
Which is placed on the top of the mouse. Both examples map 
pressure input to the speed of the cursor. 
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[0017] Researchers studied pressure input in the context of 
multilevel interaction. ZeleZnik et al. [19] proposed an addi 
tional “pop-through” state to the mechanical operation of the 
mouse button. As a result, a number of techniques can take 
advantage of a soft-press and a hard-press on a pop-through 
button. Forlines et al. [4] proposed an intermediary “glimpse” 
state to facilitate various editing tasks. With glimpse users can 
previeW the effects of their editing Without executing any 
commands. Multi-level input can facilitate navigation, edit 
ing or selection tasks but utiliZe pressure input in a limited 
Way. 
[0018] Touch-pads that sense pressure are Widespread 
input devices in notebooks or portable music players. Blasko 
and Feiner [3] proposed multiple pressure-sensitive strips by 
segmenting a touchpad into different regions. They shoW that 
pressure-sensitive strips do not require visual feedback and 
users can control a large number of Widgets using their ?n 
gers. Rekimoto and SchWesig [l 6] propose a touchpad based 
pressure sensing device called PreSensell that recogniZes 
position, contact area and pressure of a user’s ?nger. Pre 
Sensell eliminates the need for visual feedback by providing 
tactile feedback on the amount of pressure being applied. 
Unlike many of the previously discussed pressure based 
mechanisms, PreSensell alloWs users to control bi-directional 
pressure input (i.e. from 0 to the highest pressure level as Well 
as the reverse). 

SUMMARY OF THE INVENTION 

[0019] According to one aspect of the invention there is 
provided an input device for an electronic device comprising: 

[0020] a housing; 
[0021] electronic circuitry in the housing arranged to detect 
user inputs and generate control signals corresponding to said 
user inputs to be transmitted to the electronic device; 

[0022] the electronic circuitry comprising: 
[0023] a ?rst sWitch arranged to generate a ?rst control 

signal When depressed by the user; 
[0024] a second sWitch arranged to generate a second 

control signal When depressed by the user; 
[0025] at least the second sWitch comprising a pressure 

sensitive sWitch arranged to generate continuous pres 
sure values in at least tWo different identi?able discrete 
pressure ranges corresponding to different pressures 
being applied by the user in depressing the pressure 
sensitive sWitch. 

[0026] When the input device is used With a computer 
including a plurality of sequential selection items to be 
selected in a range from a ?rst selection item to a last selection 
item, each discrete pressure range of the pressure sensitive 
sWitch preferably corresponds to one of the selection items. 
Accordingly increasing pressure applied to the pressure sen 
sitive sWitch advances the selection item being selected 
toWards the last selection item and reducing pressure applied 
to the pressure sensitive sWitch returns the selection item 
being selected toWards the ?rst selection item. 
[0027] In some embodiments, the ?rst sWitch accompany 
ing the pressure sensitive sWitch comprises a tWo state button 
Which is not sensitive to different applied pressures. 

[0028] The ?rst control signal generated by the ?rst sWitch 
may be arranged to con?rm entry to the computer of a 
selected one of the discrete pressure ranges of the second 
sWitch. Other method of con?rming entry to the computer of 
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the selected one of the discrete pressure ranges include dWell 
ing in the pressure range or rapidly removing pressure from 
the pressure sensitive sWitch. 
[0029] The combination of sWitches described herein is 
Well suited for use With a computer mouse comprising a 
housing Which is generally arranged to be received in a palm 
of a hand of a user and electronic circuitry Which includes a 
tracking mechanism arranged to generate control signals in 
response to relative movement betWeen the housing and a 
supporting surface receiving the housing thereon. In this 
instance, the sWitches are preferably arranged to be readily 
accessible by ?ngers of the user When the housing is received 
in the palm of the hand of the user. 

[0030] When the ?rst sWitch accompanying the pressure 
sensitive sWitch is a tWo state sWitch, it is preferably arranged 
to be actuated by an index ?nger of the user, While the pres 
sure sensitive sWitch is arranged to be actuated by either a 
middle ?nger or a thumb of the user. 

