WO 2006/ 065375 PCT/ US2005/ 039493 METHOD AND SYSTEM FOR DETERM NI NG MOTI ON
BASED ON DI FFERENCE | MAGE CORRELATI ON BACKGROUND 5 Navi gational devices
have been used with conputers and other types of conputing systems for many
years. A conputer nmouse is one exanple of a navigation_device.

mechani cal YOMIPEPSnouse, a ball rolls over a nouse p&T /é]§2°[°ﬁ339ﬁ%§use i s
noved. Interior to the nouse are wheels that 10 contact the ball and covert
its rotation into electrical signals representing orthogonal conponents of

noti on. Anot her tgﬂe of conputer nmouse is an optical nouse. FIG 1 is a
G agrammat e 1 1 UMETHOB MNP SYSEEM JOR DETERMINONG MOTHON FASER GRS ng ¢ o ¢ he

prior art. Muse 100 includ ﬁ“ ger 104. Light source
15 102 is typically inpl em@ggﬁ%ﬁgﬁ @%ﬁﬂ‘??ﬁgt@ode which emts |ight
106 towards surface 108. |mager 104 captures inmages from surface 108 and
transmts the images to processing %é%ﬁ . Processing circuit 110
typically <correlates the imges in q rack the notion of objects in
the images and deternine the speed and di stance nouse 100 has noved across
surface 108. 20 Contam nation in the optlcal path between surface 108 and

i mger 104 can redNé@SPH@mélﬁemC?%/hﬂe been seesk with computgrs and @thes tyReser ni ne

notion. Contamn t t as
backgr ound no[gée a'fm %gnal ns rkei]%}l”'éa{ér yAgonngeg?q}(ﬂr%%dn%%a%R?%aqfﬁage “and
reduces the efrfamglaﬁmyieoifcet With ar medtahicalnconmngiteemolube, tahkall fullsavienat i on

I ncreases over tinme, 25 the background naj se, may cause the c%rreltﬁ\tlon
engi ne to prodl}’&g‘sgi R the mouse”is moved. Interior to the mouse are w.

pt

10 contact the ball and covert its rotation into electrical signals representing
orthogonal components of motion.

Another type of computer mouse is an optical mouse. FIG. 1 is a
diagrammatic illustration of a portion of an optical mouse according to the
prior art. Mouse 100 includes light source 102 and imager 104. Light source

15 102 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.

20 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 remairns relatively constant from image to image and reduces the
efficiency of the correlation engine. If the contamination increases over time,

25 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.



t hat overwhel mthe other signals and cause processing circuit 110 to
erroneously conclude optical nouse 100 is not noving. | WD 2006/ 065375
PCT/ US2005/ 039493 SUMMARY | n accordance with the invention, a nethod and
system f or walBe0658715i Ng noti on based on di fference i magecrwsemb/eionsn are
provided. An 5 inmager captures successive inmages of an object. One image is
then subtracted from another imge to generate difference i nages. Each
difference inage is then correlated with itself or with one of the inages
used to generate the difference i maguNIAR erm ne the relative notion
bet ween the imager and the object. 10 2 WO 2006/ 065375 PCT/ U52005/ 039493
BRI EF DESCRI PTI ON OF Tl E DRAW NGS The invention will best be understood by
reference to the foll qw etai d EREign i [
accordance with th(e)ﬂnl (r%ééedr%lgla%% \Ahteﬂneﬂl"g reaéhﬁ'l gor’ﬁg&lﬁﬁﬂr})@ﬁi vn\;nﬁ’t&tﬁﬂtl h@r
acconpanyi ng ddatermiying wivtioeibasedrorGlifferencainagegoaetationare pravidedat Ann of a

ti tical in. d M th th i t. 10 FIG 2
1l ustrates a OGS ERGRacteryPE E5aget AR Pt APE FRRFR AP I =based on
di fference | NBGRnt AhdtRERIADR th BeRdtaR HiFEieAR magBs. ABAN diffefeRcaMirhdpe ik he

invention; FIG 3 depicts a flowhart of a second nethod for determning
noti on then correlated with itself or with one of the images used to generate the

difference image to determine the relative motion between the imager and the
object.
10



