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types of force feedback devices and is thus quite suitable for
home consumer applications. A single actuator can be pro-
vided that directly applies force in the degree of freedom of
a button of a mouse or to the command gesture motion of a
pointing device such as a cylinder. The actuator does not
output force in a main sensed degree of freedom of the
device, thus allowing sensors to read the position of the user
object without substantial interference from forces and also
simplifying the control of output forces. Furthermore, the
actuator of the present invention can provide a variety of
different types of force sensations to enhance the user’s
experience and interface with a computer application.

These and other advantages of the present invention will
become apparent to those skilled in the art upon a reading of
the following specification of the invention and a study of
the several figures of the drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a mouse of the present
invention connected to a host computer;

FIG. 2 is a side cross sectional view of the mouse of FIG.
1

FIG. 3 is a side elevational view of a voice coil actuator
suitable for use with the present invention;

FIG. 4 is a block diagram of the mouse and host computer
of the present invention;

FIG. 5 is a diagrammatic view of a display screen
showing graphical objects associated with force sensations
output using the mouse of the present invention; and

FIGS. 6a and 6b are perspective and side elevational
views, respectively, of a second pointing device of the
present invention providing low cost force feedback.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 is a perspective view of a force feedback mouse
interface system 10 of the present invention capable of
providing input to a host computer based on the user’s
manipulation of the mouse and capable of providing force
feedback to the user of the mouse system based on events
occurring in a program implemented by the host computer.
Mouse system 10 includes a mouse 12 and a host computer
14. It should be noted that the term “mouse” as used herein,
indicates an object generally shaped to be grasped or con-
tacted from above and moved within a substantially planar
workspace (and additional degrees of freedom if available).
Typically, a mouse is a smooth or angular shaped compact
unit that snugly fits under a user’s hand, fingers, and/or
palm, but can be implemented as a grip, finger cradle,
cylinder, sphere, planar object, etc.

Mouse 12 is an object that is preferably grasped or
gripped and manipulated by a user. By “grasp,” it is meant
that users may releasably engage a portion of the object in
some fashion, such as by hand, with their fingertips, etc. In
the described embodiment, mouse 12 is shaped so that a
user’s fingers or hand may comfortably grasp the object and
move it in the provided degrees of freedom in physical
space. For example, a user can move mouse 12 to provide
planar two-dimensional input to a computer system to
correspondingly move a computer generated graphical
object, such as a cursor or other image, in a graphical
environment provided by computer 14 or to control 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 additional com-
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mands to the computer system. The mouse 12 may also
include additional buttons. For example, a thumb button can
be included on one side of the housing of mouse 12.

Mouse 12 preferably includes an actuator 18 which is
operative to produce forces on one or more buttons of the
mouse 12. This operation is described in greater detail below
with reference to FIG. 2.

Mouse 12 rests on a ground surface 22 such as a tabletop
or mousepad. A user grasps 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) is provided on the underside of the mouse 12 to
translate the motion of the 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 mechanisms can be used to convert
mouse motion to position or motion signals received by the
host computer.

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,
provide power to the mouse 12. Components such as actua-
tor 18 require power that can be supplied from a conven-
tional 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.

Host computer 14 is preferably 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
Windows™, MacOS, Unix, or MS-DOS operating system.
Alternatively, host computer system 14 can be one of a
variety of home video game systems commonly connected
to a television set, 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 “internet-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 simulation, video game, Web page or
browser that implements HTML or VRML instructions,
scientific analysis program, virtual reality training program
or application, or other application program that utilizes
input of mouse 12 and outputs force feedback commands to
the mouse 12. Herein, for simplicity, operating systems such
as Windows™,  MS-DOS, MacOS, Unix, etc. are also
referred to as “application programs.” In one preferred
embodiment, an application program utilizes a graphical
user interface (GUT) to present options to a user and receive
input from the user. Herein, computer 14 may be referred as
displaying “graphical objects” or “computer objects.” These
objects are not physical objects, but are logical software unit
collections of data and/or procedures that may be displayed



