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(57) Abstract: A system and method to obtain a variable field of view (FOV) of a sample without requiring an increase in an
imaging CCD array size. In a fiber array spectral translator (FAST) based chemical imaging system, the fibers in the fiber bundle
may be organized in different 2D "zones". Each zone may include a predetermined number of fibers. Each 2D zone of fibers at
) the signal input end is organized as a separate linear array (ID) at the spectrometer slit input end. Depending on the user-selected
& FOV, one or more zones of fibers may be selected for signal input (into the spectrometer) by a motorized mobile slit port or linear
@\ (ranslating stage, which will sequentially scan output from each selected linear fiber array into the spectrometer slit. The user can
& switch from one FOV size to another, thereby activating the linear translating stage.
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Method and Apparatus for Reconfigurable Field of View
in a FAST-Based Imaging System

Backgrouhd
[0001] Chemical imaging has a powerful capability for material characterization, process
monitoring, quality control and disease-state determination. Chemical imaging combines

chemical analysis with high-resolution optical imaging including optical spectroscopy, Raman

imaging as well as fluorescent and IR techniques.

[0002] Raman effect is a phenomenon in which ar specimen scatters incident light of a
given frequency into a spectrum which has lines caused by interaction of the incident light with
the molecules making up the specimen. Different molecular species have different characteristic
Raman spec.tra! Consequently, the Raman effect can be used to analyze the molecular species

- present in the sample. Raman chemical imaging provides rholecular—spe_ciﬁc image contrast
without the ﬁse of stains or dies. Raman iniage contrast arises from é material’s intrinsic
vibrational spectroscopic signature which is highly sensitive to the composition and structure of
the sample as well as its local environment. As a result, Raman imaging can be performed with
little or no sample preparatiori and is widely applicable for material research, failure analysis,

process monitoring and clinical diagnosis.

[0003]) ~-Compared to conventional non—imaging systems, a chemical imaging system
based on a tunable filter enables visualizing the distribution (morphology and architecture) of
chemical species in heterogeneous samples with molécular compositional specificity. Raman
images can be collected non-invasively with limited or no sample preparation, at high spatial
resolution, and With high fidelity where the spatial fidelity is limited by the number of pixels of
a charge coupled device (CCD) detector. Most importantly, every image pixel has associated
with it a Raman spectrum whose quality is comparable to that obtained with conventional non-
imaging spectrometers. Chemical imaging simultaneously provides image information on the
size, shape and distribution (the image morphology) of molecular cﬁemical species'pres_ent

within the sample.
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[0004] In order to acquire 3D data sets in Raman imaging systems, the two dimensions of
the image are recorded directly by a CCD camera while the multispectral information is acquired
by capturing images at discrete wavelengths selected by the tunable filter, €g,a quuld crystal

-tunable filter or LCTF.

[0005] In general, LCTF is an electro-optically controllable spectral bandpass filter
which can function from the visible region to the near IR with a continuously tunable
wavelength. In an imaging system, an LCTF is free of image shift with tuning. However,
LCTFs have noticeable drawbacks. For example, LCTFs have a low peak transmittance. In
addition, LCTFs are susceptible to thermally-induced drift in their spectral bandpass. In theory,
the LCTF is free of optical distortions and spectral leakage; but in reality these defects always
exist. Finally, LCTF systems are coétly. Therefore, it is desirable to address the signal loss (and,

hence, loss of efficiency) issues associated with LCTFs.
Summary

[0006] Inone embodiment, the disclosure relates to-an LCTF-less chemical imaging
system with. reconfigurable field of view (FOV). The system comprising a first optical
transmitter for converting a first 2D optical dataset collected from a first 2D portion of a sample
to a first 1D optical dataset; a second optical transmitter for converting a second 2D optical
dataset coll_ected from a second 2D portion of the sample to a second 1D optical dataset; and a
switching mechanism for selectively communicating one of the first 1D optical dataset or the

second 1D optical dataset to a spectrometer.

[0007] A method disclosed comprises coriverting a first 2D optical dataset depicting a
first portion of a sample to a first 1D optical dataset, converting a second 2D optical dataset
depicting a sécond portion of the sémple to a second 1D optical dataset; and selectively | _
communicating the first and the second 1D optical datasets to a .spectrometer to obtain spectral

data for the sample.

[0008] An additional embodiment described is a system comprising a switching
mechanism having an input for receiving a plurality of 1D optical datasets from a plurality of
optical fiber bundles; and a processor in communication with the switching mechanism and
programmed with instructions for controlling the sw1tch1ng mechanism to select a first 1D

optlcal dataset from one of the plurality of optical fiber bundles to communicate the first 1D

2
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optical dataset to a spectrometer, to select a second 1D optical dataset from another of the
plurality of optical fiber bundles, and to communicate the second optical 1D dataset to the

spectrometer.

