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OBJECT DETECTION FOR AN 
INTERACTIVE HUMAN INTERFACE 

DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to and the bene?ts 
of US. provisional patent application Ser. No. 60/704,623, 
?led Aug. 2, 2005, the entire disclosure of Which is incor 
porated herein by reference. 

BACKGROUND 

[0002] Video games generally involve a user (or multiple 
users) interacting With a game console, Whether the console 
be a personal computer, a stand-alone machine (such as in an 
arcade) or a dedicated hardWare device. These interactions 
are typically captured and communicated through control 
lers, such as joysticks, knobs, buttons, a keyboard, or a 
mouse. Such controllers are particularly suited for games in 
Which complex actions Within the game (running, jumping, 
?ying an airplane, etc.) are predicated on relatively simple 
user commands such as clicking a mouse, hitting a spacebar, 
moving a joystick or pulling a trigger. 
[0003] HoWever, many popular games (both arcade and 
home-based) operate on a different premise. Instead of 
receiving user instructions that are translated into a corre 
sponding action in the game, the game itself requires the 
user to perform speci?c physical actions (often Within 
certain spatial and/or temporal parameters) in response to 
instructions from the game. One such example is the “Dance 
Dance Revolution” (“DDR”) game by KONAMI Corpora 
tion of Tokyo, Japan. In the DDR game, the user positions 
herself on a “dance-pad” in front of a video screen. The 
game displays various “dance moves” on the screen, and the 
user imitates the moves on the dance-pad. The system 
physically senses each movement of the user and compares 
it to the move displayed on the screen. As the game 
progresses, the moves become more dif?cult and are pre 
sented to the user in more rapid succession. 
[0004] Currently existing dance-pads consist of layers of 
MYLAR surrounding a conductive carbon material that acts 
as a physical button or sWitch. Due to the physical nature of 
their intended use, hoWever, conventional dance-pads suffer 
from signi?cant problems that include Wear and eventual 
malfunction of the sWitch contacts. Use in certain environ 
ments (e.g., on carpeted surfaces) is also dif?cult, due to 
slippage and the build-up of static electricity. Furthermore, 
typical dance-pads are generally cumbersome to carry, and 
due to the social nature of the DDR game, users often Wish 
to bring dance games (and therefore the controllers) to social 
events. 

[0005] Similar problems exist With controllers for other 
games in Which users physically mimic or act out instruc 
tions and the user’s complex physical actions are sensed and 
communicated back to the game console. Games in Which a 
user acts out musical performances, for example, often 
include mimicking a musician (e.g., air-guitar, air-drum 
ming, etc.). Such games typically require the user to hold a 
controller (such as a mock guitar or drumsticks) that are 
Wired to the console. The user’s interaction With the con 
troller is sensed and sent to the console. Like the conven 
tional dance-pads, hoWever, the controllers are prone to Wear 
and malfunction due to the physical nature of their use and 
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mechanical nature of the sensing technology used. What is 
needed, therefore, is a neW video game technology that 
eliminates the mechanical sensor-based controller and pro 
vides a smaller, lighter controller that can accurately and 
rapidly sense the actions of the users and does not Wear out 
With repeated use. 

SUMMARY OF THE INVENTION 

[0006] The invention takes advantage of optical, capaci 
tive, ultrasonic, audio, electric ?eld or other sensing modali 
ties to detect both temporal and spatial object placement in 
one or more segments surrounding a central point or area. 
This obviates the need for physical contact to be made With 
a sWitch in order to detect the presence and/or location of an 
object about the center area. By using non-physical detec 
tion modes (e.g., modes in Which the object does not need 
to physically touch the device in order for detection to 
occur), the device suffers signi?cantly less trauma during 
use, is not subject to movement based on contact With the 
user, and can be manufactured smaller and lighter than 
conventional controllers. This is especially the case for 
devices used to detect actions that exert considerable force 
on the device such as stomping, punching or bangingi 
actions commonly found in interactive video games. 
[0007] In a ?rst aspect, the invention provides an elec 
tronic sensing device that includes sensors placed along an 
envelope or edge about a central location. Each sensor 
provides both a source of radiation and a detector for the 
radiation Within a radial Zone that originates at the sensor. In 
addition, the device includes circuitry that, based on the 
radiation detected by the sensors in each respective Zone, 
generates a control signal. The control signal may, for 
example, indicate the location and/or presence of an object 
about the device, and in some embodiments in Which the 
device also includes a signal emitter, may transmit the signal 
(using, for example, Wireless protocols) to another device, 
such as a receiver. 

