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LOW-COST HAPTIC MOUSE 
IMPLEMENTATIONS 

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. 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application claims the bene?t of US. Provisional 
Application No. 60/176,108, ?led Jan. 14, 2000, entitled, 
“Low-Cost Haptic Mouse Implementations,” and this appli 
cation is a continuation-in-part of copending US. patent 
application Ser. No. 09/253,132, ?led Feb. 18, 1999; now 
US. Pat. No. 09/456,887, ?led Dec. 7, 1999; now US. Pat. 
No. 6,211,861 and Ser. No. 09/563,783, ?led May, 2, 2000, 
which is a continuation of application Ser. No. 09/103,281, 
?led Jun. 23, 1998 now US. Pat. No. 6,088,019, all off 
which are incorporated by reference herein in their entirety. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to haptic feedback 
interface devices for use with a computer, and more particu 
larly to low-cost haptic devices producing tactile sensations. 

Using an interface device, a user can interact with an envi 
ronment displayed by a computer system to perform func 
tions and tasks on the computer, such as playing a game, 
experiencing a simulation or virtual reality environment, 
using a computer aided design system, operating a graphical 
user interface (GUI), or otherwise in?uencing events or 
images derived on the screen. Common human-computer 
interface devices used for such interaction include a joystick, 
mouse, trackball, steering wheel, stylus, tablet, pressure 
sensitive ball, or the like, that is connected to the computer 
system controlling the displayed environment. 

In some interface devices, force feedback or tactile feed 
back is also provided to the user, also known more generally 
herein as “haptic feedback.” These types of interface devices 
can provide physical sensations which are felt by the user 
using the controller or manipulating the physical object of 
the interface device. One or more motors or other actuators 

are used in the device and are connected to the controlling 
computer system. The computer system controls forces on 
the haptic feedback device in conjunction with coordinated 
with displayed events and interactions on the host by send 
ing control signals or commands to the haptic feedback 
device and the actuators. 
Many low cost haptic feedback devices provide forces to 

the user by vibrating the manipulandum and/or the housing 
of the device that is held by the user. The output of simple 
vibration haptic feedback (tactile sensation) requires less 
complex hardware components and software control over 
the force-generating elements than does more sophisticated 
haptic feedback. For example, in many current game con 
trollers for game consoles such as the Sony Playstation and 
the Nintendo 64, one or more motors are mounted in the 
housing of the controller and which are energized to provide 
the vibration forces. An eccentric mass is positioned on the 
shaft of each motor, and the shaft is rotated unidirectionally 
to cause the motor and the housing of the controller to 
vibrate. The host computer (console unit) provides com 
mands to the controller to turn the vibration on or off or to 
increase or decrease the frequency of the vibration by vary 
ing the rate of rotation of the motor. 
One problem with these currently-available implementa 

tions of haptic feedback devices is that the vibrations or 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
other haptic sensations that these implementations produce 
are very limited and cannot be signi?cantly varied. In 
addition, gamepad tactile generation devices may not be as 
suitable for other types of interface devices, in particular 
mouse interfaces or other similar position control input 
devices. The prior art devices also severely limit the haptic 
feedback effects which can be experienced by a user of these 
devices. 

SUMMARY OF THE INVENTION 

The present invention is directed to providing low-cost 
haptic feedback capability to a mouse interface device and 
other interface devices that will communicate with a host 
computer or controller. The embodiments disclosed herein 
allow haptic sensations to be output by devices that do not 
require signi?cant design changes to existing interface 
devices. 

More speci?cally, in one aspect of the present invention, a 
haptic feedback mouse device for providing haptic sensa 
tions to a user includes a housing physical contacted by the 
user and movable in an x-plane, a sensor coupled to the 
housing and operative to output a sensor signal indicative of 
the x-y movement, an actuator, and a mass coupled to the 
actuator, wherein said eccentric mass can be rotated by the 
actuator. The rotation of the mass causes inertial haptic sen 
sations to be output on the housing and felt by the user. In 
one embodiment, the actuator rotates the eccentric mass 
approximately in an X-Z plane, a y-Z plane, or a combination 
thereof. In another embodiment, the actuator rotates the 
eccentric mass approximately in an x-y plane. The inertial 
force can be a pulse, vibration, or texture correlated with the 
interaction of a user-controlled cursor with a graphical 
object displayed in a graphical user interface of a host com 
puter. 

In another aspect of the present invention, a haptic feed 
back device includes a housing physically contacted by the 
user, where the housing includes a movable portion and a 
base portion, wherein the movable portion is movable with 
respect to the base portion, and where the moveable portion 
includes a magnet. An actuator is coupled to the housing, 
and an eccentric mass is coupled to the actuator, where the 
eccentric mass can be rotated by the actuator. A magnetic 
interaction between said eccentric mass and said magnet 
causes an inertial haptic sensation to be output on said mov 
able portion of said housing and felt by said user when said 
user contacts said movable portion, said inertial haptic sen 
sation in?uenced by the position of the mass. The movable 
portion can be a button. The eccentric mass is made of a 
material that interacts magnetically with the magnet, such as 
iron or steel or a permanently-magnetic material. 

