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(57) Abstract: A two-dimensional hyperspectral imaging system for imaging a plurality of light signals of a sample by Fourier spec-
troscopy includes a first optical element, a second optical element, a phase difference modulator and an image sensor. The light signals
pass by the first optical element. The second optical element is spaced away from and parallel to the first optical element, and the light
signals pass by the second optical element. The phase difference modulator is closer to the first optical element than the second optical
clement to the first optical element, and configured for modifying a phase difference of adjacent two of the light signals. The image
sensor is configured for receiving the light signals reflected from the first optical element and the second optical element, and operating
Fourier transforming on the light signals. The second optical element is between the first optical element and the image sensor.
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TWO-DEIMENSIONAL HYPERSPECTRAL IMAGING SYSTEM AND
METHOD THEREOF

BACKGROUND

Technical Field

{B001] The present disclosure relates to an troaging system and method thereof.  More
particularly, the present disclosure relates to a two-dimensional hyperspectral imaging system

and method thereof for imaging light signals of a sample.

Description of Related At

{0082} Imaging spectrometers have been applied to a variety of disciplines, such as the
detection of defects in industrial processes, satelite nnaging, and laboratory research. These
instruments detect radiation from a sample and process the resulting signal to obtain and
present an image of the sample that includes spectral and chemical information about the
sample. A few imaging spectrometers have been proposed that employ a vartable-bandwidth
filter. Such spectrometers generally include dispersive elements to limit the Spectral
information received by the array, or slits, apertures, or shutters to limit the spatial information
received by the array. Thus, the conventional imnaging spectrometers have certain limitations

and cannot be used variously.

{9003] In the present disclosure, we disclose a two-dimensional hyperspectral maging system
which includes Fabry-Perot interferometer based Fourier spectrometer system and can be
incorporated into each image detecior so that cach spatial detector can provide both images of
the target area and its spectral information. The cwrrent embodiments allow for the application
of various spectroscopy technigues: most potably Raman scattering spectroscopy, clastic
scattering spectroscopy (ESS), and optical emission spectroscopy (OES). These different
techniques present different advantages and disadvantages in different scenarins making the

presented embodiment a universal hyperspectral image system.
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SUMMARY
{0084} According to one aspect of the present disclosure, a two-dimensional hyperspectral
imaging system for imaging a plurality of Hght signals of a sample hy Fourier spectroscopy
includes at least one first optical element, at least one second optical element, a phase
5  difference modulator and an image sensor. The light signals pass by the first optical element.
The second optical clement is spaced away from and paraliel to the first optical clement, and
the light signals pass by the second optical element. The phase difference modulator is closer
to the first optical element than the second optical element to the first optical element, and
configured for modifying a phase difference of adjacent two of the light signals. The image
10 sensor is configured for receiving the light signals refiected from the first optical clement and
the second optical element, and operating Fourier wansforming on the hght signals. The
second optical element is between the first optical clement and the image scnsor. When the
{ight signals pass by the first optical clement, the second optical element and the image sensor
in order, the adjacent two of the light signals are constructive interference by modifying the

15 phase difference with the phase difference modulator.

{0005} According to one aspect of the present disclosure, a two-dimensional hyperspectral
irnaging method for imaging a plorality of light signals of a sample by Fourier spectroscopy
includes emitting a light passing through the sample to generate the light signals by a light
source, reflecting the light signals by at least one first optical element and at least one second
26 optical element, wherein a phase difference between adjacent two of the light signals is
modified o be constructive interference by an phase difference modulator, and recetving the

{ight signals and operating Fourier transforming on the light signals by an image sensor.

[0606] According to one aspect of the present disclosure, a two-dimensional hyperspectral
imaging method for imaging a plurality of light signals of a sample by Fourier transformation
25 ncludes emitting a light passing through the sample to generate the light signals by a light
source, polarizing cach of the light signals by at least one first optical element orthogonaily,
changing a phase difference of adjacent two of the Hght signals which are orthogonal to cach
other and then polarizing each of the light signals by at least one second optical element, so

that the adjacent two of the lght signals which are orthogonal to sach other are constructive

£33
<

interference, and receiving the light signals and operating Fourier transforming on the light

signals by an image sensor.
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BRIEY DESCRIPTION OF THE DRAWINGS
{0087} The present disclosure can be more fully understood by reading the following detailed

description of the cimbodiment, with reference made to the accompanying drawings as follows:

{0008} Fig. 1A shows a schematic view of a two-dimensional hyperspectral imaging system
receiving a phurality of light signals of a sample according to a first embodiment of the present
disciosure.

[0009] Fig. 1B shows a schematic view of the light signals passing through the first optical
clement and the sccond optical clement according to the first embodiment in Fig. 1A,

{0010} Fig. 2 shows a hyperspectral image analyzed in the conventional art.

