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1 HYPERSPECTRAL IMAGING DEVICE 2 3 FIELD OF THE INVENTION
4 5 [0001] This invention relates to imaging devices, more particular to
improved imaging 6 devices which create interference fringes. 7 8
BACKGROUND OF THE INVENTION 9 10 [0002] Polarisers are devices
which absorb all theyeEprpsmeaisRARN RIESIRGLD pvagretic field in one
direction while allowing components in a perpendicular 12 direction to
pass through. Polarisers are used in Savart polariscopes which can be 13
used to generate interference fringes. Savart polariscopes comprise a
polariser and 14 an anghgagn \wth pHRINYRNgTgent layers positioned
between the polariser and 15 the analyzer. The first birefringent layer has
an optic axis which is at a 45 angle 16 with respect to an optical axis of
light. The second birefringent layer has a second 17 optic axis which is at

[00013 Thignglentichriaaeestiidhiaoleadoiedsane eoptatidntthe idthfsed imaging
optic axis. The Savart polariscope takes polarised light and, after passing

devicé8 Wmatgbriediresirgentasqigetie analyzer and a lens, generates an
interferogram 20 of a series of fringes. The interferogram can be
subjected to computational analysis 21 which is in turn used for
comparison with reference spectrum. 22 23 [0003] Savart polariscopes
have seen limited gaapkioRICRSRISOHT HRYYY BNOTIERA 24 are
generally sharply curved (hyperbolas, conoscopic shapes, etc.) in a
standard 25 field of view of a camera, are not evenly spaced and/or
include secondary fringes. 1

[0002] Polarisers are devices which absorb all the components of an electro-

magnetic field in one direction while allowing components in a perpendicular
direction to pass through. Polarisers are used in Savart polariscopes which can be
used to generate interference fringes. Savart polariscopes comprise a polariser and
an analyzer with a pair of birefringent layers positioned between the polariser and
the analyzer. The first birefringent layer has an optic axis which is at a 45° angle
with respect to an optical axis of light. The second birefringent layer has a second
optic axis which is at a 45° angle in a plane at right angles to a plane containing the
first optic axis. The Savart polariscope takes polarised light and, after passing
through the birefringent layers, the analyzer and a lens, generates an interferogram
of a series of fringes. The interferogram can be subjected to computational analysis

which is in turn used for comparison with reference spectrum.

[0003] Savart polariscopes have seen limited adoption because the fringes produced
are generally sharply curved (hyperbolas, conoscopic shapes, etc.) in a standard

field of view of a camera, are not evenly spaced and/or include secondary fringes.
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1 This makes the fringes difficult to process to obtain accurate information
with 2 excessive computational complexity. 3 4 [0004] A modified Savart
polariscope uses a half-wave plate inserted between the 5 two
birefringent layers. A half-wave plate is another birefringent layer. Use of

This fekdshal-winge o @i diastthproeasteidinarr adea raivRihiaees inges

in a standard 7 field of view, and therefore allows for more efficient

exced¥iveessinpurhiirdieseeiprasiyy8 However, this modification still has
significant drawbacks, as a particular half-wave 9 plate is typically limited

to a specified narrow range of wavelengths. Further half- 10 wave plates
which are achromatic, i.e., work over a wide range of wavelengths, are 11

[0004ERet e PSS asiHe Gold MBaysiliseduira anwade pirakirser taldiwadawnhe
in the 12 camera which receives the interferogram to be processed. 13 14

two bifsfahhwoae ihersiese Deadesirakiedanotvideralarigertapgdle Oke of the

generating an 15 interferogram of interference fringes that are easy to

half-vaaygiRtevhigtiseohépiiast gbh arating ielrtinelly sinsnidrmgasimciisearddard
18 SUMMARY OF THE INVENTION 19 20 [0006] In accordance with a

field disieagpant] thereftsr@ranodesianrinegieticleviceréyessintooenandciohtams.
comprising a polariser defining an X-Y plane having an X-axis and a 22

HoweYeXithigvheygificati psthlxssrifiFitdsaidhagbadi@xiaparpanialdantifitheave
X-Y 23 plane. The polariser is adapted to transmit light linearly polarised

plate & g picallisafned4cagipdoifvachuribs Xaigelanevaydish direirirgenidayelr-
having an first optic axis at a 25 first angle formed in an X-Z plane formed

wavelpldtes Xvaidh ans dbardraxitk,ard, avvek@vera wide range of wavelengths, are

relatively expensive and may still require an undesirably large field of view in the

camera which receives the interferogram to be processed.
[0005] It would therefore be desirable to provide a device capable of generating an
interferogram of interference fringes that are easy to analyze, which is of low cost

and is relatively easy to manufacture.

