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SENSOR- BASED ORI ENTATI ON SYSTEM CROSS- | NFERENCE TO
RELATEDAPPLI CATI ONS The present application clains
w@eioan2tsy7to U. S. Provisional Patent Appli catiPor/8820a7/064113
No. 60/783,196, entitled, "Sensor-based Oientation
Systent filed on March 15, 2006, which is assigned to
t he assi gnee hereof and which is expressly
i ncorporated herein by reference. BACKGROUND Fi el d
{00:!| The present disclosure relates generally to
orientation systens, and norg specifically to a nethod
and apparatus for sensing roll, pitch and yawi a
nmovi ng body, in addition to linear translation of the
body in three-dinensional space. Background (0002J
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phenonena. A type of sensor commonly deployed in rrany
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associ at ed with "roll" or pitch"), free-fall, and

egqﬁ%gkxeg@@g? eroneters of differing types and

sensitivities may functgRUIEREXPNDI ting any of a

Vvariety of physical phenonena, such as the rolling of
Figldsmal | hal |, the shifting/fl owi ng of a conductive or

heavy,d 'p%&eﬁlv didfosBvd %!a% 0fnRaIPENFUbNRti G QERBTs, and more

mechani cal neans of var fg accuracy and. sensitivity,
spamfiealboeh wethedred agwhs PRemsingrell; miFdy 2w ingroving body,
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expl ol't other magnetic or optical phenonena. [0003J

Fbmever it presently is difficult or inpossible to
B,ﬁgk;ﬁ Sptiate, using conventional, cost-effective

ear accel eroneters, between linear notion

( acCBhae atison ar Blgt ivesely 0o sersdin avylabhr fersleineting or measuring

phgfgi%arﬂd 'c&%ﬁa&y t %@ncﬁgg ! he&? ANAE o «:%;%0 rcbﬁﬂxtx&%igo&p%yea in many
VP cEVERa"R Cofrespondi I'ng ctiange (1 .e. angular

indecedie cahinendiall or E@L‘ihtl for cgiteah is d\hoﬁa‘n’g;geierometar. By detecting the

direction of Earih's gravity veclor, a linear of “3D™ accelerometer can be used to
measure the transtation (licear movement without angolar rotation) of an object, and
also which can sense “#ilt” (such as angular aceelerations associated with “roll™ o
pitel), free-fall, and shock. Accelerometers of differing types and sensitivities may
function by exploiting any of a variety of physical phenomena, such as the rolling of a
small ball, the shifting/flowing of a conductive or heavy liquid, the swinging of a
pendulum, or other mechanical means of varying accuracy and sensilivity, More
sophisticated known linear accelerometers may sense movement through the Earil's
magnetic field, or exploit other magnetic or optical phenomena.

However, it presently is difficult or impossible to differentiate, using
conventional, cost-effective linear accelerometers, between linear motion (acceleration
relative to an ordinary Cartesian coordinate system) and the change in orientation of a
device and a corresponding change (i.e. angular acceleration) in roll or pitch. A change

in the “heading” ot vaw of a moving object cannot be sensed by conventional Hnear
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in the "heading" or yaw of a novi ng obj ect cannot be

sensed by conventional |inearacceierorneiers at all.
wW@edzspes, whi ch are conparatively expensi vePCTURPDBEN64113

and delicate commonly serve as the neans for sensing a

shift or change in rotational freedom such as the

yaw, roll and pitch, of a noveable object. Normally,

three gyroscopes are used, one per axis of rotation,

al beit, the |l atest developnents in

m croel ectronmechani cal systens (MEMS) technol ogies

al l owed the devel opnent of a twoaxis gyroscope. There

is therefore a need h % he art for a nmet hod and neans
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WO, generates a adequate to gauge the change,
if any, in the position or orientation of the

