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A Sensor Reference to Related Application [0001]

Reference is made to earlier United States provisional
w@aa0eni3sappl i cati on nunber 60/938,804 fil ed 18PEEYGROT00022

for an invention entitled "M niature Low Cost flexible

Goni oneter for Joint Angle Measurenent", the contents

of which are hereby incorporated by reference as if

di scl osed herein in their entirety, and the priority

of which is hereby clained. Technical Field [0002]

This invention relates tdA Semsensor for angle

nmeasur enent and notion capture and rel ates

particul arly, though not exclusively, to a method, an

apparatus and a systemfor joint angle nmeasurenent and

' uman body. Background [ 0003
Rggfﬁhm o348 ﬁﬁﬂcﬁﬁoﬁ‘ y g [ ]

I ometers ar dely used for neasuring body joint

[(@ggi Iﬁgfgferﬂge ARLM 1 Q:grl%? L itg‘glgjfa?erb%il% n\%lg%ﬁﬁ ﬂ&getngg@%fl%?%?ne number

i'ONS’ Tangl ng rrc

ol B Bleaoly MERBRIThon it ot chi e 1y -Cost Rexiole

gam ng i nput devices, notion capture for animtion and
Gepigmeterdey fodnt AnghaMepsurempnsyi, the contents phwhichiare herelyy

training, control of robots, and so on. Current human
incotpoomedCaypteficrencyesti Bdsclased Heramill theirleatisty, iand thegrvrityvof

cat egories: vision-based tracking and non-vi si on-based
whichGKh&gby 01@ddd. Vi si on- based sensing systens suffer

fromocclusion, which makes it difficult to
Technical Field
[0002] This invention relates to a sensor for angle measurement and motion capture and
relates particularly, though not exclusively, to a method, an apparatus and a system for

joint angle measurement and motion capture of the human body.

Background

[0003] Goniometers are widely used for measuring body joint angles and capturing
body motion for use in many applications ranging from gait biometric data capture for
security, apparatus for studying revolutionary anthropology, sports monitoring and
engineering, gaming input devices, motion capture for animation and movie making,
rehabilitation in medicine, military training, control of robots, and so on. Current human
motion capture systems are broadly classified into two categories: vision-based tracking

and non-vision-based tracking.
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capture sinmultaneously notion of nore that one subject
ina field of view |nage recognition and processing
WO p0080¢3s96yst ens al so demand huge comnput at i onalPCT/SG2008/000022
resources. These systens are typically |arge and
therefore suitable for use only in | aboratories or
st udi os. Exanpl es of vision-based notion tracking
systenms include Vicon, Organfc Motions' real-tine
mar kerl ess notion capture, Qualisys and NDI Optotrak
[0084} Visidvblbdsed se@apigsystey suffersrom 00 83iomvetnph emker it difficult to
non-vi si on- based commercially avail abl e systens

cdpgt WElen AREGREPEST oA PEYréBatAnS subleeyis'a KV 6fiviewdImage
Measur ands' Shapewrap. Non-vi si onbased systens enpl oy

regggﬁﬁ&gaﬁ@@%eégs&%i if §u5hr$§f§teﬁlt§ gls(e gegﬁﬂ@ hﬁéél yongé}gafdnfai feources.

Il nertia mefasureman.t U!’]I - g. acice er ters,
R RERF R AR B8R ey Bororis o

fi.bre- meshed transgducers and optical bend. enhance i
St R S SHHy B e PRy AP BGanE SR EY B agor Organic
t hese sensing technologies is given in Table
Mptiopa read ttang Barkeslessaptioncapiuse, duatisyianst NDE OpfaitakGeytas
Optical Measurenent Resistive Fiber [4] Fiber- Bend
Modhion Capfurd-dimtéms.Meshed Enhanced [2, 3] Transducer
Fiber [6, 7] rci Dynamic Mediumto Slow Slow Slow to
Fast Slow to Fast response Fast

[0005] Examples of non-vision-based commercially available systems include
Animazoos’ Gypsy-Gyrol8, Xsens’ Moven and Measurands’ Shapewrap. Non-vision-
based systems employ sensing technologies that can be generally classified as: inertia
measurement units (e.g. accelerometers, gyroscopes), piezo-resistive fabrics (e.g. lycra
coated with PPy), conductive fibres, inductive fibre-meshed transducers and optical
bend enhanced fibres. A comparison of various characteristics of these sensing

technologies is given in Table 1.



Li nearity Non-Linear Non-Linear Non-Linear Non-Linear

Li near Aging No aging Yes Yes No aging Slight
wdetosnizspmt i on Fragility Rugged May crack My RCEE&20M8/000022

Fragile Fragile Packaging ease Difficulty in

Difficulty in Difficulty in Standard Difficulty in

packagi ng packagi ng packagi ng Equi pnent packagi ng

Manuf act uri ng Low Low Low Low Hi gh cost Susceptibility

to No No No Yes No el ectro-magnetic interference

Signal Savitzky-Gol ay Regression Kal man 5/ h order

Simpl e processing filter Methods Filter polynom al
Chafrﬁifhﬁsﬁﬁl’remértiRequ*qroegieid;t t ed %%rtdgzltwé E’:__mtive l\lotOP;l;i%#'f -

Not sel f - M&spemenot Registive  Calfibasdtl e i t r atd®

regi st eri WYtlikgi st e§2‘i‘ § registering r-“é%‘z% &l rgg%%"lgeg]

regi stering Accurac "FHigh (rms error fgpw (gesture Low
Dyrfemié) Hi ghvédigho= 1. Spwonly) $iew m f actew i4 Fast 3 FovBo Fast

response Fast
Linearity Non-Linear Non-Linear Non-Linear Non-Linear Linear
Aging No aging Yes Yes No aging Slight
Deterioration

Fragility Rugged May crack May crack Not Fragile Fragile
Packaging ease  Difficulty in Difficulty in Difficulty in Standard Difficulty in

packaging packaging packaging Equipment packaging
Manufacturing Low Low Low Low High
cost
Susceptibilityto  No No No Yes No
electro-magnetic
interference
Signal Savitzky-Golay Regression  Kalman 5" order Simple
processing filter Methods Filter polynomial
requirement Required fitted with LE
Sensor Not self- Not self- Self- Not Self- Can be Self-
registration registering registering registering registering registering
Accuracy High (rms error  Low (gesture Low (x7°) High High

= 1.6°) only)
Form factor 4 1 3 3 3
rating
Signal to noise Low Low Low Medium High
ratio

Table 1

[0006] The characteristics compared in Table 1 are explained as follows:

e Dynamic response refers to how fast the sensor can produce a measurement. Sensors
such as piezo-resistive fabrics may take about 0.5 seconds to produce a useful
reading as the sensor suffers from mechanical hysteresis.

e Linearity refers to the relation between measured result and the actual angle to be
measured. A linear system demands less processing from the embedded system.

o Aging depicts the ability of the sensor to maintain its performance over an extended
period of time. For example, a piezo-resistive fabric will age and its resistance

increases due to oxidation of the piezo-resistive material.