[0008] The Wireless protocols by Which the emitter trans 
mits the signals may use one of any frequency and modu 
lation transmission techniques, including, for example, the 
IEEE 802 family of protocols, such as the 802.11 and/or 
802.15 (Bluetooth) protocols. (As used herein, the term 802 
protocol refers generally to any of these IEEE protocols, 
Whether in use noW or in the future. A current listing of 802 
protocols is given at http://standards.ieee.org/Wireless/.) The 
radiation may comprise, for example, infrared radiation, 
ultrasonic radiation, sound radiation, and/ or radio-frequency 
radiation. In certain embodiments, the device also detects 
variations in an electric ?eld about the device. 

[0009] The sensors may be placed at any location about 
the device; hoWever, in certain embodiments, the sensors are 
spaced about the perimeter of the device in such a manner 
that the Zones are substantially triangular. Once such appa 
ratus in Which the device is generally octagonally shaped 
includes eight sensors placed about the device such that each 
sensor is associated With one edge of the device. The Zones 
may be of any shape and siZe; hoWever, in certain embodi 
ments, each Zone is con?gured to accommodate (and thus 
the sensors detect) the presence of a human body part such 
as a human foot. 

[0010] The control signals may, for example, represent an 
interaction of a human With the device, such as the place 
ment, removal, or movement of a body part Within and/or 
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among the Zones. In some embodiments, the device also 
includes a substantially horizontal platform disposed above 
the central location. 
[0011] In another aspect of the invention, a method for 
detecting the position of an object includes de?ning a 
plurality of radial Zones about a central location, periodically 
introducing radiation into the Zones, using radiation Within 
a Zone to detect the presence of an object in that Zone, and 
upon detection of an object Within an irradiated Zone, 
generating a control signal indicative of the detection. The 
method may also include transmitting the control signal to a 
video game receiver at a console, thus alloWing the console 
to display images and/or instructions indicative of or in 
response to the presence of the detected object. An indica 
tion (e.g., a visual and/or audio signal) may also be provided 
as con?rmation of detection of the object. 
[0012] In a third aspect, the invention provides a video 
game system that includes a console for providing user 
instructions (Which may in some cases be based on a signal 
received from a video game controller) via a display device, 
sensors placed about a central location, Where each sensor 
includes a source of radiation and a detector for detecting 
re?ected radiation Within a radial Zone originating at the 
sensor, and circuitry responsive to the sensors for generating 
a control signal upon detection of the re?ected radiation 
Within the Zones. The control signal is conformed to a video 
game controller signal, and the video game controller signal 
is transmitted to the video game console. 

BRIEF DESCRIPTION OF DRAWINGS 

[0013] In the draWings, like reference characters generally 
refer to the same parts throughout the different vieWs. Also, 
the draWings are not necessarily to scale, emphasis instead 
generally being placed upon illustrating the principles of the 
invention. 
[0014] FIG. 1 is a perspective vieW of one embodiment of 
the present invention. 
[0015] FIG. 2 plan vieW of one embodiment of the present 
invention and the environment in Which the invention gen 
erally operates. 
[0016] FIGS. 3a-3f are plan-vieW illustrations of user 
interaction With the device according to various embodi 
ments of the invention. 
[0017] FIGS. 4a-4c are elevational vieWs of user interac 
tion With the device according to various embodiments of 
the invention. 
[0018] FIG. 5 is a schematic illustration of one electronic 
circuit for implementing one embodiment of the invention. 
[0019] FIG. 6 is a schematic illustration of an alternate 
electronic circuit for implementing one embodiment of the 
invention. 
[0020] FIG. 7 is a schematic illustration of one electronic 
circuit for implementing embodiments of the invention With 
various video game consoles. 

DETAILED DESCRIPTION 

[0021] FIGS. 1 and 2 illustrate one embodiment 100 ofthe 
present invention, the operation of Which is best understood 
from FIG. 2, Which illustrates the general form-factor and 
optical characteristics thereof. The device 100 is surrounded 
by numerous sensing modules 210, each of Which has an 
operational area 230 throughout Which the sensing module 
210 can detect the presence, removal and/ or movement of an 
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object Within a Zone 240 that roughly equates to the opera 
tional area 230. These Zones 240 may then be attributed to 
a particular function or operation of a gameisuch as steps 
on a dance-pad Wherein the Zones 240 correspond to a 
segment of a dance ?oor. The device may also include an 
arroW 220 or some similar indication that a particular side 
represents the “front” of the unit for implementations in 
Which the orientation of the device is germane to the 
operation of the game. Using the dance-pad game as an 
exemplary implementation for the device 100, proper ori 
entation of the device 100 may be necessary for the Zones 
240 to correspond to the correct segments of a virtual dance 
?oor as displayed on a television, computer screen, or other 
video display device connected to a game console, as 
described in greater detail beloW and illustrated in FIG. 7. 

