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(54) COLOR FILTER USED WITH LIQUID-CRYSTAL POLARIZATION INTERFEROMETER

(57) An apparatus includes a liquid-crystal polariza-
tion interferometer that causes an optical path delay be-
tween a first and a second polarization of input light. The
liquid-crystal polarization interferometer includes a liq-
uid-crystal variable retarder that provides a variable re-
tardance in response to a voltage applied across the liq-
uid-crystal cell. First and second polarizers are located
on opposing sides of the liquid-crystal cell. The apparatus

includes an image sensor that senses interferograms
based on output light that passes through the liquid-crys-
tal polarization interferometer. The apparatus includes a
color filter that filters one of the input light and the output
light. The color filter has a spectral transmission charac-
teristic that passes more light in a blue spectral region
that in a red spectral region.
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Description

SUMMARY

[0001] The present disclosure is directed to a color filter used with a liquid-crystal polarization interferometer. In one
embodiment, an apparatus includes a liquid-crystal polarization interferometer that causes an optical path delay between
a first and a second polarization of input light. The liquid-crystal polarization interferometer includes a liquid-crystal
variable retarder that provides a variable retardance in response to a voltage applied across the liquid-crystal cell. First
and second polarizers are located on opposing sides of the liquid-crystal cell. The apparatus includes an image sensor
that senses interferograms based on output light that passes through the liquid-crystal polarization interferometer. The
apparatus includes a color filter that filters one of the input light and the output light. The color filter has a spectral
transmission characteristic that passes more light in a blue spectral region that in a red spectral region.
[0002] In another embodiment, a method involves causing an optical path delay between a first and a second polar-
ization of input light via a liquid-crystal polarization interferometer. The liquid-crystal polarization interferometer includes
a liquid-crystal variable retarder that provides a variable retardance in response to a voltage applied across a liquid-
crystal cell, and further includes first and second polarizers on opposing sides of the liquid-crystal cell. One of the input
light and output light that passes through the liquid-crystal polarization interferometer is filtered such that proportionally
more light is passed in a blue spectral region than in a red spectral region. Interferograms are formed based on the
output light.
[0003] These and other features and aspects of various embodiments may be understood in view of the following
detailed discussion and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The discussion below makes reference to the following figures, wherein the same reference number may be
used to identify the similar/same component in multiple figures. The drawings are not necessarily to scale.

FIGS. 1 and 2 are plots showing an input spectrum and response of a hyperspectral imager to the input spectrum
according to an example embodiment;
FIGS. 3 and 4 are plots showing characteristics of an image sensor according to an example embodiment;
FIGS. 5, 6, 7, 8, and 9 are plots showing transmission and sensitivity characteristics of a polarization interferometer
according to an example embodiment;
FIG. 10 is a plot showing a transmission profile of a filter according to an example embodiment;
FIG. 11 is a plot showing sensitivity of a hyperspectral imager combined with a filter according to an example
embodiment;
FIG. 12 is a diagram of an apparatus according to an example embodiment;
FIG. 13 is a flowchart of a method according to an example embodiment; and
FIG. 14 is a diagram of a system and apparatus according to an example embodiment.