[0009]) A further embodiment is disclosed in which a fiber bundle comprises an optical

~ signal input end formed by a plurality of optical fibers organized in a plurality of non-
overlapping 2D zones, wherein each zone includes a predetermined number of fibers; and an
optical signal output end formed by a plurality of zone-specific curvilinear arrays of optical
fibers in the plurality of optical fibers, wherein each curvilinear array contains a 1D arrangement

of a corresponding set of zone-specific fibers from the plurality of fibers.

Brief Description of the Drawings

[0010] These and other embodiments of the disclosure will be discussed in relation to the

folldwing non-limiting and exemplary drawings, in which:

[0011] Fig. 1is a schematic representation of a prior art chemical imaging system;

[0012] Fig. 2 shows a prior art FAST based system for implementing the representation
of Fig. 1; | | |
[0013] Fig. 3 shows a prior art substantially linear arrangement of fibers in an optical

fiber’s output port for communication with a spectrometer slit in the system of Fig. 2;

[0014] Fig. 4 shows a prior art arrangement of optical fibers at input and output ports of
an optical fiber bundle in the system of Fig. 2; |

[0015] = Fig. 5 is a schematic representation of a chemical imaging system according to

one embodiment of the present disclosure;

[0016] Fig. 6 shows an exemplary arrangement of input and output for several fiber

bundles according to one embodiment of the disclosure;

[0017] Fig. 7 shows a system according to one embodiment of the disclosure for

- implementing the arrangement of Fig. 6 in the representation of Fig. 5;

[0018] Fig. 8 shows a motorized linear switching system according to one embodiment

of the disclosure; and
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[0019] Fig. 9 is a schematic representation of image reconstruction according to one

embodiment of the present disclosure at an exemplary CCD.

Detailed Description

[0020] Fig. 1 is a schematic representation of a prior art chemical imaging system 100.
In Fig. 1, sample 115 is illuminated by laser illumination source 110. The illuminating photons
é.re transmitted through mirror 112 and throﬁgh imaging optics 120. Mirror 112 can bea
dichroic mirror. Imaging optics 120 can comprise an optical train including one or more lenses
(not shown) and other optical elements (nof shown). The j)hotons received from the sample 115
(e.g., through reflection, scattering, etc.) are collected by imaging optics 120 and aré directed to
an optical fiber Bundle 130. Arrangement of the optical fiber bundle will be described in greater

detail below in conjunction with discussion of Figs. 2 and 3. Control unit 160 communicates
| with laser source 110, imaging optics 120, fiber bundle 130, spectrometer 140, CCD 150 and

optionally, mirror 112. Control unit 160 can integrate and control the operation of system 100.

[0021]  The optical fiber bundle 130 communicates an optical dataset to spectrometer 140
to form spectra. Spectrometer 140 can define a spectrograph. Optionally, the spectra from
gratings (not shown) iﬁ the spectrometer 140 can be communicated to the Charée-Coupled
Device (CCD) 150 to form an image of sample 115. The image can define a spatially accurate
wavelength-resolved image of the sample. A spatially accurate wavelength-resolved image is an
image of a sample that is formed from multiple “frames” wherein each frame has plural spatial
dimensions and is created from photons of a particular wavelength (or wave number) or from
photons in a particular wavelength band (or wave number band) so thaf the frames may be

combined to form a complete image across all wavelengths (wave numbers) of interest.

[0022] - Fig. 2 shows a prior art FAST (Fiber Array Spectral Translator) based system for
implementing the representation of Fig. 1. In Fig. 2, illumination source 210 provides
illuminating photons 212 to sample 215 through optical beam splitter 230, mirrors 227 and 225;
and optical train 220. After illumination, sample photons 217 received from the sample 215 are
collected by optical train 220 and directed through mirrors 225 and 227, opﬁcal splitter 230 and
objective lens 235 to input port 242 of an optical fiber bundle 240. Objective lens 235 focuses
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sample photons 217 to an image plane 243 of input port 242. As shown in Fig. 2, image plane
243 can comprise a two dimensional (2D) input surface of optical fiber bundle 240.

[0023] Port 248 defines the output end of optical fiber bundle 240. Optical fibers are
substantially lihearly arranged at output port 248. While not specifically shown in Fig. 2, input
port 2_42'a.nd output port 248 have the same number of optical fibers. The réarrangement of the
optical fibers from input port 242 to output port 248 enables conversio'n‘or translation of a two-
dimensional (2D) optical dataset at input pbrt 242 to' a one-dimensional (1D) optical dataset at
output port 248. The 1D optical dataset can be communicated with spectrometer opening slit

252. Spectrometer 250 can be a spectrograph.

[0024] - Fig. 3 showsa prior art substantially linear arrangement of fibers in an optical
fiber’s output port (e.g., the output port 248 in Fig. 2) for communication with a spectrometer
slit. A gratings-based spectrometer may have an input slit with a length of about 13.312 mm.
This length may be dictated by thevnumber of imaging pixels ina CCD (not shown in Figs. 2-3)
receiving the wavelength dispersed spectra from the spectrometer. Accordingly, output pdrt 300
is shown to have a length of about 13 mm to fit the spectrometer slit. By substantially linearly
arfanging the fiber array as shown in Fig. 3, substantially all the data received at the input port of
the optical fiber can be communicated to the spectroineter. In one embodiment, about 208
optical fibers 310 can be ai‘ranéed to provide a substantially linear or curvilinear fiber array of

about 13 mm height.

