WO 2011/ 036662PCT/ 1L2010/ 000780 1 APPARATUS AND METHOD FOR NAVI GATI ON
BACKGROUND OF THE I NVENTION [1] Sinple and accurate geo-positioning based
on sol ar wovwenmnit&2have | ong been a goal of navi gati onalpcirnsioie/smnges.
Simlarly, fast and dependable fixes of "true north' 5 while in sonme cases
avai lable from GPS, remains a tedious and tinme consum ng chore for

engi neering, mlitary, |and surveying, airborne, sports and maritinme uses.
Det ection of solar radiation and_atnospheric conditions have | ong been the

goal of climate fofrBEARATHYANRMEEHEYTORNANIGAEION; i | arly, fast and

| ow cost neasurenent of solar radiation and atnospheric particles, while in

some cases can be provgdegdroURD @%ﬁ“@wmﬁve | aser 10 instrunent,
ore for

remai ns an expensive and tinme-consum ng c climatol ogy and green
ener gy [é0di Mémplerayd astimeRéo@BsiTibiing MeeNTdrnslar] 1Bdvenndnadhave Nbrgs bdentshe

present invention ngy. provi de ap. apparatus, the apparatus may include: an
array @Palp%qe%?‘?%aélﬂgﬁi ’&E‘i‘n??r}tﬁ'er g{{‘équﬂé’; %’é"aéﬁd @él’?n%ﬁ@9 frxge |of dwue npsth’s ¢

pol ari z@agleip sbihb ks BoMIaBR Forh (PR re]%%{iﬁsr 4 geﬁ{cjugglnérf] Eiﬁ}%.(\ctohﬁﬂniﬁg gh&e §gcond

pol ari zed filter having a second polarization ction, sard second
pol ar i zaginesring] nelitaigriawt] fdreednd, dfitbomes apattsft anids tnapicih@riseat Desctibinr €t i on.
The secondmgol.ari zation direction may be substantially perpendicular to

sai d f iSPEE ragktign pnd pioasphgticaopdigians have long besp thegeal ofglimae farpsashandd i n

CO- centflgdnkiNas 0Q3)i1afhe rod el tical
Cyst omi o el Lo S IetOE RAPRRY B Sl R Eh b of B 470 80 10d
first langdsphaensoticlts) while dusendaises dandoprddldd bye teiexatiplehdroatgie faérd fir st
pol arized filter and a second |ight sensor to produce data fromlight

r ec8i v HRCBLgFMREF @0 SSPBY Sp¥datins-sanyuping chorgar ehimatologyandeennd | i ght
Sensor g, elli’%‘?nééﬁ rised in an array of light sensors, having at |east one
| i ght senSor T uxt gg'osed to each polarized 25filter. [004] According to sone

enbodi ments, the appar atSEMMXRYUOFIEMEINVIENTEON processing unit to derive
pol ari i@t,)i on, pattern based on said data. The processing unit may be for
cal cul a?4%dg Esrbodunants gk dhcopresent dmemiign apy HPV@étﬁnoﬁppé\‘a%}?oFfﬁr JpPatatsn by

measur ;oo éﬁtl;lg%%faﬁ Be e gﬁ%i’}ge%{‘lli%ﬁFh?xﬂ%eéﬂrsfgﬁ?a?@%éﬁ Yool §5GhAEH alP OGS al d

15 filter having a first polarization direction and a second polarized filter having a second
polarization direction, said second polarization direction different from said first
polarization direction. The second polarization direction may be substantially
perpendicular to said first polarization direction. The filter cells may be arranged in co-
centered rings.

20 [003] The apparatus may further include an optical system to direct light onto said array
of polarized light filters; and a first light sensor to produce data from light received through
said first polarized filter and a second light sensor to produce data from light received
through said second polarized filter. The first and second light sensors may be comprised
in an array of light sensors, having at least one light sensor juxtaposed to each polarized

25 filter.

[004] According to some embodiments, the apparatus may further comprise a processing
unit to derive polarization pattern based on said data. The processing unit may be for
calculating at least one of intensity and direction of polarization by measuring a difference
between a light intensity received through said first polarized filter and a light intensity

30 received through said second polarized filter and for deriving said polarization pattern



30 received through said second polarized filter and for deriving said

pol ari zation pattern WD 2011/ 036662PCT/1L2010/000780 2 based on said

cal cul at iwp2011J36s6pr 0Cessi ng unit nmay be for cal cul ati ngclracatemrsiat a of a
cel estial body based on said polarization pattern, for exanple, at |east
one of azinmuth and el evation of the celestial body. The processing unit may
be for calculatéga_nayigational data based on said |ocation data of a

cel est iParedpyusald vHeulpiiense §89 AEpoessing ypilymawn be forgaiculntingJpestion datalofdat a

further tar t tored in Ly JAn .appar at us
accordfﬁ%a%§%g%ﬂggggggggﬁgﬁggx% g}ﬁ%éé?ggéﬁ?mwg@gﬁgg% nﬁégg?ﬁW#h i ncl ude
a wavelepvgtibn sepirr @lgfialt lodyeae pieind @S a9NR 8 \¢eleREAN nBapaiohaiom | i ght
directed by said optical system A processor unit in the apparatus nay

cal cul deta Rasprhopspid loration| ¢ata pba delegtinl tody.aThe presessingeuninmey ealgilateband
separ ated. [ r, T 0 el engt h separator nma
i n(F:) ?udtéﬁglﬁg%orntrag@at%%%é#j?]? ?(glgglg%lr&rl%wg%% Sl%?{eggvrﬁl\(;%%lgmgfy at Feast one %:/ol or

filter,[0@5cAgippapnieicosdingtb 3§88 esbbdinRnRQf &id restnt invE@ion miybhurth&cor di ng
to sonme enbodi ments of the present invention, the apparatus may include a

menor y Qvdest wevelrgethoiepiraten it sepgratet leagifongtvavelgagth baed fomdight directednpr i si ng

a sun path. Yy sty ononi cal _char a _cal endar chart, an_eph ris
tabl e, I%g {%&nggasl%%énsga?rg; Aap i%°§f<5§/’fi g tmp%’FaaipP?g{ulsorﬁa% %frgfd,’a%eaa (Pﬁrt“rglr(gt{nead chart
of trugol@izédlightag BElkist 0RO fvabelantth Bardkepahich m the lvaveldrofiesep@a @ ThHeng t o

sonme enbodi nents of the present 1nventions, e apparatus nmay conprise an
i ndPi novrvelepgth gepagrieianey ingludh an pma ¢leator siliewsfarigaged ingparariis leasf @le

Addi ti gnal odinents .of the.present. i ntion may provide a nethod,
t he ne%ﬁg)ah#%%%gﬁcg%@é%J}l’e(t@??sr?gte ?Bﬁ?n%et “&in array of polarized Iight

filter [6@3] SAcce@idy &fkbmeeniBidirhéifd bdeha giésa&t inReht&dn, 2B8l abpdrit@s ntgvi Ng a
first polarization direction and a second polarized f! | ter having a second
pol ar i Zealpdere Mementfovsfodng fenplamentegrdatroicit {apisanedladist eemprisingh swact i on.

o o A R LBl L SRR B A e B HBF G SRt g
datia f rsRylidht PolbrizaE68 A atchliBH@l cBat 6f tARfoitht mage‘ﬁb nd8H ahd bh®hory a first

l'i ght sensor and through said second polarized filter by a second |ight
sensor ;[0&Hd Faehgvaosgrding ter someg erobodimente rofi then pregend inwations deaappaGoss0]

According to sone enpodi s, .the net.hod urther include cal cul ating
2t eadt R SiErlRe T e SRt P e AR BE OGS P AP BBy reasur  ng ¢ he
di ffergoosy ReidmaAlY,@nbodiments of the present invention may provide a method, the

method may include: directing light onto an array of polarized light filter cells, each cell

20 may include a first polarized filter having a first polarization direction and a second
polarized filter having a second polarization direction different from said first polarization
direction. The second polarization direction substantially perpendicular to said first
polarization direction.

