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WO 99/17850 1 PCT/US98/19905
A UNIVERSAL TACTILE FEED S OR COMP! S AND SIMU
This application derives its priority from U.S. Patent Application Serial Number 08/935,762 filed on 9/23/97.

El F THE INVENTION

This invention relates to a tactile feedback system for computer and video game systems and, more particularly, to
a universal tactile feedback system for computer and video game systems which provides real time tactile feedback to

enhance a user’s experience while interacting with a computer/video game or simulation.

ACKGROUND OF THE DISCL R

With the advent of low cost microprocessors and the explosive growth of the PC industry, electronic gaming has
proliferated at a blinding rate. Games and simulations are now executed, in homes and arcades, on a vast array of available
hardware platforms, where each hardware platform yieids its own unique combination of complexity, and fidelity, and cost.
Depending on a given hardware implementation, game players may have many different types of control input devices at
their disposal that are used to interact with a game or simulation. For exampie, driving games and simulations may use any
combination of control input devices such as steering wheels, gear shifters, and gas/brake/clutch pedal units. Flight games
and simulations may use any combination of control input devices such as throttles, weapons controllers, joysticks, rudder
pedals, and flight yolks. First person perspective action games may use any combination of joystick, mouse, or 3D control. In
most cases, a person playing a game or simulation is sitting in a seat of some kind while interacting with the hardware control
input devices.

In order for tactile sensation to be effectively implemented by a modern electronic gaming system, where there are
S0 many inconsistencies between various hardware systems and their software applications, an entirely new approach is
necessary. In order to be most effective, a gaming or simulation system must be able to provide the iliusion that all of the
gvailable disparate control input devices that control a given simulation are each part of a unified whole, and that they are not
independent, physicaily disconnected devices. This is necessary to suspend the disbelief of the person who is interacting
with the game or simulation system.

Due to the current and future countless implementations of computer based video game and simulation systems,
and due to the continually expanding library of game and simuiation applications that can be executed on such systems, a
need exists in the art for a truly universal tactile feedback system that can function without regard to the specific apparatus,
implementation, or application of any given system. Furthermore, & need exists in the art for a universal system that can
accommodate currently existing and future control input devices, via simple and inexpensive tactile feedback actuators, that
can be readily connected to or embedded within said devices, such that these disparate devices become part of a unified
whole. Additionally, a need exists in the art for a universal system that will function both with and without support by the host
gaming apparatus, achieving said functionality by impiementing both a reprogrammable audio analysis function, and /or a
direct digital control function. Moreover, a need exists in the art for a tactile feedback seating unit, that is not based on a iow
frequency speaker system, such that vehicle based games and simulations can be more realistically rendered, both with and
without support by the host gaming apparatus. Furthermore, a need exists in the art for a vest-based tactile sensation
generator, such that both open-body games and vehicle based games can be more realistically rendered, both with and
without support by the host gaming apparatus. Finally, a need exists in the art for a universal tactile feedback system, such
that the complete system is versatile, inexpensive, reliable, lightweight, quiet, reconfigurable, reprogrammable, and
expandable.

Accordingly, it is a primary objective of the present invention to introduce a tactile feedback seating unit that can
produce tactile feedback within a seat, that is not based upon a low frequency speaker system, that can function via host-
independent digitai audio analysis and/or host-dependent direct digital control, the digitai signal not necessarily being specific
to the actuators in the seat, but rather a general control signal for a distributed system, in order to represent tactile sensations
occurring in real time within a computer generated game or simulation, such that the person sitting in the seat feels this
representation, and the tactile feedback provided by such a system further enhances the believability of the simulation. it is
an additional primary objective of the present invention to implement the tactile feedback seating unit as a self contained unit,
where a plurality of tactile feedback actuators are embedded inside a semi-rigid sealed foam cushion, such that the unit is

portable, lightweight and quiet, and can fit in aimost any chair and function with aimost any application.
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SUMMARY OF THE INVENTION

The present invention provides a tactile feedback system for computer based video games and simulations. More

specifically, the tactile feedback system comprises a tactile feedback controlier and a plurality of tactile sensation generators.

The tactile feedback controller serves to receive and interpret signals representative of the actions of a particular
video game or simulation from a computer or gaming console. The tactile feedback controlier produces one or more control
signals that are necessary to control one or more tactile sensation generators to effect tactile sensations that correlate to the
actions of the video game. The tactile feedback controller can be operated in two different modes, i.e., a host-independent or
host-dependent mode.

The host-independent mode allows the tactile feedback controlier to interpret the audio signals from a video game
to generate the control signals for the tactile sensation generators. Under this mode of operation, the tactile feedback
controller is able to use the audio signals to properly decipher the actions of the video game, independent of any control
signals from the video game. This mode allows the present tactile feedback system to operate without the direct support of
the video game developer, and without regard to the specific hardware that is used to run any given computer game or
simulation. Therefore, this mode is called the “host-independent” mode of operation.

The host-dependent mode allows the tactile feedback controller to receive and process digital control signals from a
video game 1o generate control signals for the tactile sensation generators. This requires that the control signals from the
video game be designed specifically for the tactile feedback system. The tactile feedback controlier processes the control
signals from the video game and causes the proper tactile sensations to be generated, thereby physicaily imitating the current
actions of the video game. This mode requires specific accommadation by the host gaming hardware and software to
function. Therefore, this mode is called the “host-dependent” mode of operation.

Regardless as to its mode of operation, the tactile feedback controller has the capability to process signal data and
to simultaneously activate one or more tactile sensation generators to simulate the desired action. Namely, the tactile
feedback controller appraises the desired action called for by the control signals from the video game and then assesses the
best combination of the available tactile sensation generators to effect the tactile sensations associated with the desired
action.

Furthermore, the present tactile feedback system allows for customization by the user. A set of parameters can be
adjusted to allow the user to tailor how the tactile feedback controlier will process the control signals from the video game,
e.g., amplification, time delays, duration of sensations, and etc. In fact, the present tactile feedback system allows a user to
calibrate each of these parameters to satisfy individual preferences or to account for differences in current or future computer
systems. The desired setting for these parameters can be saved for each user and/or for each video game.

Finally, a set of novel tactile sensation generators and/or tactile sensation generator kits for modifying existing
computer peripherals are disclosed. The tactile sensation generators include a tactile sensation seating unit, a tactile
sensation chest harness, and various tactile sensation actuators that can be attached to or embedded within various control
input devices and/or non-interactive surfaces in contact with the user. These tactile sensation generators are coupled to the

tactile feedback controller and, in combination therewith, form the present tactile feedback system.

BRIEF_DESGRIPTION OF THE DRAWINGS

The teachings of the present invention can be readily understood by considering the following detailed description

in conjunction with the accompanying drawings, in which:

FIG. 1 depicts a block diagram of the present tactile feedback system;

FIG. 2 depicts an illustrative configuration of the present tactile feedback system;
FIG. 3 depicts a block diagram of the present tactile feedback controlier;

FIG. 4 depicts a block diagram of the audio signal preprocessing section;

FIG. 5 depicts a circuit diagram of the front end circuit;

FIG. 6 depicts a circuit diagram of the variable gain preamplifier;

FIG. 7 depicts a circuit diagram of the trebie audio filter and peak hold buffer;
FIG. 8 depicts a circuit diagram of the midrange audio filter and peak hold buffer;
FIG. 9 depicts a circuit diagram of the bass audio filter and peak hold buffer;
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FIG. 10 depicts a flow chart of a method for generating controi signals for tactile sensation generators under a host
independent and host dependent modes of operation;
FIG. 11 is a flow chart for the method of post-processing the audio signals;
FIG. 12 is flow chart of a method for processing raw audio signals with a plurality of audio analysis parameters;
5 FIG. 13 s a flow chart of a method of post-processing the direct control signal;
FIG. 14 is a flow chart of a method for generating control signals for tactile sensation generators;
FIG. 15 is a block diagram illustrating the relationship between the digital control signal table, device specific power
output parameters table and the PWM control signal table;
FIG. 16 is a flow chart of the batch data transmission method:
10 FIG. 17 is a flow chart of a "no user intervention* method to trigger the batch data transmission method;
FIG. 18 is a flow chart of a "user intervention" method to trigger the batch data transmission method;
FIG. 19 is a flow chart of a host-independent audio analysis calibration method;
FIG. 20 is a flow chart that illustrates a method of activating LEDs via a muitiplexing method;
FIG. 21 is a flow chart that illustrates a method of reading hardware switches via a muitiplexing method;
15 FIG. 22 is a circuit diagram of the LED display of FIG. 23;
FIG. 23 is an illustration of a LED display with the circuit of FIG. 22;
FIG. 24 is an illustration of the usar input switches on the tactile feedback controller:
FIG. 25 is a functional block diagram of both the multiple independent PWM control signal generation component
and the PWM outputs of the present system;
20 FIG. 26A depicts the first of four common control input device hardware suites:
FIG. 26B depicts a second of four control input device hardware suites;
FIG. 26C depicts a third of four control input device hardware suites;
FIG. 26D depicts a fourth of four common control input device hardware suites;
FIG. 27A illustrates a tactile feedback seating unit with six actuators;
25 FIG. 278 illustrates the tactile sensation actuators that are embedded within the tactile feedback seating unit;
FIG. 27C illustrates a tactile feedback seating unit with eight actuators;
FIG. 28A is a diagram of a chest tactile sensation generator;
FIG. 28B is a diagram of a chest tactile sensation generator;
FIG. 28C is a diagram of a chest tactile sensation generator;
30 FIG. 29A iliustrates a DC motor which has an offset weight on its shaft, in a side view;
FIG. 298 iltustrates a DC motor which has an offset weight on its shaft, in a front view;
FIG. 29C iliustrates a DC motor in a housing, in a side view:
FIG. 29D illustrates a DC motor in a housing, in a front view:
FIG. 29E iflustrates a solenoid in a housing, in a side view;
35 FIG. 30A illustrates the housing having an attachment means of a two-sided adhesive strip;
FIG. 30B illustrates the housing having an attachment means of two corresponding halves of hook and loop
fasteners;
FIG. 30C illustrates a hook and loop fastening means affected upon a strap;
FIG. 31A is a rear side view of a center-mounted throttle;
40 FIG. 31B is a top down view of a center-mounted throttle;
FIG. 31C depicts a throttle tactile sensation generator;
FIG. 31D is a top down view of the apparatus of FIG. 31C;
FIG. 31E is a rear side view of a side-mounted throttie;
FIG. 31F is a top down view of a side-mounted throttle;
45 FIG. 31G depicts a throttle tactile sensation generator:
FIG. 31H is a top down view of the apparatus of FiG. 31G;
FiG. 32A is a rear side view of a joystick;
FIG. 32B is a top down view of a joystick:

FIG. 32C is a rear side view of a joystick, with a tactile sensation actuator attached to its shaft;
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32D is a top down view of the apparatus of FiG. 32C;

32E is a rear side view of a joystick, with a tactile sensation actuator attached to its shaft;

32F is a top down view of FIG. 32E;

33A is a top down view of a rudder pedals control input device;

33B is a right side view of a rudder pedals control input device;

33C illustrates tactile sensation enhanced replacement pedal surfaces;

33D is a right side view of the apparatus of FIG. 33C;

33E illustrates tactile sensation generators affixed to the underside of each rudder pedal;

33F is a right side view of the apparatus of FIG. 33E;

34A is a front view of a flight control yolk's handle;

34B is the apparatus of FIG. 34A, wherein left and right hand control yolk tactile sensation generators are
applied;

34C is the apparatus of FIG. 34A, with left and right hand tactile sensation generators applied in upper outside
positions on the controt yolk’s two handles;

34D is the apparatus of FIG. 34A, with a larger, single tactile sensation generator applied;

35A is a front view of a steering wheel;

35B is a side view of a steering wheel;

35C is a front view of a steering wheel with tactile sensation generator attached to one spoke on the steering
wheel;

35D is a side view of the apparatus of FIG. 35C;

36A is a top down view of a pedal unit control input device;

36B is a side view of a pedal unit control input device;

36C is a top down view of a pedal unit control input device with tactile sensation actuators attached;

36D is a side view of the apparatus of FIG. 36C;

37A is a side view of a shift knob upon a shaft;

378 is a shift knob with an embedded tactile sensation generator:

37C is the shift knob of FIG. 378, additionally with an embedded solenoid;

37D illustrates a dense foam insert in the interior of the shift knob;

38A depicts a front view of an illustrative hand-held control input device;

38B is the back of the controller as depicted in FIG. 38A;

38C illustrates a vibratory tactile sensation generator attached to the back of the hand-held control input device;

38D illustrates tactile sensation generators for the left hand and right hand contained within a single housing,

where two motors and one solenoid are embedded within or attached to the apparatus of FIG. 38A

39 depicts a front and side view of a vest-based tactile sensation generator;

To facilitate understanding, identical reference numerals have been used, where possible, to designate identical

elements that are common to the figures.

40

45
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DETAILED RIPTION

FIG. 1 depicts a high level block diagram of a tactile feedback system 100 interfacing with a computer system or
video game console 102 (hereinafter host computer). The host computer 102 is connected to the tactile feedback system 100
by electrical connections 103 and 104 which may carry analog or digital signals respectively. in fact, signals from the host
computer can be passed to the tactile feedback system using other types of communication channels 106, e.g., channels that
employ infrared radiation, radio wave or sound wave. If these communication channels are used, then the corresponding
receivers must be implemented on the tactile feedback system, e.g., RF receiver, IR receiver or a microphone.

Thus, it should be understood that the configuration of having the host computer 102 coupled to the tactile feedback
system 100 is only illustrative and the present invention is not so limited. Namely, the host computer 102 can be
implemented as any device that is capable of sending the necessary control signals, such that the tactile feedback system is
capable of operating one or more tactile sensation generators {e.g., a gaming console with integrated tactile feedback
controller functionality).

The tactile feedback system 100 comprises a tactile feedback controller 110 and one or more tactile sensation
generators 120. In the preferred embodiment, the tactile feedback controller 110 is connected by power distribution cables
116 to multiple independent tactile sensation generators 120. However, the present invention can be modified such that only
control signals are forwarded to the tactile sensation generators, where each generator is able to be activated under its own
power source.

The tactile feedback controller 110 comprises a host independent portion 112 and a host dependent portion 114.
Namely, the host-independent portion allows the tactile feedback controller 110 to interpret the audio signals from a video
game to generate the control signals for the tactile sensation generators. Under this mode of operation, the tactile feedback
controller is able to use the audio signals to properly decipher the actions of the video game, independent of any control
signals from the video game.

in contrast, the host-dependent portion allows the tactile feedback controller 110 to receive and process the control
signals from a host computer 102 to generate the contro! signals for the tactile sensation generators. Namely, the control
signals from the hast computer 102 is designed specifically for the tactile feedback system.

In the preferred embodiment, electrical connection 103 represents the audio cable (stereo or mono) that carries the
analog audio signal produced by the host computer 102. More specifically, the host computer 102 has one of its audio output
ports, e.g., an amplified or line-level 1/8 inch stereo output connector, connected via line 103 to an input port 118 of the tactile
feedback controller 110.

Similarly, efectrical connection 104 represents a cable that carries the digital signal produced by the host computer
102 to an input port 119 of the tactile feedback controlier 110. In this preferred embodiment, the digital cable 104 is a parallel
cable, e.g., a DB26 to DB25 “straight through” male to male cable. However, it should be understood that the present
invention can be implemented with any type of digital cables, port configurations and various other transmission protocols
(such as RS-232 DB9 serial or USB universal serial bus, PCMCIA card connector and cable, coaxial cable, and the like).

Furthermore, a pass through port 117 is coupled to port 119 to allow the signals carried on the electrical connection
104 to pass through port 119, This pass through port allows multiple tactile feedback controllers 110 to be daisy chained to
support additional tactile sensation generators. This pass through port also serves to pass non-tactile sensation related
signals to other peripherals, e.g., a printer.

In the preferred embodiment, twelve {12) pins on the electrical connection 104 are employed to communicate with
the tactile feedback controller 110. Namely, the present invention employs a 12-bit bus for communication with a
communication format having a 4-bit control word and an 8-bit data word. Throughout this disclosure, the physical locations
for the 4-bit control word and 8-bit data word on line 104 are referred to as PORT A and PORT B, respectively.

it should be understood that although the present invention employs a 12-bit bus for communication, buses of any
size can be implemented. Generally, the selection of a communication protocol and bus size is governed by the requirements
of a particular application. For example, a more powerful microcontrolier may have sufficient I/O pins to allow a
communication format greater than 12 bits.

Furthermore, bi-directional communication can aiso be implemented between the host computer 102 and the tactiie
feedback controller 110. Such bi-directional communication would allow the tactile feedback controller 110 the ability to

transmit internal status, verification and operating data to the host computer system 102.
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The present 12-bit communication bus is used for two separate and distinct types of communication: sending batch
data transmissions and sending host-dependent direct digital controf signals. Batch data transmissions allow the host
computer 102 to send configuration data in real time to the tactile feedback controlier 110. These batch data transmissions
may include such information as default settings, user preferences, device configurations, application specific audio analysis
parameters, system analysis display modes, which are described in detail below.

The other type of communication that occurs over the 12-bit bus (comprised of 4-bit PORT A and 8-bit PORT B) is
the transmission of control signals necessary to supporn the host-dependent mode of operation. If the software application
executing on the host computer 102 supports this mode of operation, the user can place the tactile feedback controlier 110 in
the host-dependent mode by flipping a mode select switch. In this mode of operation, control signals necessary to operate
the various tactile sensation generators are derived from the contro! signals received from the host computer 102.

Alternatively, the tactile feedback controller 110 can be implemented such that it is able to automatically select its
optimal mode of operation, e.g., the presence or absence of a start code from the host computer or the detection of a valid
signal by the host independent section 112. In the preferred embodiment, a mode select toggle switch is implemented to
select one of two possible positions, e.g., host-independent mode or host-dependent mode. This switch can be activated at
any time by a user to select the desired mode, even while the system is in use.

FIG. 2 depicts an illustrative configuration of the present tactile feedback system 100. Namely, a host computer 102
is coupled to the tactile feedback controlier 110 which, in turn, is coupled to one or more tactile sensation genersators 120.
Within the scope of the present invention, the tactile sensation generators may include a tactile sensation seating unit 510, a
tactile sensation chest harness 520, a tactile sensation enhanced throttle 530, a tactile sensation enhanced joystick 540, a
tactile sensation enhanced flight yolk with a left handle 535 and a right handle 545, tactile sensation enhanced rudder pedals
with a left pedal 550 and a right pedal 560, a tactile sensation enhanced steering wheel 570, a tactile sensation enhanced shift
knob 575, tactile sensation enhanced driving pedals 585 extending from a pedal base unit 580, a vest-based tactile sensation
generator 595, and a tactile sensation enhanced hand-held game controller 598, Each of these tactile sensation generators is
discussed later in this disclosure.

FIG. 3 depicts a block diagram of the present tactile feedback controller 110. More specifically, the tactile feedback
controller comprises a plurality of ports 117-119, an audio signal preprocessing section 310, a microcontrolier 320, transistor
switch circuits 350, a plurality of switches 360, and a display 370. The microcontroller 320 is illustrated as having one or more
analog-to-digital converters 330, memories (random access memory 342 and read only memory 344) and a processor 340.

Referring to FIG. 3, host independent section 112 and host dependent section 114 are illustrated in dashed boxes.
Since these sections share common resources, the dashed boxes serve to illustrate the components that are implemented
within each section. More specifically, in the host-independent mode of operation, the audio signal is received into the tactile
feedback controller via port 118. The audio signal is initially processed by an audio signal pre-processing section 310. This
section serves to filter and separate the audio signal into one or more filtered audio signals that are more amenable to
manipulation by the microcontroller 320.

The analog audio signais leaving pre-processing section 310 are then sampled by analog-to-digital converters
{(ADCs) 330 to produce digital signals that are processed and analyzed by the processor 340 to generate the control signais for
the tactile sensation generators. The processing of the audio signals are generally performed under the control of the
microcontroller 320 using the appropriate software application residing in the ROM 344,

In the host-dependent mode of operation, the digital signals are received into the tactile feedback controller 110 via
port 119. Specifically, port 119 comprises a 4-bit input port and an 8-bit input port which are designed to receive controt and
data signals from the host computer 102. For simplicity, the 4-bit port is referred to as PORT A, and the 8-bit port is referred
to as PORT B. If a valid 12-bit signal is received by PORT A and PORT B, then the 12-bit signal is analyzed by the processor
340 to generate the control signals for the tactile sensation generators.

However, if the combined 12-bit signal indicates a batch data transmission, then the microcontrolier 320 is alerted
that one or more configuration functions are being requested by a user. Various configuration functions are described later in
this disclosure.

Next, control signals for the tactile sensation generator (derived from either the host-independent mode or the host-

dependent mode), are converted into multiple independent pulse width modulation (PWM) control signals that are sent via
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TTL circuit lines to the transistor switch circuits 350, to drive one or more tactile sensation generators 120 that are connected
to the tactile feedback controiler 110.

Additionally, a display 370 (20 LEDs) is coupled to the microcontroller 320 for providing a visual aid to a user who is
performing a configuration function or who is simply monitoring the status of the tactile feedback controller 110. More
specifically, the display allows the user to see the internal activity of the tactile feedback controlier 110, by activating the LEDs
in a manner that illustrates the status of many different types of information. This information may include real time audio
sampling data, real time audio analysis data, direct digital signal control data, and various parameters that control aspects of
the tactile feedback generated by the tactile feedback controlier 110. Although the preferred embodiment has implemented
this display as a horizontal strip of 20 rectangular LEDs, this display can be implemented in many different ways or not at all.

For example, an alphanumeric liquid crystal display {LCD) having two (2) display lines of 12 characters can be used
to display a parameter name on the first LCD display line, and the parameter’s numerical value on the second LCD display
line, followed by some unit label (e.g., seconds, percent, amplification, reduction, and the like, as necessary). Furthermore,
simple messages such as “YES”, "NO”, and other words can also be displayed on such an alphanumeric display, when
appropriate.

