13/09/.2005 1 TITLE OF THE | NVENTI ON WEARABLE COMPUTER FOR SPORTS PLAYERS
BACKGROUND OF THE | NVENTION Fiel d of the Invention The present il&R8/@005
directed to a wearabl e conputer systemand nore particularly to a wearable
conputer for an athlete for sensing that the athlete or his/her athlete
garnent has been contacted in an illedgal fashion during a sporting event.
Di scussion of the Background Many sports (e.g., soccer, Anerican football,
basebal | ~and basketball) require one or nore human judges or referees to
si mul t aneously anal yze the notion of many athletes that are conpeting in
the sporting event. Due to a limted nunber of judges or referees, not

every i frrggabr oeRmeENAt by be seen and "called." Mssed calls can
drasticalTy change the outcone of the sporting event and adversely affect

spectators' enjoynent r ISt i i 0 uman body has
been studied with nunﬁgémﬁébwﬁ*#ﬁ}q}%/g%éﬁtqﬂsoéh&%ual reality
systens. Sensors for virtual reality systens are described in a nunber of
US Patents, including (1) U S. Patent No. 5,930,741 to Kramer and
assigned to Virtual TechnoBAGIKGROUNIZOF T2} DWVENTRaNent No. 5,913,727 to
Ahdoot; and (3) U. S. Patent No. 5,563,988 (hereinafter "the 988 patent")

t o MaesField @lithe RREntA:SI gned t o Massachusetts Institute of Technology (MT).
The contents of each of those patents is incorporated herein by reference.

The present invention is directed to a wearable computer system and more particularly to

) a wearable computer for an athlete for sensing that the athlete or his/her athlete garment has been

contacted in an illegal fashion during a sporting event.

Discussion of the Background

Many sports (e.g., soccer, American football, baseball and basketball) require one or
more human judges or referees to simultaneously analyze the motion of mlany athletes that are
competing in the sporting event. Due to a limited number of judges or referees, not every illegal
contact will be seen and "called.” Missed calls can drastically change the outcome of the

\ ) ‘sporting event and adversely affect spectators’ enjoyment and/or satisfaction.

Motion of the human body has been studied with numerous sensors in the context of
virtual reality systems. Sensors for virtual reality systems are described in a number of U.S.
Patents, incIuding (1) U.S. Patent No. 5,930,741 to Kramer and assigned to Virfual Technologies,

~Inc.; (2) U.S. Patent No. 5,913,727 to Ahdoof; and (3) U.S. Patent No. 5,563,988 (hereiﬁafter N
"the ‘988 patent") to Maes et al. and assigned to Massachusetts Institute of Technology (MIT).

The contents of each of those patents is incorporated herein by reference.




13/09/ 2005 2 Sensors for non-virtual reality environments are described in
U.S. Patent No. 5,875,257 to Man -in et al. and assigned to M 1.3A89/2005
Marrin is also the author of several papers that describe using a
conductor's jacket with sensors to gathr gesture and physi ol ogi cal data on
conductors. Two of those papers include: (1) The "Conductor's Jacket": A
Wearable Interface for Miusic and (2) The Conductor's Jacket: A Testbed for
Research on CGestural and Affective Expression. The contents of that patent
and those papers are incorporated herein by reference. However, those
papers and patents do not address the physical interaction of one athlete
with anot her duriqg a real, as opposed to virtual, sporting event. SUMVARY
OF THE | NVENTP@NOTSfof sonyNirtyg] waklity snvirprmentearesiesdribed in Udh PatsnpNovs, 885,257
moni toring device, systemand nmethod for aiding those persons who are

of fi ci at fonamitn ei ab pod kisigned ve MIT( Ms. MarFats slk@he duthodef &vaiaNgagets thid | egal
contact has, or has not, been nmade between pl ayers. This object and other

advant agésciliecusiii RERRRcRY s F’:Ic‘ll!ti Wi %r@%rs |rt§ g&her‘)%é?trl]lg@iﬁrﬁ @ngai}}%ér’]é@ g!&tfl o) at

| east one garnment fitted with sensors for detec and (2)
a transm o] 1ttin he i tions sensed, by t sensors. BRI EF
DESCRI P IOE%S@JSTEI? %ﬁi@@%‘@%ﬁ%ﬁ%@cg tg%aé%ﬁl%fc% Bk %9? I¢ Wyefaceon
and many, of  the atfendant advantages thereof will be readily obtained as
t he sanef%&%lmﬁlsé}f@@m@wa ehyA destbedfor &esaarathen Gestlukbaridyffeatvai | ed
description when considered in connection with the acconpanying draw ngs,

; ) Expression. The contents of that patent and those papers are incorporated herein by reference.