[009] The method may further include producing data from light received through said

25  first polarized filter by a first light sensor and through said second polarized filter by a
second light sensor; and deriving polarization pattern based on said data.

[0010] According to some embodiments, the method may further include calculating at
least one of intensity and direction of polarization by measuring the difference between the
light intensity received through said first polarized filter and the light intensity received

30  through said second polarized filter and creating said polarization pattern based on said

calculations.



light intensity received through said first polarized filter and the |ight

intensity received 30t hrough said second pol arized filter and creating said
pol ari zatwonopaiteann based on said cal cul ations. WO PCT/IL2010/000780

2011/ 036662PCT/ 1L2010/ 000780 3 [0011] 3According to sone enbodi nents of the
present invention, the nethod may further include separating at |east one

wavel eig@ﬂ band fromsaid directed [ight. The cal cul ation of a pattern of
pol ar i 1 ifngriﬁ%&t%@mer? odfragiis obithe psespriray@Eiondhe msthodrmaafther 0012]
Accor di; i e hnventi t he, _net.hod. may

fur t her e DA EI0R! SR cRhgl BB HBER EURRUBE T TR

Accor diaqgttemn of puiariesdoidght menbs iodt ledseomy pfated WwavelBhgthband. he net hod may

furt her%('hr}gl ude calculating |ocation data of a celestial body based on said

pol ari 2 A G9EdiRg 19 somgemodinsrih olihe rosayt invrationdhemethodsnasofvether azi mut h
and:el i : i i@l 0014] According to sone enbodi nents
of tshe@%%(lsece%%%&l{lrﬁg?ﬁﬁ%ﬁ%ﬁﬁ%ﬁgﬁg?ﬁy further 10 include calculating

navi gafo@itdl Adatdngiasetheamindingertocfiht @resd@tiavedtion thehR&odahayReer | N sonme
enbodi nent of the present invention, the calculation of navigational data
may furfiede gsieulptiag docgon datp pEweriesiel bes besert ot wid polarizatienpeiern BRicEF

DESCRI . [ . o] . e egar,ded as the

i nvent F@ﬁ%%‘gﬁﬁg cut ar |a[§\|%§%ti°ng égllz&%;‘t%ﬁla%gl él%{lﬁ%%d(’:‘ﬁiefggllbﬁﬁﬁ‘ed in the

concl udoig parcbiding tofsoteensipdithdrte ol the PresditénvenrenithOmetHoawemefrth@ot h as to
orggni zation and nethod of operation, together with objects, features, and
ad

nt Ayydueder griqudasme nayigapenal daia basert pusaidlopstionedass ehe ecelestial thodyolnl owi ng

det ai | i y \ . L nowhi ch:
[0026) Sfrg Epbuien Pl HOBRGER b ol BT IR AP AR B s
for nabe@atedon cAthphnentay dga ttorcdidne nesrinadi nents of the present invention;

[0017] Fig. 2 is a schematic illustration of an exenplary pol ari zer
according to sone enbodlj% nents of the present invention; [0018] Fig, 3is a

partial schematic i |BPREF BESGRIBTIONOFFHERRANVEINGSCti on unit apparatus
accor d'[(ﬂﬁ 54 Q‘héoﬁﬁje%m?ﬂfemgéﬁde%f ab e RERSELE ik %%ﬁfbblaﬂg; pointed out and

15 distinctly claimed in the concluding portion of the specification. The invention, however,

both as to organization and method of operation, together with objects, features, and
advantages thereof, may best be understood by reference to the following detailed
description when read with the accompanying drawings in which:

[0016] Fig. 1 is a cross-sectional schematic illustration of an apparatus for navigation

20  according to some embodiments of the present invention;

[0017] Fig. 2 is a schematic illustration of an exemplary polarizer according to some
embodiments of the present invention; ‘

[0018] Fig, 3 is a partial schematic illustration of a polarization detection unit apparatus
according to some embodiments of the present invention;

25 [0019] Figs. 4A and 4B are schematic illustrations of polarization patterns which may be
derived by a processing unit according to some embodiments of the present invention; and
[0020] Fig. 5 is a schematic flowchart illustrating a method for navigation according to
some embodiments of the present invention.,

[0021] It will be appreciated that for simplicity and clarity of illustration, elements shown

30  in the figures have not necessarily been drawn to scale. For example, the dimensions of

some of the elements may be exaggerated relative to other elements for clarity. Further,



25[ 0019] Figs. 4A and 4B are schematic illustrations of polarization
patterns which may be derived by a processing unit according to sone
enbodi menye 20f1/d3b&@2pr esent i nvention; and [0020] Fig. 5pcs/apeEaebe@ngtic
flowchart illustrating a nethod for navigation according to sone

enbodi nents of the present invention. [0021] It wll be appreciated that

for sinplicity and clarity of illustration, elenments sho Oin the figures
have nuterpeersidered RRPRREE, dpistaRCE BuRER|snay-bF TeReY @gpng‘ﬁge g%ﬁi‘? ons gf

sonme af .t he el enent.s ted relative to other elenments for
clari t‘i}fhc SF?%W?H&I%@%?EO%B%%%%/ | L2010/ 000780 4 where consi der ed
appropriate, reference nunerals may be repeated anong the figures to

i ndi cat e cor r pEANIEY DESCGRETION O FFTHREPRESENETINVENTDESCRI PTI ON OF THE

PRESENT | NVENTI ON [ 0022] In the follow ng detail ed descriptiaqn,, numerous
speci fI]OQZHeTtnaﬁhlestB@@f’ge%etffﬂ?FitCWS?rFPt@noPH%‘F’YOE‘% SB‘F“bfg"r &%tags P‘f?g?eégﬁlﬁh n

under st andi ng o ' ' : o ahdi aV N t hose
e APl gl § LprdyGRLL g EUPE ettty R SLaRG Bl | ho

t hese sp@eid dkallcdahahd &t thhttheplesent imehancmay bevptaktided ovithonethhssdpecifie ocedur es,
and conponents have not been described in deg ailfl%j:) as not to obs%ure t he

pr es endetiilsy &hoihsh ngtosegWakkknomah ethods.ngacsiERs: epgponents haveiots 4
cross-sectional ;sc G | pparatus 10 for navigation
accor d%f?& dfa%cr@S%n Qeﬁ%gé |a%rrélr?t%@%éﬁﬁgh%%gésggﬁgvﬁsgnt i on. Apparatus 10 %ay

i ncl udgoanm| Refeténal iSNS amdd iIOFiga | pehhiiz ercrdsg@ectiandli ghémaendostraigd and a
processing unit 200. [0024] Optical system 110 mag/ | rect and/or focus

| it o apeanpatabis il far ipgatiis coEsheg orisy SRR iy PRET LA eBith e or

i or of PERGBYS TR RETRE; i SRR B P10, SHRTR B 10 R e o ar e ot cal
el enenF@cegsﬁlgmoe,nbodi ments, apparatus 10 nmay additionally include
opt! C61[00222]0 glptigaolvsl}fgtgmol%l n(;g}! di?elc%\ gﬁc%f anCES {igﬂt r];gsccl)]rﬁo ?)%lsa%i%grs 120. Optical
system 110 may include single or multiple optical elements such as, for example, a lens, a
15  lenslet array, micro-lenses, pinhole, fiber optics, waveguides, or other suitable optical
elements. In some embodiments, apparatus 10 may additionally include optical zoom,
moving optical elements and/or focus systems.
[0025] Polarizer 120 may include an array of polarized light filters (shown in Fig. 2).
Polarizer 120 may pass light components which are linearly polarized in a direction
20  complying with the design of polarizer 120 and block substantially all or other angles of
polarized light. The polarized light which passes through polarizer 120 may create a
pattern of polarization intensity and/or direction of the absorbed light which may be
reflected onto light sensor 220. For the purposes of this specification, the term "pattern”
may include, but not limited to, a vector of values, a map of scales, or any other
25  conventional meaning of the term “pattern”.
[0026] When optical system 110 directs and/or focuses onto polarizer 120 skylight (i.e. the
radiation originated in a celestial body such as the sun and reflected and/or scattered by the
atmosphere towards earth) or earthlight (i.e. the reflected and/or scattered skylight from
earth), the pattern of polarization may enable obtaining navigational data by apparatus 10.