I magi nary axi s connecti NGt hidst two
aeeei eroneters. BRI EF DE%%RF%H‘&&SGZ THE DRAW NGS
{ QUOBnbBliGents tﬁisniaswémq:ie atlitxess tieavoué stategrmiopds By providing a
accel eronet er sor r
prpss S BPPareie B hpashting P Aien® UHT e AebEsE b el or
pravialidepi aiedabloGhjcE ECKe2 3mlamcaim{as«piemtﬂe0ératm3 the data
pr.esent scl osure ere [,Qnet N
nRieE e Ch B SRERFL T Bocoaspieles SRt SRR S o detecr

chafE ispakienTot folligdattivePol®s satsmd&@rxe;ﬁs ks htebdometts, while
niqtj on 0007|.FIG .3 sh

th 4t %caaeiegy&aﬁegrﬁéﬁwa%%%rﬂa Y EhEtiS hoagentes datn

aRHbRE o dald 160 ERASROTNN dntthé B@sxﬁ%@ 8r 6fic:RR0dh SBNS BhagiBary axis
d al so Shows two horlzontally al i gned sensors, one

copRpeiteade FERAMOASCHETEMESSt her, al so with
correspondi ng output data; 000 J FJG 4 is geonetric
di agramil| ustratlgg the determ nation of a change in

accel er at i on BRIEFRESCRIPIION O IR PRAWISst em
cor r eRPONEH HPelsPe@ivi8Ae® a0fridr drf adeelerometer or “tilt” sensor, shown

in relation to a local horizontal plane and with selected coordinate axes depicted;

FIG, 2 shows an aspect of the present disclosure, there being three accelerometer
sensors upon a metric board, for use in measuring accelerations in relation to six degrees
of freedom of motion;

FICGh 3 shows an array of four vertically aligned accelerometer sensors and the
output data corresponding to the axes of each sensor, and also shows two horizontally
aligned sensors, one inverted relative to the other, also with corresponding output date;

FIG. 4 is geometric diagram illustrating the determination of a change in
acceleration on the x-axis of a coordinate system corresponding to given angle of tilt

FIG. 5§ illustrates the ouiput senses of two acceleromefertype sensors on a

metric board undergoing a linear transiation;
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{00®J FIG 5 illustrates the output senses of two

aecel eroneter-type sensors o a netric board undergoi ng
wa@200rngms7 t ransl ati on; 0010 Fig. illustrates thBCT/US2007/064113

opposi ng out put senses of two accel er aneter-type

sensors on a netric board undergoing a rotati on about

an axis S-S; [00111 HG 7 i s a sinple schematic

showi ng operative connection between three

accel eroneter sensors and a clock d MPROC conbi nati on;

and jOO12|] FIG 8 is a flowchart depicting an aspect

of the nethod of the present disclosure. DE TAILED

DESCRI PTI ON {0013J The presently disclosed nethod

perm.ts_the orientation and |inear tion- a C%blj ect
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ely
V*ﬁiﬁ @l duthen ewpptie.dathopese SR @R ARNEHENBHER of an object are measured
simuitancously to fall outside predetermined parameters, an alarm system may be

signaled and actonted. In consumer electronics, the six~dimensional informaton can be
used to control gaming devices such as @ joysiick, allow wser interaction in terms of
input and menu selection, and provide image stabilization for digital stitt and video
cameras.

Linear accelerometers, in a variety of different types and functionalities, are
widely used in a broad spectrum of scientific an industrial applications. Three-
dimensional accelerometers are commonly available at a number of different levels of
sophistication and expense, and are among the most widely used micro-
electromechanical systems {(MEMS) sensors.  Fig. 1 shows a conventional linear
acceleronster serving as a tilt sensor. The accelerometer sensor san sense linear motion

(that is translation in any plane, such as the local horizontal planey, the transiation can
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accel eroraeters are commonly avail able at a nunber of

different | evels of sophistication and expense, and
wW@e@7apmsey tlie nost widely s d mcroel ect r omeR¢HOBMAT/064113

systens (MEMS) sensors. Fig. 1 shows a conventi onal

i near acceleroneter serving as a iiit sensor. The

accel eroneter sensor can sense linear notion (that is

translation in any plane such as the |ocal horizontal

pl ane); the translation canbe neasured with reference

to at least two axes (e.g., K and Yi,). Such an

aecel er aneter also can offer a neasure of an object's

tilt (roll or pitch, as suggested in Fig, 1). us wt a

single 3D acceleronmeter an object s .notiop.in . ,. . _
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accel eronet er be regarded to have.a | oca
GRS Ao SFREES oS Sl oA b 28! SRRl diasonally
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boar d is secured aboard the ¢t or device (

