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Abstract
BFOSC and YFOSC are the most frequently used instruments on the Xinglong
2.16 m telescope and Lijiang 2.4 m telescope, respectively. We developed a
software package named “BYSpec”(BFOSC and YFOSC Spectra Reduction
Package) dedicated to automatically reducing the long-slit and echelle spectra
obtained by these two instruments. The package supports bias and flat-fielding
correction, order location, background subtraction, automatic wavelength cal-
ibration, and absolute flux calibration. The optimal extraction method maxi-
mizes the signal-to-noise ratio and removes most of the cosmic rays imprinted
in the spectra. A comparison with the 1D spectra reduced with IRAF verifies
the reliability of the results. This open-source software is publicly available to
the community.
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1. Introduction
Slit spectrographs are common in many large telescopes. They usually have
a simple structure, high throughput, and are easy to use. Low-resolution slit
spectrographs offer a cost-effective and efficient method for capturing the spectra
of faint celestial objects. Most of them use grisms as dispersion elements, and
the spectral resolutions are typically below 1000. Long-slit spectrographs can
simultaneously feed light from a scientifically interesting object and a nearby
object as a reference to correct for atmospheric transmission variations as well
as enable better sky emission correction. On the other hand, the spectra of
different positions of an extended source (such as galaxies and nebulae) along
the slit can be obtained at the same time with long-slit spectrographs. Echelle
grism, together with cross dispersers, can provide a spectral resolution of >1000,
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yet the throughput is generally lower. Both long-slit and echelle spectrographs
play essential roles in various research fields in modern astrophysics.

The light collected by a spectrograph is usually recorded by two-dimensional
detectors such as CCDs. Integrating the photons of the targets along the cross-
dispersion direction yields one-dimensional spectra. However, effects such as
detector bias, dark current, and quantum efficiency of individual pixels affect
the fluxes. Photons from the sky background, scattering light, and cosmic rays
also contaminate science objects. Additionally, the wavelength of each pixel on
the one-dimensional spectra needs to be calibrated, which can be performed by
comparing the spectra with that of an arc lamp full of emission lines whose wave-
lengths are already known. The spectra reduction procedure usually refers to
the above processes from the raw images to the wavelength and sometimes flux-
calibrated one-dimensional spectra (𝜆 versus F𝜆), which are ready for scientific
analysis. Due to its complexity, it takes significant effort even for a well-trained
observer.

The Beijing-Faint Object Spectrograph and Camera (BFOSC) mounted on the
Cassegrain focus of the 2.16 m telescope (Fan et al. 2016) in Xinglong Observa-
tory is a multi-purpose instrument with imaging and spectroscopy modes. Its
optical and mechanical designs are largely inherited from the EFOSC (ESO
Faint Object Spectrograph and Camera; Buzzoni et al. 1984) on the 3.6 m NTT
telescope. In the past decade, it has been the most frequently used instru-
ment on this telescope. According to the time allocation table, 231 or 87.5% of
the observing nights are allocated to BFOSC users in the semester from 2024
September to 2025 June, and a large fraction of these nights are used for spec-
troscopy observations, especially with “long-slit”and “echelle”modes. In the
long-slit mode, users can select one of the nine switchable grisms (designated
“G3”—“G12”) as the disperser to get the reciprocal linear dispersion of 80–
800 Å mm−1, corresponding to the spectral resolution of 1.2–12 Å pixel−1, or
𝜆/Δ𝜆 � 240–800 for the slit width of 2.�3. Only the first diffraction order (m =
1) is used in this mode. The slit has a length of 9.�4 on the sky, which facili-
tates the dispersion of the sky background over a large area, enables differential
simultaneous observation of a reference star for spectrophotometry, and allows
the acquisition of spectra from multiple positions of extended sources. While in
echelle mode, an echelle grating (“E9”) is inserted into the optical path as the
main disperser to provide a higher spectral resolution of 0.4–1.0 Å pixel−1. In
this mode, more than 10 diffraction orders can be used and they are arranged
along the slit direction by using one of the three grisms (G10—G12) as the cross-
disperser. A short slit (3.�0) is used to prevent spectral overlapping and only a
single source can be observed in each exposure. The wavelength coverage and
dispersion for different modes of BFOSC can be found in Table 1 of Fan et
al. (2016).