[0025] Fig. 4 shows a prior art arrangement of optical ﬁberé at input and output ports of |
an optical fiber bundle in the system of Fig. 2 (e.g., the fiber bundle 240). On the left hand side
of Fig. 4, a total of 203 optical fibers are arranged in a rectangular, two-dimensional format at the
input port of the optical fiber bundle. As discussed with reference to Fig. 2, ﬁe optical fibers of
the input port form a surface for receiving a 2D opticél dataset from the sample. The optical
dataset can be, for example, an image of the sample or a sub-image depicting a portion of the
sample. It is seen in Fig. 4 that the optical fibers in the input poft 410 are arrahged in a total of 15
rows, wherein each odd-numbered row contains 14 fibers and éach even-numbered row contains
13 fibers. There is a total of 8 odd-numbered rows and 7 even-numbered rows in the input port

410, thereby resulting in a total of 203 fibers. On the right hand side, the optical fibers of Fig. 4
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are arranged to form a substantially linear array at the output port 420. The linear arrangement
enables communicating the optical dataset with a spectrometer slit (not shown) as _diScussed
before. While Fig. 4 shows the optical fibers with a particular numerical arrangement, it should

be noted that such arrangement is exemplary and non-limiting.

[0026] It is seen from the discussion hereinabove that, in a prior art FAST-based
chemical imaging system, the size of the 2D fiber bundle at the input end of a FAST ﬁbér will
typically dictate the size of the sample’s field-of-view (FOV). In order fo increase the FOV or to
make it variable, the number of fibers in the 2D input end has to be increased. However, because
of the 2D to 1D conversion (or spectral "‘translation”) at the spectrometer input slit in a FAST |
system, an increase in the number of fibers at the input end will require a similar increase in the
fibers at the 1D output end, which, in turn, will require a similar increase in the columh size of
the CCD used to irﬁage the light received from the fibers. A larger sized CCD may be expensive,
and may not be alwéys practical or desirable. In one embodiment of the present disclosure, this
problem is avoided by organizing the FAST fiber bundle in different “zones” of fibers as shown -

in Fig. 6 and discussed later below.

[0(_)27] Fig. 5 is a schematic represéntation of a chemical imaging system 525 according
to one embodiment of the present disclosure. The chemical imaging system 525 may be a Raman
imaging system, a fluorescence imaging system, or any other type of chemical imaging system
employing a fiber bundle for optical signal transmission and a spectrometer opérating on a liner
input. As in the system of Fig. 1, the system in Fig. 5 relies on 2D to 1D “translation” of input
and output fiber arrangements to optically link photons from sample 540 to the spectrometer Slit.
- Various components (e.g., laser 530, spectrometer 555, CCD 560, and mirror 535) in the system
525 in Fig. 5 are functionally similar to the corresponding components in Fig. 1 and, hence,
additional discussion of such similar components is not provided herein for the sake of b‘revity.
In one embodiment, the imaging optics 545 may be similar to the imaging optics 120 in Fig. 1.In
one embodiment, the imaging optics 545 may be implemented using mirrors, lenses, and optical
train based irhplementation similar to that shown in Fig. 2 and discussed hereinbefore. An
alternative arrangement for imaging optics 545 is shown in Fig. 7 and discussed later below. In
contrast to the embodiment in Fig. 1, it is shown at block 550 in Fig. 5 that the embodiment in

Fig. S includes a plurality of fiber bundles or “zones” (discussed below) and a motorized
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translation stage 50 as to allow 5 variable field of view as discussed later hereinbelow.
Furthermore, the control unit 570 in Fig. 5 may differ from the control unit 160 in Fig. 1 in that
the control unit 570 may be configured to provide special controls for the multiple fiber zones
and selection of one or more fiber zones through proper control of the movement of the _
motorized stage as discussed later below. In one embodiment, the control unit 570 may be a
computer processor suitably programmed to carry out fiber bundle selection, motor stage
translation, CCD and spectrometer activation, and various other image capture and sp,ectfoscopy
operations as per the teachings of the present disclosure. In one embodiment, an image (e.g., a
Raman image, a fluorescence image, etc.) of the selected FOV may be displayed on a display

screen (e.g., a computer display) 580 that is operatively coupled to the control unit 570.

[0028] In one embodiment, the CCD 560 may be a CCD camera model
MicroMax:1024B manufactured by Roper Scientific®. In another embodlment the spectrometer
555 may be the grating-based SpectroPro 500i spectrometer manufactured by Acton Optics (a

division of Princeton Instruments).