Finally, tactile feedback controller 110 further incorporates a plurality of switches 360, which include a mode select
switch, a function select switch, and a rotary encoder switch. The functions of these switches are described in greater detail
below. Although the present invention utilizes three hardware switches, those skilled in the art will realized that any number
of switches, or no switches at all, can be implemented in the present invention.

FIG. 4 depicts a block diagram of the audio signai preprocessing section 310. The audio signal preprocessing
section 310 comprises a front end circuit 410, a variable gain preamplifier 420, and three separate audio filters/buffers 430-
450,

More specifically, a stereo audio signal from the host computer 102 enters the front-end circuit 410 within which the
stereo audio signal is combined into a composite signal. Namely, host computer 102 sends an audio signal via audio cable
103, comprising a left audio channel and a right audio channe!. The front end circuit 410 contains a mixer for combining both
channeis of a stereophonic audio signal to form a composite audio signal, a high pass filter for limiting noise that is below the
audio band, e.g., lower than 20 Hz, and a diode signal limiter for limiting (clipping) the amplitude of the input signal to protect
the audio signal preprocessing section 310 from overly powerful audio signal inputs.

A detail circuit diagram of the front end circuit 410 is depicted in FIG. 5.

The output from the front end circuit 410 then enters a variable gain preamplifier 420. The variable gain preamplifier
420 establishes the dynamic range of the analog audio signal preprocessing section 310. Namely, the tactile feedback
controller 110 provides the user with a calibration knob that varies the resistance provided by a potentiometer, which, in turn,
determines the gain of the variable gain preamplifier 420. For example, if the gain of the variable gain preamplifier 420 is set
too high, the audio signal has a tendency to saturate and, consequently, the usefuiness of the audio signal is compromised.
Alternatively, if the gain of the variable gain preamplifier 420 is set too low, the audio signal does not have sufficient dynamic
range to provide useful data to the host-independent section 112. A detail circuit diagram of the variable gain preamplifier
420 is depicted in FIG. 6.

FIG. 6 illustrates a switch SWS to address audio output signal of different strengths. Namely, a host computer 102
may typically produce an audio signal in two different types of audio output signal strengths, i.e., amplified “speaker” outputs
and non-amplified “line level” outputs. Most audioa output cards allow a computer user to select a signal strength that is
optimal for his or her audio equipment. However, older audio output cards often provided only amplified audio output signal
strength on a single connector. Ampiified "speaker* audio output typically provides 4 watts of amplification at 8 ohms
resistance. In cases where the host computer 102 only has one audio output jack, the single output can be split via a readily
available Y-type adapter that will provide two output jacks from the single pre-existing jack. Thus, the Y-adapter provides one
connector for the user’s speakers, and a second connector for the user 1o couple the host computer to the tactile feedback
controller 110.

The second type of audio output signal strength is non-amplified “line level” audio output, which is commonly used
by stereo equipment. This audio output signal strength is typically meant for an external stereo ampilifier, such that the audio
output of the host computer 102 can be broadcast from the user's home stereo system. Similarly, the line level output jack
can also be split, when necessary, with a Y-type adapter.
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In order to accommodate these different audio signal strengths, the tactile feedback controller 110 provides a small
two position switch (depicted as SW5 in FIG. 6), that changes the gain of the variable gain preampilifier 420 as appropriate for
the audio output signal strength provided by the host computer 102. This small switch is labeled SPKR and LINE, and is set
by the user to match the signal provided by the audio output jack on the host computer 102.
5 In the SPKR position, the switch is closed, which effectively bypasses a gain inducing resistor {R10 of FIG. 6) within
the variable gain preamplifier 420, thereby reducing the range of amplification available to the variable gain preamplifier 420.
In the LINE position, the switch is open, which effectively incorporates the otherwise bypassed gain inducing resistor (R10 of
FIG. 6), thereby increasing the range of amplification available to the variable gain preamplifier 420. In this manner, the
variable gain preamplifier 420 can maintain a useful range of ampiification that is appropriate for the SPKR or LINE signal

10 strength. Thus, without this feature, the variable gain preamplifier 420 would often be at its limits, e.g., at a low amplification
setting when used with an amplified SPKR signal, and at a high ampiification setting when used with a non-amplified LINE
signal, but rarely in the middle of its effective range.

Referring back to FIG. 4, the variable gain preamplifier 420 simultaneously feeds, via line 145, to three separate
audio filters/peak hold buffers 430-450 that split the resulting audio signal into independent bass, midrange, and treble analog

15 audio information streams. Namely, the original stereo audio signal exits the audio signal preprocessing section 310 as three
independent audio signals, composed of an analog bass signal on line 152, an analog midrange signal on line 162, and an
analog treble signal on line 172. Detail circuit diagrams of the treble audio filter and peak buffer 450, midrange audio filter
and peak buffer 440, and the bass audio filter and peak buffer 430, are depicted in FIGs. 7-9 respectively.

The bass audio filter and peak hold buffer 430 uses a low pass filter that passes low frequencies, e.g., below 338 Hz.

20 The treble audio filter and peak hold buffer 450 uses a high pass filter that passes high frequencies, e.g., above 1.6 KHz. In
the preferred embodiment, the midrange audio filter and peak hold buffer 440 uses a difference amplifier that removes the
combined signats of the bass and treble audic filters from the signal that exits the variable gain preamplifier 420. Namely, the
midrange filter yields an audio signal that is essentially what remains after the bass and treble frequencies have been isolated,
combined, and then subtracted from the main signal. This reduces the overlapping roll-off that occurs as the frequency

25 responses of the high and low pass filters fade out and extend beyond their respective frequency cutoff properties. This
ensures that the bass 430, midrange 440, and treble 450 filters will yield independent signals that do not suffer from too much
frequency intersection. Alternatively, a bandpass filter could be used in place of the difference amplifier, in order to
specifically pass a tunable band illustratively centered at 1.2 KHz. It should be understood that the present invention can be
impiemented using other filter designs.

30 Each of the filtered bass, midrange, and treble signals enters a peak buffer, which aliows the respective filtered
audio signals to stabilize by charging a capacitor in each buffer, that then discharges at a relatively rapid rate. It is important
for the three analog to digital converters 330 on the microcontroller 320 to sample stable signals, but the primary purpose of
these buffers is not to control the decay rate of the audio signal. The decay rate of each of the filtered audio signals is
determined by its own variable decay parameter that is used by the processor 340 in processing the sampled audio signal

35 data. Thus, upon exiting the audio filters and peak hold buffers, each filtered audio stream is fed into its own analog to digital
converter (ADC) 330.

FIG. 10 illustrates a flow chart of a method 1000 for generating controt signals for tactile sensation generators under
a host independent mode or a host dependent mode of operation. Method 1000 starts in step 1005 and proceeds to step
1010, where the tactile feedback controller 110 is initialized. The initialization step executes a8 power on reset sequence for the

40 microcontroller 320 which may include a RAM/ROM and I/0 hardware initialization. Namely, the integrity of the RAM is
verified and default information, such as stored variables and various tables, are loaded from the ROM and into the RAM of
the microcontrolier 320.

In step 1020, method 1000 queries whether the user wishes to invoke a special demonstration mode of the tactile
feedback system. If the query is positively answered, then method 1000 proceeds to step 1025, where a demonstration is

45 presented to the user where various tactile sensation generators (including the LED display) are activated in a predetermined
sequence. If the query is negatively answered then method 1000 proceeds to step 1030, where the method 1000 queries
whether configuration command is detected.

Generally, the demonstration mode is designed to be skipped, by default, uniess the user performs the specific

action that requests it. More specifically, the present invention checks to see if a specific button, the “Function Seiect” switch,
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is depressed by the user during the power on reset sequence. In fact, the stored demonstration in the ROM can also be used
as a manufacturing test to verify newly manufactured tactile feedback controllers. By implementing a predetermined
sequence that is designed to exercise all features of the tactile feedback controlier and to activate every available tactile
sensation generators, the demonstration sequence can be used to detect malfunction. The demonstration lasts
approximately 90 seconds.

Returning to step 1030, method 1000 queries whether a configuration command is detected. More specifically, in
the present invention, configuration commands are provided in the form of a batch data transmission. Batch data
transmissions carry data that allows various operational parameters of the system to be reconfigured in real time. These
batch data transmissions begin with a multi-stage trigger {code), which alternatively strobes back and forth between two
predetermined values. if the data present on the input ports of the tactile feedback controller 110 is identified as a trigger
strobe for a batch data transmission, then method 1000 proceeds to step 1035 where the configuration commands/data within
the batch data transmission are executed. Examples of functions that can be executed at this step include: 1) changing
display modes of various internal variables on the LED display (See Appendix A for a list of such display modes), 2) setting
various tactile sensation generator power output parameters, and 3) setting any of the audio postprocessing parameters at
discussed below in step 1065. Once all the configuration commands/data are serviced by the tactile feedback controlier 110,
method 1000 proceeds to step 1040,

' In step 1040, method 1000 queries whether host dependent mode is selected. If the query is negatively answered,
then method 1000 proceeds to step 1065, where audio signal postprocessing is executed. If the query is affirmatively
answered, then method 1000 proceeds to step 1050, where method 1000 determines if digital control is active.

Namely, if the tactile feedback system is set in the host-independent audio analysis mode, method 1000 executes
the digital audio post processing procedure. If the tactile feedback system is not set in the host-independent audio analysis
mode, then the system is in the host-dependent direct control mode by default.

in step 1050, method 1000 queries whether digital control has been previously activated since the last power on
reset. Namely, method 1000 determines if a specific start code has been received at PORT A and PORT B. The specific start
code indicates that a software application on the host computer 102 is attempting to send digital signals to the tactile
feedback controller 110. More importantly, the initial reception of this start code would have initialized the host dependent
section 114 of the tactile feedback controfler 110. Such initialization places the host dependent section 114 in condition to
receive control signals from the host computer. This start code is employed to keep the direct digital control mode from
erroneously reacting to data on the parallel printer port bus that may not be intended for the tactile feedback controlier 110.
This may occur if devices other than tactile feedback controliers 110 are daisy chained along the parallel bus, such as printers,
tape back up drives, portable SCSI devices, and so on. If the query is affirmatively answered, i.e., direct digital control was
previously activated, method 1000 proceeds to step 1060 where direct control signal postprocessing is executed. If the query
is negatively answered, method 1000 proceeds to step 1055.

In step 1055, method 1000 queries whether a start code has been received and whether initialization is presently in
progress. Namely, it is possible that although host dependent section 114 is not in condition to receive control signals from
the host computer at step 1050, but it may be in active condition pending the completion of initialization that is currently in
progress. If the query is affirmatively answered, then step 1055 proceeds to step 1060. In other words, method 1000 checks
if the previously read data from the digital input ports represents a predetermined initialization and reset code. If so, direct
digital control is activated, and method 1000 proceeds to step 1060 where the digital control signal postprocessing is
executed.

If the query is negatively answered, then step 1055 proceeds to step 1050 and waits for the activation of the host
dependent section 114. Namely, if the appropriate initialization and reset code is not present, digital control remains inactive,
and returns to step 1050.

It should be noted that step 1060 and can be called to service new data on the digital input ports by two primary
means: polling the input ports for new data, or responding to hardware interrupts generated by the microcontroller 320 as
determined by the capability of the selected microcontroller. This polling and/or interrupt response occurs to insure that no
vital digital control signal data is missed.

In step 1070, method 1000 receives either postprocessed audio signals from step 1065 or postprocessed direct
digital signals from step 1060. Using these postprocessed signals, method 1000 generates the necessary and appropriate
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control signals for the various tactile sensation generators 120. It should be understood that method 1000 will continue to
operate until the tactile feedback controlier 110 is turned off.

FIG. 11 is a flow chart for the method 1065 of postprocessing the audio signals, i.e., the digital audio post-
processing step 1065 of FIG. 10. Method 1065 starts in step 1105 and proceeds to step 1110 where the raw audio signals on
paths 152, 162 and 172 are digitized as illustrated in FIG. 4 above. Namely, analog to digital converters (ADC) 330 produces &
set of three raw digital signals, BASS audio signal, MIDRANGE audio signal and TREBLE audio signal.

in step 1120, the set of three raw digital signals, BASS audio signal, MIDRANGE audio signal and TREBLE audio
signal are respectively
processed with a set of BASS, MIDRANGE and TREBLE audio analysis parameters (see FIG. 12), which yields a calculated
BASS result, a calcuiated MIDRANGE result, and a calculated TREBLE result.

In step 1130, these three individual calculated audio results are combined to vield a single host-independent master
control signal from audio signal postprocessing analysis, which is then placed into the internal RAM based digital control
signal table {discussed below) for generating the control signals for the various tactile sensation generators. [n the preferred
embodiment, the calculated signals are combined by simply selecting a value corresponding to the highest value among the
three calculated values. However, other methods can be employed, e.g., a weighted average calculation. Finally, in step
1140, method 1065 ends or returns to step 1070 of FIG. 10.

FIG. 12 is a flow chart of a method 1120 for processing the raw audio signals with a plurality of audio analysis
parameters. Namely, the set of three raw digital signals, BASS audio signal, MIDRANGE audio signal and TREBLE audio
signal in step 1110 of FIG. 11 are modified in accordance with a set of audio analysis parameters. Although there are a total
of 33 parameters, e.g., 11 for each audio band (BASS, MIDRANGE, and TREBLE), FIG. 12 only illustrates 11 parameters since
these same parameters are applied to all three raw signals, with the exception of having different audio band specific values
for each raw signal. Thus, although FIG. 12 uses the audio band specific subscripts to identify the audio band of BASS, it
should be understood that the subscripts imply that BASS specific default values were employed to process the raw BASS
signal. Thus, although parameters with the same name have the same function, the actual value of each parameter is
individually programmable for each of the three available audio bands, and only affects the audio band to which its subscript
specifically applies.

Namely, FIG. 12 illustrates the audio analysis parameters that are used to produce the three individual calculated audio
results. It should be noted that the present invention is not limited by the number of parameters that are employed.

The process by which these parameters are applied to each raw digital audio sample begins by copying the raw
digital audio samples into three individual buffers within the RAM 342 of the microcontroller 320. These buffers are referred
to as the calculated bass result, the calculated midrange result, and the calculated treble result. Each of these three buffers
carries the cumulative resulits of the calculations that are performed as the specific parameters of each parameter set
ilustrated in FIG. 12 are applied to change the values within the three buffers. This essentially yields three constantly
changing calculated audio resuit buffers while the original raw digital audio samples remain unchanged. In this fashion, the
original raw digital audio samples are stored and made available for later use by other calculations within the digital sudio
post-processing method. Ultimately, the three buffers emerge from the three audio analysis parameter sets as the final audio
band specific catculated sudio results.

Returning to FIG. 12, method 1120 starts in steps 1205 and proceeds to step 1210 where the parameter Squelichis
applied to the raw signal. The SQUELCH parameter provides a means of ignoring audio signals that have an amplitude that is
less than some desired threshold, e.g., 2% of the maximum signal value.

To illustrate, for an 8-bit digital audio sample, the maximum value is 255 in binary. Thus, a 2% threshold equates to
approximately a value of 6 (.02 x 255). If a raw digital sample is less than its appropriate SQUELCH parameter, the
appropriate calculated result is forced to zero. If the raw digital sample is greater than or equsl to its appropriate SQUELCH
parameter, the appropriate calculated result is set equal to the original raw digital sample.

In step 1220 and 1230, the next two parameters are PREAMP QUALIFIER and PREAMP MULTIPLIER, which function
as a pair. These two parameters function together to provide a3 means of preamplifying quiet sounds by some factor, while
leaving louder sounds unaffected. This is useful, for example, in helicopter simuiations, where the sound of the rotor blades
spinning in the background can generally impart some useful velocity or engine activity cue, but such sound is typically very

quiet so as notto be overwhelming during the simulation. These two audio analysis parameters effectively ailow these quiet
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sounds to be preamplified, such that the velocity or engine activity cue can be translated into useful tactile feedback, while not
affecting louder sounds in the same manner. These two steps operate by comparing the current calculated audio result,
either bass signal, midrange signal, or treble signal to its appropriate PREAMP QUALIFIER. If any given calculated audio
result is higher than its appropriate PREAMP QUALIFIER, the calculated audio result is disqualified for preampiification, and its
PREAMP MULTIPLIER is not implemented. However, if any given calculated audio result is fower than its appropriate
PREAMP QUALIFIER, the calcuiated audio result is qualified for preamplification, and therefore multiplied {e.g., amplified) by
its PREAMP MULTIPLIER. The result of this calculation cannot be larger than the PREAMP QUALIFIER vaiue that qualified the
muitiplication in the first place. If the result of this caiculation is larger than the PREAMP QUALIFIER value, the result is set
equal to the PREAMP QUALIFIER value. This eliminates the possibility that quiet sounds will become over amplified.

In step 1240, the next parameter is the EQUALIZER. This step allows a current calculated audio result to be reduced
or amplified, e.g., equalized, by some factor. Specifically, the equalizer provides for effectively multiplying any given
calculated audio result by any number between 0.00 and 8.00, with 0.03 increments. This yields approx. 32 levels of
reduction from 0% to 97% of the original value in approximately 3% steps {(e.q., multiplying any given calculated audio result
by any number between 0.00 and 0.97). This also yields approx. 265 levels of amplification from 103% to approximately
800% of the original value in approximately 3% steps {e.g., multiplying any given calculated audio result by any number
between 1.03 and 8.00 in 0.03 steps). Although this equalizer range is very effective, the present invention is not fimited by
any default values or how this function is mathematically or otherwise implemented, and/or to the resolution and limits of
such calculations.

in step 1250, the next parameter is MAXIMUM. This parameter limits the result of the EQUALIZER multiplication
result to some highest allowed value, or maximum, e.g., no higher than 75% of the maximum level. The MAXIMUM
parameter limits high equalization results when relatively high ampliitude signals are generated by the host computer 102.
The MAXIMUM parameter is useful when high equalization values are used, and affected upon high amplitude audio signals.

In step 1260, the next parameter is the RISE RATE. This parameter establishes a maximum allowable rise rate
between two sequential audio samples. If the difference between a current digital audio sample and its corresponding prior
sample is a positive value that exceeds the RISE RATE parameter, e.g., a value corresponding from 20 ms. to 2 seconds, then
the RISE RATE parameter is added to the prior of the two sequential samples, and the result is used in place of the most
recent calculated audio result, thereby effectively yielding a reduced rise rate, in accordance with the RISE RATE parameter.

In step 1270, the next parameter is the DECAY RATE. This parameter establishes a maximum allowabie decay rate
between two sequential audio samples. If the difference between a prior digital audio sample and its corresponding current
sample is a positive value that exceeds the DECAY RATE parameter, then the DECAY RATE parameter is subtracted from the
prior of the two sequential samples, and this result is used in place of the most recent calculated audio resuit, thereby
effectively vielding a reduced decay rate, in accordance with the DECAY RATE parameter,

In steps 1280-1294, the last four parameters function together to provide a means of interpreting various audio
amplitude inducing simulated events, and subsequently generating an appropriately strong tactile response. Essentially, it is
very important to recognize abrupt increases in audio amplitude over some number of sequential digital audio samples. In
games or simulations, any number of generally traumatic events can occur that will require a very powerful response by the
tactile feedback controller 110 when it is operating in its host-independent audio analysis mode. For example, a simulated car
being driven by the simulation user may bump another simuiated car, or crash into a simulated object at a high velocity.
Likewise, a simulated enemy missile or other simulated offensive/defensive weapon may strike a simulated vehicle being
piloted by the simulation user. These types of simulated events, and others like them, are typically accompanied by an abrupt
and varied rise in the amplitude of some appropriately provided sound effect (hereafter referred to as a "crash” event).
However, this rise in audio smplitude may not inherently have enough power, and/or may not last long enough, to cause a
powertully appropriate tactile feedback event to match the simulated event.

In order to rectify this shortcoming, in steps 1280 and 1290 the next two parameters, CRASH MAGNITUDE and
CRASH TIME SPAN, together allow the combined magnitude and time span of an abrupt rise in the digitally sampled audio to
generate a "crash” response. The tactile feedback resulting from this “crash” response is then controlied by the last two
parameters in step 1282 and 1294, CRASH HOLD and CRASH FADEOUT. The CRASH MAGNITUDE parameter establishes the
minimum rise in sampled audio amplitude that will qualify as a “crash” event. The CRASH TIME SPAN parameter establishes
the maximum time allowed for an acceptable CRASH MAGNITUDE rise to develop. For example, these parameters may fook
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for 8 rise in amplitude of 30% of the maximum possible amplitude, over a 0.125 second time span. Together, these two
parameters across all three audio bands provide for a very powerful and versatile method of detecting events that require
strong tactile feedback responses. If a sound event generates a rise in audio amplitude that exceeds the CRASH MAGNITUDE
parameter within the ailowed CRASH TIME SPAN, a "crash” event is triggered. In such a case, the specific calculated audio
result for the audio band in which the crash event occurred is set to its highest possible value, and is not subject to limitation
by the previously explained MAXIMUM parameter. This highest possible value is maintained within the appropriate
calculated audio result for the time specified in the CRASH HOLD parameter, e.g.. 25 sec. After the CRASH HOLD time
expires, the CRASH FADEOUT parameter specifies the time, e.g., .1 sec., that it will take to decay this highest possible output
down to zero. This step allows “crash” tactile feedback responses to range from hard hitting, instantly decaying jolts, to
instantly peaking and slowly decaying waves. The decay in the “crash” event is preempted by new data if subsequent audio
samples generate a new rise in audio amplitude. In this manner, strong tactile feedback responses can be shaped as desired,
and will be divorced entirely from the inherent strength and duration of the original “crash” sound event.

Once all three calculated audio results are processed with all of their respective parameters, method 1120 ends in
step 1295 or returns to step 1130 of FIG. 11, where the three individual values are combined to yield a host-independent
master control signal from audio analysis. In turn, this audio-derived control signal is then placed into the device 0 "master
device” entry in the internal RAM based digital control signal tabte for power distribution as discussed below. It should be
noted that the signal residing within the "master device” entry in the internal RAM is regarded as the master control signal,
regardless as to how this signal was generated. Namely, this signal can be generated by both the host independent mode or
the host dependent mode. Thus, a signal extracted from this “master device” entry {device 0) shall be referred to as the
master control signal.

