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(57) ABSTRACT 

PoWer management for an interface device that is manipu 
lated by a user and in communication With a host computer 
and provides forces to the user. The device includes a sensor 
and an actuator. One embodiment provides ?rst poWer from 
the host computer over a serial interface and second poWer 
from a poWer adapter. Another embodiment provides ?rst 
poWer from the host computer and second poWer from a 
poWer storage device on the interface device that supplies 
poWer to the actuator. Another embodiment provides a poWer 
adapter supplying a portion of the ?rst poWer to the sensor and 
a portion to the actuator, and a poWer storage device on the 
interface device provides second poWer to the actuator. 
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SAFE AND LOW COST COMPUTER 
PERIPHERALS WITH FORCE FEEDBACK 

FOR CONSUMER APPLICATIONS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of patent applica 
tion Ser. No. 11/109,238, ?led Apr. 18, 2005, Which is a 
continuation of US. application Ser. No. 10/079,379, now 
US. Pat. No. 7,038,657, ?led Feb. 19, 2002, Which is a 
continuation of US. application Ser. No. 09/258,749, now 
US. Pat. No. 6,348,911, ?led Feb. 26, 1999, Which is a 
continuation of US. application Ser. No. 08/825,726, now 
US. Pat. No. 5,929,607, ?led on Apr. 2, 1997, Which is a 
divisional application of US. application Ser. No. 08/623, 
660, now US. Pat. No. 5,691,898, ?led on Mar. 28, 1996, 
Which is a continuation-in-part of US. application Ser. No. 
08/534,791, now US. Pat.No. 5,739,811, ?led Sep.27, 1995 
and US. application Ser. No. 08/566,282, now US. Pat. No. 
5,734,373, ?led Dec. 1, 1995, all assigned to the assignee of 
this present application, and all of Which are hereby incorpo 
rated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates generally to interface 
devices betWeen humans and computers, and more particu 
larly to computer interface devices that provide force feed 
back to the user. 

[0003] Computer systems are used extensively in many 
different industries to implement computer controlled simu 
lations, games, and other application programs. More par 
ticularly, these types of games and simulations are very popu 
lar With the mass market of home consumers. A computer 
system typically displays a visual environment to a user on a 
display screen or other visual output device. Users can inter 
act With the displayed environment to play a game, experi 
ence a simulation or “virtual reality” environment, or other 
Wise in?uence events or images depicted on the screen. Such 
user interaction can be implemented through the use of a 
human-computer interface device, such as a joystick, “joy 
pad” button controller, mouse, trackball, stylus and tablet, 
foot or hand pedals, or the like, that is connected to the 
computer system controlling the displayed environment. The 
computer updates the game or simulation in response to the 
user’s manipulation of a moved object such as a joystick 
handle or mouse, and provides feedback to the user utiliZing 
the display screen and, typically, audio speakers. 
[0004] In some interface devices, haptic (e.g., tactile) feed 
back is also provided to the user, more generally knoWn as 
“force feedback.” These types of interface devices can pro 
vide physical sensations to the user manipulating the physical 
object of the interface device. Typically, motors or other 
actuators are coupled to the interface object and are connected 
to the controlling computer system. The computer system 
receives sensor signals from the interface device and sends 
appropriate force feedback control signals to the actuators of 
the interface device in conjunction With simulation/game 
events. The actuators then provide forces on the interface 
object. The computer system can thus convey physical sen 
sations to the user in conjunction With other visual and audi 
tory feedback as the user is grasping or contacting the object 
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of the interface device. Force feedback interface devices can 
provide a Whole neW modality for human-computer interac 
tion. 