In another aspect of the present invention, a haptic feed 
back device provides a haptic sensations to a user and 
includes a housing physically contacted with the user, where 
the housing includes a movable portion and a base portion, 
where the movable portion is movable with respect to the 
base portion. An actuator is coupled to the housing or to the 
movable portion, and a mass coupled to the actuator, where 
the mass can be rotated by the actuator. A stop member is 
coupled to the movable portion or the housing and is posi 
tioned at least partially in a path of rotation of the mass, 
where the mass is moved against the stop to produce haptic 
sensations on the movable portion felt by the user contacting 
the movable portion. The movable portion can be a button of 
the device. Additional stop members can be provided in the 
range of motion of the mass, and inertial and kinesthetic 
feedback modes can be provided. 
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In another aspect of the present invention, a haptic feed 
back mouse device provides haptic sensations to a user and 
includes a device housing physically contacted by the user 
and movable in an x-y plane, Where the device housing 
includes a movable portion and a main housing portion, 
Where the movable portion is movable With respect to the 
main housing portion. A moving magnet actuator has an 
actuator housing coupled to the device housing and a mov 
ing magnet coupled to the movable portion, and a sensor 
outputs a sensor signal indicative of housing movement in an 
x-y plane. In one embodiment, the user can select one of a 
hierarchy of graphical objects by moving the movable 
portion, Wherein a haptic sensation indicates to the user a 
selection of each of the graphical objects in the hierarchy. 

In yet another aspect of the present invention, a haptic 
feedback mouse device provides haptic sensation to a user 
and includes a device housing physically contacted by the 
user and movable in an x-y plane, Where the device housing 
includes a movable portion and a main portion. At least part 
of the movable portion is positioned on a side of the housing 
and is movable With respect to the main portion. A linear 
actuator has an actuator housing coupled to the device hous 
ing and an actuated portion coupled to the movable portion, 
Where the linear actuator moves the movable portion of the 
device housing linearly aWay from the main portion of the 
housing When controlled With a control signal, thereby pro 
viding a haptic sensation to a user contacting the movable 
portion. A sensor outputs a sensor signal indicative of hous 
ing movement in the x-y plane. Preferably, the movable por 
tion engages a thumb of the user in normal operation of the 
mouse device. 

The present invention advantageously provides embodi 
ments for a loW-cost haptic feedback device that can output a 
variety of haptic sensations. The actuators can be imple 
mented in existing interface devices With relatively little 
added expense. The presented features alloW precision in the 
control of haptic sensations and a compelling range of sen 
sations to be experienced by the user. 

These and other advantages of the present invention Will 
become apparent to those skilled in the art upon a reading of 
the folloWing speci?cation of the invention and a study of 
the several ?gures of the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of an interface device system 
incorporating a haptic feedback device present invention; 

FIG. 2 is a block diagram of a haptic feedback system 
suitable for use With the present invention; 

FIG. 3a is a perspective vieW of a ?rst embodiment of a 
haptic mouse interface device including a eccentric rotating 
mass providing inertial haptic sensations; 

FIG. 3b is a perspective vieW of a second embodiment of a 
haptic mouse interface device including a eccentric rotating 
mass providing inertial haptic sensation; 

FIG. 4 is a side elevational vieW of a haptic mouse inter 
face device including an eccentric rotating mass in?uencing 
a magnetic button; 

FIG. 5 is a perspective vieW of a haptic mouse interface 
device including an eccentric rotating mass engaging a stop 
member to provide haptic sensations; 

FIG. 6a is a perspective vieW of a haptic mouse interface 
device including a moving magnet actuator providing haptic 
sensations on a button of the device; 

FIG. 6b is a perspective vieW of the top and side of the 
haptic mouse device of FIG. 6a; 
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4 
FIG. 7 is a perspective vieW of a haptic mouse interface 

device including a linear voice coil actuator providing haptic 
sensations on a movable housing portion; 

FIG. 8 is a diagrammatic illustration of a graphical user 
interface including objects associated With haptic sensa 
tions; and 

FIG. 9 is a perspective vieW of an actuator and transmis 
sion for providing forces on a button or other movable mem 
ber. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Many of the described embodiments of the present inven 
tion add haptic functionality to existing mouse designs. Vari 
ous actuators and assemblies are preferably provided in a 
mouse housing in Ways that do not require signi?cant design 
and manufacturing changes to the product. Mice produced 
according to these embodiments can fall Within the standard 
mouse price range, and these embodiments add signi?cant 
neW value Without forcing the computer user to re-think hoW 
he or she uses the mouse. 