[0029] As noted before, in one embodiment, the disclosﬁre relates to ananging a plurality
of ﬁbe.r bundles in an arrangement adapted to communicate a larger or variable field of view of
the sample to the spectrometer. Fig. 6 shows an exemplary arrangement of i mput 610 and output
620 for several fiber bundles according to one embodiment of the disclosure. In the “zone”- |
based arrangement of fibers in Fig. 6, each zone may include a predetermined number of fibers.

For example, in Fig. 6 zone 1 comprises 203 optical fibers arranged in a square pattern capturing
a corresponding field of view of the sample. Zone 2 comprises 208 optlcal fibers surrounding
Zone 1 and capturing a corresponding field of view that surrounds the field of view of Zone l;
Thus, the 208 fibers in Zone 2 are in addition to the 203 fibers in Zone 1, thereby making a total
of 411 fibers. Similarly, Zohe 3 comprises another 208 fibers and surrounds Zones 1 and 2 |
cap'turing a corresponding field of view of the sample which extends beyond Zones 1 and 2.
Finally, Zone 4 comprises still additional 208 fibers and surrounds zones 1 through 3. Zone 4 is
arranged to capture the field of view not covered by Zones 1 through 3. In the exemplary
embodiment of Fig. 6, there is thus a total of 827 fibers in zones 1 through 4. Further, in other
embodiments, the number of fibers per zone and the total number of zones at the fiber input port

may be different from those illustrated in Fig. 6 and may be flexibly determined depending on
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the desired size and variability of the sample FOV. Each 2D zone of fibers at the signal input end
is organized as a separate curvilinear array (1D) at the spect_rofneter input end as shown by the |
four slit arrangements (corresponding to four input fiber Zones 1 through 4) in the output fiber
bundle 620. The overall 2D rectangular conﬁguration of the fiber bundles arranged in Zohes 1,2,
3 and 4 defines an input port for a FAST fiber (not shoWn in Fig. 6, but shown as exemplary
fiber 740 in Fig. 7) that may be used in the system of Fig. 5. It should be noted that the
rectangular, two-dimensional arrangerhent of the optical fibers 610 at the input port is exgmpléry
and non-limiting. Indeed, the optical fibers can be arranged to fdrm a circular, hexagonal,

polygonal, or any other shape.

[0030] | Fig. 6 élso shows the output of each of Zones 1 thrbugh 4 arranged linearly at
output 620. The output for each of Zones 1 through 4 is identified, respectively, as Slits 1
through 4. The linear arrangement of the output slits enables direct optical communication from
field of views corresponding to Zones 1 through 4 with the spectrometer slit. It is noted here that
the fiber outputs are denoted as “Slit 1 ”, “Slit 27, etc., for convenience only and should not be
confused with the spectrometer slit. In the embodiment of Figs. S and 7, there is only one
spectrometer slit, whereas there may be multiple fiber “slits”. As discussed later below, each

~ fiber “slit” or curvilinear (1D) arrangement is brought in optical alignment with the spectrometer
slit by the mdtOrized translation stage during operation of é'chemical imaging system according
to one embodiment of the present disclosure (e.g., the system 450 in Fig. 5). According to one
embodiment of the disclosure, an electro-mechanical or an optical switch (not shown) can be
used to successively communicate the optical information frofn each of Slits 1 through 4 to the

spectrometer opening.

[0031] Fig. 7 shows a system accordihg to one embodiment of the disclosure for
implementing the arrangement of Fig. 6 in the representation of Fig. 5. In Fig. 7, photons from
sample 700 are collected by the imaging optics 720 and directed through mirror 725 and .
objective lens 727 to input port 743 of optical fiber bundles. Objective lens 727 (which could be
a microlens array to provide more spectral resolution) focuses sample photons ohto input port
743 of optical bundle 740. The optical fibers at input port 743 are divided into zones 1, 2 and 3
and each zone captures sample photons corresponding to a different region of the sample’s field

of view. Thus, optical bundle 740 communicates sample photons from different fields of view of
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sample 700. It is noted here that the “division” of optical fibers at the input port 743 is more
functional than physical. The fibers may still be physically stacked together or all fibers may be
part of a single optical fiber cable (e.g., the fiber 740) without physical separation or zoning
therebetween. However, when seleéting a desired field of view, a 'system controller (e.g., the
control unit 470 in Fig. 5) may “divide” the fibers into “zones” and select signal output from the
fibers of the desired zone(s). Output port 748 of optical fiber bundle 740 comprises fiber “slits”
1, 2 and 3 which communicate an optical dafa set from inpuf fiber zones 1, 2 and 3, respectively;
as indicated by the corresponding hatchings for fibers shbwn in Fig. 7.A The 1D fiber ends or

- “slits” 1, 2 and 3 are shown in the exploded view 749. Each of slits 1, 2 and 3 communicates a
one-dimensional optical dataset corresponding to a field of view of each of zones 1,2 and 3,

respectively, to spectrometer 750 (which could be a spectrograph in one embodiment).