[0005] Force feedback input/output (I/O) devices of the 
prior art have concentrated on providing maximum haptic 
?delity, i.e., the realism of the haptic feedback Was desired to 
be optimiZed. This is because most of the force feedback 
devices have been targeted at the speci?c needs of highly 
industrial or scienti?c applications, and not a mass consumer 

market. To attain such realism, design concerns useful the 
mass market such as loW siZe and Weight, loW complexity, 
programming compatibility, loW cost, and safety have been 
sacri?ced in the prior art. As a result, typical force feedback 
interface devices include complex robotic mechanisms Which 
require precise, bulky, and expensive components that have 
signi?cant poWer requirements and are dif?cult to program 
for applications. 
[0006] In addition, the prior art force feedback devices 
typically use a host computer to close a control loop around 
the system to generate sensations and maintain safety and 
stability through direct host control. FIG. 1 illustrates a block 
diagram of a control system 2 having a typical host controlled 
loop. A user manipulated object 3, such as a joystick or 
similar object, is moved by a user to interface With a host 
computer 4 With a display device 5. Sensors 6 detect the 
position of the user object in provided degrees of freedom and 
may also include buttons or other controls that detect user 
actions such as the press of a button. The sensor data includ 
ing positional and button data is sent to host computer 4 over 
a bi-directional communication bus 7 that is typically con 
nected to an interface card plugged into the host computer. To 
complete the control loop, host computer 4 sends force com 
mands over bus 7 to actuators 8, and the actuators output 
forces on the object 3 to the user. The functions of reading 
sensor data and outputting force values to actuators 7 can be 
a burden on the host processor Which detracts from the per 
formance of the host in other host tasks and application 
execution. 

[0007] An important concern for a force feedback interface 
device is communication bandWidth betWeen the controlling 
computer and the interface device. To provide realistic force 
feedback, the complex devices of the prior art typically use 
high speed communication electronics that alloW the control 
ling computer to quickly send and update force feedback 
signals to the interface device. The more quickly the control 
ling computer can send and receive signals to and from the 
interface device, the more accurately and realistically the 
desired forces can be applied on the interface object. In addi 
tion, using a high bandWidth communication interface, force 
feedback can be accurately coordinated With other supplied 
feedback, such as images on the video screen, and With user 
inputs such as movement of the object, activated buttons, etc. 
[0008] A problem is evident When prior art force feedback 
interface devices are provided to the mass consumer market. 
Most home computers have a built-in standard serial commu 
nication interfaces, such as an RS-232 interface, RS-422 
interface, “game port”, Universal Serial Bus interface, or 
Ethernet interface that may conveniently be used to connect 
peripherals like a force feedback interface device to the host 
computer. In addition, manufacturers prefer to provide 
peripheral devices that use these serial interfaces, since no 
additional hardWare, such as interface cards, needs to be 
provided With such peripherals. The manufacturing cost of 
the peripheral device can thus be signi?cantly reduced. HoW 
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ever, these standard serial communication interfaces are typi 
cally quite sloW (i.e. have loW bandwidth) compared to other 
communication interfaces. Realistic and accurate force feed 
back thus becomes dif?cult to provide by a controlling com 
puter system to a prior art interface device connected through 
such a serial interface in comparison With other interfaces 
such as a direct interface card (e.g., ISA or PCI card) con 
necting to the data bus of the host computer. 
[0009] Another important concern in the mass market 
industry is the issue of user safety. Because a force feedback 
device can impart physical forces upon the user, the potential 
for injury must be carefully addressed. To provide a safety 
measure for the user, the force feedback devices of the prior 
art typically include a safety or “deadman” sWitch Which the 
user must activate to alloW forces to be applied to the user 
manipulable object. If the user does not close the sWitch, no 
forces can be output. The safety sWitches of the prior art are 
typically a button or a pedal Which the user must continually 
press or hold doWn to alloW poWer to be received by the 
actuators. HoWever, such safety sWitches can be cumbersome 
and/or tiring for the user to close, since the user must con 
stantly maintain a particular grip or position to feel forces. In 
addition, these types of safety sWitches are easy to defeat by 
users; for example, an elastic band can be Wrapped around a 
safety button to keep the button depressed, Which defeats the 
entire safety purpose of the safety sWitch. 
[0010] Finally, mass market force feedback interface 
devices must necessarily be loW cost devices that are simple 
to manufacture so that the device is competitively priced in 
the high volume, aggressive home computer and home video 
game markets. 