]°§¢?o‘W}7’%’%§%ﬁ‘i€r%ﬁa§§at‘f"¥&iﬁ‘é DIARGS 2oL I | S DA BbD or paralel to

ih3eneed R MM LO66sd 4200 kékulRissostidsHlbamis@ Ridedlcs (8ot shown)
met hod of int egratl ng the output of the first 20 and
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to prgy Qi%cibglﬁes&@cﬂgta s @@&b%ﬁh #lat B EA e first 20 and
Because |inear accei erometers provi e secon moment um

savead (A0 reatistomyters/vib rotird rﬁ%é‘&%‘f*@ﬁ%f 40 thAREAC B¢ pResht “six-

dimensional” data mattix (epztow). Because linear sccelerometers provide second

momenten  measurements, the locomotion measurements itaken by the
accelerometers 20, 20°, 23 must be integrated once to obtain the rate of change (in Hnear
or angular velocidies), and then integrated a second time to obtain absolute measures,
that is, of change in position or Hil.

Consideration of Fig. 2 suggests that the only degree of motion that is not fully
detectible by two accelerometers 20, 20° alone is rolation about the imaginary axis R~R
defined by the line connecting those two accelerometers 20, 20°. Depending upon the

orientation of the board 22 in relation to the object of interest, such a rotation may
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accei eroneters 2 20% 23 nmust be integrated once to
obtain the rate of change (in |linear or angul ar
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obt ai n absol ute neasures, that is, of change in
position or tilt. j iSf Consideration of Fig. 2
suggests that the only degree of notion that is not
fully detectible b two accei eroneters 20, 20* alone is
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plane is normal 1o the gravity vector. Accordingly, the output corresponding to the x
and vy axes of sensitivity is zero, but the accelerstion along the z-axis of sensitivity
equals the gravity acceleration constant g, or —g if the sensor is inverted to reverse the
directional “sense” of the sensor’s z-axis of sensitivity.

Fig. 5 suggests that two 3D accelerometers 20, 20° can sense linear movement,
such as “drop” parallel to a z-axis 40 (perhaps the gravity vector). In such
circumstance, the accelerometers 20, 20° move in the same direction along generally
parallel vectors (indicated by directional arrows in the figure), and thus generate similar

outputs. In contrast, and as indicated by Fig. 6, the two accelerometers 20, 2{" can sense
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z~&is of sensitivity. In the lower right of the
figure, a single sensor's x coordinate plane is nornal
W@ 00h275gT avity vector. Accordingly, the out pupCT/US2007/064113

corresponding to the x and y axes of sensitivity is
zero, but the acceleration along the z~axis of
sensitivity equals the gravity accel eration constant ¢
or - gif the sensor inverted to reverse the
directional "sense" of the sensor's z~axis of
sensitivity. J0021.J Fig. 5 sgggests that two 3D
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Referring again to Fig. 5, the two 312 accelerometers or sensors 20, 207, each has

three axes of sensitivity (x,¢). If the z-axis 40 is aligned with the gravily vector, in the
absence of any movement the sensor number one 20 experiences and reports
accelerations, relative to the axes of sensitivity, of Og, Og, and lg. respectively; sensor
number two 28’ experiences and reports similarly. If there is a linear movement along
the z-axis 40 only, then both sensors 28, 20° report accelerations of Og, Og, and az + 1g,

where ar represents the acceleration due to the movement along the z-sxis 468. Linear
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of an accel eroneter 20 20\ or 23 is designated as X
then sine x r/g. where g is the acceleration due to
wo b@7geasity force (-9.S mis2) . Accordingly, PCFUSW87/064113
degree (1) of tilt .in the x axis, there is art
accel eration change relative to the x-axis of a - (1)
g 7.45ng. Therefore, the quality of {lie acceierneter
gener ated neasurenments has to be better than 17.45ng
if the tilt on the order of 1* is to be observed and
reported. (0024) Referring again to Fig. 5, the two 3D
accel eroneters or sensors 20, 20*, each has three axes
of sensitivity (.\WJ ,S). If the z-axis 40 is aligned

with the gravity vect n the absence
e QLY MO D bl A0esnce Of ot e the same
gea.gép%kggr}aiht%k relative to the axes of senS|t|V| ty of
and 1 g, respectlvely sensor