{0011} Fig. 3A shows a partial enlarged view of the first optical clement and the phase
difference modulator according to the fivst embodiment in Fig. 1A,

{0012] Fig. 3B shows a partial enlarged view of the first optical element, the second optical
element and the phase difference modulator according to the fivst embodiroent in Fig. 1A,
{0013] Fig. 3C shows a schematic view of the phase difference modulator driving the first
optical element to move along a vertical direction according to the first embodiment in Fg. 3B.
{0014} Fig. 4 shows a schematic view of a two-dimensional hyperspectral imaging system
according to a second embodiment of present disclosure.

{0015} Fig. 5A shows a schematic view of a two-dimensional hyperspectral imaging system
receiving light signals generated by a light source according to a third embodiment of the
present disclosure.

{0016} Fig. 5B shows a schematic view of a two-dimensional hyperspectral imaging system
receiving light signals generated by two light sources according to the third embodiment in
Flg SA.

{9017] Fig. 6 shows a schematic view of the two-dimensional hyperspeciral imaging system
according to the thivd embodiment in Fig. 5A.

{O018] Fig. 7 shows a schematic view of a two-dimensional hyperspectral imaging system

according (o a fourth embodiment of present disclosure.
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{0019] Fig. 8A shows an example relation between the output spectrum and wavelength of the

light signals of a light source measured by a conventional spectrometer.

{00260} Fig. 8B shows an example relation between the output spectrumn and wavelength of the
light signals of the light source obitained by the two-dimensional hyperspectral imaging system

according to the fourth embodiment in Fig. 7.

{0021] Fig. 9 shows an example relation between light intensities and wavelengths of the Hght
signals obtained by the two-dimensional hyperspectral imaging system according to the fourth

embodiment in Fig. 7.

{0022] Fig. 10A shows an example relation between absorbance and wavelength of the light
signals of the sample obtained by the two-dimensional hyperspectral imaging system according

to the fourth embodiment in Fig. 7.

{0023} Fig. 10B shows an example relation between absorbance and wavelengrh of the Hght

signals of the sample obtained by the conventional spectrometer.

{0024} Fig. 11A shows an example relation between absorbance and wavelengrh of the light
signals of isopropy! alcohol obtained by the two-dimensional hyperspectral imaging system

according to the fourth cmbodiment in Fig. 7.

{0025] Fig. 1iB shows an exarople relation between absorbance and wavelength of the light

signals of isopropyl alcohol obtained by the conventional spectrometes.

{0026] Fig. 12A shows an example relation between sbsorbance and wavelength of the Hight
signals of a mixture of deionized water and isopropyl alcohol obtained by the two-dimensional
hyperspectral imaging svstem according to the fourth embodiment in Fig. 7.

{00271 Fig. 12B shows an example relation between absorbance and wavelength of the Hght
signals of a mixture of deionized water and isopropyl alcohol obtained by the conventional
spectrometer,

[0028] Fig. 13 shows a block diagram of a two-dimensional hyperspectral imaging method
according to a fifth embodiment of the present disclosure.

[0025] Fig. 14 shows a block diagram of a two-dimensional hyperspectral imaging method

according to a sixth erabodiment of the present disclosure.
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BETAILED DESCRIPTION

{0030] Fig. 1A shows a schematic view of a two-dimensional hyperspectral imaging system
1000 receiving a plurality of light signals L of a samaple S according to a first embodirent of
the present disclosure. Fig. 1B shows a schematic view of the light signals passing through the
first optical element 1200 and the second optical element 1300 according to the first
embodiment in Fig. 1A, Fig. 2 shows a hyperspectral image analyzed in the conventional art.
As show in Figs. 1A, iB and 2. The two-dimensional hyperspectral imaging system 1500 is
for imaging the ight signals L of the sample 5 by Fourier spectroscopy and includes one
camera lens element 1100, at Ieast one first optical element 1200, at least one second optical
elerpent 1300, a phase difference modulator 1400 and an toage sensor 1500, The camera lens
clement 1100 is disposed between the sample 5 and the first optical element 1200, and the light
signals L pass by the camera lens element 1100 and the first optical element 1200, The second
optical element 1300 is spaced away from and parallel to the first optical element 1200, and the
{ight signals L pass by the second optical element 1300 after passing by the camera lens
element 1100 and the first optical element 1200, The phase difference modulator 1400 1s
closer to the first optical element 1200 than the second optical element 1300 to the {irst optical
element 1200, and is configured for modifyving a phase difference of adjacent two of the light
signals L. The image sensor 1500 is configured for receiving the light signals L reflected from
the first optical element 1200 and the second optical element 1300, and forming light
interference which is transform to frequency or wavelength spectrum using Fourier
fransformation. The second optical element 1300 is between the first optical element 1200 and
the umage sensor 1500, When the light signals L pass by the camera lens element 11008, the
first optical element 1200, the second optical element 1300 and the image sensor 1500 in order,

the adjacent two of the light signals L are interfered by modifying the phase differcnce (that is,

5
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the optical path length dincos{8) shown in formula (3) with the phase difference modulator

1400).

