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(57) ABSTRACT 

An improved interface control advantageously may be oper 
ated by one hand. A thumbpiece is slidably disposed Within a 
longitudinal arm member Which moves in an arcuate path. 
Placing his or her thumb in the thumbpiece, a user controls 
the horizontal positioning of a cursor by moving the arm 
member along the arcuate path. Vertical positioning of the 
cursor is controlled by sliding the thumbpiece along the 
length of the arm member. Trigger functions are imple 
mented by exerting a doWnWard force on the thumbpiece. 
Since the doWnWard force used to implement the trigger 
function is orthogonal to motions used to control positioning 
of the cursor irrespective of the particular positions of the 
arm member and thumbpiece, the disclosed interface control 
prevents a user from inadvertently altering the positioning of 
the cursor during implementation of the trigger function. 
The arm member and sliding thumbpiece emulate the natural 
pivoting and curling/extending motions of the thumb, 
thereby resulting in a precise, easy to use, and ergonomically 
superior interface control. 

15 Claims, 7 Drawing Sheets 
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INTERFACE CONTROL 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

FIELD OF THE INVENTION 

The present invention relates to an interface control. More 
particularly, the present invention relates to an interface con 
trol device which allows a user to control the operation of 
computer applications, machinery, and video games. 

BACKGROUND OF THE INVENTION 

Joystick controls have been employed in a wide variety of 
applications, including computer software, industrial 
machinery, and multimedia interfaces to control the posi 
tioning of an object displayed on a screen, such as a cursor or 
pointer. A typical prior art joystick includes a gimballed 
stick pivotally coupled to a ?at base portion. Angle sensors 
coupled to the gimballed stick generate position control sig 
nals in response to a user pivoting the gimballed stick rela 
tive to the base portion. These control signals are used to 
manipulate the position of the cursor. A depressible switch 
coupled to the top of the stick is used to generate a trigger 
control signal for implementing various functions, such as 
selecting items from a pull down menu or causing a charac 
ter in a video game to jump. 

The structure of these gimballed joystick controllers 
makes them somewhat dii?cult to operate. Rotating the arm 
and wrist to control positioning functions (i.e., pivoting the 
stick) while pressing downward with the thumb or ?nger to 
manipulate trigger functions requires a fair amount of prac 
tice and coordination. Further, requiring a user to simulta 
neously combine these motions may lead to an inadvertent 
change in the positioning of a cursor while implementing a 
trigger function. For instance, in a point-and-shoot 
operation, where a user ?rst positions the cursor onto a target 
on the display screen and then activates the trigger function, 
depressing the trigger switch with the thumb or ?nger often 
results in slight movements of the arm and/ or wrist, thereby 
causing the cursor to slip off the target. This phenomenon is 
commonly referred to as cursor creep. 

The conventional joystick controller described above has 
the further disadvantage of undesirably requiring the use of 
two hands, i.e., one hand to hold the base of the controller 
and the other hand to operate the controller’s stick. The only 
manner in which these controllers may be operated with one 
hand is to place the controller on a table or other ?at surface. 

Other joystick controllers have been developed in 
response to the above-mentioned problems. One such con 
troller includes a pivoting, handgrip-shaped stick having one 
or more squeezable trigger switches built into a side portion 
of the handgrip. The positioning of an image is controlled by 
pivoting the handgrip, while the trigger functions are con 
trolled by squeezing the trigger switches with the ?ngers. 
Although in such a design the positioning controls are some 
what isolated from the trigger function controls (i.e., squeez 
ing the trigger switch with the index ?nger is not likely to 
cause as much of an inadvertent change in position as would 
depressing a trigger switch on the top of the stick with the 
thumb), cursor creep is nevertheless a problem. Further, such 
a controller requires the use of two hands or, alternatively, a 
tabletop support. 
Some have attempted to develop a one-handed controller 

by simply reducing the size of conventional joystick control 
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2 
lers. These controllers ?t within a user’s hand, where the 
thumb, resting atop the stick, controls the positioning func 
tion. The trigger function is controlled by squeezing a trigger 
switch located on the side of the controller’s stick. 

These miniaturized versions of conventional joystick con 
trollers are for the most part clumsy and ineffective. Merely 
reducing the size of a controller designed for two-handed 
operation so as to be operated by one hand severely limits 
the precision with which a user may control a cursor. 
Further, these miniaturized controllers are ineffective in iso 
lating trigger controls from positioning controls. Indeed, 
squeezing a trigger switch with, for example, the index ?n 
ger typically causes the controller stick to move forward, 
thereby resulting in undesirable vertical cursor creep. 

This undesirable interaction between positioning and trig 
ger controls of miniature joystick controllers, coupled with 
users’ complaints of inferior ergonomics, has led others to 
revert to the more primitive two-handed video game control 
ler shown in FIG. 1. Controller 1 has four keys 2ai2d clus 
tered together in a ?rst portion of controller 1 and three keys 
4ai4c grouped together in a second portion of controller 1. 
Keys 2ai2d control the positioning of a displayed object 
(such as the hero of the video game) by generating digital 
positioning signals in response to a user depressing one or 
more of keys 2ai2d. Keys 4ai4c control various trigger 
functions (i.e., start-stop, jump, shoot, for example). The 
controller shown in FIG. 1, although virtually eliminating 
inadvertent interaction between positioning and trigger 
controls, nonetheless requires the use of two hands. 

Thus, there is a need for joystick controller which may be 
operated in one hand. There is also a need for a controller 
having improved precision and ergonomics. Such a device 
should also isolate positioning and trigger controls, thereby 
eliminating cursor creep and other inadvertent position con 
trol signals produced during activation of trigger functions. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, an interface con 
trol is disclosed which offers users superior performance and 
ergonomics. In the preferred embodiment, a thumbpiece is 
slidably disposed within a longitudinal arm member having 
a ?rst end pivotally coupled to a ?xed point. The arm mem 
ber may pivot about the ?xed point such that a second end 
portion of the arm member follows an arcuate path having as 
its center the ?xed point. The thumbpiece slides back and 
forth along the longitudinal axis of the arm member. A ?rst 
sensor coupled to the arm member in a region proximate to 
the ?xed point senses the angular position of the arm mem 
ber. A second sensor coupled to the thumbpiece senses the 
linear movement of the thumbpiece relative to and longitudi 
nally along the arm member. A third sensor coupled to the 
thumbpiece senses a downward force exerted upon the 
thumbpiece. 
The interface control may, in one embodiment, comfort 

ably rest in the palm of a user’s hand. Positioning the ?ngers 
along the underside of the interface control, a user places the 
thumb in the thumbpiece. The user controls the horizontal 
positioning of, for example, a cursor by causing the arm 
member to pivot either to the right or to the left about the 
?xed point. This motion is detected by the ?rst sensor, which 
in response thereto causes the cursor to move either right or 
left, respectively, on a display screen. The vertical position 
ing of the cursor is controlled by sliding the thumbpiece 
along the length of the arm member. The second sensor 
detects this linear movement of the thumbpiece and, in 
response thereto, causes the cursor to move up and down on 
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the display screen. A user may implement trigger functions 
by exerting a downward force on the thumbpiece. This pres 
sure is detected by the third sensor Which, in turn, causes 
some predetermined function to be implemented on the dis 
play screen. 