rating Signal to noise Low Low Low Medium High ratio

Table 1 [0006] The characteristics conpared in Table 1
w@e@saxyshai ned as follows: Dynam c response rRE¢ESG2008000022

how fast the sensor can produce a neasurenent. Sensors

such as piezo-resistive fabrics may take about 0.5

seconds to produce a useful reading as the sensor

suffers from mechanical hystéresis. Linearity refers

to the relation between neasured result and the actua
 arfyhglityorefoes wdmsuiragile the kénsemis. Qyisdab beisransed sefsrs made of

processing fromthe enbedded system Aging depicts

t hgasalopliddl Yibeds, foh ex&Rpis O i1t KedPwhébdht kd Bel@ﬁfafrﬁﬁﬁﬁﬁﬁﬁl%end
over an extended period of tinme. For exanple, a

pi.e#Rsresistive fabric will age and its resistance
i ncreases due to oxidation of the piezo-resistive

Tl BN B BRI B

optlc fibre for exanple, will break vvhen bent to
PEREe G ASRlOTBIGa. Samams suchag inesiéal epasarsmeniwy tsese

how easy it is to package the sensor so that it wll

nencapeuldieddy e dughed ipragtic eptlosmnemtd arSénsonschsuate dasable.

inertial neasurenent units are encapsulated in a

r iyyevepthay bredagprinasie, eesaltigat Bvidd YSrmirBtor MRk, .

durabl e. However they are larger in size, resulting in

o | AGfurl ARy &5t Qbinfafds tRresources that will be required to produce a single
sensor and therefore, its subsequent cost.

e Susceptibility to electromagnetic interference (EMI) refers to how immune the
sensor is to EMI, and whether it can be used without being affected in an
environment where strong electro-magnetic waves are generated.

e Signal processing requirement is related to signal to noise ratio and details the
filtering technique employed by researchers to obtain useful signals from their
Sensors.

® Sensor registration refers to whether the sensing method adopted can incorporate
compensation for variability in gait analysis such as soft tissue artifact, change in
weight of the subject, etc.

® Accuracy refers to how accurately the joint angle can be measured. Accuracy for the
different methods shown ranges from +1.6° to &7°.

* Form factor rating represents the overall size of the sensor together with the
controller unit. This is graded with 5 being the largest and 1 being the smallest.

¢ Signal to noise ratio refers to how susceptible the sensor is to noise generated from

undesirable effects such as vibration, temperature changes, etc. Low signal to noise
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Manuf acturi ng cost estimates the resources that wll
be required to produce a single sensor and therefore,

W0 e@®ssedssequent cost. Susceptibility to PCT/SG2008/000022
el ectromagnetic interference (EM) refers to how
I mune the sensor is to EM, and whether it can be
used without being affected i.n an environnment where
strong el ectro-nmagnetic waves are generated. Signa
processing requirenent is related to signal to noise
r astiomeames the serisbspickeur ndiseedsily and whih thps eeedployy pabs fijter to
researchers to obtain useful signals fromtheir
SeNRebEt the peizsor regi stration refers to whet her the
sensi ng net hod adopted can i ncorporate conpensation
for variability in gait analysis such as soft tissue
-artifact, change in weight of the subject, etc.

[aﬁﬁ’iﬂéé‘% lseeée%g\gn ‘r8b1§‘i ﬁgﬁﬁ@ g;&fﬁa@ o Qbﬁﬁgg 'o%ﬁm%vems

ur ed curacy eren

s from1. f act ratln res nts
s e pesrac; g@’l?ﬁllyﬁ?re) BISheP" Ql e ERSIE ARy (fiathe range of
controller unit. This is graded with 5 bei n the
mpg than $2.900 per 35853y diffisuliyria qxéending thpig @mpos@i metheds to the
ratio refers to how susceptible the sensor is to noise
engianbodit (. am pnlymiessirediphitedahbtsmt of wpehlimbs)y pdoratnson,
tenperature changes, etc. Low signal to noiseratio

regisantsor (12. SRty Witle kpeatible plawementsifitiie &mbordr the hiithsn body
need a | ow pass filter to filter out the noise. [0007]

Wi e$@y t88), SHRBifbrt T@Belti%nﬂs/suﬁjébﬁtw}ﬁ& wERBQtRe Sbdr8 and not
froma variety of problens
being able to provide continuous monitoring of human motion while the

patients/subjects carry out daily activities.

[0008] There is therefore a need to develop a system whereby required limb motion of
the subject/patient can be continuously captured even when the subject/patient is
carrying out daily activities, and that preferably addresses the problems of existing

SCNSOT1S.

Summary

[0009] According to a first exemplary aspect there is provided a sensor for angle
measurement of a joint. The sensor comprises a code strip, a linear encoder configured
to detect relative movement between the linear encoder and the code strip, and a
microcontroller configured to compute angular rotation of the joint from linear
displacement obtained by the relative movement. The relative movement corresponds to

rotation of the joint.
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such as | ow accuracy (typically 2), high cost of the
sensing system (in the range of nore than $2, 000 per

W@ 08043590 di fficulty in extending their proposedr/SG2008/000022

nmet hods to the entire body (e.g. can only neasure
limted notion of upper |inbs), poor sensor

registration (i.e. difficulty with repeatable

pl acenent of the sensor on tRe human body with every
trial), disconfort to patients/subjects while wearing
the sensors, and not being able to provide continuous
nmoni toring of human notion while the patients/subjects
[0040} Xcauding 3o hiyothatdxeinbiapaspeOAREE iThRkRledS seher €6:0h6tion
a need to develop a system whereby required |inb

cdpiire 0P a fint T8e SeRbEEIARREL § ThedrARcheor PR de P! Sh a

Captured even when the subject/patient 1s carrylng out

' i Wi y Ly addressgs t.he
millBboohirBbr, W ST rRgtoh AR RO RRO e e UG &2 el omprotier
t.o.a fl.rst exenpl a aspect. there js provided sensor
e Bfotmaionessacielel Ry B ric U ss OHIPut by tledincap pcod regaise
a code strip, a linear encoder configured to detect _
OHRRASIAG TSy Btetie BeYemRan betrieen thedincarencoder angritie eode strip,
code strip, and a mcrocontroller configured to
the oelplineemeayapuing comrespandiog tofotdttoa gfahafjoirdtr om | i near
di spl acenment obtained by the relative novenent. The
rel ati ve novenent corresponds to rotation of the
joint.[0010] According to another exenplary aspect

00 LY LedobdiRE RYA ARtheReREMARY abSdct R Rr&AREME Sysbdm %o
[ | oiﬂ_nt . Theé sensor conpri %gsa 13?1 cI Fﬁr%ear ri)énco er §y a néoJeangle
mSddutdnenf gk fotion capture of a joint. The system comprises at least one sensor
based on relative movement between a linear encoder and a code strip. The system
further comprises a gateway adapted to synthesize information received from the sensor

with biometric data and to transmit synthesized information using a forward kinematics

model to an output location.

[0012] According to a final exemplary aspect there is provided a method for angle
measurement and motion capture of a joint. The method comprises attaching a sensor to
a joint; effecting relative movement between a linear encoder and a code strip in the
sensor, the relative movement corresponding to rotation of the joint; and converting
electrical signals from the linear encoder arising from the relative movement into

position information and rotational angle of the joint.