{0031} After operating Fourier transforming on the Hght signals L, the image sensor 1500 can
sransmit the light signals L to a processor to generate a hyperspectral image of the sample S
such as the image shown in Fig. 2. By adjusting the phase difference between the first optical
element 1200 and the second optical element 1300, the light signals L transmitting through the
second optical element 1300 is interfered by multiple reflections between the first optics
element 1200 and the second optical elernent 1300, and then intensities of tonger parts of
wavelengths of the light signals L can be increased by constructive interfercnce so that the
overall amplitudes of peaks of the light signals L after Fourier transformation by the image
sensor 1500 can be manifested to improve the accuracy of the hyperspectral image of the
sample 8. Therefore, the two-dimnensional hyperspectral imaging system 1000 can provide
both tmage and spatial information of the sample S at the same time without other additional
detection system. The details of the two-dimensional hyperspectral imaging system 1000 are

described in the following.

{0032} As shownin Figs. 1A and 18, each nurnber of the first optical element 1200 and the
sccond optical clerent 1300 is plural, cach of the first optical clements 1200 and the second
optical elements 1300 s a lens element where the light signals can reflect and transmit. In
other embodiments, the first optical element and the second optical element can be other
element which allows the light signals to be constructive interference, such as a murror, a
transparent film and ete., and the present disclosure is not limited thereto. A part of the light
signals L reflects between the first optical element 1200 and the second optical element 1300,
and the phase difference modulator 1400 is connected to the first optical element 1200 and

configured for changing a distance dl between the first optical elernent 1200 and the second

6
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optical element 1304, By changing the distance d1 between the first optical element 1200 and
the second optical element 1300, an optical path difference between the adjacent two of the
light signals L can be modulated to modify the phase difference. When one of the light signals

L passes by the first optical element 1200 and enters the second optical element 1300, the

w

aforementioned one of the light signals L reflects partially and twransmits partially by the second
optical element 1300, and then reflects partially by the first optical element 1200 alternately to
form lights adjacent to cach other, and the two lights arc the aforementioned adjacent two of
the light signals L. Fuarthermore, the phase difference between adjacent two of the hight signals

L. can be represenied by the following formulda (1)

2T )
w0 Sy (.

{0033} Wherein the A represents the phase difference, A represents a wavelength of the
aforementioned one of the light signals L, and the transmission intensity B8 of the light
signals L passing by the first optical elements 1200 and the second optical elernents 1300 can
be represented by the following formulas (2) and (3):

L9 = LN

TR KBy~ 20 f Ry ¥Ry xeos(8)
15 (2% and

(2.

{9034] Wherein T: represents a transmission coefficient of the first optical elerpents 1200, Ry
represents a reflectance of the first optical elements 1200, T represents a transmission
coefficient of the second optical elements 1300, Ry represents a reflectance of the second
26 optical elements 1300, and 8 represent an incident angle of one of the light signals L. passing
by one of the first optical elemnents 1204 the incident angle 9 is assumed 0 {normal incident)
and n=1.0 if a medium between the first optical element 1200 and the second optical element

1304 is air. In the first embodiment, the phase difference modulator 1400 changes the distance

-
!
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d1 so that the incident angle ¥ equals to zero to achieve the maximum value of the transmaission
iniensity e, Fherefore, the first optical clements 1200, the second optical elements 1300
and the phase difference modulator 1404 form a Fabry-Perot Interferometer (FPI) to increase

the intensitics of the light signals L by constructive interference.

{B035] Moreover, the first optical elements 1200 are arranged and spaced away from each
other to form a first optical element array 1210, the second optical clements 1300 are arranged
and spaced away from cach other to form a second optical element array, and the first optical
element array 1210 is parallel to the second optical element array. Via the configuration of a
micro-array formed by the first optical element array 1210 and the second optical element
array, the image sensor 1500 can receive the light signals L from different incident angles to
further obtain a spatial information of the light signals 1. Morcover, the image sensor 1500 is
a plurality of cameras, and sach of the cameras corvesponds to each of the second optical
elements 1300. Each of the second optical elements 1300 is disposed on each of the cameras.
A size of each of the first optical clernents 1200 and the second optical clernents 1300 equals to
a pixel size of sach of the cameras. Specifically, the cameras form an array corresponding to
the micro-array formed by the first optical element array 1210 and the second optical element
array, and cach of the cameras can obtain a pixel information of the hyperspectral image of the
sample 5. In other words, the hyperspectral smage of the sample S can be obtained via the
cameras pixel by pixel. The cameras can be CCD, CMOS, NIR or FLIR cameras. The band
ranged between 300 om to 1 um, 900 nm to 1.8 wn and 900 nm to 5 um can be obtained by the
CCD, NIR and FLIR cameras, respectively. Therefore, the hyperspectral image with different
band range can be obtained. Moreover the image sensor 1500 can further be configured for
analyzing the light signals 1. Hence, each camera of the image sensor 1500 can analyze the

light signals L to obtain an individual pixel hyperspectral image of the sample S.