In another embodiment, the longitudinal arm member is 
disposed Within a track de?ning an arcuate path rather than 
being coupled to a ?xed pivot point. In this embodiment, 
positioning and trigger functions are controlled in the same 
manner as described in the preferred embodiment. By mov 
ing the arm member along the arcuate path as de?ned by the 
track, the thumbpiece folloWs an arcuate path having as its 
center a virtual pivot point. A sensor coupled to the arm 
member senses the arcuate movement of the arm member 
relative to the interface control and in response thereto gen 
erates a horizontal positioning control signal. The vertical 
positioning of the cursor and trigger functions are imple 
mented as described above in connection With the preferred 
embodiment. 

Embodiments of the present invention isolate the trigger 
function from the positioning controls. The doWnWard force 
used to implement a trigger function Will alWays be orthogo 
nal to those motions of the thumb Which are used to control 
the positioning of the cursor, regardless of the positions of 
the arm member or thumbpiece. This orthogonal relation 
ship prevents a user from inadvertently altering the position 
ing of the cursor When trying to implement a trigger func 
tion. 

Embodiments in accordance With the present invention 
also achieve superior ergonomics. The arm member is pref 
erably of a length approximately equal to that of an adult 
thumb Where different length arm members can be provided 
for different siZe hands. Together the arm member, Which 
rotates to form an arcuate path, and the thumbpiece, Which 
slides along the length of the arm member, emulate the natu 
ral pivoting and curling/extending motions of the thumb, 
respectively. The result is a comfortable, precise, and easy to 
use interface control. 

In another embodiment, additional trigger sWitches are 
provided Within cavities formed in the underside of the inter 
face control. The ?ngertips of the user’s hand, each comfort 
ably nestled Within an associated cavity, control the opera 
tion of the additional trigger sWitches, Which may be used to 
implement numerous other functions. 

Embodiments of the present invention are usable as an 
interface betWeen a user and a machine Where the machine 
carries out come predetermined function in response to com 
mands issued by the user. In one embodiment, for instance, 
the user may control the mechanical operation of construc 
tion equipment. In another embodiment, the user may con 
trol moveable elements on a display screen, such as a cursor 
in a softWare application or an object in a video game. 

This invention Will be more fully understood in vieW of 
the folloWing description taken together With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a prior art four-key cluster joystick controller; 
FIG. 2 is a plan vieW of one embodiment in accordance 

With the present invention; 
FIGS. 3A and 3B are side and end vieWs of the embodi 

ment of FIG. 2, respectively; 
FIG. 4 is a perspective vieW of a portion of the embodi 

ment of FIG. 2; 
FIG. 5 shoWs one embodiment in accordance With the 

present invention resting in the palm of a user’s hand; 
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4 
FIG. 6 shoWs another embodiment in accordance With the 

present invention; 
FIG. 7 is an end vieW of another embodiment in accor 

dance With the present invention; 
FIG. 8 is a plan vieW of yet another embodiment in accor 

dance With the present invention; 
FIG. 9 shoWs the embodiment of FIG. 2 used in conjunc 

tion With the prior art controller of FIG. 1; and 
FIGS. 10, 11 and 12 are plan vieWs ofthree other embodi 

ments in accordance With the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In accordance With the present invention, an interface con 
trol is disclosed Which alloWs a user to simultaneously con 
trol both a trigger function and the positioning of a cursor 
through a single contact surface using only the thumb. In the 
preferred embodiment shoWn in FIGS. 2, 3A, 3B, 4 and 5, a 
hand-held interface control 10 is provided in support 12 
Which includes base plate 14 and side Wall 16 having ?rst 
rounded end portion 16a, second rounded end portion 16b, 
and side portions 16c, 16d connecting rounded end portions 
16a, 16b. Top plate 18 (FIGS. 3A and 3B) is provided above 
side Wall 16 and encloses a portion of support 12. Longitudi 
nal arm member 20 (FIGS. 2, 3A, 3B, 4, 5) is disposed in 
and pivotally connected to support 12 (FIG. 2) at point 22. 
Arm member 20 may be connected to support 12 by any 
suitable means, such as bolt 23 (FIGS. 2, 3A, 3B, 4, 5), or an 
appropriate bearing surface Which alloWs arm member 20 to 
pivot about point 22 as indicated by arroWs 25a, 25b (FIG. 
2). As Will be explained beloW, the resistance provided 
between (1) arm member 20 and base plate 14 and (2) 
thumbpiece 28 and arm member 20 may be adjusted to a 
level suitable to the needs of a particular user or application. 

First sensor 26 (FIGS. 2, 3A, 3B) is coupled to arm mem 
ber 20 and senses the angular rotation of arm member 20 
about point 22. First sensor 26, preferably a rotary resistive 
potentiometer although other appropriate sensing structures 
such as capacitive sensors, for example, can also be used, 
generates ?rst positioning signals indicative of the direction 
and magnitude of arm member 20’s rotation about point 22. 

Referring to FIGS. 3A and 4, arm member 20 has cavity 
30 formed at one end thereof. Cavity 30 is bounded on either 
side by side Walls 20a, 20b Which have formed therein 
grooves 34a, 34b (groove 34b, Which is formed Within side 
Wall 20b, is not shoWn in FIG. 4). 

Thumbpiece 28 (FIGS. 2, 3A, and 4) is slidably mounted 
Within cavity 30 of arm member 20 and may slide along the 
length of arm member 20, as indicated by arroWs 32a, 32b 
(FIG. 2). OutWardly protruding ?anges 36a, 36b (FIG. 4) 
provided on the sides of thumbpiece 28 matingly couple 
With grooves 34a, 34b formed in side Walls 20a, 20b, 
respectively, of arm member 20 to facilitate the sliding of 
thumbpiece 28 along the length of arm member 20. Curved 
contact surface 38, Which is provided on a top surface of 
thumbpiece 28, engages the thumb of a user operating hand 
held interface control 10 (FIGS. 2, 3A, and 3B). 