[0032] In one embodiment, each optical fiber in the fiber bundle 740 rhay be a multi-
mode fiber having a numerical aperture of 0.22. In cross-section, the fiber core may be 50 pm
thick, the cladding may be 60 um thick, and the coating layer may be 64 um thick. The fiber may

have a transmission spectrum from approximately 350 to 2400 nm wavelength range.

[0033] Fig. 8 showsa motorized linear 'switching system according to one emboﬂiment
of the disclosure. More specifically, Fig. 8 shows a motorized linéar switching mechanism for

- selectively communicating one of the one-dimensional optical datasets to a spectrometer slit. In
Fig. 8, fiber bundle 810 communicates optical dataset depicting various regions of a sample (not
shown). Optical fiber bundle 810 can comprise, for example, four zones where each zone
communicates an optical data set from a fegion of thé sample (not shown). Each of the four
zones of the optical fiber bundle 810 is schematically represented by lines 831-834. Optical fiber
lines 831 to 834'end at the output port 840. It is observed here that, in ohe embodiment, the A
construction and operation of the fiber bundle 810 may be similar to that of the fiber bundle 740
in Fig. 7. Motorized switching mechanism 820 selectively positions the output from one of the
optical fiber lines 831-834 to input slit port 860 of spectrometer 870 such that the optical dataset
from a selected region of the sample is communicated to the spectrometer. Optical information
processed by spectrometer 870 is directed to CCD 880. In one embodiment, CCD 880 can
produce an image of the selected region of the sample as communicated by the optical fiber lines

831-834. In an alternative embodiment, CCD 880 can display an image of the single zone (not
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shown) or compile the images from optical fiber lines 831-834 and display an omnibus image
(not shown) depicting an entire field of view for the sample (not shown). It may take
approximately 1 second to capture optical dataset for the image of the corresponding FOV from
a linear fiber array slit, thereby providing a quicki imaging of the desired FOV.

[0034] In one embodiment, the translational movement of the motorized linear stage 820
may be controlled by a computer, controller, or a prograthed processor (e.g., the control unit
570 in the embodiment of Fig. 5). The motorized linear stage 820 may have a high position
tolerance (less than 1 micron) for accurate alignment of a fiber “slit” with the spectrometer slit.
Depehding on the user-selected FOV, one or more zones of fibers may be selected by the
controller for signal ihput (into the spectrometer). The controller may then control the movement
of the motorized linear translating stage 820 so as to sequentially scan each linear fiber array
providing the relevant portion of the optical dataset for the user-selected FOV. In one
embodiment, the “central” fiber array (i.e., the fiber array corresponding to zone-1 in the
illustration in Fig. 6) may constitute a “default” scanning position. In other words, the scanning
of 1D fiber slits may start with the fiber slit corresponding to the central fiber array. The
motorized stage may then scan (under control from a controller) the fiber slit corresponding to
zone-2, and so on. Because there may be N numbers of linear fiber arrays (depending on the
desired maximum size of the sé.mple FOV), the user can switch from one FOV size to another at
run-timé, thereby activating the operation of the linear translating stage to gather signals from
appropriate linear fiber arrays. In one embodiment, after zone-1 fibers are scanned and CCD data
mapped into zoné-l imageona dispiay screen (e.g., the display screen 580 in Fig. 5), the
motorized linear translating stage 820 may position the fiber slit from zone-2 at the spectrometer
input slit port 860. After CCD data collection of the optical data from zone-2 fibers, an image
reconstruction software may be used to map the image data from the zone-2 fibers in appropriate
peripheral locations (pixels) around the zone-1 image on the display screen, so as to obtain a 2D
image format that corresponds to the zone-based 2D input fiber layout (e.g., as illustrated in Fig.
6) that is used to image a desired FOV. This approach may be repeated (with fibers from zone-3,
zone-4, etc.) if a still larger FOV is desired. |

[0035] The “breaking up” of the FOV (to be imaged) into different zones, using zone-
specific fiber bundles to capture optical data from the corresponding portion of the FOV,

10
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followed by a sequential scanning (using a single spectrometer slit aligned with one fiber slit at a -
time) of each “linearized” or 1D fiber slit may allow for a large/flexible FOV without requiring -
an increasein the CCD size because the CCD processes optical data from only one zone of fibers

at a time.

[0036] It is noted here that the spatial resolution of a FOV may be reciprocally
proportional to. the optical magnification selected by a user for vievﬁng the image of the FOV.
Similarly, the area of a FOV on sample may be also reciprocally proportional to the selected
magniﬁcation However, the area of the FOV is directly prOportional to the total number of fiber
zones. In one embodiment, a 532 nm exc1tat10n laser may be used to image the desired FOV of a
sample in the range of approxrmately 538 to 650 nm wavelengths The spectral resolutlon may
be approximately 0.1 nm. As noted before, the shape of the imaged FOV (rectangular square

circular, hexagonal, etc. ) may depend on the shape of the 2D fiber zones.