, nh
expef?di*%ﬁ%ie%wéﬁ%}e?“eﬁoﬁiﬁ% depeied apd fvalr«iaieﬁe rlg *P%“‘Bﬁ 008‘:‘” about an
axmﬁfﬁg@m &h ang dMBay n@?‘ﬁépﬁ@ié? % Yne b QReRRER X@OSOEGsitivity) as

report accel erations of , Og,.and a g where
shgyniefiese thestopan e A0RNEA 0 RERSUECH ST B oy BRBAHES senses.” s

suQ %&gi t e Z sl épecnlchﬁ%ﬁm bOPiARd REGARLELBLIONSs S—8 will

tive to the other x and y-ases are analyzed in the
msmumon cepthsal mm%mmaenmgm Mgl apcehsdistnsnelpve to the

3 t ¥
b@ﬂé{)%% «ﬂ%}bgﬁ‘t \?\%m‘ﬁ% tga? g? rﬁaeﬂlﬁ a4 g% %%?%rﬁxgﬁcg&gﬁg%g& SENSOT

mmﬂsae orZ03 cawsex@m gudh ﬁmwmcye)lemoshdmﬁ\fﬁ tFipl sgusor’s axes of
bdaiﬂ w{t\ Of%%négr&dzoafn 9y %‘Qsép ﬁ%@"w&hgﬁ%ﬂgs&&q S Palong the z-axis

“5enses, he stral ght
is ohuheramd rﬁadwmaﬂreogswoﬁndﬁta@ ac@dcﬂcmat i dfptalpuk eptlingig of both

T(}¥gél|5)8 I,atngggl%%]l"s %ﬁém} gxhg ”Jg&e Q?ﬁbé atmg %xﬁﬁl%erﬁ&%ﬁ&%eggﬁihe ac.?e eration

KRR semnsor’ s ax
alsantheta-adis.y So of th@gx;a@udmd the 1dsg¢dnesqoedetrmeh§/m are not reporied

h\scgnt%frﬁ?vg)r%‘t(gg i‘ggf’gﬂé&%‘? F‘h,ft ﬁs%gcetzi%d}e X %rascg)g coeﬁati;}maof rotation and
hlﬂefar seitiint | Xphiyt, 6he 08 ordiBary &Rﬂi nﬁﬂwl g1 wikdpecddiatelyyappreciate that
V\,here t he acce11 erator* al ong he 2-axis.,i s subtracted

the SHRP CRESSHF BRRSEEP SAATORRRAT QFISF PERCOSRET AFTY

Conbkﬁétv&&nt&f foh@iding eémleb@NadNdsihi @i@@fﬂfﬁﬁﬁ&t Oy anicklleration due to
cause an i nbhalance in the ‘%ltudes of

tila geerslt at o &1 BAYAEIRIOAIERIE S YT AXisid 5%3@%‘1“%@8? Tof s (o

alBEaBSPEL bhMEsAGEEIE R 2O DSnGaRs BA buiRP Sich@indiow ks pa; ticular
sensors 20, 20* to be the same, the device indi %?t gﬁ
seapIR AP lrearlyarolaienay doringar siRstsbRme AYary gentioned,

hQfdi REGLRAN ﬁJ&% hieded dehige ?Jsbeéﬂwl ol ack-BeRGh@kekdhsor outputs may then
appr eci at e the same conce | es to rotation
bapeatured. h@d wrepoebaad castested) gmei? gite e gross motion of

tl}&q{t%?;‘? 6 gﬁg%‘iﬁs 1809 HSkiRFed. NEHE %‘[@rﬂi %&9 laccelerometers 26, 20°

acceleratio
alone permits the calculgtion, using known algorithms, of the degree to which the gross

object has undergone translational non-rotational movement through 31 space;, Tarther,
because rotation about one selected axis can be detected and measured by the two
sensors 20, 20° generating outputs of opposing directional “sense,” rotation in two
degrees of freedom (e.g., “roll” and “pitch™) in 3D space also may be caleulated.