Similarly, the Yunnan Faint Object Spectrograph and Camera (YFOSC) is the
primary instrument on the 2.4 m telescope (Wang et al. 2019) in Lijiang, Yunnan
Observatory. It shares almost the same structure as BFOSC, thus their spectral
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formats resemble each other and can be reduced in the same way. Many efforts
have been made to construct a standard manner to analyze the massive spec-
tral data collected by these two instruments, including tutorials written by staff
astronomers in Xinglong Observatory using IRAF (Image Reduction and Anal-
ysis Facility), and PyFOSC (Fu 2020), a Python package for long-slit spectral
reduction that also relies on IRAF.

We developed a Python software package named“BYSpec”(BFOSC and YFOSC
Spectra Reduction Package)7 to perform the standard reduction procedures
from raw images to wavelength-calibrated,“science-ready”one-dimensional spec-
tra. In this paper, we introduce the algorithms adopted by the software and its
performance.
7 The software is publicly available at https://github.com/wangleon/byspec.

2. Data Overview
Before presenting the software package, we give a brief overview of the spectral
images taken with various modes and their differences. Figure 1 shows raw
images taken by BFOSC, where the panels in the upper row show the flat-
fielding, arc lamp, and scientific target respectively taken in the long-slit mode,
and the lower row shows the same objects but in the echelle mode. Throughout
this paper, the X-axis is designated as the dispersion direction, while the Y-axis
represents the slit direction or cross-order direction.

In the long-slit mode, the flat-fielding is generated by a tungsten halogen lamp
through the grism, producing a dispersed “spectroscopic”flat rather than the
widely-used “white-light”flats in photometric observations. The counts in the
short-wavelength region, corresponding to the right part of the CCD detector,
are significantly lower than those in the long-wavelength region. This discrep-
ancy is attributed to the low flux of the tungsten-halogen lamp in the short-
wavelength range. The arc lamp (in this case, FeAr) uniformly illuminates the
entire slit, producing a series of emission lines across the image. For a point
source target, its spectrum appears as a horizontal stripe at the center of the
image, with all vertical lines representing sky emission lines.

In the echelle mode, the diffraction orders produced by the echelle grating are
aligned along the slit direction, beginning at y � 900. The bright stripe observed
at y � 400 corresponds to the 0th order of the cross-disperser, where all diffraction
orders generated by the main disperser overlap, rendering it unusable. The
flat-fielding image has two primary purposes: determining the positions of the
diffraction orders on the CCD images and correcting for pixel-to-pixel response
variations within the spectral region. However, pixels between the echelle orders
are challenging to correct using only the spectroscopic flat in the same mode,
as they receive insufficient illumination. A photometric white flat is not always
available. As a result, we implemented the flat-field correction in BYSpec relying
only on the spectroscopic flats within the corresponding mode.
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3. Reduction Procedures
The BYSpec package supports both long-slit and echelle spectra taken by
BFOSC and YFOSC. The complete workflow is shown in Figure 2. The
software reduces the raw images night-by-night, regardless of multiple modes
(long-slit, echelle) or configurations (gratings, echelle grisms) used in the same
night. For an image taken under a specific mode and configuration, the program
automatically looks for the corresponding calibration files (bias, flat-fielding,
and arc lamp) taken on the same night and executes the reduction processes.

3.1. Generating Observation Logs

The first step is to scan all the raw image files in an observation night and
generate a machine-readable observation log file in ASCII format. For BFOSC
and YFOSC, the observing information (image type, target name, exposure
time, starting time, etc.) is stored differently. Most of them are in the filenames
for BFOSC, while these are saved as keywords in the FITS headers. BYSpec
scans the raw file directory, extracts the filenames and FITS keywords, and
creates a standardized log file. An example of an observation log for BFOSC is
shown in Figure 3. Then BYSpec classifies all the images into five categories:
bias, flat, arc lamp, flux standard stars, and scientific targets (see Figure 2)
according to the records in the observation log file.

3.2. Bias Subtraction and Overscan Correction

Bias refers to an offset value added to each pixel’s counts so that the readout
number is always positive. Multiple bias frames with the same pixel binning,
readout speeds, gain, and zero exposure time are often taken and averaged to
suppress the readout noise and measure this offset. The averaged “master”
bias frames for BFOSC are shown in Figure 4, where spatial patterns exist
in both frames. Since no obvious pattern along the vertical direction is seen,
BYSpec calculates the averaged values along the vertical direction and takes the
smoothed profiles as the bias values subtracted from all other frames. As bias is
mode- and configuration-independent, long-slit and echelle modes can share the
same bias frames. For CCDs with overscan regions, such as YFOSC, overscan
correction will be introduced in Section 4.1.