[0031] When using the input device With a computer com 
prising a plurality of sequential selection items arranged in a 
plurality of groups, the pressure sensitive sWitch is preferably 
arranged to generate both: 
[0032] i) an advancing control signal arranged to advance 
selection of one group through the plurality of groups When 
the pressure sensitive sWitch is momentarily depressed; and 
[0033] ii) control signals in the form of continuous pressure 
values Wherein the discrete pressure ranges are arranged to 
correspond to the selection items of the selected group When 
continuous pressure is applied to the pressure sensitive sWitch 
for selecting one of the selection items Within the selected 
group. 

[0034] When the electronic circuitry comprises tWo pres 
sure sensitive sWitches, both are preferably arranged simi 
larly to one another but the advancing control signals are 
preferably in opposing directions relative to one another 
When the sWitches are momentarily depressed. 

[0035] In some embodiments, both the ?rst sWitch and the 
second sWitch comprise a pressure sensitive sWitch arranged 
to generate continuous pressure values in at least tWo differ 
ent identi?able discrete pressure ranges corresponding to dif 
ferent pressures being applied by the user in depressing the 
pressure sensitive sWitch. 

[0036] The tWo pressure sensitive sWitches may also be 
combined With a computer mouse including a tracking 
mechanism to track relative movement of the mouse and one 
or more tWo-state sWitches for con?rming entry of selections 
to the computer. In this instance, one of the pressure sensitive 
sWitches is preferably arranged to be readily accessible by a 
middle ?nger of the user, and the other one of the pressure 
sensitive sWitches is preferably arranged to be readily acces 
sible by a thumb of the user in the normal operating position 
of the mouse. 

[0037] When used With a computer comprising a plurality 
of sequential selection items arranged in a plurality of groups, 
the ?rst sWitch is preferably arranged to generate an advanc 
ing control signal arranged to advance selection of one 
selected group through the plurality of groups When the ?rst 
sWitch is momentarily depressed. In this instance, the discrete 
pressure ranges of the pressure sensitive sWitch are preferably 
arranged to correspond to the selection items of the selected 
group When continuous pressure is applied to the pressure 
sensitive sWitch for selecting one of the selection items Within 
the selected group. 
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[0038] When used With a computer comprising a plurality 
of sequential selection items arranged in cascading levels, the 
discrete pressure ranges of the pressure sensitive sWitches are 
preferably arranged to correspond to the selection items of 
alternating cascading levels. Within each level, continuous 
pressure may be applied to the pressure sensitive sWitch for 
selecting one of the selection items Within a selected level. 
Switching applied pressure betWeen the tWo pressure 
sWitches is preferably arranged to generate a control signal 
Which con?rms entry to the computer of the selected item 
Within each level to proceed to selection of items Within the 
next cascading level. 
[0039] According to a second aspect of the present inven 
tion there is provided an input device for an electronic device 
comprising a pressure sensitive sWitch arranged to generate 
continuous pressure values over a range of pressure values to 
be transmitted to the electronic device, the improvement com 
prising: 
[0040] a discretiZation function arranged to divide the 
range of pressure values into discrete pressures units accord 
ing to the folloWing equation: 

