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METHCD AND SYSTEM FOR DETERM NI NG MOTI ON BASED ON
DI FFERENCE | MAGE CORRELATI ON BACKGROUND Navi gat i onal

walewsoes7have been used with conputers and ot hRCT/USPES039493

of conputing systens for many years. A conputer nouse
I's one exanple of a navigation device. Wth a
mechani cal conputer nouse, a ball rolls over a nouse

pad agENGOTPAND 5$STERVEOR DHIERMINING MISTION BASEDON

wheel s that contact the ball and covert i1ts rotation
into electrical BlIFERENCEpVESSHCORREATHOPONaI
conponents of notion. Another type of conputer nouse
is an optical nmouse. FIG 1 is a diagrammatic
illustration of a porti opAKGEOUORD cal nouse
according to the prior art. Muse 100 includes |ight
source 102 and inager 104. Light source 102 is

typi cal | ke di ode [

et 0| R EAT Bhiberiant nepd B £t ifatefitna SHHer Brpes

C apfeb/PpultifiBGpstes o0 Sh{ §6s.1 B oaiifitér MBESE it Sné BRample of a

i mges to proceSS|nah0|rCU|t 110. Processing circuit

1100avigaitienl deyiesor Waftnpenechagicrhequaputen napwer athslitolisjover a

L heafiBld Ry 8L BPLEGLS i Tdlg. | HRARS AN IREELIASASS hat
di'stance nouse moved across surf

108;onaaﬂ tthenibalt arah covert i mmﬁcﬁaint@ aflérthiedl Wweatls uéﬁraszaemng

108 and i nager 104 can reduce the ability of

pr c¥EgoRa! cmranentsAfge#Pyet er ni ne not i on.

Cont am , do e}

appear Qﬁk%%%kgﬁﬁdﬁg&ﬁg se gﬁlﬂﬁfg%%i rgﬁ%?%%elﬁkz lisa

c ordibghainrhattniliusagtoh of ianpatioand anesjpitab nidige accordlng to the

prior art. Mouse 100 includes light source 102 and imager 104. Light source
102 is typically implemented as a light-emitting diode, which emits light 106
towards surface 108. Imager 104 captures images from surface 108 and
transmits the images to processing circuit 110. Processing circuit 110 typically
correlates the images in order to track the motion of objects in the images and
determine the speed and distance mouse 100 has moved across surface 108.
Contamination in the optical path between surface 108 and imager 104
can reduce the ability of processing circuit 110 to determine motion.
Contamination such as dust, lint, and condensation appear as background
noise that remains relatively constant from image to image and reduces the
efficiency of the correlation engine. If the contamination increases over time,
the background noise may cause the correlation engine to produce signals
that overwhelm the other signals and cause processing circuit 110 to

erroneously conclude optical mouse 100 is not moving.
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efficiency of the correlation engine. If the
contam nation increases over tine, the background

WmRi0sM6338y cause the correlation engi ne to proPLIES2005/039493

signals that overwhel mthe other signals and cause
processing circuit 110 to erroneously concl ude opti cal
nmouse 100 is not novi ng. SUMMARY | n accordance with the
invention, a nmethod and sysigmA®y determ ning notion
based on difference inmage correlation are provided. An
I mager captures successive inmages of an object. One

image i s then subtracted,from another i to

gener at d?crcf’]écfaé‘ﬁ_ ewiﬂ%’h §. "BC f)lafi % e?‘g%%gi iarrrlfaigesylstgm for
t heRt&ARMBL hSEbbidedi dr@ifferdice Wnhfe iitelfion AR provgRe. An
used to generate the difference image to determne the

r elimpgetecapbiies sudsessiecimagie of amgliectafinerimage is then subtracted

i 1o aEPUEE e e e O PR B e o

detdaén ecrreiated withi #selfobr eHBDEhdBN e ifadesC@edaRCgertirath the
the invention when read in conjunction with the

ac cbieranse impagitadeteyaing fherelaive mogon pefwieen the imager and the
di agrapmatic illustration of a portion of an optical

nouse I'n accordance with the prior art; FIG 2
illustrates a flowhart of a first nmethod for

determ ning notion based on difference inage

correlation in an enbodi ment in accordance with the
invention; FIG 3 depicts a flowhart of a second