15 based on difference inmage correlation in an enbodi nent in accordance with
the invention;, FIG 4 is a block diagramof a systemfor inplenenting the
method of FIG 2 in an enbodi ment in accordance with the invention; and 20
FIG 5 is waloogessdhisagram of a first system for inpl eneRCTH§2005€3949%et hod of
FIG 3 in an enbodi ment in accordance with the invention. 3 WD 2006/ 065375
PCT/ US2005/ 039493 DETAI LED DESCRI PTI ON The foll owi ng description is
presented to enable one skilled in the art to nake and use enbodi nents in
accordance wi th the i nventBRIEF DESCRIRTION @F GHEBRAWINGS: cont ext of a patent
application and its requirenents. Various nodifications to the disclosed
enbodi nents will be readily apparent to those skilled in the art, and the

generic principles fgs GhvaniBY Wik beitPhd StldftoSd BS refebdiROdh TRAESIoWiRYS. t he
invention is not intended to be limted to the ~enbodi nents shown, but is to

be accorded t hdetgiledsesaiptipn of embodinaants inj achordancehwith theinvention whes and with
t he princ%ples a features d ri bed herg{n Wthis_lefer_encetothefigures

and in parti cu e {CPTTURE oL, i S agcqtpiany ,ng?Wérrlgas’W “EHbwn a flowchart of a

first nethod for determ ning a navigation vector based on difference inmage
correlation in an enbodinent in accordance wth the jnvention. Initially a

nunber n is set to HlGAds adisgrammatis ilypirefigneata postion ebasonticalmonse apt ur ed
by an i nmager (gj:&ggémgq‘gth@@%}iorwge I(n) is then stored in a buffer. In

an enbodi ment in accordance wth the invention, image I(n) is stored in the
first buffer of two buffers connected in series.

10 FIG. 2 illustrates a flowchart of a first method for determining motion
based on difference image correlation in an embodiment in accordance with

the invention;

FIG. 3 depicts a flowchart of a second method for determining motion
15 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
20
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.



Next, at block 204 inmage |I(n+l) is captured by the inmager and stored in

anot her buffer. In an enbodi nent in accordance with the invention, imge 20
I (n+l) is stored in the last buffer of the two buffers in series. Thus, the
two bufferwocoesi?®d in series forma queue in which thervsmgesdshi ft from
one buffer to the other as the inmages are captured and processed. This
shifting occurs electronically by transferring data to the first buffer in
an enbodi ment in accordance with device the invention. |In another

enbodi ment in 25 accordance w t IDETWLEDMBESGRIRTIONIe shift occurs |ogically
by reassigning pointers or addresses to the buffers. Image | (n) is then
subtracted frominmage I (n+l) at block 206 in order to generate a difference
i mage. The grayscal ¢ny allléadng USRpABY S presbhted ® erdbRlJRGKARA!ih R hhe
grayscal e values in image | (n+l). Thus, the difference 30 i nmage represents

t he di fference to rmajeapnd aise enabadiments tineascordaecet withi thegimyention, \ABd2B06/ 065375
PCTI US200 /039493Vi Subt ac(jt(' g, ohe it-gr?t%e {iéa%rgthﬁipt Qer. i_mage {;éardol{l%es or
elimnate thePfBaéﬁ‘ng FORGT s & F PRAT PSSR TS REETY o1 ARt in the
two inmages. Refbdificdions & tHedifddsed gmbbéinttaek@HibDbitadily Sppdranttoakess t he
signal to noise _ratio and inproves the effectiveness of mption detection. 5
An” aut ocor r el atskillgdjin the,art, fher grpgriqPEAciples hgrein mayecappligddo ofker shown in
block 208, Thr ealidlithits! STRG 'RL HRAnABH 'l o HhRAAE &b A it | the tO
confirm whet her notion occurre etween the tinmes 1mage |1 (n) and | mage

| (n+1) wer e capmbodiménts shéwR1Bit.is eke accatded| the kviddst scopegmnbistent] withs

transferred to the firs uffer,i n enbodi nent,. i.n acgcordance with the 10
roont oY) 1° she Srpanagl g G with B S BRE et R B RRE S ¢ ho i 1t
With reference to the figures and in particular with reference to FIG. 2,

&
=y

there is shown a flowchart of a first method for determining a navigation
vector based on difference image correlation in an embodiment in accordance
with the invention. Initially a number n is set to 1 and an image of an object
15 (image I(n)) is captured by an imager (blocks 200, 202). Image I(n) is then
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
20 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
25 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