Where x is the raW pressure value from the pressure sWitch, I 
is the number of pressure ranges, r is the ?sheye radius, and R 
is the total number of raW pressure values. 
[0041] According to a further aspect of the present inven 
tion there is provided an input device for an electronic device 
including a plurality of sequential selection items to be 
selected in a range from a ?rst selection item to a last selection 
item, the input device comprising: 
[0042] a housing; 
[0043] electronic circuitry in the housing arranged to detect 
user inputs and generate control signals corresponding to said 
user inputs to be transmitted to the electronic device; 
[0044] the electronic circuitry comprising a pressure sWitch 
arranged to generate a control signal comprising continuous 
pressure values in at least tWo different identi?able discrete 
pressure ranges corresponding to different pressures being 
applied by the user in depressing the pressure sensitive 
sWitch; each discrete pressure range of the pressure sensitive 
sWitch corresponding to one of the selection items; 
[0045] the electronic circuitry being arranged such that 
increasing pressure applied to the pressure sensitive sWitch 
advances the selection item being selected toWards the last 
selection item and reducing pressure applied to the pressure 
sensitive sWitch returns the selection item being selected 
toWards the ?rst selection item. 
[0046] According to a further aspect of the present inven 
tion there is provided an input device for an electronic device 
comprising a plurality of sequential selection items arranged 
in a plurality of groups, the input device comprising: 
[0047] a housing; 
[0048] electronic circuitry in the housing arranged to detect 
user inputs and generate control signals corresponding to said 
user inputs to be transmitted to the electronic device; 
[0049] the electronic circuitry comprising a pressure sWitch 
arranged to generate a control signal When depressed by the 
user comprising continuous pressure values in at least tWo 
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different identi?able discrete pressure ranges corresponding 
to different pressures being applied by the user in depressing 
the pressure sensitive sWitch; 
[0050] Wherein the pressure sensitive sWitch is arranged to 
generate an advancing control signal arranged to advance 
selection of one group through the plurality of groups When 
the pressure sensitive sWitch is momentarily depressed and 
Wherein the discrete pressure ranges are arranged to corre 
spond to the selection items of the selected group When con 
tinuous pressure is applied to the pressure sensitive sWitch for 
selecting one of the selection items Within the selected group. 
[0051] When the electronic circuitry comprises tWo pres 
sure sensitive sWitches, the pressure sensitive sWitches are 
preferably arranged to generate advancing control signals 
arranged to advance selection of one group through the plu 
rality of groups in opposing directions relative to one another 
When the pressure sensitive sWitches are momentarily 
depressed and Wherein the discrete pressure ranges of each 
pressure sensitive sWitch are arranged to correspond to the 
selection items of the selected group When continuous pres 
sure is applied to the pressure sensitive sWitch for selecting 
one of the selection items Within the selected group. 

[0052] According to a further aspect of the present inven 
tion there is provided an input device for an electronic device 
comprising: 
[0053] a housing; 
[0054] electronic circuitry in the housing arranged to detect 
user inputs and generate control signals corresponding to said 
user inputs to be transmitted to the electronic device; 

[0055] the electronic circuitry comprising a pressure sWitch 
arranged to generate a control signal When depressed by the 
user comprising continuous pressure values in at least tWo 
different identi?able discrete pressure ranges corresponding 
to different pressures being applied by the user in depressing 
the pressure sensitive sWitch; 
[0056] the pressure sWitch being operable in a ?rst mode in 
Which a variable function associated With the pressure sWitch 
is arranged to be varied in a ?rst direction responsive to 
increased pres sure applied to the sWitch and a second mode in 
Which the variable function is arranged to be varied in a 
second direction opposite to the ?rst direction responsive to 
increased pressure applied to the sWitch. 

[0057] There may be provided an auxiliary sWitch arranged 
to convert the pressure sWitch betWeen the ?rst and second 
modes upon activation of the auxiliary sWitch. 
[0058] The variable function may be arranged to be varied 
by the pressure sWitch responsive to a continuous pressure 
being applied to the pressure sWitch. The pressure sWitch may 
be further arranged to be converted betWeen the ?rst and 
second modes responsive to a momentary pressure applied to 
the pressure sWitch. 

[0059] According to a further aspect of the present inven 
tion there is provided an input device for an electronic device 
comprising: 
[0060] 
[0061] electronic circuitry in the housing arranged to detect 
user inputs and generate control signals corresponding to said 
user inputs to be transmitted to the electronic device; 

[0062] 
[0063] a pressure sWitch arranged to generate a control 

signal When depressed by the user comprising continu 
ous pressure values in at least tWo different identi?able 

a housing; 

the electronic circuitry comprising: 
































