nmet hod for determ ning noti on based on difference

i mage correlation in an enbodi ment in accordance with
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the invention; FIG 4 is a block diagramof a system
for inplenenting the nethod of FIG 2 in an enbodi nent

wo pooaoersiance with the i nvention; and FIG 5 PGI/HS2005/039493

bl ock diagramof a first systemfor inplenenting the
method of FIG 3 in an enbodi nent in accordance with
the invention. DETAI LED DESCRI PTI ON The fol | ow ng

description i s pRIESBESERIPTON OF BIR DR SKINGed i n the
art to make and use enbodi nents in accordance with the

invention, and is provided in the context of a patent

applicatjon and.its. Iy enent s, ri oys .
o 11 careangotis el G ofeoTRa Stnpd it Esfiiens fo tig following
r eafditdiledouariptién bpetBOsEn&Is il &totdurich&vieH the idREntidiEwhen
generic principles herein may be applied to other

entyeed FeeamiunciiRp gvith e acerrapanyeng leawiass iwheseided to be
limted to the enbodi nents shown, but is to be

accorded the w dest scope consistent with the appended

cl ai N FG. Nistddibfeanphaticillpbesti@anef f pattiones af @pticilitcuse in
herein.. Wth reference to the figures and in
parrcredpage Withghe prigh akice to FIG 2, there is shown a
flowmhart of a first method for determining a

navi gati on vector based on difference imge

cor r el aFIGN2 iliusaratesrabfbekvctennt of & fivxt anethad f@r ddtédininhigy motion

inventjon._ Jnitially a nugber nis set to 1 and a i

i nﬁvgée%fm f%vsp%%{migen@wﬁt{% in %ewgﬁéw% %W%Qance with
| mgeinveltignks 200, 202). Image I(n) is then stored in

a buffer. In an enbodi nent in accordance with the

invention, image I(n) is stored in the first buffer of

two buf s,connected in series. Next t block 204 _
i mage. | (3613 SPRRBAANERTEY! § REortatehodier dgrag A motion
based on difference image correlation in an embodiment in accordance with

the invention;

FIG. 4 is a block diagram of a system for implementing the method of

FIG. 2 in an embodiment in accordance with the invention; and

FIG. 5 is a block diagram of a first system for implementing the

method of FIG. 3 in an embodiment in accordance with the invention.
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anot her buffer, hi an enbodi nent in accordance with
the invention, imge (n + ) s stored in the | ast

whodobees3od the two buffers in series. Thus, theCT/WR2005/039493

buffers connected in series forma queue in which the

I mges shift fromone buffer to the other as the

i mges are captured and processed. This shifting

occurs el ectroni cal | YDEFJAIED'BESCRIFT@Otat a to t he

first buffer in an enbodi ment in accordance with

device the invention. Li another enbodinment in

accor dangg, Mﬂ)t\lf gaeécﬁﬁﬁ% resérbc@d%g %gblg%%g rsﬁ ].H the art
| ogically by reassigni ters or I €SSes t
buftoenskel amfg @sé (elf[)bddSn‘lEﬂﬂB rmsminbrdmte dzvith abiei mag&lon, and is

[(n+l ck 206 | order t ene e a difference
i elye’ l%ﬁ‘emgtﬁ%ﬁ%fﬁrfeo ot anpd }t% Fiquiegnents. Various
subhbagigohd @hk REsHs8Y %ﬁfﬁlo@lrﬂéﬂty Sl bR rb Do those

Thus, the difference I mage represents the gi ?ﬂé‘aence
in ajmléaﬁsnatfe: ard) ambthe@emm prineipleschdraingesy $ebipplied ito @ther

one [ rom he t her image reduces r elimnate
t he™B g‘%ﬂﬁ?‘e&fnd S5 &1 fHR%e gc‘érf%‘itamte dp by e yﬂ‘m"eg to the
ConghBstindentd SRWH bk RELBe aRBFU BR @Ide@i iBpBbh&Gent with

t he background noi se increases the signal to nolse
r atthe appendadylaivessandheite thegprindplaessd thatures feseribed herein.
detecti

the di fﬁ@}%ﬁ%fggﬁlﬁ?ggoh{? at | o 5 thﬁs 1?% rnFerence tQ FIG. 2,

ThriasholsdéHygv & W&&H@fja%sﬂ heddd Rﬁ‘odétgll]ﬁﬁﬁr@a navigation
result to confirm whether notion occurred between the

t i rieestarrhaged py djffermace image col(rﬁlamgm Viie ae epdptiiment i btwedance