30 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 increnmented by one (bl ock 214) and a navigation vector
determ ned fromthe autocorrelation result (block 216). The navigation
vector i s wotb&idemdsof the relative notion of the objececTios200570394a81 ve
nmotion" 15 is the notion between the inmager and the object. In one

enbodi nent in accordance with the invention, the imager is included in a
devi ce such as an optical navigation device and the inmager noves while the
obj ect renui ESSu‘B&'b&ﬂihgnaﬁe/.imlage &fmhihé &Eho%m&edﬁeﬁmwmﬁs%éh thed

I nvention, the_  qbject, is, noying ile the ingager remains stationary. And in
yet anot her Zobm?eﬁPmFth%bsoFﬁﬁﬁéé%rteﬁH?r@n?tﬁnbmiﬂb"n,tWBdFFi‘gt-‘sne i mager

and the obj ect peiifg ofleRbidstilg R Aalab B0 S RAMEOe GbhaY 86 hBse | S
defined as a vegtor %Fbﬁltﬁe origin téﬁfﬂgfn%axinun1of théﬁgﬁtocorselation
result in an emittchnveimpriovesdbe effettiveresswiithotiarhdeteatipent i on. Thi s nmaxi num nmay
be conputed by chooging,the pixel.wth 25 the | argest. value, .by fitting a
_pre-deterﬁi ned shapéntag“t?ﬁ%r@i)aé’é’f‘olﬁ " PREOTLT y8d aﬁl%greﬁl?:%(émxgeoas

i nter pol at e anghévwh e BlodR Q_ﬂS.aEﬁ*éélﬁﬂﬁngﬁ]]%rfﬂrﬂ@a iofirthe @ito@drrlhHEH result

mat hemat i cal nethods for finding maxinma |ocations in_a sanpled inmage. If a

maxi mum i s f oufRlcenfirin whethge metipgogcursedhefweemdhe Hmmey dmage Inkandsmageed. | n
t he embodi ment 0f -l i gasq t Qg i i iAh. 30
brbi gui ry 1t ALl ofire SaphiEA0BUMRHOPN MBE O BISACIE HBE i e, 50 BN

5 WO 2006/ 0653 Hanéfeited)ID0tHe/ 6130 4miffer dnitancembalimient tn akcdrtiatde R0RB. théhe
process then returnsﬂtﬁ'bl ock 204 and _.conti nhuousl, epeat
‘e

s i n an.enbodi ment
in a_ccor&g_nce witente f i _ .OdFI_F}entd‘P AEPICARE YT ?é‘“’leﬂt‘%é’&?%&&ce with
the invention, gthgs (i@l v§ réRbigRihgipdinters or addresses to the buffers.

The number n is then incremented by one (block 214) and a navigation

vector determined from the autocorrelation result (block 216). The navigation
vector is a measure of the relative motion of the object. The "relative motion"

15 is the motion between the imager and the object. In one embodiment 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

20 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

25 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

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

5



not determned with an iterative nethod. For exanple, a navigation vector is
5 determ ned when a request is received or when a triggering event occurs in
ot her enbodi nents in accordance with the invention. FIG 3 depicts a

fl owchart ofo mog®sosd net hod for determ ning notion bapeniuswosiespsaar ence

| mage correlation in an enbodi nent in accordance with the invention. A
nunber n is set to 1 and an inmage of an object is captured by 10 an i nager

(bl ocks 300, 302). The image, inage I(n), is then stored in a buffer. In an
enbodi nent i n ameottalation vittBlodk208. n\The tprotess ithe eetlifrB) tol bloelt @0écdndn the
first of two buffers cpnnected in series. Next, at bloc |, mage | (n+1)
i s captured an(fogm%’c‘if) WP%Fh%‘i‘e“‘gB‘LF@F‘tmI%C%fﬁmé‘f?b‘ﬁﬁh V?‘PP% rdance

Wi th the inventgs enibifRents tit hhcdrdanct Wil HeSHlvdrtion) the RHtivRUhéEI BT the two
buffers in series. Thus, the two buffers connected In series forma queue in

whi ch the i nagewt dh’qefmnfedmﬂnmltmhf@meﬂ@d Fheeanple, anavigabion vagesisar e

captured and pr £3se his shif urs . electronically by transferring
data to the f|r “?%WEFW ei’?% orwh %?%ﬁfﬁ e%{ CTHE Prvent i on.

