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Abstract
Spectra carry vast amounts of astrophysical and chemical information and are
an important means of revealing the nature of celestial objects and exploring the
laws of the universe. With the continued advancement of major spectroscopic
survey projects worldwide, the volume of spectral data has reached the scale of
tens of millions, posing new challenges for data processing and analysis. To ad-
dress this issue, the team designed and developed an artificial intelligence-based
platform for spectral visualization and analysis, aiming to lower the barrier to
the use of spectral data and improve the efficiency of scientific research and
teaching. Integrating information technology with machine learning algorithms,
the platform implements functions including user management, data manage-
ment, visualization and analysis, spectral classification, parameter measurement,
spectral annotation, and multi-band and multimodal data fusion, while sup-
porting flexible user roles and data management strategies. The platform sig-
nificantly reduces the difficulty of analyzing massive spectral data, improves
the efficiency of scientific output, and, as an important tool of the National
Astronomical Data Center, serves data processing and scientific research for
large-scale scientific engineering projects such as LAMOST (Large Sky Area
Multi-Object Fiber Spectroscopy Telescope) and MUST (MUltiplexed Survey
Telescope). Meanwhile, the platform has potential for integrating science and
education, providing a new approach to the cultivation of innovative talent.
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Abstract Spectra carry abundant astrophysical and chemical information and
are an important means for revealing the nature of celestial bodies and even ex-
ploring the laws of the universe. With the continuous advancement of major
global spectroscopic survey projects, the volume of spectral data has reached
the scale of tens of millions, posing new challenges for data processing and anal-
ysis. To address this problem, our team designed and developed an artificial-
intelligence-based spectral visualization and analysis platform, aiming to lower
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the threshold for using spectral data and improve the efficiency of scientific
research and teaching. The platform integrates information technology with
machine-learning algorithms, and implements functions including user manage-
ment, data management, visualization analysis, spectral classification, parame-
ter measurement, spectral annotation, and fusion of multi-band and multi-modal
data. It supports flexible user roles and data-management strategies. The plat-
form significantly reduces the difficulty of analyzing massive spectral data, im-
proves research output efficiency, and, as an important tool of the National
Astronomical Data Center, serves data processing and scientific research for
major science projects such as LAMOST (Large Sky Area Multi-Object Fiber
Spectroscopy Telescope) and MUST (MUltiplexed Survey Telescope). At the
same time, the platform has potential for integrating science and education,
providing a new pathway for the cultivation of innovative talent.

Keywords astronomical database: astronomical spectral data, astrometry:
big-data measurement, astronomical instruments: spectral visualization plat-
form
Chinese Library Classification No.: P112; Document identification
code: A

1 Introduction
The spectra of celestial bodies carry key information related to their physical
and chemical properties. Through systematic analysis of spectral data, basic
parameters such as chemical composition, effective temperature, surface grav-
ity, age, and kinematic properties of celestial bodies can be obtained. These
parameters not only help reveal the formation and evolutionary history of indi-
vidual celestial bodies, but also provide important observational constraints for
studying the structure and evolution of the Milky Way, and even for exploring
the origin and evolutionary laws of the universe. Spectroscopic observations
provide an important window for obtaining information from the deep universe
and play a fundamental role in modern astronomical research.