30  [0027] Light sensor 220 may include, for example, an image sensor. Light sensor 220 may

include an array of light sensor cells that convert an optical signal to an electrical signal,



[ 0025] Pol arizer 120 may include an array of polarized light filters (shown
in Fig. 2). Polarizer 120 may pass |ight conponents which are linearly

pol ari zedwonoa/®@dsdsect i on 20 conplying with the design ofcpaiania®rsel20 and
bl ock substantially all or other angles of polarized |light. The polarized

| i ght which passes through polarizer 120 nmay create a pattern of

pol arizatjon jntensity and/or directiqn of the absorhed |ight which may be

g .
ref | ect ¥R g6t Fgmle. 888y 0% fyalapelie Rhotodindep 4 BR).q¥ chargescogpled idevieat i on,
t he tergmampat.t ! | : g L , f ues, a
mp of alpet EofplelRKishf StEni@bnfithabit (GO, o AFREBpP el TS,
[0026] (ARSH oopitharaduitshyis tlight $d3odilighat senson P20r mbyp prskse dakofpexampleer 120

skylight (i.e. the radi at](on originated_in a celestial body such as the sun

and r ef IMage data 08 ol deirqeatnddg the racrived lighis prb ranspdiie ietadia mpoessng

earthl i gk b . S t d C r | i fr ), the
pat tsgr n‘gg% 2% gfmc;lgﬁa %ﬁ%cg(?f grgaé}%ﬁ ’e{:n(%;%%i gf"%eg %%’\H% g%étt %%?lﬁ’d%'?%ﬁﬁggppar at us
10. 30 ¢oa0&7]antlloghieriserdaey b220 omyhd priduckd, diter Bxssmé embadinhenagyehsensor .

Li ght sengor 220 may include an array of light sensor cells that convert an

( y L,
opt i cal Prefiussd datagmay, ngt weludp @a|imapey Pt may\Ro lipited tp36e sapeme detroad00780 5
such asy I . P i . .
char go. L R ool §f hétkiaRy INEAARRIRS O oy R nliibofaet o
( CMOS) , maybamkiffieiepi toekeakemsiatagé APS) or ot her suitable |ight sensor. Light
sensor 220 may produce data, for exanple, inmage data qor other data rel ated

to the (0828 Relerizer dRP mashumcluda deiney tmen Mose kinds ©f pelagizaiopnfiliers oo,
whi ch , . 8 , i {. 2 ,
conver CRFR0G nO0R 1 Ef. 3PAAGRSBrBiifie OTRESER pold PR dneciBROTSL LU

t he pr o@duegsnslat subsatidigtpeipeaticdir anedchagiesr obat oty diseerhdbis frgpdest Thé or
exanpl e data about |ight intensity, a direction of polarized |ight

gbt wdich pass h
i nt ensi palerized lighi Méich pameselrqueh glolizPoh2d mey GieRje BAltABLAT RATERIOR 0 creat e
. R SR gifeangh ' | ki nd
g? :00| glfllte? %11 i oncg%% (IhF%ngﬁ I{%E‘é%&ég p?(ﬁ%%%dqgﬁtg\c}%hli %‘E?ﬁ%@)}}'ﬁ%&c@%g{e A © KIRES

cor {£spgaognded bly\Wphtlkdnker B0, pRetingzait 200 may etdulaadiredtion aad/anfrtensity
substantial |y perpendi cul ar to each other or at other discernable angles.

The pol efrthe pelatizajion afimotasized §skisabserber B diptrant jazcas on Jightysepsas 228t &'08 pat tern

of polarization intensity - an | ks : ! j : nt o

i ght cenenis 3Rt 0B PR Hpad FEBEaR ol MR Rl AR ALERLGE L

pr ocessinBgutifg the?@fertye Bathwerh declighit igelditR ragivedr thidugknkd two Oiffetdne

pol ari zation of polarized |ight absorbed by different areas on |] ,%ht sensor

220. Fokindxefpstlarizaipn diewsi hygesnsriverow orayorelidencaiaseasiondight sws r

i i h | ari.zat i : i iff he ligh
it Shot edor edErBR BBk SR PR PIRR PR Eife bh o BPERaRER BE e ' O
filtersplYessiagRRatiooemhyvob@in Mvigtichdl fdatedich ak RS eRimplegtihe SeRsaurthi220, 20

thus, for exanple, deriving the polarization pattern. Based on the
pol ari zReatom, phitecceons] mdireadengsefnl damodraeepsingt it 2AQvingwutabéaal thélat a such

as, for_exanple,,tige, true-north, .l.ocati i . d er

ser ul BvaO gelas K cbR: BotmipRERieaith ok CAGhRORRY SRl e BTG,
exanmpl estalVr BRbA! 16 Bitdiehlé, Bad Rbnebr toted@ied pblagdynpuadings the sun, stars
or noon, for exanple, based on one or nore derived polarization patterns.

25 20028029 hinsgnree embodimentst eppasgivrat @ipy beodigeedoe it epticali st RAP opti cal

system 110 .y di.rect and/or focus  skyl ight t [ zer. ar at us
0 iy BB (TRt aleh TomR s oBE Fasbien 1 PO AP 34 M gl OPR2 Nalon,
a hel mefirectible 9lafoRe Suck abafd ehslpRei wach,2a Yielie! Gun @ lamdhad

surveyi ng equi pment, conmuni cation and/or timekeepi ng hardware, or any

ot her sdeviehl @ peleleormappdng i aalors yurvering 1@qwanehle cimeynicati®0 and{@ar ds t he
zenith, .for exanpl in order, to.direct . .and/or. focys full vi.ew.of the sky
onto polBErrar eI g Fipeh RuBbleai iRy Pligt &V 4y BriRsele ton and
navi@at j(QRdds #al8nith, for example, in order to direct and/or focus full view of the sky onto

polarizer 120, and/or in order to facilitate obtaining of location and navigational data.



WD 2011/ 036662PCT/ 1L2010/ 000780 6 Alternatively, for exanple in cases of
ai rborne uses, optical system 110 nay be directed towards the nadir bel ow

and/ or abgwveoiihBesir borne platform and thus, for exanpl ecrdif@eboong and/ or
focusing onto polarizer 120 reflection and/ or scattering of skylight from
ground. Additionally or alternatively, in sonme exenplary enbodi nents
apparatus 10 may 5-include a sensor nodule 240, which may include at |east
one or iAdfeeeatively. s esemplsivases,offaiborg awes, epticpl syi¢m Jd§irmayobs digecsadst em