I n anot her enbwmmmbodnnaﬁgﬁ{ﬁaa@ianwm&ﬁmmubﬁventlon the shift occurs
| ogically by reassi gnl qu pai nters o;ﬁsgjdresses to the buffers. A difference

i mge i s generated depicts g glopeh 2 secepd, gnathedyfor detprminipg matiogge
| (n+1). The graygcale dx@?ér&%%M ScbiBBfor foltn BodiHiibt AF b&HrdanBlyith

grayscal e val ues 1 n I mage n+1Y). erence I mge represents 25
t he difference theinyeafior ah evunitien ads $pétobanl arhimalgamf amabjest.is Jptuddfblyer ence

I mge is _then correlat t he |mie creat
di fference i md® @%&%gb g@ﬁ ﬁsm&e b gﬁ T’ﬁ’éerqtma%“fgf{:cordance
Wi th the inventiGm, eﬁ.mlﬂlb_ﬁ{ BY &06RlahfB@fhithe ﬁ%ﬁﬁmtﬁﬁg&\nx(cnly id SBAQ in

the first of two buffers connected in series.

Next, at block 304, image I(n+1) is captured and stored in another

buffer. In an embodiment in accordance with the invention, image I(n+1) is

15 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

20 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

25 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

30 image is correlated with image I(n+1).



I (n). In another enbodinent in accordance with the invention, the difference
30 image is correlated with image | (n+l). 6 WO 2006/ 065375 PCTI US2005/ 039493
Threshol ding is then perfornmed on the correlation result to confirm notion
occurred betowmwesrodsts tinme i mage | (n) and i mage | (n+l) wece/usaps/o3deed (bl ock
310). Next, at block 312, image I(n+l) is transferred to the first buffer in
an enbodi ment in accordance with the invention. In another enbodinent in 5
accordance with the invention, the shift occurs |logically by reassigning

poi nters or address&hrdsholdfify Bufhbr perforhed Bt rthe lcoftelation resuli RCekitRAt €d by
one at block 316 and a navigation vector calculated at hlock 316 using

met hods si mi | armelon mﬁééegﬁ@@éwﬁ@awed&maaﬁmsﬁlmﬂ VTR EaRIHREdi ment  of

FLG 2 10 the @rERRdinTe e 9t Blbclf 315, inthee 1R1/13 Walitbired 1 Bt it bubfefin/TeasUr €

of both the magnitude ‘a I rection relative notion with no sign
anbi guity. The sravkalimehtin accadanceswithy thel invdnti®g4 In Thetheeembeligieotim i n FI G
3is iterative and repeat. continuouslLy. .l.p ot her . .enbadi nents in.accordance
with the %nvent?CS?ﬁdag& H’@ﬁh(%e f%vrengg?’e% Wﬁgocﬂ:fa\lﬁ%%#lyo VEF & Wased on
di fference img@m&ﬁs@@aaeésaésitemém an iterative nethod. Referring now
to FIG 4, there is shown a bl ock diagramof a system for_ inplenenting the
nmethod of FIG 2 inTha aweben seift then ncamented dywons att Block iilénand 2 System

of an obj cct araiesat kePRP cdaBlEa i, 8ol HORoas SRIEAR e R 0o
402 t hen capt uréssctiledl ineohjunatiorewithithgembddiment ofl FiGye. Ih ¢lerdmbodimentansmni tt ed
and storef In bl b, 4 0fe Tavization 386t A méstde®0P Both' §2 magnitude and

direction of the relative motion with no sign ambiguity. The process then

returns to block 304. The method shown in FIG. 3 is iterative and repeats

continuously. In other embodiments in accordance with the invention, a
method for determining a navigation vector based on difference image
15 correlation is not an iterative 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

20 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

25 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

30 circuit. Correlator 410 performs an autocorrelation with the difference image

7



frombuffer 404 and stored in buffer 406. |In another enbodinment in
accordance with the invention, image I(n) is stored in buffer 406 prior to
capturing image 1 (n+l). And in yet another enbodi nent in accordance with 25
t he i nvent manzo0ébe83Bhi ft occurs | ogically by reassi gni n§CpP@S2I08/039493r
addresses to the buffers. The inmages are then input into difference inmage
generator 408 in order to generate a difference inmage. In an enbodinent in
accordance with the invention, difference i mage generator 408 is

i npl enent ed W tahdaraishitsibe fguld foqﬁbtessﬁ@m@hmar Pédc@ssy fifrtufEst12 then
autocorrel ation th the difference i mag 2006/ 0935375