The third sensor 23, being located off the axis R~ R *connecting” the fisst two
sensors, generates the output data sufficient to determine whether the axis R ~ R itself

has undergone & rotation ~ that is, whether there has been a rotational change in the
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tilt through an angle int relation to a sensor's
given axis of sensitivity (sinet x/g (or ayig) and
wer@s)i)753each sensor 20, 20 23 generates an ouP@LIUS2007/064113
signaling how that particular sensor has noved
linearly or rotationally during a selected tine
interval. As nentioned, the directions and nagnitudes
of the respective accel erometer sensor outputs nay
then be neasured, and conpared and contrasted, by a
CPU to calculate the gross mation of the object whose
position is to be nonitored. The output from
accel eronaeters 2 20* al one perrri ts the cal cul ati on,

ungf’eiagxgeg gﬁ@;@gégg tﬁﬂ%foé‘b or ﬁ Fg{ r?t & gy‘l‘lazmmtge) of the metric

boRRIRY, @hﬂ&lﬁl@h&“ﬂ}ﬂﬁb’;@ﬁi&ﬂhnﬁel‘mﬂugh 3D space; furt her ,
because r ot atfj abqout one sel ec

det L UBEHISR I mBRBlPEee (Y485 ‘i“v\i'n‘ “é\w%%@ezo{% Bppdom (6.1AT.0)

inG80&S st Uﬁlﬁlﬁt §0&3m@ﬁ@c{$‘s‘ n%dzme@t bauabs IRems®:, dccelerometer
rotation.in two degrees freedom

sengrg ¢he30’; b s §b{é}@§ zgray )ﬁlﬁﬁl 9 gxeéaachxﬁﬂgxg? g{]a,n%eéé%%e coordinates

bdlthe ob Nink i $8OROLcl &ed LEOAThatOSALAE OAfcdriRoay t%e 'mé:ﬁhod the 3D
"connecting” the first two sensors,. generates

cogrripaies vaeachsgpfardle At pad ddrey m*wlmﬁeaiﬁb?hetq%v%ef iiggest then
chlaﬁ&laf ey Qﬁad@ﬁﬂﬁ BONRodod 9 atd QRodilAba.l SThehetRer &h&m of the

been a rotational change i t heunmeastired t hi
acgelgroseetesf ‘-¢‘?bé’éd§%%ﬁf’oﬁmb>3§nﬁpl ggopibed 'z '%yéwxeérinm%tmip & double-

m&%‘mti I uzﬂﬁH %&*@?fﬁ ?ms; §tdi‘&!§ Dbt {RE LRIRCEaBe to the selected

nmonftoring changes in all
u@rdmdegyfée@ of freedom ( ) i nvol ves assigning initi al

aoce (I':&er on%‘?mg‘%‘o b Z‘%ké@”g a%hiiggiﬂ%tbd; 3E n%{? ’ihat m to determine

acce er sensors
coprdipatangssociatddenite o rrglesivhasgesr #m smeeimm tﬂmn ét, e’gll be
based cm any suitably sel ected coordi nate system
According to the nethod, the 3D coordi nates of each
sensor {2p 20', CRndy 2 Z e €Xi, W, Fal + Heldy. candzXhetadbj ect
of interest then permtted to undergo the notion to be
nonit ored. The out put of each of the accel eroneter
w]li@’e QNS gaa)xulca&%;w olﬁﬁpaixﬁ ciilac singedatainde Bsed to?s( d 18 ekt
nt q. a _doubl ei nt egr ation to rate the s )
y s0adinat Pereie 18 Zas i vsraupheliaing ssph afe at the time zero
TRk St CoOthe hBadl @,‘aﬁbﬁﬁdzﬁ FReiali OO RO ﬁdﬁegﬁbc@t&&ix\h{w‘axﬁw is a calcutus
reckoni n\g a posjtional chang that is, g‘lﬂerrrj ne e
thebpry PRAFELTHES BY  Rf GRS WA MR féva?éwﬂ GEHE Gre gpsgmming
skSl%thieély&’@én Eilimed ia’a ﬁheWrtl It HeGuBYeqhddh co¥kdinateXOX,, YlZd)) aksociated

az - to) erexlsthex coor di pat {
Wﬁbrf»ﬂrr*taﬁ ¥ olemsnp Swsors eopwptdRgkevgse [unmigthe algorithm of