FIG. 13 is a flow chart of a method 1060 for direct contro! signal postprocessing. Namely, it is a flow chart that
illustrates the processing step of 1060 in FIG. 10. Method 1060 processes digital control signal data generated by the host
computer 102 that is received from PORT A and PORT B in real time. This digital control signal data can be imptemented in
numerous ways, with each approach carrying different types of information within the transmitted data. For example, the
digital control signal may be a simple, single code, that causes a course of events to occur within the microcontroller 320.
The digital control signal can be a set of values, which may include some tactile feedback effect identification number, and
some parameters to define the effect, such as intensity, duration, step value, the included actuators, and so on. The only
limitation on the implementation of any given communications protocol content is that the host computer 102 and the tactile
feedback controlter 110 must be in agreement as to the particular syntax of the implemented communications protocol.
Namely, the structure of the digital control signal that is generated by the host computer 102 must be intelligible to the tactile
feedback controlier 110. This is accomplished by programming the microcontroller 320 inside the tactile feedback controller
110 with codes that are stored in its ROM 344, that are compatibie with some predetermined communications protocol, and,
simultaneously, programming the application that will execute on the host computer 102 with the same predetermined
protocol. In this manner, the tactile feedback controller 110 and the host computer 102 can communicate using a common
protocol with regard to the direct digital control signal. It should be understood that the present invention is not limited by the
selection or implementation of any particular communication protocol.

in the preferred embodiment, the digital control signal has two distinct components: a “device value” and a “device
activity value” appearing in PORT A and PORT B respectively. The device value designates the specific device that is to be
affected by the accompanying device activity value. The device activity value, appearing on PORT B, designates the amount
of tactile feedback that is to be generated by the designated device (PORT A}. in the preferred embodiment, the device value
is transmitted on the 4-bit contro! signal, and the device activity value is transmitted an the 8-bit data signal. Accordingly,
PORT A is a 4-bit port that can receive any value between 0-15, and PORT Bis an 8-bit port that can receive any value
between 0-255. Therefore, the PORT A device value can be any number between 0-15, and the PORT B device activity value
can be any number between 0-255. Together, PORT A and PORT B represent a 12-bit communications bus between the host
computer 102 and the tactile feedback controller 110. However, if a wider communications bus is implemented, the device
pointer (PORT A} may have a greater numerical range, as follows: a5 bit PORT A would allow device pointer values between
0-31, a 6 bit PORT A would allow device pointer values between 0-63, and so on. As the bus width gets greater, any number
of data lines on that bus can be designated as PORT A, and any number of data lines can be designated as PORT B, or their

respective equivalents. Additionally, if bi-directional data lines are utilized, any number of available bi-directionat lines can be
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designated as PORT A, PORT B, or their respective equivalents. Thus, the preferred embodiment is only an illustrative
approach, as communication bus of different sizes and types can be employed.

The device vaiues physically implemented by any single tactile feedback tontrolier 110 are generally limited to the
number of I/O pins that are provided for Pulse Width Modulation {PWM] control signal output. Therefore, it is likely that the
range of possible device values transmitted over PORT A may outnumber any given single implementation of PWM control
signal generation output pins. In the present preferred embodiment, the microcontrolier 320 has 8 I/O pins designated as
control signai output pins.

Although the current 4-bit PORT A is permitted to transmit up to 16 different device pointer values, the
microcontroller 320 can only provide 8 I/O pins. As a result, it is entirely possible for a transmitted PORT A device value to
designate a specific device that is not physically implemented by any given tactile feedback controller 110 that may receive
that device value. In such cases, that specific control signal is ignored by each tactile feedback controller 110 for which that
signal is invaiid.

The present invention is designed in such a way that many tactile feedback controlier 110 can be daisy chained
together, by providing a pass-through parallel port 117 on each controller. In this manner, each and every tactile feedback
controller 110 connected to the same communication bus will receive the same control signal, including the same device
pointer value. However, each tactile feedback controlier 110 may control a completely different and independent set of tactile
sensation generators, by only responding to some subset of the possible device pointer values that it may receive. Tactile
sensation generator hardware that is connected to one tactile feedback controlier 110 may not be present on another
controfler. Each microcontrolier 320 has some limited number of available I/0 pins that individuaily control the transistor
switch circuits 350 that subsequently power some configuration of multiple independent tactile sensation generators 120.
Therefore, different tactile feedback controliers 110 can be designed to respond to some subset of the possible device pointer
codes that it may receive. If a device pointer value is received that is not implemented by a specific tactile feedback controiler
110, then that device pointer and its accompanying activity value will be ignored by that specific controller.

Returning to FIG. 13, method 1060 starts in step 1305 and proceeds to step 1310 where method 1060 queries
whether the received PORT A device value is valid in view of the current specific hardware implementation. If the query is
negatively answered, i.e., if the PORT A device value is not valid for the specific hardware implementation, then method
proceeds to step 1320 where the entire digital control signal is ignored. If the query is affirmatively answered, i.e., if the PORT
A device value is valid for the current specific hardware implementation, method 1060 proceeds to step 1330, where the
PORT A device value is accepted as a valid device pointer.

In step 1340, the PORT B value is then accepted as the device activity value {for the device that is pointed to by
PORT A). Method 1060 then ends in step 1345 or returns to step 1070 of FIG. 10, where control signals for the tactile
sensation generators 120 are generated.

FIG. 14 is a flow chart of a method 1070 for generating control signals for tactile sensation generators. Namely, it is
a flow chart that illustrates the processing step of 1070 in FIG. 10. Method 1070 starts in step 1405 and proceeds to step 1410,
where device values and device activity values are written to a digital contro! signal table {1510 shown in FIG. 15) in the RAM
342 of the microcontrolier 320. Namely, under the host dependent mode, the PORT A device value designates a specific
numbered entry in an internal RAM based digital control signal table (illustrated in FIG. 15) that ultimately stores the PORT B
device activity value. In this manner, an internal digital control signal table is maintained within the microcontroller 320 that
holds all of the digital controi signal data that is generated by the host computer 102.

The internal RAM based digital control signal tabie was initialized with zeros upon the last power on reset.
Therefore, the defauit “device activity” value of each entry in the digital control signal table is a zero. The only event that can
change the value of an entry in the digital control signal table is a valid digital control signal. The PORT A device value
actually points to the numbered entry in the table that is to be changed. The PORT B activity value is the actual value that is
inserted into the appropriate device entry in the digital control signal table. In other words, the PORT 8 value is put into the
digital control signal table at the device entry pointed to by PORT A. These table updates occur in real time when the host
computer 102 changes its digital output signal, by hardware interrupts triggered by interrupt driven input ports on the
microcontrolier 320, or by polling the input ports at frequent intervals as determined by the ROM code within the
microcontroller 320.
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in step 1420, the values in the digital control signal table 1510 are then transiated into power output entries within a
second internal RAM table, the multiple independent PWM control signal table 1530. Aithough the power output values that
populate the PWM control signal table are derived from the entries in the digital control signal table, they do not descend
directly from the digital control signal table. In every case, each device specific activity value is processed by its own device

5 specific power output parameters {table 1520 of FIG. 15) before filling its appropriate entry in the PWM control signal table.

These power output parameters give each device its specific properties.

In step 1430, method 1070 sends the relevant PWM control signals to the relevant tactile sensation generators via
the transistor switch circuits 350. Finally, method ends in step 1440. I[n the preferred embodiment, the method 1000 of FIG.
10 continues until the tactile feedback controller 110 is turned off.

10 The present translation is subjected to two unique functions. A unigue property of the direct digital control mode
used by the tactile feedback controller 110 is that device values do not necessarily have to be actual tactile feedback devices.
Pseudo-devices can be used to make controlling any and all connected tactile feedback devices as easy as possible. The
preferred embodiment uses two pseudo-devices, but makes no specific exclusion to using additional pseudo-devices that
may have some practical vaiue. The two pseudo-devices that are used by the present embodiment of the direct digital

15 control mode are device 0 and device 9. Device D serves as a “master device”, and device 9 serves as a “direct control
shortcut”. These pseudo-devices are absent from the PWM control signal table because they are not actual tactile feedback
devices that use PWM output signals.

Device 0, the “master device”, does not apply to any specific device connected to the tactile feedback system, but
rather generally applies to every device connected to the system. When the tactile feedback controlier 110 is initialized upon

90  a power on reset, the internal RAM based digital control signal tabie is filled with zeros. The only way these default initial zero
values can be changed is if a vaiid control signal provided by the host computer 102 intentionally changes them. Therefore,
only devices that are receiving direct digital control signals may have their initial zero device activity values replaced with new
device activity vatues. Therefore, any and all specific devices that are ignored by the software application that is executing
host computer 102 will indefinitely retain their initial zero device activity values. However, all devices that have zero values in

925  their device activity value entries wili follow all device activity values that are sent to the "master device”, or device 0, via line
1540 of FIG 15. Furthermore, in order for the direct digital control mode to become active, method 1000 {software loop)
checks for an initialization and reset code. The initialization and reset code is PORT A = 0, PORT B = 1. Therefore, the
initialization and reset code required to activate the direct digital control mode is essentially the command pair: device O,
activity 1. The parallel portis a latching port, in that these values will be latched and held by the parallel port until they are

30 changed. Assuming that no additional commands from the host computer 102 change the PORT A device value, the device
value will stay latched as device 0, e.g., the "master device”. As the host computer 102 sends new activity values to PORT B,
the digital control signal post-processing method (step 1060 of FIG. 10} will continue to read PORT A as 0, and PORT B as the
most recent activity value sent by the host computer 102. The digital control signat post-processing method will then update
the device 0 slat in the internal RAM based digital control signal table with the new PORT B activity value. This process will

35 repeat as often as PORT B is updated. The net result of these PORT B updates is a digital control signal table loaded with its
default zero values for all devices 1-15, but with a constantly changing device 0 “master device” activity value. When the
translation of the digital control signal table 1510 occurs, the first value from the digital control signal table to be subject to
PWM translation is the device 1 activity value entry.

Referring now to FIG. 15, the device 1 activity value will be some number between 0 and 255 {an 8 bit value, as

40 determined by the bus width of PORTB). [f the device 1 activity value is zero, the device 0 activity value is used for PWM
translation in lieu of the device 1 zero activity value. If the device 1 value is non-zero, the device 1 activity value itself is used
for PWM translation. This process is repeated for all of the device activity entries {device 2 - device N} in the digital control
signal table 1510 as each one gets transtated into a PWM value for the PWM control signal table 1530. This process,
illustrated by line 1540 of FIG. 15, is how the “master device” device 0 propagates throughout all of the devices that are in the

45  *follow the master” mode {e.g., having a zero in their activity value entry). As each device specific activity value is translated
into a8 PWM value, it is processed by various device specific power output parameters 1520 that ultimately produce the final
device specific PWM value in the PWM table 1530.

There is a vast array of tactile sensation actuators 501 that can be used by the present invention. Electric motors,

solenoids, hydraulic rods and pistons, pneumatic valves, and piezoelectric transducers are just a few examples. Each of these
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various types of actuators can exists in many different sizes, with many different power requirements and operating ranges of
power consumption for each implementation. In order to accommodate the wide range of electromechanical devices that can
be controlled by the universal tactile feedback controiler 110, each specific device type can impose limits on the power
signals that it will accept. This is accomplished by reprogrammable device specific power output parameters 1520, Although
the presently preferred embodiment uses three device specific power output parameters 1520 for each device, no specific
limitation is to be inferred with regard to additional device specific power output parameters that may be useful for any given
specific type of device or actuator that may be implemented by the system of the present invention.

The first device specific power output parameter 1520 is determined by the main power supply voltage in use by the
universal tactile feedback controller 110, and the power supply range that is appropriate for any given tactile sensation
actuator 501. In order to tailor the power supply voltage so that it becomes appropriate for any given device, 8 "duty cycle”
power output parameter is used. For example, if the main power supply applied to a given device specific transistor switch
circuit 2551-2558 (see FIG. 25) is 20 volts, and a specific tactile sensation actuator 501 that is to be driven by that transistor
switch circuit 2551-2558 has been rated for a 12 volt power supply, a device specific power output “duty cycle” parameter can
scale the provided device activity value to 60% of its original value before inserting it within the appropriate device entry in
the PWM control signal table 1530. This will effectively create an average maximum power level of 12 volts, which is the
rated power range for the tactile sensation actuator in question. By muiltiplying any given device activity value by a device
specific “duty cycle” power output parameter 1520 (e.g., a number between 0.00 and 1.00 in 0.03 increments), the universal
tactile feedback controiler 110 can use one power supply to support many different devices. Furthermore, the “duty cycle”
can be set above 100%, to increase the power to any given tactile sensation actuator when that device is operating at less
than the actual provided voltage (e.g., you can not convert a 20 volt signal into a 40 volit signal by setting its duty cycle at
200%). Allowing device specific duty cycle parameters can reduce the complexity and cost of the universal tactile feedback
system 100 by allowing a single main power supply to support the individual power requirements of many different devices.
However, the presently preferred embodiment makes no exclusion to using individual power supplies or regulated voltage
lines for each device that may be implemented by the present invention. In fact, the presently preferred embodiment uses
two voltage sources in order to limit reliance on "duty cycle” parameter implementation. If 8 main power supply voltage of 20
volts was being used to drive a tactile sensation actuator 501 with a maximum operating voltage of 5 volts, that device would
have to use a 25% duty cycle parameter. Although this setting can be used, it would effectively reduce the maximum
possible pulse width “ON" time to no more than Y of its normal “ON" time at a 100% duty cycle. This may create “choppy”
actuation within the actuator, as it would be receiving 20 volts for 25% of the time, and 0 volts for 75% of the time, for a PWM
average of 5 volts. A better implementation would be a supply voltage of 10 volts at 50% duty cycle, which is why the
presently preferred embodiment incorporates Just such a second voltage line.

The second device specific power output parameter 1520 is determined by the user’s personai intensity preferences
with regard to the desired intensity that is to be generated by any given tactile sensation actuator 501. Due to the different
types and numbers of tactile sensation actuators that can be simultaneously driven by the universal tactile feedback controller
110, the user may desire to individually reduce or increase the tactile feedback generated by any given actuator. Although the
“duty cycie” parameter sets the operating range of voltage that can be applied to any given actuator, the duty cycle setting is
determined solely by the power requirements of a specific actuator. The “personal intensity preference” device specific
parameter is determined solely by the user’s personal preference with regard to the tactile feedback produced by any given
specific tactile sensation actuator 501. This parameter is implemented in a similar way to the duty cycle parameter, in that the
device activity value is multiplied by the appropriate device specific intensity parameter {e.g., a number between 0.00 and
2.00 in 0.03 increments).

The third device specific power output parameter 1520 is a "minimum activation value” which determines the
activity threshold below which any given device will remain off. In the presently preferred embodiment, the minimum
activation value parameter is not applied to non-zero device activity values, as non-zero device activity values necessarily
mean that a given device is currently under direct digitai control. If a device has a zero device activity value in the digital
control signal table 1510, then that device is being ignored by the host computer for as long as the zero activity value is
present (e.g., that device is in the “follow the master” mode). For example, imagine a device that has a minimum activation
value of 70%. As long as the master device (device 0} activity value is tess than 70% of the possible maximum value, the
PWM value for that device in the PWM control signal table 403 will always be zero, and that device will remain OFF. If and

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO___8917850A2_I_>



10

15

20

25

30

35

40

45

BNSDOCID: <WO__

WO 99/17850 16 PCT/US98/19905
only if the master device (device Q) activity value equals or exceeds the 70% minimum activation value for the specific device
in question, will the PWM value in the PWM controt signal table 1530 accept the master device’s activity value for
implementation by that specific device. In that case, the accepted activity value (that is greater than or equal to the minimum
activation value} will still be subject to the other device specific power output parameters 1520 for that device.

Additional device specific power output parameters 1520 that may be impiemented can be range specific power
manipulation values, that reduce or ampilify the power generated by 3 given device by some value that is determined by the
power output level of that device. For example, if a device is following the master device, and the activity value of the master
device is between 0% and 25%, the given device might reduce this value by 50% before implementing the value. [f the
activity of the master device is between 25% and 65%, the given device might reduce this value by 20% before implementing
the value. If the activity of the master is between 65% and 100%, the given device might amplify this value by 120% before
implementing the value. This is but one illustrated possibility of additional device specific power output parameters, which
are not specifically limited by this disclosure.

FIG. 15 illustrates the relationship between the digital control signal table 1510, device specific power output
parameters table 1520 and the PWM control signal table 1530. The “master device” takes effect when the internal RAM based
digital control signal table 1510 is transiated into another table, the internal RAM based multiple independent PWM control
signal table 1530. Each time the translation step is executed, the PWM control signal table is loaded with actual Pulse Width
Modulation (PWM) power output values that descend from the digital control signal table 1510. If a device activity value other
than master device (device 0} is a zero, the activity value from the master device is translated into a device specific PWM
value according to the appropriate device specific power output parameters 1620, and is then loaded into the multiple
independent PWM control signal table 15630 in place of the absent device specific direct control signal.

In other words, the device specific PWM values that actually control the power output of every tactile sensation
actuator connected to the system will follow the “master device” activity value for each and every device that has a zero
activity value. Thus, the master device activity value is transiated into a device specific PWM value by filtering the master
activity value through various device specific power output parameters 1520 that control how each and every device follows
the master activity value.

For example, if ten independent tactile sensation generators are all connected via daisy chained tactile feedback
controllers, and all ten tactile sensation generators have zero values in their respective internal RAM based digital control
signal tables, all ten tactile sensation generators will follow the single master device activity value in their own unique manner,
as determined by their own device specific power output parameters. Therefore, all devices that have a zero in their activity
value table entry will “follow” the “master device”, via line 1540 of FIG. 15. Every other device with a non-zero activity value in
its digital control signal table 1510 entry will not follow the master device activity value. Any device (excluding pseudo-
devices such as 0 and 9) that has a non-zero value in its digital control signai table entry 1510, will follow its own device
specific activity value, which exempts that device from following the master device's activity value.

Device activity values, coming in via 8-bit PORT B, can be any 8-bit value from 0 to 255. An activity value of O tells
any given device to “follow” the "master device”. An activity value of 1is always OFF, e.g.. generating no tactile feedback.
Any activity value between 2 and 255 generates tactile feedback in direct proportion to that value, where an activity value of 2
represents the smallest possible tactile feedback, and an activity value of 255 represents the greatest possible tactile
feedback. Any activity value givento a specific device is always processed by that device's specific power output parameters
when the PWM control signal table 1530 gets filled. Any specific device will immediately enter its “follow the master” mode
upon receiving an activity value of zero. Alternatively, any specific device will immediately enter its direct control mode upon
receiving some non-zero value. in this way, the host computer 102 can take direct control of some specific device for some
temporary time frame, and then place that device back into its “follow the master” mode when it is through dispensing that
specific device's control signal.

Device 9, the “direct control shortcut”, does not apply to any specific device connected to the system, but rather
generally applies to every device that is presently under direct control, e.g., not in its “follow the master” mode. Essentially, it
provides a quick and simple means of simultaneously addressing every single device entry in the internal RAM based digital
control signal table 1510 that is occupied by a non-zero value. For example, if a system was implemented wherein eight
individual tactile sensation generators were sll under device-specific direct control, and none were in the “foliow the master”

mode, all eight could be turned off with a single command that addressed the “direct control shortcut” pseudo-device (e.g.,
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device code 9). Sending the single command pair “device 9, activity 1" {equivalent to PORT A 9, PORT B 1) wiil turn all such
devices off, by loading each directly controlled device’s digital control signal table 1510 activity entry with same activity value
{PORT B=1) that was sent to device 8 (PORT A=9). The processing that accomplishes this occurs entirely within the
microcontrolter 320, and does not require any additional digital control signal data from the host computer 102,

FIG. 16 is a flow chart of the batch data transmission method used in step 1035 of FIG 10. Batch data transmissions
are used to reprogram various operational parameters within the tactile feedback controiler 110. The batch data transmission
method is invoked by the method 1000 of FIG. 10 when a batch data transmission trigger is present on the digital input ports
PORT A and PORT B. In the preferred embodiment, the batch data transmission trigger is composed of two alternating strobe
signals that repeat four or more times. The first strobe signal is PORT A = 15, PORT B = 7, and the second strobe signal is
PORT A = 15, PORT B = 8. Essentially, PORT A is set to the value 15, and PORT B alternates/strobes between the values 7
and 8, at an approximate minimum interval of 3 milliseconds. These strobe signals can be repeated as many times as
necessary to ensure that they are received by the microcontroller 320. This batch data transmission trigger could be
implemented in many other ways, however, while still achieving the same end, e.g., activating the batch data transmission
method’s receive mode.

Returning to FIG. 16, method 1600 starts in step 1605, and proceeds to step 1610, where method 1600 checks if all
the required trigger strobes have been completed. If they have not been completed, step 1615 checks to see if the next
trigger strobe timer has expired. This trigger strobe timer exists as a safety to make sure that each valid trigger strobe follows
the prior strobe by no more than some maximum time frame, such as 0.200 seconds. If a trigger strobe stagnates or deviates
from the expected sequence before it compietes the necessary strobe count, the trigger strobe counter is reset in step 1620,
and subsequently returns to step 1630. This insures that the batch data transmission receive routine is not invoked unless a
valid trigger set is received in a timely fashion. if the trigger strobe timer has not expired, the batch data transmission method
continues to wait (e.g., does not reset the counter) for the next trigger strobe component in step 1625, and subsequently
returns to the main software loop in step 1630.

Aiternatively, if the batch data transmission method 1600 determines in step 1610 that all of the required trigger
strobes have been received (typically 4 pairs of strobe triggers), the actual batch data transmission receive mode is entered in
step 1635.