The beloW descriptions often refer to a mouse device as a 
speci?c embodiment of an interface device Which is suitable 
for the embodiments of the present invention. HoWever, the 
inventive embodiments described herein are also suitable for 
a Wide variety of other types of computer interface devices 
Which can be enhanced With haptic feedback, including 
trackballs, gamepad controllers, joysticks, steering Wheels, 
styluses, touchpads, touchscreens, light guns, remote 
controls, portable computers, knobs, etc. 

FIG. 1 is a perspective vieW of a haptic feedback mouse 
interface system 10 of the present invention capable of pro 
viding input to a host computer and capable of providing 
haptic feedback to the user of the mouse system. Mouse 
system 10 includes a mouse 12 and a host computer 14. It 
should be noted that the term “mouse” as used herein, indi 
cates an object generally shaped to be grasped or contacted 
from above and moved Within a substantially planar Work 
space (and additional degrees of freedom if available). 
Mouse 12 is an object that is preferably grasped or 

gripped and manipulated by a user. For example, a user can 
move mouse 12 to provide planar tWo-dimensional input to a 
computer system to correspondingly move a computer gen 
erated graphical object, such as a cursor or other image, in a 
graphical environment provided by computer 14 or to con 
trol a virtual character, vehicle, or other entity in a game or 
simulation. In addition, mouse 12 preferably includes one or 
more buttons 16a and 16b to alloW the user to provide addi 
tional commands to the computer system. Each button can 
typically be pressed doWn in the degree of freedom of the 
button for a travel distance, at the end of Which a button 
sWitch is closed and a button signal provided to the host 
computer to indicate the button has been pressed. 
Mouse 12 preferably includes one or more actuators 18 

Which operative to produce tactile forces on the mouse hous 
ing 12, a portion thereof, and/or a button 16. This operation 
is described in greater detail beloW With reference in FIGS. 
3ai7. 
Mouse 12 rests on a ground surface 22 such as a tabletop 

or mousepad. A user graphs the mouse 12 and moves the 
mouse in a planar Workspace on the surface 22 as indicated 
by arroWs 24. Mouse 12 may be moved anyWhere on the 
ground surface 22, picked up and placed in a different 
location, etc. A frictional ball and roller assembly (not 
shoWn) can in some embodiments be provided on the under 
side of the mouse 12 to translate the planar motion of the 
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mouse 12 into electrical position signals, Which are sent to a 
host computer 14 over a bus 20 as is Well known to those 
skilled in the art. In other embodiments, different mecha 
nisms and/or electronics can be used to convert mouse 
motion to position or motion signals received by the host 
computer. For example, optical sensors can be used, suitable 
optical mouse technology is made by HeWlett Packard of 
Palo Alto, Calif., Where both the optical emitter and detector 
are provided on the mouse housing and detect motion of the 
mouse relative to the planar support surface by optically 
taking and storing a number of images of the surface and 
comparing those images over time to determine if the mouse 
has moved. Alternatively, a portion of an optical sensor can 
be built into the surface 22 to detect the position of an emit 
ter or transmitter in mouse 12 and thus detect the position of 
the mouse 12 on the surface 22. Mouse 12 is preferably a 
relative device, in Which its sensor detect a change in posi 
tion of the mouse, alloWing the mouse to be moved over any 
surface at any location. An absolute mouse may also be used, 
in Which the absolute position of the mouse is knoWn but the 
mouse is typically limited to a particular prede?ned Work 
space. 
Mouse 12 is coupled to the computer 14 by a bus 20, 

Which communicates signals betWeen mouse 12 and com 
puter 14 and may also, in some preferred embodiments, pro 
vide poWer to the mouse 12. Components such as actuator 18 
require poWer that can be supplied from a conventional serial 
port or through an interface such as a USB or FireWire bus. 
In other embodiments, signals can be sent betWeen mouse 12 
and computer 14 by Wireless transmission/reception. In 
some embodiments, the poWer for the actuator can be 
supplemented or solely supplied by a poWer storage device 
provided on the mouse, such as a capacitor or one or ore 
batteries. Some embodiments of such are disclosed in US. 
Pat. No. 5,691,898, incorporated herein by reference. 

Host computer 14 can be a personal computer or 
Workstation, such as a PC compatible computer or Macin 
tosh personal computer, or a Sun or Silicon Graphics Work 
station. For example, the computer 14 can operate under the 
WindoWsTM, MacOS, Unix, or MS-DOS operating system. 
Alternatively, host computer system 14 can be one of a vari 
ety of home video game console systems commonly con 
nected to a television set or other display, such as systems 
available from Nintendo, Sega, or Sony. In other 
embodiments, host computer system 14 can be a “set top 
box” Which can be used, for example, to provide interactive 
television functions to users, or a “netWork-” or “intemet 
computer” Which alloWs users to interact With a local or 
global netWork using standard connections and protocols 
such as used for the Internet and World Wide Web. Host 
computer preferably includes a host microprocessor, random 
access memory(RAM), read only memory (ROM), input/ 
output (I/O) circuitry, and other components of computers 
Well-knoWn to those skilled in the art. 

