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.

13/09/2005 2y, 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.




Sensors for non-virtual reality environments are described in U S. Patent
No. 5,875,257 to Man -in et al. and assigned to MT. Ms. Marri d3408/2005
t he author of several papers that describe using a conductor's jacket with
sensors to gather gesture and physiol ogjcal data on conductors. Two of

t hose papers include: (1) The "Conductor's Jacket": A Warable Interface
for Music and (2) The Conductor's Jacket: A Testbed for Research on
Gestural 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 during a real, as opposed to virtual, sporting event. SUMMARY OF
THE | NVENTI fRsopsdonponsKirRiat reghityenuirpnaesn areidasasiveil on Ut Peteot/NdeS,875,257
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? &D@W%l@é‘%’ﬁs %%Cﬁlé‘%cg t g%a%tﬁl‘éfcﬁ 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 acconpanyi ng draw ngs,

\Mﬁer ei n:Expayseion 2006 cantbitgof that patentaind dwse physsts ok ifep@aRRl heRid BPrebretdee
nef hod and system of the present

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:




i nventi-on; Figure 2A is block diagram show ng the various conponents (and
their interfaces) of the wearable conmputer according to a fi r stl 2N08di2 D
of the present invention; Figure 2B is a block diagram show ng a | ogi cal
groupi ng of conponents by function-, and Figure 3 is schematic
illustration of exenplary nounting | ocations for the various conponent s of
the present invention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring
nowto Figure 1, in a soccer gane (which is but one possible use of the
present invention), plural participants 200A - 200C are outfitted with
wear abl e. conmputers (not shown) which are nonitored by a nonitoring

station 220. stati,on.220.can any one (or conbi nati on
of) (1) a staP%ﬁ al ongeﬁ)g%etrn%ﬁ%v%?of'%ﬁmfcguﬁ’} of%ni)me}%y&e@fof $s (not
shown), . or (3) a portable conputer (e.g., a Personal Digital Assistant or
a corrpu!rlé’tenﬁl‘?ﬂ segrated with a cellular or other wireless communications
link). One factor in choosing which type of nonitoring station 220 to

sel ect is th¥igmoatis block diagess shugvipg WR vanessadngthehtd CantOméd @itbiaes Béfhé ON
220. If many participants are to be sinultaneously nonitored, the computing

"hor sepw\eaﬁble%lﬁmra@wr&ag kD i AbdbBBiniERY om@%{)ésgutl?ﬁvé?ﬁtﬁ ributed between

plural conputers. As shown in Figure 2A, one e nent of a wearabl e

conmput er inc S one arnen sor 101 .mounted o

partici pant’ is:%ggerzrr%?sta(&?a?élagﬁaﬁ Onte 6}9‘% Tﬁ‘?ﬂ“ﬁ”"@ﬁé@?mﬂﬁ’%@mg Wéﬁ’é‘P?m( @ndg
ROM 112 or RAM 113), a transmitter 109, and a power supply 114. Exanples of
gar ment sen s%‘ggreﬁ)lsfcher%qtﬁdﬁusﬂpn af exevaplaty mounsiag desatiaosior dreovmetoes s,

s\t)al n gauges, a-ad optical 13/09/2005 4 flex sensors. Accel eroneters are
appr oprdoatpenénts offdgguedenginserdiban notion (e.g., a jerk). Optical

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




fl ex sensors neasure an anmount of bend. Additional information about such
sensors can be found in the “741 patent. As woul d be appreci at dB3 HY947D 3
ordinary skill in the art, any type of volatile nmenory (e.g., DRAM SRAM
can be used for a working area, and any, type of non- volatile nmenory (e.g.,
EPROM EPROM EEPROM Fl ash nmenory, and Ferro-electric nenory) can be used
to permanently or sem -pernmanently store code and configuration
information. In an enbodi nent in which plural garnent sensors 101 are used,
the wearabl e conputer further conprises a nultiplexer for nultiplexing the
outputs of the sensors to the MCU 105. In those enbodi nents in which the
gar nent g&nsors o?{‘tggetit anal og signals, an anal og-to-digital convertor 103
may al so Be TeYdi PromefeEs R9Brige & HepsuERE &ysidemmation (4 gpaiesk) ePptinai
directly or through the 1/Ointerface 104 described below). Using the