The Sloan Digital Sky Survey (SDSS)[1] in the United States is one of the rep-
resentative international survey projects. After more than twenty years of sur-
vey observations, the project has released more than 6 million spectra. To
date, more than 25,000 high-quality academic papers have been published, and
the articles have been cited more than 770,000 times (statistical data from the
SAO (Smithsonian Astrophysical Observatory)/NASA (National Aeronautics
and Space Administration) Astrophysics Data System (ADS)[2]). The major
science project independently developed and built by China—the Guo Shoujing
Telescope (Large Sky Area Multi-Object Fiber Spec-
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12447204), and the first batch of scientific research projects of the China Space
Station Telescope (CSST) survey (CMS-CSST-2021-A09/A08)
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troscopy Telescope, LAMOST[^3]). Since its official acceptance in 2009, the
amount of spectra it has obtained is three times the sum of spectra released
by all other survey telescopes internationally, making it the world’s first sky-
survey project to publish more than 20 million spectra. Over the next decade,
next-generation telescope projects around the world are being accelerated, in-
dicating that spectroscopic observing capability will achieve a new leap, and
the total number of spectra is expected to increase by another order of mag-
nitude. Among them, the Multiplexed Survey Telescope (MUST)[^4], led by
Tsinghua University, is particularly eye-catching. Owing to its unique optical
and mechanical design, with a 6.5 m aperture and a 7 deg2 field of view, it
can observe at one time a sky area equivalent to 30 full moons, while carrying
out medium- and high-resolution spectroscopic observations of at least 20,000
celestial objects within the wavelength range of 0.36–1.0 𝜇m. It is expected that
within ten years after first light in 2029, MUST will be able to collect more
than 300 million spectra. Such massive spectroscopic data provide abundant
data resources for scientific research, teaching, and science popularization.

To date, there still remains internationally a lack of an integrated platform for
spectroscopic data visualization, analysis, and management that can simultane-
ously meet the needs of scientific research, teaching applications, and science
communication. In the current field of astronomical spectral analysis, many
specialized software tools emerged in the early period, such as the Virtual Ob-
servatory Spectrum Tool (VOSpec)[^5], SpecView[^6], Spectral Analysis Tool
(SPLAT)[^7], Centre d’Analyse Scientifique de Spectres Infrarouges et Submil-
limetriques (CASSIS)[^8], and others. Most are based on the Java framework,
are complex to deploy, depend on the local environment, and have relatively
single functions; they have not formed a unified collaborative platform integrat-
ing scientific research and teaching, resulting in their failure to become widely
popular in practical applications. In contrast, the artificial-intelligence-based
spectrum visualization and analysis platform built by our team has undergone
systematic upgrading and optimization on the basis of the original version[^9].
Centered on a modern Web architecture with front-end/back-end separation,
users do not need to install any plug-ins or configure a complex environment;
full-featured access can be achieved simply through a browser, greatly lowering
the threshold for use. Although the old platform implemented basic spectrum
visualization and template matching, it had limitations such as an outdated
architecture, insufficient artificial intelligence (AI) capability, and weak collabo-
ration functions, restricting its scope of use. The new platform deeply integrates
multiple artificial intelligence algorithms, possesses intelligent analysis capabili-
ties such as automatic spectral classification, parameter measurement, redshift
estimation, and anomaly detection, and integrates multimodal data fusion, in-
teractive visualization, and group annotation functions. At the same time, the
system supports flexible user role management and a team collaboration mech-
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anism, enabling integration of task distribution, annotation review, and result
statistics. It shows significant advantages in efficient screening and multidimen-
sional verification of special objects, thereby taking the lead comprehensively
over existing international software in functionality, ease of use, and collabora-
tion.

Compared with photometric image data that possess intuitive visual character-
istics, the degree of visualization of spectroscopic data is relatively low; their
form of presentation does not contain rich color or direct spatial distribution
information, and thus they have limitations in intuitiveness and universality.
In addition, the storage formats of spectroscopic data are usually rather com-
plex and involve specialized knowledge of physics and data processing; for users
lacking the relevant background, understanding and using them present consid-
erable difficulties. This characteristic means that in science-education integra-
tion activities, especially in teaching practice, the learning and application of
spectroscopic data often face major challenges.

With the rapid development of information technology, AI is playing an increas-
ingly important role in scientific research. By virtue of its powerful capabili-
ties in data processing, pattern recognition, predictive analysis, and automated
execution, AI is driving a profound transformation of the scientific research
paradigm. At the same time, through interactive science education tools and
platforms, AI technology can present complex scientific concepts in a more in-
tuitive form, not only promoting scientific discovery by researchers but also
helping to enhance the public’s scientific understanding and interest.