3.3. Flat-fielding Correction in Long-slit Mode

CCD pixels have slightly different responses to photons. Dust, interference
fringes, and other optical issues can cause non-uniform illumination across the
field of view. Like many other spectrographs, BFOSC and YFOSC use halogen
tungsten lamps with continuous spectra to obtain dispersed flat-fielding frames.
However, due to the different optical paths, flat-fielding frames under long-slit
and echelle modes are very different. The tungsten lamps in long-slit mode can
illuminate almost the whole slit, and therefore the entire CCD is illuminated,
as shown in the upper left panel of Figure 5. The fluxes in the short-wavelength
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region are weak because of the low temperature of the tungsten lamp, and the
vertical dark stripes are the telluric absorption bands. Some horizontal dark
stripes appear in every image and are probably caused by dust in the slit.

For the long-slit mode, BYSpec performs a customized third-order 2D Savitzky–
Golay filter (Savitzky & Golay 1964) over the flat-fielding image to obtain a
smoothed image. By setting the length of the filter window to 150 and the order
of polynomials to 3, it effectively removes the response variations of adjacent
pixels while preserving the overall energy distributions of the tungsten lamp.
Then, the pixel-to-pixel variation response, represented as the sensitivity map
(shown in the upper right panel of Figure 5), is derived by dividing the“master”
flat by the smoothed image. Following bias correction, all images with scientific
targets and arc lamps are divided by this sensitivity map.

3.4. Order Location and Flat-fielding Correction in the Echelle Mode

The light from the tungsten lamp in echelle mode is dispersed by the cross-
disperser and only illuminates the pixels in the echelle orders (see the lower left
panel of Figure 5). As the echelle mode uses a short slit, the widths of orders are
only a few pixels. Owing to this difference, BYSpec treats flat-fielding frames
of long-slit and echelle modes differently.

In the echelle mode, all images are trimmed to exclude the regions containing the
0th order generated by the cross-disperser. This avoids erroneous identification
as a normal diffraction order. Subsequently, BYSpec coadds the spectroscopic
flats as the“master”flat-fielding, which is used to locate the order positions. The
vertical profiles from different columns are shifted with second-order polynomi-
als relative to the profile of the central column and stacked together to obtain a
“coadded”profile, as shown in the left panel of Figure 6. Subsequently, a peak
detection algorithm is performed on the coadded profile to find their locations
(y1, y2, ⋯, y�), representing the y coordinates of intersection points of the orders
with the central column. These coordinates are then converted to the y posi-
tions of each column by reversing the second-order polynomials. Finally, the
coordinates (x, y) of each order are fitted by third-order polynomials, and the
coefficients are saved. All operations are performed on a logarithmic scale, mit-
igating the significant brightness differences between the orders located in the
upper (long-wavelength) and lower (short-wavelength) parts of the image. This
approach ensures that the detection process is almost equally sensitive to both
short- and long-wavelength orders, with no orders omitted, thereby maximizing
the wavelength coverage.

Interestingly, our methods can locate some faint“ghost”and“secondary”orders
between the normal diffraction orders, which are commonly seen in many other
echelle spectrographs (e.g., Cretignier et al. 2021). Ghost orders are caused
by spurious reflections between the optical elements and the detector surfaces.
They are usually 1 to 2 orders of magnitude weaker than the normal orders,
and their positions have different spatial distributions. On the other hand, the
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cross-disperser separates the different echelle orders using the first diffraction
order (m� = 1), while the short wavelength of the secondary order (m� = 2)
contaminates the long-wavelength orders. We call them “abnormal”orders,
contrary to the “normal”(m� = 1) orders. If the abnormal orders intersect
with the normal ones, the extracted 1D spectra will be overestimated by a
small amount. Fortunately, none of the BFOSC and YFOSC echelle orders
are intersected by abnormal orders, as shown in the right panel of Figure 6.
However, the detected abnormal orders are still blocked when determining the
background level using the pixels between the normal orders.

After finding the order locations in the echelle mode, BYSpec extracts the 1D
spectra of the flat lamp by directly summing up $±$5 pixels above and below
the order positions. Then the one-dimensional spectra of different orders are
smoothed by fitting lower-order polynomials and extended to 2D images with
widths of only 10 pixels for each order. The sensitivity map is constructed
by dividing the 2D flat-fielding by the extended, smoothed images. All pixels
outside the 10 pixels are set to unity.