pr ogr am iexoicaepts measise arampyntef ek Additiam! énfonngidnesbout sneh MasokQanibs abl e
to nonitor the garnent sensors 101 according to the present invention. |

n
one enbddimeintthe t 7 padat) Aol beSapppdcintdd b} ke
determ ne the stat usp thereof. In aan alter na){'e %@%ﬁ?ﬁﬁﬁﬁ%ﬂ&ﬁ% of

recei ves,odfiile | I Y f rayent sensors indicating. that

new i nf oronat?gjlr% i ?%l?géi e’ﬁ?oﬁ gaﬁsgﬁg%rﬁ'fo%w &% 24 W%&pﬁt‘) 8°By one
of ordinajy, skill jnt 105 may require an external YO

i nterf aé’8f"¥%6r MEFIp 43 @ﬁ%‘ﬁ% EB&‘%‘%‘%@%@%Q@%@W@ Fegigsadeairiq oenony)

108 to the MCU. However, sone enbodi ments of the MCU 105 w !l include an

i-ntegr afaybe ysdite permanentlapseniipermatentlg gloke enda asé parfijueatioeihfirmation.
interface 104. In a first enbodi nent of the MCU 105 (and its correspondi ng

code) , havi nin meembyditheneiny wiie Sl iohHer: 5T 1 SRNKRE Sthd Wbarbie MHik05
controls the communications interface 111 to send data to the nonitoring

R S i BT A e s
109 Canthlgge glr%ggcﬂm%gtseuil Ev%?crh tflg gfiir(r)nent 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

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




frequency or |ight-based transm ssions. Such wireless transmtters include,
but are not limted to, RF transmtters and IRtransmtters. THe&/09/2005
nonitoring station 220 then (1) receives the sensor information using a
correspondi ng wirel ess receiver (not spown) and (2) anal yzes the sensor
information locally to determne if ans one of a specified set of sensor
conditions is net. In a second enbodi nent of the MCU 105 (and its
correspondi ng code), having received new information fromthe sensors 101,
the MCU 105 anal yzes the sensor information locally to determne if a
specified set of sensor conditions is net. If any one of the specified

conditi i S5utransm.t -1h ni.taring station,.220 that
t he spegyf%llﬂégf?:%%néf}%%]gl%l}%gjagétehtﬁ @g@_@@sltﬁmé@&@% i%%ﬁsgc?o%e TP pant ' s
garnment _.is further ui pped with a wreless receiver 110 for receiving

i nf or mafFBYFEY BHﬁgfﬁgﬂﬁ%ﬁ PWSARFFPSt FUrly Wirphees raseuias inshyde bRtpaanot linited to,
official, or a coach. Such received informati on can be used to ensure that
each paRFitsinpmiitersansii tramemittdrs. Thermonitgrigy ageml 320 than( 1) pebebask itlerseafort he
last tine that a nmessage was received can be sent back to the nonitoring

st at i oninfb@@oniubing aRerresHonbmBivwiadleds OBt Endi 8RS wDfankiRe) SRMBRL gxe)senso[ge .y

Commruni cations received by the wireless receiver 110 are passed to t

105 usi; ' ' . ol . Moreover, as.would be further
under st epriagon FRATy B SRR ulh Bt BF sl S ProE e oo imte < ne
separate transmtter 109 and receiver 110. Furthernore, plural '
transcei vers "@aﬁ?cﬁg{%@@@?nﬁﬁf Ithe MCU dBafandiis sorreiponding code)pbaing raceidedn

si jul taneously, In enbodi nents in which contact between participants is to

bé noninesr wdorntatien frnmthntsesbrs HHG theddClU b0 tyzesthé werisbe infeuddapadcalityti an
| D receiveir 107 (coupled to an I D sensor 108) and-an-—IlbD-transmtter 106