[00_37] Fig. 9 is a schematic representation of image reconstruction according to one
embodiment. of the present disclosure at an exemplary CCD. In Fig. 9, an exemplary CCD with
an array of 1024x1024 pixels is shown. The 1D output from a fiber “slit” may be fed to the
spectrometer gratings (or other similar dispersive elements) through the spectrometer slit as
illustrated in exemplary Figs. 7 and 8. Each wavelength-dispersed signal (1D) from the gratings
is sent to the CCD as illustrated in Fig. 8. In the embodiment of Fig. 9, each column of CCD
pixels may represent one wavelength. In an exemplary illustration of pixel mapping in Fig. 9, it
is seen that 5 CCD pixels ma.)l be mapped to an image point (e.g., an optical fiber in the fiber slit
at issue) at a particular wavelength. Thus, in case of 1024 pixels in a CCD column,
~approximately 204 to 205 (1024 divided by 5) im.age points (or linear fiber array outputs in a
fiber slit) can be accommodated for imaging the corresponding FOV at a particular wavelength.
The entire CCD in the embodiment of Fig. 9 can then accommodate approximately 204 to 205

. different columns of wavelengths (1024 pixels in a row divided by 5 pixels per column
representing a wavelength) from a given fiber slit. A 1D-to-2D array mapping may then organize
each column of CCD (containing optica].data at a particular wavelength) back to or close to the
layout of the corresponding original 2D fiber zone, so as to obtain a 2D spatially-accurate
wavelength-resolved image (SAWRI) of the sample for the specific wavelength. In the
exemplary illustration in Fig. 9, for the outputs from zone-1 fibers (Fig. 6), the array mapped

11
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imége may have image pixels laid out in 15x14 or 15x13 format similar to that illustrated in the
arrangement in Fig. 4. If desired, all wavelength-specific images may be combined to obtain a
3D spectral image of the FOV corresponding to a single zone of fibers. The 1D-to-2D array
mapping procesé may be repeated for each selected zone of fibers to construct the SAWRI image
. of the entire user-selected FOV in substantial conformance with the input fiber zone layout in the
exemplary Fig. 6 (e.g., by displaying image from zone-2 fibers on the periphery of the zone-1

image, image from zone-3 fibers on the periphery of the zone-2 image, and so on).

[0038] The above descriptioh is not intended and shoﬁld not} be constnied to be limited to the
examples given but should be granted the full breadth of protection afforded by the appended
claims and equivalents thereto. 'A]though the disclosure is described using illustrative

embodiments provided hefein, it should be understood that the principles of the disclosure are

not limited thereto and may include modification thereto and permutations thereof.
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I claim:

1.~ A system comprising:

a first optical transmitter for converting a first 2D optical dataset collected from a first 2D
portion ofa sample to a first 1D optical dataset; | |

a second optical trénsmitter for converting a second 2D optical dataset collected from a
second 2D portion of the sample to a second 1D optical dataset; and

a switching mechanism for selectively communicating one of the first 1D optical dataset

or the second 1D optical dataset to a spectrometer.

2. The system of Claim 1, further comprising said spectrometer coupled to said
switching mechanism for receiving the first 1D optical dataset and the second 1D optical data set

from said switching mechanism.

3. Thesystem of Claim 1, wherein the first 2D optical dataset and the second 2D

optical dataset are non-overlapping.

4. The system of Claim 1, wherein the first and the second 2D portions of said

sainple are non-overlapping.

5. The system of Claim 1, wherein a combinatidn of the first and the second 2D

portions constitutes a field of view (FOV) of said sample.

6. The vsys.tem. of Claim 1, wherein the first optical transmitter comprises a 2D array
of M optical fibers at one end thereof and converted into a 1D cufvilinear array of M optical
fibers at the other end thereof, and wherein the second optical transmitter comprises a 2D array
of N optical fibers at one ¢hd thereof and converted into a 1D curvilinear array of N optical

fibers at the other end thereof,.

7. The system of Claim 6, wherein one of the following relationships exists:
M <N; and
M2N.

13
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8. The system of Claim 6, wherein the 2D array of M optical fibers in said first
optical transmitter and the 2D array of N optical fibers in the second optical transmitter are
stationary, and wherein said 1D array of M optical fibers in said first optical transmitter and the

1D array of N optical fibers in said second optical transmitter are non-stationary.

9. " The system of Claim 6, wherem said switching mechamsm includes a motorized
linear translatmg stage, and wherein sa1d 1D array of M optical fibers and said 1D array of N

optical fibers are attached to said translating stage.

10.  The system of Claim 9, wherein said spectrometer includes an input port and
wherein said switching mechanism is configured to align one of said 1D array of M optical fibers
or said 1D array of N optical fibers to said input port through sliding motion of said motorized

linear translating stage.

11.  The system of Claim 1, wherein the switching mechanism facilitates
communication of the first 1D optical dataset to the spectrometer independently of the second 1D
optical dataset.