However, those papers and patents do not address the physical interaction of one athlete with

another during a real, as opposed to virtual, sporting cvent.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a momnitoring device, system and method
for aiding those persons who are officiating at a sporting event (or competition) to determine if
illegal contact has, or has not, been made between pléyers.

This object and other advantages are obtained by providing at least one participant with

\) (1) at least one garment fitted with sensors for detecting- illegal contact and (2) a transmitter for

transmitting the conditions sensed by the sensors.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and many of the attendant advantages
thereof will be readily obtained as the same becomes better understood by reference to the

- following detailed description when considered in connection with the accompanying drawings,

wherein:




wherein: 13/09/2005 3 Figure | is an overview of one application of the

met hod and system of the present invention; Figure 2A is bl ock 134992005
showi ng the various conmponents (and their interfaces) of the wearable
conputer according to a first enmbodi nent of the present invention; Figure
2B is a bl ock diagram showi ng a | ogi cal3 groupi ng of conponents by
function-, and Figure 3 is schematic illustration of exenplary nounting

| ocations for the various conponents of the present invention. DESCRIPTI ON
OF THE PREFERRED EMBODI MENTS Referring now to Figure 1, in a soccer gane
(which is but one possible use of the present invention), plural

participants - r tfitted wth wearabl e.. conputers (not shown)
which are norlfi?r%lgf@\éés %gg‘grﬁ%ﬁio?§PF ﬁ%p}?tag?]i‘ 8ﬂth§?&th°§ltfd“lq S¥St%rﬂftﬂﬂff P’%@enét ation
220 can,any . one (or a conbination of) (1) a stand-al one computer (Figure
1), (2)2¥°R&®hork of computers (not shown), or (3) a portable computer
(e.g., a Personal Digital Assistant or a conputer integrated with a

cel lul ar or biguer 2:iis bloek siagramsiniviag itenarbiaégmpdaests (@et @eir inte FRRGFOMEAe
which type of nonitoring station 220 to select is the anount of processing

power. nGegaBlomper ABRAL LB firs bAbbAIALRr ok brilBRAbLC pants are to be

si mul t aneousl y nonitored, e conputing or sepower the nonitoring

station may - be, di,stributed between plural c uters. shown in
i aur e 2n oREE 38 PR Rl S0k ERGHAD e e Fhie e O Bacon ad
J Figure 3 is schematic illustration of exemplary mounting locations for the various

components of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to Figure 1, in a soccer game (which is but one possible use of the present
invention), plural participants 200A - 200C are outfitted with wearable computers (not shown)
which are monitored by a monitoring station 220. Such a monitoring station 220 can any one (or
a combination of) (1) a stand-alone computer (Figure 1), (2) a network of computers (not shown),
or (3) a portable computer (e.g., a Personal Digital Assistant or a computer integrated with a

cellular or other wireless communications link). One factor in choosing which type of

monitoring station 220 to select is the amount of processing power needed by the monitoring
station 220. If many participants are to be simultaneously monitored, the computing
"horsepower” of the monitoring station may need to be distributed between plural compﬁters.
As shown in Figure 2A, one embodiment of a wearable computer includes.: at Jeast one
garment sensﬁr 101 mountéd on a participant’s garment(s), a microcontroller unit tMCU) 105,
- 'ipemory (e.g., ROM 112 or RAM 113), a trahsmitter 109, and a power supply 114. Examples of

garment sensors 101 include, but are not limited to, accelerometers, strain gauges, and optical