(for trieagmitdif AgpddiGed iRt BL&nkd? GRAHIRAPANALNYS 4 dnBOr AR $PRBikd cMfitions is
13/ 09/ 2005 6
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
-a coach. Such received information can be used to ensure that eaéh 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 receiveiit“7107 Ecoupled to an ID sensor 108) and an
kY \—/?
1D transmitter 106 (for fransmitting the unique ID corresponding to the garment). One




enbodi nrent- of such an ID transmtter 106 is a | ow power, |ow range RF
transmtter. Thus, the receiver 107 will only receive a stronglsi/ghaV 26Hbn
physi cal contact is nade between participants. In such an enbodi nent, the
physi cal contact between participants bqegi ns a series of . sensing
operations which would indicate one of the specified sets of conditions. By
limting sensing operations to a period after contact has been made, it is
"possi ble to reduce the power consunption of the garnent. This prevents or
reduces (1) the need to change power sources during play and (2) the
nunber of false detections which were actually caused by the participant

hi nsel f/ heg sel f. ﬁeq@nglﬁ sets of conditions are described below to -

i 11 ust r SRPUIRENOF s frRnsHHEE 100 15 & lagnperer: Ioav rapse REtranpmisier-i Shus, the
applicable. In a soccer match, the garnent is analyzed for conditions

i ndi cat irgestestr 187 pall onlyi ngegive betrong dglaliwhSi plogical ceiftet semadeybdoeesan t he
opposite side froma first participant holding a second participant, the

gar ment pattidipah&edii sidtearh@hBodithet) Ble)hiyigal ChR a6 ARAN EdnIARidiSands begins a series of
accel erations or strains) occurring close in tine to the cont agt bet ween

parti ci : : i i: ' t rpent ..sens .101 used
on a sogg‘g%ﬁggo r rrelr?? 9%21'#(%! ﬁ?@ﬁgé(?g%% gﬁaé &#é%ﬂﬁﬁ%ﬁﬁ%@ﬁo%ﬁ?% %é’slgﬂgwgci at ed
by one of ordinary skill in the art, the placement of the garnent sensors_
101 in FYYIECPSAONE fohperiodaltar omartdat Rysdrmpagss 1tahpessibirato rpiuss dheprwast t he
remai ning el ements of that figure). Those garnment sensors 101 are further
pasi t i ofeRPUBPEAN Phihe gafmentq Jheseprevaites raditcesl€) élnt ndelad chamge pawes Siopest s
touched, then it is a good indication that a referee should not call a
penal ty dutiveplay fnd(2) @id mehRRE FARN@MEINS RhRR wedgdigsly Lagd Hy%h@?ﬁﬂti@ﬂ)aﬁ’{
sayi ng that he/she was touched). According to experinental résults, It
appear Shintdfinctbg Pl acenent of garnent sensors 101 is nost effective across
the participant's torso. 13/09/2005 7

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.




However, not all sports prohibit all types of contact. American foot bal

has "illegal " holding" for offensive players as well, but somelEM@2a¢2005
with the defenders is permtted. Thus, as would be appreci ated by one of
ordinary skill in the art, the systentof the present invention nust be

abl e to distinguish betmeen i nnocent and prohibited contact. For exanpl e,
an of fensive player can utilize open hands to bl ock a defender, but cannot
pull at the defender's jersey. Likew se, a defender can "bunp" an

of fensive player in the first few yards of a pass play, but that offensive
pl ayer may not be bunped after the quarterback has thrown the ball.

Accordingly, C or .the, of f ensiy.
receivers' wgglro %ﬁ%{p%t atl ¥ ﬁgro zﬂbﬁ: %{riﬁ(’?g%af %E’rﬂnf"rt’efoaﬂi’éﬁlhé? \é‘glE&alhas
thrOMM»t%e balkl, thereb savi ng power. V@arable conputers integrated into
gar men Boldipg-fenatiaive glaysecs wellakerspraroniaot with thetrgfendeltsé@pervmwd. alloas, bs
carrier hee has touched the ground, thereby signaling the end of the

pl ay. Souid tardpprecredtf ersif\vedihiryeRAlNnshd £ 3By s )R8 BEthE pidsert lﬁ@en@teh g e
if he noves prematurely (i.e., before the ball is snapped") On the

contraryg alde ﬂﬁ&tﬁﬂ%’fsh‘ b°et»@éénqmeﬁpaﬁa%\é&gﬂﬁétféontt&t t B& exSl Ha' n oﬂgltls&%@ag%r o