DETAILED DESCRIPTION

[0005] The present disclosure relates to hyperspectral imaging devices. Hyperspectral imaging devices described
herein use a polarization interferometer that is configured to introduce a variable optical path delay in components of
light that pass through the interferometer. The device that causes the path delay (referred to as a variable optical retarder)
is placed between two polarizers such that the variable path delay is introduced between first rays in an incident polar-
ization direction and second rays in an orthogonal polarization (e.g., ordinary and extraordinary rays). This path delay
causes a wavelength-dependent phase shift between the first and second rays. The path delay causes light exiting the
polarization interferometer to form common-path interferograms that are detected via an optical sensor, e.g., a focal-
plane array.
[0006] A polarization interferometer can use one or more liquid-crystal (LC) cells as a variable optical retarder. Such
a device is referred to herein as a liquid-crystal variable retarder (LCVR). Generally, liquid-crystal (LC) materials are
liquids having some crystalline properties (e.g., orientation of internal structures, such as the LC director that indicates
the local average alignment of LC molecules) that can be selectably altered by applying an external stimulus, such as
an electric field or a magnetic field. A change in orientation of the LC director alters the optical properties of the LC
materials, e.g., changing the optical axis of the LC birefringence.
[0007] An LCVR generates a variable optical path delay (also referred to as a variable retardance) between two
orthogonal polarizations of light that travel through the liquid crystal. One or more liquid-crystal cells within the LCVR
function as electrically tunable birefringent elements. By varying the voltage across the electrodes of the liquid-crystal
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cell, the cell molecules change their orientation, and it is possible to controllably change the optical path delay over a
period time.
[0008] To create a polarization interferometer with an LCVR, the LCVR is placed between a first polarizer and a second
polarizer with nominally parallel or perpendicular polarization axes. The slow axis of the LCVR (the polarization axis with
the variable optical path delay) is oriented nominally 45 degrees with respect to the polarization direction of the first
polarizer. Incoming light is polarized to an incident polarization direction by the first polarizer. Because the slow axis of
the LCVR is at 45 degrees with respect to this incident polarization direction, the polarized incident light can be described
in terms of a portion of light polarized parallel to the slow axis of the LCVR and a portion of light polarized perpendicular
to this axis.
[0009] As the light passes through the LCVR, it acquires a wavelength-dependent relative phase shift between the
first and second polarizations, thereby leading to a wavelength-dependent change in the polarization state. The second
polarizer, or analyzer, oriented either parallel or perpendicular to the first polarizer, interferes the portion of light polarized
parallel to the slow axis of the LCVR with the portion of light polarized perpendicular, changing the wavelength-dependent
polarization state at the output of the LCVR into a wavelength-dependent intensity pattern that can be sensed by an
optical detector or a focal plane array. By sensing this intensity while varying the retardance of the LCVR, it is possible
to measure an interferogram of the incoming light, which can be used to ascertain spectral properties of the incoming light.
[0010] An noted above, an LCVR is used in hyperspectral imaging applications because of its abilities to encode
spectral information of the incident light into an intensity pattern that is easily measured with a non-spectrally-resolving
detector. Hyperspectral imaging refers to methods and devices for acquiring hyperspectral datasets or data-cubes, which
may include images where densely sampled, finely resolved spectral information is provided at each pixel.
[0011] One issue seen with some hyperspectral imaging devices is decreased sensitivity in the blue with respect to
sensitivity in the red. This difference in sensitivity degrades the dynamic range of these hyperspectral imaging devices
across their detectable range of the optical spectrum. When performing Fourier-transform hyperspectral imaging, e.g.,
using an LCVR polarization interferometer, there are multiple factors that all contribute to decreased sensitivity at shorter
wavelengths (e.g., 400 - 500 nm and below, or a blue spectral region) with respect to longer wavelengths (e.g., 500 -
600 nm and above, or a red spectral region). These factors will be explained in more detail below.
[0012] This lack of sensitivity at shorter wavelengths can be problematic due to the time- and wavelength-multiplexed
image acquisition of such systems, meaning that at any given time, light from across the hyperspectral imager’s spectral
range is detected at the image sensor. Shot noise from each wavelength is distributed across the full reconstructed
spectrum. Thus, if a spectrum to be sensed has equal energy per unit wavelength, but the hyperspectral imager has