arnment sensor 101 nmounted on a participant's garnent(s), a mcrocontroller
gnit (MCU) 105, nenory (e. g., I[I%CJ\/I 112 or RAM 113), a transnittle¥/ 284 20He
a power supply 114. Exanples of garnent sensors 10.1 include, but are not
limted to, acceleroneters, strain gauges, a-ad optical 13/09/2005 4 flex
sensors. Accel eroneters are appropriate for nmeasuring sudden notion (e.g.,
ajerk). Optical flex sensors neasure an anount of bend. Additi onal
information about such sensors can be found in the "741 patent. As would
be appreciated by one of ordinary skill in the art, any type of volatile
menory (e.g., DRAM SRAM can be USEIODIRfOC\)/lr EE\IQDREJQ nlg:I arﬁa, andyan;néype of
non- vol atile memr e.g., EPROM E ; ash nenory, .
Ferro- el @%Xt §Gp§0rﬁe%¥%}§ron%gﬁgs & “DREBTS fpyePrAtHEnS sudder metinn (pes miavkht Optical
store code and configuration information. In an enbodi ment in which plural
gar nent lerscasas measwe en ameunt of hendveAddibbeal dufopnistan abbur suble Eereomah $€s a
mul tiplexer for multiplexing the outputs of the sensors to the MCU 105. In

those erfboat inetht S741paednic CAs WRIDIRS APPRci RENEPESe FWrBitlryARA] iﬂgh%n%gzy%%gs

anal og-to-digital convertor 103 may also be required’if th _ f ® o4
Goscr i bed oay meftors [k BRASK HEIMEEREEE by Bl MRAHENRH 50 hni P P an! o
o T he. s PemoL SOk sRbCogar Ront Fesh reryms o eporalecigapiensty he
garment sensors 101 to determne the status thereof. In an alternate
enpodi nEft be uied iypermagnileericnd permanently storaigide ahd oonfiueativh infeemgasirent
Sﬁsors i ndi cat i ng. that new information is available froma sensor. As
woul d be appieat ambodibienoimeviath pliehl Baffent sensors 101 are used, the wearable computer
further comprises a multiplexer for multiplexing the outputs of the sensors to the MCU 105. In
those embodiments in which the garment sensors output analog signals, an analog-to-digital
convertor 103 may also be required if the MCU 105 does not accept analog inputs (either directly
or through the I/O interface 104 déscribed below).
Using the program stored in the memory of the wearable computer, the MCU 105 is able
to monitor the garment sensors 101 according to the present invention. In one embodiment, the
| MCU 105 polls each of the garment sensors 101 to determine the status thereof. In an alternate
embodiment, the MCU 105 receives an "interrupt” from one of the garment seﬁsors indicating
that new information is available from a sensor. As would be appreciated by one of ordinary
skill in the art, the MCU 105 may require an external /O interface for coupling analog or digital
outputs of the sensors 101 and 108 to the MCU. However, some embodiments of the MCU 105
will include an integrated VO interface and will not require a separate, external interface 104.
In a first embodiment of the MCUJ 105 (and its corresponding code), having received new

information from the sensors 101, the MCU 105 controls the communications interface 111 to

send data to the monitoring center 220 using a wireless transmitter 109. As would be appreciated




skill in the art, the MCU 105 may require an external YO interface for
coupling analog or digital outputs of the sensors 101 and 108 tiI3/A(:8/KONS5
However, sone enbodi nents of the MCU 105 wll include an integrated 1/0O
interface and will not require a separgte, external interface 104. In a
first enbodi ment of the MCU 105 (and it's correspondi ng code), having
received new information fromthe sensors 101, the MCU 105 controls the
comuni cations interface 111 to send data to the nonitoring center 220
using a wireless transmtter 109.. As would be appreciated 13/09/2005 by
one of ordinary skill in the art, the wireless transmtter 109 can be based

on eith F Q. g i.abt - nsmM ssi.ons. Such. W rel.ess
Cransm P SPeo SurbEERERheR, Welih<I BB R TR 0 S R PP
transm %ters. Th nitoring station 220 then (1) receives the sensor
| nf or malieaFTGY PRS- ket GATBHLHAN. Worleeslesy Gersmiiears (nebides kg neidimited to,
anal yzes the sensor information locally to determne if any one of a