{0036] Fig. 3A shows a partial enlarged view of the first optical element 1200 and the phase
difference modulator 1400 according to the first embodiment in Fig. 1A, Fig. 3B shows a
partial enlarged view of the first optical element 1200, the second optical element 1300 and the
phase difference modulator 1400 according to the first embodiment in Fig. 1A, Fig. 3C shows
a schematic view of the phase difference modulator 1400 driving the first optical element 1200
to move along a vertical direction according to the first embodiment in Fig. 3B, As shown in

Figs. 1A, 1B and 3A o 3(, the phase difference modulator 1400 can include a frame 1410, a
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plurality of elastic elements 1420, an actuator assembly, a plurality of spring 1440 and a
supporting frame 1450. The frame 1410 accommedates the first optical elements 1200, The
elastic clernents 1420 are connected to the frame 1410, The actuator assembly is connected t©
the elastic elements 1420 and configured for driving the first optical elements 1200 to move
relatively to the second optical elements 1300 along the vertical direction. The actuator
assernbly includes a plurality of piczoclectric driven actuators 1430 disposed at two sides of
the frame 1414, respectively. Specifically, the frame 1410 has a ploarality of holes, each of the
first optical elements 1200 is disposed in each hole of the frame 1410 to form the first optical
clement array 1210, the piczoclectric driven actuators 1430 arc disposed at the supporting
frame 1450, the springs 1440 are located at the other two sides of the frame 1410 and
connected between the frame 1410 and the supporting frame 1450, and the supporting frame
1450 is parallel to the second optical elements array. As shown in Fig. 3A, the piezoclectric
driven actuators 1430 can be bended by powering electrictty to move the frame 1410 via the
elastic elements 1420 such that the fivst optical elements 1200 can move relatively to the
second optical clements 1300 along the vertical direction in order to change the distance di
between the fust optical elements 1200 and the second optical elements 1300, Therefore, the
phase difference can be modified by the phase difference modulator 1400 which is used in
micro electro mechanical systems (MEMS) technology for microfabrication of the two-

dirnensional hyperspectral imaging system 1004

{0037} As shown in Fig. 3C, when reflectance of the first optical elements 1200 is far less than
refiectance of the second optical clements 1300 (R1 <« RZ), one of the light signals L can
transmit one of the fust optical elements 1200 partially to form a fwansmitted light L1 and
reflect between the aforementioned one of the {ivst optical elements 1200 and corresponding
onc of the second optical clements 1308 partially to form a reflected light L2, and the iniensity
i{d1} detected by the image scnsor 1504 can be simplified from the formula (2) to the
following formuda (4):

H(d1) = Iy + I + 2(L1,)E cos("0) @,

{0038] Wherein L represents an intensity of the transmitted Hght L1, > represents an intensity
of the reflected light L2, and the intensitics {;, I of the wwansmitted light L1 and the reflected

{ight L2 can be represented in the following formulas (5), (6):
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I, = (1 - Ry {1 —Ryilg

I = {1 - RRR {1 = Ra)l &

{9038] Wherein 1, represents an original intensity of the light signals L.

{0040] Fig. 4 shows a schematic view of a two-dimensional hyperspectral imaging system
2000 according to a second embodiment of present disclosure.  The structures and
configaration of the two-dimensional hyperspectral imaging system 2000 can be similar with
the two-dimensional hyperspeciral imaging system 1000 of the first embodiment, and the
details won’t be described herein again. I is worthy to be mentioned that cach of first optical
elements 2200 is a flat mirror, each of second optical elements 2300 is a curved mirror, each of
the first opiical elements 2200 is located between adjacent two of the second optical elements
2300, and a phase difference modulator 2400 is configured for driving cach of the first optical
elements 2200 to move o change distances from a center of each of the first optical elements
o centers of the adjacent two of the second optical elements. Specifically, the phase difference
modulator 2400 includes springs connected to cach of the first optical clements 2200 and
drives the first optical elements 2200 to move along a horizontal direction to change a reflected
angle that one of light signals L reflects by one of the first optical elements 2200 after
reflecting by one of the second optical elements 2304, Then, adjacent two of the light signals
reflects by the adjacent two of the second optical clements 2300 can refiect by the same first
optical element 2200 to form a recombined light signal with constructive interference, and one
camera of an image sensor 2500 can receive the recombined light signal and operate Fourier
fransformation to obtain the information of the light signals L. Thus, the structures of FPI can

be simplified.