[0013] For all exemplary aspects the code strip may be a linear incremental code strip.

The code strip may comprise a substrate having a plurality of micro lines thereon. The
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m crocontroller. A specific position of the joint may
be recorded by the mcrocontroller as information
wWae®snixmded with specific pul se output by the PETBE2008/000022
encoder, the pulse output arising fromrelative
novenent between the |inear encoder and the code
strip, the relative novenent corresponding to rotation
of the joint. [0011] Accordifg to a further exenplary
aspect there is provided a systemfor angle
mieadinesmey be anehlyrspaced Thesensoe nofy fartharicomprifbe winedtaeng a
conprises at | east one sensor based on relative
firso et tatthetingthejdintada sefsnddRl fanaltadhingde osd 61: Fhe linear
The system further conprises a gateway adapted to

erfbBENGRI tRE cod B PTBtHe M cFoRG A YR n{w gsr%g%?rﬁl%itﬂ‘éﬁ flentifier

iometric data and to transmt sy formation

b
' f ' icS | _to an output .

o Sy PhOBES ML G-I M solbur bt povine g
.there i ovi.ded a_ nmet hod for angl e neasurenent . and
ingiicop ideafifich ooy DRmE e oftfachStHiBRInan PR pRgviding
.attaching a sensor to a joint; effecting relative
indiyjduab penspedate Bra getewale and earhisgesor dorch limb daimgpeiatively

the sensor, the relative novenent corresponding to
canoteted for podviting lindi deta toathe gatewagr Thengmal alsbbeaaduide tube

signals fromthe |inear encoder arising fromthe

cdnfigatddMe cORMRITEME Wi te nikB&idnilyPikiAll. ThEWhEA bndddEr may be
rotational angle of the joint. [0013] For all

aB¥RAPIR Y dASPB 3hé nla) De B %lﬁte& gperﬂﬁ‘léle@@oﬁa | B8 Hdiation onto the
The co

rncrenental code stfip. T e strip may conprise a
ST BRI A A RE A
rod SR IR 00T aT Y DPRACUAABRNEST o ot t achi ng

to one of: the linear
Brief Description of the Drawings
[0014] In order that the present invention may be fully understood and readily put into
practical effect, there shall now be described by way of non-limitative example only

exemplary embodiments, the description being with reference to the accompanying

illustrative drawings.

[0015] In the drawings:

Fig. 1 is a block diagram of an exemplary goniometer system;

Fig. 2 is a perspective view of an exemplary mounting of sensors on a body;

Fig. 3 is a schematic side view of an exemplary embodiment having a moving linear
encoder and a fixed linear code strip;

Fig. 4 is a schematic diagram of types of encoders;
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encoder and the code strip. The mcrocontroller may be
progranmed with an identifier for the sensor. The

wae2so43spmybe in an array of sensors, each senBGF/SG2008/000022
having an individual identifier, the array being one
of : each sensor in the array providing individua
sensor data to a gateway, and each sensor for a linb
bei ng operatively connected for providing linb data to
the gateway. There nmay al so be a gui de tube confi gured

FigoS tonplan alaw ofan atisolete @demstrip;onl y axi al ly. The |inear
encoder may be adjacent the code strip and naybe

Figof{s yplae sietwooRan incieheafal codrgnep;i ¢ radi ation onto the
code strip and to sense an interruption to a

Fi??‘f {saChdriReBRE Gief ofladl @xEhBRlY %@&{h{%ﬁ%c radi ation. The

i near encoder may be an opt’i cal ar encoder. Brief

: I o QR i 4 order that. the
TS Bl RhbamObr 1 Su Pl Ok (R Bt 2 BB’y i Ryeoder
F.ggs.intoﬁjor ctical effect, there shall now be

18ed 153 BREIPBY Vs WA 2R SREPPIATY S505%%e exanpl e only

.exenpl ary enbodi nents, the description being with
Fig ok(ip @eEspeeiivendew @ 8 hipeariode stripl nianement ansl allinaar agcoder

[0015] In the drawings: Fig. 1 is a block diagram of
asspmdy oflieaepscgamFignt er system Fig. 2 is a

perspective view of an exenplary nounting of sensors
Figrt lais hadyemdt ogsidBview ofl apetherexehlay @ﬁlbydﬁvén@ha@ﬂ% a fixed linear

exenpl ary enbodi nent having a noving |inear encoder
endbdibr And hXEAing BEAF cERAGHSI M1 P
Fig. 12 is a block diagram of an exemplary electrical circuitry;
Fig. 13 is a flowchart of a process for converting linear displacement to joint angle;
Fig. 14 is a schematic representation of a way of measuring angular displacement;
Fig. 15 is a schematic representation of a way of translating linear displacement to
angular displacement;
Fig. 16 is a graph comparing commercially available goniometers with the exemplary
sensor of Fig. 9;
Fig. 17 is a flowchart of use of the exemplary embodiment of Fig, 3;

Fig. 18 is an illustration of an exemplary embodiment of a sensor array; and

Fig. 19 is an illustration of an alternative sensor array.

Detailed Description of the Exemplary Embodiments
[0016] A system 10 which is an exemplary embodiment of the invention will now be
described. The system 10 comprises at least one sensor in the form of a strip, the strip

being packaged with a low-power embedded controller. Together, the strip and



Fig. 4 is a schematic diagram of types of encoders;

Fig. 5is a plan view of an absolute code strip; Fig.
wW@®@2008/1435p0 an vi ew of an increnmental code stri pPCFBG200§000022

IS a perspective view of an exenplary sensor strip;

Fig. 8 is a schematic of the output of Channel A and B

of an exenplary |inear encoder Fig. 91is a

per spective view of an exenplary sensor; Fig. 10 is a
perspective view of a |inear code strip placenent and
erabqrdd%é aenteqilen deerrefesedrib by a sifiptshmsos éAsWherendeBired, agylurality of

Fig. 11 is a schematic side view of another exenplary

steipsentione1® mhpe ngedaad dhoea ihi@al as@eoder and a novi ng
i near code strip; Fig. 12 is a block diagram of an

exenpl ary electrical circuitry; Fig. 13 is a flowhart
of a process for converting Iinear di spl acement to

iQi esent 0
OOHIDE S Sersl e S SIPb B SRR P
resentation of . of tran latin
> at?%ﬂ%‘gfﬁ*& %%Pﬁ%%%w 1oplly SR sa? ﬁ'?}% Bhale HResperigo reference x-
a graph conparing conner0|ally avallable
g‘%’n‘i‘l 7o #E¢%e L Be giRtinfor@aioniserity ageteswey 135 suchgs adlersongl Digital
17 is a flowhart of use of the exenplary enbodi nent
AgffistmitqPD2) -iFpg devige. iThegntewlaly UStis adapted tofsyathesxeimfdrarayion
enbodi ment of a sensor array; and Fig. 19 is an
rectilved fromtthestripfsemdr b wethnakiontz4be5i0metid @ita 14, taking into
account a sensor web configuration 16. Using a forward human kinematics model 18
10  embedded into the gateway 13, synthesized information is then transmitted through a
network communication system 20 to an output location 22 such as a remote robot, a

virtual reality system or a personal computer.