' f d ..
o i o ety Bty 4 oS o kB |l BB PR B oo

Wi t(image [(Ay)eBtdapturhd bznﬁ{ ffligee NBRAKSRO0, 200). aLRERAT & then
with the invention, shift
stored in a buffer. In an embodiment in accordance with the invention, image

I(n) is stored in the first buffer of two buffers connected in series.

Next, at block 204 image I(n+1) is captured by the imager and stored in
another buffer. In an embodiment in accordance with the invention, image
I(n+1) is stored in the last buffer of the two buffers in series. Thus, the two
buffers connected in series form a queue in which the images shift from one
buffer to the other as the images are captured and processed. This shifting
occurs electronically by transferring data to the first buffer in an embodiment
in accordance with device the invention. In another embodiment in
accordance with the invention, the shift occurs logically by reassigning
pointers or addresses to the buffers.

Image I(n) is then subtracted from image I(n+1) at block 206 in order to
generate a difference image. The grayscale values from image I(n) are
subtracted from the grayscale values in image I(n+1). Thus, the difference

image represents the difference in grayscale values between the two images.
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occurs logically by reassigning pointers or addresses
to the buffers. The nunber n is then increnented by

woee@eE30tk 214) and a navi gation vector deterPeTES2005/039493

fromthe autocorrelation result (block 216). The
navi gati on vector is a nmeasure of the relative notion
of the object. The "relative notion" is the notion

betSwiractihg omadmiaganflomheheobjtiRetimdye fxicedTdRdélBitates the
in accordance with the invention, the imager is

i nchaskstpund Roiseihak is Genstad ot neply capstaal iydhe dwo images.

devRGfy e. e
St o RECRR of [l ARAGY WU E I R e P S0 noise
t heratioaedtitpmovesithe fo?(&m‘eness ofrmditiog dabdckient he i mager

remai ns stationar I n yet another enbodi ment in
accor dar@% AFAGeTR Oinn’x?eﬁli‘(e’f‘d??rfoﬁ%‘@ﬂ vHB iy PIERRR IAge, as

ob [ 1
oL Eh o b YR SRR OB U8 X80 i et

maxtornenfioh whethetmotion vetatécbbetivesni the timeaimagdii) ar&himage

corfit BB CABBEFAGITRE Biilel Nextnat RRarbedmagh (6D is

by frhdsfdrié do Pihe- G2t Suiepnaf aﬁh%ﬁﬁ)oﬁﬁn&k&en{ 88t Barte %% the
| argest val ue pixel to interpolate and find a nore

ac cigy entéory eheqmﬂma'tandmdlmsnm agtdrdanceawiib e mhuon, the shift

thodslfor rmX|rrancat| S|nt&$%
rete 4 P el B e PR RIS iy deFespeReiOgRT friers
z er 0 fTD‘l'Il'HémLMﬁBérCi{ isitheri 8R&Th@fled BY ohB ebisaboL)! @Eﬂta &fwgatlon
FIG 2, the navigation vector is deternmined wth an

anb‘regtﬂrtqpterrﬁumé 9ngﬂ1e(a)1t@rltehéloué@$dt (bloxtki 23 6). sThe navigation
r es\%&orqg a {aﬁ&{:en?) e rerzlgﬁl W Ocﬁr 1r1%|f c?tg ct. t gﬁlﬁtli*eiﬂ%/%%l tion"

The process en returns
r epie &hé thétieh betbas fRNmdger &ﬁﬂoﬂhd agt§&t M Inhod @mbodiment in

invention. In
accordance with the invention, the imager is included in a device such as an
optical navigation device and the imager moves while the object remains
stationary. In another embodiment in accordance with the invention, the
object is moving while the imager remains stationary. And in yet another
embodiment in accordance with the invention, both the imager and the object
move relative to each other.