SUMMARY OF THE INVENTION

[0006] In accordance with a first aspect, there is provided an imaging device for
processing light comprising a polariser defining an X-Y plane having an X-axis and a
Y-axis, wherein an optical axis extends along a Z-axis perpendicular to the X-Y
plane. The polariser is adapted to transmit light linearly polarised at a polarisation
angle formed in the X-Y plane. A first birefringent layer having an first optic axis at a

first angle formed in an X-Z plane formed by the X-axis and the Z-axis, and a second
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1 birefringent layer having an second optic axis formed at a second angle.
An 2 analyzer adapted to transmit light from the second birefringent layer
to a camera. 3 The light so transmitted is linearly polarised at an analyzer
angle formed in the X-Y 4 plane. The device has only two birefringent
birefriayerf |aperthaiagidreastoiie dpaideis trmerdoanetprardigaesaf 7
[0007] From the foregoing disclosure and the following more detailed
analydepeiil @d)foQr}iﬁﬁﬁﬂﬁl@jﬁbﬁ@ﬁﬁfé%@dﬂﬁ@@i@ﬂﬁ@ﬂt%ﬂé@% skikehdrn.
the art that the present 9 invention provides a significant advance in the
The lighe@ RaN PhifkaDis tsemiseso P Rartiadar isigécangle foiwiedandhe X-v
the potential the invention affords for providing 11 a high quality imaging
planedevife dev @ ausinginteierarterigesesyaesitpaaiHe agesahdmitbd to the
advantages of various embodiments will be better understood in view of
camelizefdarichiaied grgpsiption provided below. 14 15 BRIEF DESCRIPTION
OF THE DRAWINGS 16 17 [0008] Fig. 1 is an isometric view of an
imaging device in accordance with one 18 embodiment. 19 20 [0009]
Fig. 2 depicts a schematic optical layout of the imaging device in
[000 73Guoitianecioldguitiyanschisbasimnenind ysireintythtopeitetdiligiidéserption of
two birefringent layers. 22 23 [0010] Fig. 3 depicts a schematic optical
variolgyentibeidanetieriewiladinppadibe Howeagiledavie’ 2 that the present

invention provides a significant advance in the technology of imaging devices.
Particularly significant in this regard is the potential the invention affords for providing
a high quality imaging device for producing interference fringes. Additional features
and advantages of various embodiments will be better understood in view of the

detailed description provided below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Fig. 1 is an isometric view of an imaging device in accordance with one

embodiment.

[0009] Fig. 2 depicts a schematic optical layout of the imaging device in accordance

with one embodiment illustrating the path of light through two birefringent layers.

[0010] Fig. 3 depicts a schematic optical layout of another embodiment of the

imaging device.
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1 [0011] Fig. 4 illustrates a spectrum corresponding to a processed image.
2 3 [0012] Fig. 5 illustrates a reference spectrum. 4 5[0013] Fig. 6
depicts a schematic example of the spaced fringes generated at a field 6
of view of the camera. 7 8 [0014] Fig. 7 represents a schematic
[0011NtsEfesoaiRiRges er SRRy e dmagion diey @6 aHASLEXXER ithshyeuld be
understood that the appended drawings are not necessarily to 11 scale,
presenting a somewhat simplified representation of various features
illustrative 12 of the basic principles of the invention. The specific design
[0012ERigresinidhatnagiegetSrdevigraghsclosed here, including, for
example, the specific dimensions of the 14 birefringent layers, will be
determined in part by the particular intended application 15 and use
environment. Certain features of the illustrated embodiments have been
[001316-Rler@epicis disioreh stlatbye foprhsi e dipipduavittfeslg@herated at a field
understanding. In 17 particular, thin features may be thickened, for
of viegxampte ckanhelarity of illustration. All 18 references to direction and
position, unless otherwise indicated, refer to the 19 orientation illustrated
in the drawings. 20 21 DETAILED DESCRIPTION OF CERTAIN
EMBODIMENTS 22 23 [0016] It will be apparent to those skilled in the
[00143tEidghat ispredbags avkshbavgi Cihist Mg yehgrateney indhimagaegadevice.
technology, that many uses and design 25 variations are possible for the
imaging device disclosed here. The following detailed 4

[0015] It should be understood that the appended drawings are not necessarily to
scale, presenting a somewhat simplified representation of various features illustrative
of the basic principles of the invention. The specific design features of the imaging
device as disclosed here, including, for example, the specific dimensions of the
birefringent layers, will be determined in part by the particular intended application
and use environment. Certain features of the illustrated embodiments have been
enlarged or distorted relative to others to help provide clear understanding. In
particular, thin features may be thickened, for example, for clarity of illustration. All
references to direction and position, unless otherwise indicated, refer to the

orientation illustrated in the drawings.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