[0018] For example, as shown in Fig. 2, a sensor 12 mounted on a body joint 24 (e.g. a
15 shoulder) of a patient/subject will send the Euler angles of the shoulder to the gateway
13. The gateway 13 then processes the Euler angles based on the forward kinematics
model and displays the motion of the patient/subject in three dimensions (3-D). Since
each strip sensor 12 is able to give an output orientation of each human joint in the form
of Euler angles, the number of sensors 12 required is reduced, making the system more

20  robust.

[0019] As mentioned, each strip sensor 12 comprises a strip interfaced and packaged
with a low-power microcontroller. The microcontroller is adapted to allow

customization of the sensor 12 according to the patient/subject’s biometric data, and to
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Det ai | ed Description of the Exenplary Enbodi nents
[0016] A system 10 which is an exenplary enbodi nent of
W@ b@siigssent i on will now be described. The systRET/3G2008/000022
conprises at | east one sensor in the formof a strip,
the strip being packaged wth a | ow power enbedded
controller. Together, the strip andenbedded controller
are referred to as a strip séhsor 12. \Were desired, a
plurality of strip sensors 12 may be used, as shown in
pleviyke. a wireless 2nsdr@@twdrk Titerfaderto phesgatendy IPwhen aghpdlizg of strip
to send information of a joint to which it is

sétls b3 ARqeach HaRinghfs@wibdni @BcdnyiBlIed |ai’é/de‘f)w°§kﬂ |a§€ﬁ‘105'd li®¥ations on a

angles with respect to reference x-, "y- z- axes.

PR R T ) é%sgﬁdﬁ‘ef‘s%i\?n%@é@?ﬁ% SR
B PP B E S AR Y Ssosivi

b| onefric_ data 14, taking into account a sensor web
caé’ot?ﬁch‘lﬁ”ﬁ‘él on 16. Using a forward human ki nematics
nodel 18 enbedded into the gateway 13, synthesized
information is then transmtted through a network
comuni cation system 20 to an output |ocation 22 such
[0820pAs simtrein Kipotl 8 aad 1Dy ¢achlstripeshidryl 2syidltiaRe apraletermined
personal conputer. [0018] For exanple, as shown in

ideht@ifier ro?aﬁlﬁ[é‘d(iﬁtolﬂe HRsDERrofBr. 3n PRAY 8 1R d’Hnﬁ%ﬂraﬁSn % médular.
shoul of a patient/subject will send the Euler

E%%H% l)ﬁlz n@%rs%ggg ggg H% %%%tc? eE@:@r 18?& s as egp g(;r?bt BIEHRY is head,

rang

I h .

N B Bt PO e PR R e B BBl el B Rl srip
each str ensor 12 is.able.to give an output

SegPqrEhs éﬁli Srdigdualbessng dhednidpiitier With thedotptangles to the gateway 13.

In Fig. 19, each limb is considered a module instead of each individual strip sensor 12.
For example, the right arm will have sensors for the right shoulder, right elbow and
right wrist. The sensors are operatively connected by, for example, relatively thin wires

sewn or woven into the suit.

[0021] The strip sensor 12 is preferably adapted to allow relative movement between a
code strip 34 and an encoder 32 adjacent the code strip 34. A first exemplary
embodiment is shown in Fig. 3. There are many types of encoders, each using a
different way of measuring linear and angular displacement. Encoders are broadly
categorized into linear and rotary types, as shown in Fig. 4. Preferably, the strip sensor
12 comprises a linear encoder 32. The linear encoder 32 is a miniature optical sensor
that emits infra-red light onto the code strip 34 and outputs a pulse when its receiver

senses an interruption to a reflective path of that infra-red light. Frequencies of light
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of Eul er angles, the nunber of sensors 12 required is

reduced, neking the system nore robust. [0019] As
woreouBiieased, each strip sensor 12 conprises a SkCT/PG2008/000022

i nterfaced and packaged with a | ow power

m crocontroller. The mcrocontroller is adapted to

al l ow custom zation of the sensor 12 according to the

patient/subject's biometric Hata, and toprovide a

wi rel ess sensor network interface to the gateway 13
othethaminfitavedaiy Ye ofedsand forme nf elestrdBagretic badiationghértthan light

own mcrocontroller) are depl oyed at various |ocations
meybaugsd i ent/subj ect’'s body. Wth such a distributed

system conprising a plurality of strip sensors 12,

real -time performance coupled with portability over

| ong periods of activity can be achi eved. [0020] As

in Figs, 18 1 ach.siyip sensor 12 will .

028Nt A o B cotP i 4 ERE oAty Sodestrp 34

m cr,oconl;rgél ?r. In Fi g 18 the configuration_ is .
resRsgtively- Prefeeably.dhn siip spnsgr 2 segprises apdacrgmenigl linear code strip

character identifier where, for exanple, HD is head,
34whersinraarkingspnithe §pip aee everly spasddohel Einearicgi¢ stril34iis

shoul der-left, and so forth. Al strip sensors 12 wl|
prefedibly dumidule cendisingebur lagant A$ stxwnnint g t ) €hdse it preferably a

angles to the gateway 13. In Fig. 19, each linb is
tof Gyet &ﬁfllgasngg FDEHIeR pidint Sastafe ﬁ%‘%iﬂg‘%l}dilra(ﬁiﬁy%f Bidrd Bnes

. Fo

sensor r exanple, the right arm vi ave

R 7 RS U i O A0 8 v

s 7 Bl 5 et plegol it 703 T B a4 e

to allow relative novenent between a
[0023] To control the optical properties of the linear code strip 34, the top layer of the
linear code strip 34 comprising the printed plastic substrate 41 is preferably segmented
by the engraved micro lines so that the optical sensor of the linear encoder 32 can detect
changes in received reflection. The adhesive 42 used to bond the printed substrate 41 to
the reflective layer 43 is preferably of an optical grade so as to allow the emitted infra-
red light to be transmitted to the reflective layer 43 without much loss. The reflective
strip 43 is preferably highly reflective so that it can reflect the emitted infra-red light
back to the receiver of the optical sensor in the linear encoder 32. The fourth layer
comprising adhesive 44 is used as a bonding layer to adhere the linear code strip 34
module to a base structure 46. Upon laminating the four layers 41, 42, 43, 44 together
with the base structure 46, the linear code strip 34 module will be adhered onto the base

structure 46.



code strip 34 and an encoder 32 adjacent the code
strip 34. Afirst exenplary enbodinent is shown in
WO-R@8/18590Ther e are many types of encoders, eacPCTSGIIG8/600022
di fferent way of neasuring |inear and angul ar
di spl acenent. Encoders are broadly categorized into
linear and rotary types, as shomn in Fig. 4.
Preferably, the strip sensorl??2 conprises a linear
encoder 32. The linear encoder 32 is a mniature
[0934] Inalse{Eigs bT), irfatred highsfromfthalinead ehéoglet 3Distemittédeonto the
code strip 34 and outputs a pul se when its receiver

lif@Ns6de Afip BAtas tHelRichOehchBerB2IRbVeR Gtlaiee dahdliféar thdd strip 34
infra-red light. Frequencies of |ightother than