speci f i B twosmisfersankiBr trawmilitars.ofbe moniteting dtatiom 290ahdrol( 19 pdreihcaeint seafort he
MCU 105 (and its corresponding code), having received new information from

t he senmfs:Pnatioh using@ cMkbpbAaingakag@SeddM@r BRI SRdw)Hha r(ﬁj[aéﬂa;?)%}e.ls Bfeabhdbrt O

determne if a specified set of sensor conditions’is net. any one of the
speci fi |t i : transmts to the,nonitoring
st at i onﬁlgozrgg 'ta ﬁ{é{ldctgﬁztds%eetm ?P’efc’iﬂgg%f) f%?f)eﬁggagﬁge‘?ﬁ%ﬁo.r C?%dlggﬂselsé‘?%odi ments,

a participant's garpent js further equipped with a wireless receiver 110
for receivi 2][@% @%@WF?%W?}MQ@HPE GHdnt cetratpopdingzode)a haing received

Qg)ti cipant, an official, or a coach. Such received information can be
uSed t qeshindpraratina frogathh spasots W p dret ME B I6 gnatyats ths senwor i«ifﬁgna:troﬁapecfdllg to (An

indication of the last tine that a nmeSsage was received-can _bexsent back
determine if a specified set of sensor conditions is met. If any one of the specified conditions is
met, the MCU 105 transmits to the monitoring station 220 that the specified condition has been
met.
In some embodiments, a participant’s garment is further equipped with a wireless receiver
110 for receiving information from the monitoring station 220, another participant, an official, or
~acoach. Such received information can be used to ensure that each participant’s equipment is
working properly. (An indication of the last time that a message was received can be sent back
to the monitoring station along with the information from the rest of the SEensors.)
Cominunications received by the wireless receiver 110 are passed to the MCU 105 using the
communications interface 111. Moreover, as would be further understood, a single transceiver
(not shown) can be used to replace the separate transmitter 109 and receiver 110. Furthermore,
plural transceivers can be used if multiple communications are to be carried on simultaneously.
In embodiments in which contact between partici}J{nts is to be monitored, the garment of
each participant is further equipped with an ID receiveilO?\Ecoupled to an ID sensor 108) and an

\‘\—/
1D transmitter 106 (for fransmitting the unique ID corresponding to the garment). One




tothe:nonitoring station along with the information fromthe rest of the
sensors.) Comuni cations received by the wirel ess receiver 110 la3/09426dkb
to the MCU 105 using the conmunications interface | 11. Mreover, as would
be further understood, a single transcejver (not shown) can be used to

repl ace the separate transmtter 109 and receiver 110. Furthernore, plural
transceivers can be used if multiple comrunications are to be carried on
"si mul taneously, In enbodinments in which contact between participants is to
be nmonitored, the garnent of each participant is further equipped with an
I D receiveir 107 (coupled to an ID sensor 108) and an ID transmtter 106
(for transmitting,.the unique ID corresponding to the garnent). One -
13/ 09/ 2 Oéh%?ﬂfgéﬁ nn@ aRFEHter 00 & foxnBower: By reoge RE tenpgifiepowkus, theow
range RF transmtter. Thus, the receiver 107 will only receive a strong

si gnal wBRenvgsH{é mékonbyonteive a sisongaisnabeheveplnysicabednitadt rankde bekwesiuch an
enbodi nent, the physical contact between participants begins a series of
sensi ng paptsntso s sidh alenibotlitheht) SeGAy ScREn@ét Hehﬁeeiﬁﬁ%cfil%ﬁ% &gin% a%ferie%of

conditions. By limting sensing operations to a period after contact has

been ma o S P j I r.e consunpt | of e garnment.
This provsasr RS R b EE b RO NN SR T aBs BialRG bl o
and (2) the nunmber of fal se detections which were actually caused by the .
partici fHKi"8 ‘?HSFPEIBP? YO PG atteg camtaft hag, besarmadsy it dppessibicivgedice tiperd¥arbed ¥
below to illustrate sonme of the environnents in which the present

i nvent i 6PNSUBPLHPR P thgigaomentn Thispewats oratdives (1) ehgmreden thinge aowkysaecet or
¢ohditions indicative of a participant being held. Since a referee nay be

on the dpmasplhpasd @ the number of false detections which were actually caused by the participant
himsel{/herself.
Exemplary sets of conditions are described below to illustrate some of the environments

in which the present invention is applicable. In a soccer match, the garment is analyzed for P