12.  The system of Claim 1, wherein the first 1D opﬁcal dataset and the second 1D

optical dataset are generated in parallel.

13. The system of Claim 12, wherein said switching mechanism is configured to
sequentially communicate said first 1D optical dataset and said second 1D optical dataset to said

spectrometer.

14.  The system of Claim 1, further comprising a third optical transmitter for
converting a third 2D optical dataset to a third 1D optical dataset.

15.  The system of Claim 14, wherein the switching mechanism selectively

communicates one of the first, second or third 1D optical datasets to the spectrometer.
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16.  The system of Claim 1, wherein the spectrometer comprises a spectrograph.

17. .~ The system of Claim 1, wherein said spectrometer includes an output port, and
wherein said system further comprises:
an optical data collection unit coupled to said output port of said spectrometer to receive

and store spectral data generated by said spectrometer from one of said first or said second 1D

optical data sets.

18.  The system of Claim 17, wherein said optical data collection unit is a 2D CCD

array.

19. = The system of Claim 18, further comprising:

a processor coupled to said optical data collection unit to recéive said spectral data
therefrom and to 'converf said speétral data into a 2D spatially accurate wavelength resolved
image (SAWRI) data of a corresponding one of said first or said second 2D portions of said
sample; and » _

a display unit coupled to said processor to receive said 2D SAWRI data thergfrom and to
responsively display a 2D SAWRI image of said corresponding one of séid first or said second

2D portions of said sample.
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20.  The systém of Claim 19, wherein said optical data collection unit is configured to
store a first spectral data generated by said spectrometer from said first 1D optical data set,
wherein said processor is configured to generate a first 2D SAWRI data from said first spectral

" data, and wherein said display unit is. configured to display a first 2D SAWRI image of said first
2D portion of said sample; and _

wherein said optical data collection unit is configured to store, after sending said first
spectral data to said procéssor, a secqﬁd spectral data generated by said spectrométer from said
second 1D optical data set, wherein said pfot:essor is configured to generate a second 2D SAWRI
data from said second spectral data, and wherein said display unit is configured to display a
second 2D SAWRI image of vsa_vid second 2D portion of said sample along with said first 2D
SAWRI image. ' |

21.  The system of Claim 19, wherein said 2D SAWRI imagé is one of the following:
‘22D Raman image of a corresponding portion of said sample;
a 2D luminescence image of a corresponding portion of said sample; and

a 2D NIR image of a corresponding portion of said sample.

22.  The system of Claim 1, further comprising:
an illumination source to illuminate said sample with an illumination wavelength; and
an optical signal generation unit configured to receive light emitted, scattered, reflected,

or transmitted by said sample upon illumination thereof.

23. The system of Claim 22, wherein said illumination wavelength is selected from

the group consisting of: visible wavelength range, UV wavelength range, NIR wavelength range.

24. - The system of Claim 22, wherein the optical signal generation unit is coupled to

said first and said second optical transmitters.
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25.  The system of Claim 22, wherein said optical signal generation unit includes an
objective lens optically coupled to one of the following:
a microlens array; and

a combination of a mirror and a beam splitter.

26. A method comprlsmg
converting a first 2D optical dataset depicting a ﬁrst portion of asampletoa
first 1D optlcal dataset; ‘
. converting a second 2D optical dataset depicting é second portion of the sample to a | v
second 1D optical dataset; and
selectively communicating the first and the second lD optical datasets to a spectrometer

to obtain spectral data for the sample.

27.  The method of Claim 26, further comprising forming a spatlally accurate

wavelength resolved i image of the sample

28.  The method of Claim 26, wherein the step of selectively communicating further
comprises: ' -

communicating the first 1D optical dataset to an input of the spectrometer,

switching communication at the input of the spectrometer from the first 1D optical .
dataset to the second 1D optical dataset; and

communicating the second 1D optic_al dataset to the spectrometer.

29.  The method of Claim 26, wherein the step of converting a first 2D optical dafaset
to a first 1D optical dataset further comprises:
- receiving said first 2D optical dataset from the first portion of the sample at an input of a
first optical fiber bundle, and '
rearranging the first optical fiber bundle to convert the first 2D optical dataset from the
first portion to the first 1D optical dataset at an output of the first optical fiber bundle.
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30.  The method of Claim 26, wherein the step of converting a second 2D optical
dataset to a second 1D optical dataset further comprises:

receiving said second 2D optical dataset from the second portion of the sample at an
input of a second optical fiber bundle, and | |

rearranging the second opticai fiber bundle to convert the second 2D optical dataset from
the second portion to the second 1D optical dataset at anboutput of the second optical fiber
bundle.

31.. The method of Claim 26, further comprising using M optical fibers for converting
the first 2D optical dataset and using N optical fibers for converting the second 2D optical
dataset, wherein M > N. ’

32.  The method of Claim 31 wherein the step of selectively communicating further
comprises: |

sliding a motorized linear transléting stage attached to said first optical fiber bundle of M
optical fibers and said second optical fiber bundle of N optical fibers; and thereby aligning one of
said 1D array of M optical fibers or §aid 1D aﬁay of N 6ptical fibers to an input port of said

spectrometer.