Host computer 14 preferably implements a host applica 
tion program With Which a user is interacting via mouse 12 
and other peripherals, if appropriate, and Which may include 
force feedback functionality. For example, the host applica 
tion program can be a video game, Word processor or 
spreadsheet, Web page or broWse that implements HTML or 
VRML instructions, scienti?c analysis program, virtual real 
ity training program or application, or other application pro 
gram that utiliZes input of mouse 12 and outputs force feed 
back commands to the mouse 12. Herein, for simplicity, 
operating systems such as WindoWsTM, MS-DOS, MacOS, 
Linux, Be, etc. are also referred to as “application pro 
grams.” In one preferred embodiment, an application pro 
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6 
gram utiliZes a graphical user interface (GUI) to present 
options to a user and receive input from the user. Herein, 
computer 14 may be referred as providing a “graphical 
environment,” Which can be graphical user interface, game, 
simulation, or other visual environment. The computer 
device displays “graphical objects” or “computer objects,” 
Which are not physical objects, but are logical softWare unit 
collections of data and/or procedures that may be displayed 
as images by computer 14 on display screen 26, as is Well 
knoWn to those skilled in the art. A displayed cursor or a 
simulated cockpit of an aircraft might be considered a 
graphical object. The host application program checks for 
input signals received from the electronics and sensors of 
mouse 12, and outputs force values and/or commands to be 
converted into forces output for mouse 12. Suitable softWare 
drivers Which interface such simulation softWare With com 
puter input/output (I/O) devices are available from Immer 
sion Corporation of San Jose, Calif. 

Display device 26 can be included in host computer 14 
and can be a standard display screen (LCD, CRT, ?at panel, 
etc.), 3-D goggles, or any other visual output device. 
Typically, the host application provides images to be dis 
played on display device 26 and/or other feedback, such as 
auditory signals. For example, display screen 26 can display 
images from a GUI. 

In alternative embodiments, the mouse can be a different 
interface or control device. For example, a hand-held remote 
control device used to select functions of a television, video 
cassette recorder, sound stereo, intemet or netWork com 
puter (e.g., Web-TM), or a gamepad controller for video 
games or computer games, can be used With the haptic feed 
back components described herein. 

FIG. 2 is a block diagram illustrating one embodiment of 
the force feedback system suitable for use With any of the 
described embodiments of the present invention and includ 
ing a local microprocessor and a host computer system. 

Host computer system 14 preferably includes a host 
microprocessor 100, a clock 102, a display screen 26, and an 
audio output device 104. The host computer also includes 
other Well knoWn components, such as random access 
memory (RAM), read-only memory (ROM), and input/ 
output (I/O) electronics (not shoWn). Display screen 26 dis 
plays images of a game environment, operating system 
application, simulation, etc. Audio output device 104, such 
as speakers, is preferably coupled to host microprocessor 
100 via ampli?ers, ?lters, and other circuitry Well knoWn to 
those skilled in the art and provides sound output to user 
When an “audio event” occurs during the implementation of 
the host application program. Other types of peripherals can 
also be coupled to host processor 100, such as storage 
devices (hard disk drive, CD ROM drive, ?oppy disk drive, 
etc.), printers, and other input and output devices. 
Mouse 12 is coupled to host computer system 14 by a 

bidirectional bus 20 The bi-directional bus sends signals in 
either direction betWeen host computer system 14 and the 
interface device. Bus 20 can be a serial interface bus, such as 
an RS232 serial interface, RS-422, Universal Serial Bus 
(U SB), MIDI, or other protocols Well knoWn to those skilled 
in the art; or a parallel bus or Wireless link. For example, the 
USB standard provides a relatively high speed interface that 
can also provide poWer to actuator 18. 

Mouse 12 can include a local microprocessor 110. Local 
microprocessor 110 can optionally be included Within the 
housing of mouse 12 to alloW e?icient communication With 
other components of the mouse. Processor 110 is considered 
local to mouse 12, When “local” herein refers to processor 
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110 being a separate microprocessor from any processors in 
host computer system 14. “Local” also preferably refers to 
processor 110 being dedicated to haptic feedback and sensor 
I/O of mouse 12. Microprocessor 110 can be provided With 
softWare instructions (e.g., ?rmware) to Wait for commands 
or requests from computer host 14, decode the command or 
request, and handle/control input and output signals accord 
ing to the command or request. In addition, processor 110 
can operate independently of host computer 14 by reading 
sensor signals and calculating appropriate forces from those 
sensor signals, time signals, and stored or relayed instruc 
tions selected in accordance With a host command. Suitable 
microprocessors for use as local microprocessor 110 include 
the MC68HC711E9 by Motorola, the PIC16C74 by 
Microchip, and the 82930AX by Intel Corp., for example, as 
Well as more sophisticated force feedback processors such as 
the Immersion Touchsense Processor. Microprocessor 110 
can include one microprocessor chip, multiple processors 
and/or coprocessor chips, and/or digital signal processor 
(DSP) capability. 