[0022] In some embodiments, the number of sensors 210 
active at any time may be manipulated (either manually by 
the user or automatically by a game console) to alter the 
di?iculty of the game. Initially, for example, the game may 
use only four sensors 210ifront, back, left and right. As the 
user progresses through the game, hoWever, additional sen 
sors 210 may be activated such that six, and then possibly 
eight sensors 210 are active. In some cases, multiple sensors 
210 may be assigned to one Zone 240. For example, a 
simpler version of the game may only detect Whether a user 
has placed her foot in front of the pad or in back of the pad. 
In such cases, even though the individual sensors 210 detect 
movement in their respective Zones 240, any movement 
detected by the three sensors 210 along the back edge of the 
device 100 may provide a signal to the game controller that 
the user has properly placed her foot behind the device 100. 

[0023] In one embodiment, the device 100 is octagonally 
shaped With sensing circuitry placed along each edge, Which 
alloWs for the sensing of eight discrete Zones 240 surround 
ing the device 100. HoWever, it should be understood that 
any number of Zones 240 and corresponding sensors 210 are 
possible, the number and con?guration of Which depend on 
the function and di?icultly of the game and the required 
detection accuracy of a user’s movements about the device 
100. 

[0024] Infrared transmitting and receiving elements may 
be incorporated Within each of the eight sensor modules 210 
placed about the device 100. In embodiments in Which the 
sensor modules 210 include infrared light-emitting diodes 
(IR LEDs), each transmitter emits radiation in a pattern that 
de?nes its operational area 230. An object Within the opera 
tional area 230 of any sensor 210 Will re?ect some of the 
optical transmission back to the sensor’s receiving element, 
thus indicating the presence of an object Within the Zone 240 
attributed to the area 230. Each of the Zones 240 may, for 
example, represent a virtual spatial segment corresponding 
to a region in Which an object can be detected by the nearest 
sensor 210. The object to be sensed (e.g., a foot) re?ects the 
IR light transmitted by the sensor’s IR LED and the re?ec 
tion is received by the sensor’s IR receiver module. These 
Zones 240 may represent, in using the dance-pad game as an 
example, virtual counterparts to the physical dance-pad 
squares used in conventional systems. In such cases, the 
sensors 210 are used to determine if a user’s actions are 
consistent With instructions from the game, and the signals 
generated by the sensors correspond to detection of objects 
in each Zone 2404elfectively emulating conventional 
dance-pad controllers used in dance-pad video games. For 
example, if the front sensor 210 detects an object, the 
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invention Will send an “up” signal to the connected video 
game console or computer. If the left sensor 210 detects an 
object, the invention Will send a “left” signal to the con 
nected video game console or computer, and so on. 

[0025] FIGS. 3a-3f provide exemplary illustrations of 
object placement con?gurations and resultant sensor detec 
tions using the device 100 techniques described herein. At 
any time, an object may be placed Within one or more of the 
sensed Zones 240, thus triggering the sensor element(s) 210 
associated With that Zone 240. Conversely, sensor elements 
that do not detect the presence of an object Within its 
detection area are not triggered. For example, in FIG. 3a the 
user has not placed her foot in any of the Zones 240, and 
therefore each of the sensors 210 is shoWn as unshaded (i.e., 
not activated). HoWever, in FIG. 3b, the user has placed her 
foot into tWo of the Zones 240, and as a result the sensors 210 
associated With those Zones 240 are indicated as shaded (i.e., 
activated). FIGS. 30 though 3f illustrate other placements of 
the user’s feet and the associated activation status of the 
sensors 210 for each Zone 240. 

[0026] FIG. 4a illustrates a user’s initial position standing 
atop a horiZontal platform. In this state, the sensors 210 
periodically (e.g., multiple times per second) emit radiation 
405 into their effective area, but because the user has not 
placed either of her feet 410 in the Zones corresponding to 
these areas, no signal is detected at the sensors 210. In FIG. 
4b, hoWever, the user has placed her foot 410 in one of the 
Zones, and as such a portion of the emitted ray is re?ected 
back to the sensor, thus activating the sensor 210'. Likewise, 
in FIG. 40 the user has placed both feet 410 into on or more 
Zones, again re?ecting radiation back to the activated sen 
sors 210'. 