(1005, AL e NEBYP B oMS £ Ea r?tt?r@@ b}r‘&{é‘%c @eﬁh%?ﬁrf@é%%ﬁé%z as ghown

radi at’i on other t ha e use
€S

18, IR RE R0 1 lﬁd%ﬂ%df &k c@i"?&%ﬁfla‘pﬂfgfeéﬁlgs cipeuitry in the

t sensor 12 co reme | i near
5 s f’muf AR h BRI - GHDRs Aot B) LG OB Py of

spaced. The linear code strip 34 is preferably a

phﬁs@ Wit ceelrpibies(104), fap showmipdrig. 8. AStheleovitied infigirgd light is
these are preferably a top |layer conprising a printed

inpdranptadcbysthb sticatimed ofl theanoidagtrip 33 (@03, iptilse03 6, BB @r®Ogenerated in
lines engraved on it by a photo-plotter, a |layer of

theRldctithl 8pade (108H eie\Rintber oﬁﬁnhs%% 85 ﬂﬁfdf&%tlhd&@atﬁi‘érdfﬂle"rﬁnnber
made of a reflective material, and another |ayer of

oiggﬁt?i léﬂT%l Abssed. %%%l‘dl GRREVOLis hhgﬁgerﬂ nERech Tﬂ%}ﬁﬁetal‘ &tcoder

near code st p 34, top layer

' [ d t he printed Iastlc
to 34 RERe o588 Yrif S sy P BRI RS s Palink §o kR aRGatugd micro
mcro lines sq that the o tlcal sensor of the i near
lingydplgpawmer canbegue-deteriigsdhges in recei ved refl ection.
The adhesive 42 used to bond the printed substrate 4 1
to

[0025] The pulses 36, 38 are output to the microcontroller (106) and, based on the
pulses 36, 38, a position detector in the microcontroller determines which portion of the
15 linear code strip 34 the encoder 32 is directly located at. This may be done by
determining the number of pulse changes detected by the linear encoder 34. The
position detector 1s also configured to determine a location within the length of the
linear encoder 32 that is associated with the portion whereat the encoder 32 is located
with respect to the code strip 34.
20
[0026] The linear code strip 34 when used with the linear encoder 32 thus provides a
means of indicating distance travelled by the linear encoder 32 as it moves over the

linear code strip 34. The two electrical pulses 36, 38 that are out of phase with each



10

15

20

the reflective layer 43 is preferably of an optica

grade so as to allowthe emtted infra red |ight to be
W@ e@as#spe ed to the reflective |ayer 43 w t hourCHBG08/000022

| oss. The reflective strip 43 is preferably highly

reflective so that it can reflect the emtted

infra-red |light back to the receiver of the optica

sensor in the linear encoder!332. The fourth | ayer

conpri sing adhesive 44 is used as a bonding | ayer to
othettrdsoeservestolindieate trevel dlirsttionpof3ke Hinehuleacadsr 32 imdtherespect to the

structure 46. Upon lam nating the four layers 41, 42,
link3r catie sty @4, e showi bh Figes.base structure 46, the |inear

code strip 34 nodule will be adhered onto the base

structure 46.[0024] In use (Fig. 17), infra-red |ight

fromthe linear encoder 32 is emtted onto the linear

BT o, 1 Uy SAGAINE IR PRNPRE SR,
oGRS St RS B S e i 2 S SRS 82 wive 5

reflected (102), signal processing circuitry in the
mapbemrde of sipiplesysied) @nd hape diametariod ass $iagral mg.iAléernatively, an
channels A and B) that are 90 out of phase with each
apprdpeiate( cabl)or fibse slaym used iBipjace®f thd wirh 62 edripldseids (e.g. Teflon)
infra-red light is interrupted by the micro |ines on
guidectube 88 (shotvinfin 3. 0) 8P refepiblysaedI6 guid® add CoRRAG! Mbesent of
in the electrical signals (105). The nunmber of pul ses

thé &irkserebarel abLatiri@of] i ENBnRWIRAY 11REarTh&ehdnt RRrmitted.

crossed. Accordingly, relative displacenment betwee
. . ori
TRl SR BNl AN e AT P o B Py 4o e
B8 Sl 38 s oB R R B ke o
e

and, based on th L
angle. The radius about the body joint is assumed to be constant as the wire wraps

around the joint. As the body joint bends, it causes skin over the joint to stretch. This

 stretch is translated into a linear displacement captured by the wire 52. The linear

displacement of the wire 52 (and accordingly also the linear encoder 32) is converted to

electrical pulses 36, 38 which can be captured and stored by thé microcontroller.

[0028] Between a first position of the joint and a second position of the joint, the second
position being angularly displaced from the first position, the microcontroller may keep
count of the number of pulse changes received from the linear encoder 32, this being
known as a threshold number of pulses. The first position and the second position may
be known reference locations based on indicative pulses received by the

microcontroller. From the pulse pattern obtained from the two channels A and B, the
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pul ses 36, 38, a position detector in the

m crocontrol |l er determ nes which portion of the |inear
W@ owe/1$3500 p 34 the encoder 32 is directly | ocap@rsS@r008/000022

This may be done by determ ning the nunber of pul se

changes detected by the linear encoder 34. The

position detector is also configured to determ ne a

| ocation within the | ength o the |inear encoder 32

that is associated with the portion whereat the
mémeaohiroll&2can aldoatetar@cheybinh nrogsipentt diteotidi 6. e ohetlsk thegoint is

34. [0026] The linear code strip 34 when used with the
mbh@Fone tHeCHe poditioh Rl SheleBH IIRBitRNR A% Risal Ndi cati ng

di stance travelled by the linear encoder 32 as it

noves over the linear code strip 34. The two

el ectrical pulses 36, 38 that are out of phase with

t her als erve to jndicate travel directi.on af.
109380 P Bier Xoh ol A bR Asfrmite § e o s the
strip 34, as_sho in Fig., 8 [0027] The |inear ..
ok Gl PTG SER SRS o e S A p@bgs af e JRs i of
strip 34 by novenent of a wire 52 affixed to the
espeeialarse én easdewheR thefirst pesition andrhg sec®nd Phsition repré&entyoymal
be made of stainless steel and has a dianeter of |ess
altdwaablelliritsrof joAlt oeotitiay, isuel that &pulaeprump exaedingaln trsshold
fibre maybe used in place of the wire 52. A plastics
nirBb& malyfet @b ifHEASuddaRab3irt SRRV akiBink! Fbm Mjudys fofr eicahmple.
e

preferably used to guide and constrain novement o
Y et Sa B LR e phoy Y 8 il i
seuord? Githeind sEB o2} Shen reile BrioTip Ry i pe gt join
w || be displaced along the circunference of the joint
anglgywith respect;te theyaaximyy andBIngaERR Quéies es p fergeniags élJOIt gample.

be constant as the wire waps
This may be of assistance in providing a user-friendly display of the joint angle

compared with the actual joint angle displayed numerically.