Microprocessor 110 can receive signals from sensor 112 
and provide signals to actuator 18 in accordance With 
instructions provided by host computer 14 over bus 20. For 
example, in a local control embodiment, host computer 14 
provides high level supervisory commands to microproces 
sor 110 over bus 20, and microprocessor 110 decodes the 
commands and manages loW level force control loops to 
sensors and the actuator in accordance With the high level 
commands and independently of the host computer 14. This 
operations is described in greater detail in US. Pat. Nos. 
5,739,811 and 5,734,373, both incorporated by reference 
herein. In the host control loop, force commands are output 
from the host computer to microprocessor 110 and instruct 
the microprocessor to output a force or force sensation hav 
ing speci?ed characteristics. The local microprocessor 110 
reports data to the host computer, such as locative data that 
describes the position of the mouse in one or more provided 
degrees of freedom. The data can also describe the states of 
buttons 16 and safely sWitch 132. The host computer uses 
the locative data to update executed programs. In the local 
control loop, actuator signals are provided from the micro 
processor 110 to actuator 18 and sensor signals are provided 
from the sensor 112 and other input devices 118 to the 
microprocessor 110. Herein, the term “tactile sensation” 
refers to either a single force or a sequence of forces output 
by the actuator 18 Which provide a sensation to the user. For 
example, vibrations, a single jolt, or a texture sensation are 
all considered tactile sensations. The microprocessor 110 
can process inputted sensor signals to determine appropriate 
output actuator signals by folloWing stored instructions. The 
microprocessor may use sensor signals in the local determi 
nation of forces to be output on the user object, as Well as 
reporting locative data derived from the sensor signals to the 
host computer. 

In yet other embodiments, other hardWare can be provided 
locally to mouse 12 to provide functionality similar to 
microprocessor 110. For example, a hardWare state-machine 
incorporating ?xed logic can be used to provide signals to 
the actuator 18 and receive sensor signals from sensors 112, 
and to output tactile signals according to a prede?ned 
sequence, algorithm, or process. Techniques for implement 
ing logic With desired functions in hardWare are Well knoWn 
to those skilled in the art. Such hardWare can be better suited 
to less complex force feedback devices, such as the device of 
the present invention. 

In a different, ho st-controlled embodiment, ho st computer 
14 can provide loW-level force commands over bus 20, 
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Which are directly transmitted to the actuator 18 via micro 
processor 110 or other circuitry. Host computer 14 thus 
directly controls and processes all signals to and from the 
mouse 12, e. g. the host computer directly controls the forces 
output by actuator 18 and directly receives sensor signals 
from sensor 112 and input devices 118. This embodiment 
may be desirable to reduce the cost of the force feedback 
device yet further, since no complex local microprocessor 
110 or other processing circuitry need be included in the 
mouse. Furthermore, since one actuator 18 is used With 
forces not provided in the primary sensed degrees of 
freedom, the local control of forces by microprocessor 110 
may not be necessary in the present invention to provide the 
desired quality of forces. Other embodiments may employ a 
“hybrid” organiZation Where some types of force effects 
(eg closed loop effects or high frequency effects) are con 
trolled purely by the local microprocessor, While other types 
of effects (e.g., open loop or loW frequency effects) may be 
controlled by the host. 

In the simplest host control embodiment, the signal from 
the host to the device can be a single bit that indicates 
Whether to pulse the actuator at a prede?ned frequency and 
magnitude. In a more complex embodiment, the signal from 
the host could include a magnitude, giving the strength of the 
desired pulse. In yet a more complex embodiment, the signal 
can include a direction, giving both a magnitude and a sense 
for the pulse. In still a more complex embodiment, a local 
processor can be used to receive a simple command from the 
host that indicates a desired force value to apply over time. 
The microprocessor then outputs the force value for the 
speci?ed time period based on the one command, thereby 
reducing the communication load that must pass betWeen 
host and device. In an even more complex embodiment, a 
high-level command With tactile sensation parameters can 
be passed to the local processor on the device Which can then 
apply the full sensation independent of host intervention. 
Such an embodiment alloWs for the greatest reduction of 
communication load. Finally, a combination of numerous 
methods described above can be used for a single mouse 
device 12. 

Local memory 122, such as RAM and/or ROM, is prefer 
ably coupled to microprocessor 110 in mouse 12 to store 
instructions for microprocessor 110 and store temporary and 
other data. For example, force pro?les can be stored in 
memory 122, such as a sequence of stored force values that 
can be output by the microprocessor, or a lock-up table of 
force values to be output based on the current position of the 
user object. In addition, a local clock 124 can be coupled to 
the microprocessor 110 to provide timing data, similar to 
system clock 18 of host computer 12; the timing data might 
be required, for example, to compute forces output by actua 
tor 18 (e.g., forces dependent on calculated velocities or 
other time dependent factors). In embodiments using the 
USB communication interface, timing data for microproces 
sor 110 can be alternatively retrieved from the USB signal. 

