2 3FIELD OF THE I NVENTION 4 5[0001] This invention relates to

| magi ng devices, nore particular to inproved i magi ng 6devi ces which
create interference fringes. 7 8BACKGROUND OF THE | NVENTI ON 9

10[ 0002] Pol arisers are devices which absorb all the conponents of an
el ectro- 1llmagnetic field in one direction while all ow ng conponents
in alperpendicul ar 12di r BYPERSREC pRAL IMANANGWDEPKTIEr i sers are used

I n Savart pol ari scopes which can be 13used to generate interference
fringes. Savart pol ariscopes conprise a polariser and l4an anal yzer
with a pair of birefringent |ayers positioned between the polariser
and B5the anal yzer. The fir sEIEMD @FIMHEINWENTM®N has an optic axis
which is at a 45 angle 16with respect to an optical axis of |ight.
The sgecond birefringent |ayer has a second 17optic axis which is at a
45 angle in a plane at right angles to a plane containing the 18first
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passing 19through the birefringent 1ayers, the analyzer and

generat ef Aksl Mgt bR %ﬁeggd@fnﬂ series of fringes. The

i nterferogram can be su ecte orrput ational analysis 21which is
in turn used for conparison with reference spectrum 22

8 BACKGROUND OF THE INVENTION

9
10 [0002] Polarisers are devices which absorb all the components of an electro-
11 magnetic 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 analyzer with a pair of birefringent 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 a 45° angle in a plane at right angles to a plane containing the
18 first optic axis. The Savart polariscope takes polarised light and, after passing
19  through the birefringent layers, the 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 adoption because the fringes produced
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.



23[ 0003] Savart pol ariscopes have seen limted adoption because the -
fringes produced 24are generally sharply curved (hyperbol as,
conoscopi ¢ shapes, etc.) in a standard 25 field of view of a canera,
are not evenly spaced and/or include secondary fringes. 1This nakes
the fringes difficult to process to obtain accurate information wth
2 exclessi e makegdbafinges aiifewblosxpesss tg abtain@egyrate infimatian Wihy ar t
pol ari scope uses a half-wave plate inserted between the 5two

bi r ef% i nepxoessivagemputational ¢oroplesitypl ate i s anot her birefringent |ayer.
Use of the 6hal f-wave plate has the benefit of generating relatively
lines@ fringes in a standard 7 field of view, and therefore allows
for nore efficient processing of interferograns. 8However, this

nodi f4 canobom]lmriddiﬁéma&\mirgméﬂimpta wdeawhatksaveaslate ipaetédhibiareen the
hal f-wave 9plate is typically limted to a specified narrow range of
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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 relatively expensive and may still require an undesirably large field of view in the
12  camera which receives the interferogram to be processed.

13

14  [0005] it would therefore be desirable to provide a device capable of generating an
15 interferogram of interference fringes that are easy to analyze, which is of low cost
16 and is relatively easy to manufacture.

17

18 SUMMARY OF THE INVENTION

19

20  [0006] In accordance with a first aspect, there is provided an imaging device for

21 processing light comprising a polariser defining an X-Y plane having an X-axis and a
22 Y-axis, wherein an optical axis extends along a Z-axis perpendicular to the X-Y

23 plane. The polariser is adapted to transmit light linearly polarised at a polarisation

24  angle formed in the X-Y plane. A first birefringent layer having an first optic axis ata

25 first angle formed in an X-Z plane formed by the X-axis and the Z-axis, and a second