In the preferred embodiment, the batch data transmission method is a one way communication. To ensure the
validity of the data received, a robust lock step method is used. Although the preferred embodiment has implemented this
illustrative approach, any data transmission method could equally be used in its place, provided the appropriate
corresponding method was implernented in the software that generates the actual data transmissions, and the ROM code
within the microcontroller 320 that receives those same data transmissions. The preferred embodiment makes no specific
exclusion to using some other data transmission routine and/or the trigger that signifies the start of the communication.

Returning to FIG. 16, each cycle through the batch data transmission receive mode begins at step 1665, by waiting
until a zero appears on PORT A. Steps 1665 and 1670 together yield an endless loop that is only broken when the external
software sets PORT A equai to zero. After PORT A equals zero, the external software sets PORT B equal to the value it wishes
to transfer in step 1675. In the meantime, steps 1680 and 1685 together yield an endless ioop that is only broken when PORT
A does not equal zero. [n this way; the external software can allow PORT B to stabilize before the external software transmits
a non-zero PORT A value. The next non-zero value on PORT A may be the "end transmission” code, which the preferred
embodiment sets as 15. If this “end transmission” code is present, step 1690 recognizes it, exits the data transmission receive
mode in step 1660, and ultimately returns to the main software loop via step 1630. If the end transmission code is not
present, the non-zero value that appears on PORT A will be a pointer for a permanently encoded table in the ROM of the
microcontroller 320. This pointer determines which reprogrammable internal parameter within the RAM of the
microcontrolier 320 will be changed to the PORT B value. This is illustrated in step 1655. In order to insure that the PORT B
value is legal for the parameter that is pointed to by PORT A, each parameter has internal checks to make sure the PORT B
value will not cause undesirable operation if and when it is implemented. If the PORT B value is illegal for the parameter
pointed to by PORT A, the value is rejected in step 1640, and the entire cycle begins again in step 1665. If the PORT B value is
legal for the parameter pointed to by PORT A, the value is accepted into the designated parameter in step 1645, and the entire
cycie begins again in step 1665. In cases where the amount of reprogrammable parameters outnumbers the range of values
capable of being transmitted on PORT B {in this case, 4 bit PORT B can transmit values 0-15, with 0 and 15 used to begin and
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end the transmission, respectively), each pointer (values 1-14) can be used multiple times by designating a different variable
each time the same pointer is used. At any rate, the batch data transmission method ultimately ends with the previously
described “end transmission” code (PORT B value 18). This “end transmission” code causes the batch data transmission
method to exit the receive mode in step 1660, and ultimately return to the method 1000 via step 1630. The method 1000 then
resumes at step 1040 (see FIG. 10).

The batch data transmission method of FIG. 16 can be invoked by either one of two versions of external batch data
transmission software applications that run on the host computer 102. The first of these two applications is the "no user
intervention” version, depicted in FIG. 17. The "no user intervention” version is typically executed to quickly and easily
configure the tactile feedback controller 110 for use with some specific game or simulation and the appropriate tactile
sensation generators for that application, by sending preset configuration files out to the tactile feedback controlier 110. The
second of these two applications is the “user intervention” version, depicted in FIG. 18. The “user intervention” version is
typically executed to create, modify, and save configuration files for later use with the “no user intervention” version of the
batch data transmission software application. FIG. 19 depicts the host-independent audio analysis calibration method, which
always incorporates one version of the two batch data transmission software applications (FIGs. 17 and 18).

Referring to FIG. 17, the "no user intervention” version 1700 of the batch data transmission software application is used to
send preset configuration files to the tactile feedback controller 110. In general, the user defines the preset configuration file
that is to be transmitted to the tactile feedback controller 110, and that file is transmitted by the no user intervention version
1700 of the software by communicating with the batch data transmission method 1600 within the microcontroller 320. The
user can designate the specific configuration file that is to be transmitted through several different means. In the preferred
embodiment, the user enters a single command at a standard DOS command line. The single DOS command consists of the
name of the executable file that actualiy is the no user intervention software program, and follows it with the name of the
preset configuration file that is to be transmitted. Aiternatively, the user can click an icon within their graphical user interface
operating system {e.g., Windows 3.1,95 .98 NT, etc.), which will eliminate the need to enter a DOS command. The icon can
be linked to both the preset configuration file, and the application that it is intended for, such that clicking the single icon
transmits the preset configuration file to the tactile feedback controlier 110 and subseqguently launches the desired application.
The no user intervention version 1700 of the patch data transmission software application can be implemented in many ways,
and therefore, these illustrative solutions do not intend to limit how this may be accomplished. Every specific configuration
file contains configuration data that is specific for some given application. The default configuration file, however, contains
configuration data for some given implementation of the entire tactile feedback systemn 100. The default configuration file is
used 8s a basis for the specific configuration files, such that the default configuration file is always loaded first, and the
specific configuration file is ioaded on top of the default file. Generatly, only specific configuration data that differs from the
settings in the default configuration file are saved into the specific configuration files. In this manner, the user can change the
configuration data for the tactile feedback system 110 without having to change every single specific configuration file that
exists, by simply changing the data in the default configuration file.

Referring to FIG. 17, method starts in step 1705 and proceeds to step 1710, where the no user intervention method
1700 of the batch data transmission software application loads the default settings from the default configuration file. Then, in
step 1720, it loads the specific settings from the user designated application specific configuration file. The defauit
configuration settings, together with the application specific configuration settings, comprise a complete configuration data
set that step 1730 transmits to the tactile feedback controller 110. This transmission occurs via the paraliel cable 104 and the
protocol outlined in the batch data transmission method (see FIG. 16). If application specific audio analysis calibration
instructions were contained within the application specific configuration file, those audio analysis calibration instructions are
displayed in step 1740. These displayed calibration instructions are utilized by the host-independent audio analysis calibration
routine 1900 (see FIG. 19).

The calibration instructions are typically displayed until the user presses some designated key to terminate the
calibration instructions display. If the user is already familiar with the calibration instructions for any given application {and/or
has printed them out for reference), and therefore does not need to see them each time the specific configuration file that
contains them is loaded, a command fine switch can be used to keep the calibration instructions from being displayed.
Generally, the loading and transmission of configuration data takes no more time than a fraction of a second. Method 1700

then ends in step 1745.
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FIG. 18 is a flow chart of a “user intervention' method 1800 to trigger the batch data transmission method. Method
1800 starts in step 1805 and proceeds to step 1810 where method 1800 loads the defauit settings from the default
configuration file. Then, step 1820 presents a graphical user interface so the user can easily manipulate all of the
configuration data. Included in this “manipulation of configuration data” is loading both specific and default configuration
files. In order to load any given configuration file, the user will typically select the file from a directory listing, which can be
browsed with a mouse or other pointing device. Loading a given configuration file, or changing any single configuration
parameter, are both interpreted as changes in the configuration data in step 1830. While both versions 1700 and 1800 of the
batch data transmission software application can transmit the complete configuration data set, the graphical user interface
user intervention method 1800 can transmit individual parameters as they are manipulated by the user in step 1860. By
transmitting changes in configuration data to the tactile feedback controlier 110 as they occur in step 1860, the user can
efficiently discaver optimal specific configuration data settings while the tactile feedback system 100 is in use. This is
especially useful for discovering the best audio analysis parameters. When the configuration data is acceptable, the user can
save the current configuration data in step 1840. The method then saves the appropriate type of configuration file {default or
application specific), creating new files when necessary in step 1870. The user can terminate the user intervention version
1800 by using an exit option in step 1850 to arrive at step 1875,

When application specific configuration files are created for use with the host-independent audio analysis mode of
operation, audio analysis calibration instructions are provided within the application specific configuration files. In order for
the audio anaiysis mode to be most effective, the audio signal produced by the host computer 102 must be consistent with
the audio signal that was used to set the audio analysis parameters that are contained within a given specific configuration
file. This consistency between the audio signal from the host computer 102 and the audio signal that was used to set the
audio analysis parameters is achieved with the host-independent audio analysis calibration routine 1900 of FIG. 19.

Referring to FIG. 19, the calibration method 1900 begins with step 1905 and proceeds to step 1910, wherein the user
loads the desired application specific configuration file with either batch data transmission software 1700,1800. In the case of
the no user intervention version 1700, the provided audio analysis calibration instructions are displayed for the user on screen
1740 (see FIG. 17). In the case of the user intervention version 1800, the provided audio analysis calibration instructions must
be selected for display by selecting them from a graphical pull-down menu. In either case, the user takes note of the provided
calibration instructions in step 1920. This can include printing the provided instructions. After the user has taken note of the
calibration instructions, the user runs the desired application in step 1930,

The calibration instructions were created, at some point in time, typicaily with the user intervention method 1800 of
the batch data transmission software application. Within that method 1800, a text editor is provided so calibration instructions
can be recorded. When an application specific audio analysis calibration file is being created, and the audio anaslysis settings
are acceptable to the person creating the file, the calibration potentiometer (component part R8 of FIG. 6) within the variable
gain pre-amplifier 420 of the analog audio signal pre-processing section would have been previously adjusted to the
satisfaction of the person creating the configuration file. The calibration potentiometer adjusts the signal strength of the audio
signal such that the audio signal is neither too weak, nor too strong. When the audio analysis parameters are yielding good
results, the person creating the calibration instructions looks to find a relatively common sound effect occurring within the
simulation. When the person who is creating the calibration instructions hears a common sound effect, they observe the
status of the LEDs within the system analysis display. Within the calibration instructions, they describe what common sound
effect to listen for, and the number of LEDs on the system analysis display that are illuminated in response to the common
sound effect (when the calibration potentiometer is properly set).

Referring again to FIG. 19, the user waits until the desired application is generating the common sound effect that
was specified in the calibration instructions. When the specified sound effect is heard in step 1940, the user adjusts the
calibration potentiometer {via knob 2430 of FIG. 24) until the LEDs within the system analysis display appear approximately as
specified within the calibration instructions. When the LEDs within the system analysis display 370 appear approximately as
specified in the calibration instructions, indicated by step 1950, it means the audio signal generated by the host computer 102
is occurring at the same approximate amplitude as the audio signal that was used to set the application specific audio analysis
parameters. Once the audio signal from the host computer 102 is an approximate match to the original audio signal that was
used to set the audio analysis parameters, the tactile feedback resulting from the audio analysis mode of operation will be

substantially similar to the results perceived by the person who created the corresponding specific configuration file. In other
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words, the audio signal will have been calibrated successfully. In step 1960, the user can continue to fine adjust the
calibration potentiometer {(and all other parameters} as personally desired to tweak and otherwise change the tactile feedback
produced by the system. Method 1900 ends in step 1965.

FIG. 20 is a flow chart that illustrates a method 2000 of activating LEDs. Referring to FIG. 20, the first step fills a
5 RAM buffer for the system analysis display as determined by the currently active display mode {see box 2410 of FIG. 24}. The
display mode parameter determines the configuration of the 20 LEDs, the method by which data is to be displayed, and the
actual data that is to be displayed. When the system analysis display mode parameter is changed, either from a batch data
transmission or from new input from the hardware switch multiplexer, a special temporary identification mode of blinking
LEDs is implemented on the LED display. in order to inform the user what display mode is about to be engaged. Each display
10 mode has its own unique blinking LEDs indicator, which identifies the display mode that is about to take over the entire LED
display 370. The duration of the blinking LEDs system analysis display mode identifier can be set to last anywhere between
0.20 and 25.0 seconds. When this variable timer expires, the requested display mode is subsequently engaged. The display
buffer is loaded with a digital representation of the physical display, which is illuminated on the actual LEDs in 8 multiplexed
manner. The 20 LED system analysis display 370 is composed of 5 groups of 4 LEDs, that together compose a horizontal strip
15  of 20 LEDs (see FIGs. 22 and 23). In order to save both power and I/ pins on the microcontroller 320, only 1 multiplexed
group of LEDs is illuminated at any given time. As a result, when all 20 LEDs appear to be illuminated at once, only 4 LEDs
are actually illuminated. However, because the switching of these LEDs via multiplexing occurs at a very rapid rate (e.g., 60-
120 Hz or higher), human persistence of vision provides the illusion that all 20 LEDs are illuminated at once. This muitiplexing
occurs as each step 2020-2060 in the system analysis display multiplexer is executed. Step 2020 illuminates LEDs 1-4 as the
20 display buffer dictates. Step 2030 illuminates LEDs 5-8 as the display buffer dictates. Step 2040 illuminates LEDs 9-12 as the
display buffer dictates. Step 2050 illuminates LEDs 13-16 as the display buffer dictates. Step 2060 iliuminates LEDs 17-20 as
the display buffer dictates. Then, the system analysis display repeats steps 2010-2060, with one individual step being
executed each time the multiplexer is invoked.
FIG. 21 is a flow chart that illustrates a hardware switch muitiplexing method 2100. Referring to FIG. 21, these three
25  steps read the physical state of ali three hardware switches of FIG. 24 on the tactile feedback controiter 110, and alter internal
variables as necessary to reflect the state of those switches. The first step 2110 reads the main mode select switch (2420 of
FiG.24) and sets the main mode variable as appropriate. The main mode switch is 8 toggle switch that has two possible
positions which are mutually exclusive. The position of this switch selects the main operating mode of the tactile feedback
controller 110. With switch 2420 in a first position, the tactile feedback controller 110 operates in its host-independent audio
30 analysis mode. With switch 2420 in a second position, the tactile feedback controller 110 operates in its host-dependent
direct contro! mode. The second step 2120 reads the function select switch (2440 of FIG. 24} and finks the third switch (2450
of FIG. 24} to some specific function. The function select switch is é spring loaded, short travel, normally open push button
switch. Each time this switch is pressed, the rotary encoder is linked to a different function. The functions that are available
to this process are some small subset of the many reprogrammable parameters that can be manipulated by the two external
35 batch data transmission software applications. This subset of reprogrammable parameters is listed in box 2410 of FIG. 24.
The item in the list that is currently linked to the rotary encoder has its own indicator LED, as shown in box 2310 of FIG. 23.
The letters 2310 beneath the indicator LEDs correspond to the function list 2410, At that time, LEDs 11-20 illuminate to display
the value of the selected parameter. Each time the function select push button 2440 is pressed, the next function in the
function list 2410 is linked to the function adjust rotary encoder 2450, the appropriate indicator LED 2310 is illuminated, and
40 the value associated with that parameter is shown on the LEDs 11-20. The third step 2130 reads the multi-purpose rotary
encoder 2450 and adjusts the finked function 2410 as appropriate. The rotary encoder is a forty-position digital encoder that
spins freely in both directions. It generates what is known as "gray code”, a simple binary data stream that indicates its
direction and speed of rotation. Generally, when rotated in a clockwise fashion, it increases the value that it is adjusting.
Alternatively, when rotated in a counter-clockwise fashion, it decreases the value that it is adjusting. The numerical steps it
45 uses when adjusting some variable within the RAM of the microcontrolier 320 are subject to arbitrary limits set within the
ROM code within the microcontroller 320. These limits keep the adjusted values from causing undesirable operation. The
function select push button 2440, and the function adjust rotary encoder 2450, both work together as a multi-purpose pair. By
providing these two switches, a single rotary encoder can replace many potentiometers and other rotary encoders by

allowing the single rotary encoder switch to adjust many individual variables. This process (including switches 2440 and
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2450, and the LED display 370} allows important values to be manipulated directly from the tactile feedback controlier 110
itself, without external software running. Although the preferred embodiment has implemented these three switches, the
present invention makes no limitation on how these switches can be implemented, if at all. Furthermore, additional switches
may prove useful, and no specific implementation is declared to limit some other set of switches, or lack thereof. This set of
hardware switch multiplexer method 2100 repeats steps 2110-2130.

FIG. 25 is a functional block diagram of both the multipie independent PWM control signal generation component
2504, and the PWM outputs 2540 of microcontroller 320. Each of the eight individual PWM independent control signal output
pins 2541-2548 renders a PWM signal as dictated by its corresponding value in the multiple independent PWM control signal
table. Each of these independent PWM output signals 254 1-2548 controls a corresponding independent transistor switch
circuit 2551-2558. The eight transistor switch circuits 2551-2558 together comprise the transistor switch circuits 360
component of FIG. 3. Each microcontroller PWM output pin 2541-2548 is used by one transistor switch circuit 2551-2558 to
turn on and off one or more tactile sensation actuators 501 within some independent tactile sensation generator (depicted as
502, 503, 504). A given transistor switch circuit 2551-2558, in response to the output of its corresponding PWM output pin
2541-2548, becomes activated, e.g., conducts current, such that the appropriate transistor switch circuit 2551-2558, once
activated, allows current to pass through one or more actuators 501 to ground. In response, the actuators 501, e.g., DC
motors with offset weights attached to their shafts, vibrate. As a PWM signal 2541-2548 that drives a DC motor increases its
pulse width, the DC motor receives more current and spins faster, thereby yielding more powerful tactile sensation (e.g.,
vibration). Although the PWM output signals 2541-2548 provide a wide range of pulse widths, some actuators 501 {such as
solenoids) may require only a digital type signal composed of two pulse widths: ON (e.g., 100% pulse width), and OFF (0%
puise width), which correspond to binary 1 and binary 0, respectively. in such a case, the PWM output signals can be limited
accordingly, when necessary. Furthermore, the microcontroller 320 does not necessarily have to use the Pulse Width
Modulation technique to control the transistors 2550 and actuators 501 it controls. Many other techniques can readily be
implemented by those skilled in the art.

In the presently preferred embodiment, each singie tactile feedback controller 110 provides eight independent
outputs 2541-2548 that are driven in the previously described manner. However, there is no specific limitation imposed on
how many such outputs are to be provided within any single tactile feedback controller 110. The only limiting factor is the
number of /O pins available on the microcontrolier 320. Furthermore, many microcontroliers 320 can be working in parallel
to provide as many I/O pins as are necessary to sustain any imagined implementation. Additionally, many tactile feedback
controller 110 units can be daisy chained together, theoretically allowing as many tactile feedback controller 110 units to
provide as many desired outputs as the electrical properties of the connections in the host computer 102 allow, until the total
resistance and capacitance of the cables in such a configuration prohibitively degrade the transmission of that information.
Even in such a case, analog and digital signal hubs can be used to boost the signals carried over the connections.

Ultimately, the PWM signals 2541-2548 that control the outputs from the transistor switch circuits 2551-2558 can be
used to control any electromechanical device. Each transistor switch circuit 2551-2558 can use its own power supply and
transistor type that is appropriate for the actuator or actuators that it is intended to drive. There should be no inferred
limitation regarding the power consumption of any given actuator based upon the PWM signal 2541-2548 that controls it.
However, for simplicity, this disclosure generally implies DC motors with offset weights for its tactile sensation actuators 501.
As a PWM signal 2541-2548 that drives a DC motor increases its pulse width, the DC motor receives more current and spins
faster, thereby yieiding more powerfu! tactile sensation {e.g., vibration).

The illustrated independent tactile sensation generators 502, 503, 504 can contain one or more independent tactile
sensation actuators 501, with each independent tactile sensation actuator 501 containing one or more individual actuators
working in series or parallel. For example, independent tactile sensation generator 502 contains one set of tactile sensation
actuators 501 which responds to one transistor switch circuit 2551, Independent tactile sensation generator 503 contains
three sets of tactile sensation actuators 501 which independently respond to three transistor switch circuits 2552, 2553, 2554.
Independent tactile sensation generator 504 contains four sets of tactile sensation actuators 501 which independently respond
to four transistor switch circuits 2555,2556,2557,2558, Each tactile sensation actuator 501 can be composed of many
individual actuators that are wired in series or paraliel, that function as a single tactile sensation actuator by responding to the
same PWM signal. Ultimately, tactile sensation actuators 501 can be arranged in any number and configuration, with one or

more tactile sensation actuators 501 existing within one or more independent tactile sensation generators 502, 503, 504. 460
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represents the set of independent power distribution wires that carry the current that is switched by the transistor switch
circuits 2550, and ultimately utifized by the various tactile sensation actuators 501. inthe presently preferred embodiment, the
digital logic TTL level PWM signais 2649 enter the transistor switch circuits 2550 that are provided within the universal tactile
feedback controller 110. Within box 460, the independent power distribution lines from transistor switch circuits 2551-2558
can contain power connectors of many different types, such that the actuators 501 can be plugged into those connectors.

In order to illustrate the many possible configurations of multiple independent tactile sensation generators 120 that
can be managed by the tactile feedback controlier 110, and the various scenarios where such tactile sensation generators 120
may be implemented within the present invention, FIGs. 27-30 have been provided. Although there is a constantly growing
library and wide range of game and simulation software available, most applications for which tactile feedback is of high
importance can be categorized by two main genres: vehicle based simulations, and open-body combat games. Vehicie based
simulations include flight simulations, tank simulations, driving simulations, space flight simulations, and so on, where the
game player navigates through the simulation or game via some type of simulated vehicle. Generally, the main tactile
sensation generator in the present invention for any vehicle based simulation is a tactile feedback seating unit 510. Open-
body combat games include games that occur in the first person perspective, where the display apparatus generates a view
of a simulated world, wherein the simulation attempts to represent what one would see if they were actually standing within
the simulated wortd. These games may also occur in a third person “over the shoulder” view, or an “above and to the side %
perspective” view, and other perspectives as well. In these games, the game player is typically a human being that runs,
walks, and otherwise navigates throughout the simulated world, without a vehicle. Generally, the main tactile sensation
generator in the present invention for any open-body combat game is a vest-based tactile sensation generator 595, In both
the vehicle case and open-body case, additional tactile sensation generators are equally important to convincingly portray the
simulation as realistically as possible.

To illustrate scenarios with these and other tactile sensation generators, and common implementations of controi
input devices, FIGs. 27-30 are referenced below. The scenarios depicted in FiGs. 27-30 are illustrative only, and by no means
specificafly imply any limitations regarding other possible scenarios and implementations of tactile sensation generators
and/or control input devices. Each of the four illustrative scenarios, FIGs. 27-30, depicts one of four common control input
device hardware suites. However, any given implementation of the four illustrative control input device hardware suites may
use only a subset of the iltustrated control input devices. The actual implementation of control input devices varies widely.