—

conditions indicative of a participant being; held. :}Since a referee may be on the opposite side

from a first participant holding a second participant, the garment will “see” the @%y analyzing

the conditions (e.g., accelerations or strains) occurring close in time to the contact between

participants. 6ﬁélggésible configuration for the garment sensors 101 used on a soccer garment
are illustrated in Figure 3. (As would be appreciated by one of ordinary skill in the art, the
placement of the garment sensors 101 in Figure 3 is significantly more important than the
placement of the remaining elements of that figure). Those garment sensors 101 are further
positioned such that if 2 garment does not detect that two participants touched, then it is a good .
indication that a referee should not call a penalty, even if a participant appeared to be touched
(and is acting or saying that he/she was touched). According to experimental results, it appears

that the placement of garment sensors 101 is most effective across the participant’s torso.




froma.first participant holding a second participant, the garnment wl|l
"see" the hold by analyzing the conditions (e.g., accelerationsld/@%y20%5
occurring close in time to the contact between participants. One possible
configuration for the garnent sensors 101 used on a soccer garment are.
illustrated in Figure 3. (As woul d be appreciated by one of ordinary skil
inthe art, the placenent of the garnent sensors 101 in Figure 3 is
significantly nore inportant than the placenent of the renaining el enents
of that figure). Those garnent sensors 101 are further positioned such
that if a garnent does not detect that two participants touched, then it is

par'ti ci pant.. SoBsare BT D! BeE sTuREL Phrel ShuEr: Ageerraay G bRy ahe
was touched),3According to experinental results, it appears that the
pIaceﬂgggﬁgﬁf8§ﬁﬁ@ﬁﬁv§@H§ﬁﬁ§mIﬁﬂqW@Sﬁﬁﬁwoéwﬁ@%ﬁhﬂ@(h&mdgglsnﬂnpawiifhmma$'s
torso. 9/ 2005 7 However, not all sports prohibit all types of contact.

Aer i cawotilddiclagptectates] By drlcagfatrdihatyakil inghe 4r0th@§ystns bViBie plaamerfveisiowshlst
but sonme contact with the defenders is permtted. Thus, as would be

appr eci g ffle RydioRRuRh REWERGRNoEKE dd Sﬂﬁ&gbfﬂ@d Arleact ! BE& &&&?gg‘agpgﬁﬁé@%&m

i nvention nust be able to distingui et ween |1 nnocent

contact, For._ex | e n, of fensi v | ayer ¢ utiljze . open hands to bl ock _
a def ent gru%li%%?g %E%?gf ?me%Fk ﬁpe‘ieﬂgerg%‘?téﬁm 'Pgﬁjaé%é%fmﬂ?r%ew ¥, ﬁékewd@fv énder 5
can "bupp" an offensive player in the first few yards of a pass play, but

t hat ofdedsgesean "bummpe an @iignsive plarerin thedirstiewerardsd apass pley.dait khah affesiveown

tﬂb ball. Accordingly, the nonitoring station 220 can nonitor the offensive
recei veplgjer gay menbsbimpedifgrshofuaaettusiohanhiowait ®allt hecstdmptetack has

thrown the ball, thereby saving power.
monitoring station 220 can monitor the offensive receivers’ garments for signs of a bump only
after the quarterback has thrown the ball, thereby saving power.
Wearable computers integrated into garments can further be used in American football to fa
~ detect when a ball carriers knee has touched the ground, thereby signaling the end of the play.
Similarly, an offensive lineman’s jersey can be fitted to determine if he moves prematurely (i.e.,
before the ball is "snapped"). On the contrary, a defender is allowed to move prior to the "snap,"
but the defender may not touch the jersey or body of any opposing players. Sensors can pick up

each of those motions or contacts. vy

Although not strictly a "garment," the helmet of an American football player can likewise

be fitted with strain gauges to determine if the player’s face mask i,é’ipﬁlh;\d. Such a strain gauge

e

may further provide an indication of how hard the face mask was pulled to determine the severity

of the penalty.

