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Data processing was conducted offline using MATLAB®.
The Transmittance data were acquired by correcting the Sam-
ple data using dark reference (Dark) and white reference
(White), as shown in Eq. (1). The Sample data were acquired
when the features on the USAF chart were imaged. Dark data
were acquired when the forelens of the HS imager was covered.
It represents the dark current noise where the transmittance
was 0%. White data were acquired by imaging a clear region
of the USAF chart where the transmittance was taken to be
100%. An average of ten images was taken to give the Dark
and White data. x refers to the column of the sensor array and λ
refers to the calibrated spectral bands allocated to the rows of
the sensor array.12 Frame refers to the image sequence taken
for the Sample data. Smooth is the 9-point moving average in
the spectral direction for spectrum smoothing.

Transmittance (x, λ, Frame)

= Smooth

[
Sample (x, λ, Frame) − Dark (x, λ)

White (x, λ) − Dark (x, λ)

]
. (1)

A datacube was formed using each of the captured image
frames by placing the spectral information acquired from
the 1D end of the fiber bundle onto the correct spatial posi-
tions in the datacube. This was done after performing spatial
calibrations on both ends of the fiber bundle.10

Different Groups and Elements of the USAF resolution
chart were imaged to determine the lateral resolution of the
system. The lateral resolutions along the horizontal and verti-
cal directions were determined by imaging Group 1 Element
5 (G1E5) and G2E3 of the USAF chart, respectively. Dur-
ing imaging, the USAF chart was moving towards the left
using a mechanical stage. The imaged regions are shown in
Figs. 3(a) and 3(b). It is important to note that the datacube
was formed using the information from one frame captured by
the HS imager, making it of a snapshot configuration.

Figure 3(c) shows the 500-nm transmittance mapping of
Frame 17, taken from G1E5 of the USAF chart. The features
in this transmittance mapping can be matched to the verti-
cal bars in Fig. 3(a). It is observed from Fig. 3(c) that the
vertical lines of G1E5 are still distinguishable. Therefore, the
lateral resolution of the system along the horizontal direction is
∼160 µm.

Figure 3(d) shows the 500-nm transmittance mapping of
Frame 30, taken from G2E3 of the USAF chart. The features
in this transmittance mapping can be matched to the horizon-
tal rows in Fig. 3(b). It is observed from Fig. 3(d) that the
horizontal lines of G2E3 are still distinguishable. Therefore,

FIG. 3. Imaged regions of (a) G1E5 and (b) G2E3 and 500-nm transmittance
mappings of (c) Frame 17 of G1E5 and (d) Frame 30 of G2E3 of USAF chart.

the lateral resolution of the system along the vertical direction
is ∼100 µm.

A snapshot HS endoscope was developed recently using
the concept of IFS.10 The design considerations are reported
in this paper and can be used as a starting guide for others who
want to fabricate such a custom fiber bundle in a snapshot HSI
system.
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