The navigation vector is defined as a vector from the origin to the
maximum of the autocorrelation result in an embodiment in accordance with
the invention. This maximum may be computed by choosing the pixel with
the largest value, by fitting a pre-determined shape to the region of the largest
value pixel to interpolate and find a more accurate determination, or by other
mathematical methods for finding maxima locations in a sampled image. If a
maximum is found only at the origin, a zero motion vector is reported.

In the embodiment of FIG. 2, the navigation vector is determined with

an ambiguity in the sign () of the vector. This is a result of performing the

5
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ot her enbodi nents in accordance with the i nvention,
the relative notion is not determined with an

w0 e@em633ve net hod. For exanpl e, a navigation VBCT/U82005039493

determ ned when a request is received or when a
triggering event occurs in other enbodinents in
accordance with the invention. FIG 3 depicts a

f | cawtbevrielafior as dtaikd 208t eE proceddetheh Niehirng t60BI0E0 204 and
based on difference image correlation in an enbodi nent

. n eEdiBHautlE dengathin #eemiodinens in agopdanse with the isgentin. In
g  AQRUESE i O 0 Socion
st on@tdlcternanddifrfidiran iteradine ﬁt@ﬂﬁﬂi i texhMphs & @atipation vector is

with the invention, image | ( is stored in the first
of TSI SFIeer b AP rﬁ?ﬁl‘éﬁéf %@’hen@xfﬂggafms legemt occurs in

304, thbBfBodiblh %%mda%c&%l@h&rf@ﬂh SLQi&H 1 n another
buffer In an e ment 1 n accor ance With the
i nvent i diG. Briegirtd § Aodchas of b seethd methbd foadétehmbfieg motion

of the, two ffers in series. Thus, the two buffers )
conbrsed &2 fl%u CLROCE Jage Forrelation iban smprdimRentia acpergdagce with

shi fhk ihveNRoANA RiHbEF n et RE1 RADSA iffgd Sl SBEESs @lpbured by

captured and processed. This shifting occurs
el et mgec blogks300t 3QR)s The inage, dange (o), tihthehistered in a buffer.

buf i n,an. enhadi ment, i n ac dance with th

1 SR T B hE e snedh: datel) fsrptored in
t hethb@mrufwe,bumﬁs @hbée@ELIMRs| 0gi cal |y by
reassi gning pointers or addresses to the buffers. A

d| ff er eddext, ﬁh@l@Ckéoée frongg Hot+a) isbtapticredodndstored in another
t f
or SRS IR GG RS RS S s el dpp e i

stored in the last buffer of the two buffers in series. Thus, the two buffers

connected in series form a queue in which the images shift from one buffer to
the other as the images are captured and processed. This shifting occurs
electronically by transferring data to the first buffer in an embodiment in
accordance with the invention. In another embodiment in accordance with
the invention, the shift occurs logically by reassigning pointers or addresses
to the buffers.

A difference image is generated at block 306 by subtracting image I(n)
from image I(n+1). The grayscale values from image I(n) are subtracted from
the grayscale values in image I(n+1). Thus, the difference image represents
the difference in grayscale values between the two images.

The difference image is then correlated with one of the images used to
create the difference image (block 308). For example, in one embodiment in
accordance with the invention, the difference image is correlated with image
I(n). In another embodiment in accordance with the invention, the difference

image is correlated with image I(n+1).
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t he grayscal e values in image |I(n+l). Thus, the
difference image represents the difference in

w@e@ysecHre val ues between the two i mages. The PCT/US2005/039493

difference image is then correlated with one of the
I mages used to create the difference i mage (bl ock
308). For exanple, in one enbodiment in accordance

with theI'Hr@élﬁbEdlh ris thé pdifbiAE® deethe R4t forC AR Bt @fhfirm
with i mage I ( hi anot her enbodi nent i n accordance