The first scenario (FIG. 26A), typical of military flight simulations, consists of a left-handed stand alone throttie and
weapons controller, a right-handed joystick, and a rudder pedal unit. This first scenario is generally used for many other
vehicle based games, such as modern tank simulations and futuristic mechanized robot combat games. Most simulated
vehicles (other than cars) are controlled with this hardware setup. The second scenario {FIG. 26B), typical of civilian flight
simulations, consists of a two-handed flight yolk, and a rudder pedal unit. The third scenario (FIG. 26C), typical of driving
simulations, consists of a steering wheel, a gear shifter, and a pedai unit typicelly providing gas and brake pedals. The fourth
scenario (FIG. 26D), typical of first person perspective shooters, can use just about any combination of control input devices,
such as keyboards, mice, joysticks, 3D controllers, and more.

Referring to FIGs. 27-30, the host computer 102 provides signals to the universal tactile feedback controlier 110 via
cable set 110. The universal tactile feedback controller 110, in turn, sends current through power distribution cables 461-468
to activate the tactile sensation actuators 501 within the depicted tactile sensation generators.

In FIGs. 27-30, the tactile feedback seating unit 510 is a semi-rigid foam structure, sealed with a cloth or vinyl layer,
with a leg portion and a back portion, substantially shaped to easily rest upon any given seat, with a plurality of actuators
embedded within the foam structure, such that the actuators in the pad produce localized vibration. These actustors are laid
out in several independent zones within the foam, providing a left leg tactile sensation generator, a right leg tactile sensation
generator, and a back tactile sensation generator (which may itself be divided into left back and right back tactile sansation
generators}, such that these independent tactile sensation generators exist within the single tactile feedback seating unit 510.
Furthermore, each tactile sensation generator zone within the seat may itself be made up of one or more tactile sensation
actuators 501. lllustrative examples of tactile feedback seating units are depicted later in this disclosure.

in FIGs. 27-30, the tactile sensation actuatori(s) for a chest harness 520 are one or more vibratory actuators that are
embedded within or attached to apparatus that places the actuators in contact with the user’s chest, such that tactile

sensation can be felt on the game player's chest. lilustrative examples of this are depicted later in this disclosure. in cases
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where this device is ignored by the host computer 102, the appropriate “minimum activation value” power output parameter
can be set such that this device only produces tactile sensation upon a crash event, for exampie. In this way, the illusion of
restraint by a seat belt or safety harness can be produced.

In FIGs. 27-28, both the tactile sensation actuator(s} for the left pedal on a rudder control 550, and the tactile
sensation actuator(s) for the right pedai on a rudder control 560, together comprise a pair of independent tactile sensation
generators that can be affixed to or embedded within both pedals on a rudder pedal unit. Generally, these actuators may be
attached to pre-existing rudder pedal units, or may be embedded within the plastic or metal structure that comprises the
rudder pedals during their manufacture. In one impiementation, vibratory actuators are embedded within corresponding
plastic pedal overlays, such that when the plastic overlays are laid on top of the existing foot pedals, and affixed in place with
hook and loop fasteners or two sided adhesive foam tape {or some other readily available attachment means), the new
surfaces of the foot pedals contain the tactile sensation actuators. In another implementation, tactile sensation actuators are
affixed to the bottom of the existing foot pedals, with hook and loop fasteners or two sided adhesive foam tape, if there is
sufficient space for the actuators beneath the pedals. These approaches are illustrated later in this disclosure. in addition to
allowing specific tactile sensations to be perceived via the rudder pedal control input device, the rudder pedal unit will be
afforded the illusion that it is affixed to the same structure to which the seating unit is affixed. This begins to provide the
illusion that there is a continuity of structure among the disparate control input devices that is important for suspending the
disbelief of the simulation user.

In FIG. 26A, the tactile sensation actuator(s) for a stand alone throttle and weapons controiler 530 will generally be
comprised of two possible forms. In the preferred illustrative form, a vibratory actuator can be attached to outer side of the
throttle handle with hook and loop fasteners or two sided adhesive foam tape (or some other readily available attachment
means), such that the actuator is substantially out of the way, and therefore will not interfere with the motion of the throttle
body or the ergonomics of the throttle handle. In a second illustrative form, small vibratory actuators can be affixed to or
embedded within the throttle’s handle, such that the hand of the user, in holding the throttle, will come into direct or indirect
contact with these small vibratory motors. If these motors are attached to the outer surface of the throttle handle, they must
be small enough to not substantially disrupt the ergonomics of the throttie handle. A preferable location would be the
underside (bottom) of the throttie handle. They may be attached in a temporary fashion via small elastic straps, or they may
be embedded within a small plastic housing that is specifically designed to fit precisely upon the surface of a specific location
of a specific throttie handle. Alternatively, small motors may be inserted into the palm area of a padded glove that is to be
worn by the user. In another illustrative form, larger actuators can be affixed to the base of the throttle unit, by Velcro or two
sided adhesive foam tape, which will generally alleviate possible size and ergonomic restraints. Larger actuators can be more
powerful, and therefore, will vibrate the handle of the throttle by sympathetic vibration. Additionally, both of these
implementations of actuators may be used simuitaneously.

The tactile sensation actuator(s) for a flight control joystick 540 are implemented in a similar fashion to the actuators for the
throttle and weapons controller 530. In the preferred illustrative form, vibratory actuators can be affixed to or embedded
within the joystick’s handle, such that the hand of the user, in holding the joystick, will come into direct or indirect contact
with these vibratory motors. If these motors are attached to the outer surface of the joystick handle, they must be small
enough to not substantially disrupt the ergonomics of the joystick handle. A readily available solution are small 5 mm micro-
motors, typicaiiy used as vibrators for pocket size pagers. These micro-motors can be mounted to the palm side of the
joystick handle. The actuators may be attached in a temporary fashion via small elastic straps, or they may be embedded
within a small plastic template/housing that is specifically designed to fit upon the relatively flat surface of the palm area of a
joystick handle. Many force-feedback joysticks have optical sensors on the joystick handle to determine when the joystick is
being held. In these cases, the template must accommodate the optical sensor, by being made of transparent plastic, or by
providing an appropriate hole, such that light can strike the optical sensor when the joystick handle is not being held.
Alternatively, small motors may be inserted into the palm area of a padded glove that is to be worn by the user. In a second
illustrative form, a vibratory actuator can be attached to lower side of the joystick handle opposite the user’s paim, with Velcro
hook and loop fasteners or two sided adhesive foam strips, such that the actuator is substantialiy out of the way, and
therefore will not interfere with the motion of the joystick or the ergonomics of the joystick handle. If sufficient room does not
exist in this location, the very top of the joystick usually has sufficient area to attach an actuator. However, this area is more

conspicuous, and therefore, the size and shape of the actuator housing may be especially limited by aesthetic considerations.
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Ultimately, in the typical flight simulation scenario depicted in FIG. 26A, comprised of a joystick, throttle, and rudder
pedals, where tactile sensation actuators are distributed throughout these control input devices 530,540,5650,560, and
simuitaneously within a seating unit 510 and a chest harness 520, or some subset thereof, the simulation user will be exposed
to tactile sensations that help to convince his or her senses that the simulation is real. Furthermore, due to the substantially
unified manner of operation these disparate tactile feedback devices, the flight simulation user will benefit from the illusion
that these disparate devices are alt attached to the same physical structure.

In FIG. 26B, a two-handed flight control yolk, typical for civilian aircraft simulations, replaces the left-handed throttle
and right handed flight control joystick of FIG. 26A. In this case, tactile sensation actuators can be attached to or embedded
within both the left handle of the control yolk 535, and the right handle of the control yolk 545. Additionally, one or more
larger actuators can be mounted on various locations on the flight control yolk’s body, in lieu of the other two actuators
535,545, of in addition to them. These actuators can be attached to the flight control yolk with elastic straps, Velcro hook and
loop fasteners, two sided adhesive foam, or some other readily available attachment means. In all other aspects, FIG. 26B is
equivalent to FIG. 26A.

In FIG. 26C, the driving simulation scenario consists of a steering wheel, a gear shifter, and a pedal unit. The same
tactile feedback seating unit 510 and chest harness 520 that are used in the flight simulation scenarios (FIGs. 27 and 28) are
also implemented in the driving scenario. What has changed are the peripheral tactile sensation actuators and the controt
input devices that they are applied to. In a preferred implementation, the tactile sensation actuators for the steering wheel
570 are attached to one or more of the spokes that connect the steering wheel to its hub. These actuators can be attached
with a two part housing, the two pans of which sandwich any given steering wheel spoke, with one of the two parts
containing a vibratory motor. The two parts can be fastened together with screws and screw receptacles, or with some
commonly implemented equivalent, such as nuts and bolts or mating snap-connectors. These connectors could be made to
specifically match any given specific steering wheel spoke design, or can be implemented as a general purpose attachment.
In other possible implementations, actuators could be mounted on the center hub of the steering wheel, or within the steering
wheel itself. Additionally, small motors may be inserted into the palm area of a pair of padded driving gloves that are worn by
the user. '

Where possible, a tactile sensation actuator is embedded within the shift knob itself 575. This is accomplished with
a plastic replacement shift knob, which contains an internal vibratory motor. The replacement knob can be fashioned with
two halves that screw or snap together, where an internal cavity can accommodate an vibratory actuator. Aiternatively, it can
be a one piece unit with an internal cavity within which a vibratory actuator is placed. Additionally, the shift knob may also
contain a solenoid that can strike the knob internally, in order to simulate the knocking and grinding of gears within the
simulated transmission that would resuit from poorly timed shifts. To accommodate the various shaft diameters upon which
the replacement shift knob must fit, the hole for the shaft in the bottom of the knob can accommodate horizontal screws that
can be tightened to solidly attach the knob to the varying shafts. Aiternatively, the hole for the shaft in the bottom of the
knob can be lined with dense, elastic foam, such that the knob can be twisted onto a shaft, so that the knob will not readily
come off the shaft without a direct intention to remove it. The knob may also be designed to be substantially equivalent to the
knob it replaces, such that it can fit directly upon the provided shaft just as the original knob does.

Tactile sensation actuators are mounted to the pedal base unit 580, thereby simulating vibration that would normally
be felt through the floor of the vehicle. Essentially, a vibratory actuator within a plastic housing can be attached to the pedal
base unit with hook and loop fasteners or two sided adhesive foam tape. One or more actuators can be used as desired.
Tactile sensation actuators can be implemented within the provided pedals that protrude from the base of the pedal unit, such
as gas, brake, and clutch pedals 585. Alternatively, actuators can be attached fo the pedals with hook and loop fasteners or
adhesive foam tape. The brake pedal actuator{s) can simulate such things as braking resistance, wheel lock-up, and anti-lock
brakes, with vibratory motors or solenoids, or both. The clutch pedal actuator(s) can simulate such things as clutch slippage
and poorly timed shifts in a similar manner. '

Ultimately, in the typical driving simulation scenario depicted in FIG. 26C, comprised of a steering wheel, gear shift,
and floor pedal base with individually functioning pedals, where tactile sensation actustors are distributed throughout these
disparate control input devices 570,575,580,585, and simultaneously within a seating unit 510 and a chest harness 520, or
some subset thereof, the simulation user will be exposed to tactile sensations that help to convince his or her senses that the

simulation is real. Furthermore, due to the substantially unified manner of operation these disparate tactile feedback devices,
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the driving simulation user will benefit from the illusion that these disparate devices are all attached to the same physical
structure.

In FIG. 26D, the first person perspective open-body combat game, the central tactile feedback device is a vest-based
tactile sensation generator 595. This vest-based tactile sensation generator can apply localized tactile sensation, typically via
vibratory and solenoid based actuators, to many areas around the game player's torso. In this manner, environmental stimuli
{e.g., bullet strikes, weapon strikes, energy fields, and so on) can be rendered in a directional manner. This can provide the
game user with information regarding the location of the source, and the strength and direction of the attacks or stimuli. FIG.
39 illustrates a front and side view of a vest-based tactile sensation generator, respectively. U.S. Patent 5,565,840 “Tactile
Sensation Generator” is such a device. The vest-based tactile sensation generator 595 has additiona! uses as weil. In vehicle
simulation scenarios, such as those illustrated in FIGs. 27-29, the vest based tactile sensation generator 595 can render
directional G forces during vehicle maneuvering. FIG. 26D also includes a tactile feedback seating unit 510 as previously
described. As games and simulations get more complex, it is becoming more common to have games where the mode of
transportation changes from a simulated character who is walking, running, or otherwise navigating through the simulated
environment, who then jumps into some available vehicle, and then proceeds to drive the vehicle. In this case, the tactile
feedback seating unit 510 can generate appropriate tactile feedback as necessary. Therefore, in many cases, the vast-based
tactile sensation generator 595 and the tactile feedback sesting unit 510 can work interchangeably, or simultaneously, in &
synergistic fashion.

The number of control input devices that can be used to controi any given first person perspective shooter are as
numerous as the types of controilers that exist in the marketplace. Joysticks, 360 degree spin controliers, gamepads, mice,
trackballs, light guns, and 3D controllers, are some of the types of controllers that are available. In FIG. 26D, for simplicity, the
peripheral tactile sensation actuators are described by the human appendage they are intended for. The tactile sensation
actuator for the left hand 590 and right hand 591 can exist within the appropriate device or devices, within a pair of gloves
worn by the user, or can be attached to the appropriate device or devices with elastic straps. The tactile sensation actuators
for the left foot 592 and right foot 593 can be worn by the user via elastic straps, or, where applicable, can be attached to or
embedded within the appropriate control input device or devices.

Generally, al! of the peripheral tactile sensation actuators of FIGs. 27-30 are vibratory motors enclosed in plastic
housings that have some simple attachment means for attaching the vibratory motors to a given controi input device. The
vibration produced by any given motor can effectively transmit through its hard plastic housing and the attachment means,
ultimately causing vibration within the attached control input device. The size and shape of the motor and its plastic housing
are determined by the controi input device they are meant to be attached to. The attachment means is most often hook and
loop fasteners, although many other attachment means are readily available. In most cases, a peripheral tactile sensation
actuator will be comprised of a DC motor with an offset weight on its shaft, a capacitor and diode across the motor's
terminals, with a four to eight foot power distribution cable, that ends in some appropriate power connector. The electronic
apparatus within each actuator is very simple, and the housing and attachment means can be readily adapted to
accommodate any given device. All four scenarios depicted in FiGs. 27-30, and the tactile sensation apparatus within those
scenarios, are illustrative. The provided scenarios should not be interpreted to imply any specific limitations on possible
tactile sensation actuators, tactile sensation generators, and the control input devices that they are applied to or embedded
within,

In FiGs. 27-30, the tactile feedback seating unit 510 is a semi-rigid flexible foam structure, sealed with a cloth or vinyl
layer, with a leg portion and a back portion, substantially shaped to easily rest upon any given seat, with a plurality of
actuators embedded within the foam structure, such that the actuators in the pad produce localized vibration. These
actuators are laid out in several independent zones within the foam, providing a left leg tactile sensation generator, a right leg
tactife sensation generator, and a back tactile sensation generator (which may itself be divided into left back and right back
tactile sensation generators), such that these independent tactile sensation generators exist within the single tactile feedback
seating unit 510. Furthermore, each tactile sensation generator zone within the seat may itself be made up of one or more
tactile sensation actuators 501. Illustrative examples regarding tactile feedback seating units are depicted in FIGs. 31-33.

In FIG. 27A, the tactile feedback seating unit 510 is composed of a semi-rigid flexible foam structure 512, within
which six actuators 501 are embedded. The embedded actuators are arranged into three pairs, providing a back tactile

sensation generator zone containing two actuators connected to power distribution line 461, a left leg tactile sensation
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generator zone containing two actuators connected to power distribution line 462, and a right leg tactile sensation generator
zone containing two actuators connected to power distribution fine 463. These three power distribution lines 460 are
terminated by a DINS connector 491. The power distribution wiring 461,462,463, the foam structure 512, and the actuators
501, are all sealed within the tactile feedback seating unit 510 by a fabric or vinyl layer 514.

FIG. 278 illustrates the tactile sensation actuators 501 that are embedded within the tactile feedback seating unit
510. A power distribution line 460 powers a DC motor 810 that has an offset weight 814 attached to its shaft 812. When the
shaft 812 of the motor 810 rotates, the offset weight 814 induces vibration. Each motor 810 is enclosed in a housing 800,
which can be made of metal or plastic. The housing is embedded within the foam 512, and ultimately sealed inside the tactile
feedback seating unit 510 by a fabric or vinyl layer 514.

In FIG. 27C, the tactile feedback seating unit 510 is composed of a semi-rigid flexible foam structure 512, within
which eight actuators 501 are embedded. The embedded actuators are arranged into four pairs, providing a left back tactile
sensation generator zone containing two actuators connected to power distribution line 461, a right back tactile sensation
generator zone containing two actuators connected to power distribution line 464, a left leg tactile sensation generator zone
containing two actuators connected to power distribution line 462, and a right leg tactile sensation generator zone containing
two actuators connected to power distribution line 463. These four power distribution lines 460 are terminated by a DIN8
connector 491. The power distribution wiring 461,462,463,464, the foam structure 512, and the actuators 501, are all sealed
within the tactile feedback seating unit 510 by a fabric or vinyl layer 514.

In the case of site-based entertainment {arcades, theme parks, trade shows, and so on), where a more permanent
seating surface is used, the tactile feedback seating unit 510 can be built into any given seating surface, obviating the need for
a portable, self contained unit. In this case, the actuators 501 can be affixed to the underside of a plastic seat, producing
localized vibration. Alternatively, heavy duty industrial materials could be used to fashion a foam based seating unit that
would be permanently affixed to a given arcade game chassis, for example. Essentially, the seating unit would be similar to
those depicted in FIGs. 31 and 32, but more specifically designed for a given apblication and increased duty cycle.

In FiGs. 27-30, the tactile sensation actuator(s) for a chest harness 520 are one or more vibratory actuators that are
embedded within or attached to apparatus that places the actuators in contact with the user’s chest, such that tactile
sensation can be felt on the game player’s chest. Nustrative examples of this are depicted in FiGs. 34, 35, and 36. In cases
where this device is ignored by the host computer 102, the appropriate “minimum activation value” power output parameter
can be set such that this device only produces tactile sensation upon a crash event, for example. In this way, the illusion of
restraint by a seat belt or safety harness can be produced.

FIG. 28A is a diagram of a chest tactile sensation generator §20 in a seat beit configuration. An actuator 501 is
mounted within a pad 522 that is attached to a seat belt style strap 521, which terminates in a seat belt style connector 524A,
that ultimately connects with its corresponding mate 5248. This system generally approximates the seat belt in a typical
automobile. Alternatively, this system could be implemented as a five-point racing harness. FIG. 28Bis a diagram of a chest
tactile sensation generator 520 in a separate chest pad unit. An actuator 501 is mounted within a pad 522 that has loops 523A
and 523B that accommodate an elastic strap 521 that has corresponding buckles 524A and 524B on each end of the strap 521.
Generally, the user would strap this assembly around his or her chest. The strap 521 can be tightened by pulling on the ends
of the strap 521A and 521B after buckie 524A is connected to buckle 524B. FIG. 28C is a diagram of a chest tactile sensation
generator 520 in a drop-down safety harness configuration. The actuators 501 are mounted within the part of the drop-down
restraint 522 that lays upon the chest of the person sitting in the tactile feedback seating unit 510. The arm 521 of the drop-
down safety harness moves the chest restraint 522 along path 525 until it contacts the chest of the person in the seat. In FiGs.
34-36, the actuators are powered by power distribution cable 464.

Generally, all of the peripheral tactile sensation actuators of FIGs. 27-30 are vibratory motors enclosed in plastic
housings that have some simple attachment means for attaching the vibratory motors to a given control input device. This is
illustrated in FIGs. 37-40. In some cases, solenoids can be used, as illustrated in FIG. 29E. In FIGs. 37 and 38, a DC motor 810
has an offset weight 814 attached to its shaft 812. A power distribution cable 460 powers the motor 810 in order to induce
vibration. In FIGs. 39 and 40, the DC motor 810 is enclosed in a housing 800 that is typically composed of plastic, although
metal or other housing material can be used as well. In the preferred embodiment, plastic is used for the housing 800
because it can be molded into any desirable shape to accommodate any given application. In order to enclose the motor 810
in the custom plastic housing 800, the housing 800 has two parts 800A and 800B, that can be screwed, glued, or snapped
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together to solidly seal the motor within the housing 800. In FIG, 29, a soienoid 820 uses its plunger 822 to strike the
housing B00 when the solenoid is energized by its power distribution cable 460. A return spring 824, and a spring restraint
pin 826 (or equivalent) force the plunger 822 to return to its initial position when the solenoid is de-energized. In other
implementations, the solenoid plunger can actuate a lever that pushes through an opening in the housing 800, such that the
lever can strike an object outside of the plastic housing 800. Generally, any number of applications can be derived from the
productivity of motors 810 and/or solenoids 820. The activity of any given motor 6r solenoid can effectively transmit through
its hard plastic housing and an attachment means, ultimately causing sympathetic vibration or other tactile event within the
attached control input device. The size and shape of the motor 810 and/or solenoid 820, and the plastic housing 800, are
determined by the control input device they are meant to be attached to, and the desired effect. In any case, the housing 800
is attached to the desired control input device by some attachment means.

In FIG. 30A, the housing 800 has an attachment means of a two-sided adhesive strip 830. In FIG. 308, the housing
800 has an attachment means of two corresponding halves of hook and loop fasteners. Typically, the hook half 840 of the
attachment means is attached to the housing 800, and the lcop half 842 of the attachment means is attached to the desired
control input device. This yields a less permanent attachment means than two sided adhesive strips. In FIG. 30C, the loop
fastener B42 is not attached to the desired control input device, but is instead attached to one end of a strap 841 of elastic
fabric, non-elastic fabric, rubber, or some other material. The other end of the strap 841 is permanently attached to the
housing 800. This allows the strap 841 to hold the housing 800 tightly against the desired control input device. This solution
is the least permanent attachment means.