[0016] It will be apparent to those skilled in the art, that is, to those who have
knowledge or experience in this area of technology, that many uses and design

variations are possible for the imaging device disclosed here. The following detailed
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1 discussion of various alternate features and embodiments will illustrate
the general 2 principles of the invention with reference to an imaging
device suitable for use as a 3 hyperspectral imaging device. Other
embodiments suitable for other applications 4 such as environmental

discuBXEHTNGR GHanuicatie REhRL S cFaIirERg NG fipRre thedyeneral

rescue missions, monitoring of crops, mineralogy identification such as 6
principlelediishigoaAgb ndigiiialairmeatom Medind) uesandirrensitse as a
applications, 7 will be apparent to those skilled in the art given the benefit

hype@péisrdisaiasitg- deidd0 bthEreiiisbametiashssm e otiier hifpRtations

isometric view of an imaging device 10 10 in accordance with one

such egbadiramaiibnrbioiAbHAG 8 chbyimetsoesitpbiNaaing, LhidakiEenaging,
Advantageously, as shown the device 10 is compact and lightweight with

search drdsresdectrskibasdrachikahag oTdyopRy) benesapigp iR Mitiatidn such as
housing of the 13 camera. 14 15 [0018] Fig. 2 shows a schematic optical

oil fielagovisthrafoedodimariabimatitayiaceditditinaditgaan eursiitcsapiieations,
has an optical axis which extends along the Z-axis, which is 17 a

will béeigeirtaitay sHosbekilaneinfiHepegricasise WEndfitrad tis thscligkire.
passes 18 through a polariser 20 which has a polarisation angle 21. The

polarisation angle 21 19 is shown to be formed in an X-Y plane. The X-Y
plane is generally perpendicular to 20 the Z-axis as shown in Fig. 2. The

[001 M atarisagytrve it baitdineady Piglatisedmisbeetiioiaization angltnia device
the X-Y plane. In accordance with one embodiment, the 22 polariser angle

10 in Breobeatowiilitrespect isbibdiniemxisuitaislddbi pssses drigpgrspeetd imaging
polariser is a linearly polarised beam which is transmitted to a first

devicbirefdngenidayersigdai2shaving lacfidehagic @isscadniodstethdt g fitskeigiglevith a
then to a second birefringent 25 layer 24 having a second optic axis 29

smallffsoipdratandecsndasgmidlyeraio b asssprsiecbwithin a housing of the

camera.

[0018] Fig. 2 shows a schematic optical layout of an embodiment of the device. Light
from an outside source has an optical axis which extends along the Z-axis, which is
a horizontal axis in the plane of the paper as shown in Fig. 2. The light passes
through a polariser 20 which has a polarisation angle 21. The polarisation angle 21
is shown to be formed in an X-Y plane. The X-Y plane is generally perpendicular to
the Z-axis as shown in Fig. 2. The polariser transmits light linearly polarised at the
polarization angle in the X-Y plane. In accordance with one embodiment, the
polariser angle may be 45° with respect to the X-axis. The light passes through the
polariser is a linearly polarised beam which is transmitted to a first birefringent layer
22 having a first optic axis 23 formed at a first angle, then to a second birefringent

layer 24 having a second optic axis 29 formed at a second angle, then to an analyzer
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1 26, then to a lens 28 which focuses the light onto a field of view of a
charge coupling 2 device of a digital camera 30. The analyzer 26 has an
analyzer angle 31 which is 3 related to the polariser angle 21. Generally,
the analyzer angle is either the same as 4 the polariser angle with respect

26, tHerthe Xianis 26 Aricht8angls withigrratbla MadAURISSF andiard®Eoupling

example, the polariser angle 21 can be 45with respect to the 6 X-axis and

devicthefanalyaer eagierga Boay the ifas74p Witk speelyedhang@ s which is
[0019] After passing through the polariser 20, the linearly polarised light

relateRPESEfEeDBIERIEN theylé stiirefsneemlyiayrr 27algausiagdiesdigithia Bge same as

sheared laterally into 10 two virtual sources that are orthogonal

the peRMEANENEIcOhitereelRstaas isbix TesOAAcouTIrOReHIS Rt FeBIRItNRSthe

referred to as the extraordinary ray or e-ray and ordinary 12 ray or o-ray.

polari§Be #nty. ardrteganiile hineptifterent selactecadisesCanisrqespdyt to the
13 one ray travels faster than the other through the layer 22 resulting in a

X-axipharethd diffeyencahgvsemihy seralindiasayifhespmdtingtnbasexis.

difference is a function 15 of several properties of the layer 22 and the
light, including the propagation direction 16 of e-ray and o-ray within the
layer 22, a cut angle of the layer 22 with respect to the 17 first optic axis

[001R AT pagisictesia lapd leeiRieirmogtHe|ipric s dasul iy plgssts

of incidence of the light, a wavelength of the polarised light, a thickness 25
throughthre: IPderefndjarmeipsiod of tayesizg theQight[@OBe]sheafédtiaterally into

birefringent layer is positioned between the polariser and the second 22

two vhitefrisgernidayrasaeh dhaoenadreyrapdrenay exihthpdissidecelighgemhese
layer 22 and 23 immediately enter the second birefringent layer 24.

