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[5 7] ABSTRACT 
Apparatus and methods for creating a virtual push but 
ton comprise a touch sensitive orthogonal data ?eld 
input device useably connected within a computing 
system in which a touch action at'the device generates 
a stream of data related to the location within the ?eld 
of the touch action. The orthogonal data ?eld input 
device includes circuitry for sensing the onset of a ?rst 
touch action and for monitoring the continuity thereof; 
and the computing system including a second condition 
sensor for sensing the occurrence of a second predeter 
mined condition; and, computing circuitry for generat 
ing the virtual push button upon the concurrence of 
touch action continuation and the occurrence of the 
second predetermined condition. 

22 Claims, 2 Drawing Sheets 
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VIRTUAL BUTTON FOR TOUCH SCREEN 

FIELD OF THE INVENTION 

The present invention relates to methods and appara 
tus for data input to computing systems. More particu 
larly, the present invention relates to methods and appa 
ratus for creating a virtual button for a touch screen or 
touch pad orthogonal ?eld data input device. 

BACKGROUND OF THE INVENTION 

Touch pads and touch screens responsive to localized 
depression pressure have been provided to create “but 
tons" for data input. A touch pad device is disclosed, for 
example, in U.S. Pat. No. 3,911,215; and, a transparent 
touch screen for overlayment and use with the display 
screen of a cathode ray tube is disclosed, for example, in 
U.S. Pat. No. 4,220,815, the disclosures of both of these 
patents being incorporated by reference herein. 
These previously patented devices rely upon resistive 

sheets in which uniform orthogonal electric ?elds are 
generated in two-phase sequences, for example, as 
shown in FIG. 1 of the referenced ‘215 patent. When a 
low resistance or ground connection is established at a 
particular location on the sheet, as by depressing an 
overlying, low resistance ground or signal return sheet 
into electrical contact with the resistive sheet, precise 
orthogonal ?eld (x,y) pinpointing of the location of 
depression may be provided. Thus, these prior devices 
have been utilized in conjunction with a computer sys 
tem to create “push-buttons”. When a particular push 
button (i.e. location on the resistive sheet) is depressed 
(“touch”), or released (“untouch”), the computer has 
sensed this occurrence and has responded operationally 
thereto. 
Other technologies have been applied to create touch 

screens and pads, including surface accoustic wave 
technology; and these screens and pads have also been 
used with computing systems to create push-buttons. 
The surface accoustic wave touch screen has the addi 
tional capability of reporting a z-coordinate indicative 
of the velocity or force with which the screen or pad is 
touched. 

Traditionally, touch screens or pads have accom 
plished push-button sensing either through a touch, i.e. 
when the operator's ?nger or a stylus ?rst touches the 
screen; or, an untouch, i.e. when the finger or stylus is 
released from the screen or pad. “Touch” is the most 
natural action for a novice user, because it represents 
activation on contact, just like the expected action of a 
conventional electromechanical push-button. For ex 
ample, with a touch screen implementation, a user 
touches a labelled, delineated area on the screen, and a 
resulting action and acknowledgement are then given 
e.g. by an appropriate display on the screen. 
For “untouc ”, the touch step (which of course must 

come ?rst) usually initiates some form of visual feed 
back, such as highlighting a screen area or option. The 
area or option is not actually selected to perform its 
action until the user “untouches” the screen. Thus, with 
“untouch" the slightly more experienced user can move 
?nger or stylus on the screen to be sure the proper area 
is highlighted and then untouch or remove ?nger or 
stylus in order to complete the selection process. This 
approach enables a far greater precision in selection of 
desired areas on the screen. 
The “touch" and “untouch” procedures are satisfac 

tory for many applications, but they have signi?cant 
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2 
shortcomings. Often it is very desirable or necessary to 
display the visual feedback following a user's ?nger 
around the screen while not forcing the user actually to 
make a selection upon the untouch action. To achieve 
this feedback using normal touch screen operations, it is 
necessary to completely divorce the untouch action 
from selection. An operation with visual feedback is 
?rst used to determine a position on the screen, but the 
untouch action does not cause a selection to be made. A 
second touch/untouch operation is then required on the 
screen (or via some other input device such as a key 
board) in order to perform the select operation. 