Shaft 40 (FIGS. 2, 3A) has a ?rst end ?xably mounted to a 
bottom surface of thumbpiece 28 and a second end slidably 
disposed Within second sensor 42. Second sensor 42, Which 
is disposed Within arm member 20, detects the linear move 
ment of shaft 40 (and thus the linear movement of thumb 
piece 28) relative to sensor 42 and generates second posi 
tioning signals indicative of the position of thumbpiece 28 
relative to arm member 20. 
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Second sensor 42 is preferably a linear resistive potenti 
ometer. If a rotary potentiometer is used as second sensor 42, 
thumbpiece 28 may be coupled to the potentiometer by a 
conventional rack and pinion gear. It is to be understood, 
however, that any other sensing device capable of detecting 
either motion or pressure may be used as ?rst sensor 26 and 
second sensor 42 in interface control 10. Although ?rst sen 
sor 26 and second sensor 42 preferably produce analog posi 
tioning signals, interface control 10 may also employ s sen 
sors Which produce digital positioning signals. 
A third sensor 44 (FIG. 3A) is secured to a bottom surface 

of arm member 20 so mat third sensor 44 moves With arm 

member 20 about point 22 (FIG. 2). A bottom surface of 
third sensor 44 is in contact With and slides along (When arm 
member 20 pivots about point 22) a top surface of base plate 
14 (FIG. 3A). When a user exerts a doWnWard pressure upon 
thumbpiece 28, third sensor 44 engages base plate 14 and in 
response thereto generates a trigger control signal. Third 
sensor 44 may be any conventional pressure sensitive device 
Which converts a pressure into an electric signal. In one 
embodiment, third sensor 44 is a microsWitch of Well knoWn 
design. 
A user cradles hand-held interface control 10 in the palm 

of his or her hand, positioning his ?ngers along the under 
side of bottom plate 14 and resting his thumb on curved 
contact surface 38 of thumbpiece 38, as shoWn in FIG. 5. 
Using only his thumb, the user may control the horizontal 
and vertical positioning of, for instance, a cursor on a display 
screen, as Well as implement various related functions (such 
as selecting options from a pull-doWn menu). 

The horizontal positioning of the cursor is manipulated by 
pivoting arm member 20 about point 22, Whereby arm mem 
ber 20 traces an arcuate path as indicated by arroWs 25a, 25b 
(FIG. 2). First sensor 26, in response to the arcuate motion of 
arm member 20, generates a ?rst positioning signal Which 
controls the horizontal positioning of a cursor on a display 
screen indicative of the angular position of arm member 20. 
For instance, to move the cursor to the right on the display 
screen, the thumb (resting in thumbpiece 28) is used to move 
arm member 20 in an arcuate path to the right, as indicated 
by arroW 25a. 

Preferably, arm member 20 is of a length (measured 
betWeen portions 16a and 16b of side Wall 16) approxi 
mately equal to that of the user’s thumb so that When a user 
places the thumb on contact surface 38 of thumbpiece 28, 
the user’s large thumb joint is immediately above point 22. 
The length of arm member 20 may be of varying lengths so 
as to accommodate different size hands. As discussed above, 
arm member 20, pivoting about point 22, travels in an arcu 
ate path betWeen sideWalls 16a, 16b of interface control 10. 
This arcuate path emulates the natural motion of the thumb 
as it pivots about the large thumb joint, thereby resulting in a 
natural and ergonomic relationship betWeen the thumb and 
arm member 20. Hence, interface control 10 uses the natural 
arcuate motion of a user’s thumb to effect linear changes in 
the horizontal positioning of a cursor on the display screen. 

The vertical positioning of the cursor is controlled by slid 
ing thumbpiece 28 along the length of arm member 20 as 
indicated by arroWs 32a, 32b (FIG. 2). Second sensor 42 
detects the linear movement of thumbpiece 28 and, in 
response thereto, generates second positioning signals Which 
control the vertical positioning of the cursor. For instance, to 
move the cursor up or doWn on a display screen, the user 

simply uses his or her thumb to move thumbpiece 28 aWay 
from or toWards point 22. This movement is easily achieved 
by extending or curling the thumb. Note that by positioning 
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6 
the ?ngers on the bottom side of base plate 14, the combined 
movement of the ?ngers assist the thumb in the curling and 
extending motions. 

Trigger functions are implemented by exerting a doWn 
Ward pressure (using the thumb) upon thumbpiece 28. Third 
sensor 44 senses this doWnWard pressure and, in response 
thereto, generates a trigger control signal. Depending upon 
the particular application With Which interface control 10 is 
being used, this trigger control signal may implement a vari 
ety of functions. For instance, in computer softWare or inter 
active systems, this trigger control may select items from a 
menu. When used With a video game, for example, this trig 
ger control may cause a character to jump. 

The doWnWard pressure exerted by the thumb to imple 
ment a trigger control signal is alWays orthogonal to the 
thumb motions used to control horizontal and vertical 
positioning, regardless of the angular position of arm mem 
ber 20 or the linear position of thumbpiece 28. This orthogo 
nal relationship eliminates undesirable interaction betWeen 
the trigger control and the positioning controls and thus pre 
vents cursor creep. A user, When exerting a doWnWard pres 
sure on thumbpiece 28, is not likely to inadvertently pivot or 
extend/ curl the thumb (Which Would cause a change in the 
positioning of the cursor). Thus, by isolating the trigger and 
positioning controls, as described above, interface control 10 
provides advantages over conventional joystick controllers 
Which suffer from cursor creep problems. 

FIG. 6 shoWs another embodiment of the present inven 
tion. Interface control 50, the operation of Which is identical 
to that of interface control 10, includes all the components of 
interface control 10 plus additional features described beloW. 
Interface control 50 includes tWo groups of cavities 52a, 
52b, and 52c and 54a, 54b, and 54c formed in the bottom 
surface of base plate 14. When a user cradles interface con 
trol 50 in the left hand, the tips of the three ?ngers closest to 
the thumb may comfortably rest Within associated cavities 
52ai52c. Each of cavities 52a, 52b, and 52c has an associ 
ated sWitch 56a, 56b, 56c, respectively, disposed therein so 
that each of the user’s ?ngers may activate one of associated 
sWitches 56a, 56b, 56c While holding interface control 50. 
SWitches 56a, 56b, 56c, When depressed by the user’s ?nger 
tips, generate second, third, and fourth trigger control 
signals, respectively, for implementing additional predeter 
mined functions. 

In a similar manner, a right-handed user may place one of 
the three ?ngers closest to the thumb (of the right hand) in 
each of cavities 54a, 54b, and 54c to operate associated 
sWitches 58a, 58b, 58c, Which, like sWitches 56a, 56b, 56c, 
generate second, third, and fourth trigger control signals, 
respectively, for implementing various predetermined func 
tions. 

If additional control signals are desired for implementing 
even more predetermined fractions, control circuitry may be 
added so that the simultaneous depression of tWo of more 
sWitches 56a, 56b, 56c (or 58a, 58b, 58c for right-handed 
users) generate these additional control signals. For instance, 
simultaneously depressing sWitches 56a and 56b (for left 
hand operation) or 58a and 58b (for right-hand operation) 
may generate a ?fth trigger control signal. 