[0030] The base structure 46 is preferably made of a rigid plastic material. Its function
is to allow the linear encoder 32 to traverse above the linear code strip 34 while
maintaining a constant gap between the linear code strip 34 and linear encoder 32. As
shown in Fig. 9, the sensor is used with batteries 56 and includes a printed circuit board
54 with the microcontroller unit (MCU) 57 and wireless interface 58. Fig. 10 provides
an exploded assembly view of the sensor 12 without the printed circuit board 54,
showing where the linear encoder 32 and the code strip 34 are placed with respect to the

base structure 46.
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around the joint. As the body joint bends, it causes
skin over the joint to stretch. This stretch is
W@ e@ss¥xded into a |inear displacenment captureRCHyG2008000022
wire 52. The linear displacenent of the wire 52 (and
accordingly also the |linear encoder 32) is converted
to electrical pulses 36, 38 which can be captured and
stored by the ni crocontrol | el [ 0028] Between a first
position of the joint and a second position of the
[0031hA secdnd exemplady pobodiient @fhe fineargotader §2 dind pddecstp 34 is
fromthe first position, the mcrocontroller may keep
shoouih R, 1then mikdstodiheiyihsdineliasmgeder3adeatvatied toothe bhse
| i near encoder 32, this being known as a threshol d

sthiRE ho WhiRUhS BRear E6& Jtﬁ}? 54 iPQHnbAONtARE Wil 588 Sttached to

position may be known reference | ocations based on

BT 0P8 oL S0 LA RS SEi p ner
PR B GO )RS BLRR SELAER B it s

fromthe first position to the second position or vice
34/ tertsayerseaboyg thehiaesr eaecedss AL Mililedpaipiajning a gonstant gap between the
configured to determ ne a nunber of tinmes the actua
codletstript RHanlidrer emfodpu3l es exceeds the threshol d nunber
of pulses. This is of especial use in cases where the
first position and the second position represent
normal allowable limts of joint notility, such that a

(OBSAIA bAoA LI Rl chl\irchll P Qb A RHID BcaBHBEE ¥ ot

to indicate unnatural joint flexion arising from

ol W5, 00 PR P I 1 RO 0) U354 i

re val ues can pbe progra 0 each s

sensor.. 12, sq. that the strip sensor 12 can. provi de data
TS I3y gt U3 B GrEBBRRG R porlenfgp ook seps- 1he low-
respect to the maxi mum and m ni mum pul ses as a
poyesr eiptosgeirolies 54 g apbedded software (i.e. firmware) that reads channel A

and B pulses 36, 38 (132) from the encoder 32 and converts a total directional count of
the number of pulses to joint angles (133). The newly computed joint angles are then
sent wirelessly over to a gateway (i.e. personal digital assistant, personal computer, etc.)

via a low power radio transmitter/receiver 59 (134).

[0033] Figs. 14 and 15 demonstrate how joint angles may be obtained from linear
displacement of the wire 52. As shown in Fig. 14(a), the wire 52 is attached to a body
joint 24 as well as to the code strip 34. As the joint 24 is bent (Fig. 14(b)), the wire 52
wraps around the joint 24 and consequently displaces the code strip linearly with respect

to the linear encoder 32.
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25

Thi s maybe of assistance in providing a user-friendly
di splay of the joint angle conpared with the actua

WO 2008t143mgl e di spl ayed nunerically. [0030] TheP¢ES&2008/000022
structure 46 is preferably nade of a rigid plastic
material. Its function is to allow the |inear encoder
32 to traverse above the |inear code strip 34 while
mai ntai ning a constant gap bkt ween the |inear code
strip 34 and |inear encoder 32. As shown in Fig. 9,

[00B4] BigNE3Yk) dhdwy a8chathitl lepleb@itatim dGhawiteiSatavihgn langth L
printed circuit board 54 with the mcrocontroller unit

att Mt to5cﬁe At 9 iRl v@ﬁész pligs P66 pettiord &feq%agl BASM 0B &Sther side

an expl oded asSenbly V|em10f t he sensor out t he

0 e %‘C 6(8@:?24@ ?r I?lbuéébl%grﬁ{ % r " 35?915 m&ﬁ‘lﬁd 'ﬁbﬁtﬂd’ ﬂ'ﬁeq{near encoder

e CO are ace

ect t . ase stru ture 4 Sec
L SERE Rk Suhds P ABRe e AL IR

strlp 34 is shown in Fig. 11. In this enbodi nent, the

i near encoder 32 is attached to the base structure 46

while the Iinear code strip 34 is connected to the
[0ABSEAS thetjbiat 24 & tent by ke (hstyst utlmobmd ynglo or(Fig. The)), theempvable

code strip 34 is thus configured to nove relative to
edd$21 is AgplacedioP s &inghlAaMthet (BRoWRBRqBAtidiBgiveethd Belatldighip

base structure 46 allows the |inear code strip 34 to

b%t(v@é’{?f}é %n?l*é QY ﬂletdi&aﬁde%é‘&ndecﬁg Rels RAf ibﬁ‘n RRhAd B 8 kiRg

constant gap between the code strip 3 i near
encoder 0 f electrical
:far%eipla%g?lgl[rn 321%6%J eﬁfn:gf hlgeci#%ngh%gm%l stance to a joint
aggée (based on out put of the linear encoder 32 with
ect to the~ddlle strip 34) is shown in Fig. 12.
Fig. 13 shows the correspondi ng sequence of process

Dstems E’Ee | owpower

360° ~(2)
D o
a ="2—7E€X360 __-(3)

[0036] The microcontroller uses these equations to convert linear displacement Ax (as

obtained through the linear encoder 32) into the bending angle a, given that R is known.

[0037] Experimental verification of how the sensor 12 performs with respect to
commercially available products was performed and the results are shown in Fig. 16,
where OLE (optical linear encoder) refers to the sensor system 10 as described above. It
is evident that the sensor system 10 provides results closest to clinically observed data

marked as “Actual” in Fig. 16.

[0038] Whilst there has been described in the foregoing description exemplary

embodiments, it will be understood by those skilled in the technology concerned that



m crocontrol l er 54 has enbedded software (i.e.
firmvare) that reads channel A and B pul ses 36, 38

W@ 1@3)4¥5pm t he encoder 32 and converts a t ot aPCT/SG2008/000022
di rectional count of the nunber of pulses to joint
angl es (133). The newly conputed joint angles are then
sent wirelessly over to a gateway (i.e. persona
digital assistant, personal Fonputer, etc.) via a | ow
power radio transmtter/receiver 59 (134). [0033]

miahg saridtbnandmbBiftenwmssh datads hbdesign ortcoastgiction mamylbe made
obtai ned fromlinear displacenent of the wire 52. As

wﬁh_@wuegaﬁﬁgqponiﬂaé@}eseﬁﬂﬁvéﬁﬁbﬁ. 52 is attached to a body
joint 24 as well as to the code strip 34. As the joint
24 is bent (Fig. 14(b)), the wire 52 waps around the
joint 24 and consequently displaces the code strip
linearly with respect to the |inear encoder 32.[0034]
Fig. 15(a) shows a schematic representation of the
wire 52 having a length L attached to the joint 24,
the wire 52 being in two portions of equal |ength on
either side of the joint 24. A novable end 521 of the
wire 52 is attached to either the |linear encoder 32 or
the code strip 34 (dependi ng on the enbodi nent of the
strip sensor 12 used). [0035] As the joint 24 is bent
by an (as yet unknown) angle a (Fig. 15(b)), the
novabl e end 521 is displaced by a length Dx. The
foll owi ng equations give the rel ationship between the
angle a, the distance Dx and the radius R of the
joint, where Dis the angul ar displacenent arising
fromthe bending angle a. D= > -(1) D-"-x2Rx p
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360 -(2) a = D x 360,0 2pR -(3) [0036] The
m crocontrol |l er uses these equations to convert |inear

waele@pligssenent Dx (as obtai ned through the |ineB€T/SG2008/000022

encoder 32) into the bending angle a, given that Ris
known. [0037] Experinmental verification of how the
sensor 12 perfornms with respect to commercially

avai | abl e products was perfotdhed and the results are
shown in Fig. 16, where OLE (optical |inear encoder)