The attachment means is most often the hook and loop fasteners of FIG. 30B, aithough many other attachment
means are readily available and can be substituted as necessary. Generally, a peripheral tactile sensation generator will be
comprised of a DC motor with an offset weight on its shaft, all within a plastic housing, with an eight to ten foot power
distribution cable 460, that ends in some appropriate power connector for the power jacks illustrated in FIG. 26. Essentially,
the electronic apparatus within each peripheral tactile sensation generator is very simple, and the housing and attachment
means can be readily adapted to accommodate any given device. All four scenarios depicted in FIGs. 27-30, and the tactile
sensation apparatus within those scenarios, are illustrative. The provided scenarios should not be interpreted to imply any
specific limitations on possible tactile sensation actuators, tactile sensation generators, and the control input devices that they
are applied to or embedded within.

In FIG. 26A, the tactile sensation actuator(s) for a stand alone throttle and weapons controiler 530 will generaily be
comprised of two possible forms. In the preferred form, small vibratory actuators can be affixed to or embedded within the
throttle’s handle, such that the hand of the user, in holding the throttle, will come into direct or indirect contact with these
small vibratory motors. In one illustrative form, a vibratory actuator can be attached to outer side of the throttle handle with
hook and loop fasteners or two sided adhesive foam tape (or some other readily available attachment means), such that the
actuator is substantially out of the way, and therefore will not interfere with the motion of the throttle body or the ergonomics
of the throttle handle. This is illustrated in FIGs. 45.52,

FIG. 31A is a rear side view of a center-mounted throttle. FIG. 31B is a top down view of a center- mounted throttle.
FIG. 31C depicts a throttle tactile sensation generator 530 attached to the outer side of the throttle handle with the attachment
means of FIG. 30B, such that when the throttle is moved through its range of motion, the tactile sensation generator 530 does
not interfere with the motion of the throttle or the ergonomics of the throttie handle. FIG. 31D is a top down view of the
apparatus of FIG. 31C, showing the position of the throttle tactile sensation generator 530. FIG. 31E is a rear side view of a
side-mounted throttie. FIG. 31F is a top down view of a side-mounted throttle. FIG. 31G depicts a throttle tactile sensation
generator 530 attached to the outer side of the throttle handle with the attachment means of FIG. 30B, such that when the
throttle is moved through its range of motion, the tactile sensation generator 530 does not interfere with the motion of the
throttie or the ergonomics of the throttle handle. FIG. 31H is a top down view of the apparatus of FIG. 31G, showing the
position of the throttle tactile sensation generator 530. In the case of the illustrated throttle tactile sensation generator 530 of
FiGs. 47, 48, 51, and 52, power distribution cable 465 is used to power the illustrated tactile sensation generator.

The most preferable solution for the placement of the throttle tactile sensation generators, however, is inside the
throttle handie itself at the point of manufacture. This will make the tactile sensation generators invisible. If implemented at
the point of manufacture, a small housing for the actuator can be molded directly into the structure of the throttle handle,

such that the actuator can be readily affixed to the inside surface of the throttle handie. If implemented as an after market
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solution, the end user would have to open the throttle handle with a screwdriver or hex tool {or similar means as necessary),
and affix an actuator to the inside of the throttle with two sided adhesive tape (see FIG. 30A), epoxy resin, or some other
means. To sccommodate the power distribution cable 465, 8 small hole may have to be drilled in the throttle’s handle such
that the cable 465 can pass through.

Referring again to FIG. 26A, the tactile sensation actuator(s) for a flight control joystick 540 are implemented in 8
similar fashion to the actuators for the throttle and weapons controlier 530.

FIG. 32A is a rear side view of a joystick. FIG. 32B is a top down view of a joystick. FIG. 32C is a rear side view of a
joystick, with a joystick tactile sensation generator 540 attached with the attachment means of FIG. 30B, in a position opposite
and below the user’s palm. This area is generally available, and can be utilized without substantially disrupting the function of
the joystick, or the ergonomics of the joystick’s handle. FIG. 32D is a top down view of the apparatus of FIG. 32C. FIG. 32E is
a rear side view of a joystick, with a joystick tactile sensation generator 540 attached to the top of the joystick with the
attachment means of FIG. 30B. FIG. 32F is a top down view of FIG. 32E. In the case of the illustrated joystick tactile sensation
generator 540 of FIGs. 55, 56, 57, and 58, power distribution cable 466 is used to power the iliustrated tactile sensation
generator.

The most preferable solution for the placement of the joystick tactile sensation generators, however, is inside the
joystick handle itself at the point of manufacture.

Referring to FIGs. 27-28, both the tactile sensation actuator(s) for the left pedalon a rudder control 550, and the
tactile sensation actuator(s) for the right pedal on a rudder control 560, together comprise a pair of independent tactile
sensation generators that can be affixed to or embedded within both pedals on a rudder pedal unit.

Referring to FIG. 33A, a top down view of a rudder pedals control input device is depicted. FIG. 33B is a right side
view of a rudder pedals control input device. In FIG. 33C, replacement pedal surfaces 550,560 contain tactile sensation
actuators, such that when the new pedal surface is affixed to the existing pedals, the new pedal surface contains tactile
sensation generation capability. FIG. 33D is a right side view of the apparatus of FIG. 33C. In FIG. 33E, tactile sensation
generators 550,560 are affixed to the underside of each rudder pedal. This is the more preferable solution, as the ergonomics
of the rudder pedals remain unaffected. These tactile sensation generators may be attached to the rudder pedals at their
point of manufacture as well. FIG. 33F is a right side view of the apparatus of FIG. 33E. In FiGs. 61-64, the attachment means
of FIG. 30B is used. Additionally, the left foot 560 and right foot 560 tactile sensation generators are powered by power
distribution cables 467 and 468, respectively.

In FIG. 26B, a two-handed flight control yolk, typical for civilian aircraft simulations, replaces the left-handed throttle
and right handed flight control joystick of FIG. 26A.

Referring now to FIG. 34A, a front view of a control yolk’s handle is depicted. FIG. 34B is the apparatus of FIG. 34A,
wherein a left hand control yolk tactile sensation generator 535 is applied to the main body of the control yolk near the left
handle of the control yolk, and a right hand control yolk tactile sensation generator 545 is applied to the main body of the
control yolk near the right handie of the control yolk. FIG. 34C is the apparatus of FIG. 34A, with left and right hand tactile
sensation generators 535,545 applied in upper outside positions on the control yolk's two handles. FIG. 34D is the apparatus
of FIG. 34A, with a larger, singie tactile sensation generator 535 replacing or augmenting the tactile sensation generstors of
FIGs. 66 and 67. In FiGs. 66-68, the attachment means of FIG. 30B are used. Furthermore, power distribution cables 465 and
466 are used to power the control yolk tactile sensation actuators. In a preferred embodiment, the tactile sensation
generators of FiGs. 66-68 would be implemented within the controi yolk's handle at the point of manufacture.

Ultimately, in the flight simulation scenarios depicted in FiGs. 27 (comprised of a joystick, throttle, and rudder
pedals) and FiG. 26B (a contro! yolk and rudder pedals), where tactile sensation generators are distributed throughout these
controt input devices 530,540,550,560, and simultaneously within a seating unit 510 and a chest harness 520, or some subset
thereof, the simulation user will be exposed to tactile sensations that help to convince his or her senses that the simulation is
real. Furthermore, due to the substantially unified manner of operation these disparate tactile feedback devices, the flight
simulation user will benefit from the illusion that these disparate devices are all attached to the same physical structure.

Referring to FIG. 26C, the driving simulation scenario consists of a steering wheel, a gear shifter, and a pedal unit.
The same tactile feedbsck seating unit 510 and chest harness §20 that are used in the flight simulation scenarios (FiGs. 27 and

28) are also implemented in the driving scenario. What has changed are the peripheral tactile sensation actuators and the
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control input devices that they are applied to. In a preferred implementation, the tactile sensation generators for the steering
wheel 570 are attached to one or more of the spokes that connect the steering wheel to its hub, as depicted in FiGs. 69-72.

FIG. 35A is a front view of a steering wheel. FIG. 35B is a side view of a steering wheel. FIG. 35C is a front view of a
steering wheel, with tactile sensation generator 570 attached to one spoke on the steering wheel with the attachment means
of FIG. 30C. FIG. 35D is a side view of the apparatus of FIG. 35C. In this way, the activity of the tactile sensation generator
can propagate through the steering wheel. In another implementation, the tactile sensation generator housing of the steering
wheel tactile sensation generator 570 can be implemented as a two part housing, the two parts of which sandwich a given
steering wheel spoke, with one of the two parts containing a vibratory motor. The two parts can be fastened together with
screws and screw receptacles, or with some commonly implemented equivalent, such as nuts and bolts or mating snap
connectors. These connectors could be made to specifically match any given specific steering wheel spoke design, or can be
implemented as a general purpose attachment. In other possible implementations, tactile sensation generators could be
mounted on the center hub of the steering wheel, or within the steering wheel itself. Additionally, small motors may be
inserted into the palm area of a pair of padded driving gloves that are worn by the user.

Referring again to FIG. 26C, tactile sensation generators are mounted to the pedal base unit 580, thereby simulating
vibration that would normally be feit through the floor of the vehicle. Essentially, a vibratory actuator within a plastic housing
can be attached to the pedal base unit with Velcro hook and loop fasteners or two sided adhesive foam tape. One or more
actuators can be used as desired. Tactile sensation actuators can be implemented upon the provided pedals that protrude
from the base of the pedal unit, such as gas, brake, and clutch pedals 585. Brake pedal actuator(s) can simulate such things
as braking resistance, wheel lock-up, and anti-lock brakes, with vibratory motors or solenoids, or both. Clutch pedal
actuator(s) can simulate such things as clutch slippage and poorly timed shifts in a similar manner. These items are illustrated
in FIGs. 73-76.

FIG. 36A is a top down view of a pedal unit control input device. FIG. 36B is a right side view of a pedal unit control
input device. FIG.36Cis a top down view of a pedal unit control input device, with a pedal base tactile sensation generator
580 attached to the base of the pedal unit, and a brake pedal tactile sensation generator 585 attached to the brake pedal. FIG.
36D is a side view of the apparatus of FiG. 36C. in FIGs. 75 and 76, the attachment mesans is that of FIG. 30B, while power
distribution cable 468 powers the pedal unit tactile sensation generator 580, and power distribution cable 466 powers the
brake pedal unit tactile sensation generator 585. In the brake pedal tactile sensation generator 585, a solenoid (see FIG. 20E)
and/or a vibratory motor (see FIG. 29C) can be used.

Referring again to FIG. 26C, a tactile sensation actuator is embedded within the shift knob itself 575, when possible.
FIG. 37A is a side view of a shift knob upon a shaft. FIG. 37B is a shift knob tactile sensation generator 575, comprised of a
housing with two halves 575A and 575B, such that the two haives can accommodate a vibratory motor (see FIG. 29C). A
horizontal tightening screw 576 can be tightened such that the shift knob tactiie sensation generator 575 becomes firmly
sttached to the shaft 577. Power distribution cable 465 powers the vibratory motor within the shift knob tactile sensation
generator 575. FIG. 37C is equivalent to FIG. 37B in all respects, except that a solenoid {see FIG. 29F) is aiso contained within
the shift knob tactile sensation generator 575. The solenoid is powered by some power distribution cable 460. In FIG. 37D, a
dense foam insert 578 lines the interior of the shift knob, such that the shift knob can be twisted upon shafts of varying
diameters, and generally remain firmly upon the shaft 577 until twisted off, ° ]

Ultimately, in the typical driving simulation scenario depicted in FIG. 26C, comprised of a steering wheel,
transmission shift knob, and floor pedal base with individually functioning pedals, where tactiie sensation actuators are
distributed throughout these disparate control input devices 570,575,580,585, and simultaneously within a seating unit 510
and a chest harness 520, or some subset thereof, the simulation user will be exposed to tactile sensations that help to
convince his or her senses that the simulation is real. Furthermore, due to the substantially unified manner of operation these
disparate tactile feedback devices, the driving simulation user will benefit from the illusion that these disparate devices are all
attached to the same physical structure.

In FIG. 26D, the first person perspective open-body combat game, the central tactile feedback device is 8 vest-based
tactile sensation generator 595. One very common control input device used for 1* person perspective combat games, and
for most console games, is a hand-held game pad. FIG. 38A depicts a front view of an illustrative hand-held control input
device. FIG. 38B is the back of the controller of FIG. 38A. Vibratory motors and/or solenoids can be attached to the hand-held
game pad as depicted in FIGs. 83 and 84. In FIG. 38C, a vibratory tactile sensation generator 590 is attached to the back of the
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hand-held control input device. The single tactile sensation generator is effective for both hands, due to the small size of the
hand-held game controller. In FIG. 38D, tactile sensation generators for the left hand 590 and right hand 591 are contained
within a single housing. A first vibratory motor 590 predominantly services the left hand, and a second vibratory motor 591
services the right hand. Additionally, a solenoid 594 rattles the hand-held controller {see FIG. 29E). These tactile sensation
5 generators may be embedded within the hand-held controller at its point of manufactﬁre.

in all cases where small relatively smali motors and solenoids are used, batteries can be used as power supplies. In
this way, simple digital TTL signals can be used to activate the various tactile sensation actuators. Furthermore, digital signals
can be transmitted over wireless communication means, such as infrared and radio ltinks, which would obviate the need for
power distribution cables 460. Therefore, it is possible that a given set of distributed tactile sensation generators can be self

10 powered and wireless, while not departing from the incorporated teachings.

Although various embodiments which incorporate the teachings of the present invention have been shown and
described in detail herein, those skilled in the art can readily devise many other varied embodiments that still incorporate
these teachings. Accordingly, the described embodiments are to be considered in all respects only as illustrative and not
restrictive. Therefore, it is to be understood that nothing shall be construed as a limitation of the present invention, other than

15 the structure recited in the appended claims.
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APPENDIX A Host-Independent “AudioSense™" System Andiysis Disptiy-Modes

LED DISPLAY MODES HELP DIAGRAM

123456789012345¢678892
A AN I N o
N __CACULATED AudioSense results____ /

This is the most common display. Most AudioSense files will use this display
to help you calibrate AudioSense for an{ngwen game. This mode shiows the
total CALCULATED results of the BASS, MIDRANGE and TREBLE audio after heing
processed by AudioSense. All three audio bands share this one segment of 211
20 LEDs, Tite a YU meter on a stereo.

LED DISPLAY MODES HELP DIAGRAM

2456789012345¢67889 20
"I"I’I'l"l’l’l’l.‘l
\ CACULATED AudioSense results____/

This display is just 1ike the first mode, but displays a scanning DOT irictead
of a bar graph., This mode allows you to actually see the rapid fluc tuations
typical of digital audio signals.” This display can be used to help dizl 1n
effective RISE RATE and NECAY RATE AudioSense settings, when necessary.

12
]

LED DISPLAY MODES HELP DIAGRAM

1234567859%50123456789 2
’nﬂi'ﬂgduﬂnb-h'-b-_b.bn
left mirror__/ \__right mirror__/

This digplay s just 1ike the previous DOT mode, but display: two orpos'.'ing
mirrors of a scanning dot. This is the only LED mode that was nos horn cut of

ﬂecessity. T zimply thought it might Took cool during certain simulaticas, so
ere 9t 1s.

LED DISPLAY MODES HELP DIAGRAM

1¢345678901234567889 20
L LA A N R ol
\_CAL EASS_/ \_CAL MID_/ \_CAL TREB_/

This mode divides the available LEDs into 3 individual segments, cffectively
creating three_ ‘independent LED meters. Each segment shows a singie processed
audio band, al1lowing this mode to show you all three independont audic bands
simul taneously. AlT three segments are CALCULATED, so they shiow the c-:‘rrnp'itzte
resul s of AudioSense digital signal processing in real time. However, with

each segment made up of only 6 LEDs, the display is rather low in rezcluticn.

LED DISPLAY MODES HELP DIAGRAM

1234567890123456789 20
A A A I N N Nl S

N CALCULATED BASS results_____ /

This display shows the CALCULATED BASS results, after being processud by
the BASS AudicSense parameters. This display will give you the bast

available view of the CALCULATED BASS audio resul ts, as this mode displays
the BASS results over 211 20 LEDs.

LED DISPLAY MODES HELP DIAGRAM

1234567890123456789 20
PPPPP"PP"""P’V"P‘PV‘.’.‘
\ oo ——CALCULATED MIDRANGE results____

This display shows the CALCULATED MIDRANGE resul ts, after being processzed by
the MIDRANGE AudioSense parameters. This display will give you the best

available view of the CALCULATED MIDRANGE audio resul ts, as this mode disnlays
the MIDRANGE results over all 20 LEDs
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LED DISPLAY MODES HELP DIAGRAM

1234567890123456783520
D’P‘P‘?PP’PP’P‘P.‘P?P’PPP'PP
\_____ CALCULATED TREBLE resul ts

This display shows the CALCULATED TREBLE results, _after being processed by
the TREBLE AudioSence parameters. This display will give you the best

available view of the CALCULATED TREBLE audio results, as this mode displays
the TREBLE results over all 20 LEDs.

LED DISPLAY MODES HELP DIAGRAM

12345678950123456789520
FEP PR
* RAW BASS____/ \__ CALC BASS___/

This display shows = direct comparison between the RAW BASS audio sigrial as it
is digitally sampled, and the CALCULATED BASS results after being yrocesced by
the BASS AudioSense parameters. With this display mode, you can ciearly see
how the BASS audio gignal is processed by AudioSense, in real time.

LED DISPLAY MODES HELP DIAGRAM

123456789012345678920
A AA LA AE NN S A A ANy
“__RAW MIDRANGE__/ \__CALC MIDRANGE__/

This display shows 3 direct comparison between the RAW MID avdio zignal as it
is digitally zamplad, and the CALCULATED MID results after being processed by
the MIDRANGE fudicSensz parameters. With this display mode, you can clearly
see how the MIDRANGE audio signal is processed by AudioSense, In rea: time.

LED DISPLAY MODES HELP DIAGRAM

34567890123456789320
Y S A 2 a Al Adddds
_RAW TREBLE___/ \__ CALC TREBLE___/

Thiz display chows a direct comparison between the RAW TREB audio sgnzl as Ak
is digitally samplad, and the CALCULATED TREB results after baing processzd by
the TREELE AudioSensze parameters. With this display mode, you_can learly sze
how the TREELE audic signal is processed by AudioSense, in real t-mz.

12
L 4
L

LED DISPLAY MODES HELP DIAGRAM
123456789012345678920
.vwvrrb-»rrrrr—rrbhrr
RAW BASS_/ \_RAW MID_/ \_RA¥ TREB_/

This mode divides the available LEDs into 3 individual segments, effectively
creating three independent LED meters. Each segment shows a sing'e R&W audio
band, allowing this mode to show you all three audio bands simul tancously.

All three segments zre RAW, so they show the d1g1ta1_1ﬁ sampled audiv values
BEFORE they are processed by AudioSense, However, with each segment merde up of
only 6 LED3, the display is rather Tow in resolution.

LED DISPLAY MODES HELP DIAGRAM

123456789012345678920
I"D‘hVP'PD'PPP'PPP_PP'D'P'P'PP
o RAW BASS audio

This display shows the RAW BASS audio_signal as it s digitally sampled.

This mode will @ive you the best available view of the RAW BASS audin
activity as it 1s gemerated by any given game or simulation.

BNSDOCID: <WO___9917850A2_1_>



WO 99/17850 PCT/US98/19905

30/3

APPENDIX A LED DISPLAY MODES HELP DIAGRAM

12345678901 234567889 20
[l N S I I N

N ____RAW MIDRANGE audio_________ /

This display shows the RAW MIDRANGE audio signal as it is digitally sumpled.
This mode will give you the best available view of the RAW MIDRANSGE audic
activity as 1t 15 generated by any given game or simulation.

LED DISPLAY MODES HELP DIAGRAM

23456789012345¢6789 20
Ll I e e S O
\ — RAW TREB audio___
This display shows the RAW TREBLE audio signal as it is digitally camplec.

This mode will giva vou the best available view of the RAW TREBLE audo
activity as 1t <z generated by any given game or simulation.

1
»

Host-Denendent “intelliVIBE™” System Analysis Display Maodes

LEU ULSPLAY MUULS HELF ULAGRAM

2345678901234567889 2
Ll S N L e
e MaIn intel 14VIBE signal______ /

This display moda vi11 show the main intelliVIBE signal on 211 20 LED,
The mzin s3gnal s knewn zc ZONE O, or as the device LEADER. The rtel Y 5VIBE

main signal s inique in that it does not control any specific zo1e, bt all
other zones (1-8) will FOLLOW this signal uniess they have been direcztly
told not to ds zo. If ntel)iVIBE zones 1-8 are all doing thzir swm “hing,

this dieplav may ke dead, even though activity s happening i sovier: .

LED DISPLAY MODES HELP DIAGRAM

1 :234567890123456789 20
r-b-&gb.-b-'blb-‘b-?-b-'
‘e main intel1iVIBE signal_______/

This display 5 just 1ike the first mode, but displays a scanning 00T insteid
of a bar graph.

L

m

D DISPLAY MODES HELP DIAGRAM

1234567890123456789 20
A A SRR LR LR XA
\.TFSU BACK_/ \_LEFT LEG_/ \_RIGHT LEG_/

This disolay mode shows the activity in al) three zones of the TFSU.
LEDs 1-6  show the activity in the ZONE 1 TFSU BACK section.

LEDs 5-14 show the aztivity in the ZONE 2 TFSU LEFT LEG saction.
LEDs 15-20 show the astivs ty 1n the ZONE 3 TFSU RIGHT LEG section.

BNSDOCID: <WO___9917850A2_|_>



WO 99/17850 PCT/US98/19905
30/4

APPENDIX A LED DISPLAY MODES HELP DIAGRAM

12345¢789012345678920
1%11111111&&?'?&!??'
\__TFSU LEFT LEG_/ \_TFSU RIGHT LEG_/

This display mode shows the activity in the LEG section of the TFZl.
LEDs 1-10 show the actiwvity in the 2ONE 2 TFSU LEFT LEG section.
LEDs 11-20 chow the actiwvity n the ZONE 3 TFSU RIGHT LEG section.
LED DISPLAY MODES HELP DIAGRAM
123456789012345678920
PD‘P‘P‘P‘P”'""P"“Q"""""Q"
\___MATM ZONE O___/ \_EXP ZONE 4__/

This display mode_shows how EXPANSION ZONE 4 is behaving in relation to the
ZONE O main intel17VIBE cignal.