FIG. 7 is an end vieW of another embodiment in accor 
dance With the present invention. Interface control 60, Which 
operates in a manner identical to interface control 10 (FIGS. 
2, 3A, 3B, 4, and 5), includes a plurality of ?rst detents 61 
formed on the top surface of base plate 14. One second 
detent 62 is provided on the bottom surface of arm member 
20 such that as arm member 20 pivots about point 22 (not 
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shown), second detent 62 moves between pairs of the plural 
ity of ?rst detents 61. Arm member 20 may preferably come 
to rest only at those positions Where second detent 62 is 
positioned betWeen a pair of ?rst detents 61, thereby provid 
ing arm member 20 With a discrete number of click stops. 
These click stops may add increased stability and control to 
the positioning controls of interface control 60. 

The embodiments in accordance With the present inven 
tion are advantageous over conventional joystick controllers. 
Indeed, interface controls 10 and 50 are suitable for one 
handed operation, thereby leaving the user’s other hand free 
to perform other tasks. This one-handed operation also 
eliminates the need for a ?at surface, as required When using 
a mouse or operating conventional joystick interface con 
trols With one hand. 

Using the thumb to control positioning functions contrib 
utes to the superior ergonomics of interface controls 10 and 
50. As mentioned above, conventional joystick controllers 
require various combinations of Wrist and arm movements to 
control the positioning of a cursor and additional ?nger or 
thumb motions to control trigger functions. Such unnatural 
combinations of motions necessitate training and practice in 
order for a user to become pro?cient. This is especially true 
as the siZe of such a control is reduced. Unlike conventional 
controllers, embodiments in accordance With the present 
invention (1) isolate the horiZontal and vertical positioning 
functions from each other and (2) isolate the positioning 
functions from the trigger functions While simultaneously 
alloWing both functions to be controlled by a single user 
contact point. The result is an interface control Which alloWs 
users to issue vertical and horizontal positioning commands 
in concert for smooth and precise motions along both axes 
(i.e., a diagonal motion), as Well as implementing trigger 
functions Without inadvertently altering those positioning 
commands. Further, the interface controls described herein 
alloW users to control both positioning and trigger control 
functions With simple, intuitive thumb motions. 
When a user traces his or her thumb across the tips of the 

?ngers, every joint in his or her hand moves in concert to 
facilitate the thumb’s motion. This opposed position of a 
user’ s thumb relative to his or her ?ngers and palm is utiliZed 
by interface controls 10 and 50 to achieve a comfortable and 
natural interface betWeen the user and a machine (such as a 
computer). Indeed, by positioning a user’s ?ngers along the 
bottom surface of base plate 14 and his or her thumb in 
thumbpiece 28, interface controls 10 and 50 operate in a 
manner consistent With the thumb’s natural motions. By tak 
ing advantage of the thumb’s full arcuate motion about the 
large thumb joint and the thumb’s excellent linear motion, 
interface controls in accordance With the present invention 
alloW a user to quickly and easily position a cursor or pointer 
on a display screen. The superior ergonomics of the above 
interface controls afford users a high degree of precision and 
ef?ciency Without the extensive practice and training 
required of conventional joystick controllers. This accuracy 
and ease of use makes the present interface controls espe 
cially Well suited for CAD or any other computer illustration 
systems. 
The frictional coupling betWeen elements of the preferred 

embodiments may be manipulated to adjust the “feel” of 
interface controls 10 and 50. For instance, contact surface 38 
(FIGS. 4 and 8) of thumbpiece 28 may be shaped With 
respect to the top surfaces of sideWalls 20a, 20b so that the 
sides of a user’s thumb are in frictional contact With side 
Walls 20a, 20b. This frictional contact may increase the sta 
bility With Which thumbpiece 28 slides along arm member 
20, thereby increasing the accuracy of vertical positioning of 
a cursor. 
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In a similar manner, the frictional coupling betWeen third 

sensor 44 (FIG. 3A) and the top surface of base plate 14 of 
housing 12 may be adjusted to increase the accuracy of the 
horiZontal positioning control of interface controls 10 and 
50. For example, a strip of Te?on material (not shoWn) may 
be provided betWeen third sensor 44 and bottom plate 14 to 
achieve a desirable “silky” feel When a user pivots arm mem 
ber 20 about point 22 (FIG. 4). The Te?on causes drag to 
progressively increase as thumbpiece 28 is depressed, With 
out any signi?cant increase in static friction. This resultant 
increase in drag contributes to an increased stability in per 
forming drag-select operations in Which the trigger sWitch is 
depressed While the cursor is moved from a ?rst position to a 
second position (as in highlighting text in Word processing 
programs). 

FIG. 8 shoWs another embodiment in accordance With the 
present invention. Interface control 65 includes arm member 
29 slidably disposed on conventional curved guide tracks 
64a, 64b Within support 67. Tracks 64a, 64b de?ne an arcu 
ate path having as its center virtual pivot point 66. Arm 
member 29 slides along this arcuate path as indicated by 
arroWs 25a, 25b as if arm member 29 Were pivoting about 
virtual pivot point 66. Disposing arm member 29 Within 
tracks 64a, 64b in this manner eliminates the need for arm 
member 29 to be coupled to a ?xed pivot point, as is arm 
member 20 of interface control 10 (FIGS. 2, 3A, 3B, 4, and 
5), and therefore alloWs for interface control 65 to be of a 
signi?cantly smaller siZe. Thumbpiece 28 is slidably dis 
posed Within arm member 29 and slides along the length of 
arm member 29 as indicated by arroWs 32a, 32b. 
The positioning and trigger functions of interface control 

65 are controlled in a manner identical to those of interface 
control 10 as described above (see FIGS. 2, 3A, 3B, 4, and 5) 
and Will thus not be described here. Interface control 65 
possesses all of the advantages discussed above With respect 
to interface control 10, including alloWing users to control 
the operation of applications With simple and intuitive 
motions that closely emulate the natural motions of the 
human thumb and isolates positioning controls (1) from each 
other and (2) from trigger controls as described above. 
LikeWise, interface control 65 may be also be provided With 
the friction coupling and feedback features described above. 
The embodiments described above may be used in virtu 

ally any application Which requires an interface control 
betWeen a user and a machine. Embodiments in accordance 
With the present invention may be used to control the opera 
tion of a construction crane or boom. Interface controls 10 
and 50 are ideal for replacing the mouse or trackball in com 
puter softWare applications such as Word processing, 
databases, and spreadsheets. For instance, interface control 
50 of FIG. 6 (see also FIGS. 2, 3A, 3B, 4, and 5) is Well 
suited for use With video games. As described above, thumb 
piece 28 may be used to control the positioning of a charac 
ter in the video game. By depressing thumbpiece 28 so as to 
activate third sensor 44, the user may implement various 
predetermined functions, such as starting/ stopping the game 
and selecting game options. SWitch 56a (58a for right 
handed users) may, for instance, cause the character to jump. 
SWitch 56b (58b) may cause the character to ?re a bullet, and 
so on. 