3.5. Distortion Correction in the Long-slit Mode

The spectral lines imaged by BFOSC in the long-slit mode appear to curve across
the detectors. We show this effect by illuminating the slit with an FeAr arc lamp,
as shown in Figure 7. This is commonly seen in imaging spectrographs and is
known as spectral curvature or“smile distortion.”This effect is caused by optical
aberrations in the optical system and curved focal plane. The curvature makes
the relation between pixel and wavelength vary at different positions along the
slit, which further introduces systematic errors in wavelength calibration if not
properly taken into account.

BYSpec uses the long-slit arc lamp spectra to correct this distortion. First,
BYSpec extracts the spectra of the arc lamp (usually FeAr) within $±$10 pixels
of the central row along the slit direction and fits the emission lines using the
generalized Gaussian function, where x is the coordinate, and A, c, b, 𝛼, and
𝛽 are free parameters. Subsequently, BYSpec scans along the slit direction (y-
axis for BFOSC data) with a step of 200 pixels and fits the emission lines in
the same manner. For the same emission lines, the shift along the dispersion
direction relative to the reference spectra (Δx_y, where y = $±$200, $±$400,
⋯) are fitted with a low-order bivariate polynomial (Δx_y = f(x, y)), as shown
in the left panel of Figure 8. Since the shift along the dispersion direction is a
function of both dispersion direction (x) and slit direction (y), nonlinear smile
distortion at different positions across the image can be taken into account and
corrected.

The right panel of Figure 8 shows a schematic view of the smile distortion
observed in BFOSC. It is clearly shown that the distortion (Δx) is nonlinear in
both dispersion and slit directions. The maximum deviation from center to edge
is �7 pixels for BFOSC. Ignoring this effect could lead to significant systematic
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errors in wavelength calibration.

3.6. Wavelength Calibration

In long-slit mode, after correcting the smile distortion, wavelength calibration
is performed by fitting the central positions of emission lines versus their known
wavelengths with polynomials. Both BFOSC and YFOSC have multiple choices
for arc lamps, including FeAr and HeNe lamps. Therefore, we integrate wave-
length tables of various elements in BYSpec. The sources are listed in Table
1.

In the wavelength calibration, BYSpec uses generalized Gaussian functions plus
constant background levels to fit the profiles within a specific window (usually
$±$7 pixels) centered at each line in the arc lamps. In the long-slit mode, the
spectral resolution is only a few hundred, so some lines cannot be fully resolved
and exhibit significant deviation from symmetric shapes. For such cases, we use
multiple generalized Gaussian functions together with a constant background
to fit the profiles of multiple lines simultaneously. Figure 9 shows examples
of single-line and multiple-line fitting. For the long-slit mode, this method
increases the number of useful lines by up to twofold and hence significantly
reduces the standard deviations on 𝜆_i versus x_i.

In the echelle mode, as the spectral resolution is higher, most of the emission
lines listed in the line lists are fully resolved; therefore, only single-line fitting
is used, and the wavelength calibration is performed order-by-order, i.e., fitting
the relations of x_i versus 𝜆_i in the same order. We tried to use global fitting
as proposed by Baranne et al. (1996), but obtained a much larger standard devi-
ation, probably due to the complicated optical distortion, even after accounting
for the smile distortion as we corrected in the long-slit mode. This reminds us
that the image processing procedures of the two different modes should not be
the same, as the light beam passes through different optical elements.

We noticed that wavelength identification is time-consuming work even for an
expert. On the other hand, the wavelength coverage only shifts a small amount
(usually less than 10 pixels) on the detectors over the long term. Therefore,
we uploaded the identified wavelengths together with the arc lamp spectra of
BFOSC and YFOSC in different modes to the Amazon AWS server as templates.
When BYSpec is running, the spectra of the same arc lamp, using the same
modes (echelle or long-slit) and the same configuration (including the grating
used), will be downloaded automatically. The shift of emission lines in the CCD
pixels between the user data and the template we uploaded is calculated using
cross-correlation functions (CCFs), and the wavelengths of the new arc lamp
spectra will be identified automatically. We have collected wavelength templates
from various nights under different configurations and modes for both BFOSC
and YFOSC. If multiple templates are found, BYSpec will use the one closest
to the date of observation.

Ultimately, the wavelength solutions in long-slit mode and echelle mode are
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shown in Figures 10 and 11, respectively.