poor short wavelength sensitivity, the short wavelength signals will be obscured by shot noise generated at longer
wavelengths.
[0013] In addition, the spectral reconstruction of such systems is not perfect and there is generally some degree of
spectral leakage. For example, a monochromatic light source in the red will have sidebands in the reconstructed spectrum
that show up in the blue. If the sideband suppression is on the order of (or less than) the relative sensitivity between the
red and the blue, the red light source will severely distort any genuine signal in the blue.
[0014] The scenario described above can be visualized by plots in FIGS. 1 and 2. FIG. 1 shows a plot of spectral
power per unit wavelength emitted by a Xenon arc lamp, and FIG. 2 shows spectral sensitivity and resolution charac-
teristics of a hyperspectral imager according to an example embodiment. To generate these figures, light from a Xenon
arc lamp was sent through a monochromator into an integrating sphere with an optical power detector coupled to one
of the ports. The monochromator was advanced in 10 nm steps from 400 nm to 1000 nm as the power detector recorded
the optical power, in a narrow band of wavelengths centered at the monochromator wavelength, entering the integrating
sphere. This power vs. wavelength curve is plotted in FIG. 1. Meanwhile, a hyperspectral imager was pointed at a second
integrating sphere port to image the diffused light from the monochromator, resulting in a hyperspectral data-cube for
each monochromator wavelength. A spatial average from a small area of each hyperspectral data-cube is plotted in
FIG. 2; each curve represents the hyperspectral imager line shape for one monochromator wavelength, and the area
under each curve corresponds to the product of the hyperspectral imager sensitivity at a given wavelength with the
Xenon lamp power emitted at that wavelength as shown in FIG. 1. It can be seen that sensitivity to the blue wavelengths
is much lower than sensitivity to the red wavelengths. Also, it can be seen that the sidebands of the red wavelengths
that appear in the blue have similar magnitude as the peak signal in the blue, and this would significantly distort most
blue signals in the presence of red signals.
[0015] The problems illustrated above can be solved by combining the hyperspectral imager with a specific kind of
optical filter known as a color temperature compensation filter, which is intended to increase the apparent color temper-
ature of a light source. These filters have an ideal characteristic for this application in that the optical transmission is
high in the blue and tapers off into the red, often to pick up again in the near-infrared, which can compensate relatively
lower spectral sensitivity in that spectral range as well. This characteristic, when multiplied with the spectral sensitivity
of a hyperspectral imager, will flatten the overall sensitivity curve and help to increase the dynamic range across the
detectable optical spectrum. In the discussion that follows, a number of factors that may decrease the blue sensitivity
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of Fourier transform hyperspectral imagers based on liquid-crystal polarization interferometers are detailed. In addition,
mechanisms are described for compensating the uneven spectral sensitivity in order to maintain dynamic range across
the spectrum.
[0016] One contributor to the low blue sensitivity in some implementations is the responsivity of the image sensor,
which is a function relating the photocurrent generated to the incident optical power. It takes into account both the
quantum efficiency of the sensor as well as the fundamental fact that bluer (shorter wavelength) photons carry more
energy per photon than redder photons; thus, less photocurrent is generated per unit of incident power at shorter
wavelengths. This is depicted in the plots of FIGS. 3 and 4, which respectively show quantum efficiency and approximate
responsivity of an image sensor according to an example embodiment. As seen in FIG. 4, there is an approximately
three times difference in responsivity between signals at 400 nm and signals at 600 nm.
[0017] Another contributor to the low blue sensitivity in some implementations is the relationship between wavelength
and spectral resolution; for the utilized interferometric technique, spectral resolution scales as wavelength squared.
Therefore, for a spectrum with uniform optical power per unit wavelength, the measured energy per spectral band will
scale as wavelength squared, again decreasing dynamic range across the detectable optical spectrum.
[0018] Any path delay errors present across the clear aperture of the variable optical retarder will lead to phase
inhomogeneities (and loss of fringe contrast) that are more pronounced at shorter wavelengths relative to longer wave-
lengths. Over the wavelength ranges shown in the plots of FIGS. 1-4, this difference in fringe contrast may be 50% or more.
[0019] For hyperspectral imaging systems based on liquid-crystal polarization interferometers (and more generally for
hyperspectral imaging systems that employ transmissive optical elements), consideration should be given to liquid-
crystal cell substrate (e.g., glass) transmission and polarizer substrate transmission as well as degree of polarization