(GPS), . i asur ement,, unit (| accel.eronet er, romet er,

i ncl i ng!r)r‘g%g% ,tﬁ‘“lrrélﬁ nlgt |e(i:°‘%oar%8/é) sa,bo?ﬁ(’t e_h@{rg?r,n_e \}@?tzom r%'?s)’/atﬁ’&/ CYEREE: suitabl e
sensor ,dieftiny Afortfoceiigadtb $olating D0 RALRhOMdIOR sSRRFR: OF s@ﬁ%ﬁf fibks 10
and/or notion information such as accel eration, vel om%y and/or di stance of

travel gropndpadditionallylq adispatizelpsinliomeTxempkiabhbediments apparetus d Atadyi on may
i ncl.ud rings._in rees,of f.reedo | n ot her enbodi nents, t er nal
Iori <Sagt glti&%ge alsseeﬁ%%:né()dg‘lfg‘ﬁ a%’%éﬂaéﬁflglﬂge, gé?ﬂé@?‘}eo%}eea lon B?i{SPTcSé‘Fﬁ ah Xror vi sual

odonet ekagpRs OflsbaTaYpdaRiodERd, sybem ee@@l?,l CineMAE MRRRASAIHS vhE SRIDS, on a
shaft encoder with its roithgtign axis aligned with the zenith-fl(a I’ vector

whi | e &cecderpragher, ceysomaser, Mieclinehictsr.emagetic eosipasy, akintet@)Oeloeimetese 4dye sensed

15 ori eptat|: d/ or. moti on i i . tus 10 i dey, t
compenchid pERICREE, iRbat Rt e il B e pReeperimiel) Bl at i ng
navi gatphdtibal infiindtifasesh AadkdlemutioRCOINAE AP dikehle SERSRY iR %g?cgﬁﬁf

exanple, in case the inclination of apparatus 10 deviates fro el ng
di fect agparaius HE. Zdaiastabbshoeendi of, onfantatios shmy incide BO@ingmyn dodepeeesatfe for t he

devi ated i nclination when. cal cul ating l.ocation of a cel estial_ body and/or
when 20FFoUEs p n%thareﬁlbloa’&rke@rtﬁ %%r&iﬁc QPSHPROR SEDSOTS SUEh i in?f’ﬁh%‘rﬁ{e nt

| ocat i @Rchasied, bpRAl andoEWiRMS 'E))Moﬁa%ﬁgéﬂsaﬁdmhfg%t {hsf%H,- dr08301d, Ryirae

enbodi nents, apparatus 10 nmay be used underwa , for exanple by receiving

skyl i glarparpitied Wapies oaradshafiadngeden gvitholtsarotatimniaars ghmned mithathe sénithigidir as

di scussed in,detail, abpove. 25[003 In,addi.tion,to data received fromlight

sensor V_’Z%BI, ‘%’I‘Sc%eﬁgl?eﬁg Ouﬁirflo‘ﬂ%é Wé&l%?éo??éﬂﬁg é’ﬁ‘gng%or Pats P8 €atrdul ate the

navk galriefddiord 8hdler MdBok QRIMHAREIN 8f YpHadias 'T@Bﬁn'd}géﬂj%ef&ﬂlyén%é Iggngle and/ or
es

astronom cal data, such as, for exanple, sun path tab , astronom cal
char t s oricethigordef appasatuss 10 épspacy; ivdhet ablcelting inawigsticuat datd shassk yih idgtat

pol ari zati o har.t cal i ted charts of true north, magnetic north and
grid n6‘?ﬁe}{egzi{%f59‘c}’rg%5ﬁ§f138’f %26 o gxespRifi hcassythe Arglination @?%P%Wﬁtlpon of
navi gatjePRRk fYA BeilY AREQEBRSIB Gt br 208 %nm y be
recei ved by pr ocesﬁ%lng uni t 200,e forr %‘%@ﬁﬁlye&,@“ omlggw%%g)éogg&e%?%?nal to
appar atfersthedeviathdi inchmeiohywlen edltwativgt loegtion, opa aekestéal rigydy nintl/o2 Gthenmy

receive the.conplenentary data froman jnternal nenory and/or froma nenory
whitth RERFeHES H%duaf‘& Ol?lﬂg cﬁa?"b‘f%Pw'%ee%%éga‘fué‘i?nwl?%g%gﬁﬁ%lt YROM @ whi ch

may st gf&ihls deRIBIRATLASY, dat a.

[0030] In some embodiments, apparatus 10 may be used underwater, for example by
receiving skylight underwater and analyzing polarization pattern of skylight as discussed in
detail above.

25 [0031] In addition to data received from light sensor 220, processing unit 200 may use
complementary data to calculate the navigational data. The complementary data may
include navigational and/or astronomical data, such as, for example, sun path tables,
astronomical charts, calendar charts, ephemeris tables, time standards, skylight polarization
charts, calibrated charts of true north, magnetic north and grid north, and/or any other data

30 which may facilitate calculation of navigational data by processing unit 200. The

complementary data may be received by processing unit 200, for example, from sources



5[ 0032] Processing unit 200 may determ ne | ocation of a celestial body such
as the sun, stars or noon based on derived polarization Eﬁftern of skylight
or eartth8ﬁPl.1/q§86r62exanpl e, processing unit 200 nmay det EFMHE YRR $%cat i on
of the celestial body in any celestial 7coordi nates such as, for exanple,
azimuth and/or elevation of the celestial body, for exanple the sun or
noon, based .on the derjved.polarization. pattern.. Proc ing uni.t 200 10 may
Geduce, Sngaic ahpatis | heAduifidoll of feral BRn bthriripeuRd Sh0e@darate Pocat 1 on
of the ch@ishbRbryd@dY Mint RnPRtdindl albBsryoind/hier68l £3hdRdry DREL ansl dat e _
and/or tinme data.” The date and tinme data may be received by processing unit
200 f r omchidedir etlaswise nssociated ayieanperasis10, which muay stea Sercomplement210, whi ch
may al so .include a tinmekeepi ng device such as, for exanple, a clock, a real
time cofpliter clock, clock oscillators and/or mechanical, 15 electronic,
optigLs @Ogépprﬁéﬁmg%ﬂ@m@ﬂﬁﬁ%@hﬁine-loa-aﬂi%nﬂﬁtahcélé%le%@f sucR@s QR §af i al body
may i nclude, for exanple, the daily path of the celestial body, e.g., the
el evat i gars andncwai basednonodertviaé pslarizationi patjemnind skidight pneadiblifletr Eoit extpinplss of t he

year and gl obal |0 i ons 0033], Based on.the path tables of celestial
Doy, - QBPEe PR R PR Ghex EeaiPro P L8 BT DGy RY GFRFIRLG. by
processidagdititbd s8Q0 as, PP eREBHIRY aiflvith 208/ 0PRYevad L BF e cLiBGia) 20a8! P2l
position of apparatus 10. Alternatively, processing unit 200 may receive

gl obal @asiplé tr watoa nofonappad anube dexivedgrolaizangl pattein. drwasgjhg bait 200
positionin stem a user, interface and/or.via a, comunicatjon |ink
bt b g e it Bl g it aoithoby BB D e Gmalsa) OB Tol da .

path t afh&sia0fods t'ﬁ%dél@iabf%@@i’ﬂé%@le&t‘fh@ bb@}gé’r{d' 2 flu/k nedd/ThB ag ofet ﬁr m ned

by processing uni processing unit 200 nay deduce the tinme of the

year, 2%medatachatyebe radedvaddtyippocesding wak 20tpfremiarsouas extprmat esppagtusriidtor 200 does
not recgive or obtain e date infaormation fromother sources. [0034]

Addi t i oﬁam! 5P ROdEe ré@@» o@mh Y G é‘?‘%‘b‘{éu?mit’cm%%?l%ﬁe&ﬁ? S 2 1ok i ne of
the cel gghi badyer! oCa QS hRIpURXATRIE 1B BSGURMS Bliing fngglagﬁtaﬁr m ned

Bﬂxﬂo
| ocations of a celeStial body during at [east a certain peri of tine.
Based oeletttmia bpadsremd/or iatoplicnehroBingiers.celgipath tablies o200 caleytial éddicmagn

appr oxi d path of the celesti body,, i ch e .\\O .
2851/ 0388B3RdY TriY ETiTEes @%C@@Xlﬁ%&ﬁe@s@g-@%& vetigandcpzimayhiohat i on of
time, Otk iadle MOGED iPRHRN Bhobat mP oSk bh@DoRl 1Rt US 10. [0035] In

sone e Iments of t'he present 1 nventfon, apparatus 10 may include a
[0033] Based on the path tables of celestial body, date information and the location of