3.7. Background Subtraction for Single Point Source

Background subtraction is essential in spectral reduction as the photons from
celestial targets are contaminated by sky background and stray light inside the
instrument. As most of the targets observed by BFOSC and YFOSC are faint,
the fluxes in some spectral regions are dominated by sky-light emissions (e.g., [O
I] 557.7 nm). For point sources like stars observed in long-slit mode, we imple-
mented an automatic method to determine the background, as shown in Figure
12. Two areas beside the observed targets are selected as windows using an iter-
ative polynomial fitting along the slit direction. The counts inside the windows
are averaged as the background spectra and are subsequently subtracted from
the spectra of the observed target.

In echelle mode, the background light of targets is determined using the pixels
between the diffraction orders, including the faint“abnormal orders”mentioned
in Section 3.4. Pixels within certain pixel ranges ($±$8 pixels for BFOSC)
of the detected orders are blocked, and the fluxes of the remaining pixels are
fitted with iterative third-order polynomials column-by-column. Finally, the
determined background light is subtracted from every science image.

3.8. Target Selection and Optimal Extraction

The spectrum of a point source imaged on the CCD plane is not straight along
the spatial (slit) direction. We scan the images along the dispersion direction
and use Gaussian functions to fit the profiles along the slit direction to find the
peaks. Then polynomials are used to describe the CCD positions of the target
spectra. The result of target selection is shown in Figure 13.

Directly summing up the counts along the slit direction within several pixels
above and below the polynomial yields the flux at this wavelength, i.e., a point
on the one-dimensional spectra. However, this method does not consider the
different noise levels of the pixels. The optimal extraction method proposed
by Horne (1986) has been widely used (e.g., Piskunov & Valenti 2002). In
their approach, pixels along the slit direction are fitted by spatial profiles and
are assigned different weights according to the photon noise and read-out noise.
Cosmic rays can be identified and removed by placing an upper threshold on the
residuals of the fitting. We adopted both direct summing and optimal extraction
methods for long-slit and echelle spectra in BYSpec. The comparison is shown
in Figure 14, where the optimal extraction removes all six cosmic rays falling
inside the extraction aperture. The target of this spectrum is a supernova
(SN2023eoc) observed on 2023 April 18. Also plotted are the extracted spectra
with and without background subtraction. It is clearly shown that the sky
emission lines (e.g., the oxygen lines at 557.7 nm and 630.0 nm) are perfectly
removed in the resulting spectrum.
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3.9. Flux Calibration

BYSpec can execute absolute flux calibration for long-slit mode if a spectro-
scopic standard star is observed on the same night. The absolute flux cali-
bration aims to convert the ADU counts to physical units (e.g., erg s−1 cm−2

Å−1), by taking account of atmospheric extinction at the observing sites, and
differences in airmass and exposure time. BYSpec supports all spectroscopic
standard stars listed in Hamuy et al. (1992, 1994) and Oke (1990). The spectral
energy distributions (SEDs) are stored in the AWS cloud and can be downloaded
automatically whenever needed, although some of them are too faint for 2 m
telescopes.

In the echelle mode, absolute flux calibration is quite challenging. This mode
requires correction for the blaze function to attain an accurate one-dimensional
spectrum of the scientific target. Near the blaze angle, intensity reaches a
maximum due to the grating characteristics, rather than the actual observed
target. To nullify this effect, a blaze function correction is essential. The flat-
fielding’s ideal one-dimensional spectrum should exhibit uniform intensity, but
blaze-induced intensity variations occur. Hence, dividing the extracted scientific
target’s one-dimensional spectrum by the flat-fielding spectrum accomplishes
the blaze function correction.

4. Discussion
4.1. Adaptability and Compatibility

The YFOSC data closely resembles BFOSC data, with the primary difference
being the use of a larger CCD in YFOSC. Additionally, in YFOSC, the slit
direction aligns with the X-axis, and the dispersion direction aligns with the Y-
axis. These differences can be addressed by trimming and rotating the images
accordingly. The YFOSC detector includes overscan regions, which facilitate
monitoring variations in bias and readout noise over time. In BYSpec, these
overscan regions are averaged along the readout direction and subtracted from
the light-exposed pixels prior to bias correction. Apart from these adjustments,
the data reduction procedures are identical to those used for BFOSC.