compBreferablyetberhitiiag ectdayerso 24 8%k 24tpaordithrgatagoitastayithreherdinary
another as shown in the embodiments of the 25 Figs. The second
ray obuetindgen Byay 20 hascaceap hdandidelenhrisihastieaiatideshe€dhsequently,
one ray travels faster than the other through the layer 22 resulting in a phase
difference between the e-ray and o-ray. The resulting phase difference is a function
of several properties of the layer 22 and the light, including the propagation direction
of e-ray and o-ray within the layer 22, a cut angle of the layer 22 with respect to the
first optic axis 23, an angle between a plane containing the optic axis 23 and a plane

of incidence of the light, a wavelength of the polarised light, a thickness 25 of the

layer and a material of layer 22.

[0020] The first birefringent layer is positioned between the polariser and the second

birefringent layer such that the e-ray and o-ray exit the first birefringent layer 22 and

immediately enter the second birefringent layer 24. Preferably the birefringent layers
22, 24 are in direct contact with one another as shown in the embodiments of the

Figs. The second birefringent layer 26 has a second angle 29 which is related to the
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1 first angle 23. In the embodiments represented by Fig. 2, the second
birefringent 2 layer 24 compensates for the phase difference generated
by the first birefringent 3 layer by having a slow axis of the second
birefringent layer orthogonal to a slow axis 4 of the first birefringent layer.
first ahffReaBOUH HabasodiflesarrrepradeeRsatey iMdhe, heesepdriehidnasgént
layer is a function of several properties of the layer 24 and the 6 light,
layer P4leginpdhsaiEeReatiepHESSRADE AT @nerateayyithn g [avekiddent
cut 7 angle of the layer 24 with respect to the optic axis 129, a

layer W YRG! A ldhepioser Scliwmd difeirinpss: 24yef breHayenan® a slow axis
material of layer 24. 9 10 [0021] In accordance with a highly

of theafheAMRERPIdR FR Ak, Ty BredRiRebingest dayersrehta@passhitated in the

generate linear fringes. The optic axis 23 of the first birefringent layer 22

secord hiestahgarangjeifiena fe ofieiisfiBeveriip fipaeiad e thi ayeZ Plosed she
defined by 13 the X-axis and the Z-axis. Optionally the first angle is 30-60

light, frmdieyraxisopagdalidrmiredqisiesbly 8t 448 G0aY thanfnas.laigethis cut

angle is associated with 15 generation of fringes requiring reduced
anglecontinetaiienapvate seipm dntthifel 6 v eskment, sheaplicrtls @Aieé thelarised

second birefringent layer 24 is within 10 of 17 the Y-axis, and more

light, arefiaidypementdieultydp dhe &-mascaiad ¢fl ugetheqY -axis. 18 This can
also be expressed as at a 90 angle with respect to the X-axis or Z-axis. In
19 these embodiments the second angle 29 is in a plane orthogonal to the
first angle 20 23. Again, a first angle of 45and a second angle of 90is
[00213 43 sarsdanes »igenBighiyPeVRHgEsoEg iRHY R A¥ IR RiRttaRaagl layers
processing. In this 22 embodiment, both layers have positive
are UpRdfthgRnRESURICHAL Tl AR RUREDS SriRidRErASIYRIaRIqARRYer 22
that of the extraordinary ray. Although a first angle of 45 24 and a second

lies apag @ledRMebtd RRiITH0bHRERE a WhRIRheS Rl BR islefined by

achieved with other angles by adigjsti_ng thicknesses 25, 27 or material
the Xeaxis-abd dpeZ-axis. Optionally the first angle is 30-60° from the X-axis, and

more preferably at +45° from the X-axis, since this angle is associated with
generation of fringes requiring reduced computational processing. In this
embodiment, the optic axis 29 of the second birefringent layer 24 is within £10° of
the Y-axis, and more preferably perpendicular to the Z-axis and along the Y-axis.
This can also be expressed as at a 90° angle with respect to the X-axis or Z-axis. In
these embodiments the second angle 29 is in a plane orthogonal to the first angle
23. Again, a first angle of 45° and a second angle of 90° is associated with
generation of fringes requiring reduced computational processing. In this
embodiment, both layers have positive birefringence, such that the velocity of the
ordinary ray is greater than that of the extraordinary ray. Although a first angle of 45°
and a second angle of 90° is recited in this embodiment, a similar result can be

achieved with other angles by adjusting thicknesses 25, 27 or material selection of
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1 the layers 22, 24 respectively. Also in this embodiment, upon exiting the
first 2 birefringent layer, the sheared polarised beams enters the second
birefringent layer. 3 The e-ray in the first birefringent layer becomes an
o-ray in the second birefringent 4 layer. Likewise, the o-ray in the first

the IaERITEEN lRyiclEcEMeRRIb S BYdreie SurRepncUpbefERaRTY tAXaTrn

this embodiment, the thickness 25 of the positive first 6 birefringent layer

birefritgéntatges thire shedhiekpersridédbimmposiie SaroadcondefiiegRitent layer.