I

celestial body determined by processing unit 200, processing unit 200 may calculate the
20 global position of apparatus 10. Alternatively, processing unit 200 may receive global
position data of apparatus 10, for example, from a global positioning system, a user
interface and/or via a communication link external or internal to apparatus 10. Based on
the global position data, path tables of celestial body and the location of celestial body
determined by processing unit 200, processing unit 200 may deduce the time of the year,
25  e.g. date information, for example in case processing unit 200 does not receive or obtain
the date information from other sources.
[0034] Additionally or alternatively, processing unit 200 may obtain a timeline of the
celestial body locations, for example, by accumulating the determined locations of a
celestial body during at least a certain period of time. Based on the obtained timeline,

30  processing unit 200 may deduce an approximated path of the celestial body, which may be



wavel engt h separator 130. Wavel ength separator 130 rmay separate one or nore
5 wavel ength bands fromthe polarized light. Therefore, the polarized |ight
whi ch pasgesoiizedsgh pol ari zer 120 and wavel engt h separ @tenL%360¢vago Ccr eat e
a pattern of polarization intensity agd/or direction for a certain

wavel engt h band or for several wavel ength bands, and such pattern may be
projected onto |light sensor 220. Wavel ength separator 130 may include, for
exanpl aisehbpoggssing ung forgoiampingtien ohmes dte, asad prte andiorsplglal ppsitieref
Additi%@@hé%s%@ or alternatively, wavel ength separator 130 may include a
trichro eamsplitter prism bandpass and/or |ongpass and/ or edgepass

col or ed0035] Ierssmedeglbedintehts 61 e bfeserd Mgk @ftioaN Mpparhtuabloe nisgviatieagth
separator. Although the exanple of Fig. 1 shows wavel ength separator 130
bet weervgygleagthz sspataser 4A0. | WatnlengBn separgton, 136 meay seserie netist ST ootehe

Pol a1 ueltagh @HalRol 08 HRRU R CORGOIE i PR D ET Pt |
wavel eniglotigls pplariadr d201:8@, wavelenbihepirh@r 1@ Maynayatde pditéraciredlsinshiqar focused
by optical ;system 110, [0036] Different wavel ength bands, which nay be

separ atieignsiy apgivs dargion HepLegeinrvavsingthdipng or darewverpl perodesdh hapdani t 200

for obtajnj I t] . sphexi ondi t [-ons ol-Lution | evels,
g R R et T s

di f f er eidludel, RetSex@inpie) b @618 filteNardyckuoh as, fror e@(rﬁi_[@'aﬂ%ay@i findrhadeitienglyor
measure the effect of pollution, clouds, humdity and/or other phenonena on
t hdOpoloaraitometivaly. puetedangth separaiotaldd) @ay indvdfer tidhroisthepm snditter adsr at e

the. poltafiifs ARG, BARER, oy bl FutphaeBE-aLhREL P PR Pavbii™ ™' ©
wavel ergitdbldanckleHoth sisharhef?, Although&he dxAniploftHiblel SHaths\WRtRhgth Qb@kSfor 25

However, large particles which nmay be typical for pollution or clouds may
scat t erl 30 abriwedve pelosre b0 pod dighi sdnsont220h ethes cenzhodimends of rthe gresent
wavel engt h..band, .i.e ound. 650. nm_. [ 0037 aratus 1 be powered by
an + nt dediop Ry et RS ARe SR of vl R BoliEed o0 Ry Koo e a
batiser Yhe §Rérad 1iskd thet [ AhroREh ShvatigtiaparadaiBn, sOWLEE thBslitthans | Y,
apparatus 10 may include at |east one antenna and/or wired and/or wreless
ci r cui tdirgetedhand/@fogwredMy optiest sysicanpl®, in order to receive power and/or

nda ¢ P! SRR ENATAR, PRUE RS8R BN SRB 8885803 | Gosey
Ref er engs b8 36V byeERcéQink! hit 200 o GBRIEAE Gnfokhildn 8idhols afmaphaxenpl ary

pol arizer 120 according to sone enbodi nents of the present invention.
Pol ar i zenditio, meylutiow |lends, sotousk deipitiss, boinidityz eitr. | Prgeassihg |ungtr 2@ (may 121.

2o T R oS30 BRI RS 0 BB
the effect of pollution, clouds, humidity and/or other phenomena on the polarization
pattern, for example in order to obtain more accurate navigational data based on the
detected polarization pattern. For example, the polarization pattern of clear skies may be
best viewed in the wavelength band around 450 nm, i.e. in the blue and violet colors.

25  However, large particles which may be typical for pollution or clouds may scatter, and
therefore be polarized, at the red and near infra red wavelength band, i.e. around 650 nm.
[0037] Apparatus 10 may be powered by an internal or external power source (not shown),
such as for example, a battery, solar cells and/or other suitable power source. Additionally,
apparatus 10 may include at least one antenna and/or wired and/or wireless circuitry (not

30  shown), for example, in order to receive power and/or information from external power

sources, data links, data bases and/or additional sensors and devices.



5 substantially perpendicular to each other. Polarized filter cells 121 may
be arranged in co-centered rings 122, for exanple in a disk shape. O her
shapes anO@8Hfu3gee2ati ons nay be used. One or nore of p8CAALLAYOGT$k ers 125
and 126 may be juxtaposed to at | east9one |ight sensor cell in an array of
| i ght sensor cells which may constitute | i ght sensor 220 descri bed above
W th referﬁnce to Fig. 1. Thus senSO{P 220 m%y pr oduce dzilta from

ol

li ght rl8ef]\Rederengers BBUHD%Itaﬂ& éda ?thtnétl%,ﬂ station PT AN GXPHPITAIRIEEET 121,

anol o5 2P RS b SGRE GHodhRert 5@ iy e, BARAL JYOAIRANS. 1T 1,
may enadn arakiof belani:emﬁ@hm Gilteresdls U21.diachyell ( Yhinap arehle a? RAst tvb Polaeidedy t he

maxi mal _resol uti on_of ght sensor éZO The nunmber of cells 121 |@
poI arl Adters) 385 ﬁhﬁ@ 1ge %Pét‘% ﬁ@sﬁ%“tﬂl"ﬁyﬂl entirpsiaisopis Plprizationstor gxamplgs or t he

be
shi n&g{aag p%l%ﬁréd@ggll at H\}Qeér t%%ntl]gﬁsi t%Zc%hlk (r?tﬂ%)t ag%%r I ngéeg1 ]13%8 yf or
ex arrpl ecentaml rirgad0p efoitaﬁampva iiic & diskghapeh a@ther t;lh@es mmadonfignatodsihapobe of t he

pol ari zation_pattern by ght . sensor 220. In sonme enbodi ments of

the preteht Qnﬁxpémqr%ﬁf B‘&P%qdfétefsllé’é angyl 26 ﬁ&y&eéwaﬁ%QSé%to gt dsagh nstligbh pl at es
g”d/ or depol Qﬁl %‘thgﬁtsse Qg Bt xgﬁiB c6§§t tkYight s%ﬁ&? hah Idés%%lb?&/\édge 20
epol arizer "and/ or ot her Sultablé depo zer or exanpl e on at least a

por t i orabofe with asferzade tleSg 1178us, ﬁghh sehson 220 map proathbeedatafrbmdig\ht recgivadme
enbodi nents, pol.arjzer ncl ude active and/or passive optica

o1 ohfentibrougk Rbauo i eerp 21 aa 126hugedarel el Hhates tm apical Rl opoinay ¢
Pr ate. GRGaHMNy S0 ariahbilth hEINRL A b 38 AN O T AR diCinor any
Sul e’e 7

ot her enent e used to 1ncrease I'magi ng resol ution

of the 12‘1ghtpo&ﬁz@ot2@rmz§atna«bre h:iglﬁdr&hﬂglﬂ@'d&@lﬁtt&lﬂbydﬂghﬁéh&rmo,t heaitgl Bsent
i nvention may include other configurations, faor exanple, so that polarizer
120 naythe awaingd resqlition|of dightsenpey Ot"ﬁ]%ﬁmﬁal%"éé’@ celhiy Bgh palagigetel 201 rat% on