{0041} Fig. SA shows a schematic view of a two-dimensional hyperspectral imaging system
3000 receiving light signals L generated by a light source LC according to a third embodiment
of the present disclosure. Fig. 5B shows a schematic view of a two-dimensional hyperspectral
imaging system 3000 receiving light signals L generated by two light sources LC1, LC2
according to the third embodiment in Fig. SA. Fig. 6 shows a schematic view of the two-
dirnensional hyperspectral fmaging systern 3000 according to the third embodiment in Fig. 5A.
In Fig. 5A, the light signais L generated by the single light source LC can be transmiited to
pass through a sarople S o image the samople S by the two-dimensional hyperspeciral tmaging

{0
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system 3000. In Fig. 5B, a number of the light sources LCT, LCZ is two, the Light signals L
can be generated by the light sources LU, T2, a part of the light signals L can be transmitted
o pass through a sample S, and the other part of the light signals L can be reflected by the
sample § to pass therethrough to image the sample S by the two-dimensional hyperspectral
imaging system 3000. That is, the sample S can be imaged by reflection or transmission; in
other embodiments, the light signals can be generated by ambicnt lights to image the sample,
and the present disclosure is not limited thereto. As shown in Figs. SA, S8 and 6, each of the
light sowrces LC, LC, LC2 generates a pluraliey of the light signals L, and the light signals L
pass through a sample 5 and enter the two-dirsensional hyperspectral imaging systera 30060,
The structures and configuration of the two-dimensional hyperspectral imaging system 3000
are similar with the two-dimensional hyperspectral imaging system 1000 of the first
embodiment, and the same detail won't be described herein again. It is worthy to be
mentioned that the light signals L reflect botween first optical elements 3200 and sccond
optical elements 3300, a phase difference modulator 3400 includes a plurality of liquid crystal
cells with a fixed width d, each of the hquid crystal cells is disposed between cach of the first
optical clements 3200 and each of the second optical clements 3300, and the liquid crystal cells
are configured for modifying an optical path difference of the adjacent two of the light signals
L having the same polarizing direction by altering a controlled voltage. Refraction index of the
liquid crystal cells can be maodified by changing an aligned angle 8 of the Hquid crystal cells to
modity the optical path difference of the adjacent two of the light signals L. Without changing
a physical distance between the first optical elements 3200 and the second optical elements
3300, the optical path difference can be modified with adding an electric field E by altering the

controlied voltage.

{0042] Furthermore, each of the first optical elements 3200 and the second optical elements
3300 is a flat mirror, the phase difference modulator 3400 can further include two polarizers
3614, 3620, the polarizer 3610 is disposed between the sample S and the one of the first optical
elements 3200, the polarizer 3620 is disposed between one of the second optical elements 330(
correspond to the aforementioned one of the first optical elements 3200 and the toage sensor
3500, The polarizer 3610 can polarize the light signals L first such that the light signals L have
a same polarization divection, and the polarizer 3620 polarizes the light signals L with a wanted
polarization direction for the following analyzing. Specifically, the image sensor 3500 can
include a plurality of photo diode, and cach of the photo diode corresponds to each of the

i1
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second optical elements 3300. The two-dimensional hyperspectral imaging system 3000 can
further include an clectronic device 3700 signally connected to the image sensor 3500. The
clectronic device 3700 is configured for tmaging the light signals L. Therefore, the light
signals L of the sample § can pass by a lens element 3100 and enters a micro-array formed by
the polarizers 3610, 3624, the first optical elements 3200, the second optical elements 3300
and the tmage sensor 3500 to obtain a hyperspectral image of the sample § by the electronic
device 3700.

{0043} Fig. 7 shows a schematic view of a two-dimensional hyperspectral imaging system
4000 according to a fourth embodiment of present disclosure. The structures and configuration
of the two-dimensional hyperspectral imaging system 4000 arc similar with the two-
dimensional hyperspectral imaging system 3000 of the third embodiment, and the details won’t
be described herein again. Light signals L of a sample S pass by a lens clement 4100 and enter
a micro-array formed by at least one first optical element 4200, a phase difference modudator
4440, at least one second optical element 4300 and an Umage sensor 4500, The difference s
that each of the first optical element 4200 and the second optical element 4300 is a polarizer
film, the first optical clement 4200 is configured for polarizing cach of the light signals L
orthogonally, the liquid crysial cell of the phase difference modulator 4400 is configured for
changing refractve index of the light signals in different divections, so that the adiacent two of
the light signals L are constructive interference after passing by the secound optical element
4300, Specifically, the first optical element 4200 can polarize the light signals L with a
polarization angle of 45 degrees first, and the liguid crystal cell can spht one of the light
signals L into an ordinary and an extraordinary light which arc the adjacent two of the light
signals, and a phase difference A% between the ordinary and the extraordinary light is
modified by changing an aligned angle 8 of the liquid crystal cell with an exira cleciric ficld E
such that the ordinary and the extraordinary light can be constructive interference aficr passing

by the second optical elernent 4300.