Eequation (1), using as input the output data of the respective sensor. Since each sensor
with the corresponding coordinates describes the 3D movement of a point located on the
board 22 (and in general it takes three points to define a plane), the three sensors and
their corresponding coordinates computed as a function of time describe the change in
the position and the orientation of the board 22 during the measurement dwell defined

as the difference ty — &

Reference is made to Fig. 7. Significant to the optimum performance of the
method is the simultansous, or near-simultaneous, read-out of the measurements from

all the accelerometer sensors 28, 20°, 23, Simultaneous read-out may be received and
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y-coordi nate of the sensor, and Zo is the z-coordi nate
of the sensor, also at the tine ero. The integration
wo@Roovhe7saccel erations in relation to all threePCT/US2007/064113
coordi nate axes is a calculus? that may be perforned
by a processing unit running a programw thin the
programm ng skills of a person skilled in the art. The
subsequent coordinates (X, Y Zi) associated with each
of the other two sensors is conputed by |ikew se
running the al gorithmof Equag§ion (.1), using as input
the output data of the respective sensor. Since each
sensor with the correspondi ng coordi nates descri bes

t he m)vems f .a, poi | ocated on.t I 2 .
el e 4t 3 Gl ParderpirRrea e RN 35 an attomative
eﬁab&hhﬁhﬁ ek emrlfenm stgwsrm@o rHeergeendd rt@a&‘&ﬁﬁé“sfh&t;ﬁﬁ Time-

nmputed as a function of time descrlgs)e t he chang
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he neasur errents from al t he accel eroneter sensors

wts a pgrmopxlod 3l @m@% coargdinagagh ™ dray seieg epl/ by data received
gﬁp’{t@G GG d 0 ¥eABANS, Q?fi}’ axsli @ phyind 9%3415}9 rrgf‘é‘?éﬁ‘é re1&Ad accurate

abl e DRA I'n an. ternatlvee
refhsuireersiampsi gea ke m\@é Peerapsye $2anduesty mﬁ recweb acceleration

nﬁ%&?gﬁgft\ted -% %?ﬂ# ﬁ‘m%{?séi‘@é& .ﬁfi,nﬁs Uﬁ%?;?}é@ Qﬁéﬁé ¥ e‘g' beax;]eér\tivc delay in

Urther processiTg, required, A
therrepyyraeaoh &N Provess Ay agfigas Wameeatfzsmgﬁc knbwdusiongasnrements from

sen%‘ét%% 98- 9?'1(9% E&Q’&m“‘?ﬁ%ﬁ YEE&SSQQ{TEL o%%g. od 1nm&} stamps are then

navigation or "1 nmage sta Tron aye
usdd ustemtebget that ntdasmsmatsatsed s:anmﬁv 20 1%'@0%&3 ey individual
iation

‘% F Odg dat a ‘-‘.{10 "{Ia&ﬁ %C § SENSQ I Ve §S COMINRON tlme
CERORE, BRSNS 3P %r 8§/ J% oT di 7 & d%t

Optiangin @r@d‘esﬂfr Sﬂﬁﬁxasﬂ alls iﬁ@f}:emvadnes ﬁmaﬁz&teﬁﬂeyt {chmmstdmesuch as low
se S 20*, e reference .c

PaSCHTae el Dot M FENGE Al s BB Geise, Tilebrating raw

sdNSOE A8ERGeBdntE Buidpdating QRCANESHREC Ehdttidbhl Mich may be deemed

FFg,surement dl%ta from%he sensors 0 20% 23. Because
1o R Jnaien SIeqHPY 8MYBTRYSF ™ he sensor response,

pr ocg$$ah ei’z@m? WORS férekbifB, S BB/ Eex IHMeHa4 i be wnsldered as the
neasurenents from sensors 20 20" and 23 accor di ng

opiget Whesy BAERD & Brhe mwnitgidsHumsRan iRy d%’ve“(“ﬂ‘én‘fvd to be within

tHeS Bfhob BICALE 1ake. t RRcARARIY, eRRALng BR0scABbisotahbY, 1Par & 100Hz
i nterpol ate the_ individual "accei er ronet er nmeasur ene