In some embodiments, host computer 14 can send a “spa 
tial representation” to the local microprocessor 110, Which is 
data describing the locations of some or all the graphical 
objects displayed in a GUI or other graphical environment 
Which are associated With forces and the characteristics of 
these graphical objects. The microprocessor can store such a 
spatial representation in local memory 122, and thus Will be 
able to determine interactions betWeen the user object and 
graphical objects (such as the rigid surface) independently of 
the host computer. Also, the local memory can store prede 
termined force sensations for the microprocessor that are to 
be associated With particular types of graphical objects. 
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Sensors 112 sense the position or motion of the mouse 
device (eg the housing 50) in its planar degrees of freedom 
and provides signals to microprocessor 110 (or host 14) 
including information representative of the position or 
motion. Sensors suitable for detecting planar motion of a 
mouse including digital optical encoders frictionally 
coupled by a rotating ball or cylinder, as is Well knoWn to 
those skilled in the art. Optical sensor systems, linear optical 
encoders, potentiometers, optical sensors, velocity sensors, 
acceleration sensors, strain gauge, or other types of sensors 
can also be used, and either relative or absolute sensors can 
be provided. Optional sensor interface 114 can be used to 
convert sensor signals to signals that can be interpreted by 
the microprocessor 110 and/or host computer system 14, as 
is Well knoWn to those skilled in the art. 

Actuator(s) 18 transmits forces to the housing 50, button 
16, or other portion of the mouse in response to signals 
received from microprocessor 110 and/ or host computer 14, 
and is described in greater detail beloW. Many types of 
actuators can be used, including an rotary DC motors, voice 
coil actuators, moving magnet actuators, pneumatic/ 
hydraulic actuators, solenoids, speaker voice coils, pieZo 
electric actuators, passive actuators (brakes), etc. In many of 
the implementations herein, the actuator has the ability to 
apply short duration force sensation on the housing or 
handle of the mouse. This short duration force sensation is 
described herein as a “pulse” The “pulse” can be directed 
substantially along a Z axis orthogonal to the X-Y plane of 
motion of the mouse. In progressively more advanced 
embodiments, the magnitude of the “pulse” can be con 
trolled; the sense of the “pulse” can be controlled, either 
positive or negative biased; a “periodic force sensation” can 
be applied on the handle of the mouse, Where the periodic 
sensation can have a magnitude and a frequency, eg a sine 
Wave; the periodic sensation can be selectable among a sine 
Wave, square Wave, saW-toothed-up Wave, saW-toothed 
doWn, and triangle Wave; an envelope can be applied to the 
period signal, alloWing for variation in magnitude over time; 
and the resulting force signal can be “impulse Wave shaped” 
as described in US. Pat. No. 5,959,613. There are tWo Ways 
the period sensations can be communicated from the host to 
the device. The Wave forms can be “streamed” as described 
in US. Pat. No. 5,959,613 and provisional patent application 
No. 60/160,401, both incorporated herein by reference in 
their entirety. Or the Waveforms can be conveyed through 
high level commands that include parameters such as 
magnitude, frequency, and duration, as described in US. Pat. 
No. 5,734,373. 

Alternate embodiments can employ additional actuators 
for providing tactile sensations or forces in the planar 
degrees of freedom of the mouse 12. For example, the mouse 
can be enhanced With a secondary actuator. Because of 
poWer constraints, this secondary means can be passive (i.e., 
it dissipates energy) in some embodiments. The passive 
actuator can be a brake, such as a magneto-rheological ?uid 
brake or magnetic brake. The passive braking means can be 
employed through a frictional coupling betWeen the mouse 
housing and the table surface 22. When the brake is engaged, 
the user can feel the passive resistance to motion of the 
mouse (in one or tWo degrees of freedom). Actuator interface 
116 can be optionally connected betWeen actuator 18 and 
microprocessor 110 to convert signals from microprocessor 
110 into signals appropriate to drive actuator 18. Interface 38 
can include poWer ampli?ers, sWitches, digital to analog 
controllers (DACs), analog to digital controllers (ADCs), 
and other components, as is Well knoWn to those skilled in 
the art. 
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Other input devices 118 are included in mouse 12 and 

send input signals to microprocessor 110 or to hose 14 When 
manipulated by the user. Such input devices include buttons 
16 and can include additional buttons, dials, sWitches, scroll 
Wheels, or other controls or mechanisms. 