Icht edee! ed T9¥h cﬁm hgl % e o o?ﬂ ddiHi Iltgl
whi ch hd ﬂt % 4 5¥% &¥ﬁ L Cﬁb % ? toceSSIng

[0040] Tn or erive the po ar| zation pattern o

units 20@e Imyu&ﬁﬁadensm:at fhaly rtbte@mfuetlyn et riop 14D relativean cefls Pl 1ardtlzeatrm §1 of
i ght received through each cell 121, W) 2011/036662PCT/1L2010/ 000780 10
for exahph &rogxamples iy prBeaugi F% rdndiempi enbae |they Fnaging exselutipeof et ei ved

throughot? z%@réf%ﬁd%ﬁ%lﬁs&%%r% 126 in each cell 121. [0041] Reference is

now made I's a partial schematic illustration of a

pol ar i Zab3gNMindehRCdnhiydiraéasen the3feseal invpRdABdlEizo 136 enfydhelgdd optiame
enbodi ments of the 5 present invention. Polarization detection unit 300
may i notetdratian platss andier depolaiireisguporsarGoreedenolarizes; Lyotlepalyrizgre Weegs or

fil d | d
gt <BRbBNRe o P TR b R B0 il R o e EREL S Sl oy
filter dso s ABRiomaNy be aktdfmivebalin §en@anbodiiests; pcﬁéﬁibr ab0 eplyonciid t er

arrays 135 may include several color filters 137, for exanpl e four col or
filt er sactizg andfel prsFiNg opBrad relamanisesush @ wae [pldgst retarders, quarter-wave plate,

half-wave plate, Faraday rotator, liquid crystals (LCs) and/or fiber optics or any other

suitable element which may be used to increase the imaging resolution of the light
25  polarization pattern. Other embodiments of the present invention may include other

configurations, for example, so that polarizer 120 may receive the filtered light that passed

through a wave plate, on which the light may be directed and/or focused by optical system

110.

[0040] In order to derive the polarization pattern of the light, processing unit 200 may

30  calculate intensity and/or direction of polarization of light received through each cell 121,



10 three different colors, such as, for exanple, a Bayer filter. In other
enbodi nents, color filter arrays may include another nunber of col or
filters 1bd8@2ondi3es62anot her nunmber of or different col or scT@ntoas/odorse er
arrays 135 may be juxtaposed to one ofo polarized filters 125 and 126. Light
sensor 220 may include at |east one |light sensor cell 225 for each col or
filter 137. Thus, for exanple, each sensor cell 225 may absorb pol ari zed

| e
li ght ifAr exe9aple brpasring adpHEsencs betwasn dight intensities igesiesdethipush pplaoagd
Ther ef qm%fs fﬂaﬁﬁﬁ%ﬂl @a'chgélg??ls.Si ng unit 200 rmay cal cul ate separately for

each wavel ength separate y wavel ength separator 130 the intensity and/or

di r ect i[004 1§TRqfertrdei Batovomadé tb ITigahswhibkeds higidal sadnARyillugetbherdat a as
described jn detail with reference to Fig. 1. 20[0043] Reference is now

made t dPORTFationgdetentign slsmeph 3 ¢hobanpatsiusd Peacrerding | to serpe embadimsntsditha | zat i on

pat ter i b Lyed [.0 I I; 0 ordi ng,te sone
enbrgdi %S;é@ gﬁre{@%ﬁ' p?g%gl%%ﬂ(?lnggté%tfoélnﬁﬁir%lpg% g}?li%d‘l%% ﬁgﬁ%ﬁaigl %r%éu e&/ector s
of t he folagiztd filtere 128 bnd ¢26, @oloafidtet MEA99BS yhith mbebdRkRIdEE 8 Waveldistt | ght

derived by processjing unit 200, wherein the Iength and width of arrows 410
i s resperdraigel3Gandighh sensor eslls2R8 whickemay poinghuded in bghtaaasor 280.t¢domi r ect i on

o, 2SS B SRRSO B R A B3 T

. In
this exenplary é cénter'o i sensor ed with

t he zenktdialdbbr fies 1837f fok eghriile Yo@\wolot filiSQ 192 HBREd SolEaflidié 6Cht asd | ght
sensor 220. Fig. 4A shows the polarization E}&}yt ern derived by processing
unilf 2dbreadilduc, colgie rPueh as.slon esampleyaBiager A Isotber embedimenisr todon and t he

' i j i Fi 4 h th | ari zati
30 pat Eieh iRy 3 oBly L B hE o 0P V5B s 137 o S Ren R, RESL v <
el evat idifferd@Qolds.t Q6lor ikeP @ik 038 603 e Tiutlagosb@/1O 0Ry 8PpdidriidaRsd 13 t he sky

nearest the zenith 450 during the day and the sun's azinmuth 490 is directed

to the a88deh Ligigeauspr 24 may includsat lead one lightsersoncelbd Sfer ehshicokon filigr

[ it 2 I b i ndi | § i.vot ed . ith
350w 2n PA%e Ser el el PRo el bl ol R e Rispbilft, ™

penpen(ﬂi@uﬁ@gim@sﬁy@@wy@m@ﬂﬁ it passes through. As a result the azinmuth
line 490 is_ﬂﬁgr pendi cul ar to and hal ves the e-vector having the highest
i nt ensilPY42] ikeredarer for gxeawis sirpessting Lm0y foakedlatch separatdy tfor edvi ng t he

hi ghest_ i [ ng. azinuth.line 290 45] El.evatjon .480. may. be
deduceév%vgfegg%cée%‘gi%lﬁg ﬁ’ﬁi‘?’av%,gﬂjf &P (gn'b%ée%’ebg}‘]‘tﬁ@ét%’u?l?d@r fEngWB éﬁ st ance
bet weempoldfigatznbf thedBbostitd fifie, Ahdths BRI He @fta taB&IcSeritRAt 1AM dhiaY ivhg t he
hi ghest intensity. As mentioned above, both points are |ocated on azinuth

| i ne 4g9eferenpe lerfi@tli vel y, in case the sun is within field of view of
appar at el evation 48 . be, ded d fromthe detection_.of direct sun
ragg. é@@“é’ﬁﬁ%%‘b%%ﬁ%“ %1?(9% @‘ﬁ?‘e ﬁ?éjlg'ﬁvgﬁﬁcﬁlo © ﬁé%fm? Ilhﬂsgraﬂ%ﬁ ?é onal
e- vect QolariefaRssitelsi RRiSh he)f bORAMEDy %ﬁgcteﬂﬁ% {A%e 2D0 ORESAInB%oWdie 200 may
15 deduce the pol arization information using Stokes paranetérs description
and/ or egrppdinesntst afdherpiessn rrentomnrayendilaillusizes theret-vegtarhebthi dight, i.e.

direction and intensity of the polarization of light derived by processing unit 200, wherein

the length and width of arrows 410 is respective to intensity of the linear polarization and