33.  The method of Claim 26, further comprising using M optical fibers for converting
the first 2D optical dataset and using N optical fibers for converting the second 2D optical

dataset, wherein M <N.

34,  The method of Claim 26, wherein the spectrometer comprises a spectrograph.
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35.  The method of Claim 26, further comprising: -
generating spectral data output from one of said first 1D optical dataset or said second 1D
optical dataset; ‘
| receiving with a 2D CCD-array Said spectral data output from an output port of said
spectrometer | |
| storing said spectral data;
processing said spectral data by 'éonverting the spectral data into a 2D spatially accurate
wavelength resolved image (SAWRI) data of a corresponding one of said first or said sécond 2D
portions of said sample; and - |
displaying a 2D SAWRI image of said corresponding one of said first or said second 2D

portions of said sample.

36.  The method of Claim 26, further comprising:
illuminating said sample with an illumination wavelength; and
receiving light emitted, scattered, reflected, or transmitted by said sample upon

illumination thereof with an optical generation unit.

37.  The method of Claim 26, wherein the first portion and the second portion are non-

overlapping.

38.  The method of Claim 26, further comprising converting a third 2D optical dataset
- from a third portion of the sample to a third 1D optical dataset and sequentially communicating

each of the first, second and third 1D optical datasets to said spectrometer.
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39.  Asystem comprising:

a switching mechanism having an input for receiving a pluraiity of 1D optical datasets
from a plurality of optical fiber bundles; and

| a pi'ocessor in communication with the switching mechanism and programmed with

instructions for controlling the switching mechanism to: |

select a first 1D optical dataset from Vone of the plurality of optical fiber bundles;

communicate the first 1D optical dataset to a spectrometer;

select a second 1D optical dataset from another of the plurality of optical fiber bundles; -
and

communicate the second optical 1D dataset to the spectrometer. -

40.  The system of Claim 39, wherein the switching mechanism further comprises an

output in optical communication with the spectrometer.

4]1.  The system of Claim 40, wherein each optical fiber bundle converts a 2D optical
dataset from a sample to a 1D optical dataset.

42.  The sj'stem of Claim 41, wherein the first 1D opiical dataset is received from a
first optical fiber bundle having M optical fibers and the second 1D optical dataset is received
from a second optical fiber bundle having N optical fibers , wherein M > N. '

43, The system of Claim 41, wherein the first 1D optical dataset is received from a
first optical fiber bundle having M optical fibers and the second 1D optical dataset is received

from a second optical fiber bundle having N optical fibers , wherein M < N.

44,  The system of Claim 41, wherein the spectrometer is a spectrograph.
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45. A'system' comprising:

a switching mechanism having an input for receiving one of a plurality of optical fiber
bundles, each one of the plurality of optical ﬁber bundles commumcatmg a correspondingl D
optical dataset from a sample; and ‘

a processor in communication with the switching mechanism and programmed with
instructions for éontroiling the switching mechanism to:

_select a first one of the plurality of optical fiber bundles to receive a first 1D optical

dataset therefrom;

commumcate the first 1D optical dataset toa spectrometer;

select a second one of the plurality of optlcal fiber bundles to receive a second 1D optical
dataset therefrom; and

communicate the second optical 1D dataset to the spectrometer.

46.  The system of Claim 45, wherein the swﬂchmg mechamsm further comprises an

output in optlcal communication with the spectrometer.

47.  The system of Claim 45, wherein each optical fiber bundle converts a 2D optical
dataset from a sample to a 1D optical dataset.

48.  The system of Claim 45, wherein the first optical fiber bundle comprises M

optical fibers and the second optical fiber bundle comprises N optical fibers, wherein M > N,

49.  The system of Claim 45, wherein the first optical fiber bundle comprises M

optical fibers and the second optical fiber bundle cémprises N optical fibers, wherein M < N.

50.  The system of Claim 45, wherein the spectrometer is a spéctrograph.
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51.  A'fiber bundle comprising:

an optical signal input end formed by a plurality of optical fibers organized in a plurality
of non-overlapping 2D zones, wherein each zone includes a predetermined number of fibers; and

an opﬁcal signal output end formed by a plurality of zone-speéiﬁc curvilinear arrays of
optical fibers in said plurality of optical fibers, wherein each curvilinear array contains a 1D

arrangement of a corresponding set of zone-specific fibers from said plurality of fibers.

52. - The fiber bundle of Claim 51, wherein each of said plurality of zone-specific

curvilinear array of optical fibers is configured to be optically c_oupled to a spectroscopy device.
53. Thé fiber bundle of Clairn 51, wherein said optical signal input end is configured

~ to be optically coupled to an optical signal generation unit and said optical signal output end is

configured to be optically coupled to a spectroscopy device.
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