Embodiments of the present invention may also be incor 
porated into conventional tWo-banded video game control 
lers (see FIG. 1) to provide a superior video game interface 
control. For example, positioning control keys 2a, 2b, 2c, 
and 2d (FIG. 1) may be replaced by interface control 10, as 
illustrated in FIG. 9. TWo-handed video game controller 90 
has disposed Within a ?rst portion thereof a portion of inter 
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face control 10 of FIGS. 2, 3A, 3B, and 4. For purposes of 
clarity, not all of the components of interface control 10 are 
labelled. Arm member 20 and thumbpiece 28 control the 
positioning of objects (i.e., characters of a video game) dis 
played on a screen in the same manner as described previ 
ously With reference to FIGS. 2, 3A, 3B, and 4, While keys 
4a, 4b, and 4c implement various trigger functions. 

The above described interface controls may be mounted in 
virtually any enclosure, including (but not limited to) control 
panels, automobile dashboards, steering Wheels, or hand 
grips of other interface controls. For instance, in one such 
embodiment, base plate 14 (FIG. 2) may be disposed Within 
the handgrip portion of a ?oor-mounted lever arm control, 
i.e., a transmission selector in a vehicle, to provide users 
With a superior means to control such things as the vehicle’s 
navigation system or communications With the vehicle’s 
on-board computer system. 

In another embodiment, interface controls in accordance 
With the present invention may be disposed Within a control 
panel such as the dashboard of an automobile, boat, or even 
an airplane to provide control over certain operations. For 
example, interface control 10 may be mounted in the control 
panel of construction equipment to control the operation of a 
boom or crane. A control panel-mounted interface control 10 
could also be used to manually control, for instance, the 
processing operations of an industrial application or the 
positioning and ?ring of lasers in medical applications. 
These embodiments, like those discussed above, are advan 
tageous since multiple control functions (1) are disposed on 
a single contact surface and (2) are isolated from one 
another. 
Some of the ergonomic advantages discussed herein may 

be compromised in order to provide a user interface control 
capable of controlling positioning in three, rather than tWo, 
directions. In one such embodiment in accordance With the 
present invention, various elements of interface control 10 
may be incorporated into the handgrip of a conventional 
full-siZe joystick to provide three-dimensional positioning 
control as Well as trigger functions. 

FIG. 10 shoWs interface control 70 including gimballed 
stick 72 having fanned at one end an inclined, elongated 
upper portion 74. Formed Within top surface 76 of upper 
portion 74 is secondary interface control 80 Which includes 
all the features of and operates in a similar manner to inter 
face control 10 (FIGS. 2, 3A, 3B, and 4). Secondary inter 
face control 80 preferably has thumbpiece 28 ?xably 
mounted Within arm member 20 so that thumbpiece 28 may 
not slide along arm member 20, thereby eliminating the need 
for second sensor 42 as Well as grooves 34a, 34b and ?anges 
36a, 36b (FIG. 4). The other end of stick 72 (FIG. 10) is 
pivotally mounted to a base portion (not shoWn) having sen 
sors Which generate ?rst and second positioning signals in 
response to stick 72 pivoting With respect to the base portion, 
as discussed above in reference to conventional joystick con 
trollers. 
A user curls the four ?ngers of his or her hand around 

stick 72 and places the thumb in thumbpiece 28 (FIG. 10). 
The user controls the horiZontal and vertical positioning of, 
for instance, a cursor displayed on a CRT in a conventional 
manner as described above, i.e., by pivoting stick 72 about 
the base portion. The user controls the depth positioning of 
the cursor With the thumb by pivoting arm member 20 about 
pivot point 22 (see FIG. 2). Trigger functions are activated 
by pressing doWnWard on thumbpiece 28 (as discussed in 
reference to interface control 10). 

Various forms of feedback may be added to the above 
described embodiments to provide a user With additional 
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information about the particular application he or she is 
controlling, as described beloW in reference to FIGS. 11 and 
12. For instance, arm member 20 of interface control 10 
(FIGS. 2, 3A, 3B, and 4) may be ?tted With a ?rst actuator 
that in response to a ?rst feedback signal prevents arm mem 
ber 20 from further pivoting in one or both directions or, in 
the alternative, alters the frictional contact betWeen arm 
member 20 and baseplate 14 so as to alter the ease With 
Which arm member 20 pivots. 

Referring to FIG. 11, interface control 80, the operation of 
Which is identical to that of interface control 10, includes all 
of the components of interface control 10 plus additional 
features described beloW. For purposes of clarity, not all of 
the components of interface control 80 common With those 
of interface control 10 are shoWn. Arm member 20 of inter 
face control 80 has coupled thereto electromagnetic coil 82 
Which, in turn, is Wound around a conventional ferrous core 
(not shoWn). Shaft 84 extends along arm member 20 and has 
a ?rst end matingly coupled to surface 86 of sideWall 16b. A 
second end of shaft 84 extends through coil 82 and is 
coupled to iron armature 88. Armature 88 is preferably posi 
tioned as close to coil 82 as possible. When a ?rst feedback 
current is provided to coil 82, the resultant magnetic ?eld 
produced by coil 82 attracts armature 88 toWards coil 82, 
thereby causing the ?rst end of shaft 84 to shift toWards and 
press against surface 86 of sideWall 16b. The resultant 
increase in frictional coupling betWeen arm member 20 and 
sideWall 16b resists any pivoting movement of arm member 
20 about point 22. In other Words, coil 82, shaft 84, and 
armature 88 act as a magnetically activated brake. Varying 
levels of feedback current Will result in proportionally vary 
ing levels of drag. This brake may be implemented to simu 
late detents, stops, or other forms of re?ective feedback. 

In a similar manner, a second actuator may be provided 
that in response to a second feedback signal inhibits the 
movement of thumbpiece 28 along arm member 20, as illus 
trated in FIG. 12. Arm member 20 has provided therein a 
sliding bar 90 having a ?rst end coupled to thumbpiece 28. 
Iron core 92 is coupled to arm member 20 and is positioned 
in a region proximate to a second end of bar 90. Magnetic 
coil 94 is Wound around ferrous care 92. A second feedback 
current provided to coil 94 Will induce a magnetic attraction 
betWeen bar 90 and against core 92, thereby resulting in an 
increased frictional coupling betWeen bar 90 and core 92. 
This increased frictional coupling resists the sliding motion 
of thumbpiece 28 along arm member 20. Note that in some 
embodiments shaft 40 (FIG. 3A) (not shoWn in FIG. 12 for 
simplicity) may also serve the same function as bar 90 in 
addition to being part of the longitudinal sensing structure of 
arm member 20. 