[0027] The device may, in this and other embodiments, 
use paired IR transmitters and receivers to optically detect 
object placement Within one of the surrounding segments. 
For example, the sensors may radiate pulsed IR light at 38 
KHZ from IR LEDs With a 20-degree beam Width, and detect 
re?ections from objects placed Within the path of the IR light 
using corresponding (and conventional) IR receivers. In 
implementations using eight segments, the IR bursts com 
mutate from position 1 to position 8, accounting for the eight 
sections surrounding the central unit. The bursts occur at 
approximately 10 millisecond intervals and each lasts for 
approximately one millisecond. Hence, approximately 38 
cycles of a 38 kHZ signal are radiated in each pulse burst, 
Which is more than adequate to provide the three to ten 38 
kHZ cycles necessary to initialiZe the IR sensors. The length 
of the pulse burst may be altered as necessary to balance the 
poWer consumption of the device and the visibility of the 
LED indicators (described beloW). 
[0028] The location and enclosure of the IR LEDs and the 
IR receiver circuitry may be altered according to various 
implementations; hoWever, certain arrangements are more 
effective than others. To prevent re?ection from the ?oor, for 
example, the IR LEDs and receivers may be tilted slightly 
upWards, i.e., aWay from the ?oor. In addition, the output of 
each of the eight IR detectors may be connected to a visible 
red LED by using, for example, the negative-going outputs 
of the IR receivers to cause corresponding red LEDs to blink 
(at a 10 HZ rate, for example) When a re?ection is received. 
This visual indication may be used to con?rm proper circuit 
functions, but is not necessary for the proper operation of the 
device. 
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[0029] FIG. 5 schematically illustrates one implementa 
tion of the invention. The device includes a 100 HZ oscillator 
circuit 505, Which determines a time betWeen pulse groups 
(10 milliseconds). The oscillator 505 drives a clock-driven 
CD4022 shift register 510 that cycles through eight outputs 
such that each output is polled every 12.5 milliseconds (100 
HZ/8 outputs) and commutates through the outputs at the 
100 HZ clock rate (since its CLK input is driven by the 100 
HZ oscillator). Each of the outputs is provided as one of tWo 
inputs into an AND gate 515 (e.g., CD408l devices). The 
output terminal of each AND gate is connected to an IR 
LED, Which is only turned on When both inputs of the AND 
gate register HIGH. In this embodiment, the IR LEDs 
require approximately 10 mA peak for proper range and 
avoidance of undesired feedback. Because the AND gates 
515 are typically incapable of supplying more than 3 to 5 
mA peak current pulses at 38 kHZ (for one millisecond per 
burst), eight PNP transistors 520 drive the IR LEDs 525. 
[0030] The oscillator 505 also drives a one-shot timer 530 
that produces a one-millisecond, positive-going output. 
When that output is HIGH, the diode DI is back-biased, 
alloWing an R-C oscillator 535 to operate at approximately 
38 kHZ. Because the one-shot timer 530 pulses HIGH for 
one millisecond every 10 milliseconds, the R-C oscillator 
535 is only activated for the same one millisecond, thus 
producing a one millisecond long signal of a 38 kHZ square 
Wave every 10 milliseconds. The 38 kHZ signal serves as the 
carrier for the IR transmission later in the circuit. The output 
of oscillator 535 is isolated and inverted through a 74Cl4 
hex inverter Schmitt trigger 545, Which delivers a positive 
going 38 kHZ burst to the second of the tWo inputs of the 
eight dual AND gates 515, providing the second trigger 
signal. As a result, When an AND gate registers HIGH from 
the shift register 510 at the 100 HZ rate, it also registers 
HIGH from the R-C oscillator 535 at a rate of 38 kHZ. Thus, 
each LED 525 is effectively turned on for a brief period, 
during Which it strobes on and o? at the faster 38 kHZ rate. 