18SUMVARY OF THE | NVENTI ON 19 20[ 0006] In accordance with a first
aspect, there is provided an i mgi ng device for 2lprocessing |ight
conprising a polariser defining an X-Y plane having an X-axis and a
22 Y-axis, wherein an optical axis extends along a Z-axis

perpendi cul ar to the X-Y 23plane. The polariser is adapted to

t r anshhi t birefgrgent iaves hRYing @nzgecoed catic axip fraradsaita srropdanglee Adrmed i n
the X-Y plane. A first birefringent |layer having an first optic axis
at a 25 Jnalyer adgptedfto traadmitiighhfrot zhe becund irefinpdoy |aviee tda aamsraand
the Z-axis, and a second 1birefringent |ayer having an second optic
axi s ¥ orealliglit sa tsmsoniitechisdihearly\pol2dsed yizer arsalggwrethgtecfotrmadh smthe X-iYght
fromthe second birefringent |ayer to a canera. 3The |ight so

transm tplgde.l Fhé deciae lhus palyatwosarbifigent lagar), wane thangiterahemited tonhé he
X-Y 4pl ane. The device has only two birefringent |ayers, and the

l'i ghts t r @hsefatib@Rk itedrhgeeamera forms linear fringes. 6 7[0007] From
the foregoing disclosure and the followi ng nore detail ed description
of 8various enbodiments it will be apparent to those skilled in the
art that the present 9invention provides a significant advance in the
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9 invention provides a significant advance in the technology of imaging devices.

10  Particularly significant in this regard is the potential the invention affords for providing

11  ahigh quality imaging device for producing interference fringes. Additional features

12 and advantages of various embodiments will be better understood in view of the

13 detailed description 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 accordance
21  with one embodiment illustrating the path of light through two birefringent layers.

22

23 [0010] Fig. 3 depicts a schematic optical layout of another embodiment of the

24 imaging device.

25



13det ai | ed description provided below. 14 15BRI EF DESCRI PTI ON OF THE
DRAWNGS 16 17[0008] Fig. 1 is an isonetric view of an imaging
device in accordance with one 18 enbodi nent. 19 20[0009] Fig. 2
depicts a schematic optical |layout of the inmaging device in
accordance 21with _one enbodiment illustrati ng the path . of |ight
t hr ough [PRGTHTiget fllughaies 4 sRpstrym ‘?ZVGE@PO%ESF BiRJOCESSqEN8eS a
schematic optical |ayout of another enbodi nent of the 24i magi ng
device. 25 1[0011] Fig. 4 illustrates a spectrumcorresponding to a
processed image. 2 3[0012] Fig. 5 illustrates a reference spectrum 4
5[ 0013] [PL32] Bgdepiustrates asrefrrante spentaupl e of t he spaced fringes
generated at a field 6 of view of the canmera. 7

4

5 [0013] Fig. 6 depicts a schematic example of the spaced fringes generated at a field

6 of view of the camera.
8 [0014] Fig. 7 represents a schematic interferogram generated by the imaging device.

10 [0015] It should 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 features of the imaging
13 device as disclosed 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
16 enlarged or distorted relative to others to help provide clear understanding. In

17 particular, thin features may be thickened, for example, for clarity 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 EMBOBDIMENTS

22
23 [0016] It will be apparent to those skilled in the art, that is, to those who have
24  knowledge or experience in this area of technology, that many uses and design

25  variations are possible for the imaging device disclosed here. The following detailed



8[0014] Fig. 7 represents a schematic interferogram generated by the
| magi ng device. 9 10[0015] It should be understood that the appended
drawi ngs are not necessarily to l1llscale, presenting a sonmewhat
sinplified representation of various features illustrative 12of the
basic principles of the invention. The specific design features of
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2princi ples of the invention with reference to an i nagi ng device
suitable for use as a

9 [0017] Turning now to the drawings, Fig. 1 is an isometric view of an imaging device
10 10 in accordance with one embodiment suitable for use as a hyperspectral imaging
11 device. Advantageously, as shown the device 10 is compact and lightweight with a
12 small footprint and a subassembly can be assembled within a housing of the
13 camera.