The embodiments described above and illustrated in 
FIGS. 11 and 12 Would, for instance, be especially Well 
suited for use With applications in Which it is desirable to 
preclude a user from selecting certain options or moving a 
cursor into certain areas. In a video game application, for 
instance, the game’s character may be precluded from enter 
ing a restricted area of the displayed image. The video game 
may issue feedback signals as discussed above to preclude 
the user from causing the character to move into the 
restricted areas. Thus, the feedback signals, by restraining or 
even preventing (1) arm member 20 from pivoting about 
point 22 and/or (2) thumbpiece 28 from sliding along arm 
member 20 directly inform the user he can no longer move in 
that direction. In a similar manner, an additional actuator 
may be contained Within third sensor 44 (see FIG. 3A) to 
preclude activation of trigger functions at certain predeter 
mined character positions. Unlike conventional interface 
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control feedback systems Which use ?ashing lights or sounds 
to Warn users of an improper selection or movement, the 
direct force-re?ecting feedback described above, by prevent 
ing the user from effecting certain positioning commands, 
provides a realistic feel to video games and other applica 
tions. 

In other applications, interface control 80 (FIG. 11) may 
be used to facilitate the selection of options or icons. As the 
user moves the cursor or pointer over an icon displayed on a 

screen, feedback, signals generated by the application may 
simulate a detent by increasing the frictional coupling 
betWeen arm member 20 and sideWall 16b and betWeen 
thumbpiece 28 and arm member 20, as described above With 
reference to FIGS. 11 and 12, When the cursor or pointer is 
positioned near or overlaps certain icons displayed on the 
screen. This simulated detent varies the amount of force the 
user must exert to effect further positioning changes in cer 
tain directions, i.e., the detent may either make it easier or 
harder for the user to cause the cursor to pass across the icon. 

In this manner, the user can “feel” When, he or she has 
reached a particular icon (or any other speci?c screen 
location). This simulated detent may be deactivated When, 
for instance, the icon has been selected or When the cursor 
has passed over the icon. 

The actuators discussed above may comprise a solenoid, a 
servomotor, or any other suitable device knoWn in the art 
Which generates a force in response to electric signals. The 
actuators may also employ shape-memory alloys, pieZo 
ceramics, or electro-rheological compounds. Further, motor 
type actuators may be employed to augment or restrain 
motion. 

In other embodiments, the actuators discussed above may 
used to activate and deactivate electrically controlled detents 
so as to provide tactile click stops in the pivoting motion of 
arm member 20 (FIG. 2) about point 22 or in the linear 
motion of thumbpiece 28 along arm member 20. These 
detents may be logically correlated With speci?c targets or 
options on a display screen such that once a particular option 
is selected, its corresponding detent is electrically deacti 
vated. Adaptive feedback of this type can be very effective in 
making the above-described controls more intuitive. 

Embodiments of the present invention may also be 
equipped With a spring return mechanism. With reference to 
interface control 10 (FIG. 2), a centering spring may be 
coupled to arm member 20 Which causes arm member 20 to 
return to its center position Whenever arm member 20 has 
deviated from the center position by exerting pressure on 
arm member 20. A manually controlled latch may also be 
provided Which engages the centering spring to and disen 
gages the centering spring from arm member 20 so as to turn 
on and off the centering mechanism. Such a centering 
mechanism is useful in applications requiring proportional 
control (i.e., a conventional joystick) rather than absolute 
control (i.e., a mouse). The centering spring may also be 
electrically actuated by an external signal from the inter 
faced device (i.e., computer, video game, and so on). Inclu 
sion of such an electrically actuated spring alloWs the inter 
faced device to sWitch the controller betWeen tWo modes of 
operation (spring centering and non-centering), as the par 
ticular application may require. In a similar manner, an addi 
tional centering spring may be coupled to thumbpiece 28 to 
provide proportional control in the vertical direction. 

While particular embodiments of the present invention 
have been shoWn and described, it Will be obvious to those 
skilled in the art that changes and modi?cations may be 
made Without departing from this invention in its broader 
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12 
aspects and, therefore, the appended claims are to encom 
pass Within their scope all such changes and modi?cations as 
fall Within the true spirit and scope of this invention. 

I claim: 
[1. An apparatus for generating at least tWo control 

signals, said apparatus comprising: 
a support; 

an arm member disposed Within said support, said arm 
member being moveable in an arcuate path Within said 
support; 

a contact member slidably mounted on said arm member, 
said contact member being slidable along said arm 
member; 

a ?rst sensor coupled to said arm member for sensing 
movement of said arm member along said arcuate path; 
and 

a second sensor coupled to said contact member for sens 
ing linear movement of said contact member along said 
arm member] 

[2. The apparatus of claim 1 further comprising: 
?rst guide means disposed along said arm member; and 
second guide means disposed on said contact member, 

said second guide means matingly coupled With said 
?rst guide means so as to facilitate the movement of 

said contact member along said arm member] 
[3. The apparatus of claim 2 Wherein said ?rst guide 

means comprise ?rst and second grooves horiZontally dis 
posed in ?rst and second side Walls, respectively, of said arm 
member, said second guide means comprising ?rst and sec 
ond ?anges disposed on ?rst and second side Walls of said 
contact member, respectively.] 

[4. The apparatus of claim 1 Wherein said arm member is 
pivotally coupled to said support at a pivot point, said arm 
member moving in said arcuate path as said arm member 
pivots about said pivot point.] 

[5. The apparatus of claim 1 further comprising: 
a track means disposed Within said support, said track 
means de?ning said arcuate path; and 

one or more guide elements disposed on an outer surface 

of said arm member, said one or mere guide elements 
being matingly coupled to said track means for facili 
tating the movement of said arm member in said arcu 
ate path.] 

[6. The apparatus of claim 1 Wherein said ?rst sensor 
detects the magnitude and direction of arcuate movement of 
said arm member along said arcuate path and generates a 
?rst control signal in response thereto.] 

[7. The apparatus of claim 1 Wherein said second sensor 
detects the magnitude and direction of linear movement of 
said contact member and generates a second control signal 
in response thereto 

[8. The apparatus of claim 1 further comprising a third 
sensor coupled to said arm member, said third sensor detect 
ing a doWnWard pressure on said contact member and in 
response thereto generating a signal for implementing a ?rst 
predetermined function.] 

[9. An apparatus for generating at least tWo control 
signals, said apparatus comprising: 

a support; 

an arm member having a ?rst end portion pivotally 
coupled to said housing at a point, said arm member 
being rotatable about said point; 

a contact member slidably mounted on said arm member, 
said contact member being slidable along said arm 
member; 
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a ?rst sensor coupled to said arm member for sensing 
arcuate movement of said arm member; and 

a second sensor coupled to said contact member for sens 
ing linear movement of said contact member along said 
arm member] 

[10. The apparatus of claim 9 Wherein said support is of a 
siZe such that said apparatus is capable of being operated 
With one hand of a person.] 