[0031] The poWer supply may be regulated to +5V by a 
78L05 linear regulator fed by a 9V battery 540. This 
regulator may be included because the output frequency of 
the 38 kHZ R-C oscillator 535 is voltage-dependent and 
should operate on a clean, noise- and jitter-free 5V supply. 
[0032] FIG. 6 shoWs an alternate embodiment of the 
device, in Which a general-purpose microcontroller 600 
replaces some or all of the many discrete components 
illustrated in FIG. 5. The microcontroller 600 has adequate 
clock-requency stability over normal voltage and tempera 
ture ranges When operated using its internal or external 
clock. Therefore, the 9V battery and the regulator of FIG. 5 
may be replaced by any suitable poWer source. 
[0033] Still referring to FIG. 6, the general-purpose micro 
controller 600 supplies peak currents from its output ports 
(Which are fed to the IR LEDs 525 sequentially and have a 
loW duty cycle), and therefore transistors may not be 
required. The resulting peak current of the transmitting IR 
LEDs 525 is subject to variance depending on the type, 
brand, and tolerance of the employed IR LED 525 and the 
desired detection range of each sensing module. Although 
10 mA is the approximate peak current contemplated for this 
embodiment, other peak currents are possible. 
[0034] The output of each of the IR receiver modules may, 
in some embodiments, be connected to a red LED for testing 
purposes and to provide the user With visible feedback as to 
the functionality of one or more of the sensing modules. The 
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IR receivers generally require 4.5 to 5 volts to operate 
properly. The supply line may be decoupled from the rest of 
the circuitry by a 20-ohm (minimum) resistor bypassed with 
a 100 [LP electrolytic capacitor to account for the fact that the 
IR receivers are susceptible to small levels of 38 kHZ signal 
on their supply terminals. The visible red LED anodes are 
tied together and connected to +5V via a common 300-ohm 
resistor. 
[0035] In an embodiment using a microcontroller as 
shown in FIG. 6, the outputs of the IR receiver modules, 
each corresponding to one of the eight sensor areas around 
the central unit, are connected to eight inputs of a general 
purpose microcontroller 600. The microcontroller, in turn, 
converts the signals into a form that may be processed by a 
video game console, personal computer, or toy. Thus, the 
device may be used to replace a standard video game 
controller such as a dance-pad. Data may be communicated 
by a cable via any currently-known or future wired or 
wireless networking protocols or, alternatively, by a wireless 
transmitter module (including, but not limited to, radio 
frequency (RF), infrared, and other wireless data transmis 
sion methods if a wire-free device is desired. In some 
embodiments, the wireless transmission may employ one or 
more 802 protocols, e.g., 802.11g, 802.11n, 802.11x and/or 
802.15 (i.e., Bluetooth). The wireless receiver may be con 
nected directly to the videogame console, television-based 
videogame, toy, or other product which interfaces with the 
present invention. The device may also be directly integrated 
into a toy or game product. 
[0036] FIG. 7 shows exemplary circuitry 700 that may be 
used to convert the signals received by the device into a form 
that may be processed by a video game console 710 or 
personal computer. It should be understood that this circuitry 
is just one of the many possibilities, options, and method 
ologies of such interfacing. The inputs from the IR receivers 
(eight in this case) are each input into a microcontroller. In 
the preferred embodiment, when an object is detected by one 
of the eight sensors, the input signal, normally HIGH, pulses 
LOW for 1 millisecond every approximately 80 millisec 
onds. When no object is detected, the input signal remains 
HIGH. The microcontroller examines each of the eight input 
signals in turn, and can continue to do so iteratively. If a low 
pulse is detected, the microcontroller outputs, on one of 
eight output pins corresponding to a matched input, a logic 
HIGH level. If the microcontroller does not detect a LOW 
pulse on a given input signal after approximately 100 
milliseconds past its detection of a LOW pulse, the corre 
sponding output pin is then set to a logic LOW level. Each 
of the eight outputs from the microcontroller is connected to 
an input of an array of analog switches 720 (e. g., CD4066BE 
switches), the outputs of which are correspondingly con 
nected to a modi?ed wireless video game controller 730. 
Each analog switch emulates a physical button press on the 
modi?ed wireless video game controller 730. As such, this 
circuitry allows the device to be used as a video game 
controller attached to a video game console. 
[0037] Suitable source code in the C programming lan 
guage to the ?rmware residing on the microcontroller for 
this example is as follows: 

void main (void) 

unsigned long righticount; 
unsigned long le?icount; 
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-continued 

unsigned long upicount; 
unsigned long downicount; 
unsigned long aicount; 
unsigned long bicount; 
unsigned long starticount; 
unsigned long backicount; 
hardwareiinit( ); 
while (1) 