14

15 [0018] Fig. 2 shows a schematic optical layout of an embodiment of the device. Light
16 from an outside source has an optical axis which extends along the Z-axis, which is
17  a horizontal axis in the plane of the paper as shown in Fig. 2. The light 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 polariser transmits light linearly polarised at the
21  polarization angle in the X-Y plane. In accordance with one embodiment, the

22 polariser angle may be 45° with respect to the X-axis. The light passes through the
23 polariser is a linearly polarised beam which is transmitted to a first birefringent layer
24 22 having a first optic axis 23 formed at a first angle, then to a second birefringent

25 layer 24 having a second optic axis 29 formed at a second angle, then to an analyzer



3hyperspectral imaging device. O her enbodi nents suitable for other
applications 4such as environmental nonitoring of chem cals and
pollutants, satellite imging, 5search and rescue m ssions,

noni toring of crops, mneralogy identification such as 6oil fields,
vision for industrial_automation, nedical gf nsi c ,
appl i cat #oA8eN By 19NSRE Whish feser ihe fgionia r%@oo VHBWH a&ﬁ@f@&i GPuRlinge
benefit of this disclosure. 8 9[0017] Turning now to the draw n

Fig. 2 idevise elvisital eamera@lof Thenanalagr 2§ eeancenal ey analea’ttwh@gn%e
wi th one enbodi nent suitable for use as a hyperspectral inmaging
11deVA cerelated imthegedaridey angle Zthodeneraly,dee roalyz® arglesmither thenseme as
| ightweight with a 12 small footprint and a subassenbly can be
assenbl etiewidldriser anylewdthngspéctttt ¢hel Renareoraat a190°15{d0O08h résmect B tleows
a schematic optical |ayout of an enbodi nent of the device. Light 16
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a pol arisation angle pol arisation angle 21 19 is shown to be
formed in an X-Y plane. The X-Y plane is generally perpendicular to
20the Z-axis as shown in Fig. 2. The polariser transmts |ight
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| ayelro two virtual sources that are orthogonal components of the polarised light. These

11 components are sometimes referred to as the extraordinary ray or e-ray and ordinary
12 ray or o-ray. The e-ray and the o-ray have different refractive indices. Consequently,
13 one ray travels faster than the other through the layer 22 resulting in a phase

14 difference between the e-ray and o-ray. The resulting phase 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 23, an angle between a plane containing the optic axis 23 and a plane
18 of incidence of the light, a wavelength of the polarised light, a thickness 25 of the

19 layer and a material of layer 22.

20

21  [0020] The first birefringent layer is positioned between the polariser and the second
22 birefringent layer such that the e-ray and o-ray exit the first birefringent layer 22 and
23 immediately enter the second birefringent layer 24. Preferably the birefringent layers

24 22, 24 are in direct contact with one another as shown in the embodiments of the

25 Figs. The second birefringent layer 26 has a second angle 29 which is related to the



2422 having a first optic axis 23 forned at a first angle, then to a
second birefringent 25 | ayer 24 having a second optic axis 29 forned
at a second angle, then to an analyzer 126, then to a |l ens 28 which
focuses the light onto a field of view of a charge coupling 2 device
of a digital canera 30. The anal yzer 26 has an anal yzer angle 31

whi chl i sfirst angie @3. tlo thbembodiménte reprgéred by Figerik th sgcondherefiragieptz er
angle is either the sane as 4 the polariser angle with respect to the
X-axixs oayat2acipengites for the plesseedifieteact henémoddlsy therfirstigteringent
exanpl e, the polariser angle 21 can be 45 with respect to the 6
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X-axis. 7 8[0019] After passing through the polariser 20, the
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11 are used to generate linear fringes. The optic axis 23 of the first birefringent layer 22
12 lies at an angle from the X-axis in an X-Z plane, where the X-Z plane is defined by
13 the X-axis and the Z-axis. Optionally the first angle is 30-60° from the X-axis, and
14 more preferably at +45° from the X-axis, since this angle is associated with
15 generation of fringes requiring reduced computational processing. In this
16 embodiment, the optic axis 29 of the second birefringent layer 24 is within +10° of
17  the Y-axis, and more preferably perpendicular to the Z-axis and along the Y-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 45° and a second angle of 90° is associated with
21 generation of fringes requiring reduced computational processing. In this
22 embodiment, both layers have positive birefringence, such that the velocity of the
23 ordinary ray is greater than that of the extraordinary ray. Although a first angle of 45°