Against this background, this study proposes and designs a set of artificial-
intelligence-based spectral identification and analysis platform (hereinafter re-
ferred to as the “spectral identification platform”). Relying on information
technology, the platform integrates the visualization, analysis, and management
of spectroscopic data, aiming to build a team-collaborative science-education
integration system oriented toward the dual needs of scientific research and
education. With spectroscopic data as its core, the platform combines multi-
modal data such as multi-band images, time-domain information, and literature,
realizing comprehensive analysis and correlated exploration of data. Astronom-
ical researchers can use the platform to conduct scientific research work such
as searches for special celestial objects and sample construction; teachers can
implement inquiry-based teaching activities with astronomical characteristics
based on platform resources. In addition, with the assistance of artificial intelli-
gence algorithms, the platform can also complete annotation tasks for large-scale
spectroscopic data through student group collaboration. The construction and
promotion of the spectral identification platform are expected to become an
important data-processing and science-education support platform for China’s
large spectroscopic survey projects (such as LAMOST and MUST).
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Fig. 1 The overall architecture of an AI based spectral recognition platform
system

Figure 1: Fig. 1 The overall architecture of an AI based spectral recognition
platform system

2 Artificial-Intelligence-Based Spectral Identification Plat-
form
By introducing multiple machine-learning algorithms, adopting a front-
end/back-end separated architecture, and integrating collaborative analysis of
multimodal data, the new spectral identification platform has realized a leap
from a “tool”to an “integrated science-education platform.”To facilitate a
clear explanation of the platform’s overall design ideas, the following briefly
introduces its architectural design and main functions.

2.1 Overall System Architecture Design
In its architectural design, the new spectral-recognition platform contains the
following four core components: the artificial intelligence layer (AI Layer), the
data node layer (Data Node Layer), the spectral visualization and labeling layer
(Visualization&Label Layer), and the user roles layer (User Roles Layer), as
shown in Figure 1:

Figure 1 Overall architecture of the AI-based spectral-recognition platform sys-
tem

Fig. 1 The overall architecture of an AI based spectral recognition platform
system

Artificial intelligence layer: This layer integrates multiple machine-learning
algorithms, covering core functions such as spectral classification, stellar spec-
tral feature extraction, inversion of stellar atmospheric parameters, and redshift
measurement for galaxies and quasars (e.g., Support Vector Machine, SVM;
Artificial Neural Network, ANN; Principal Component Analysis, PCA; Deep
Learning, DL). Given the relatively large amount of computation, the algo-
rithm modules in this layer are independently deployed on dedicated servers to
centrally process computation requests and return the results to the spectral
visualization and labeling layer for further analysis and verification.

Data node layer: This layer is responsible for managing the tabular and
spectral data uploaded by users. It uses Java Database Connectivity (JDBC)
connections and supports three data-visibility modes: PublicDB (accessible to
all registered users), GroupDB (accessible only to group members), and MyDB
(private to the user). The upload process adopts a large-file chunked-transfer
and breakpoint-resume mechanism to improve the efficiency and stability of
data transmission. FITS (Flexible Image Transport System) files are an impor-
tant format for the storage and transmission of astronomical data; they contain
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header records and data records, with related information described in textual
form in the header. CSV (Comma-Separated Values) files are a commonly used
format in astronomy; they store tabular data (numbers and text) in plain text,
facilitating data exchange and sharing among different software and program-
ming languages.

Spectral visualization and labeling layer: This layer implements online vi-
sualization and analysis of spectral data. Visualization functions include tabular
and spectral-data display, interactive visualization of spectral images, and inte-
grated display of multiband data. Data-analysis functions cover AI-assisted spec-
tral classification, spectral-template matching, spectral-line labeling, real-time
calculation of redshift and line-of-sight velocity, and submission and manage-
ment of spectral-recognition results. The visualization module is implemented
based on the Echarts[^10] chart component, and integrates wavelet-transform
denoising algorithms and a 3𝜎 sky-filtering algorithm, thereby improving the
accuracy and reliability of data processing.

User roles layer: This layer is responsible for management of user roles and
work groups, assignment of spectral-recognition tasks, and review and statistics
of labeling results. This module adopts the OAuth[^11] single sign-on autho-
rization mechanism, providing convenient registration-free access for users of
the National Astronomical Data Center (NADC)1.