// when an object is detected, input signal will pulse low 
for lrnS every approx. 80rnS 
if (!input(RIGHTiIN)) 

outputihigh(RIGHTiOUT): 
righticount = getitimer1( ); 

else if (abs(getitimer1( ) — righticount) > 12500) // if no pulse 
received for approx. 100mS, bring output low 
outputilow(RIGHTiOUT); 

if (!input(LEFTiIN)) 

outputihigh(LEFTiOUT); 
leiticount = getitimer1( ); 

else if (abs(getitimer1( ) — le?icount) > 12500) 
outputilow(LEFTiOUT); 

if (!input(UPiIN)) 

outputihigh(UPiOUT); 
upicount = getitimer1( ); 

else if (abs(getitimer1( ) — upicount) > 12500) 
output_low(UP_OUT); 

if (!input(DOWNiIN)) 

outputihigh(DOWNiOUT); 
downicount = getitimer1( ); 

else if (abs(getitimer1( ) — downicount) > 12500) 
outputilow(DOWNiOUT); 

if (!input(AiIN)) 

outputihigh(AiOUT); 
aicount = getitimer1( ); 

else if (abs(getitimer1( ) — aicount) > 12500) 
outputilow(AiOUT); 

if (!input(BiIN)) 

outputihigh(BiOUT); 
bicount = getitirner1( ); 

else if (abs(getitimer1( ) — bicount) > 12500) 
outputilow(BiOUT); 

if (!input(STARTiIN)) 

outputihigh(STARTiOUT); 
starticount = getitimer1( ); 

else if (abs(getitimer1( ) — starticount) > 12500) 
outputilow(STARTiOUT); 

if (!input(BACKiIN)) 

outputihigh(BACKiOUT); 
backicount = getitimer1( ); 

else if (abs(getitimer1( ) — backicount) > 12500) 
outputilow(BACKiOUT); 

void hardwareiinit (void) // Con?gure hardware to a known state 

{ 
setupicomparator(NCiNCiNCiNC); // Set Port A to digital 
portibipullups(TRUE); // enable port b pull-ups for inputs 
// set outputs all low to simulate no button press 
outputilow(RIGHTiOUT); 
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-continued 

outputilow(LEFTiOUT); 
outputilow(UPiOUT); 
outputilow(DOWNiOUT); 
outputilow(AiOUT); 
outputilow(BiOUT); 
outputilow(STARTiOUT); 
outputilow(BACKiOUT); 
setupitimeril(TliINTERNAL l TliDIViBYi8); 
// setup free running timer @ 4MHZ system clock 

[0038] One alternative embodiment varies the carrier fre 
quency from each of the eight IR LEDs and matched IR 
receiver. Thus, instead of pulsing the IR signal at 38 kHZ 
from each of the eight IR LEDs to be detected by each of the 
38 kHZ IR receivers, the device may use multiple carrier 
frequencies (including, but not limited to, 30 kHZ, 33 kHZ, 
36 kHZ, 36.7 kHZ, 38 kHZ, 40 kHZ, and/or 56 kHZ frequen 
cies) to provide an additional level of ?ltering and interfer 
ence control between the various segments surrounding the 
central unit. By using a separate carrier frequency for each 
of the IR LEDs and matched IR receivers, the chance of a 
“false positive” detection from a sensor is reduced, as the 
receiver is tuned to only ?lter and receive data riding on its 
particular carrier frequency. As a result, a re?ection from an 
object in an adjacent or different position will not be 
detected. One effective approach is to alternate the fre 
quency of adjacent IR LEDs and receivers between widely 
separated frequencies, for example, 30 kHZ and 56 kHZ. 
[0039] The invention may, in certain instances, use mul 
tiple sensors (in this example, IR LEDs and IR receivers) for 
each virtual Zone in order to obtain a more accurate repre 
sentation of a user’s body part placement within a given 
Zone around the center unit. As such, instead of using a 
single IR LED and IR receiver pair per Zone, any number of 
IR LEDs and IR receivers may be used and will help to 
increase the accuracy of object placement within a particular 
Zone. 