LEDs 1-10 show tite ZONE O main intel1iVIBE signal.
LEDs 11-20 show the activity on EXPANSION ZONE 4.

LED DISPLAY MODES HELP DIAGRAM

12345678901234567859520
Irirbhr-bbbbbb-bbrbhb
\__Z0NE 0_/ N\ZONE S__/ \_20NE 6_/

This display mode shows how EXPANSION ZONES 5 & 6 are behaving in relatinn to

the ZONE O main intz111VIBE signal.

LEDs 1-6  show the ZONE O main intel)iVIBE signal.
LEDe 8-13 show the activity on EXPANSION ZONE S.

LEDs 15-20 show the activity on EXPANSION ZONE 6.

LED DISPLAY MODES HELP DIAGRAM
3.23456789012345678920
‘1'1*]‘1111‘1“"‘7‘.""?"’!"
‘___EVP ZONE 5/ N\ _EXP Z0NE 6___/

This display mods shows the activity on EXPANSION ZONES 5 & €.
LEDs 1-10 show the activity on EXPANSION ZONE 5.
LEDs 11-20 show tha activity on EXPANSION ZONE 6.

LED DISPLAY MODES HELP DIAGRAM

1234567890123456789520
rrhr-rr-rrrvhr-rrrrbr
\_ZONE O__/ \ZONE 7_/ N\ _ZONE 8_/

This display mode shows how EXPANSION ZONES 7 & 8 are behaving in r=lation to
the ZONE O main intell4VIBE signal.

LEDs 1-6 show the ZOME O main intel1iVIBE signal .

LED: 8-13 show the activity on EXPANSION ZONE 7.
LEDs 15-20 show the activity on EXPANSION ZONE 8.

LED DISPLAY MODES HELP DIAGRAM
123456789012345678920
4111114111.""?"?"?”
___EXP Z0ONE 7/ \____ EXP 20NE g___/
This display mode shows the activity on EXPANSION ZONES 7 & 2.

LEDs 12-10 show the activity on EXPANSION ZONE 7.
LEDs 11-20 show the aztivity on EXPANSION ZONE 8.
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APPENDIX A LED DISPLAY MODES HELP DIAGRAK'
L23356785012345678920
il N N N N

N ZONE 1 TFSU BAK.__ %

This display mode shows the activity on the ZONE 1 TFSU BACK section.

‘!’ ~

LED DISPLAY MODES HELP DIAGRAM

123456789012345678920
ol N N N N N O S e
N 20NE 2 TFSU LEFT LEG_______/

This display mode shows the activity on the ZONE 2 TFSU LEFT LEG section.

LED DISPLAY MODES HELP DIAGRAM
1234567890123456789 20
PR

\—eZONE 3 TFSU RIGHT LEG__/

This display mode shows the activity on the ZONE 3 TFSU RIGHT LEG coction.

LED DISPLAY MODES HELP DIAGRAM
1234567895012345678920
Ll R N N O S
| N EXPANSION 20NE 4_______ /

This display modz shows the activity on EXPANSION ZONE 4.

ILED' DISPLAY MODES HELP DIAGRAM

4956789012345673920
“P' Adddddddd IR ]
\ EXPANSION ZONE 5

This display mode showe the activity on EXPANSION ZONE S.

‘T N
\.F

LED DISPLAY MODES HELP DIAGRAM
345678901234567889 20
L R L
\____..___EXPANSION Z0NE6_______/

This display mode shows the activity on EXPANSION ZONE 6.

" ~J

LED DISPLAY MODES HELP DIAGRAM

123456789012345678920
L R N N O S

N EXPANSION ZONE 2/
This display mode shows the activity on EXPANSION ZONE 7.

LED DISPLAY MODES HELP DIAGRAM

67890123456789 20
A dddd N A N NN N

EXPANSION 20NE 8—_.__/
This display mode shows the activity on EXPANSION ZONE 8.

1234¢8
:blﬂ-hh’
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What is claimed is:

1. in a computer gaming or simulation system, apparatus for providing , in response to signals generated by said
computer gaming or simulation system, tactile sensations to a user of said system, said apparatus comprising:

a flexible pad;

a plurality of actuators, attached to said pad, for selectively generating tactile sensation, and;

a control circuit, coupled to said plurality of actuators, where said control circuit is responsive to a direct digital
control signal for generating a control signal to control activation of said plurality of actuators, where said signal corresponds

to action portrayed on said computer gaming or simulation system.

2. The apparatus of claim 1, where said flexible pad further comprises:
a first portion being substantially rectangular;
a second portion, attached along an edge to said first portion, being substantially rectangular; and

where said first portion interfits with a back portion of a chair and said second portion interfits with a seat portion of

a chair.
3. The apparatus of claim 1 wherein said flexible pad is affixed to a stationary seating system.
4. The apparatus of claim 1 wherein each actuator in said plurality of actuators is an electric motor having a shaft with

an offset weight attached thereto.
5. The apparatus of claim 4 wherein each of said electric motors is enclosed in a housing.

6. The apparatus of claim 5 wherein each of said electric motors is embedded in said flexible pad and a covering
material is affixed to a surface of the flexible pad where each of said electric. motors is sealed within said flexible pad by said

covering material.
7. The apparatus of claim 1 wherein each actuator in said plurality of actuators in independently activated.

8. The apparatus of claim 1 wherein said plurality of actuators are organized into groups and each of said groups is

independently activated.
9. The apparatus of claim 1 wherein said flexible pad is substantially shaped as a motorcycle seat.

10. The apparatus of claim 2 wherein said first portion contains a first set of actuators, and said second portion contains

8 second set of actuators.

1. In a computer gaming or simulation system, apparatus for providing , in response 1o signals generated by said
computer gaming or simulation system, tactile sensations to a user of said system, said apparatus comprising:

a flexible pad;

a plurality of actuators, attached to said pad, for selectively generating tactile sensation, and;

a control circuit, coupled to said plurality of actuators, where said control circuit is responsive to an audio signal for
generating a control signal to control activation of said plurality of actuators, where said audio signal corresponds to action

portrayed on said computer gaming or simulstion system.
12. The apparatus of claim 11, where said flexible pad further comprises:

a first portion being substantially rectangular;
a second portion, attached along an edge to said first portion, being substantially rectangular; and
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where said first portion interfits with a back portion of a chair and said second portion interfits with a seat portion of

a chair.
13. The apparatus of claim 11 wherein said flexibie pad is affixed to a stationary seating system.
14. The apparatus of claim 11 wherein each actuator in said plurality of actuators is an electric motor having a shaft with

an offset weight attached thereto.

15. The apparatus of claim 14 wherein each of said electric motors is enclosed in a housing.

16. The apparatus of claim 15 wherein each of said electric motors is embedded in said flexible pad and a covering
material is affixed to a surface of the flexible pad where each of said electric motors is sealed within said flexible pad by said
covering material.

17. The apparatus of claim 11 wherein each actustor in said plurality of actuators in independentiy activated.

18. The apparatus of claim 11 wherein said plurality of actuators are organized into groups and each of said groups is

independently activated.

19. The apparatus of claim 11 wherein said flexible pad is substantially shaped as a motorcycle seat.
20. The apparatus of claim 1 wherein said pluraiity of actuators are activated as a unified whole.

21. The apparatus of claim 11 wherein said plurality of actuators are activated as a unified whole.
22. The apparatus of claim 12 wherein said control circuit comprises:

an audio signal processor for processing said audio signal and generating a processed signal; and
a control signal generator, coupied to said audio signal processor, for generating, in response to said processed
signal, said control signal.

23. The apparatus of claim 22 wherein said audio signal processor comprises:
an analog pre-processing section: and

a digital post-processing section.

24, The apparatus of claim 23 wherein said digital post-processing section comprises:
a reconfigurable algorithm that can mathematically manipulate the digitized audio signal based upon
reprogrammable parameters.

25, The apparatus of claim 23 wherein said analog pre-processing section comprises:
frequency filters to separate frequency components from the audio signal, whereupon each frequency so separated
is converted into digital data via an ADC.

26. Apparatus for receiving a signal from a host computer for generating a control signal for a plurality of tactile
sensation generators comprising:
a processor for processing said signal from the host computer to produce a master control signal, where said

master control signal is used to derive one or more control signals to activate the tactile sensation generators.

27. The apparatus of claim 1, wherein one of said tactile sensation generators is a shift knob.

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO__ 9917850A2_|_>



l "OId

PCT/US98/19905

1/35

WO 99/17850

SUBSTITUTE SHEET (RULE 26)

901
N J__.
— |
T I
L — _
NOILD3S ﬂ |
1N3IAN3d43d 1SOH ]
LLL
(iY4% 911 voL 20T
SHOL1VYY3INIO & |- L (431NdWOD
NOILVSN3S |e 1SOH)
IL0VL r41N £01
LN3AN3d43anI 6Ll L 310SNOD
IdILINN NOILD3S | -— JAVYO O3AIA
LIN3IAN3I43aNI LSOH HO
8Ll HILNdWOD
OIT Y3710HLNOD
NOvEa33d 3LIvVL
TVSHIAINN

001 W3LSAS XIv8a334 3T1LIVL TVSHIAINN

BNSDOCID <WO___9917850A2 [ >



WO 99/17850 PCT/US98/19905
2/35

460

FIG. 2
@PO 0
) (

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO___9917850A2_(_>



PCT/US98/19905

WO 99/17850

3/35

0%
<>
(AVdSiq)
am Lkt
B |
. 233 : 6L1
STHOLIMS __-...uns..u....n....r..uzmammmmawmm:_ﬂu..
¥y —— <»| T Wod | | |
|
| HOSS3oOud  [@*| 2T Ww | _ :
"l - M lllllllllll - i
| (4] 1 | 1§
o NOILO3S | |
| (3 ONISSI00Hd A
(S)HILHIANOOD -audwNois| | o))
.  vueIa oanv | |
-O1-90TYNY
0%E _ NOILO3S |
SLINOYID 1L 2IT IN3AN3J3aNILSOH |
HOLIMS Ll e e e e e e e e T T -
Tohm_mzsu_p <+
YITIOHLINOD
02E HITIOHLNOOOHOIW OIT  >ovea33d IuLovl

€ DOl

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO___9917850A2_[_>



PCT/US98/19905

4 / 35

WO 99/17850

r i
|
I | “
! 73 I
“ ONISS300Hd I
150d - ]
“ olany _1 i
I vLI9Ig 0EE 0EE 0¢E i
| 3 H31H3IANOD HI1HIANOD H31YIANOD [
| WL9Ig vLI9Ia WLDIa |
| ol oL oL |
I DO IWNY DOTYNY DOTVYNY “
| oz HITIOHLNODIOHIIN ) ¥ | B
e e e e o e —— — — — —— — —— — — —— e e e —— ——— — r—— ——— — — e — — —— —— — — — — — —— —— — — — — ———y am—
L~ CLL L— 291 — ZG1
0%v (172 0cp
H344Ng Y344N9 H34dNg 01
Mv3d Mv3d Mv3d 310SNOD
anv anv anv AWVYD 03AIA
Y314 ETRIE ETRIE! HO
olany olany olany H3LNdWOD
319341 JONVHAIN ssvg
ﬁ Syl ﬁ
075 €01
oy —
r—{—
mmmﬁ&g t%w__u _ _
NIVD R
1aVIHVA 1NOy4 w__ F
(1] E3 NOILI3S DNISSIO0HL-3Hd TYNOIS OIANY DOIVNY
v 'Ol

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO___9917850A2_|_>



PCT/US98/19905

WO 99/17850

5735

[ ——_——————

lllllllllllllllllllllllllll .
_
|
_
_
HBT _
0%y _
e e
Wl
= ¥ =
W om0 3 ~0S ;|| w1 8Ll
_ H L AN 40 TANNVHO
GvlL M +o Olanv LHOIY
»
Y b
_ 62 v | T T 8Lt
224 lerent W ~A—] 40 13INNVHO
2, | eza ™ o £ olany 1437
027 dINV3IYd NIVD F1GVIHVA |l

T T e e e e e e e M — ——— ——— — — —— o v . oo

e — i —— . s —— e e e ]

SUBSTITUTE SHEET (RULE 26)

9917850A2_|_>

BNSDOCID: <WO,



PCT/US98/19905

WO 99/17850

llulllllll.ll'lllllIIIIIIIIII.'IIIIlll'lllllvllllll"llllll

— — —

|

I

I

|

| t
_ Wy

|

|

I

..
TEd S7D oTHENT W
Nmp cu.nzn_ 9 o I_l !m“. 3za . qm—l
BoN s - [-TA & VHWv
OE 434408 Yv3d ONv ¥31T4 olanv ssve 6 "DId e

IIIIIII.III..I'!IIIIIIIllllllllllllllllllllllllllll'lllll

MNES ZZa
“ANA— — AN
A0OT T2M

|

|

|

|

|

pZEWT - AN |
#00T  0zY |
[

|

_

4

osn —rn——1GP 1L
HOGY 67

In'lllll'l"ll.Il'..llII'IIIIII"«IIIII‘IIII'I'&IIII'!}"II

L |

SUBSTITUTE SHEET (RULE 26)

)___S817850A2_|_>

BNSDOCID: <WO



WO 99/17850

7 / 35

FIG. 10 1005
INTIALIZATION 4~ 1010
1020 _—1025
YES EXECUTE
DEMO ? o
NO
1035
'f DETECT 1030
YES
corfégﬁgﬁlon CONFIGURATION -<
COMMAND/DATA COMMAND ?
NO
1040 1085
HOST '
EXECUTE
DE,ZE%%%“T NO |AUDIO SIGNAL
POST
PROCESSING
» | YES
1
055 1050
NITIALIZATIO IS DIGITAL
AND RESET CODE CONTROL
ND \\PROVIDED? ACTIVE?
YES =
1057 _— 1060
DIGTAL »| DIRECT CONTROL
OONTROL SIGNAL POST
| REMAINS PROCESSING
INACTIVE ‘ 070
T
GENERATE TACTILE
SENSATION CONTROL g
SIGNALS
1095

BNSDOCID: <WO___9917850A2_|_>

PCT/US98/19905

o D

SUBSTITUTE SHEET (RULE 26)



PCT/US98/19905

WO 99/17850

8 / 35

SSV81M03Aavd HSYY)

A_

) SSV8QT0H HSVH)

A

SSYENVJS JNIL HSVYD

A

SSVE3ANLINDVIN HSVHD

A

SSY83) vy AvD3d

A

SSV831vy ISy

—A__

0s¢cl _ SSYSNNINIXVYIN

A

SSY8y371MvND3

A

SSYEYINAILININ dWVIHY

A

SSY8Y3141TVND dWV3Yd

—A

$SVayDI13IN0S

¢ll SISATVYNV OldNV SSvg

¢l 'Ol

oviL

TYNOIS TOHLNOD
HILSYN
31VH3IN3ID 01

S17INS3y

3718341 G31vINITWD pue

"FJONVHAIW G3LVINDIVD

'SSV8 A3LvVINIIVD

ANIBWOD

i

SHILINVYVd
SISATVYNY O1anY
HLIM
S3INIvA
SSvE Mvy pue
‘JONVHAIN MY
‘SSve Mmvy
$S3204d

#

S3NvA
SSv8 MVY pue
"JONVHAIN MY
‘SSvE MvY
3LVHINID OL
STIVNOIS 01aNY 90TYNY
37111910

SOLL

S0t

ONISS300Hd"1S0d 0laNV TvLIDIg

L1 'Ol

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO___9917850A2 | >



PCT/US98/19905

9 /35

WO 99/17850

i Wt

SLINJHID
HOLIMS BOLSISNVHL
0EPL === VIA SHOLVH3INIO TVYNDIS
NOILVSN3S 310VL 0ZEL — 1041NOD
OL SIWNOIS TOHLNOD
WM aN3S INTVA MMM_M%
ovelL .L, ALIAILDY
32IA34 SV
g1H0d 3Isn
S$301A3Q INVAT13Y
404 SINIVA WM
0P —— 31vH3aN39 0L 318VL oLEL
IYNDIS TOHLNOD TVLIDIa
3H1 OL
NOLVISNVEL Alddv YILNIOd 3IAZQ ENOILYLININI 4N
0€eL — SV 3MYA JHVYMAHVYH
V1HOd 3SN Ji4103dS SIHL
HO4 AlVA 3NTTVA
V1H0Od Si
318vL
oivl ™ TYNDIS 10HINOD TVLIDIa
31vadn
o007l STVYNDIS TOHLINOD
NOLLYSN3S 31LIVL ILVHINID 0901 DNISS3ID0Yd-LSOd TVYNOIS TOHLNOD TVLIDIa
L Ol €L 'Ol

SUBSTITUTE SHEET (RULE 26)

9917850A2_|_>

BNSDOCID: <WO



PCT/US98/19905

WO 99/17850

10 / 35

[N 301A3a | [ 3nVA WMdJ N 30IA30 e

% »

{3NIVA ALINLOV N 301A3a | [N 301A3G ]

~ *

{30vA ALINLOV SL30IA3A ] [S1 30130 ]

{st 301a3a | [ 3nIva wmd st 30iA3a

{rt 3021A3a | [ 3NIVA WMd L 3D1A3Q

{3N1vA ALIALLDY p1 301n3a ] [vL 301A30 ]

€L 301A3a | [ 3nTvA Wmd €1 301n30

{3NTVA ALIALLDV €1 301A30 | [£1301A30 ]

[21 301A3a ] [ 3nIvA Wmd zL 30iA3a

{3NIVA ALINILDV 21 30IA3a | [21 391A3a ]

[t 3021A3a ] [ 3NIVA WM L 30IA30 |

{307vA ALAILOV L1 301A3a ] [ 11 30130 |

{01 301A3a | [ 3nTvA WMd 0L 301A30 e

H3NvA ALIALOVY 01 301A3d | [0t 301A30 |

[ 3nvA ALlALDV 6 301n30 | [6301A30 ]

{ 3NTvA ALIAILOV 8 301A30 | [8301A3q |

[ 8321A3a | [ 3nIvA Wmd 8 301A30

{ £321A3a | [ "3nIvA wmd ¢ 301A3a

{3NIvA ALINLDV ¢ 301A3a | [ 301A3a ]

[ 930730 | [ 3nIvA Wmd 9 3D1A30

{3n7vA ALIAILDV 9 301A3d | [9301A3a ]

[ s321A3a | | "3nIvA wmd s 301A3a

1 30VA ALIALLOY 6 30IA3a | [ 30iA3q |

{ 3NIVA ALINLOV ¥ 301A30 | [ v 30IA3d |

| v3oiaza | [ 3nva wmd v 30130

{ 3NIVA ALIALLDY € 301A30 | [£301A30 |

[ €321n3a | | 3nIvA WMd € 301A3a

[ z239A30 ] [ 3nIvA wmd z 30ia30

{ 3NIVA ALAILDV Z 30i1A3a | [z 301A3a |

{ 1301IA3a | [ 3nTvA WM L 3D1A3G

0EST
378v1 TVYNDIS T0HLNOD
WMd LNIAN343IANI 3TdILTNIA
a3Sva WvH TVNYILNI

I — @
- —
[ — @
fe 0
fe —0
—0=

@
e —0e
fo— o=
e —@=
fo— L o

= @
j= — @
e — @
| L
0zst

STETENO

1NdLno

H3IMOd

O1d4103dS

EREN

{ 3NTvA ALAILDY L 30IA3a | [T 301A30 |

 3NIVA ALIAILOV 0 391A3d | [0 301A3a |

0151
318V.1 TVNDIS T041INOD ViIDIa

a3svd INVH TVYNYHILNI

et GL 'Ol

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO___9917850A2_|_>



PCT/US98/19905

WO 99/17850

11 /7 35

0931
JA0ON FAIZD3Y

0€91
HITANYH

NOISSINSNVYHL

0691
¢3002
NOISSINSNVYL
aN3 = ViH40d

G891
{0 < V1HOd

0891
V.140d 1v1I91a NO
OH3IZ-NON HO4 LivMm

A

NOISSINSNVHL
viva lix3

S69l
H313WVHVYd 3"IS3IAa HOA
3NTVYA M3N SAT10H MON
81404 ANV ‘H313NWvHvd
d34IS3Q O1 H3LNIOd
SAT0H MON V140d

0s9r
¢VLHOd A8
Ol Q3INIOd H31L3NWVHVd
404 vO37 INTvA
B81Y0Od Si

ON

St
0=V LHOd 3IHM
INTVA M3N S3AIFI3H
81H0d TvLii9oia

9991
V140d Tv1iioig
NO OH3IZ HO4 LIvM

V1ivQ HO1vE
WOY4 NYN13Y

G291
1N3NOdJWOD
38041S
4399141
1X3N LIvMmY

giot
£Q3YidX3

3JNIiL 3904LS
Y3091 IX3N
asmonv

ovor
Gl H3LINVYV
HILINVYV
JONVHI LON
Q3WIS3d OLNI o0 IR
IMVA M3IN 14300V AN 1933l
oTor
S3A {ILINdNOD
SAGOYLS HIODOIYL
NOILVYIINNWINOD
STor HOL1vE 11V
3QOW IAIFDIY
NOISSINSNYHL |
V.1vVa H3LNI

S3A

0291
HY3INNOD
39041S
4390141
13S3y

0091 ¥31ONVH NOISSINSNVHL Viva HOLve 9| "D

SUBSTITUTE SHEET (RULE 26)