def ender may not touch the jersey or y opposin

can pi c of tho cont act Al t h, not strictly a _
”qar nert o €8I Rlugh BB RbRAarbu GG i oBRBTRY TiPveis Lot bt o
with strain gauges to determne if theﬁp S%er S face mask is pulled. Such a
strai n SHiger caraPumpr @p offepsivg plareran the wi xendsoff apmss play.cdbut Heit bifemsivaask

y pulled to determne the severity of the penalty. As would be

appr ecipdyedmay nonlee bimpediafeaitye qititeibatihishBrow the bag ehatdrdiplgBy @fes coul d
also be fitted with simlar sensors integrated with or attached to

oS ar SO Son o 0, SRATEN ke oSSR e LRI S0

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

cach 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§ pulled. Such a strain gauge

o’

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)




8 actually "tags" a runner. Simlarly, if a |low range, |ow power
transmitter is integrated into the bases, then the system can fe3%0P€3G05%
pl ayer is touched first by a baseman or touches the base first. Simlar
basebal | sensors can be used to deter rri‘?e if a pitcher commts a "bal k" or
if a batter "breaks his wists" when ttying not to swng at a baseball. In
a Judo training environment, when two trainees spar, the patterns of
-tugging may be nonitored by the coach. The present invention is also
applicable to sinmulation environnents (e.g., police studying the noves of
a pickpocket where a contact is followed by a particular pattern of

novenent s), . L woul d be r.eci at.ed fromthe forgoing, the present

i nvent i o%&?aé@fl{) o ?ﬂi@gﬁaﬁg’lﬁﬁ& ltffii%‘f’ T3ngRel OWPOWRS taNBRitAHY ditegratedfpto the
exanpl e, rather than a coach nonitoring Judo novenents in real-tine, the
coach orbasee thepdhe systpnpean measyrecid apthypt iayoushed fitsh by mbusementcs tashpathe bafe an
analysis of the training or lesson. In an alternate enbodi nent of the '

present fint fitnilanbaseball powers cpRbkuel tb BeemBiae A SitchePETMhRE 2 MaIRUSTEYL ed
with or replaced by "human power." Exanpl-es of such power sources are

descri bagkMHrdaks KBS SESwhin @ine nofia eS| Harvesting in Shoes,"
Second | EEE Intgrnati ona‘IN Cljlon Hé gﬁggsgvﬁd%grbgg%@hmnputi ng, and (2) T.

St arner, "Humgan- red Wearable uting," IBM Systens Journal, Vol. 35,
Noo. 5z, 1608 F RS TRBEPTERETEI VBT £0 BT NeOBE: MARAUrEs OLREEELOoR at od
herein by reference. (Qoviously, numerous nodifications and variations of
the preddmitorsdiythe epachr dhepsesensiinvention i gn ampllicelile takiomiative@ohirogsents t | S
therefore to be understood that within the scope of the appended clains,

t he i nvéngi policeeudyingnhaaidvesedf mpibe%swksmméi@a casa&ne filfowealbly FasGnied
herein. For exanple, each of the elenments of Figure 2A can"be integrated

i Nto on@atdm BPHRVEAEME). Circuits
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
élaims, 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




13/09/ 2005 9 (e.qg., application specific integrated circuits (ASICs) or
Field Programmabl e Gate Arrays (FPGAs)). 10 CLAI MS: 13/09/2005 1.3/084R20h
system for detecting an action performed and experienced by a participant
during an observed series of notions in a sporting event, the system 5
conprising: a sensor nounted on a garnéht of the participant for detecting
a notion condition during the observed series of notions; . 10 a

m crocontroller for receiving the notion condition during the observed
series of notions, and for analysing the notion condition to determne if
the garnment has been pulled or tugged; a wreless transmtter for

transm td & NghdliRs } tan.: condi 4 d : Ltord station of
an obseF%%Fgg?Q?ﬁi bgg@ggg&%%@?ggﬁﬁgbﬁgﬁg%ﬁgﬁ &E%gr%ﬁﬁghgégggfggwéseries
of nDtiﬁﬂﬁj 5?d a contact sensor with an radio frequency (RF) receiver for
detecti hg |% ‘wo participants contact each other during the observed
series of notions, and for detecting 20 strain or flex applied to the
garnent. 2. The systemas clained in claiml, wherein the npotion condition
is analyzed at the nonitoring station during the observed series of
notions to determne if a specified