layer 24 and both crystals are optionally made of the same material. 8 9

The d3833h Tthe Rixsieimpicir sayibcHatpNescan beapiicthe)sadiislingdhehgent

first angle or 10 the birefringence of the first layer, but if the birefringence

layer i3 ReinEiediiben e ih iiuirafinarenmebmasrsastinyesaHss-pay in the

adjusted as well. For example, a positive 12 first birefringent layer 22 has

secor@d 5IRsIei Afinbyiagein thehfs2piBogidierdd therthibrrésd 28xstHdpositive first

corresponding second birefringent layer 24 has the same second angle as

birefribdeeskijee @ MitheRpiegiap thienmiediriely Zboyehapd$1asdrosidim

birefringence. For 15 either first angle, if the birefringence of the first layer

birefr@Qéhswijehed taritebsativerySthischio eption dngmihadvetrinarnme afdtgial.
second layer 24 is similarly switched to 17 negative. Both layers have the

same birefringence merely in the sense that both are 18 either positive or
negative. In each of these embodiments, the second thickness 27 19 is

[0022FFhéhamiibeifiishthiglstess d abdye?dajd B3] drig dbijl ustjiaen @ thehfisadicgle or

of optical layout of another embodiment where 22 the first birefringent

the bilfangerarrdoh edieonchpieibinge thdayeefliog eneoiditiientd28hen the
materials. The layers 22, 124 have opposite birefringence merely in the

birefreresecéthef tAd vduwnaneyisrpnaiiviec e joktediasegaltivEoll brapppleaxipositive
the first birefringent 25 layer 22 lies in the X-Z plane and the optic axis of
first binefisegontlbyefdigeat layepti2d8s lying in the X-Z plane at -45° from the X-
axis. The corresponding second birefringent layer 24 has the same second angle as
described in the paragraph immediately above, and has positive birefringence. For
either first angle, if the birefringence of the first layer 22 is switched to negative
birefringence then the birefringence of the second layer 24 is similarly switched to
negative. Both layers have the same birefringence merely in the sense that both are

either positive or negative. In each of these embodiments, the second thickness 27

is less than the first thickness 25.

[0023] Fig. 3 illustrates a schematic of optical layout of another embodiment where
the first birefringent layer 22 and the second birefringent layer 124 are of different
materials. The layers 22, 124 have opposite birefringence merely in the sense that
when one is positive the other is negative. The optic axis of the first birefringent

layer 22 lies in the X-Z plane and the optic axis of the second birefringent layer 124
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1 lies in the X-Z plane as well. The first angle may be the same as the
second angle 2 with respect to the X-axis. The first layer 22 has positive
birefringence and the 3 second layer 124 has negative birefringence.
Optionally the first angle 23 is at 45 4 from the X-axis and the second

lies irfHex12Piaradepraentiyeatidh diene theybaxifesamwelt theesseepdangle

angle can be, for example, an angle equal in magnitude and 6 opposite to

with réspBgtiangte xishicespaet ipsthayéraxish s o aRivéyieenrgertstananete

is +45. Also, the birefringence of the layers may be switched such that the

secorffiegidane2ZRasaegiatvsirengideseacecintb g pesetndexay 243esat +45°

positive 9 birefringence. Since the layers 22, 124 comprise different

from tHatRLkEs asdnitielsdEoing adigred 20 tkarigsphindesignal F4%° Ghiip the X-axis
advantageously helps reduce a dynamic 11 range required to improve

as wdlignedosaeinriratigleléad HE0GaAbRanyith, the entPedinents ehiimitdddeand

linearly polarised beam from the 14 polariser enters the first birefringent

opposi¢eiodR afigsisdatpealiitis heapedtindo e o vikigl sbercagpmBrentsenttite first
o-ray and the e-ray. Upon exiting the first birefringent layer, the e- 16 ray

angleaBd-4B> O-AdOe el irefeipcrmd diot thiedantleyenldsk ¥WitcHel such that the
embodiments of 17 Fig. 3 which have opposite birefringence, the e-ray in

first |dperfzst thire fitgaividayesiliBgentainmanite reydorit éagee arrd bisgfagivie
layer. Likewise, the o-ray in the first 19 birefringent layer remains an o-ray

birefringbrceecenstbithtringent l2gen.2n edraptiue 2Afebenerasbadisienthiypin
exiting the second birefringent layer, there will be a net 21 phase

introduifedeinad dedyakinghsidataraliyslutie d dveapaaubtiycseys 28dddd @0aphamic

From any of the embodiments, the two beams with a net phase difference
rangeeiqdifetdh eoseaor distjringannlaiger rainid pass through the analyzer 26.