9917850A2_I_>

BNSDOCID: <WO,



PCT/US98/19905

WO 99/17850

/35

12

it

H3TIOHINOD
M0v8d334 IULOVL
TVSHIAINN

408

ovil
SNOILINYLSNI NOILVHEITVD
JAON SISATVYNY OIdNV
J14103dS NOILVYIINddY
AVY1dSid

(A1
H3T0H1INOD XOv8a334

o —— e —— — — ————

FNLOVL IVSHIAINN OL
13S v1va NOILYHNDIINOD
F1314NOD LIWSNVHL

0zl
714 NOILVHNDIENOD
J13103dS NOILVYDIddVY
d319313s ¥3asn
WNOY4 SONILLIS J141D3d4S avOt

oLl
34 NOLLVHNDIINOD LINV43a
WOYd SONILL3S 1INV433 avol

00zt

| NOISH3IA NOILNIAHILNI H3ISN ON
INOILVOITddV IHVML40S NOISSIWSNVYL v1vad HOLvd

T ST T M M S e i e T W i ot — r—t —— ——— — — —— — — — " —— —— ——— o o oo

201 3T0SNOD JNVD O3AIA HO HILNIWOD

Ll 'Ol

SUBSTITUTE SHEET (RULE 26)

9917850A2_I_>

BNSDOCID: <WQ



PCT/US98/19905

WO 99/17850

13 /7 35

[}

H37T0HLINOD
A0vEd33d 3T11L0vL
TVSHIAINN

081
AHVSSIDIN NIHM
34 M3N 3Lv3IHD
‘3714 NOILLYHNDIANOD
31VIHdOHddv
Ol VLVQ NOILYHNOIINOD
LN3IHHNI 3AVS

098l
HN3DJ0 AIHL Sv
43T10HLNOD MOvEa33d

FULIVL TVSHIAINN
01 V1vQ NOLLYHNOHENOD
NI SONVHOI 11V LINSNVHL

voL

008t

mzo_wmw> NOILN3AHILNI ¥3SN

“ZO_._.<U_._n_n_< IHVMLIOS NOISSINSNVHL Yiva HOLvE N

4LIX3 OL SINVM
H3sN

¢34
NOLLYHNDIINOD V OL
V1vQ NOLLVHNOIINQOD
ANIHHND ONIAVS
435N

0est
{V.LVA NOILYHNDIINDD
NI SIONVHD
ANV

[or4:1%

V1VQa NOLLYHNDIINOD
TV 40 NOILVININVIN
ASV3 MOTTV OL 3OVHILNI
H3SN TVYIIHdVHO LNISIHd

g

)

0l81
34 NOILVHNDIINOD LINV43a
WOH4 SDNILLIS 1INV43Q Avon

|

€0l 3T0SNOJ 3NVD 03AIA HO HILNdWOD

8L 'Ol

SUBSTITUTE SHEET (RULE 25)

9917850A2_1_>

BNSDOCID: <WO,



PCT/US98/19905

WO 99/17850

14 / 35

G961 m

0961
WH1SAS 3H1 A9 Q3LVH3INIO
A0vads33d 3L0vL
3H1 12344V OL
G34iS30 ATIVNOSH3d SV
SHILINWVYHYC HIHLO0 11V ANV
SONX NOILVHE8ITVD
3HL ONILLSNrav anNILNOD
Ol 3344 S H3sn

0561
SNOILONYLSNI NOLLYHEITVD
AHL NI d314103dS SV SHv3ddv

AV1dSIA SISATVNY W3LSAS
JHL TLNN SONM NOLLVHSEINYD
JHL S1SNrav 43sn

1

0061 INLLNOY NOILYHEITYD SISATYNV-0INY INIAN3J3ANI LSOH G “D)]

ov6l
SNOILINYLSNI NOILYHEINVYD
3HL N1 3214103dS
SANNOS 3HL ONILYHINIO
SI NOLLVDINddV Q3dIS3a
FHL ULNN SLIVM H3SN

t

0gel
NOILYIINddY g3yIS3a
JHL SNNY H3sN

0zetl
SNOILINYLSNI NOILYHEITYD
Q3dINOHd 3HL 40
310N S3IHVL H3ISN

l

otl6l
NOILVIINddVv 3HVYMLII0S
NOISSIWSNVYYL V1ivad HOLlvd
H3HL1I3 HLIM NOLLYDINddY 34IS3a
3H.L Y04 3714 NOLLYHYNOIANOD
31VIddOdddv SAvO1 H3IsN

momPl

SUBSTITUTE SHEET (RULE 26)

9917850A2_I_>

BNSDOCID: <WOQ,



PCT/US98/19905

WO 99/17850

I5 / 35

'

oc1e
31VIHdOHddV SV 318VIHVA
NOILONNG a3MNIN
1SNrav ANV HOLIMS
H3IAOON3 AHVLIOH Qv3y

(ir{¥4
NOILONNS 31VI4404ddV
0.1 H3AOIN3 AHV10Y
JANIT ANV HOLIMS
10373S NOILONNZ Av3YH

-}

(y¥4
31VIHdOHddV SV
F18VIHVA 3A0ON NIVIN
13S ANV HOLIMS
103713S 3A0N NIV Qv3y

001 ¢ 43X3ATdILINWN HOLIMS IHVYMYVH

L¢ Ol

050¢
S31v10!d ¥Y344Nng SV
91-€1l SA31 ILVAILDV

.

090¢

S31Vv13ia H344N9 SV
02-£1 SA31 ILVAILIV

—

'

ov0¢
S31v101d H344N8g SV
¢1-6 SA37 3LVALLOV

0g0¢
S31v13IQ 4344Ng SV
8-G SA31 ILVAILLOVY

-

0202
S31v1diad H344Ng SV
v-L SA37 ILVAILDVY

——

-

0toc
JA0OW AV1dSIA 3AILOY
ATLN3HHND A8 Q31Vv10iQ SV
AV1dSIA SISATVNY W3LSAS
HO4d 4344N49 774

000¢ H3IXITdILININ AV1dSIA SISATVNY INILSAS

0¢ Old

SUBSTITUTE SHEET (RULE 26)

9917850A2_|_>

BNSDOCID: <WO.



WO 99/17850 PCT/US98/19905

(3] o2 | D] De (1] od 107 (J ] oy ore [ By} b2 P11} bre 216 o1s [Dy7 - 2K ] [ 21 ] o228
N ¥ X
R A S B N5 N *: ¥ ¥, Tt R IR BB L TSN
|
; {

F:ICB- :2:3 1 2 3 4 5 6 72 8 9 101 2 3 4 5 6 7 8 9 20

--------------------
rm—————————q
i m E B M T 8

FIG Y e ——— B

FUNCTION LIST 2410 }

intensity |

manual vibration |

minimum threshold for Expansion devifes
|

HOST DEPENDENT
DIRECT DIGITAL

2420

Bass audio equalizer
Midrange audio equalizer
T Treble audio equalizer |

Som3 -

! s _! HOST INDEPENDENT
2440

MIN MAX

FUNCTION SE- AUDIO ANALYSIS

MODE

CALIBRATION

DEC INC

FUNCTION AD-

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO___9917850A2_{_>



PCT/US98/19905

17 /7 35

WO 99/17850

(SIHOLVNLIY |
NOILVSN3IS
3ULOVL

108
(SlHO1VNLOV
NOILVSN3S

8G5Z LINDHID
HOLIMS

BPSZ LN4LNO
TVYNDIS T0HLNOD

JOLSISNVYHL

[

(SlHOLVYNLOY
NOILYSN3S
3LOVL

103

2852 LINJHID

IN3AN3J3ANI
WMd

IPSZ 1NdLNO
TVYNOIS TOHINOD

HJLIMS
HOLSISNVYHL

[

705

| HOLVHINIOD
| NOLLVSN3S
| FUovL

1
I
]
|
|
|
|
§
3L0VL “
|
|
|
|
|
|

(SIHOLYNLIVY
NOILYSN3S [
FULOVL _

105

9552 LINDHID
HIOLIMS

LN3IAN3I43aNI
WMd

9p8Z 1NdLNO
TVNOIS TOHLNOD

JOLSISNYYL

_.thOZMmmDZ_

€05

| HOLVH3INID
| NOLVSN3S
| 3oVl

| LN3ON3JIONI

|
HOLVHINID
ozy | NoILvSN3s

SHOLVHIN3D |
NOILVSN3S

Jwovy oo T 1

1NION3JIANI
LN

IFULOVL

!
I
|
|
[
I
|
!

108
(SIHOLVNLOV

§45¢ LINJYHID
HOLIMS

ool - w -
- e e e e

1N3IAN3J3IaNI
WMdJ

SP3Z Nid LNd1NO
TYNOIS TOHLINOD

HOLSISNVYL

—

-_----F .-

NOILVSN3S
INLOVL

109
(SIHOLVYNLOV

3

P8SZ LINJYID

AN3IUN3IJ3ANI
WMd

(14
318VL IVNDIS

T0YLNOD WM
LN3AONIdIANI I1dILTNN

vrGe Nid LNdLNO
TYNDIS TOHLNOD

HJLIMS
HOLSISNVYL

NOILVYSN3S
JULOVL

108
(S)HOLVYNLOV

€652 LINJYID
HILIMS -

LNIANIJ3ANI
WMd

A8 Q31vidia sv
7114

SIVNDIS 1NdLNO WMJ
SNO3INVLINWIS INdILININ
31VHINIO

€VSZ Nid LNd.LNO
TVYNDIS TOHINOD

P A e S — — — . ————— —— — G ——— — pre

i

HOLSISNVHL

NOILVSN3S
FULOVL

¢8ST LINDHID

LNIQNIJIANI
WMJ

VST NId LNdLNO
TYNOIS TOHLINOD

-1 ___}_
T

HOLIMS
HOLSISNVYL

I

(SIHOLVNLOY

15S¢ LINJHID

e R Rl o eyt GRS EY (.

) S S SRR

AN3IAN3J3ANI
WMdJ

IPSZ Nid 1NdLNO
TYNOIS T0HINOD

HJLIMS

NOILVSN3S
INULOVL

HOLSISNVYHL

leovwedadeecadmnd

0552
SLINDHID HOLIMS
HOLSISNVYL

- -

te=-}

ANIANIJION!
WMd

—— ———-—————T

10952 S1N4LNO WM

e e e ———

|
4] 02 y3TIoYLNOIOYIW

6vSe

G¢ Ol

SUBSTITUTE SHEET (RULE 26)

9917850A2_{_>

BNSDOCID: <WO,



PCT/US98/19905

WO 99/17850

18 / 35

0lS
1INN ONILY3S
— NOVEa334 INLOVL —

TOY.LNOD 43aaNy ey TOMINOD ¥3aaNY

NO TVd3d LHOM el NO 1va3d 1437
HOJ (SIOLVNLOV Lo HOH (SMOLVNLOV
NOILVSNIS JTLIVL NOILVSNIS FTLOVL

89p - L9y
YITIOHINOD  hg— y0l €04
MOv8a334 31L0VL
= WSHIAINA = —
ors
pop
ALLSAOT wﬂ_wumw%z%%x‘
TOHLNOD 1HOIH
—— J1LLOYHL
HO4 (S)HO1vYN1oVv 0Z%
NOILVSN3S JLOVL 504 (S)4O1VNLOV
NOILLYSN3IS J1LOVL
SSANHVH 1S3HD HOA
(SIHOLVNLOV
NOILVSN3S JNLOVL

S1vQ3d H3AANY ANV ‘F1LLOYHLNIILSAOr 31VH3dIS HLIM OIHYNIIS NOILYINWIS LHONH TVIIdAL
NOLLVINIS A3Sv8 J10IH3A

001 W3LSAS X0vEa33d JULIVL TVSHIAINN

2oL

JTOSNOD
JNVD O3AIA
<10
431NdW0I

V9¢ 'Ol

SUBSTITUTE SHEET (RULE 26)

9917850A2_|_>

BNSDCCID: <WO,



PCT/US98/19905

WO 99/17850

19 /7 35

l

0

201

A10SNOD
JANVO O3AIA
HO
Y31NdW0D

LINN ONILY3S
095 NOvEa33d 3ULovVL 055
¥
10YLINOD H3aany cop TOYLINOD H3aany
NO TvQ3d LHOIY 79p NO 1va3d 1471
HO4 (S)HOLVNLOV L9p 4O (S)HOLVNLIV
NOILVSN3S 3110vVL NOILVYSN3S 31LDOVL
89v 51T L9y |
YITTIOHINOD b YOl €0l
NOVEQ33d IULOVL
IVSHIAINN
99p G9p
57+ (330
¥10A (£ 14 YT0A
JOYLINOD LHOINA = TOHLNOD LHOI4
40 I1GNVH LHOIY — 40 I1ANVH 1437
HO4 (S)HOLVNLOV 0cs HO4 (S)IHOLVYNLOV
NOILVYSN3IS 3N1DVL NOILVSN3S JT1LOVL
SSINYVH 1S3IHD HO4
(SIHOLYNLIV
NOILYSN3S 3N1IVL

S7va3d Y3AANY ANV X1OA LHOIT4 HLIM OIHVYNIOS NOILVINIS LHOIN4 TVIIdAL
NOLLVININIS a3Svg 3T10IH3A

0L W3LSAS X0vda33d 3LOVL TVSHIAINN

g49¢ Ol

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO.

9917850A2_|_>



PCT/US98/19905

WO 99/17850

20 / 35

01g
LINA ONILYIS
- WOvEa334 INLOVL 05
)
STva3d cap 3sva
HOLMD/3NVHE/SYO o LINN TV33d 3H1LNT
HO4 (S)HOLVNLOV ot HOH (S)HOLVNLOV
NOILVSN3S J1I1OV1 NOILVSN3S J110VL
g9y orT L97] ot
YITIOHINOD F yoi €01 mm.,_\wmu%% A
NOVEa334 JULIVL =
997 TVSHIAINA gov H3LNINOD
wN'm‘ llhw
pop
HON LdIHS 733HM ONINIILS
NOISSINSNVHL
HOH (S)HOLYNLOV
g0d (SIHOLVNLOV 0zs NOILVSN3S J11LOV.L
NOILVSN3S 31L0VL
SSINYVH 1S3HD HO4
(SIOLVNLOV
NOILVSNIS 3I1LIVL
1INN TVQ3d ANV ‘H3L4IHS HV3ID “133HM DONIHIILS HLIM OIVNIIS NOLLYINIAIS SNIAING
NOLLYINIIS Q358 F1DIHIA
001 WILSASIOVEA33d 31LOVL TVSHIAINN .
J9¢ OI4

SUBSTITUTE SHEET (RULE 26)

9917850A2_|_>

BNSDOCID: <WO



PCT/US98/19905

WO 99/17850

21 /7 35

£69

1004 1H91H
"0d (SIHOLVNLOV
NOILVSN3S 31110V1

L6S

ANVH 1LHOIH
404 (S)HOLVNLOV
NOILVSN3S 37110Vl

0L W3LSAS X2v83a334 3TLIVL TVSHIAINN

OIHVNIOS Y3LOOHS 3AILIIdSHId NOSHId 1SHIH
FNVO LVEBWOI AQOG-N3dO

<0l

JTOSNOD
JNVO 03dIA
HO

431NdNOD

01§
LINN ONILY3IS
NOVEQ334 INIOVL
269
ﬂmmq 1004 1431
Z9v HO4 (SIHOLVYNLOV
Loy NOILVSN3S 3NLOVL
89V olt hwv.
H3710HINOD ¢ 701 £01
MNOVEa33d INLOVL
o0 TVSHIAINN e
069
vov
‘ > GNVH 1437
HO4 (S)IHOLVNIOV
965 NOILVYSN3IS 3T11OVL
HO1VYINIO
NOILVSN3S JLIVL
Q3aSva-1S3A

dgc¢ ‘Old

SUBSTITUTE SHEET (RULE 26)

9917850A2_i_>

BNSDOCID: <WO,



PCT/US98/19905

WO 99/17850

Vlilemrmme,
.

S

SN BI e crnnrennnnsasnmanunwanne

516

514 817

lllllllllllllllllllllllllllllllllllllllllllllllllllll

llllllllllllllllllllllllllllllllllllllllllllllllll

S~

FIG. 27A

S

<r
0 «
(&) Lo
S %
| \
L W U N . A W L L
<
-
[0 0]
()
“_ ©
- <t
N
—
[0 0]

‘-----d'

TSNS rNe PED BN S8 B -

]
T
b

P TR P T

—as
ramemmes ey mo "
-es

r=
.

b A LEEE L T L T T P

LT
lllll
llllllllll

Vomwemewmpe
r
’

FIG. 27B

512

SUBSTITUTE SHEET (RULE 26)

917850A2_|_>

BNSDOCID: <WO___g



WO 99/17850 PCT/US98/19905

23 / 35
512
514
.
\ N
FIG. 27C - -

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO___ 5917850A2_1_>



WO 99/17850 PCT/US98/19905
24 [ 35

FIG. 28A 55 | L O
s

525 { (( ((

O

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO__ 991 7850A2 |_>



WO 99/17850

25 / 35

FIG. 29A
812
810 - p
460 \ 460
814
FIG. 29C
800
800A \ 800
i
g0
460 \ 460
800B
814 800B
FIG. 29E 800
800A N\

46

BNSDOCID: <WO____9917850A2 | >

800B

826 g20 | 822

824

7
e

///////////////////////%

SUBSTITUTE SHEET (RULE 26)

PCT/US98/19905

FIG. 29B

W)

812

814

FIG. 29D

0 812

814



WO 99/17850 PCT/US98/19905

26 / 35
830
800
N\
FIG. 30A
460
842 o0
800 — ’
\
FIG. 30B
460
841
800
v
FIG. 30C
842 | 840

450:’——?:—?’5W

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO___g917850A2_|_>



WO 99/17850 PCT/US98/19905
27 / 35 ) —

FIG. 3[1A[ j ] FIG. 31B [ j

FIG. 31C FIG. 31D

P sy
[ | |

FIG. 31E FIG. 31F )

)
] J

FIG. 31G FIG. 31H

Jui } S

SUBSTITUTE SHEET (RULE 26)

J

BNSDOCID: <WO___9917850A2_1_>



BNSDOCID: <WO___991

7850

WO 99/17850

28 / 35

FIG. 32A
\.
FIG. 32C [

540%(& )

466
466 540
FIG. 32E

1

PCT/US98/19905

FIG. 32B

]

FIG. 32D

" "

466

FIG. 32F

\

540

466

SUBSTITUTE SHEET (RULE 26)

A2 1_>




WO 99/17850 PCT/US98/19905

BNSDOCID: <WO__ 9917850A2_|_>

0
0
467
550
%’/

29 / 35
FIG. 33A FIG. 33B
o] k 0
| 1 Y - -
| ]
- I
FIG. 33C 468  gg0 FIG. 33D
/ 560
. 468
| 1 - o
o — =T
550 FIG. 33E 48 560 FIG. 33F
% 560
° i
] ~\ - i
T T 468

SUBSTITUTE SHEET (RULE 26)



WO 99/17850 PCT/US98/19905

30 / 35
FIG. 34A
535 - ° 545
FIG. 34B g %
465 466

4655\@ %/5466

FIG. 34C
5
FIG. 34D \
535

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO___9917850A2_|_>



WO 99/17850 PCT/US98/19905
31 / 35

FIG. 35A FIG. 35B

FIG. 35C FIG. 35D

570

467

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO___9917850A2 |_>



WO 99/17850 PCT/US98/19905

2 /35
FIG. 36A

o | o I

FIG. 36B
585
468 580 466
I!l / LZ FIG. 36C
D e I
5856

FIG. 36D %&%6

580

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO__ 9917850A2_|_>



WO 99/17850

33 / 35

FIG. 37A

——577

FIG. 3

()

[

7C
575

v

575A

575B

465

576

—2577

460

BNSDOCID: <WO___ 991 7850A2_f_>

SUBSTITUTE SHEET (RULE 26)

PCT/US98/19905

FIG. 37B

465

575

e

575A

575B

576

+—577

FIG. 37D

578

A

—1+—577




PCT/US98/19905

WO 99/17850

34 /1 35

FIG. 38A

FIG. 38B

465

FIG. 38C

.

460

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO___9917850A2_I_>



WO 99/17850

PCT/US98/19905
35 / 35
FIG. 39 PRIOR ART
U.S. Patent Oct. 15, 1996 Sheet 2 of 2 5,565,840

310

J 204
20 =201

SUBSTITUTE SHEET (RULE 26)

BNSDOCID: <WO__ 991 7850A2_1_>



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US98/19905

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(6) :A63F 9/22
US CL  :463/30, 47; 273/148B
According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED
Minimum documentation searched (classification system followed by classification symbols)

U.S. : 463/30, 47; 273/148B; 434/114

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category® Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X,P US 5,669,818 A (THORNER et al.) 23 September 1997, see entire | 1-26
document.
Y US 5,299,810 A (PIERCE et al.) 05 April 1994, see entire{ 1-26
document.
Y US 5,203,563 A (LOPER, III) 20 April, 1993, see entire document. 4-6, 14-16
Y US 4,771,344 (FALLACARO et al) 13 September 1988, see entire | 1-26
document.
Y US 4,484,191 A (VAVRA) 20 November 1984, see entire| 1-26
document.
Y US 3,902,687 A (HIGHTOWER) 02 September 1975, see entire | 4-8 and 14-18
document.
D Further documents are listed in the continuation of Box C. D See patent family annex.
. Special categories of cited docunents: T tater d nz published after the interr | filing date or priority
"A" m?um:ﬂ%mmorumwmhmwm mmﬂmmgﬁe?mmwcmw“mmm
[E crdoomen pobitt oo s e o g e X' St of i o e it venion e e
L document which may throw doubts on priority claim(s) or which is whea the document is taken alone
cited to catablish the publication date of another citation of other .
special reason (as specified) Y

“0* document referring 10 an oral disclosure, use, exhibition or other
means

"P" document published prior 1o the international filing date but later than
the priofity date claiimed

document of particular refcvance; the chaiimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious 10 a person skilied in the art

"&* document member of the same patent family

Date of the actual completion of the international search

14 MARCH 1999

Date of mailing of the international search report

Name and mailing address of the ISA/US
Commissioner of Patents and Trademarks

Authorized officer

02 APR 1999 |
SdlaVenks” T

Box PCT [
Washington, D.C. 20231 JAMES SCHAAF m »
Facsimile No.  (703) 305-3230 Telephone No. (703) 308-1 3700

BNSDOCID: (wojgmm@mw (second sheet)(July 1992)»




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