O




condition is nmet. 25 3. The systemas clainmed in claim1, further
conprising: a non-volatile nmenory forwstori ng a unique |ID; andl1®Y @H/RO05
transmitter for transmtting the unique |ID between participants during,
contact. 4. The systemas clainmed in claim1l, wherein the sensor conprises
an acceleroneter. 35 5. The systemas clained in claim1l, wherein the
sensor conprls@sSa strain gauge. 6. The systemas clained in claiml,
vvlhereig t he sensor conprises a flex sensor. 11 13/09/2005 7. The system as
clainmed in claiml, further conprising a ¢onductive teri.al onnectin
the sensor ahd t He CR®O SYS6H erSIn‘Feé‘-‘rc.t'"%.g"'ﬁ‘?@ons%?@?ﬁda@rgg?&ieﬂ%ﬁe? E’ycﬁ ai m 7?
wherein the gmrgpast duing rat sisbrabd cergsr ofsmstions in B $redisy «vad, dfe: syaleres,
conduct i Ve tc%e%gn .and conductive yarn. 10 9. A control systemfor
detecting, a JBrTes of actions perfornmed and experienced by a participant
during an observed series of notions in a sporting event, the system
conpri sing: pluraj s&RES Mot YAt dardiento e nEarticipardt fohdetpeting i  impéiort  f or

detecting plc%lr'lgilion drtTRrEglthenob%(e)rr\}gJ éelrigé.'gfn%lﬁwls?g the O_bseryed series of notions;

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 mcrocontroller for receiving the plural notion conditions during the
observed 15 series of notions ; and for analysing the notion cdﬁh?OQdﬁH1®5
determine if the garment has been pulﬁed or tugged; a wireless transnmtter
for transmtting the received notion condition to a nonitoring station of
an observer of the observed series of notions during the observed 20
series of notionstheayslerd Tsacidimed actiaimeh sothenicomprisingra dersiuttive dquatsigly ( RF)

recei ver for det t t '
conne t|’1 éJrchY‘ane jgants cont act each other during the
observed series J]%%“ons (?6 tgj tecting strain or flex applied to

the garment. 10. The system as claimed in claim9, wherein the notion
condi tion i sg analinégghte - as SR edPIdin ] wigrer e baniuctive matprisivempizeepved seri es

of nmotions to determn onis net. 30 11. The system
as clai med i'%eS ?rglthwges Fﬁ"du%w? coar?pén%g%aég&gly%%n vol atile nmenory for y
storing a unique 11D; and an RF transmtter for transmtting the unique ID

get mgpelpﬁr Eghg i pmtragygtéﬁgfm §§e&iﬁ@ta%§ﬁes ol ZctiordRrisiysdant agpedéraediyd i n cl ai m
sensor t e

clained in @ BIHEIREN 9\'75@9 f °btsﬁree§8ﬂ?8r° %ﬁpﬁn@eag Sgloré%r é\%nt We Jg K} em 2

13/ 09/ 2005 Ioémpildig: system as clained in claim9, wherein the sensor

conpriseg a flex sensor.

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 eeries 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. The systemas clained in claim9, further conprising a conductive
material connecting the sensor and the microcontroller. 16. Thd 3488 G85
claimed in claim15, wherein the conduétive materi al conprises at |east
one of., wires, conductive thread, 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 garnment has been contacted in
an illegal fgshi durj . i ) I fo b hdxa@ador.cont act

i ncl ude holﬁr ngo'irP'ﬁS %%"Egsragﬁgyﬁ%mgﬁgggé?%ﬁlg&gﬁﬁp%an be determ ned by
the relative notion of or forces applied to an athlete's garnent. By
nmounti ng sengors 198 Bt QhiMed ingasimes)tfathed comprisiigl 2 cowingtive enatarislnsni t s

I nfor mat |50n c;[o(r?ne%{?ng%e ée%lsoafta(r)nri thgfmlc?oc%&%&t rtion. FIG 1

16. The system as claimed in claim 15, wherein the conductive material comprises

at least one of: wires, conductive thread, and conductive yarn.