This prior requirement for two disparate actions to 
perform a single selection is not satisfactory. In order to 
accomodate the occasional time when an untouch ac 
tion will not lead to a selection, the user’s attention must 
be diverted for each such action. This inconvenience 
becomes intolerable when dealing with a sequence of 
operations as typically encountered in computer aided 
design (CAD) or even in simple word processing appli 
cations. One way of further illustration of this inconve 
nience is by drawing an analogy to a hypothetical type 
writer which would require the typist to strike a ribbon 
advance key a?er each symbol key was struck merely 
to advance the ribbon during typing, a function auto 
matically performed by conventional typewriters. 

This inconvenience in prior art touch screens and 
touch pads has not been experienced with other posi 
tion-reporting devices, such as computer "mice", “tab 
lets”, and "light pens" which usually have actual push 
buttons present on the mechanism manipulated by the 
user’s hand during operations. Thus, the user is able to 
manipulate a computer mouse to a desired orthogonal 
(x,y) position typically followed by a visual cursor on 
the display screen and then to actuate one of a plurality 
of switches on the mouse to initiate or discontinue a 
particular function. 

Thus, a hitherto unsolved need has arisen for the 
provision of a “virtual“ push button for use with touch 
screens or touch pads which functionally extends the 
capability thereof to match the capability of other posi 
tion reporting devices, such as computer “mice", “tab 
lets”, and “light pens” which usually have electrome 
chanical push-buttons present on the mechanism for 
manipulation by the user’s hand during positioning op 
erations thereof. 

SUMMARY OF THE INVENTION WITH 
OBJECTS 

A general object of the present invention is to over 
come functional and operational drawbacks hitherto 
associated with touch screen and touch pad devices by 
enabling generation of virtual push-buttons as a func 
tion of activation of at least one actual push button 
location on the screen or pad. 
A speci?c object of the present invention is to extend 

the functionality of touch screen and touch pad orthog 
onal data input devices to match that achievable with 
computer mice, tablets, light pens and the like. 

In accordance with the principles of the present in 
vention, methods and apparatus are provided for creat 
ing a virtual push button at a touch sensitive orthogonal ’ 
?eld data input device used in conjunction with a com 
puting system in which a touch action at the device 
generates a stream of data related to the location within 
the ?eld of the touch action. The methods and the appa 
ratus embodying the methods carry out the steps of: 
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sensing the onset of a ?rst touch action at the device 
and monitoring the continuity thereof, 

sensing the occurrence of a second predetermined 
condition, 

generating the virtual push button upon the concur 
rence of touch action continuation and the occurrence 
of the second predetermined condition. 

In one speci?c aspect of the present invention, the 
step of sensing the occurrence of the second predeter 
mined condition comprises the step of sensing the onset 
of a second touch action at the device. 

In a second speci?c aspect of the present invention, 
the step of sensing the onset of a second touch action at 
the device includes the step of determining the direction 
of the second touch action relative to the location of the 
?rst touch action and wherein the virtual push-button is 
generated as a function of the determined direction. 

In a third aspect of the present invention, the step of 
sensing the onset of a second touch action at the device 
includes the step of determining the distance of the 
second touch action from the location of the ?rst touch 
action and wherein the virtual push-button is generated 
as a function of the determined distance. 

In a fourth aspect of the present invention, the step of 
sensing the occurrence of a second predetermined con 
dition comprises sensing an increase in applied pressure 
at the touch point. 

In a fifth aspect of the present invention, the step of 
sensing the occurrence of the second predetermined 
condition comprises the step of detecting elapse of a 
predetermined time interval and detecting an untouch 
action at the ?rst location after the predetermined time 
interval has elapsed. 