4.2. Autonomous Execution

Traditional data reduction with IRAF relies on a command-line interface that
requires substantial user input at various stages, such as file classification, order
location, background subtraction, and wavelength calibration. While IRAF in-
cludes its own scripting language (CL), its functionality is limited compared to
modern programming languages like Python. To address these limitations, flex-
ible and modern tools such as PyRAF have been developed, integrating IRAF
tasks while offering enhanced features and usability. Our software, BYSpec, can
automatically execute all essential data reduction steps, including overscan, bias
and flat-fielding correction, order location, background subtraction, wavelength
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calibration, and flux calibration for BFOSC and YFOSC spectroscopic data.
The calibration processes, which rely on external templates such as wavelength
and flux calibration, are facilitated by downloading predefined files from web
servers. The principle is to minimize human intervention and ensure consistent
data products for these two instruments. This is particularly convenient for
observers using both BFOSC and YFOSC in the same research project.

4.3. Comparison with Other Packages

To validate the reliability of BYSpec, we reduced the same data set with IRAF
and compared the results in Figure 15. The procedures with IRAF follow
the standard manner, including bias subtraction, flat-fielding correction, back-
ground subtraction, and wavelength calibration. We obtained consistent results,
and the one-dimensional spectra returned by BYSpec successfully removed cos-
mic rays falling in the extraction aperture and the background regions; therefore,
the apparent outliers both above and below the IRAF spectra do not exist in
our results. We also compared the spectra after absolute flux calibration in
Figure 15, and the difference is also insignificant. The large fluctuations below
4000 Å are due to the poor signal-to-noise ratios of both the target star and
spectroscopic standard star.

The reduction procedure using IRAF requires experience and the spectral output
might be slightly different for different users. However, we can still conclude
that BYSpec produces consistent one-dimensional spectral products with widely
used software like IRAF.

We also adopted BYSpec for other similar instruments like EFOSC on the ESO
3.58 m New Technology Telescope (NTT) in La Silla. We downloaded the raw
data of SN2016ezh taken in the long-slit mode on 2021 September 4 from the
ESO data archive8 and reduced the data following the same procedures as we set
for BFOSC and YFOSC. We compared our results with the spectra downloaded
from the ESO Archive Science Portal9 in Figure 16. It is shown that our result
generally fits the spectra from ESO’s pipeline, except for the telluric A band
around 7600 Å, where ESO’s pipeline exhibits a bump while our result has the
absorption feature. We carefully checked the raw image and are confident in
our result.
8 https://archive.eso.org/eso/eso_{{{archive}}_{{main}}}.html
9 https://archive.eso.org/scienceportal/home

4.4. Known Issues and Limitations

BYSpec is not perfect and has some issues. First, BYSpec cannot suppress the
ring-like pattern that exists in the background of flat-fielding of BFOSC under
the echelle mode, as shown in the right panel of Figure 6. The ring is probably
caused by stray light from the telescope or the optical elements inside the spec-
trograph. It causes an overestimation of pixel response as shown in the lower
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right panel of Figure 5. However, as the same pattern also appears in the target
images and causes an overestimation of fluxes, this effect is somehow canceled.
But we still remind users to be cautious about any abnormal fluctuations at
x � 1600 in orders below 5000 Å when using the BFOSC spectra returned by
BYSpec. Second, an important advantage of long-slit spectrographs is that the
spectra at different positions of an extended source (e.g., nebulae and galax-
ies) can be recorded simultaneously. However, BYSpec currently only supports
single point sources. We will continue to develop BYSpec for extended sources.

5. Conclusion
In this paper, we introduce our newly developed spectroscopic data reduction
software called BYSpec. It can be used to reduce the long-slit and echelle spec-
tra of BFOSC on the Xinglong 2.16 m telescope and YFOSC on the Lijiang
2.4 m telescope. The data reduction procedures include overscan and bias cor-
rection, flat-fielding correction, distortion correction, background subtraction,
one-dimensional spectral extraction, wavelength calibration, and flux calibra-
tion. The output of BYSpec is the wavelength-calibrated and flux-calibrated (if
applicable) one-dimensional spectra, which are ready for scientific usage. The
reliability of our software is validated by comparing the results with other soft-
ware like IRAF.

BYSpec is open-source, easy to use, and can be executed fully automatically
if no complicated extraction for extended sources is required. Our software
has built-in template wavelength and flux calibration files in the cloud server
and therefore reduces human interaction that requires extensive experience. As
FOSC-like instruments are widely used in many telescopes, we will adopt the
software for more similar instruments.
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