24  and a second angle of 90° is recited in this embodiment, a similar result can be

25 achieved with other angles by adjusting thicknesses 25, 27 or material selection of



19l ayer and a material of layer 22. 20 21[0020] The first
birefringent |ayer is positioned between the polariser and the second
22birefringent |ayer such that the e-ray and o-ray exit the first
birefringent |ayer 22 and 23innediate|y enter the second birefringent
| ayer 24. Preferably the birefringent rs 24 22, 24 are in direct
cont dct Wetdvespe2a f%@uec&\selbhélﬁﬁ i ghig ﬁ %@ﬁ‘lﬁwtnﬁﬂ%%ﬁ'% the sl gs.
The second birefringent |ayer 26 has a second angle 29 which is

rel atZed hiceftingent idyer.dhe shgreda®larisedtireamamerdeisibasscorgpbisefengent layer.
Fig. 2, the second birefringent 2l ayer 24 conpensates for the phase
di  f & entree geagirathedirdhbitehindgent Byebbeafmengrentrapiraiperseognd biretiggeant

sl ow axis of the second birefringent |ayer orthogonal to a slow axis
4 of 4 heafér stkebiigeetiid aganin thaiest biréfrihgenvlapgr dcopteassn eirhy artaece
conpensated in the 5second birefringent layer is a function of

several fuRpaMirethgeht laber. Inis edboadinterit hte BhitkiYss 2576 thd pBSitivd arst
propagation direction of e-ray and o-ray within the |ayer 24, a cut
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wavel engt he "‘pol ari sed 8light, a thickness of the layer and a

mat er) al blfgfr||l1 6%424 ﬁ%‘i’i‘?%ﬂ;&dé‘ﬁcﬁﬁraﬂanﬁa\e’b% bl gbly, erial.

advant ageous ent 1ayers 1are use
genergate Ilnear fr| nges. The optic axis 23 of the first bi refrl ngent
| ayer” 22 12l ies at an angle fromthe X-axis in an X-Z plane, where
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10  the birefringence of the first layer, but if the birefringence is adjusted, then the

11  Dbirefringence of the second layer must be adjusted as well. For example, a positive
12 first birefringent layer 22 has an optic axis lying in the X-Z plane at -45° from the X-
13 axis. The corresponding second birefringent layer 24 has the same second angle as
14  described in the paragraph immediately above, and has positive birefringence. For
15 either first angle, if the birefringence of the first layer 22 is switched to negative

16 birefringence then the birefringence of the 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 s less than the first thickness 25.

20

21 [0023] Fig. 3 illustrates a schematic of optical layout of another embodiment where
22 the first birefringent layer 22 and the second birefringent layer 124 are of different

23 materials. The layers 22, 124 have opposite birefringence merely in the sense that
24 when one is positive the other is negative. The optic axis of the first birefringent

25 layer 22 lies in the X-Z plane and the optic axis of the second birefringent layer 124



l4nore preferably at +45 fromthe X-axis, since this angle is
associated wth 15generation of fringes requiring reduced

conput ational processing. In this l1l6enbodi nent, the optic axis 29 of
the second birefringent layer 24 is within 100 of 17the Y-axis, and
nore preferably perpendicular to the Z-axis and along the Y-axis.
18Thils dies ialtlsXpeplenpreswdd Tae fust angde mayrhy thewarte asthesscond angle
X-axis or Z-axis. In 19 these enbodi nents the second angle 29 is in a
pl ane orwittogempatt thdhé Keaxis.r She &rsflayeP Q2 has pagitive birefrihgesde amythe of 45
and a second angle of 90 is associated with 2lgeneration of fringes
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11 range required to improve signal-to-noise ratio.