The new-generation spectral platform adopts a system architecture with front-
end and back-end separation. The front-end part is built on the Vue.js frame-
work[^12]. This framework is a progressive JavaScript development environment
that can achieve efficient user-interface rendering and component-based manage-
ment. The back-end part adopts the Spring-Boot framework[^13]. On the basis
of the traditional Spring system[^14], this framework is highly integrated and
optimized, simplifying the configuration process and dependency management
and providing a flexible and efficient runtime environment. In addition, the
back-end data persistence layer uses the MyBatis framework[^15] to implement
object-relational mapping (Object-Relational Mapping, ORM), thereby support-
ing efficient mapping and interaction between Java objects and database records.
The system database uses MySQL to ensure the stability and scalability of data
management.

Supported by the above technical system, the new platform has higher perfor-
mance stability and functional extensibility. At present, the system has been
officially launched and is operating with the support of the National Astronom-
ical Data Center (NADC).

1https://nadc.china-vo.org/speczoo-system/
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Flux template visualization. Sub category: O. TemplateName: O9V_mk. Plot
of flux versus wavelength with marked H, H𝛾, and H𝛽 lines.

Figure 2: Flux template visualization. Sub category: O. TemplateName:
O9V_mk. Plot of flux versus wavelength with marked H, H𝛾, and H𝛽 lines.

2.2 Basic Functional Overview
1. User Roles and Workgroup Management

The platform is designed with four categories of user roles: system administrator,
workgroup leader, workgroup administrator, and spectral expert (ordinary user).
Each user may participate in one or more workgroups according to their respon-
sibilities. Workgroup leaders are usually senior researchers with experience in
relevant fields; they are responsible for establishing workgroups and assigning
spectral-identification tasks. Workgroup administrators assist the leaders in task
management and progress supervision; ordinary users mainly undertake specific
work such as spectral annotation and data verification. This multi-level role
and permission design improves the organizational flexibility and collaborative
efficiency of the system.

2. Spectral-Type Management and Support for Characteristic Spec-
tral Lines

The system presets spectral templates for common celestial-body types such as
stars, galaxies, and quasars, and integrates a characteristic spectral-line wave-
length library for common chemical elements. Figure 2 shows an example of a
spectral template: it is a spectral template for an O-type star, for which the
platform presets three characteristic spectral lines. This module provides users
with standardized classification references and spectral-line retrieval support,
helps improve the scientific rigor and consistency of spectral identification, and
lowers the threshold for beginners.

3. Catalog Data Upload and Spectral Visualization

Figure 3 shows the platform visualization interface. Users can obtain catalog
data from data centers such as LAMOST and SDSS, and upload them to the
system according to the CSV specification defined by the platform. After the
upload is completed, the system automatically performs data integrity checks
and import operations. Users can browse data, analyze spectra, or perform
overplot processing of multiple spectra on the platform. The platform supports
functions such as spectral visualization, local feature magnification, spectral
annotation, and wavelet denoising, without the need to install additional plug-
ins. In addition, reading data from CSV files and assembling them into URLs
to obtain files from major survey cloud servers entails network access latency;
uploading local FITS files can further improve access and operation efficiency.
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Figure 2 A stellar spectral template with spectral type O9V; this template is
from Morgan-Keenan Classification (MKCLASS)[^12].

Fig. 2 A stellar spectral template with spectral type O9V, sourced from Morgan-
Keenan Classification (MKCLASS)[^12].

4. Task Deployment and Submission of Annotation Results

As shown in Fig. 4, on the platform, a workgroup administrator can assign sci-
entific research tasks or research-based learning tasks to members or students
within the group and collect their completion status. After a task is completed,
the annotation results are mainly reflected in the annotation of the physical pa-
rameters of target celestial bodies. Different types of celestial bodies correspond
to different annotation contents. For example, quasar-like objects require anno-
tation of redshift, emission-line width, and continuous-spectrum flux; galaxies
require annotation of redshift, age, metallicity, and mass; and stars require an-
notation of radial velocity, surface gravity, and metallicity. To improve system
flexibility, the platform incorporates the physical parameters to be annotated
into the scope of dynamic management, so as to support diversified task require-
ments and continuously updated scientific research objectives.