The analyzer 26 is 25 used to make the exiting e-ray and o-ray polarised

beams interfere. Alternating 9
[0024] As with the embodiments of Fig. 2, the linearly polarised beam from the
polariser enters the first birefringent layer 22 and is laterally sheared into two virtual
components — the o-ray and the e-ray. Upon exiting the first birefringent layer, the e-
ray and the o-ray enter the second birefringent layer 124. With the embodiments of
Fig. 3 which have opposite birefringence, the e-ray in the first birefringent layer
remains an e-ray in the second birefringent layer. Likewise, the o-ray in the first
birefringent layer remains an o-ray in the second birefringent layer. In all of the

above embodiments, upon exiting the second birefringent layer, there will be a net

phase difference between the laterally sheared e-ray and the o-ray.

[0025] From any of the embodiments, the two beams with a net phase difference exit
the second birefringent layer and pass through the analyzer 26. The analyzer 26 is

used to make the exiting e-ray and o-ray polarised beams interfere. Alternating
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1 bright and dark intensities are fringes which are captured by the CCD
(camera) 30 as 2 a raw image upon focusing of light received from the
analyzer by the focusing lens 3 28. See Fig. 6. The generated fringes will
be superimposed onto the image of the 4 outside source or scene

brighCantliRgiomieesfiebate ﬂﬂ@%éﬁiaﬁﬁﬁbWEFeacB&@'béﬁ By\pBtagEOYeamera) 30 as
0

feature, use of the optics of the subassembly (polariser, first 6 birefringent

a rawdYRigsefifroteding entitpraicasl anatyae thasAiBsiaseBy@ieidbdusing lens

produces fringes which are generally linear and evenly spaced. It will be
28. Skradily. 8 apprrgeihier Hiegaridiadviiltbe supaivepdedentdttpétiitge of the
disclosure, that linear here 9 means generally linear or parallel and not a

outsidtegegtcBashepricabalaéensyitheaot 30 that @siaeiatly ittnyrghged
apart fringes are generally equidistantly spaced apart 11 but not

advameeRsi T aareaivecongisteptic Spreed ansassensblyinparasyenfirst

spaced 12 fringes are advantageously much easier to process into useful

birefrBRReitUSY slatechEii 1R rdte mpshinege iy el gRag ek iipedxie I9srein

conoscopic fringes generated by some 14 known technologies. 15 16

prodUEER Glidgrinierierograndae eappiiidabaitiuyéom spadetengityitaeas adily
that point 17 taken from each and every image captured by the device.

appaffggt ib3hows skillddapreseatatecplolebanditestarngastivibratensitynefar here
light on the Y-axis and an 19 angle range along the X-axis. This would be

meandgeaseibhineat deqsirkiPArelhesagreblydsreitiechatdarespeaidrionipe and
outside source or scene. The 21 interferogram may also be generated by

that ggeresaingyariggpenes eipEndaesgasenr 2k nerally efdintkstRotigtipaowy apart

occur by use of a motor (not shown) operable to move 23 at least the

but nsuhessssablly. féddotignsitysistiretlpfspaoctt Hpeattateaas|ihedrrgemBlispaced
shifts with respect to the point. A processor can be used to process the

fringe@arenapatagya sty el ohfeasidion iptoce ssdnesesdftnggediuuseaf than
Fourier transforms, for 10
the nonlinear, unevenly spaced hyperbolic or conoscopic fringes generated by some

known technologies.

[0026] An interferogram for a point is built up from the intensity values of that point
taken from each and every image captured by the device. Fig. 7 shows a
representative plot of an interferogram with intensity of light on the Y-axis and an
angle range along the X-axis. This would be the case where at least the
subassembly is rotated with respect to the outside source or scene. The
interferogram may also be generated by generating a sequence of fringes over a
period of time. Rotation may occur by use of a motor (not shown) operable to move
at least the subassembly. The intensity value of a point fluctuates as the fringes
shifts with respect to the point. A processor can be used to process the raw image

of spectral information into a processed image by use of Fourier transforms, for
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1 example. The processed image has a range of wavelengths (Fig. 4)

which can be 2 compared with a reference spectrum (Fig. 5) to identify

the range of wavelengths of 3 the processed image. Alternatively, the

processor has access to a reference 4 spectrum (Fig. 5) with a range of
examfyRVeRWHh® aaskatiifnapenefartangesthbayareignshisieaa priseleetas be

by a user of the device, and the device can scan a 6 source for the

compeRiREierl anascpb ey elengatis (FR (@923 liFsaaniRdorraping diaskeuths of

and detailed description of certain 9 embodiments, it will be apparent that
the piMEyde AGHiRatiaNSradeiEN SIaa hRIBESsHP IS HidS e9RPefaTentse

are possible without departing from the true scope and 11 spirit of the
spectiivRITHFR). Fheienbedigesisdiseussaryvane chosgs ane descriiesbtor 12

provide the best illustration of the principles of the invention and its

waveRiagiieatan pppisiatasuteyhe(giey enacienref andinaeydiiltn dhn ackie a
use the invention in 14 various embodiments and with various