{0044] The two-dimensional hyperspectral imaging systems 3000, 4000 including liquid
crystal cell with a fixed width d can modify the phase difference without changing the physical
distance between the first optical elements and the second optical elements to further tmprove

the stability of the system.
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{0045] Fig. 8A shows an example relation between the output spectrum and wavelength of the
light signals L. of a light source measured by a conventional spectrometer. Fig. 8B shows an
example relation bhetween the outpuot spectrum and wavelength of the light signals L of the light
source obtained by the two-dimensional hyperspectral imaging systern 4000 according to the
fourth embodiment in Fig. 7. The light source s a tungsten halogen light source, but the
present disclosure is not Hmited thereto.  Specifically, the photo diodes of the image sensor
4500 are silicon based detectors. As shown in Figs. 8A and 8B, compared with the output
spectrum divectly obtained by the conventional spectrometer, the output spectrum obtained by
the two-dimensional hyperspectral Uvaging systemn 4000 is ranged from 600 nm to 900 nm
which is enough to test various types of samples, and a drop of the spectral response above 90

nim is due 1o the measgrement by the silicon based photo diodes.

{0046} In the following Figs. 9 to 12B, the measurement is obtained by the one single photo
diode of the image sensor 4500 to illustrate the intensity or the spectral information of one
pixel of the two-dimensional hyperspectral imaging system 4000, Fig. 9 shows an cxample
relation between light intensities and wavelengths of the light signals L obtained by the two-
dimensional hyperspectral imaging system 4000 according to the fourth embodiment in Fig. 7.
As shown in Fig. &, Il represents a spectrum of the light signals L obtained by the two-
dirnensional hyperspectral imaging system 4000 without passing by the sample S, 12 represents
a spectram of the light signals L. obtained by the two-dimensional hyperspectral imaging

system 4000 with passing by the sample S, and the sample 3 is deionized (DI} water.

{0047] Fig. 10A shows an example relation between absorbance and wavelength of the light
signals L of the sample 5 obtained by the two-dimensional hyperspeciral imaging system 4000
according to the fourth embediment in Fig. 7. Fg. 10B shows an example relation between
absorbance and wavelength of the light signals L of the sarople S obtained by the conventional
spectrometer. Fig. 11A shows an example relation between absorbance and wavelength of the
light signals L of isopropyl alcohol (IPA) obtained by the two-dimensional hyperspectral
imaging system 4000 according o the fourth embodiment in Fig. 7. Fig. 1iB shows an
example relation between absorbance and wavelength of the light signals L of isopropyl
alcohol obtained by the convendonal spectrometer. Fig. [12A shows an example relation
between absorbance and wavelength of the light signals L of a mixture of deionized water and

isopropyl alcohol obtained by the two-dimensional hyperspectral imaging systermn 4000
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according to the fourth embodiment in Fig. 7. Fg. 12B shows an example relation between
absorbance and wavelength of the light signals L of a mixture of deionized water and isopropyl
alcohol obtained by the conventional spectrometer. In Figs. 10A, 11A and 124, the spectral
deviation above 900 nm is mainly due to the measurement by the silicon based photo diodes,
so the spectrum above 900 nm does not correspond to the sample 5. In Figs. 10A to 12B, the
ahsorbance of the light signals L is normalized to the input intensity, so there is no unit of the
absorbance. As shown in Figs. 10A to 12B, peaks of the absorbance spectrum of the light
signals L obtain by the two-dimensional hyperspectral imaging system 4000 are more clear

than the peaks of the absorbance spectrum obtain by the conventional spectroracter.