afforded by the polarizers. All of these quantities decrease at shorter wavelengths as shown in FIGS. 5 and 6. The plots
in FIG. 5 show optical transmission of a single liquid-crystal cell used in a polarization interferometer for a hyperspectral
imager according to an example embodiment, both with and without liquid-crystal material. As this cell was constructed
out of conventional soda-lime glass, there is a slight transmission dip as the transmission wavelength approaches 400
nm. This dip in transmission is compounded by the stacking of multiple liquid-crystal cells, which may be necessary to
build a liquid-crystal variable retarder with sufficient maximum optical path delay. The use of borosilicate glass or fused
silica substrates would help alleviate this issue. The transmission of the liquid-crystal (LC) material was inferred by
comparing the transmission of an empty LC cell to the transmission of a cell filled with LC; in the case of this measurement,
the LC transmission was relatively uniform. However, all the considerations regarding uniform spectral transmission for
the different substrate and polarizer materials also apply to the LC material. The plot in FIG. 6 shows transmission of
two polarizer substrate types and four polarizer types. Polarizer substrates and polarizer types can be chosen to have
uniform (or as uniform as possible) transmission from the red to the blue or across the detectable optical spectrum.
[0020] In FIGS. 7-11, various plots show the compounding effect of the different factors contributing to non-uniform
sensitivity of a hyperspectral imager embodiment, and what happens when some of these factors are addressed. In
FIG. 7, a plot shows the combined effect of transmission through a liquid-crystal polarization interferometer (having two
filled liquid-crystal cells and two polarizers as in FIGS. 5 and 6) with the responsivity of the image sensor in FIG. 4. There
is an approximately 14x higher sensitivity in the red at 600 nm than in the blue (violet) at 400 nm. The plot in FIG. 8
combines the plot from FIG. 7 with the effects of the relative change of interferogram fringe contrast at different wave-
lengths and the wavelength-squared dependence of spectral resolution (and thus sensitivity to a source with uniform
power per unit wavelength).
[0021] The plot in FIG. 9 takes the plot from FIG. 8 and removes the effect of the non-uniform spectral transmission
of the liquid-crystal polarization interferometer. This assumes that the polarization interferometer spectral transmission
can be flattened by proper choices of LC material, LC cell substrates, and polarizers. The plot in FIG. 10 is a spectral
transmission profile of a color balancing filter (or color temperature shift filter) according to an example embodiment. In
this case, the color balancing filter has a color temperature shift of -200 mireds; the filter comprises a 2.5 mm thick slab
of LB-200 color glass, produced by Hoya® Corporation. The plot in FIG. 11 shows the hyperspectral imager sensitivity
of FIG. 9 after multiplication by the transmission of the filter shown in FIG. 10.
[0022] Therefore, in order to compensate for the non-uniform spectral sensitivities described above, an apparatus
(e.g., hyperspectral imager) includes one or more materials (e.g., substrate materials for polarizers and LC cells) with
polarizer efficiencies and compensating filter characteristics to create a spectral response that is relatively flat with
respect to wavelength, at least between the blue and the red. A preferred way to do this is to introduce in the optical
path a color temperature balancing filter of the sort used to increase the apparent color temperature of incandescent
(e.g., tungsten-halogen) light sources. The color temperature shift of such a filter, in "mireds", is shown in Equation (1)
below, where K1 is the color temperature of an incandescent source, and K2 is the apparent color temperature of the
source as viewed through the filter. Another way to characterize the "mireds" of a filter that would be suitable to increase
the blue sensitivity relative to the red is shown in Equation (2) below, where Tr is the average filter transmittance value
(in %) across 610 nm, 635 nm, and 655 nm, and Tb is the average filter transmittance value (in %) across 405 nm, 435
nm, and 465 nm. 
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[0023] In FIG. 12, a block diagram illustrates an imaging system 1200 and apparatus according to an example em-
bodiment. The system 1200 includes a liquid-crystal polarization interferometer 1202. The liquid-crystal polarization
interferometer 1202 includes a liquid-crystal variable retarder 1204 that provides a variable retardance in response to
a voltage applied across one or more liquid-crystal cells 1204a (e.g., via electrodes deposited on cell substrates 1204b;
note that liquid-crystal cells 1204a can comprise additional cell substrates and electrodes not indicated in the figure).
First and second polarizers 1206, 1208 are located on opposing sides of the liquid-crystal variable retarder. The liquid-
crystal polarization interferometer 1202 causes an optical path delay between first and second polarizations of input
light 1201. An image sensor 1210 senses interferograms 1211 that are formed from relative path delays in polarization