sourc@fstifipatisuie @sdrarsgiied imthedryticilar 15 use contemplated. All such
modifications and variations are within the scope of the 16 invention as

determined by the appended claims when interpreted in accordance 17

with the breadth to which they are fairly, legally, and equitably entitled. 11
[0027} EicAiMie Mtehs dledidedris:ahdtdbtAifetndering tvynicsf pipressing

light, comprising, in combination: 5 a polariser defining an X-Y plane

embdeiviegtenivivilkisceasharérivtsaieleirs ato difagiitah s xig exienssatbother
Z-axis perpendicular to the X-Y plane, and the polariser 7 is adapted to

alterﬁaﬁnemmIMMi fneaganoesissidetvatholar sepaniagdrefotmethie tsopeVari
spirit I[c))fatrr]f—:" invention. The embodiments discussed were chosen and described to
provide the best illustration of the principles of the invention and its practical
application to thereby enable one of ordinary skill in the art to use the invention in
various embodiments and with various modifications as are suited to the particular
use contemplated. All such modifications and variations are within the scope of the

invention as determined by the appended claims when interpreted in accordance

with the breadth to which they are fairly, legally, and equitably entitled.
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9 a first birefringent layer having one of positive birefringence and
negative 10 birefringence and having an first optic axis at a first angle
formed in an X-Z plane 11 formed by the X-axis and the Z-axis; 12 a
second birefringent layer having an second optic axis formed at a second
13 angle, wherein the second angte Agae of within 100 of the Y-axis and
an angle 14 formed in the X-Z plane; and 15 an analyzer adapted to
Whattraegmntidighg -from the second birefringent layer to a 16 camera, wherein
the light so transmitted is linearly polarised at an analyzer angle 17
formed in the X-Y plane; 18 wherein the device has only two birefringent
layers, and when the second 19 angle is formed in the X-Z plane, then

1. therspeagMitRIvicaol laxRidiamg AGHIreHNeesieg apRASHIBiMeibret

birefringent layer. 21 22 2. The imaging device of claim 1 wherein the
secporhAasel el iginitiaiad 00 vipiag eA3aVisyiaraxddiie frrd birefixigeniHaysh an

has one of positive birefringence and negative 24 birefringence, and the

opticAEHaB@RiEeitio afsr dor - Bris herpanmpdbikaftihgence apkhee 2t she polariser

birefringent layer. 12 1 2 3. The imaging device of claim 1, wherein the

is ad&seend argisnftwihiidearf grtads¥aisaqpsldhiediishkirgjlintenidayarthe X-Y
has a first thickness, the second birefringent 4 layer has a second
planethickness, and the second thickness is less than the first 5 thickness. 6 7
4. An imaging device for processing light, comprising, in combination: 8 a
paldifsebidefimgaranayey amneghavnof votadhasftiagéredsand ajative
birefringence and having an first optic axis at a first angle formed in an X-Z plane
formed by the X-axis and the Z-axis;

a second birefringent layer having an second optic axis formed at a second
angle, wherein the second angle is one of within £10° of the Y-axis and an angle
formed in the X-Z plane; and

an analyzer adapted to transmit light from the second birefringent layer to a
camera, wherein the light so transmitted is linearly polarised at an analyzer angle
formed in the X-Y plane;

wherein the device has only two birefringent layers, and when the second

angle is formed in the X-Z plane, then the second birefringent layer has a

birefringence opposite the first birefringent layer.

2. The imaging device of claim 1 wherein the second angle is within £10° of the
Y-axis and the first birefringent layer has one of positive birefringence and negative
birefringence, and the second birefringent layer has the same birefringence as the

first birefringent layer.
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9 optical axis extends along a Z-axis perpendicular to the X-Y plane and
an X-Z plane, 10 and the polariser is adapted to transmit light linearly
polarised at a polarisation angle 11 formed in the X-Y plane; 12 a first
birefringent layer having an first optic axis at a first angle; 13 a second
birefringent layer having an second optic axis formed at a second 14
angle; and 15 an analyzer adapted to transmit light from the second

3. birgfangegingyesira ctzeamarayéieifithiedeieatmasaliesist10° of the

linearly polarised at an analyzer angle 17 formed in the X-Y plane; 18

Y-axi¥AARIRdITR SAited inge onixyrhbiselrfreeHitRyrRiSs aRd trebabtbirefringent

transmitted 19 to the camera forms linear fringes. 20 21 5. The imaging

layer @@deeseicelatmmicknelgémah avirey Si8chiednPiRKAREANARSIE tisatbthéfirst

degrees with respect to the X-axis and the analyzer angle is 45 degrees
thicknwiég respect 23 to the X-axis. 24 13 1 6. The imaging device of claim 1 or
claim 4 wherein the analyzer angle is at one 2 of the same as the
polariser angle with respect to the X-axis and at 90 with respect 3 to the
polariser angle. 4 5 7. The imaging device of claims 1 or 4 wherein the