WI t WOtlﬁ@ orscmr lpqsweela the e impgnlde) andoigeaged (nd) eracapdured
16&%&@61'}(1&’% la}t b-f(!;] eﬁ?omga&%? n+§r? {shcf&spe%{ed dgpsrt] buffer in

the correlation resu 'On occarre
bet s embbdiendnit i acddRdence (With érdnyémgs. | nthbthedhebodiment in
captured (bl ock 310). Next, at block 312, image I(n+1)
i s acarkange reigh et myentiont they skt opqurs Jogisnlbaihye feassigning
acc 53&9&& Xﬁdr@ssteﬁﬁ)ﬁl \b%@gekson | n anot he_r enbodi nent

e

ccordance wt i nvention, the shift occurs

I og| cal IShebywunées sh ghi ﬂ'@npmcfﬁrﬁér&ed)rb}adﬂfeESBdﬂodkO 3éeand a
buffers. The nurr“%i nis then increnented by one at

bl RRigaAtIPTLYRFIE GrRACHIRH ab bleckHlgrusing mathadsysimilap t ghe ones
316 j
1 dékekibed ﬁ&&?ﬂ&nﬁg%ﬁ E]:gat &B&Iﬁﬁ%ﬂg ?@R%q II ]%etgﬁ éaﬂlbodlment

conjunction w nment of
errbmdeKianS e ﬂvﬁgatﬁ),n véton &va gatdsare vEbbthr the naagnitude and

ur e, of nltud and dlretlono t he
" o difs<ion n‘lff'i?“o’rfe htVﬁlﬂ ABisten brepR. pr BEeess then
t heRui@k b HlodiO3(, OFke %%od-rgﬁ‘owﬂﬁtﬂ? G4GS Bq}‘,‘”ite&'a(h‘}:el £Ad Pepeats

is iterative and repeats continuously. In ot
enbaditimenuslyi niracther danleslivvents inhaccordeawe |vo1111;1 the nevérdgohn, a

RN SN ———

met fRfblation is not an 1terat1ve method.

Referring now to FIG. 4, there is shown a block diagram of a system
for implementing the method of FIG. 2 in an embodiment in accordance with
the invention. System 400 includes imager 402 and buffers 404, 406. Imager
402 captures an image of an object and transmits the image (image I(n)) to
buffer 404. Imager 402 then captures the next image, image I(n+1). Image
I(n+1) is transmitted and stored in buffer 404 after image I(n) is transmitted
from buffer 404 and stored in buffer 406. In another embodiment in
accordance with the invention, image I(n) is stored in buffer 406 prior to
capturing image I(n+1). And in yet another embodiment in accordance with
the invention, the shift occurs logically by reassigning pointers or addresses
to the buffers.

The images are then input into difference image generator 408 in order
to generate a difference image. In an embodiment in accordance with the
invention, difference image generator 408 is implemented with a summing

circuit. Correlator 410 performs an autocorrelation with the difference image

7
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Referring nowto FIG 4, there is shown a bl ock
di agram of a system for inplenenting xe nethod of FIG

wWQ2006/06837&nbodi nent i n accordance w th the i nvReit/U82005/039493

System 400 includes i mager 402 and buffers 404, 406.

| mmger 402 captures an image of an object and

transmts the image (image I (n)) to buffer 404. | mager

40 2arichgAnsiaipd theassilbetoR¥tessifiB @B cuit FEY EProt .cifciR@¢2 then

I(n+1) is transmtted and stored in buffer 404 after

i meRETEs) 3 dthigshalding + eRpratieym ouf ther antRromglptionoreglt and

in e
e e G L G U T S ST e

prl or t dnca.‘piemhodgnemtage.ad:c()l’dalﬁ:e v@iﬁ]ﬁi the mﬁntﬁrﬁpﬁllﬁager 402 is

enmbodi ment in 1%lcordance with the invention, the s

occlaﬁl@elmsaﬁeéaml By qeREEIeg I gpia! Prddes S%wcaaéu@gg 'égiMOS)
t
A f%ﬁb%gg%gﬁ?éﬁtenq_ o viRg %Sfl%g)rib n g %e{té“aﬁaya(ggch). In

ge gener at or er t gene
di f étheereebadingsfs Iﬁnaa{ccerdandé meith ihe aoceatidandmaget inay be

| e Bl TR e SIS w5 Semy 400 may
perslsu NBe AhAthesRA" %h?érbﬂ‘ly Wedidh tRE i f&&ﬁse with discrete

i mageand transmts the resul’ts to processi circult
412conppayeatsi ng circuit 412 then perforns a

t hr eshol eratlo the a correl tlon resul t
and det SrRnsE Eicnaed o T A8 B0 ot B e IR odordance
aut YaRfthelilehdn.r €3ddkia14 perdfls ARG UOP W cdptuRCHRI t@ﬁ%ﬁt the
wWth the invention, imgéer 402 is inplenented with a

conptage ntoabyiferst 404, o%?fd @y@@wm ct Bhis( @m systeged00 to

ang%%ste:m 400 ﬂu"cﬁglaéw 16 (BLAAL TR IR R e ih A cordance

I Nveithitha deﬂiﬁgﬁI Iﬂ@]{héi&:mbodlments in accordance with the invention,

,—-

clock 414 may not be included in system 400.