PCT/ US2005/ 030 ARFHOrmAGas FAEReiadi tﬂ%e’f?'é%fhl% & prgerdatinn Jeswtiands o,
Processing Cir Gylidrnfiles thd 8llatiREh6@Based b et BiBmtiBREEsAE On on the
autocorrelation result and determnes the relative notion based on the
autocorrel ati on resin@n ¢émbediment indagrerdanice) withc thedinvention, timagee 40Zhisent i on,

I mger 402 is 5| I vmth a net al i e heonduct or
(O | fager SRIBEERE IR ShpRaeRiy GRERL Bale Ehftodilet MOS Foc)
I'n other enmbodinigsi and rsyﬁe@momaw&n aMiéld ;irb atxm{aeﬂeg@&é,aﬂdyagmcmyhbe

i mpl ement ed W|th anot her type of inmage capture device. System 400 may al so
be i npl enent ed qtherr epbedingents jnn ageordange vsidh ipe emvealtilandmsaeaeét@ay 1k
conponent s. e

accordance w ﬁ%ﬁ%@%;ﬁtﬁpgﬁﬁﬁdg@g dﬁ{ﬁ‘ggé T sel fi.en‘g%ér to caB;t]ure and
transmt the ialmgds timplumidnteds diﬁdrenﬂﬁ)Gswmcah,rcﬁomwampleThw&hadism system
400 to dgterm ne an 1gsol ute magnitude reference in an enbodi nent in

accor danc componen

Clock 414 is connected to imager 402 in an embodiment in accordance
with the invention. Clock 414 permits imager 402 to capture and transmit the
images to buffers 404, 406 synchronously. This allows system 400 to
determine an absolute magnitude reference in an embodiment in accordance

15 with the invention. In other embodiments 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).

20 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

25 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

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

8



15 with the invention. In other enbodinments in accordance with the

i nvention, clock 414 may not be included in system400. FIG 5 is a block
di agram of a system for inplenmenting the nethod of FIG 3 in an enbodi nent
i n accor damwe2006/eds3tshe i nvention. System 500 may be i npCERUSI008BI4MBOr
exanple, with a field programmabl e gate array (FPG). 20 | nmager 402 captures
an i mage of an object and transmts the inage (image 1(n)) to buffer 404.

| mager 402 then captures the next inage, image |I(n+l). Inage I(n+l) is
transmtted andmbbainfht o FIGI S, ﬁfuz%Q{h § Whichiigmerd ih blffeS404tis stedTateged from
buffer 404 and stored_ in buffer 6. |In anot her enbodinment in _accordance
with the i nven®iBinthej diffgeenre jages By anpqtherj enbadiment inogcprdagee withahecapt uri ng

i mge | (n+1). %R%n; ]mgng
i nvention, the shi occg‘r%rm{l)ogl ca qe%?%%g%ﬁ%qg%?neers or gddr esses
to the buff ersPrddessingradesaitad®? tthan penforths i antthredhdlfiirige operativngen gthner at or

408 in order to neratea ference i I The difference i e and one
of the ingges E@ar%sal @Pga{emwsa‘i‘er%%@ﬁw@ EeCaPR ESOFEIRHPRd by
correlator 502 re,,lun the 8 WO 2006/ 065375 PCTI US2005/ 039493 enbodi nent of
FIG 5, imge I(n+l) which is stored in buffer 404 is correlated wth the
di fference image. |Asavith the emhoditientof FIG, 4a91@9k dlhisecopinedted i@ imagerent i on,
image [ (n) in fer elak fer

Processing ci rtéigli ggﬁdﬁn&q ’WSE%C%es ol |rrlmogpZ(I'rqgﬁe"k ]ge%mtﬂﬁe 5

correl ati on resmhgeradd? det eapnure&rtdherahahat thee iagdsO o bbuféas 0404; ha6

correlation result. As.with the enbodi nent of FI.G 4, daqock 414 is connected
to i mager? synchronously. This allows system 500 to determine an absolute magnitude

reference in an embodiment in accordance with the invention. In other
embodiments in accordance with the invention, clock 414 may not be

included in system 500.