[0040] Software-based techniques may also be employed 
on the microcontroller to aid in the accurate detection of an 
object within a particular Zone surrounding the device. Such 
techniques may comprise, as examples, modifying the IR 
transmitting and IR receiving order of the sensors surround 
ing the sensor unit (for example, activating the sensors in an 
order different from a sequential clockwise or counter 
clockwise motion around the central unit), or the use of 
signal processing to aid in ?ltering the signal received from 
any sensor to help ensure that the re?ected signal received 
is the proper signal destined for that particular sensor (for 
example, to prevent the sensor from receiving a signal 
intended for another, possibly nearby, sensor). 
[0041] Another embodiment of the present invention 
replaces the multiple IR LEDs and IR receivers with a single 
IR LED and receiver unit mounted onto a rotating arm or 
disc inside of the central unit. Amotor drives the arm or disc 
in a clockwise or counterclockwise direction in an orienta 
tion parallel to the ?oor, commutating through the eight 
different positions. All of the necessary sensor electronics 
may be mounted onto the arm and the power input from the 
stationary base may be supplied via contacts to slip rings, 
also called rotary electrical joints. 
[0042] In another embodiment, one or more patterns are 
projected onto the ?oor, each pattern (or segment thereof) 
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corresponding to each of the segments surrounding the 
device. An optical detector co-located with the LED trans 
mitting light sources normally receives light re?ected from 
the ?oor when illuminated by these sequentially activated 
LEDs. In one form, the pattern comprises individual spots 
generated from a colored LED (for example, red to denote 
up/ front, green to denote left, yellow to denote right, blue to 
denote down/back, and orange to denote the four corner 
locations). Adding such a visual indication of object detec 
tion can enhance the user experience; for example, the 
invention may blink or turn off the single spot generated 
from the LED corresponding to the segment that has 
detected an object, so the player knows the object was 
correctly sensed by the sensor. If the player puts a foot into 
the left position, for example, the green LED used to 
illuminate that particular area will be turned off to signify 
that the foot was correctly sensed. 
[0043] In a similar embodiment in which LEDs corre 
sponding to each Zone are incorporated into the device, the 
LEDs may be used as status indicators which can be 
controlled by the video game console or other device or 
product in communication with the device. As such, the 
LEDs may be used as a training aid or as additional 
instructional elements. Using the dance-pad example, a 
DDR-type game may include a “beginner mode” in which 
?ashing LEDs denote the Zone into which the user should 
next step. The LEDs may also be used for numerous other 
interactive experiences, and the illumination of the LEDs 
may be controlled either by the device, a game console, or 
an external product interfacing thereto. 
[0044] A delay may be added to the con?rmed detection of 
an object by the sensing module. Since each of the sensing 
modules (comprising an IR LED and IR receiver module in 
this example) is, in certain embodiments, mounted slightly 
above the ground and angled upwards in order to prevent 
optical re?ections from the ?oor, the object may be detected 
before it actually reaches the ground or ?oor. Thus, where 
the device is being used as a virtual dance pad or video game 
controller, a discrepancy can exist between the actual physi 
cal action and detection. Adding a small time delay between 
when the object is detected and when the object may be 
presumed to have reached the ground (e.g., approximately 
10 milliseconds after detection) provides the user with 
feedback consistent with conventional controllers, in which 
the object must make physical contact with the controller’s 
matrix switch connection located on the ?oor. This time 
delay can be added, for example, using a timer module 
internal to a general-purpose microcontroller, with a stan 
dard 555 timer module IC, or through software implemented 
on the microcontroller or other circuitry within the device. 

[0045] In still another embodiment of the present inven 
tion, the IR receivers may be replaced by optical ?bers, each 
of which guides one of the received re?ected IR beams to a 
central location in the device. There, the IR light beam 
leaving each ?ber is directed at a single, horizontally dis 
posed IR receiver that is irradiated by re?ected IR light 
picked up by the ?ber and emitted at its opposite end. 
Additionally, each ?ber’s entry and exit geometry may be 
lensatic or supplemented by external lenses to increase the 
e?iciency of light collection and delivery. 
[0046] Another embodiment of the present invention uses 
optical lenses and/ or light guides (fabricated, for example, of 
plastic) to control the optical emissions transmitted from the 
IR transmitter and/or to control the optical emissions being 
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received by the IR receiver. Such optical lenses (or other 
type of lensatic or other optical control of a sensor’s emis 
sion and reception characteristics) may be placed betWeen 
the sensors and the exterior of the device to help guide the 
direction of the transmitting and receiving energy, to reduce 
interference With other nearby sensors and/or to provide a 
more accurate sensing of an object that re?ects the trans 
mitter’s energy. 
[0047] For example, controlling the displacement of IR 
light Without using such a lens may, in certain circum 
stances, be di?icult. Although one speci?cation of an IR 
LED is its transmitting half-angle (for example, 20 degrees) 
and one speci?cation of an IR receiver is its reception 
half-angle, further exterior lenses may be used to help guide 
the light even more accurately. Furthermore, by using lenses 
to guide the emitted and re?ected light, the sensors may 
sense an object as loW to the ?oor as possible, Which is 
particularly important When the device replaces the conven 
tional dance-mats that sense a foot-strike at ?oor level. 
[0048] In another embodiment of the present invention, a 
capacitive or electric ?eld sensor (for example, the Freescale 
MC34940 or MC33794 sensors) may be used to detect 
object positioning around the central unit. By using multiple 
electrodes located at various positions around the center unit 
(for example, eight), each electrode can detect a change in 
capacitance or electric ?eld to determine if an object is in its 
detection range and, if so, the distance/proximity of the 
object and possibly the type of object (for example, distin 
guishing a human object from a non-living material such as 
a carpet or plastic toy). 
[0049] It is to be understood that the references to eight 
sensor positions on the various embodiments of the device 
is for illustrative purposes only and is based on the use of an 
eight sWitch position controller in common, sWitch-matrix 
dance-pads. Any number of sensor positions, greater or 
feWer than eight, are also envisioned by the current inven 
tion. Further, any suitable type of sensing modality can be 
used With the present invention including, but not limited to, 
ultrasonic or audio sensing technologies. The description 
herein described infrared, capacitive, and electric ?eld tech 
niques as examples of the Wide range of possible sensing 
modalities that may be implemented in the device. 
[0050] Variations, modi?cations, and other implementa 
tions of What is described herein Will occur to those of 
ordinary skill in the art Without departing from the spirit and 
the scope of the invention as claimed. Accordingly, the 
invention is to be de?ned not by the preceding illustrative 
description but instead by the spirit and scope of the fol 
loWing claims. 