updaipndtl ova s spducsgnegsgreppnpgeyey 4 0gssioH 14 Hmes the ltaandwi dth of
#HPELABR ke PEAGESE Rhd %%n%yedal Siqnﬁesrufnﬁfwmgsl‘ﬂg%ime should be done
neasurenent processi ag such

with an accuracy of less than Smsec to pmpu.‘iv align the measurement from multiple
sensors 20, 207, 23. ‘Notably, the absolute time is not critical, because any error thergin
will be common to the measurements from all the sensors. The higher the dynamics of
the platform being tracked the higher sampling rate is needed to sense and describe the
motion, therefore, the better time stamping is needed. But very preferably the same
clock is used to tme stamp measurements from different sensors.

Fig. 8 offers the call fiow for a typical application of the disclosed method, such
as might be used, for example, in an image stabilization routine. Upon commencing the

application, the clock 34 is reset fo initialize the common timing for the system.
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pass filtering the raw neasurenents to reduce the
nmeasur enent noi se, integrating raw sensor
wWOore@3neBRaENt S, i nterpolating or any ot her funce@DOS2007/064113
whi ch may be deened beneficial to notion detection and
propagati on, JO031J For an exanple of the foregoing,
an individual hu an may be considered as the object
whose notion is to be nonitored. Human notion y be
estimated to be within the range of about | OHz.
Accordingly, nam ng the sensggs 0 2 23 at a 100Hz
update rate woul d produce neasurenents every lOnsec,
at 10 tinmes the bandwi dth of the oi on being neasured

moni tored. Tine stanpi t.her ef.are shoul e done
SRR L O VPG RO TR et B SEAPE §108R, Bt Teeselected
tih® a@ur(ﬁ,m& chbaimard fdrRiiehs 885RFS 2{&(202 02R3re Mteahla&., e.g., sensor
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clock is used'to tinme st mmeasurenents fromdifferent

Provqssar 32 oo the dita donsmepsorh2d datimeryignpedpng recorded. The
ceﬁ%ﬁﬁ%fﬁg tﬂ‘?xodlf %t)' Aefior sﬁﬁzb@lﬂ 8% 28 oRLb 9 det el @dasured, and

e used, Tor exanple, in an inmage stabi I'i zation
nwmtmieto Usmm%ﬁ‘h”eﬁéd #yl hraeegiptd dainifonsenshetwp d8kalsy is time-

btérﬁgfgdeftﬁitsr&g defl! ttﬂéfl :;Lfr@@l - TER R zfﬂcﬂ%rpg @{mgé?t@% is performed at

1"t aneous or very
the h@apb&etﬂm ngxmﬂielﬁﬁ?e ﬂ}i thciswr 83nme selected tine zero

(to) RefeliPid ktﬂﬂ %r 1t% lﬁeén %‘usgl&gﬁé 33{9& pr gcges«n%g r@&rﬁ 1eo. that the

initrallzed, I nates

timairbduadeadz foet dbmau(xm gh,e mbpmd»t h@e?smnmﬂmatseg:e&fm@g rgggm.:med for.
0* are t i all

nunber . t y d.th
Ag%)g?i&%ﬁarg% S cegg% S S8 ?e% t ﬁlr eeu§% gagéér\?]ﬂlt%ll a el%a q for the
m&&g(‘e?me:y Byl Tdresomppd nmabe;omaf 20r88s wald dshihe Midasareguenadwell for
an [ of. sensor,
SoBT o Ot BT AV RUAT (LI [RE Bl-Jebaagpr rorsiona
m%s?-emﬂﬂrzﬁb,y bé bestatiag). o he aRaMIresRer dwel if HoRnat i&m’ﬂ&dneasuremem

: r ec ord Sg%eg[? I{‘gghng@% 1§1 rTDthtg? g&l ef ?}%‘gé oF ggargxgﬂ%s measurement

aﬂd ﬁrE§ f’fhé tti%ﬁist E@rrgagﬁt ﬁ’lfeo&ﬁﬁeﬁz@ 'mehdureaditahs.t hﬁle(fj ReéebyRe a(g@h gperiod is
for sensor WO al so | t1mesta and, record
mypfe tpedsticehiud HeEES AWt %anmtf%@flg PGS changes have to be

inRQUIrAe] Re: Bl fulCotRarmlibR §efidd S 6OMURP E‘éxeﬂlybx‘{mizbﬁ W hx ch transpired
processor 32. J0033] Referring still to Pig

dudmnttihaeriotelifigtce Hat sqprdecdisiWgls i F‘és‘““[‘% qpe padred dwels

each of 10msec duration can be integrated fo generate the change in the linear and
rotational position of the object within 1 second observation period.