[11. The apparatus of claim 9 Wherein said ?rst sensor 
generates a ?rst control signal representing the angle and 
direction of rotation of said arm member, said ?rst control 
signal being capable of being used to alter the position of a 
cursor or pointer in a ?rst direction on a display screen.] 

[12. The apparatus of claim 9 Wherein said second sensor 
generates a second control signal representing the magnitude 
and direction of linear movement of said contact member, 
said second control signal bang capable of being used to 
alter the position of a cursor or pointer in a second direction 

on a display screen.] 
[13. The apparatus of claim 9 further comprising a third 

sensor disposed on said arm member, said third sensor 
detecting a doWnWard pressure on said contact member] 

[14. The apparatus of claim 13 Wherein said third sensor 
generates a third control signal indicative of said doWnWard 
pressure on said contact member, said third control signal 
implementing a ?rst predetermined function.] 

[15. The apparatus of claim 9 further comprising a ?rst 
actuator, Wherein in response to a ?rst feedback signal said 
?rst actuator restrains said rotation of said arm member.] 

[16. The apparatus of claim 15 Wherein said ?rst actuator 
is contained Within said ?rst sensor.] 

[17. The apparatus of claim 15 further comprising a sec 
ond actuator, Wherein in response to a second feedback sig 
nal said second actuator restrains the linear movement of 
said arm member.] 

[18. The apparatus of claim 17 Wherein said second actua 
tor is contained Within said second sensor.] 

[19. The apparatus of claim 9 Wherein said contact mem 
ber has a concave upper surface so that a human thumb may 

matingly situate on said contact member.] 
[20. The apparatus of claim 9 Wherein said arm member 

has disposed therein one or more ?rst guide means, said 
contact member having disposed thereon one or more sec 
ond guide means, each of said ?rst guide means being mat 
ingly coupled With an associated one of said second guide 
means for facilitating sliding of said contact member along 
said arm member.] 

[21. The apparatus of claim 20 Wherein said ?rst guide 
means comprise ?rst and second grooves horiZontally dis 
posed in ?rst and second side Walls, respectively, of said arm 
member, said second guide means comprising ?rst and sec 
ond ?anges disposed on ?rst and second side Walls of said 
contact member, respectively.] 

[22. The apparatus of claim 9 Wherein said housing has a 
bottom surface, said apparatus further comprising: 

one or more cavities formed in said bottom surface of said 
housing; 

one or more sWitches, each of said sWitches being associ 
ated With and coupled to an associated one of said cavi 

ties.] 
[23. The apparatus of claim 22 Wherein said sWitches 

comprise pressure sensitive devices, the actuation of Which 
generates one or more fourth control signals for implement 
ing one or more second predetermined functions.] 

24. An interface control device, comprising: 
a support housing con?gured to be held by one hand ofa 

user; 
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14 
a user manipulatable member engageable and moveable 

by a single thumb ofsaid user; 
at least one sensor coupled to said user manipulatable 
member and operative to sense movement in a first and 
second degree of freedom and to generate at least one 
sensor signal associated with said movement; 

said user manipulatable member moveable in a third 
degree of freedom and configured to cause a trigger 
signal to be sent to an application on a computer, said 
third degree of freedom approximately orthogonal to 
said first and second degrees of freedom; and 

at least one actuator coupled to said interface control 
device, said actuator operative to provide a feedback 
force to said user, 
wherein said interface control device is configured to 

be operated by said one hand ofa user, and wherein 
said user manipulatable member is coupled to an 
arm member having rotary motion about a pivot 
point to provide motion in one ofsaid?rst or second 
degrees of freedom, wherein said actuator is coupled 
to said arm member to output forces about said pivot 
point. 

25. The interface control device as recited in claim 24 
wherein said rotary motion ofsaid arm member is limited to 
an arcuate path of less than ninety degrees. 

26. The interface control device as recited in claim 24 
further comprising a second actuator, and wherein said first 
actuator is grounded to said housing and wherein said sec 
ond actuator is carried by said arm member. 

27. The interface control device as recited in claim 24 
wherein said user manipulatable member is a sliding con 
tact member which can be moved in a linear degree offree 
dom approximately perpendicular to an axis of rotation of 
said arm member and in substantially the sameplane as said 
rotary motion, thereby providing said motion in one ofsaid 
first or second degrees of freedom. 

28. An interface control device, comprising: 
a support housing configured to be held by one hand ofa 

user; 

a user manipulatable member engageable and moveable 
by a single thumb ofsaid user; 

at least one sensor coupled to said user manipulatable 
member and operative to sense movement in a first and 
second degree of freedom and to generate at least one 
sensor signal associated with said movement; 

said user manipulatable member moveable in a third 
degree of freedom and configured to cause a trigger 
signal to be sent to an application on a computer, said 
third degree of freedom approximately orthogonal to 
said first and second degrees of freedom; and 

at least one actuator coupled to said interface control 
device, said actuator operative to provide a feedback 
force to said user, 
wherein said interface control device is configured to 

be operated by said one hand ofa user, and wherein 
a centering spring bias on said user manipulatable 
member may be electrically actuated by a signal 
received from said computer, allowing said interface 
control device to have a centering mode and a non 
centering mode, selected by said computer. 

29. An interface control device in communication with a 
computerforprovidingpositioning signals to said computer 
for manipulating an image in a computer environment dis 
played on a screen by said computer, said device compris 
ing: 

a handheld support housing configured to be held by one 
hand of a user; 
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a user manipulatable member coupled to said housing 
and engageable and moveable by a single thumb of‘said 
user in two degrees of freedom relative to said housing, 
and configured with a contact surface configured to be 
contacted by said thumb; 

at least one sensor coupled to said user manipulatable 
member and operative to sense movement of said user 
manipulatable member in said two degrees of freedom, 
said sensor operative to provide positioning signals; 

at least one actuator coupled to said interface control 
device, wherein said actuator is operative to provide a 
f‘eedbackf‘orce to said user, and wherein said at least 
one actuator includes a first brake providing a drag in a 
first of said two degrees of freedom, and a second com 
puter controlled brake coupled to said user manipulat 
able member and providing a drag in a second one of 
said degrees of‘freedom of said user manipulatable 
member; and 
thumb trigger sensor operative to detect a trigger com 
mandfrom said user and to cause a trigger signal to be 
sent to said computer, said trigger command including 
a pressing motion by said thumb causing said user 
manipulatable member to move in a trigger degree of 
freedom di/ferent from said two degrees of freedom, 
wherein said user manipulatable member is configured 
to allow said user to control said movement in said two 

degrees of freedom and perform said trigger command 
simultaneously using said single thumb on said contact 
surface, and 

wherein said interface control device is configured to be 
operated by said one hand of‘a user, and wherein said 
user manipulatable member is coupled to an arm mem 
ber having rotary motion about a pivot point and is a 
sliding member which can be moved along at least a 
portion of said arm member in a linear degree of 
freedom, and wherein said second brake outputs forces 
in said linear degree of‘freedom, wherein said first 
brake is coupled to said arm member to output f‘orces 
about saidpivotpoint. 