402 in an enbodi nent in accordance with the invention. Cock 414 permts

i mger 402 to capture and transmt the inages to buffers 404, 406 10
synchronously. This allows system 500 to determ ne an absol ute magnitude
reference in an enbodi ment in accordance with the invention. In other

enbodi nents in accordance with the invention, clock 414 may not be included
in system500. 9 CLAIMS: 1. A nethod for determ ning a navigation vector
for a debABMS: conprising: capturing a first inmage of an object; capturing a
second i mage of the object; subtracting the first inmage fromthe second
image to generate a difference image; performng a correlation using the

di f f er ence iAmgthoddtredetrmirtiiiea davigaioevedor fongdevise, comprighgt ed wi t h one of
the first inagte .0r t.he.second iﬁjage; and determ ning the navigation vector
froma resul BPYFNg AETL YPI&H URP ORI wher ei n the navigation vector represents

relative motdpiriReh WRIAd iMspedThsdj@pd the object. 2. The nmethod of claiml,
wherein generating the difference image conprises subtracting grayscale

val ues in t Isubtricting therfirsfamiage frorthy sesamdeimagk tegenierate hdiffseanentnagenge to
generate the i fferen .mage. 3. Ihe nmethod of claim.l. further .conprising
oTor to dedsriimingg SPfgant e s ot IPAL, Rhergiihfhitterdrtt bk i§0

oper at i gfreRtedavittesiel df tiedf fidshignage bf thedédoad imdge; e net hod of claim 1, further
conprising repeatedly: capturing a subsequent inmage; subtracting.a .

precedi ng’ i AgFEMiNREHE najEtgUEROr framgeetult of dhresostelatignavhereindhcravigatige
cor 1 el afdopd rdphiiefts FIANR M Rich TRAReiildHIE afd tHe¥BjdcBIeS used to generate the

di f ference

2. The method of claim 1, wherein generating the difference image comprises subtracting
grayscale values in the first image from grayscale values in the second image to generate the

difference image.

3. The method of claim 1, further comprising prior to determining the navigation vector,

performing a thresholding operation on a result of the correlation.

4. The method of claim 1, further comprising repeatedly:
capturing a subsequent image;
subtracting a preceding image from a subsequent image to generate a difference image;
correlating the difference image with one of the images used to generate the difference
image; and

determining the navigation vector based on a result of the correlation.
5. The method of claim 1, further comprising storing the first image in memory.
6. A system for determining the relative motion of a device, comprising:

an imager configured to capture a plurality of images;

a difference image generator electrically coupled to the imager and configured to

generate difference images using pairs of captured images; and
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i mage; and determ ning the navigation vector based on a result of the
correlation. 5. The nethod of claim1, further conprising storing the first
image in nenory. 6. A systemfor determning the relative notion of a
device, conprising: an inmager configured to capture a plurality of inmages; a
di fference iJRaRIHRRRLCAICANY Soipidd tb ¥R dibfereRtAhRge béhetdiSr dnARGRfigRELCONT I gur ed
to generate difference inages using pairs of captured inages; and 10 a

cor r el aeerivedagh tiffecenice ymagsapd ede pbihe haptetied iroages veed tawipateganke ddferencend
configure 0, I i h.difference i.nmge and..on captured i nmages
dsed ¢t ool R rRIN WP LR RER P e PR P e Bl ot r o
image with its respective difference imge. 7. The system of claim6,
wherein the difference inage generatqr subtracts grayscale values in a

first ifage Fhesustemaystaim &, vhergiwdhe aifisresecimmge iepegrior Bibtragle Brayshaje Wues mages
to genepalfqtifiGoe ﬁibllhfg%dg&ﬁg vAIT&Sh %‘se&ndTﬁ%eS%%a%mpg{é o}?grﬂ%%@s % %Jnléfartm

conprising a processing circuit electricalty coupl out put o? t he
corr el adiffereacedmages i gured to deternmine the relative notion of the device
based on each result of the correlation. 9. The systemof claim®6, further
conprising a processing circuit electrically coupled to an output of the

correl agor aryd ss@ehiodelagf 6! firther dopipRsmglaPrécbah £tinGitRkddal 19 BodilePRGR T esul t
of the correlation. 10. The systemof claim6, further conprising nenory

el ect r i @aputef thewpireldtor and eanfigitegde detpuning e relptiveanetinneofithadeyicsdmsedaror . 11.

The fsyséa%ﬁ”re%lﬁ%ﬁie%gelatﬁéﬁt her conprising a clock electrically coupled to
t he i mager.

9. The system of claim 6, further comprising a processing circuit electrically coupled to an
output of the correlator and configured to perform a thresholding operation on each result of the

correlation.

10.  The system of claim 6, further comprising memory electrically coupled to the imager and

the difference image generator.

11.  The system of claim 6, further comprising a clock electrically coupled to the imager.
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