PoWer supply 120 can optionally be included in mouse 12 
coupled to actuator interface 116 and/or actuator 18 to pro 
vide electrical poWer to the actuator or be provided as a 
separate component. Alternatively, and more preferably, 
poWer can be draWn from a poWer supply separate from 
mouse 12, or poWer can be received across a USB or other 

bus. Also, received poWer can be stored and regulated by 
mouse 12 and thus When needed to drive actuator 18 or used 
in a supplementary fashion, as described in copending appli 
cation Ser. No. 09/456,887, ?led Dec. 7, 1999, and incorpo 
rated herein by reference in its entirety. A safety sWitch 132 
can optionally be included to alloW a user to deactivate 
actuator 18 for safety reasons. 

Embodiments of the Present Invention 

Several embodiments of mouse interface device 12 pro 
viding haptic sensations to the user are described beloW. 
Preferred embodiments provide one or more of several desir 
able characteristics for a haptic mouse designed for the con 
sumer market. One desirable characteristic is that the mouse 
should feed like it is “alive” to the user, like the forces are 
coupling into the user’s body. The “alive” quality is often 
determined by system compliance, actuator authority, and 
transmissibility into the hand. Furthermore, it is preferred 
that the moving member or portion be spring centered so that 
vibrations/forces do not disappear or get clipped. Preferably, 
user effort is not required to maintain contact With the mov 
ing feedback surface While using the mouse. The mouse 
preferably also provides feedback for a range of user grip 
postures, e.g. palming, gripping, and ?nger tip usage. If 
possible, the haptic feedback should be in an axis that is 
substantially de-coupled from position input in the x-y 
plane. Preferably, the haptic feedback does not interfere With 
button operation by the user or button closure perception, 
and the mouse should Work seemlessly as a normal mouse 
When the user is not paying attention to forces. The mouse 
should have very good ?delity at high frequencies (e.g., 200 
to 20 HZ) and convey loWer frequencies (e.g., <20 HZ) With 
enough displacement that they are perceptible. Overall, the 
haptic mouse should add value With minimal sacri?ce and 
cost. 

FIG. 3a is a perspective vieW of a mouse device 200 pro 
viding tactile sensations to a user With an eccentric rotating 
mass to provide inertial forces, such as vibrations. A loWer 
base portion 202 of the mouse housing can include a ball 
sensor 204, a mouse Wheel 206, circuits (not shoWn), and 
other standard components. In addition, a rotary motor 208 
can be coupled to the base 202, When a rotary shaft 210 of 
the motor is coupled to an eccentric mass 212 positioned so 
that the center of mass of the mass 212 is offset from the 
center of rotation of the shaft 210. A cover portion 214, 
shoWn in dashed lines, can be normally positioned over the 
base portion 202. 

The eccentric mass 212 is rotated by the motor 208 to 
cause inertial tactile sensations on the mouse housing. The 
inertial sensations are caused by the inertia produced by the 
eccentric rotation of the mass, Which causes a Wobbling 
motion that is transmitted through actuator to the housing. 
The user contacting the housing can feed the sensations. The 
sensations can be determined from host commands, signals, 
or local determination, as explained above. In one 
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embodiment, the mass 212 is rotated in a single direction. In 
another embodiment, the mass 212 can be rotated harmoni 
cally (in tWo directions). Some mouse embodiments can 
alloW both uni-directional and bi-directional modes, eg a 
host command from the host computer can determine Which 
mode is currently operational. 

In embodiment 200, the motor 208 is positioned such that 
the eccentric mass 212 rotates in approximately the y-Z 
plane, When the shaft of the motor extends parallel to the 
x-axis. Thus, the inertial forces output by the rotation of the 
mass are along the y- and Z-axes. If the mass is rotated 
quickly enough and/or if the inertial forces on the housing 
are of high enough magnitude, the mouse may be moved or 
vibrated along the y-axis and the portion of the forces output 
in the y-axis may cause a controlled object, such as a dis 
played cursor, to change its y position in a graphical environ 
ment in response to motor activation. If this effect is 
undesired, it can be alleviated in some embodiments by pro 
viding a selective disturbance ?lter, as described in Us. Pat. 
No. 6,020,876 and incorporated herein by reference in its 
entirety. 

The embodiment 200 can produce strong forces to the 
user if the mass 212 is rotated quickly. In some 
embodiments, forces output to the user can be dependent on 
the initial state of the motor/mass. For example, if the eccen 
tric mass Were initially positioned at the bottom of its rota 
tional range, a “pop” sensation (eg one or a small number 
of quick mass rotations) Would feel different than if the mass 
Were initially positioned at the top of its range. Rotating 
mass control ?rmware and a sensor that reads mass rota 

tional position may be used to improve the eccentric mass 
coupled and make particular force sensations alWays feel the 
same. For example, copending application Ser. No. 09/669, 
029, ?led Sep. 25, 2000, describes methods to control an 
eccentric rotating mass that can be used in the present 
invention, and is incorporated herein by reference in its 
entirety. A harmonic drive, in Which the mass is driven in 
both directions about its rotational axis, higher-?delity force 
effects may, in general, be obtained, as described in copend 
ing application Ser. No. 09/608,l25, Which is incorporated 
herein by reference in its entirety. Also, ?rmWare or control 
softWare can be used to translate loW frequency periodic 
drive signals into short duration pulses that start the mass 
moving from a knoWn position. 