12

13 [0024] As with the embodiments of Fig. 2, the linearly polarised beam from the

14  polariser enters the first birefringent layer 22 and is laterally sheared into two virtual

15 components — the o-ray and the e-ray. Upon exiting the first birefringent layer, the e-

16 ray and the o-ray enter the second birefringent layer 124. With the embodiments of

17  Fig. 3 which have opposite birefringence, the e-ray in the first birefringent layer

18 remains an e-ray in the second birefringent layer. Likewise, the o-ray in the first

19  birefringent layer remains an o-ray in the second birefringent layer. In all of the

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

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

22

23 [0025] From any of the embodiments, the two beams with a net phase difference exit

24 the second birefringent layer and 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 [0022] The enbodi ment descri bed above can be varied by adjusting
the first angle or 10the birefringence of the first layer, but if the
bi refringence is adjusted, then the 1llbirefringence of the second

| ayer nust be adjusted as well. For exanple, a positive 12first
birefringent |ayer 22 has an optic axis Iy@gﬂglnthe X-Z plane at -45
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has the sanme second angl e as l1l4described in the paragraph i medi ately
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11 but not necessarily perfecily consistently spaced apart. Such linear, evenly spaced

[2  fringes are advantageously much easier to process into useful spectrum data than

13 the nonlinear, unevenly spaced hyperbolic or conoscopic fringes generated by some

14 known technologies.

15

16 [0026] An interferogram for a point is built up from the 'intensity values of that point

17  taken from each and every image captured by the device. Fig. 7 shows a

18 representative plot of an interferogram with intensity of light on the Y-axis and an

19 angle range along the X-axis. This would be the case where at least the

20  subassembly is rotated with respect to the outside source or scene. The

21  interferogram may also be generated by generating a sequence of fringes over a

22 period of time. Rotation may occur by use of a motor (not shown) operable to move

23 at least the subassembly. The intensity value of a point fluciuates as the fringes

24  shifts with respect to the point. A processor can be used to process the raw image

25  of spectral information into a processed image by use of Fourier transforms, for

10



4 fromthe X-axis and the second angle 129 is independently at 45
fromthe X-axis 5 as well. The second angl e can be, for exanple, an
angl e equal in magnitude and 6opposite to the first angle with
respect to the X-axis, such as -45 when the first 7 angle is +45.

Al so, the birefringence of the |layers may be swi tched such that the
8first |exasmple2 Thapreeagsed eags has airaggmelevavriendies gdg.ohavhielyean bes
has positive 9birefringence. Since the |ayers 22, 124 conprise

di f f & encormpdred ivaihsg rederehce ppedrub®i frigr Haodeéehtifnthehrange stivavelgngthgoal .
The chirp advant ageously hel ps reduce a dynam c llrange required to

I npr @ve thegradessed mage Arémativdy, the pisbdéboritasrddess ea esfeashiceent s of
Fig. 2, the linearly polarised beamfromthe 1l4pol ariser enters the

firsty bi $rlctuROEY. 5) Wiera Bdgand waveledbBisHrdyatsbanoad of atrangaver vi rt ual
15conponents - the o-ray and the e-ray. Upon exiting the first

bi r efy i rlgﬁ\ﬂétlerllgibf@fzan b@%e%cté@)ﬁé{ ud8brithe d@m'f:@}’arﬁﬂth%rdetvrb% GRCRAEA a
bi refringent l|ayer th tthe enbodi nents of 17Fig. 3 which have

oppo%l teséﬂl'rééaforr‘tﬁ@gél&?ceﬂtrgﬁgeeeof\gé(\ﬁléheéft@ first b| refringent |ayer

18remains an e-ray int ringent layer. Likew se, the
o- raﬁ in the flrst 19birefringent layer remains an o-ray in the
second birefringent layer. In all of the 20 above enbodi nents, upon

ot {4 S5 oSSR Bl e B bR Befgh, 2P
LRI R o VIR R AL W
anal 1%2eraltzegﬁati-l\_/te]%n?[?oadlir%ér?trs ang piogsible without departing from the true scope and

11  spirit of the invention. The embodiments discussed were chosen and described to

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

13  application to thereby enable one of ordinary skill in the art to use the invention in

14  various embodiments and with various modifications as are suited to the particular

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



25used to make the exiting e-ray and o-ray pol ari sed beans interfere.
Alternating 1bright and dark intensities are fringes which are
captured by the CCD (canera) 30 as 2 a raw i mage upon focusing of

| ight received fromthe analyzer by the focusing |l ens 328. See Fig.