As would be appreciated by one of ordinary skill in the art, baseball players could also be

fitted with similar sensors integrated with or attached to baseball garments. Using garment

sensors 101, an umpire can more accurate]y determine if a baseman (e.g., the first baseman)




Wear abl’e conputers integrated into garnments can further be used in American
footbal | to detect when a ball carriers knee has touched the grloth@9/2005
thereby signaling the end of the play. Simlarly, an offensive |lineman's

jersey can be fitted to determine if he, noves prematurely (i.e., before
the ball is "snapped'). On the contrary, a defender is allowed to nove
prior to the "snap," but the defender may not touch the jersey or body of

-any opposing players. Sensors can pick up each of those notions or
contacts. Although not strictly a "garnent,”™ the helmet of an Anmerican
football player can |ikew se be fitted with strain gauges to determne if

t he player's, f.ace, mask is.pu]led.. Such a strain gauge may further provide
an i nd: oaraly g Sh%W“Pi‘ﬁPdS‘EHGIWdéé?%W%gW&ﬂWeééraﬂﬁm&étférirﬁr:gféteﬂh@to the
severity of the penalty. As woul d be appreci ated by one of ordinary skil
in the abases. fieadhasyston egremeasposif d phdyenis beuchéd fitse ty wibbdensinnir karchseths Gase
integrated with or attached to baseball garnents. Using garnment sensors

101, ' arfistySimélacbaschml eneeie daiRbehistdde HEEAhiNS if £ pifthPASRIRNS § Sdlks odifg i rst
baseman) 13/09/2005 8 actually "tags" a runner. %ﬂn1|ar|y, I1f a |l ow range,

| ow powattkf‘%his%ﬂét@' \k@%@%ﬁ?g ?%t‘5E§%§%% babAsfsS,: then the systemcan

nmeasure if a player is tou asenman or touches the base

first. Si rn'leifl tia eg_a,ll sensors can,be used to determne if _a pitcher
conmits a "balk' w@q fipmg enyIropIent, When RRO faigesg,spay the RaHems of (REaleiBeY bo

swing at a _baseball. In a Judo training environment, when two trainees
spar, t RePTYRraddmbe spachy ddiemeesantyinyentiompnils@apdichlyle themubeioh enTinenperes ent
inp¥ention is also applicable to sinulation environnents _
(e-g., police studying the moves of a pickpocket where a contact is followed by a particular
pattern of movements).

As would be appreciated from the forgoing, the present invention is not limited to the
real-time analysis of movement. For example, rather than a coach monitoring Judo movements
in real-time, the coach or the sparring partners could play back the movements as part of an
analysis of the training or lesson.

In an alternate embodiment of the present invention, the power pack of the wearable
computer is augmented with or replaced by "human power." Examples of such power sources
are described in (1) Kymissis et al., "Parasitic Power Harvesting in Shoes," Second IEEE
International Conference on Wearable Computing, and (2) T. Starner, "ﬁuman—powered

Wearable Computing,” IBM Systems Journal, Vol. 35, Nos. 3&4, 1996, p 618-629. The contents
of those articles are incorporated herein by reference.

Obviously, numerous modifications and variations of the present invention are possible in

light of the above teachings. It is therefofe to be understood that within the scope of the appended

claims, the invention may be practiced otherwise than as specifically described herein. For

example, each of the elements of Figure 2A can be integrated into one or more larger circuits




(e:g., -police studying the noves of a pickpocket where a contact is
followed by a particular pattern of movenments). As woul d be apgrd03¥ed05
fromthe forgoing, the present inventionis not limted to the real-tine
anal ysis of novenent. For exanple, rather than a coach nonitoring Judo
nmovements in real-tinme, the coach or the sparring partners could play back
the novenents as part of an analysis of the training or lesson. In an

al ternate enbodi nrent of the present invention, the power pack of the

wear abl e conmputer is augnented with or replaced by "human power." Exanpl es
of such power sources are described in (1) Kymssis et al., "Parasitic

Power esddlingid y ad. atd f C n

Vear abl & o s R e I b R B ) GLE P
Conputigﬁxi b?NISystens Journal, Vol. 35, Nos. 3&4, 1996, p 618-629. The
cont ent d% ‘hose articles are incorporated herein by reference.