In a sixth aspect of the present invention, the step of 
sensing the occurrence of the second predetermined 
condition comprises the steps of detecting elapse of 
predetermined time intervals and comprising the fur 
ther step of generating and displaying to the user a 
sequence of virtual push-buttons with a virtual push 
button being displayed during each time interval, the 
step of generating the virtual push button occurring 
upon detection of an untouch action at the ?rst location 
during display of a preferred one of the virtual push 
buttons. 

In a seventh aspect of the present invention, the step 
of sensing the occurrence of the second predetermined 
condition comprises the step of sensing an input at an 
other input device functionally connected to the com 
puting system. 

In an eighth aspect of the present invention, the step 
of sensing an input at another input device comprises 
the step of sensing actuation of a key of a keyboard 
device. 
These and other objects, advantages and features of 

the present invention will be more fully understood and 
appreciated upon considering the following detailed 
description of preferred embodiments, presented in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the Drawings: 
FIG. 1 is a somewhat diagrammatic block diagram of 

a computing system including a touch screen input/dis 
play device con?gured in accordance with the princi 
ples of the present invention. 
FIG. 2 is a ?owchart of one preferred embodiment of 

the method of the present invention when used in con 
junction with the hardware depicted in FIG. 1. 
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4 
DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENTS 

It has been discovered that when a resistive touch 
screen or pad of the type described in the referenced 
patents is touched in two places at the same time, the 
screen returns a single position which is located about 
half way between the two positions actually being 
touched. This untouched, single position is therefore 
available to serve as a virtual push-button. 
- Also, when the screen or pad is being touched at one 
point and is then touched at another point as well, there 
is a sudden large change or discontinuity in reported 
position which is more sudden and discontinuous than 
would be produced by a rapid motion of the ?nger or 
stylus across the screen or pad. Since there will have 
been no detected untouch action prior to this large, 
discontinuous change, its occurrence is distinct, and 
may therefore be distinguished as abnormal from other 
functional activities at the touch screen/touch pad. 
Therefore, the action of touching the screen/pad at a 
second touch point without ?rst releasing a still active 
?rst touch point thereby creates one form of virtual 
push-button. 
Although the present invention has been developed 

for use with a glass resistive touch screen, the present 
techniques may be effectively used with any touch 
screen or touch pad which, when touched at two differ 
ent points, will return a position signi?cantly different 
than for either point actually being touched. 
The activation of a virtual push-button not only indi 

cates that a sudden change in position has take place, 
but also reports the direction and amount of that 
change. Thus, it is easily possible to determine whether 
the second touch was above, below, to the right or to 
the le? of the original touch. Finer distinctions of angu 
lar direction are also easily implemented In particular, 
the implementation of four distinct virtual buttons, one 
for each of the cardinal directions, is both easy to imple 
ment and easy for an operator to remember. It is also 
possible to differentiate different virtual push-buttons in 
the same direction on the basis of the distance between 
the two simultaneous touch actions giving rise to the 
virtual push-button. 

In addition to enabling abortion of a normal touch 
untouch operation, virtual push-buttons have other 
very useful properties. On a touch screen or touch pad, 
actual or assigned push buttons are usually defined by 
establishment of a function (push-button) at a particular 
location. Usually, visual information is provided to 
identify each actual button’s position and function. 
Touch screens in particular are often implemented so 
that the visual information presented at the screen 
changes as required in order to match rede?ned button 
positions. However, within any given visual presenta 
tion, the location of each actual push button will be 
fixed. 
A virtual push-button, on the other hand, is not ?xed 

to any position on the screen, but is de?ned at a position 
related to the positions of two simultaneous touch ac 
tions giving rise to the virtual push-button. Thus, virtual 
push buttons may coexist with and even overlie actual 
push button locations without creating any interference 
with the functions normally assigned to those actual 
push button locations. This feature is particularly useful 
for buttons which are to retain common and useful 
functions regardless of the information presented on the 
screen; functions such as “cancel" and “con?rm". 
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