25  the direction of arrows 410 is respective to the direction of linear polarization. In this

exemplary embodiment, the center of light sensor 220 is aligned with the zenith 450, and a

filed of view of 180 degrees is captured by light sensor 220. Fig. 4A shows the polarization

pattern derived by processing unit 200 at dawn, when the sun’s elevation 480 is below the

horizon and the sun’s azimuth 490 is directed to the west. Fig. 4B shows the polarization

30  pattern derived by processing unit 200 at solar noon, when the sun’s elevation 480 is the



[ 0046] Reference is now nade to Fig, 5, which is a schematic flowchart
illustrating a nethod for navigation according to sone enbodi nents of the
present iWOEA1BA62As i ndicated in block 510, the net ho&@CHRaL201¢/6007%e
directing light onto an array of polartized 20 light filter cells 121. As
described in detail above, light filter cell 121 may conprises a first
polarized fi]Jter 125 having a first polarjzation, direction and second

pol ar i 26&pept 1t geAE thy Z&n@éééﬁdiouﬁaga#@ Jay ?%%Eﬁ 30t PR #P&atnt f rom
the fir I pon direction. For exanple, the polarization directions
of fil t@%@%@{hﬁ@h 26 may be substantially perpendicular to each other. As
i ndi cat[e@4] Mimodklife24D0 dfftke soat inayl berdyducad by devcpsstngumitif 02 oradatapler om | i ght
received through paolarized filters 125 and 126. i ndicated in bl ock 530,
t he netei’bf(ﬁil%w nechiiefed aePF FFHE B M}lplta%ﬁ%ﬁﬁﬁﬁﬁgfsélﬂ ﬁmwég%wcﬁlfaﬂﬁ%orbr oduced
dat a. RY§ . rJ ' :

cal gu SEs 50 pd BtpBlaica (BANBHEREY ARaREl WG TLTRY oO6pRake SR B 1y
measur i499Q it rerphdlicelne o end btlweethet dyeedtdrgitlvingnthe sgheyt memeity etherdforeuigh

pol ari zed filters 125 and 126. Base}c_i1 on the derived polarization 30pattern,
for exdApReesing upk 2BQ may dmdthe £-verior hyrng thedighest ifpnsibhelang armwsh Hngf a

cel esti®g|y) body may be cal cul ated, such as, for exanple, azimuth and/or

el evation of the celestial body. WD 2011/036662PCT/1L2010/000780 12 Based
on t he [0645] Utlatidn 480 atidydie dbdticeddy @rocskiag ihiaR0O,AdY exrvlgdlyi aemlrigat a may

be cal cul ated, optionally by using al so conplementary data stored in a
ment8r y, thadisgeechqtwedd the zeuhA50 ang %wmdpmw}t ohshed YRoFRY hewing dhechighgsbdi ment s,
th t. . f . ' i : . h band
From ¢ R Dogs AfpEeq Aibfe U8 BRRRTR! 1ol n aot i b A T Fom

t he di fih ea®rihe yavieathid ficlb aficievwas appsatuslodelevatide 480 mastbe\deductidroatf ore, the
pattern of polarized |light nmay be calculated in at |east one of the

separ attheldetasiiomerfficisaRdays. [@ibapqmbedimenty phibepresgeldgyenting nay igglhde

enbodi f 1 . nv.ent i 'y : cting
el naEngr g RonSErER bRy SPultE O BBl i SR NRRPT
conpenskih@thé pblageitioatiefdmativni diisl Sibkes fpatpRisratessrifitbnvidror aay esldted i ng

| ocation of a celestial body. In sone enbodinents , a device may be noved
al ong fanowaripped gerabscalipiing tiearies. such as for exanpl e one of six degree

mmde o bR NOVEeh ' BhT el B ubEh L iR o Rl BB ™ e 7

exanpl enethep dbahbEgdidnmaytoRinditd 36Mme derhifodimemy i oTathy gltésehe idRdtidh eAs
direction, novenent or EOSi tion of the vehicle may be derived by conparing
changesndligatpdimblogla o1 & rihg arethod iayainclyde idiaefing; lighs o aneartayofwskirized is in
not.j on.,; 9 i certain. S af . t LNV I
i 1130st rlgt&lggﬁ%x]nc&\/l\g ggfg rﬁxsocgaécr bggl ér? ﬁét’éﬂ gbov%, hghl? Btk ey ?Ra}hc%\/rﬁarﬂgseyﬁrst

polarized filter 125 having a first polarization direction and a second polarized filter 126

having a second polarization direction different from the first polarization direction. For
example, the polarization directions of filters 125 and 126 may be substantially
perpendicular to each other. As indicated in block 520, the method may include producing
25 data from light received through polarized filters 125 and 126. As indicated in block 530,
the method may include deriving polarization pattern based on the produced data. The
deriving of the polarization pattern may be performed by calculating at least one of
intensity and direction of polarization by measuring the difference between the light
intensity received through polarized filters 125 and 126. Based on the derived polarization
30  pattern, for example by using theory of skylight scattering, location data of a celestial body

may be calculated, such as, for example, azimuth and/or elevation of the celestial body.



many nodi fications, substitutions, changes, and equivalents will now occur
to those of 20 ordinary skill inthe art. It is, therefore, to be

under st oONO2hHY036462 appended clains are intended to cov@CTAL201&/0KA80

nodi fications and changes as fall witiin the true spirit of the invention.
WD 2011/ 036662PCT/ 1L.2010/ 000780 13 CLAI M5 What is claimed is: 1. An

appar atus, . t he_apparatus conpri sing; an arfr f polarized light filter
cells, HaSich oBelbe %@fﬁ?i dacaiiby oha sslpsiah bofy tnéwgatsorﬁgﬂarﬁgww b st

pol ari ' dh sl ' ' ' d

pol ari ?gﬁ‘%%daf)‘? ect |lg Ey %gi g% glsggggﬁgm%k% Pétgg }Ofééhd iz}?a[r %c%ﬁ%g%??%%ggﬁt from
sai d fiindetajbebawel zati on direction; an optical systemto direct |light onto
said ar of pol.arized light filters; and first ljght sensor to

pr oducdOdi a‘\qc%iwg FyReme SERPgiErentsy Fl%ﬁuﬁ}"?a’é?gi e fyrer b‘%ﬂh&if’i ¥ey4e$ # ter and
a seco I,ght om |4 etV 0 aid
secgndq%g% gg?zvé%%; | gthepfgh(p?a gﬁﬁ%ag%%@%c{ Elgméctglg%ﬁgg’t (i)n ? ae}r 216 1&&9 lcﬁt her
conpr i Safogmaticr aashe diffasent twaveledgh ibaadpad duscritsedi innlepdt sbever Tieseforeon sai d
dat a. 3. An apparatus according to claim1, erein said secgond

pol ar i 8% PBKIPY el ekt mas e calsHaed i gt lgest e@%ﬁ'@a Peraried wayeengh st

pol ari zgfhon direction.

[0048] Additionally, according to some embodiments of the present invention the method
10 may include detecting inclination and/or motion of apparatus 10, thus, for example,
enabling compensation for deviated inclination of apparatus 10 when calculating location
of a celestial body. In some embodiments , a device may be moved along for example one
or more axis, such as for example one of six degree of freedom with a reference to celestial
system, and a calculation may be made of the movement of the device relative to the
15  celestial body. For example, apparatus 10 may be attached to a moving vehicle and the
direction, movement or position of the vehicle may be derived by comparing changes in
polarization patterns at various times while the vehicle is in motion.
[0049] While certain features of the invention have been illustrated and described herein,
many modifications, substitutions, changes, and equivalents will now occur to those of
20  ordinary skill in the art. It is, therefore, to be understood that the appended claims are
intended to cover all such modifications and changes as fall within the true spirit of the

invention.