components of the output light 1203 that have passed through the liquid-crystal polarization interferometer 1202 and
that have interfered at the second polarizer 1208. The liquid-crystal cell(s) of the liquid-crystal variable retarder 1204
and either of the two polarizers 1206, 1208 may be formed of a fused silica substrate and/or a borosilicate substrate.
[0024] The system 1200 also includes a color filter 1212 that filters the light sensed by the image sensor 1210. The
color filter 1212 has a spectral transmission characteristic that passes more of the light in a blue spectral region than in
a red spectral region. The color filter 1212 may, for example, compensate for a decreased sensitivity of the image sensor
1210 in the blue spectral region, e.g., by increasing an apparent color temperature of input light 1201.
[0025] The color filter 1212 is shown in this example located between the liquid-crystal polarization interferometer
1202 and the image sensor 1210. The color filter 1212 could be located at other locations within the system 1200, as
indicated by dashed lines 1213-1217. The color filter 1212 may include one of an absorption filter and an interference
filter, and multiple filters 1212 of the same or different types may be used. The color filter(s) may have a combined color
temperature shift between -20 and -400 mireds, and/or have properties that modify the wavelength dependence of the
interferograms to a relative difference of 1% to 100% between red and blue wavelength bands, respectively.
[0026] In FIG. 13, a flowchart shows a method according to an example embodiment. The method involves causing
1300 an optical path delay between a first and a second polarization of input light via a liquid-crystal polarization inter-
ferometer. The liquid-crystal polarization interferometer includes a liquid-crystal variable retarder that provides a variable
retardance in response to a voltage applied across a liquid-crystal cell, and also includes first and second polarizers on
opposing sides of the liquid-crystal cell. One of the input light and output light that passes through the liquid-crystal
polarization interferometer is filtered 1301 such that proportionally more light is passed in a blue spectral region than in
a red spectral region. Note that the blue light amplitude does not need to be greater (in an absolute sense) than the red
light amplitude due to this filtering 1301, just that the relative amount filtered of blue is less than that of the red. Inter-
ferograms are formed 1302 based on the output light.
[0027] In FIG. 14, a block diagram illustrates an apparatus 1400 that performs image processing according to an
example embodiment. The apparatus 1400 includes a device controller 1402, which may include one or more processors,
such as central processing units, subprocessors, graphics processing unit, digital signal processors, etc. The controller
1402 is coupled to a memory 1404 that includes functional modules that will be described in greater detail below. The
memory 1404 may include a combination of volatile and non-volatile memory, and may store instructions and data as
known in the art.
[0028] The apparatus 1400 includes an optical section 1406 with an external optical interface 1408 that receives light
from outside the apparatus 1400. The external optical interface 1408 may include windows, lenses, filters, apertures,
etc., suitable for passing light 1409 from outside the apparatus 1400 to internal optical components. In this example, the
external optical interface 1408 is shown coupled to an external lens 1410.
[0029] A polarization interferometer 1412 is located in the optical section 1406 of the apparatus 1400. The polarization
interferometer 1412 is coupled to the controller 1402, e.g., via electrical signal lines. The controller 1402 applies signals
to the polarization interferometer 1412 to cause a time-varying optical path delay or retardance in an LCVR 1412a that
is part of the interferometer 1412. This time-varying optical path delay causes a shift between different polarizations of
the light 1409, resulting in output light 1411 forming interferograms that vary as a function of the optical path delay. The
interferograms are detected by an image sensor 1414 (e.g., an array of sensor pixels, focal plane array) which is also
coupled to the controller 1402. The image sensor 1414 may form still images and/or video frames based on the inter-
ferograms.
[0030] A retardance controller 1418 instructs the device controller 1402 to apply a control signal to the LCVR 1412a
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to achieve a time-varying retardance trajectory. An image processor 1420 uses this retardance trajectory as a measure
of time-varying path delay together with interferograms detected at the image sensor 1414. Each detected interferogram
can be processed by calculating a transform as a function of the path delay at a corresponding position of the LCVR
1412a, and together the processed interferograms as a function of position result in spatially resolved spectral information,
e.g., a hyperspectral data-cube. The hyperspectral data-cube may be presented as one or both of still images and video.