The positional coordinates for sensor number one 20 are then calculated at a
time t; using the BEquation (1) hereinabove. The positional coordinates for sensor
number two 28° are computed,

Finally, the motion detection and measurement provided by semsor number
three 23, can be processed likewise for six degrees of freedom, observation and
processing. Any change in {x,.2.7.9.y) is used to compute, update, and record the
position of the plans 22 defined by the coordinates of the sensors one and two 20, 20°,

and sensor three 23 permitiing the complete determination of the “new” coordinates at
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ti e required for obtaining the respective
measurenents is preferably accounted for. Accordingly,

W b@7pems8essor 32 conputes the tinme interval oPCT/Ustobale4113
for the neasurenent dwell for sensor nunber one 20 as
wel|l as the neasurenent dwell for sensor nunmber two
20", during a tine period (in which translations!
and/or rotational novenment nmay be occurring). The
nmeasurenent dwell is defined by the neasurenent
sanpling rate and is equal tgst\ -towhere to is the
time stanp of a previous neasurenent and Uls the tine
stanp of the current nEasurenent The ful

obser vation LS e wel | _.peri.ods
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nunber one 20 are then calcul ated at a tine t usin
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u&%%&@ L@, st F&f&mﬁ? NSRBI 8k ol R G0 i @uffs, QP WhBHols, and chips

he noti on detection and nmeasur enent
thytr ovivdld tefersedesothipugivait hirahwvesdeserintione P s sadesented by

vdﬂag&wbﬁaemﬁ@re&ﬂﬁo SRSy fcsfﬁlg D5 a8s gf %5@&1&&:@, téu;} fields or

procéssing.” Any change in I's used to conp
pw@@a&ewaawdombuwwdnﬁhgtwb5|t|on of the plane 22

def ' gg 2éf‘ 08 Q&oqilﬁ'f%%)g:g gérey%?et ?&%ﬁs LSy zﬁﬂ%&apgl%&m’e logical

sensor e conp
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stéify HaVe thizah deREbed abbﬁe g@ieh@ﬁ hepead @dheﬁ fakesionsitky. Whether such

| 003<>l Thase of sKki art woul.d dt
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bmcib EnprRhehames tckRiRy ghoult rohse BROYRSILSCEd RN dd M ure from

be represented hy
the scope of the present invention.

The various illastrative logical blocks, modules, and circunts described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a Digital Signal Processor (DSP), an Application
Specific Integrated Circuit (ASIC), a Field Programmable Gate Array (FPGA) or other
programmable logic device, discrete gate or tramsistor logic, discrete hardware
camponents, or any combination thereof designed to perform the functions described
hergin. A general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, coniroller, microconirolier, or state
machine. A processor may also be implemented as a combination of computing

devices, €.2. a combination of a DSP and a microprocessor, a plurality of
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vol tages, currents, electromagnetic waves, nagnetic
fields or particles, optical fields or particles, or
w@eo7azishi nati on thereof. (0037] Those of ski | PCTHOS007/064113

further appreciate that the various illustrative

| ogi cal bl ocks, nodules, circuits, and al gorithm steps
described in connection wth the enbodi nents discl osed
herein may be inplenmented as el ectroni ¢ hardware,
conput er software, or conbinations of both. To clearly
illustrate this interchangealptity of hardware and
software, various illustrative conponents, bl ocks,
nodul es, circuits, and steps have been descri bed above

generally in terns of .their functionali
ORI St P57 SRGERBATEY SO A HFE: S0P core, or any
Qfmfg{)wﬁ@fgﬁ@m\s upon the particul ar appli catl on and
eSIE constralnts |nposed on the
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lustrative | ogical blocks, and CIrCUItS
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pur pose processor Signal "Processor (DSP),
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