6. The generated fringes will be superinposed onto the imge of the 4
out si de source or scene captured by the CCD. In accordance with a

hi ghl y 5advant ageous feature, use of the optics of the subassenbly
(pol ariser, first 6birefringent |ay&tAlM8cond birefringent |ayer and
anal yzer) as disclosed herein 7produces fringes which are generally
linear anWhavisiaimegissed. It will be readily 8apparent to those
skilled in the art given the benefit of this disclosure, that |inear
here 9means generally |inear or parallel and not a perfect

mat hemati cal relationship, and 10t hat generally evenly spaced apart
fringes ate geéneyrerdpectaiiinduingalevicy fompaeadsngdght, 2dmpiisingtin
necessarily perfectly consistently spaced apart. Such |inear, evenly
spaced lzZxdmbimglies: ar e advant ageously much easier to process into
useful spectrumdata than 13the nonlinear, unevenly spaced hyperbolic

Or conoscopi ¢ afpolatigesdeies &1 XY PEns ﬁaiﬁnglémoaws AIRFENOL,94) vRRreid an
16[ 0026] An interferogramfor a point is built up fromthe intensity

val ues ofoptibdltaxie@ixtinds Aldrlee P-aklsQBrsaeRtupi ey A1) Bng AR pEIShePY

the device. Fig. 7 shows a 18represent ative plot of an interferogram

L o S P B ) RS BB O AR 1
plane;

a first birefringent layer having positive birefringence or negative birefringence
and having a first bpﬁc 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 a second optic axis formed at a second
angle, wherein the second angle is within £10° of the Y-axis and the second
birefringent layer has the same birefringence as the first birefringent layer,

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, and

wherein light transmitted to the camera forms linear interference fringes.

2, The hyperspectral Imaging device of claims 1, wherein the first birefringent
layer has a first thickness which is uniform, and the second birefringent layer has a

second thickness which is uniform.

12



20 subassenbly is rotated with respect to the outside source or
scene. The 2linterferogram may al so be generated by generating a
sequence of fringes over a 22 period of tinme. Rotation may occur by
use of a notor (not shown) operable to nove 23at |east the
subassenbly. The intensity value of a point fluctuates as the fringes

24 shifts 3w t hThehpesrspdotrat intaging deviceAT plairs ¢ swhéreithe RecorEflickSess is
process the raw i mage 250of spectral information into a processed-

i mage by usse tedn fheykdiekickileagsforns, for 1 exanple. The processed
i mge has a range of wavel engths (Fig. 4) which can be 2 conpared

with a reference spectrum (Fig. 5) to identify the range of
wavel engths of 3 the processed inmage. Alternatively, the processor

has accesg to : W,{ i i ‘ of
wavel engt ﬁ's an%hg‘féﬁicgt%ﬁgﬂa adréglr)l'(gée:rbo Ssﬁ‘b%{épgﬁé’f‘ ﬁgg’ggn be

sel ected i Hlﬁﬁ' of the device, and the device can scan a 6 source
for the se ecPe range of wavel engths. 7 8[0027] Fromthe foregoing