[0031] The optical section 1406 includes a color filter 1430 that filters one or more of the input light 1409 and the output
light. The color filter 1430 has a spectral transmission characteristic that passes more light in a blue spectral region that
in a red spectral region. The color filter 1430 compensates for, among other things, a decreased sensitivity of the image
sensor in the blue spectral region. The color filter 1430 may include an absorption filter or an interference filter. The color
filter 1430 increases an apparent color temperature of a source, such as having a color temperature shift between -20
and -400 mireds. The color filter 1430 may modify the spectral sensitivity of the apparatus to a relative difference of 1%
to 100% between red and blue wavelength bands, respectively. In other embodiments, the color filter may be included
in an external optical assembly, such as the lens 1410, through which input light 1409 passes.
[0032] Given that liquid-crystal polarization interferometers can be used in hyperspectral imaging systems as well as
other apparatuses that perform spectral sensing, it may be beneficial to include in such apparatuses a source of illumi-
nation with an optical spectrum tailored to compensate for their non-uniform spectral sensitivities. For example, the
apparatus 1400 may include a source of illumination 1440 that is directed external to the apparatus 1400 to illuminate
external scenery. Light from the source of illumination 1440 then reflects off the external scenery, incorporating information
about the reflection spectra present in the external scenery, and it enters the apparatus 1400 as input light 1409. The
lens 1410 therefore images the external scenery illuminated by source 1440 onto the FPA 1414. If, as in present
embodiments, the sensitivity of apparatus 1400 is lower in blue spectral ranges than it is in red spectral ranges, the
source of illumination 1440 can include a higher intensity of light in blue spectral ranges than in red spectral ranges to
compensate for this. Such a source of illumination 1440 can comprise multiple narrowband sources, e.g., LEDs, with
individually tailored output intensities and center wavelengths. Or, it can comprise a high color temperature source, such
as a xenon arc lamp. External scenery can be illuminated via a combination of light from source 1440 and ambient light.
Source 1440 may be filtered with a color filter similar to filter 1430 used in the present embodiment to increase the ratio
of blue light to red light.
[0033] The apparatus 1400 may be configured for a number of applications. For example, the apparatus 1400 may
be configured as a mobile device (e.g., portable camera, mobile phone, tablet, wearable device) and/or an accessory
for a mobile device. Generally, a mobile device may include a mobile power supply (e.g., batteries, fuel cells, solar cells)
and may have a size and weight suitable for being transported by the user. The mobile device may be configured such
that the controller 1402 is capable of performing image processing internally, although may still be configured to transfer
unprocessed or processed data to an external computer 1424 via a data interface 1422. The data interface 1422 may
include a wireless interface, e.g., WiFi, Bluetooth, etc.
[0034] The various embodiments described above may be implemented using circuitry, firmware, and/or software
modules that interact to provide particular results. One of skill in the relevant arts can readily implement such described
functionality, either at a modular level or as a whole, using knowledge generally known in the art. For example, the
flowcharts and control diagrams illustrated herein may be used to create computer-readable instructions/code for exe-
cution by a processor. Such instructions may be stored on a non-transitory computer-readable medium and transferred
to the processor for execution as is known in the art. The structures and procedures shown above are only a representative
example of embodiments that can be used to provide the functions described hereinabove.
[0035] Unless otherwise indicated, all numbers expressing feature sizes, amounts, and physical properties used in
the specification and claims are to be understood as being modified in all instances by the term "about." Accordingly,
unless indicated to the contrary, the numerical parameters set forth in the foregoing specification and attached claims
are approximations that can vary depending upon the desired properties sought to be obtained by those skilled in the
art utilizing the teachings disclosed herein. The use of numerical ranges by endpoints includes all numbers within that
range (e.g. 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5) and any range within that range.
[0036] The foregoing description of the example embodiments has been presented for the purposes of illustration and
description. It is not intended to be exhaustive or to limit the embodiments to the precise form disclosed. Many modifi-
cations and variations are possible in light of the above teaching. Any or all features of the disclosed embodiments can
be applied individually or in any combination are not meant to be limiting, but purely illustrative. It is intended that the
scope of the invention be limited not with this detailed description, but rather determined by the claims appended hereto.