In some embodiments, the eccentric mass 212 can be 
driven harmonically (bi-directionally) against one or more 
stop members, such as pins, that are coupled to the base 202 
or cover 214 of the mouse housing. The impact force of the 
mass against the stop members causes different types of 
force sensations that can be provided instead of or in addi 
tion to inertial sensations. Sensations resulting from such 
stop members is described in greater detail beloW. 

FIG. 3b is a perspective vieW of a mouse device 220 pro 
viding tactile sensations to a user With an eccentric rotating 
mass. Embodiment 220 is similar to mouse 200 described 
above, and can include a loWer base portion 222, a ball (or 
other type) sensor 224, a mouse Wheel 226, circuits (not 
shoWn), and other standard components. A rotary motor 228 
can be coupled to the base 222, Where a rotary shaft 230 of 
the motor is coupled to an eccentric mass 232 positioned so 
that the center of mass of the mass 232 is offset from the 
center of rotation of the shaft 230. A cover portion 234, 
shoWn in dashed lines, can be normally positioned over the 
base portion 222. 

Embodiments 220 differs from embodiment 200 in that 
the motor 228 is positioned such that the shaft 230 is parallel 
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to the Z-axis and rotates the eccentric mass 232 in the x-y 
plane. The inertial sensations are similar to those produced 
by embodiment 220, except that the forces are provided in 
the x-y plane. If the inertial sensations are loW enough 
magnitude, then targeting activities of the mouse are typi 
cally unaffected. If the inertial sensations are strong enough, 
hoWever, they may cause the mouse and any controlled 
graphical object to be moved in the x-y plane, possibly 
throWing off the cursor from a desired target, and thus may 
be more undesirable than the embodiment 200 Which only 
may cause mouse movement along the y-axis. Smaller 
masses 232 (and thus smaller forces) can reduce the distur 
bances. This embodiment may be suitable as an “antitarget 
ing” device; eg a particular game or other application may 
require or desire forces that prevent a user from targeting a 
cursor or other object accurately. The other features 
described for embodiment 200 can also be employed for 
embodiment 220. 

FIG. 4 is a side elevational vieW of another embodiment 
250 of a tactile mouse Which can output haptic sensations on 
a mouse button or other moveable portion of an interface 
device. Mouse 250 can include the standard device compo 
nents detailed above. Mouse 250 includes a motor 252 
coupled to the housing of the mouse, such as a DC rotary 
(e.g. pager) motor or other type of actuator, and Which 
rotates an eccentric mass 254. For example, the motor 252 is 
mounted to the bottom 253 of the mouse housing 251 in the 
embodiment shoWn. The mass can be rotated in any 
con?guration, but the rotating motor shaft is preferably ori 
ented in the x-y plane so that the eccentric mass 254 rotates 
in a y-Z plane or an X-Z plane, or a combination of both. 
Mouse 250 also includes a button 256 to Which a permanent 
magnet 258 is coupled. In the embodiment shoWn, the mag 
net 258 is coupled to the underside of the button 256. Button 
256 is hinged and can move approximately as shoWn by 
arroW 260. The user can depress the button to activate a 
sWitch and send a button signal to the host computer, as is 
Well knoWn on mouse and other interface devices. 

The eccentric mass 254 can be controlled similarly to the 
eccentric masses described above to provide inertial tactile 
sensations to the user contacting the housing of the mouse. 
For example, the mass 254 can be rotated in one direction or 
can be controlled harmonically to move in tWo directions 
about its rotational axis to provide the desired inertial sensa 
tions. The harmonic control tends to more e?iciently couple 
Wherein to the housing inertially at higher frequencies. 

Furthermore, embodiment 250 alloWs tactile sensations to 
be output on the button 256. When the eccentric mass 254 is 
rotated to the top of its rotational range, i.e., its closest posi 
tion to the magnets 258, the mass magnetically in?uences 
the button 256 by attracting the magnet 258 toWard the mass 
254. For example, the mass 254 can be made of a metal, such 
as iron or steel, that magnetically interacts With the magnet 
258. If the magnetic attraction force is strong enough, it may 
cause the button 256 to move in the direction toWard the 
mass 254; hoWever, the forces are preferably made su?i 
ciently Weak to not cause the button sWitch to close. This 
alloWs the user to press the button When desired With little or 
no interference from forces output in the button’s degree of 
freedom. For example, the button travel range can be made 
large enough and can include a sensor to detect button 
position, so that When the button reaches a position near to 
the button sWitch, the forces are reduced by moving the mass 
aWay, alloWing a button click unin?uenced by the magnetic 
forces. 
As the mass 254 rotates aWay from the magnet 258, the 

magnetic attraction force reduces in magnitude, and the but 






