4. An apparatus according to claim2, wherein said processing unit is for
calculating at |least one of intensity and direction of polarization by
measur i nowe 2diifdzeseence between a |ight intensity recei vedriuhiaoglyrsai d
first polarized filter and a light inf3ensity received through said second
pol arized filter and for deriving said polarization pattern based on 20said
cal culations. 5. An apparatus according to claiml, further conprising a
wavel engt h separator to separate gilleast one wavel ength band from i ght
directed by said optical system AIM®\, apparatus according to claimb5b”

f urt hernyg@9dhigicdgs:a2 processing unit for calculating a pattern of polarized
light in at | east one wavel ength band separated by said 25 wavel ength

separ atloAn apfarathus, thp pppadtus canpiging:ng to claim5, wherein said wavel ength
separator conprises an array of color filters arranged in groups of at

| east one cahakrayidftpelarizedGibhiofiledt el dash bk CaRpESS 4 ArshppRligsd gRE filter.
WO 2011/ 036662PCT/ | L2010/ 000780 14 8. An apparatus according to claim1l,

whefei n sai d fhavarg arfdrskpelarizationgliteciemend ¢ sacend poalsrized dilten havingrer ay of

| i ght sensors, ' .ea ne |ight sensor }uxtappsed to.eac

pol arized fil tsee?&‘“ '})%1%331?1& ‘il %Ba%"%r &%ﬁaé%%f;‘%i éa‘{zﬁﬁiﬁlafﬁ CT%,’H M?fslit‘}n sai d
filter cells afremaaidfg@esolatization dheqered rings. 10. An apparatus
according to claiml1, further conprising a nenory for storing conpl enmentary

data of al LeashicRFudh @dibalishOMS ol AfoRoPlahAdidABlg: A ast r ononi cal

chart, a cal endar chart, an epheneris ta ard, a skylight

pol ari zatio i rt:0f. true rth, magpeti ¢ north and
grid north. gfﬁﬁgéhm&ggg{gﬂ%{)%&gig%t(}?o I rllléflE lbec%llvglcpﬁlf(ilfghfsﬁ}qtgﬁré\% p(g?)rﬁ%ﬁdi sing an
inabi nonet er ffilterdeides bécagd gkt senedd Wdrb@iceadats Both BPRACALIVSE thrduh AN
apparatus according to claim2, wherein said processing unit is for

cal cul ati ng | o sesandnelariayd fHteze| esti al body based on said pol arization
pattern. 13. An apparatus according to claim 12, wherein said |ocation
dat a c@mpmi sparaits hecsding Sokinf 1,afithert bomapdsieg aviabeassingfurstaioddadleest i al

body. polarization pattern based on said data.

3. An apparatus according to claim 1, wherein said second polarization direction is

15  substantially perpendicular to said first polarization direction.

4. An apparatus according to claim 2, wherein said processing unit is for calculating at
least one of intensity and direction of polarization by measuring a difference between a
light intensity received through said first polarized filter and a light intensity received
through said second polarized filter and for deriving said polarization pattern based on

20  said calculations.

5. An apparatus according to claim 1, further comprising a wavelength separator to

separate at least one wavelength band from light directed by said optical system.

6. An apparatus according to claim 5, , further comprising a processing unit for
calculating a pattern of polarized light in at least one wavelength band separated by said

25  wavelength separator.

7. An apparatus according to claim 5, wherein said wavelength separator comprises an
array of color filters arranged in groups of at least one color filter, each group being

juxtaposed to a polarized filter.



14. An apparatus according to claim 12, wherein said processing unit is for
cal cul ati ng navi gational data based on said |location data of a celestial
body. 15voAnappanat us according to claim 14, wherein sardLpn@o®ssy Ng unit
is for cal culating navigational data fsurther based on conpl enentary data
stored in a nenory. 2016. A nethod, the nethod conprising: directing |ight
onto an array of polarized light filter cells, each cell conprises a first
pol ari Zed\} PPRAERUR 46505¢ing tpiclaim bowhereinasaid Airsti andosecondd lglt senswe erad

pol ari q [\ ri.zation di,rection different fromsaid
first ;Z)cg gfrnlsécgftil on dd Y;He}é Pﬁ%ﬁ?cg p}?iggl At Ay B%SPf%gapP%egléP\%ﬂl t hr ough
sai d fipokdrizpdlfiket.zed filter by a first |light sensor and through said second

pol arized filter by a second |ight sensor; and deriving polarization

patterrp, hasegdpaansadcdodaidto cMbh20 1‘31ﬁé}§1§16§a215) GHitet L2011 04:9 %Ztﬁgedlﬁl gl A

met hod according to claim 16, wherein said second polarizatton direction
subgt arfenigredyingsy pendi cul ar to said first polarization direction. 18. A
met hod according to claim 16, further conprising calculating at |east one

of i ntdfisiAty apparatlisr swbiding o6 qiaitarli Zatthen chyiphgag u inndriefodi didience
between the |i ?ht 5 i r}tensi ty received thr_ougﬁ sald first polarized filter
and t h&OmPEIRenIHY date; ahyat feastang o atlist eemgprising d sye pethdaljel aardsrerprhickt er  and

creati ' L AL ' b [ | cul ati.ons 19. A
ot hod Sager G aReELhEL oh OB e PARE BBR, §ERA REiE opli “one
wavel engalibiatedcthbrt@ftisandrthlimaekednbitghid gddnd@. A met hod according to
claim19, wherein said calculating a pattern of polarized light is in at

| east aneAseppaatRhod@dRigad @ldimbe Ferther £bmphisiBlAAH AR B0 dl el m2 ]2' 6,

further conprising detecting the inclination of salld appar at us. A
net hod thci@elinitiog of saidlagparett, further conprising cal cul ating | ocation data
of a 15cel estial body based on said pol arization pattern.

12. An apparatus according to claim 2, wherein said processing unit is for calculating

location data of a celestial body based on said polarization pattern.

13. An apparatus according to claim 12, wherein said location data comprises at least

15 one of azimuth and elevation of said celestial body.

14. An apparatus according to claim 12, wherein said processing unit is for calculating

navigational data based on said location data of a celestial body.

15. An apparatus according to claim 14, wherein said processing unit is for calculating

navigational data further based on complementary data stored in a memory.

20  16. A method, the method comprising:

directing light onto an array of polarized light filter cells, each cell comprises a
first polarized filter having a first polarization direction and a second
polarized filter having a second polarization direction different from said first

polarization direction;

25 producing data from light received through said first polarized filter by a first

light sensor and through said second polarized filter by a second light sensor;

and

deriving polarization pattern based on said data.



23. A nethod according to claim22, wherein said |ocation data conprises at
| east one of azimuth and el evation of said celestial body. 24. A nethod

accor di ngwbeotilssem 22,
based on said |ocation data of a cel esti al

to claim 24, mherein said cal culating navigational data is further

conpl enent tored in_a nmeno
P niE] £ nvmet%od according to claim 16, wyherem said second polarization direction

10

I5

20

substantially perpendicular to said first polarization direction.

18. A method according to claim 16, further comprising calculating at least one of
intensity and direction of polarization by measuring the difference between the light
intensity received through said first polarized filter and the light intensity received
through said second polarized filter and creating said polarization pattern based on said

calculations,

19. A method according to claim 16, further comprising separating at least one

wavelength band from said directed light.

20. A method according to claim 19, wherein said calculating a pattern of polarized light

is in at least one separated wavelength band.

21. A method according to claim 16, further comprising detecting the inclination of said

apparatus.

22. A method according to claim 16, further comprising calculating location data of a

celestial body based on said polarization pattern.

23. A method according to claim 22, wherein said location data comprises at least one of

azimuth and elevation of said celestial body.

24. A method according to claim 22, further comprising calculating navigational data

based on said location data of a celestial body.

25. A method according to claim 24, wherein said calculating navigational data is further

based on complementary data stored in a memory.

further conprising cal cul ati ng nagirgeiieo@bsidat a
body. 20 25. A nethod according

based on