THH €LAIMS t he sensor system 10 as descri bed above. It

is evident that the sensor system 10 provides results

1.cl osgsdendoR 16 dél CabdsireaRBeb V£ fbistata sBidok 86mpasingct ual

in Fig. 16. [0038] Wiilst there has been described in
the foregpihg dgscription exenplary enmbodi ments, it
w Il be understood by those skilled in the technol ogy

concer ned_t.hat many, variati ons i.fications, ]

ot 1 o of ik PR Biturel}B Rl T s heten P Arsen the
departing fromthe present invention. THE CLAIMS 1. A
senshbrear greodapand the seds Ehmndof a joint, the sensor
conprising: a code strip; a linear encoder configured

t o det ect a mitratontwlliepcaniignredie campntetangulai nafationcefdhelmint
and the code strip; and a mcrocontroller configured

t o chofpuireansdigplhédinen®bbthined befthd fekative nidvefdentn | i near
di spl acenent obtained by the relative novenent;

wherein the relative movement corresponds to rotation of the joint.

A sensor as claimed in claim 1, wherein the linear encoder is an optical linear

encoder.

A sensor as claimed in claim 2, wherein the code strip is a linear incremental

code strip.

A sensor as claimed in claim 3, wherein the code strip comprises a substrate

having a plurality of micro lines thereon.
A sensor as claimed in claim 4, wherein the micro lines are evenly spaced.
A sensor as claimed in claim 5, further comprising a wire having a first end for

attaching to the joint and a second end for attaching to one of: the linear encoder

and the code strip.



wherein the rel ative novenent corresponds to rotation
of the joint. 2. A sensor as clainmed in claiml1,
Wab@sai#3s9t he | i near encoder is an optical [|ineB€T/SG2008/000022
encoder. 3. A sensor as clainmed in claim2, wherein
the code strip is a linear incremental code strip. 4.
A sensor as clainmed in clai m 3 wherein the code strip
conpri ses a substrate havi ng!%a pl urality of mcro
lines thereon. 5. A sensor as clained in claimd4,
Twher Aisangones pliagnel inickem g véheeie tHeymepaoattolld.is progfafmﬁéd with
as clainmed in claimb5, further conprising a wire
havi aigidentifisrFbr B8 dedsof. attaching to the joint and a
second end for attaching to one of: the |linear encoder
and the code strip.7. A sensor as clained in claiml,
wherein the mcrocontroller is prograrmed W th an

Cdentifi

8l Zi”%ls%f,‘s%%ge‘?‘é"%%ﬁ SRR, s Rreie YR SR S B s SR s, each
each_sen havi.n di vi identifier, the array

3 bei "o aglln,g aé‘é’&‘g} @é‘ﬁ]slgimt’r :ttﬁ% aigpy Being PR Phijepgh sensor in the

i ndi vi dual sensor data to a gateway, and each sensor

for 2TayiRFpvisingindisiskipbienseldptado mrgstaved, st eashowiisdr fog a limb
linmb data to the gateway. 9. A sensor as clained in

cl ai e offevativielr connegied firpgoddipgiliteb dathes thephiegayed to
constrain the wire to nove only axially. 10. A sensor

as claimed in claim11, wherein the Iinear encoder is

adj acent the code

9. A sensor as claimed in claim 6, further comprising a guide tube configured to

10 constrain the wire to move only axially.

10. A sensor as claimed in claim 1, wherein the linear encoder is adjacent the code
strip and is configured to emit electromagnetic radiation onto the code strip and

to sense an interruption to a reflective path of the electromagnetic radiation.

15
1. A sensor for motion capture of a joint, the sensor comprising:
a linear encoder;
a code strip; and
a microcontroller;
20 wherein a specific position of the joint may be recorded by the

microcontroller as information associated with specific pulse output by the linear
encoder, the pulse output arising from relative movement between the linear
encoder and the code strip, the relative movement corresponding to rotation of

the joint.
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strip and is configured to emt electromagnetic
radi ation onto the code strip and to sense an

WO pi08n435pi i on to a reflective path of the PCT/SG2008/000022
el ectromagnetic radiation. 11. A sensor for notion
capture of a joint, the sensor conprising: a |linear
encoder; a code strip; and a mcrocontroller; wherein
a specific position of the jé'nt may be recorded by
the mcrocontroller as information associated with
specific pulse output by the linear encoder, the pulse
output arising fromrelative novenent between the

121 nearsegsieadelairaedlin dgint DM evifkdin fhe lidvar éodérd i¥ 8n optical linear
novenment corresponding to rotation of the joi nt.l%. A
sensgfcodsy.cl aimed in claim 11, wherein the |inear
encoder is an optical linear encoder. 13. A sensor as
claimed in claim112, wherein the code strip is a
linear increnmental code strip. 14. A sensor as clained

[n claim113, wherein.the code strip conprises a .
1 psfispeT ﬁ%ﬁ%ﬁﬁaefglnpql%}m%t“awaﬁfln Hiethoge FiFinds adigdagiemental
15. A sensor as clained in claim 14, wherein the mcro
| i negodersiivenl y spaced. 16. A sensor as clained in
claim15, further conprising a wwre having a first end
for attaching to the joint and a second end for
attaching to one of: the |inear encoder
14. A sensor as claimed in claim 13, wherein the code strip comprises a substrate

having a plurality of micro lines thereon.
15. A sensor as claimed in claim 14, wherein the micro lines are evenly spaced.

16. A sensor as claimed in claim 15, further comprising a wire having a first end for
attaching to the joint and a second end for attaching to one of: the linear encoder

and the code strip.

17. A sensor as claimed in claim 11, wherein the microcontroller is programmed

with an identifier for the sensor.