S:esé'pSZt’;ﬁt a[‘ﬁaaé’vz%v@%e.*Q%@ﬂﬁ%%%‘FP%;%Eﬁs%%yf%%h%—fﬂ%é@%ﬁ‘%ﬁ%ﬁeﬁ%}% o !
Scope ancReATR VIR ER e R O R
bt mol pl 48 20FPERE Fven FORISsRibRelerRpR et palprslapsodeTesd fare v

t her eby erPabI_e one of ordinary skill in the art to use the invention

in 14 vaf'Y enbodi ments and with various nodifications as are

suited to the artblcP.Iar . e e L
alirst birefringent layer having positive birefringence or negative birefringence

and having a 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 a second optic axis formed at a second
angle, wherein the second optic axis lies in Ian X-Z plane and the second birefringent
layer has the opposite birefringence as the first birefringent layer and;

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

wherein light transmitted to the camera forms linear interference fringes.

i
-3

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

with respect to the X-axis.

13



15use contenplated. Al such nodifications and variations are within
t he scope of the 16 invention as determ ned by the appended cl ai ns
when interpreted in accordance 17with the breadth to which they are
fairly, legally, and equitably entitled. CLAIMS Wiat is clained is:
1. A hyperspectral imaging device for processing light, conprising, in
conbi nati 8n:  The hypergmdcatl inrbindafdvitetd cRing1 ¥nd UaRReRAVINBSEnafzef axi s
and a Y-axis, wherein an optical axis extends along a Z-axis

per pendi cahgié is thd Smelay tHy ﬁd]@'ise@ag%i& WRthREd Rt ®BRe i)@aﬁ?ﬁ%%“%ﬁ@ﬁ -

transmt light linearly polarised a polarisation angle for

the X-Y pleapédt to the po;é\rig‘ei,-raﬁélepi refringent |ayer having positive

bi refri ngence or negative birefringence and having a first optic axis
at a first angle formed in an X-Z plane forned by the X-axis and the
Z- axi s; a second birefringent |ayer having a second optic axis

fornmed atya s Y=Y . n is within 1 00, of
the Y-axi & and EnEPaspear BEUR HebleePRana Kk Srishallhe it ange's
bi refringegn Lirst birefringent |ayer, an anal yzer
adapted to ?réﬁjznrr?r[é%ﬁéﬁt fromthe second birefringent |ayer to a
canera, wherein the light so transmtted is linearly polarised at an
anal yzer angle-fornmed in the X-Y plane, and wherein light transmtted

to the canmera inear.interference fri s. . 2.The hyper_speg:t.ral
| magi g Sovi cAne Vel e iR o 72 A Biei b eI I HOa 13 G8T  has
a first L ckn which is uniform and the second birefringent |ayer
has a sei%h'&h?ﬁf'iﬂ%gss which is uniform 3. The hyperspectral

i mgi ng device of claim1l, wherein the second thickness is | ess than
the first thickness. 4. A hyperspectral imaging device for processing

l'ight, cgnprisin in compination:, _a polariser defining an X-Y
pl ane ha@i ng —QT‘F &pgﬁpgcgﬂldmggvgé{%@g ohpigineAnwbgretsidhe saronsbanglesist ends
along a Z-axis perpendicular to the X-Y plane, and the polariser is
adapt ed $94 Fhrﬁgﬂﬁ" ude;apdonppsiteaiol the fict apgle adthaesnechis the deatis.on angl e
formed in the X-Y pl ane; a first birefringent |ayer having -
positive birefringence or negative birefringence and having a first
optic axhﬁ ah_a first angle formed in an X-Z plane formed by the
X-axis affi t H&ehypgispectral imaging dewes aticlaimect andhgditherapmprisiagiang a
second ggtic axis fornmed at a second angle, wherein the second optic
axi s | i decysnglgnxpositipnaddaiwaen the anabaatans thefoemegnrharaindhe foassinge
opposite birefringence as the first birefringent |ayer and,

lens focuses light received from the analyzer on the camera.