FIG. 5 is a block diagram of a system for implementing the method of
FIG. 3 in an embodiment in accordance with the invention. System 500 may
be implemented, for example, with a field programmable gate array (FPGA).
Imager 402 captures an image of an object and transmits the image (image
I(n)) to buffer 404. Imager 402 then captures the next image, image I(n+1).
Image I(n+1) is transmitted and stored in buffer 404 after image I(n) is
transmitted from buffer 404 and stored in buffer 406. In another embodiment
in accordance with the invention, image I(n) is stored in buffer 406 prior to
capturing image I(n+1). And in yet another embodiment in accordance with
the invention, the shift occurs logically by reassigning pointers or addresses
to the buffers.

The images are then input into difference image generator 408 in order
to generate a difference image. The difference image and one of the images

used to create the difference image are correlated by correlator 502. In the

8



10

i npl enmented wi th anot her type of inmage capture device.
System 400 may al so be inplenented differently, such

wa@sgosher37exanpl e, with discrete conponents. C PCRUSDMI5/039493

is connected to i mager 402 in an enbodi nent in
accordance with the invention. Cock 414 permts
i mger 402 to capture and transmt the inmages to

bufd LA @Ar of F16. BY ﬂfﬁ egﬂg*gg IMMﬁcthisfbr?(g L PYEH SR N AP ated

to determ ne an abso nitude reference in an

enbweith rtbe ifferencconagen ck andthert e@bodingamt iinraccdndanteherith the

enmpodi nents in ardance with the jnvention, clock .

o AR Hogmpge 2510 datter 40k 2 corieiatstl Sihcitertfigfice image.
bl qqgcé},gﬁg_r et £10SYReE rﬁefrf_?ﬁ‘mbnﬁ’l BHEdNoI A tBﬁerﬁE&H Ofh the
of FIG 37in an enbodi ment in accordance \ngth t he

i nvaonteladion 18ylt and SoBrminesithe felativermatienbafedroretharptrelation
Wi th field programmabl e gate array (FPGA). | nager
40feﬁ‘§btures an i mage of an object and transnits the

i mge (iApgahl the)dmbodiReht 6f FROM, ldrRIAY 4 Q3nhétedd to imager
captures the next image, image | (n+l). Image | (n+l) is ~
t r 492 i ameembedimens i dcdopdange waith figamaeniden. frerk 41¢rpermits
is .transmdi.t from buffer 404.a st or I n fer

406™ alglels %&gt %‘grca %B{)ediarl?gnttrafl%mgc cl%ger anacgggvvjfot hb e 404, 406
I N§AthRRousRg®Rid Ailgws Systdrd 560l td Hetorhiry arftFsolite @hadrBtude
capturing image |I(n+l). And in yet another enbodi nent

i n 1gterencgaiic anvrebodipent Ay eseqrdance maths Hig inveséigns In other
| ogj . d i_oni ' r . add t h

pur el BERELRNED PO HE L Sr huAECHBAP I ol "ot e
I neigeluged @i sitstam $0& | n or der



10

15

20

25

30

to generate a difference image. The difference inmage
and one of the inmages used to create the difference

WO pgoecBsre correl ated by correlator 502. hi PCT/US2005/039493

t heenbodi nrent of FIG 5, inmage I(n+l) which is stored
in buffer 404 is correlated with the difference i mge.
I n anot her enbodi nent in accordance with the
invention, image I(n) in buCLAIMS06 is correlated with
the difference image. Processing circuit 412 then
perfornms a threshol ding operation on the correl ation
result and determ nes the relaiime notion based on the
correlation result. As with the enbodi nent of FIG 4,
clock 414 is connected to inager 402 i n an enbodi nment
|n n th the invention. permts