18. A sensor as claimed in claim 17, wherein the sensor is in an array of sensors,
each sensor having an individual identifier, the array being one of: each sensor
in the array providing individual sensor data to a gateway, and each sensor for a

limb being operatively connected for providing limb data to the gateway.



and the code strip. 17. A sensor as clained in claim
11, wherein the mcrocontroller is programmed with an

WO dwate¥sper for the sensor. 18. A sensor as clBCTBG2008/000022
claim17, wherein the sensor is in an array of
sensors, each sensor having an individual identifier,
the array being one of: each sensor in the array
provi di ng individual sensor #ata to a gateway, and
each sensor for a linb being operatively connected for
19r oviAdiengprlak ohrimedt m daint he fodierwamnplidingA gudestabe asnfigured to
claimed in claim 16, further conprising a guide tube
conf benetrath the wiens ioe dnlyexiyy. e to nove only axially.
20. A sensor as clainmed in claim1ll, wherein the
| i near encoder is adjacent the code strip and is
configured to emt electromagnetic radiation onto the

ode ,strip_angd. e Lnterruption to.a. ..

oot re3h S S ) AR L 0 PisFh it HeBF pleloiis aincept the code
A system for angl e neasurenent and, not|jon capture of a

5 joi nttriP@Rd l%s@%ﬁeééﬁﬁwfﬁ??@ma%a@%ﬁad@ﬁen §8§§g? c and

on relative novenent between a |inear encoder and a
codetosteppean intrarupiien tong raflecties patlo apthieslestromagaetinwagiation.
adapted to synthesize information received fromthe

sensor with bionetric data and to transmt synthesi zed

i nformati on using a forward ki nematics nodel to an

2Dut putsybtemarot Bilale AdasuterbMftlaBindstionl AbfRSlof 4ot 2ihesPskem
wherein the linear encoder is an optical |inear
eNCOdGprising at least one sensor based on relative movement between a linear
10 encoder and a code strip, the system further comprising a gateway adapted to
synthesize information received from the sensor with biometric data and to

transmit synthesized information using a forward kinematics model to an output

location.

15 22.  Asystem as claimed in claim 21, wherein the linear encoder is an optical linear

encoder.

23, A system as claimed in claim 22, wherein the code strip is a linear incremental
code strip.
20
24. A system as claimed in claim 23, wherein the code strip comprises a substrate

having a plurality of micro lines thereon.

25. A system as claimed in claim 24, wherein the micro lines are evenly spaced.
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23. A systemas clained in claim?22, wherein the code
strip is a linear increnental code strip. 24. A system

wW@goosiigasaeed in claim 23, wherein the code striRCT/SG2008/000022

conprises a substrate having a plurality of mcro

lines thereon. 25. A systemas clained in claim 24,
wherein the mcro lines are evenly spaced. 26. A system
as clainmed in claim?25, furtfer conprising a wire

having a first end for attaching to the joint and a
second end for attaching to one of: the |linear encoder
and the code strip. 27. A systemas clained in claim
2@1, Wsseihast digined ¢ oo 25 Ofukthér dodnRisGg 2wire Havihg B fiddt end for
identifier for the sensor. 28. A systemas clainmed in

cl ai BAhing¥Deh&jotht ahE 2 36448@end Tor' Atadfingtd & S the linear encoder
sensors, -gach sensor having an individual 1dentifier,

t he o gég}:g one of: each sensor in the array

provi di ng Pndt vidual sensor data to a gat eway, and

each sensor for a linb being operatively connected for
providing linb data to the gateway. 29. A system as
claimed in claim26, further conprising a guide tube
2tonf Agiyptem asslaimgd in alain £ hevhgreia thomigsoeongpller ia pragramymed
30. A systemas clainmed in claim21, wherein the

out pwithlapddantifier fog tlee sosput er. 31. A system as cl ai ned
in claim?2l, wherein the |linear encoder is adjacent

the code strip and is to emt electromagnetic

radi ati on onto the code strip and to sense an

28.Nt EATSYBeOR dBmRd IPELRS &7 Wehdéh thdent8Ss in an array of sensors,
el ectromagneti c radi ati on.

each sensor having an individual identifier, the array being one of: each sensor

in the array providing individual sensor data to a gateway, and each sensor for a

limb being operatively connected for providing limb data to the gateway.

29. A system as claimed in claim 26, further comprising a guide tube configured to

constrain the wire to move only axially.

30. A system as claimed in claim 21, wherein the output location is a computer.

31. A system as claimed in claim 21, wherein the linear encoder is adjacent the code

strip and is to emit electromagnetic radiation onto the code strip and to sense an

interruption to a reflective path of the electromagnetic radiation.

32. A method for angle measurement and motion capture of a joint, the method

comprising:
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32. A nethod for angle neasurenent and notion capture
of a joint, the nethod conprising: attaching a sensor
w0 2008/1435pt ; effecting relative novenment bet WeEFS@2008/000022
| i near encoder and a code strip in the sensor, the
rel ati ve novenent corresponding to rotation of the
joint; converting electrical signals fromthe |inear
encoder arising fromthe rel%tive novenment into
posi tion information and rotational angle of the
j oi n& . aBachidg avésortoasjoiritai med in claim 32, wherein
the linear encoder is an optical |linear encoder. 34. A

met Nod edreciid PelliYe nbvehRhibeiween W A& BnddiRr Erﬁﬂ§
35. A net ho

is a linear 1ncrenmental code strip. . e

rdeBo s
g&fgss'ttﬁb in the

clai medeidy, Qh@lre'ﬂtﬁ/%’m%%{e%i P?%/g;g?ﬁr)hg%eFo?oﬁtf%gg)?{ﬁﬁe&bﬁjg;

a substrate

aving a ura

36. A nethod as clainmed in claim35, wherein the mcro
linel &PRVeEasplyctaisal signalsifom thehinasp gncederariginghomthe relative
claim36, further conprising a wire having a first end
for at mRYEMegt Mép positigroinfurmation andwéasindakangld ofithe joint.
attaching to one of: the |inear encoder and the code
strip. 38. A nethod as clainmed in claim 37, wherein
the mcrocontroller is progranmed with an identifier

33.0r AhetsRwdlaigld if\clith Rodwhsref tAb MBshricAcsdeRisBndthtical linear
wherein the sensor is in an array of sensors, each
sensglofiavi ng an individual identifier, the array
bei ng one of: each sensor

34.

35.

36.

37.

38.

A method as claimed in claim 33, wherein the code strip is a linear incremental

code strip.

A method as claimed in claim 34, wherein the code strip comprises a substrate

having a plurality of micro lines thereon.

A method as claimed in claim 35, wherein the micro lines are evenly spaced.

A method as claimed in claim 36, further comprising a wire having a first end

for attaching to the joint and a second end for attaching to one of: the linear

encoder and the code strip.

A method as claimed in claim 37, wherein the microcontroller is programmed

with an identifier for the sensor.
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in the array providing individual sensor data to a
gateway, and each sensor for a |inb being operatively
weomsaersed for providing |inb data to the gat eR&l/SG2008/000022
A nmethod as clainmed in claim37, further conprising a
gui de tube configured to constrain the wire to nove
only axially. 4 1. A nmethod as clained in claim 32,
wherein the |inear encoder i% adjacent the code strip,
emts el ectromagnetic radiation onto the code strip,
3and gangbed asclhiniedrin ¢Rim 38, wherainrthé kasdr isdn patiraybf sensors,
el ectromagneti c radi ation.

each sensor having an individual identifier, the array being one of: each sensor

in the array providing individual sensor data to a gateway, and each sensor for a

limb being operatively connected for providing limb data to the gateway.

40. A method as claimed in claim 37, further comprising a guide tube configured to

constrain the wire to move only axially.

41. A method as claimed in claim 32, wherein the linear encoder is adjacent the
code strip, emits electromagnetic radiation onto the code strip, and senses an

interruption to a reflective path of the electromagnetic radiation.