11.  The hyperspectral 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 hyperspectrai 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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an anal yzer adapted to transmt light fromthe second birefringent

| ayer to a canmera, wherein the light so transnmitted is linearly

pol ari sed at an anal yzer-angle forned in the X-Y plane, and wherein
light transmitted to the canera forns |linear interference fringes.
5. The hyperspectrai imaging device of clains 1 and 4, wherein thre
pol ari sat i18n albé dyparsgéctivié naginyg dévide ofegimstl and 4, Wbeléimkght passing he
anal yzer angle is 45 degrees with respect to the X-axis. 6. The
hyper specfioat thiemaiarisgr idethié camefa prodices alragithage, aitefuether doneprizimglay zer
angle is the sanme as the polariser angle with respect to the X-axis
or at 900 pwiceBsdrastite brob@sselehd plvaim sgeinte Atir8ceséed Hhggdlyper spect r al

i magi ng device of clains 1 and 4, wherein the first angle is 30-60
fromthe X-axis. 8. The hyperspectral inmaging device of claim?7,
wherein the first angle is 450 fromthe X-axis. 9. The hyperspectral
| magi ng dexi ceried iRl MBBTBIdRVIc B FERPTS ARBLIA the pRERor has

magni t ude and opposite to the frrst ang h respect to the X-axis.

10. The hyRRssBeS iéidfonbBRALAMISNA § fhokbad adk ik (ngbuf t her
conprising a focusing |lens positione etween the analyzer and 'the
caner a, : . | e
nal yzer " aveipbthe Bulcni ol Ry LORHAES td dhbe LRSS O b
clainms 1 4 in.t £ i | nt |ayer and the second
birefrind%ﬁ?eT%® r%g@ngkﬂ%Pbg@§$gg%%§%{m@%&h one another. 12. The
hyperspectral imaging device of clainms 1 and 4, wherein the first
birefringent |ayer is positioned between the polariser and the second

and 4 wrer el b ReropaE REpoME R RES ity 1B PRpraGapra T
D oeeces Aok o P b i WA ot b d e

h | ' i f im1l3, wh i h
necese t o Bveletnth B EESeBR aftPaevie sBscaitr MRt ASs 2 ORRbe. of
wavel engt hs, , wherein the processor conpares the range of wavel engt hs
wth thev’faé(fe@Pgﬁ'ée spectrumto identify the processed image. 15. The

hyperspectral imaging device of claim 13, wherein the processor has
access to a reference spectrumw th a range of wavel engths, at | east

one of a_ ran of wavel engt hs, can be sel ected, and the device can
ecan for 1Bhe 5ef Emeé%Peﬁﬁﬂ @B&fn%&yaeémjm 4 WRaTRin e Sext Ssetipaent
i magi ng device of claim4, W,nfﬁr_ei n the first birefringent

ayer has afirst thickness which is uniform, and the second birefringent layer has a- .

second thickness which is uniferm.

17. The hyperspec_tral imaging device of claims 2 and 16 wherein the camera has
a field of view which receives light from the analyzer, and the first thickness and the

second thickness are uniform cver an area of the correspo

G
:
@

corresponding {o the field of view.

18.  The hyperspectral imaging device of claims 1 and 4, wherein the fringes are

evernly spaced.
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| ayer has a first thickness which is uniform and the second
birefringent |ayer has a second thickness which is uniform 17. The
hyper spectral inmaging device of clains 2 and 16 wherein the canera
has a field of view which receives Iight fromthe analyzer, and the
first thickness and the second thickness are uniformover an area of
the .rcdins birefingent |ayers corresponding to the field of view
18. The hyperspectral imaging device of clains 1 and 4, wherein the
fringes aﬂg» ev Eng hypssenssttal imagihg deviselof plains pewherain thewgeorg algle ise of
claim1l1, wherein the second angle is fornmed at 900 fromthe Z-axis
al ong t heformadiaé 90° f2@m thhB-axispadorgpibei-akisi magi ng device of clains 1
and 4, wherein the polariser, first birefringent |ayer, second
birefringent |ayer, and anal yzer conprise a subassenbly, and further
conprising a notor operable to nove the subassenbly.

20.  The hyperspeciral 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 fo move the subassembly.
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