Fig. 3 The platform’s visualization interface is demonstrated using a quasar
spectrum as an example (screen capture; the same applies hereafter). The
interface comprises three tabs: “Data Browser,”used for paginating through all
data rows of the target table; “Visualization,”used for spectral analysis; and
“Overlay Spectra,”used for superimposing and comparing different spectral data.
In the “Visualization”tab, a dark curve represents the spectrum of a quasar
at a redshift of 1.89646; the light-colored curve above it is a quasar template
spectrum, and the inserted subfigure is the quasar’s SDSS image.

Fig. 3 The platform’s visualization interface is demonstrated using a quasar
spectrum as an example (screen capture, the same applies hereafter). The inter-
face comprises three tabs: “Data Browser”for paginating through all data rows
of the target table;“Visualization”for spectral analysis; and“Overlay Spectra”
for superimposing and comparing different spectral data. In the“Visualization”
tab, a dark curve represents the spectrum of a quasar at a redshift of 1.89646.
A light-colored template spectrum of a quasar is overlaid for comparison, and
an inserted subplot displays the quasar’s SDSS image.

2.3 Advanced Functions Based on Artificial Intelligence

The spectral-recognition platform integrates multiple machine-learning algo-
rithms to improve the efficiency and precision of astronomical spectral analysis.
In terms of spectral classification, Wu et al.[16] introduced partial convolution
and grouped convolution techniques, solving the problem that traditional convo-
lutional neural networks are prone to overfitting in astronomical spectral classi-
fication and significantly improving model performance. In terms of measuring
spectral parameters, Zhang et al.[17] proposed a support-vector-regression-based
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Figure 4 interface screenshot: “Add new marking task,”with fields including
GroupName, TaskName, Description, SheetName, BeginDate, EndDate,

RepeatLimit, MarkQuantity, and OK/Cancel buttons.

Figure 3: Figure 4 interface screenshot: “Add new marking task,”with fields
including GroupName, TaskName, Description, SheetName, BeginDate, End-
Date, RepeatLimit, MarkQuantity, and OK/Cancel buttons.

Stellar LAbel Machine (SLAM) model, enabling precise measurement of stel-
lar atmospheric physical parameters. In terms of large-language-model-assisted
analysis, the platform has integrated the Aligning developed by the Zhijiang
Laboratory.

and Translating Spectroscopic Measurements for Stars (SpecCLIP) model[^18],
which supports remote invocation and returns stellar parameters; Zhong et al.’
s[^19] Galaxy Spectra neural Networks (GaSNet) algorithm has added new com-
puting power to the platform, further enriching the platform algorithms. The in-
tegration of these algorithms provides strong support for automatic spectral clas-
sification and parameter measurement, significantly enhancing the functional
richness and usability of the platform. Figure 5 shows application examples
of three algorithms. Through “one-click”operations, users can complete au-
tomatic identification of celestial-object types and automatic measurement of
basic stellar atmospheric parameters, effectively assisting spectral analysis and
visualization in scientific research and teaching tasks. The integration of the
above algorithms lays a foundation for automated spectral classification and
parameter measurement on the platform, enabling users to efficiently complete
celestial-object classification and measurement of stellar atmospheric parame-
ters on the platform, and assisting spectral analysis and visualization work.

Figure 4 Interface for assigning annotation tasks. During task assignment, the
group administrator can decide which members of the group will participate in
task allocation, how many spectral annotation tasks each member will complete,
how many random repetitions each spectrum will have, and the deadline for task
completion.

Fig. 4 The interface for assigning annotation tasks. During the task assignment
process, the group administrator can decide which members of the group will
participate in task allocation, how many spectral annotation tasks each member
will complete, how many random repetitions each spectral will have, and the
deadline for task completion.