[0048] Fig. 13 shows a block diagram of a two-dimensional hyperspectral imaging method
S10¢ according to a fifth embodiment of the present disclosure. The two-dimensional
hyperspectral imaging method 8100 is described with the two-dimensional hyperspectral
imaging system 1000 of the first embodinent, but the present disclosure is not hmited thereto.
As shown in Fig. 13, the two-dimensional hyperspectral imaging method S100 is for imaging a
plurafity of light signals L of a sample S by Fourier transformation and includes steps S110,
5128, $130. The step 5110 is emitting a light passing through the sample S to generate the
light signals L by a light source. The step 5120 is reflecting the light signals L between at least
one first optical element 1200 and at [cast one second optical element 1300, wherein a phase
difference between adjacent two of the lLight signals L is modified to be coustroctive
interference by a phase difference modulator 1400. The step 5130 is receiving the light signals
L and operating Fourier transforming on the light sigunals L by an image sensor 1500, Thus, a

hyperspectral image of the sample S can be obtained by a stroplified method.

{0049] The phase difference between the adjacent two of the light signals L can be modified
by changing a distance between the first optical clement 1200 and the second optical clement
1300 along a vertical direction or other directions. In other embodiments, the phase difference
between the adjacent two of the light signals can be modified by disposing a liquid crystal cell
between the first optical clement and the second optical element, but the presend disclosure s

not Hmited thereto.

{0050} Fig. 14 shows a block diagram of a rwo-dimensional hyperspectral imaging method
5206 according to a sixth embodument of the present disclosure.  The two-dimensional

hyperspectral imaging method 5200 is described with the two-dimensional hyperspectral

{4
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imaging system 4000 of the fourth embodiment, but the present disclosure is not limited
thercto. As shown in Fig. 14, the two-dimensional hyperspectral imaging method S$200 is for
imaging a plurality of light signals L. of a samople S by Fourier ransformation and inchides
steps 5210, 8228, S230. The step 5210 ts emitting a light passing through the sample 5 to
generate the light signals L by a light source. The step 5220 is polarizing each of the light
signals L by at {cast one first optical element 4200 orthogonally, changing a phase difference
of adjacent two of the Light signals L. which are orthogonal to each other and then polarizing
each of the light signals L by at least one second optical element 4300, so that the adjacent two
of the light signals 1. which are orthogonal to cach other are constructive interference. The
step 8230 is receiving the light signals L and operating Fourier transforming on the light
signals L by an image sensor 4500. Thus, a hyperspectral image of the sample S can be
obtained by a sumplified method. Therefore, the phase differcnce can be modified by

polarizing the light signals to obtain the hyperspectral image of the sample S.

{0051] Although the present disclosure has been described in considerable detail with
reference to certain erabodiments thereof, other embodiments are possible.  Therefore, the
spirit and scope of the appended claims should not be Hmited to the description of the

embodiments contained herein.

{0052} It will be apparent to those skilled in the art that various modifications and variations
can be made to the structure of the present disclosure without departing from the scope or spirit
of the disclosure. In view of the foregoing, it is intended that the present disclosure cover
modifications and variations of this disclosure provided they fall within the scope of the

following clairs.
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WHAT IS CLAIMED 15:

1. A two-dimensional hyperspectral imaging system, for imaging a plurality of light
signals of a sample by Fourier spectroscopy, comprising:
3 at least ong first optical element, wherein the light signals pass by the at least one first
optical element;
at least one second optical element being spaced away from and parallel to the at least

one first optical element, wherein the light signals pass by the at least one second optical

10 a phase difference modulator being closer to the at least one first optical element than
the at least one second optical element to the at least one first optical element, and configured
for medifying a phase difference of adjacent two of the light signals; and

an image sensor configured for receiving the light signals reflected from the at least one
first optical element and the at least one second optical element, and operating Fourier

15 transforming on the light signals, wherein the at least one second optical clement is between
the at least onc first optical element and the image sensor;

wherein the light signals pass by the at least one first optical elemen, the at least one
second optical element and the finage sensor in order, and the adjacent two of the light signals
are constructive interfercnce by medifying the phase difference with the phase difference

20 modulator.

2. The two-dimensional hyperspectral imaging system of claim 1, wherein a part of the

{ight signals reflects between the at least one first optical clernent and the at least one second
optical element, the phase difference modulator is connected to the at least one {irst optical

25 element and configured for changing a distance between the at least one first optical element

and the at fcast one second optical element.

3. The two-dimensional hyperspectral imaging system of claim 2, wherein the phase
difference modulator cormprises:

a frame accomumodating the at least one first optical clement;

|55}
<

an elastic element connected to the frame; and

£
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an actuator assembly connected to the elastic slement, and configured for driving the at
icast one first optical clement {o move relatively to the at least one second optical clement

along a vertical direction.

4. The two-dimensional hyperspeciral imaging system of claim 3, wherein the actuator
assernbly comprises a plurality of piczoclectric driven actuators, and the piezoclectric driven

actuators are disposed at two sides of the frame.

5. The two-dimensional hyperspectral imaging system of claim 3, wherein a number of
the at least one second optical element is phural, the image sensor is a plurality of cameras, and

cach of the cameras corresponds to each of the second optical elements.