Claims

1. An apparatus, comprising:
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a liquid-crystal polarization interferometer that causes an optical path delay between a first and a second
polarization of input light, the liquid-crystal polarization interferometer comprising:

a liquid-crystal variable retarder that provides a variable retardance in response to a voltage applied across
the liquid-crystal cell; and
first and second polarizers on opposing sides of the liquid-crystal cell;

an image sensor that senses interferograms based on output light that passes through the liquid-crystal polar-
ization interferometer; and
a color filter that filters one of the input light and the output light, the color filter having a spectral transmission
characteristic that passes more light in a blue spectral region that in a red spectral region.

2. The apparatus of claim 1, wherein the color filter compensates for a decreased sensitivity of the image sensor in
the blue spectral region.

3. The apparatus of claim 1, wherein the image sensor forms video frames from the interferograms.

4. The apparatus of claim 1, wherein the color filter comprises an absorption filter.

5. The apparatus of claim 1, wherein the color filter comprises an interference filter.

6. A method comprising:

causing an optical path delay between a first and a second polarization of input light via a liquid-crystal polarization
interferometer, the liquid-crystal polarization interferometer comprising a liquid-crystal variable retarder that
provides a variable retardance in response to a voltage applied across a liquid-crystal cell and first and second
polarizers on opposing sides of the liquid-crystal cell;
filtering one of the input light and output light that passes through the liquid-crystal polarization interferometer
such that proportionally more light is passed in a blue spectral region than in a red spectral region; and
forming interferograms based on the output light.

7. The method of claim 6, wherein the filtering compensates for a decreased sensitivity of an image sensor in the blue
spectral region, the image sensor sensing the interferograms.

8. The method of claim 6, wherein the filtering comprises increasing an apparent color temperature of the input light.

9. A hyperspectral imaging system, comprising:

a liquid-crystal polarization interferometer that causes an optical path delay between a first and a second
polarization of input light, the liquid-crystal polarization interferometer comprising:

a liquid-crystal variable retarder that provides a variable retardance in response to a voltage applied across
the liquid-crystal cell; and
first and second polarizers on opposing sides of the liquid-crystal cell;

an image sensor that senses interferograms based on output light that passes through the liquid-crystal polar-
ization interferometer, the interferograms used to create image frames;
a color filter that filters one of the input light and the output light, the color filter having a spectral transmission
characteristic that passes more light in a blue spectral region that in a red spectral region; and
a controller coupled to the liquid-crystal variable retarder and the image sensor, the controller configured to
control the variable retardance of the liquid-crystal variable retarder and convert the image frames to spatially
resolved spectral data.

10. The hyperspectral imaging system of claim 9, wherein the color filter comprises one of an absorption filter and an
interference filter.
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