Qobvi ously, nunerous nodifications and variations of the present invention
are possible in light of the above teachings. It is therefore to be
understood that within the scope of the appended clains, the invention may
be practiced otherw se than as specifically described herein. For exanple,
each of the elenents of Figure 2A can be integrated into one or nore |arger
circuits 13/09/2005 9 (e.g., application specific integrated circuits
(ASICs) or Field Programmable Gate Arrays (FPGAs)). 10

O




CLAI M5: 13/09/2005 1. A control systemfor detecting an action perforned
and experienced by a participant durifg an observed series of i/ O£ 200 =
sporting event, the system 5 conprising: a sensor nounted on a garnent of
the participant for detecting a notion condition during the observed
series of notions; . 10 a mcrocontroller for receiving the notion

condi tion ducliAamgsSt he observed series of notions, and for anal ysing the
notion condition to determine if the garnment has been pulled or tugged; a
wireless transmtter for transmtting the recejved notion .conﬁgiibti on to a
15 nonitorinl st icOHbEYSIEM MEsdsierlid gp &ofR %@@? s BFCEEEY Pt i ons
during the okBRIpastddurif =heshsaiedraériesnsf; mativds an @osHodioy evemséhe sistem an radi o
f requency, (R;;F Fisei\r(]:ei ver for detecting if two participants contact each

ot her duri ng €'Ghserved series of notions, and for detecti ng 20 strain
or flex applied to the garnent. 2. The systemas clainmed in claiml1,
wherein the noti g seRbdioléy bh AGAMEREH! fik pattlipantofiol tietecting = tmatieron dur i ng
t he observed seri tion ng'_ne if a specified condition is

. .Of t.
net. 25 3. 1%8&@%?%@5%*5%0'5?3? ecrfg? n cci%al i 1, further. conprising:

10 a microcontroller for receiving the motion condition during the observed series of
motions, and for analysing the motion condition to determine if the garment has been

pulled or tugged;

\) a wireless transmitter for transmitting the received motion condition to a
15  monitoring station of an observer of the observed series of motions during the observed

series of motions; and

a contact sensor with an radio frequency (RF) receiver for detecting if two
participants contact each other during the observed series of motions, and for detecting

20  strain or flex applied to the garment.

2 The system as claimed in claim 1, wherein the motion condition is analyzed at
the monitoring station during the observed series of motions to determine if a specified

condition is met.

25
B X The system as claimed in claim 1, further comprising:
' a non-volatile memory for storing a unique ID; and
30 an RF transmitter for transmitting the unique 1D between participants during,
contact.
4. The system as claimed in claim 1, wherein the sensor comprises an
. accelerometer. '
35
5. The system as claimed in claim 1, wherein the sensor comprises a strain gauge.

6. The system as claimed in claim 1, wherein the sensor comprises a flex sensor.




a non-vol atile nenDry for storing .a unique ID; and 30 an RF transmtter for
transmitting the unique | D between participants during, contact.l13/09{&005
systemas clained in claiml1, wherein the sensor conprises an

accel eroneter. 35 5. The systemas claimed in claim1, wherein the sensor
conprises a strain gauge. 6. The systemas clainmed in claim1, wherein the
sensor conpri.ses Tefsystem ssnsdined inlcidity QFiE@0Soprisiigea syrsivelive aratetieli ned in

claim1l, fur(j’tonneerC mfg%?ge'n?drggd @EW&%%&@@ material connecting the sensor

and the m crocon e systemas clainmed in claim?7, wherein the
conductive material conprises at 5 |east one of: wres, conductlve t hr ead,
and conductige yalmasysiéﬂngsclé}m%mtdranh 7 Sytatemhé oonddetive atatenigh comprises les  of

actions perfoLfEd 218 EXRELLERGSh Ok ikl ghpant during an observed

series of I'ng &vent system conprising: plural
sensors nounted on a garnent of the participant for detecting plural
motion condig i On% &:H{ral Q)Fbténh%r ahs@ny edefidiof 8Gion peRdimeanay egperiercediyont r ol | er

for receiving t
g rtimpaﬁt unng arrgocgblsgrr\}e ggn%ls tolfon%lorguirnI Qgpérn'ﬁ‘; 9\%%? rtﬁ’eegbstem
comprising:

10
plural sensors’ mounted on a garment of the participant for detecting plural

motion conditions during the observed series of motions;

) a microcontroller for receiving the plural motion conditions during the observed
15 series of motions : and for analysing the motion condition to determine if the garment

has been pulled or tugged,

a wireless transmitter for transmitting the received motion condition to a
monitoring station of an observer of the observed series of motions during the observed

20 éeries of motions; and

a contact sensor with an radio frequency (RF) receiver for detecting if two
participants contact each other during the observed series of motions, and for detecting

strain or flex applied to the garment.

25
10. The system as claimed in claim 9, wherein the motion condition is analyzed at
) the monitoring station during the observed series of motions to determine if a specified
condition is met.
30 11 The system as claimed in claim 8, further comprising
a non-volatile memory for storing a unique ID; and
an RF transmitter for transmitting the unique 1D between participants during,
35 contact.
12. The system as claimed in claim 9, wherein the sensor comprises an
accelerometer.

40 13. The system as claimed in claim 9, wherein the sensor comprises a strain gauge. -




15 series of notions ; and for analysing the notion condition to determ ne
if the garment has been pulled or tugged; a wireless transmttdr3f08/2005
transmtting the received notion condi ion to a nonitoring station of an
observer of the observed series of notions during the observed 20 series
of notions; and 25 a contact sensor with an radi o frequency (RF) receiver
for detecting if two participants contact each other during the observed
seri es of on i pYL hedehdr.t he

gar ment . 1thThe%@e qﬁ$§%dgﬁé?ﬁ% mﬁ%“@%%ﬁéﬁag%aﬁgﬁéFﬁ the notion condition
is anal yzed at the nonitoring station during the observed series of
notions to dgter r"T'h@ étfamaasstﬂﬁmied ineélaimC®) rfdkttier @bmprsinged cor@iQctiva mafirel syst em as
cl ai mred |n cl ai urther o] i a non-volatile nmenory for storing a
uni que 17D; ‘ﬁquﬂgqﬁﬁq?%ﬁgﬁﬁ gﬁw&igﬁﬁ??ansnitting the uni que | D between
participants during, 35 contact. 12. The systemas clained in claim?9,

wherei n the Hensohe GRdEh 'a§ %}‘élm%ﬂ in éléiﬁﬂ'SeWﬁHi‘ah @fe. coAflucha materal synsririeen as
claimed in claim@9, ere t he e q; §$§na strain gauge. 12
13/ 09/ 2005 @t least one of: wires, conductwet read, and con ctlv |




14: The systemas clainmed in claim9, wherein the sensor conprises a flex
sensor. 15. The systemas clained in claim9, further conprisind3 09/2005
conductive material connecting the sensor and the mcrocontroller. 16. The
systemas clained in claim15, wherein_the conductive material conprises

at |east one of., wires, conductive thl®ad, and conductive yam ABSTRACT
OF THE DI SCLOSURE WEARABLE COWVPUTER FOR SPORTS PLAYERS A system and net hod
for sensing that an athlete or his/her athlete garnent has been contacted
in an illegal fashion during a sporting event. Exanples of illegal contact
include holding in soccer and Anerican football and can be determ ned by
the rel ABSYRAODt OBNTAE DISCLOSOR® applied to an athlete's garnent. By
nounting sensors on an athlete"s garnments, a wearable conputer transmts
information to an officiator of a conpetition. FIG 1

WEARABLE COMPUTER FOR SPORTS PLAYERS

A system and method for sensing that an athlete or his/her athlete garment has been
contacted in an illegal fashion during a sporting event. Examples of illegal contact include
holding in soccer and American football and can be determined by the relative motion of or
forces applied to an athlete’s garment. By mounting sensors on an athlete’s garments, a wearable

computer transmits information to an officiator of a competition.

Fig. 1