6. The two-dimensional hyperspectral imaging system of claira 5, wherein a number of
the at least one first optical elemnent 1s plural, the first optical elements are arranged and spaced
away from cach other to form a first optical element array, the second optical clements are
arranged and spaced away from cach other to form a second optical element arcay, and the first

optical element arvay is paraliel to the second optical clement array.

7. The two-dimensional hyperspectral imaging system of claim 6, whercin a size of
each of the first optical elements and the second optical elerents equals to a pixel size of each

of the cameras.

8. The two-dimensional hyperspectral imaging system of claim 6, wherein each of the
first optical elements is a flat mirvor, each of the second optical elements is a curved mirvor,
cach of the first optical elements is located between adjacent two of the second optical
clements, and the phase difference modulator is configured for driving cach of the first optical
elemenis to move to change distances from a center of cach of the first optical clements t©

ceniers of the adjacent two of the second optical elements.

§. The two-dimensional hyperspectral imaging system of claim 1, wherein the phase
difference modidator comprises a liquid erystal cell disposed between the at least one first

optical clement and the at lcast one second optical element, and cach of the at least one first

(7



WO 2024/253633 PCT/US2023/024419

optical clement and the at least one second optical element is a polarizer film, the at least one
first optical clement is configured for polarizing cach of the light signals orthogonally, the
{iquid crystal cell is configured for changing refractive index of the light signals in different
directions, so that the adjacent two of the light signals are constructive interference after

5 passing by the at least one second optical element.

10. The rwo-dimensional hyperspectral imaging systemn of claim 1, wherein the light
signals reflect between the at least one first optical element and the at least one second optical
clement, the phase difference modulator comprises a liquid crystal cell disposed between the at

19 least one first optical element and the at least one second optical clement, and the hquid crystal
cell is configured for modifying an optical path difference of the adjacent two of the light

signals having a same polarizing direction by altering a controlled voltage.

11. The two-dimensional hyperspectral troaging system of claim 10, wherein the phase
15 difference modulator further comprises two polarizers, one of the two polarizers is disposed
between the sample and the at lcast one first optical clement, the other one of the two

polarizers is disposed between the at least one second optical clement and the image scosor.

12. The two-dimensional hyperspectral imaging system of claim 10, wherein the image

20 sensor comprises a photo diode.

13. The two-dimensional hyperspectral imaging system of claim 1, whetein the image

scnsor is configured for analyzing the light signals.
25 14. The two-dimensional hyperspectral imaging system of claim 1, further comprising:
an electronic device signally connected to the image sensor, wherein the electronic

device 1s configured for imnaging the light signals.

15. A two-dimensional hyperspectral imaging method, for imaging a plurality of light

|55}
<

signals of a sample by Fourier spectroscopy, comprising:
emitting a light passing through the sample to generate the Light signals by a light

SOUrCe;
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reflecting the light signals by at least one first optical element and at least one second
optical element, wherein a phase difference between adjacent twe of the light signals is
modificd 1o be constructive interference by an phase difference modulator; and

recetving the light signals and operating Fourter transforming on the hght signals by an

3 image SCNROT.

16. The two-dimensional hyperspectral imaging method of claim 15, wherein the phase
difference between the adjacent two of the light signals is modified by changing a distance

between the at least one first optical clement and the at least one second optical clement.

19
17. The two-dimensional hyperspectral imaging method of claim 16, wherein the phase
diffcrence between the adjacent two of the light signals is modificd by changing a distance
between the at least one first optical element and the at least one second optical element along
a vertical direction.
15

18. The rtwo-dimensional hyperspectral imaging rethod of claim 15, whercin a number
of the at least one first optical element is phuval, a number of the at least one second optical
clement is ploral, the first optical clements are arranged and spaced away from each other to
form a first optical element array, the sccond optical clements arc arranged and spaced away

20 from cach other to form a second optical element array, and the first optical clerent array is

parallel to the second optical element array.

19. The two-dimensional hyperspectral imaging method of claim 15, wherein the phase
difference between the adjacent two of the hight signals is modified by disposing a liqud
25 crystal cell between the at least one first optical element and the at least one second optical

element.

2{. A two-dimensional hyperspectral imaging method, for imaging a plurality of Highe

signals of a sample by Fourier ransformation, comprising:

|55}
<

cmitting a light passing through the sample to generate the light signals by a light

SOUYCe;
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polarizing cach of the Hght signals by at least one first optical element orthogonaily,
changing a phase difference of adjacent two of the light signals which are orthogonal o cach
other and then polarizing each of the light signais by at least one second optical element, so
that the adjacent two of the light signals which are orthogonal to each other are constructive
interference; and

receiving the light signals and operating Fouricr transforming on the light signals by an

Mage 3eusot.

20
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