K B0 For AP B g ARG kR 401 agube comprising
buffers 404, 406 synchronously. This allows system 500
to determ ne an absol ute magnitude reference in an
enbodi neepturing st targeofigntdbjackie i nvention. I n ot her
enbodi nents in accordance with the invention, clock
414 may not be included in system 500. CLAI M5 CLAI M5 1.
A net hodaﬁaﬁu%aggcah@mgg@omybgja@ﬂ on vector for a
device, conprising: capturing a first image of an
obj ect; capturl ng a second i mage of the object;
subtract f f e.s nd 1 nage
gencr at Guialif, the Shet HAGEe HAHT HdTeRBRG"RAAICHE defgrate
usi diffetdiee dinbger ence i mage; and

performing a correlation using the difference image; and

determining the navigation vector from a result of the correlation,
wherein the navigation vector represents relative motion between the device

and the object.

2. The method of claim 1, wherein performing a correlation with the
difference image comprises performing an-autocorrelation with the difference

image.

3. The method of claim 2, further comprising performing a thresholding
operation on an autocorrelation result prior to determining the navigation

vector.
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determ ning the navigation vector froma result of the
correlation, wherein the navigation vector represents

WO 200063325 not | on bet ween the devi ce and t he obP@DUS2085/039493
The nmethod of claim1, wherein performng a
correlation with the difference i mage conpri ses
perform ng an autocorrelation with the difference
| mage . The. mEfod eIfNEsin®f1, ClRérdir? peffuftali aCestPdlhgdGvith the
performng a threshol ding operation on an )
autddfferened wpagmeaqraptises correlpting dhe dliféerenes ppgenwith one of the
na llfr al}r{aogo\r/%gets%%oﬁ{fd. T{;]ee. met hod of claim1, wherein
performRg a correlatl with the difference inmage
conprises correlating the difference inage with one of
the first image or the second i mage. 5. The nethod of
claim4, further conprising prior to determ ning the

nawi gati o C : rjo - n .

on \éa fafglse uﬁeﬁgo# t8 F1 5 ldg]glr é’eﬁgﬁ% n@on%}%%ﬁg 345 ?d d mg)f g?&;MQ the
detraxigation gvdcke, fpetfatiirg athiesholding oflenation,on a result of the
conprising: an inmager (402) configured to capture a

pl ¢euelatiphof i nages: a correlator (410); and a

di fference i mage generator (408) electrically coupled

to the imager (402) and the correlator (410) and
configured to generate difference i mages using pairs

of captured i es.. 7. The systemof claim®6, wherein
e CoRYUNaLeR At e R R PEHONG! RSB G ompristng

an imager (402) configured to capture a plurality of images;

a correlator (410); and

a difference image generator (408) electrically coupled to the imager
(402) and the correlator (410) and configured to generate difference images

using pairs of captured images.

7. The system of claim 6, wherein the correlator (410) is configured to receive
the difference images and perform an autocorrelation on each difference

image.

8. The system of claim 7, further comprising a processing circuit (412)
electrically coupled to an output of the correlator (410) and configured to
determine the relative motion of the device based on each result of the

autocorrelation.
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the difference i mages and perform an autocorrel ation
on each difference imge. 8 The systemof claim7,

WO awobloes37Tonpri sing a processing circuit (412)PCT/US2005/039493

el ectrically coupled to an output of the correl ator

(410) and configured to determne the relative notion

of the device based on each result of the
autocorrelation.9. The systemof claim®6, wherein the
correlator (410) is configured to receive each

di fference i mage and one of the captured inmages used

to ¢r . -
ochi Yeaan of S, REER BRI AMor BIDFl 2R to receive
| magreh differetice isyge enlainecofathe Gptiredtiveges ot its icregta each

Ir oG/ s'n circ 2 | ectri aII led to.an
DS ERR T e B ctueiate thoy ool G rtneT Hre it i Tespective

det@ﬂﬂg@ﬁemgg gel ative notion of the device based on
each result o% the correl ation

10. The system of claim 9, further comprising a processing circuit (412)
electrically coupled to an output of the correlator (410) and configured to
determine the relative motion of the device based on each result of the

correlation.
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