30. An interface control device in communication with a 
computer for providing positioning signals to said computer 
for positioning an image displayed on a screen said device 
comprising: 

a support housing configured to be held by one hand of‘the 
user; 

a user manipulatable member coupled to said housing 
and engageable and moveable by a digit of‘said user in 
two degrees of freedom relative to said housing while 
said housing is held by said hand of‘said user, wherein 
at least one of said degrees of‘f‘reedom is a rotary 
degree of freedom about an axis of rotation; 

a 

a spring return mechanism coupled to said user manipu 
latable member toprovide a centering bias on said user 
manipulatable member toward a centerposition of‘said 
rotary degree of freedom when said user manipulatable 
member has been moved from said center position, 
wherein said spring return mechanism is electrically 
actuated by an external signal received from said 
computer, allowing said spring return mechanism to be 
selectively applied in a centering mode and allowing 
said spring return mechanism to have no e?‘ect in a 
non-centering model; 

at least one sensor coupled to said user manipulatable 
member and sensing movement of‘said user manipulat 
able member in said two degrees of‘freedom, said sen 
sor providing positioning signals which control said 
positioning of‘said image on said screen; 
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at least one actuator coupled to said user manipulatable 

member; and 
a trigger sensor for detecting a trigger command from 

said user, said trigger command including a pressing 
motion causing said user manipulatable member to 
move in a trigger degree of freedom diferent from said 
two degrees of freedom. 

3]. The interface control device as recited in claim 30 
wherein said external signal is controlled by a video game 
running on said computer 

32. The interface control device as recited in claim 30 
wherein said spring return mechanism is coupled to a pivot 
able arm member providing said rotary degree of freedom, 
and further comprising a centering spring coupled to said 
user manipulatable member to provide a centering bias in 
another of said two degrees of freedom. 

33. An interface controlf‘eedback device in communica 
tion with a computer for providing positioning signals to 
said computer for manipulating an image in a computer 
environment displayed on a screen by said computer; said 
device comprising: 

a support housing configured to be held by one hand of‘a 
user; 

a sliding contact member engageable and moveable by a 
thumb of said user in two degrees of freedom relative to 
said support housing while said support housing is held 
by said hand of‘said user, one of‘said two degrees of 
freedom being a linear degree of freedom, wherein said 
movement in said two degrees of freedom positions said 
image in two screen dimensions on said display device; 

an arm member coupled to said sliding contact member, 
said arm member operative to rotationally move about 
a pivot point to provide motion in one of said two 
degrees of freedom, wherein said linear degree of free 
dom is approximately perpendicular to an axis of rota 
tion of said arm member and is in substantially the 
same plane as said rotary motion; 

at least one sensor coupled to said user manipulatable 
member and operative to sense movement of‘said slid 
ing contact member in said two degrees of freedom, 
said sensor operative to provide positioning signals 
which control said positioning of‘said image on said 
display device; 

at least one actuator coupled to said arm member to out 

put f‘orces about said pivot point, wherein said f‘orces 
facilitate the selection of‘options or icons displayed on 
said display device based on feedback signals gener 
ated by an application running on said computer; and 
trigger sensor for detecting a trigger command from 
said user, said trigger command including moving said 
sliding contact member approximately orthogonally to 
said two degrees of freedom, 

wherein said interface control device is configured to be 
operated by said one hand of‘a user 

34. The interface control device as recited in claim 33 
further comprising a second actuator to output forces on 
said sliding contact member in said linear degree of 
freedom, and wherein said first actuator is grounded to said 
housing and wherein said second actuator is carried by said 
arm member 

35. The interface control device as recited in claim 33 
wherein said image is a cursor controlled to move in two 

dimensions of‘said screen, wherein said cursor can be used 
to select an icon, wherein said trigger command selects said 
icon when said cursor is positioned over said icon. 

36. The interface control device as recited in claim 33 
wherein said image is a video game characterprovided in a 
video game environment. 
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37. An interface controlfeedback device in communica 
tion with a computer for providing positioning signals to 
said computerforpositioning an image displayed on a dis 
play device, said device comprising: 

a support housing configured to be held by one hand ofa 
user; 

a user manipulatable member engageable and moveable 
by a thumb of said user in two degrees of freedom rela 
tive to said support housing while said support housing 
is held by said hand ofsaid user, wherein said move 
ment in said two degrees offreedom positions said 
image in two screen dimensions on said display device; 

at least one sensor coupled to said user manipulatable 
member and operative to sense movement of said user 
manipulatable member in said two degrees of freedom, 
said sensor operative to provide positioning signals 
which control said positioning ofsaid image on said 
display device; 

at least one actuator coupled to said user manipulatable 
member, wherein said actuator provides a force in at 
least one of said degrees offreedom of said user 
manipulatable member, wherein saidforce facilitates 
the selection ofoptions or icons displayed on said dis 
play device based on feedback signals generated by an 
application running on said computer, wherein a cen 
tering spring bias on said user manipulatable member 
is electrically actuated by a signal receivedfrom said 
computer in a centering mode, allowing said force 
feedback device to have said centering mode and a non 
centering mode selected by said computer; and 
trigger sensor for detecting a trigger command from 
said user, said trigger command including moving said 
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user manipulatable member approximately orthogo 
nally to said two degrees of freedom, 

wherein said interface control device is configured to be 
operated by said one hand ofa user 

38. A device comprising: 

a housing configured to be held in one hand such that no 
additional support is needed to operate the device; 

a user manipulatable member coupled to said housing 
and configured to be manipulated by a single digit ofa 
user in two degrees of freedom, wherein said user 
manipulatable member comprises an arm member 
operable to rotate in said rotary degree of freedom, and 
a sliding contact member operable to move in a linear 

degree of freedom approximately perpendicular to an 
axis ofrotation ofsaid arm member; 

a sensor coupled to said user manipulatable member and 
operative to sense movement of said user manipulat 
able member in said two degrees of freedom, wherein 
one of said two degrees of motion comprises a rotary 
degree of freedom; 

an actuator operative to provide a feedback force to said 
user; 

a trigger operative to move in a degree of freedom di er 
ent from said two degrees of freedom and configured to 
be actuated by said single digit simultaneously with 
said user manipulatable object, 

wherein said device is configured to be operated by said 
one hand ofa user 