SUMMARY OF THE INVENTION 

[0011] The present invention is directed to implementa 
tions of a human/computer interface device for controlling 
and providing force feedback to a user. Several implementa 
tions are provided to decrease the cost in manufacturing an 
interface device and making the device safe for the high 
volume consumer market of computer and video game users. 
[0012] More particularly, one embodiment of an interface 
apparatus and method of the present invention for interfacing 
motion of a user manipulable object With a host computer 
includes a user object, such as a joystick, physically contacted 
by a user and having at least one degree of freedom of move 
ment. A device microprocessor local to the interface appara 
tus and separate from the host computer is coupled to the host 
by a ?rst interface buses. The microprocessor receives host 
commands from the host computer on the ?rst interface bus. 
An actuator applies a force along said degree of freedom to 
the user object in response to microprocessor force com 
mands produced by the device microprocessor. A sensor for 
detecting a position of the user object along the degree of 
freedom and outputs sensor signals. The sensor signals are 
received by the host computer on a second interface bus 
separate from the ?rst interface bus. The host computer 
updates a host application process, such as a simulation or 
video game, in response to the sensor signals. 
[0013] Preferably, the ?rst interface bus is an RS-232 inter 
face bus or similar serial standard. The second interface bus is 
preferably a standard game port interface bus coupled to a 
game port of the host computer or the equivalent. Force feed 
back commands are sent by the host over the serial interface 
bus and the sensor signals are received by the host in the 
traditional Way via the game port. The interface device can 
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thus be used as a standard joystick Without force feedback by 
utiliZing only the game port interface in communication With 
the host computer, and alloWs backWard compatibility for 
non-force-feedback functionality via standard game port 
drivers. 

[0014] In some embodiments, the device microprocessor 
receives the sensor signals to compute force values to output 
to the actuators. A second sensor can be used to detect the 
position of the joystick independently of the host sensor and 
output sensor signals to the microprocessor. The local micro 
processor receives high-level host commands and can imple 
ment independent force routines that receive sensor signals 
and compute forces. The force routines can be stored in 
memory local to the interface apparatus. Preferably, a button 
device is coupled to the interface apparatus that provides a 
button input signal to the microprocessor When the user 
presses the button. The microprocessor provides the button 
input signal to the ho st computer over the game port interface 
bus. In addition, the microprocessor preferably deactivates 
the actuator When at least one of the multiple interface buses 
is disconnected from the host computer or disconnected from 
the interface apparatus. 
[0015] In a different “recoil” embodiment of the interface 
apparatus, the interface device includes an actuator that 
applies a force on the user object. A user-selectable control, 
such as a button provided on the joystick, sends an activation 
signal to the actuator When the user activates the button and 
thereby instructs the actuator to apply the force on said user 
object in a re?ex process independent of the host computer. 
This force, for example, can be a recoil or jolt that is output 
Whenever the user selects the button. In one embodiment, the 
actuator applies the force on the joystick only When the user 
activates the button. In a different embodiment, the host com 
puter is coupled to the actuator by a second interface and 
transmits an enable signal to the joystick. The actuator applies 
the force only When the user activates the button and When the 
enable signal is provided. In a yet another embodiment, the 
host computer may additionally send a simple activation sig 
nal to the actuator to command the actuator to apply the force 
to the user object regardless of Whether the button is pressed 
by the user. The host can control the actuator using only a very 
small amount of information, and can use a parallel interface 
or a serial port used as a parallel interface. A user enable 
sWitch on said interface device can, When selected or dese 
lected by the user, enable or disable the recoil re?ex process. 

[0016] In a different, more complex “recoil” embodiment, 
the host computer can send a greater amount of control sig 
nals and/ or other information to the actuators than in other 
recoil embodiments of the interface device by providing the 
control signals serially. One or more shift registers covert the 
serial data to parallel information that is provided to pro gram 
mable logic. The logic sends the control signals, such as 
enable and activation signals, to the actuator and other com 
ponents as necessary. A sensor outputs sensor signals to the 
host computer via a second interface bus as described above. 

[0017] A force feedback interface device of the present 
invention for safe use by a user includes a sensor for sensing 
a j oystick’s position and an actuator for applying a force to the 
joystick. A safety sWitch is coupled to the joystick for dis 
abling the actuator When the user is not using the interface 
device. One safety sWitch of the present invention enables the 
actuator When an amount of Weight over a predetermined 
amount is placed on the j oystick, such as the amount of Weight 
created by a user grasping the joystick. The joystick includes 




















