4. firshanglgirydfeokéreom phec&simyisgt, 8dmphsiigaging seyweaiohclaims
7 wherein the first angle is 45 from the X-axis. 9

a polariser defining an X-Y plane having an X-axis and a Y-axis, wherein an
optical axis extends along a Z-axis perpendicular to the X-Y plane and an X-Z plane,
and the polariser is adapted to transmit light linearly polarised at a polarisation angle
formed in the X-Y plane;

a first birefringent layer having an first optic axis at a first angle;

a second birefringent layer having an second optic axis formed at a second
angle; and

an analyzer adapted to transmit light from the second birefringent layer to a
camera, wherein the light so transmitted is linearly polarised at an analyzer angle
formed in the X-Y plane;

wherein the device has only two birefringent layers, and the light transmitted

to the camera forms linear fringes.

5. The imaging device of claim 1 or claim 4 wherein the polarisation angle is 45

degrees with respect to the X-axis and the analyzer angle is 45 degrees with respect

to the X-axis.
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10 9. The imaging device of claims 1 or 4 wherein the second angle is
formed in the 11 X-Z plane and is at one of the same angle as the first
angle with respect to the X 12 axis and an angle equal in magnitude and
opposite to the first angle with respect to 13 the X-axis. 14 15 10. The

6. IMagnmagigedelraisrclarnd bfuiaas ﬁWﬂéiﬁ@ti?efaﬁ%ﬁiﬁﬂ%@@[bGis at one
positioned between the analyzer and the camera, wherein the focusing

of thdeamiecsase pélbgiskreasiiedvitArean@yrenatie aamaraoididPrespect

11. The imaging device of claims 1 and 4 wherein the first birefringent

to thdpaaser 2Rlee second birefringent layer are in direct contact with one
another. 21 22 12. The imaging device of claims 1 and 4 wherein the first
birefringent layer is 23 positioned between the polariser and the second
birefringent layer. 24 14 1 13. The imaging device of claims 1 and 4

7.  whBesimbghigpassios tponiRgspoBriserharsiihReanmeth gio®igesedramwm the
image, and further comprising a processor which 3 processes the raw

X-axi#nage into a processed image. 4 5 14. The imaging device of claim 13
wherein the processed image has a range of 6 wavelengths which can be
compared with a reference spectrum to identify the range 7 of
wavelengths of the processed image. 8 9 15. The imaging device of claim

8. 13 mdereigithedeacessiosl Aassareensrirathlefiespinte ispEstiiomidte X-axis.
range of wavelengths, at least one of a range of

9. The imaging device of claims 1 or 4 wherein the second angle is formed in the

X-Z plane and is at one of the same angle as the first angle with respect to the X-

axis and an angle equal in magnitude and opposite to the first angle with respect to

the X-axis.
10. The imaging device of claims 1 and 4 further comprising a focusing lens
positioned between the analyzer and the camera, wherein the focusing lens focuses

light received from the analyzer on the camera.

11. The imaging device of claims 1 and 4 wherein the first birefringent layer and

the second birefringent layer are in direct contact with one another.

12.  The imaging device of claims 1 and 4 wherein the first birefringent layer is

positioned between the polariser and the second birefringent layer.
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11 wavelengths can be selected, and the device can scan for the selected
range of 12 wavelengths. 13 14 16. The imaging device of claim 1
wherein light received by the camera forms 15 linear fringes. 16 17 17.
The imaging device of claims 4 and 16 wherein the fringes are evenly

13. shafefnakintPdbicehsriBlaanaaidavire affpmsigrnshdsivieiRimtte polariser
second angle is formed at 20 90 from the Z-axis along the Y-axis. 21 22

to thel@abedimritinscdexicapfrataiesahandrthuhesripibmgasisesdst which

birefringent 23 layer, second birefringent layer, and analyzer comprise a
proceSiseassrmaly i@ &inbeh foeesyisinthgenotor operable to move the

subassembly. 25 15
14.  The imaging device of claim 13 wherein the processed image has a range of
wavelengths which can be compared with a reference spectrum to identify the range

of wavelengths of the processed image.

15. The imaging device of claim 13 wherein the processor has access to a
reference spectrum with a range of wavelengths, at least one of a range of
wavelengths can be selected, and the device can scan for the selected range of

wavelengths.

16. The imaging device of claim 1 wherein light received by the camera forms

linear fringes.

17. The imaging device of claims 4 and 16 wherein the fringes are evenly spaced.

18.  The imaging device of claims 1 and 4 wherein the second angle is formed at

90° from the Z-axis along the Y-axis.
19. The imaging device of claims 1 and 4 wherein the polariser, first birefringent

layer, second birefringent layer, and analyzer comprise a subassembly, and further

comprising a motor operable to move the subassembly.
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