1. An electronic sensing device comprising: 
a. a plurality of sensors disposed along an envelope about 

a central location, each sensor comprising a source of 
radiation and a detector therefor, the detector detecting 
re?ected radiation Within a radial Zone originating at 
the sensor; and 

b. circuitry, responsive to the sensors, for generating a 
control signal upon detection of the re?ected radiation 
Within one or more of the Zones. 

2. The sensing device of claim 1 further comprising a 
platform disposed above the central location. 

3. The sensing device of claim 2 further comprising a 
signal emitter for transmitting the control signal. 

4. The sensing device of claim 3 Wherein the signal 
emitter Wirelessly transmits the control signal. 
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5. The sensing device of claim 4 Wherein the Wireless 
transmission utiliZes one or more 802 Wireless protocols. 

6. The sensing device of claim 2 further comprising a 
receiver for receiving the transmitted control signals. 

7. The sensing device of claim 1 Wherein the radiation 
comprises infrared radiation. 

8. The sensing device of claim 1 Wherein the radiation 
comprises ultrasonic radiation. 

9. The sensing device of claim 1 Wherein the radiation 
comprises sound radiation. 

10. The sensing device of claim 1 Wherein the radiation 
comprises radio-frequency radiation. 

11. The sensing device of claim 1 Wherein the sensors 
further detect variations in an electric ?eld about the device. 

12. The sensing device of claim 1 Wherein the sensors are 
spaced about the central location. 

13. The sensing device of claim 12 Wherein the sensors 
are spaced such that each radial Zone is substantially trian 
gular. 

14. The sensing device of claim 12 Wherein the device 
comprises eight sensors arranged octagonally. 

15. The sensing device of claim 1 further comprising 
horiZontal base, and Wherein the sensors are angled 
upWardly relative to the base. 

16. The sensing device of claim 1 Wherein the Zones are 
siZed to accommodate a human foot. 

17. The sensing device of claim 1 further comprising a 
sensitivity adjustment for altering the sensitivity of the 
sensors. 

18. The sensing device of claim 1 Wherein the control 
signal represents an interaction of a human With the device. 

19. The sensing device of claim 18 Wherein the interaction 
comprises the placement of a body part Within one or more 
of the Zones. 

20. The sensing device of claim 19 Wherein the body part 
comprises a foot. 

21. A method of detecting position of an object, the 
method comprising: 

a. de?ning a plurality of radial Zones about a central 

location; 
b. periodically introducing radiation into various ones of 

the Zones; 

c. using radiation Within a Zone to detect the presence of 
an object in that Zone; and 

d. upon detection of an object Within an irradiated Zone, 
generating a control signal indicative of the detection. 

22. The method of claim 21 further comprising transmit 
ting the control signal to a video receiver at a console, 
Whereupon the console displays images indicative of the 
presence of the object in that Zone. 

23. The method of claim 21 Wherein the detection is based 
at least in part on a sensitivity setting. 

24. The method of claim 21 further comprising providing 
visual con?rmation of a detection. 

25. A video game system comprising: 
a. a video game console for providing user instructions via 

a display device; 
b. a plurality of sensors disposed along an envelope about 

a central location, each sensor comprising a source of 
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radiation and a detector therefor, the detector detecting ting the Video game controller signal to the Video game 
re?ected radiation Within a radial Zone originating at console. 
the sensor; 26. The Video game system of claim 25 Wherein the 

b. circuitry, responsive to the sensors, for generating a instructions are based at least in part on the Video game 
control signal upon detection of the re?ected radiation controller signal. 
Within one or more of the Zones, conforming the control 
signal to a Video game controller signal, and transmit- * * * * * 