(1) Intelligent classification of celestial objects

Multiscale Partial Convolution (MSPC-Net)[^16] is a spectral classification
method based on convolutional neural networks (CNNs), aimed at improving
the accuracy, efficiency, and generalization capability of astronomical spectral
classification. By introducing techniques such as partial convolution, large-
kernel convolution, and grouped convolution, this method achieves multi-scale
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feature extraction, thereby alleviating the overfitting and feature-redundancy
problems that traditional methods may encounter when processing complex
spectral data. MSPC-Net uses convolution kernels of different sizes to perform
convolution operations on spectral data, simultaneously capturing local and
global features and comprehensively characterizing the complex structure
of spectra; partial convolution performs convolution only on some channels,
which can reduce the number of model parameters and lower the risk of
overfitting; grouped convolution divides the input channels into multiple groups
for separate convolution processing, further reducing computation and the
number of parameters while enhancing each channel’s ability to learn different
features. Compared with traditional CNN models, MSPC-Net maintains high
performance while significantly reducing parameter scale, thereby lowering
storage and computational costs and improving the model’s generalization
performance on different datasets, making it suitable for diverse astronomical
spectral classification tasks. Through the innovative combination of multi-scale
feature extraction and convolution strategies, this method provides an efficient
and reliable tool for automated astronomical spectral classification.

(2) Prediction of stellar atmospheric parameters

Stellar LAbel Machine (SLAM)[^17] is a data-driven method based on support
vector regression (SVR), dedicated to extracting accurate stellar atmospheric
parameters from large-scale spectroscopic surveys. As a nonlinear regression
method, SVR maximally compresses prediction errors by constructing an opti-
mal regression hyperplane in a high-dimensional feature space, and has good
generalization capability. SLAM can adapt to multiple spectral types and dy-
namically adjust model complexity according to data characteristics, thereby
achieving high precision and high stability in parameter extraction. Test re-
sults on the LAMOST Data Release 5 (DR5) dataset show that this model can
achieve a relatively high level of prediction accuracy under high signal-to-noise-
ratio conditions. In addition, SLAM can handle high-dimensional problems; for
example, when combining APOGEE (Apache Point Observatory Galactic Evo-
lution Experiment) and LAMOST stellar data, it provides accurate stellar-label
predictions for about 1 million K-type giants in LAMOST DR5. Compared with
traditional data-driven methods,

SLAM has outstanding performance in terms of model flexibility, adaptability,
and extensibility, and can be extended to prediction tasks with more stellar
labels.

(3) Large-language-model linkage

The platform has integrated the SpecCLIP large language model[^18]. This
model was jointly developed by the Zhijiang Laboratory and the National Astro-
nomical Observatories, Chinese Academy of Sciences, and is one of the achieve-
ments of the“Astronomical Large Model Training Program.”The training pro-
gram aims to cultivate interdisciplinary“AI + astronomy”talent by integrating
astronomical knowledge and large-model technologies through cross-disciplinary
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Fig. 5

Figure 4: Fig. 5

collaboration. During development, the team relied on the Tianji artificial-
intelligence open-source platform of the Zhijiang Laboratory, using distributed
computing engines and efficient training frameworks to accelerate model iter-
ation and optimization. SpecCLIP is mainly used for stellar census work; it
can systematically analyze large volumes of stellar spectral data, identify stel-
lar types and physical parameters (such as temperature, chemical composition,
and motion state) and evolutionary characteristics, extract key features such
as spectral-line intensity and multi-spectral-band displacement, and complete
stellar classification (such as main-sequence stars, red giants, and white dwarfs)
as well as estimation of parameters including mass, age, and metal abundance
through deep-learning algorithms. Compared with the SLAM method corre-
sponding to SpecCLIP, SLAM has greater flexibility in resource-constrained
scenarios and small-data tasks, whereas SpecCLIP relies on large-scale train-
ing data and is suitable for end-to-end complex pattern mining and automated
analysis, such as anomaly detection in low-signal-to-noise spectra. Combining
the two can achieve complementary advantages: it not only optimizes the allo-
cation of computing resources, but also provides a complete solution from data
screening to in-depth analysis for research on stellar formation and chemical
evolution.

Fig. 5 Using a metal-poor star (LAMOST obsid: 51216196) as an example
to demonstrate three algorithms. MSPC-Net shows it as an F7 star, while
SLAM and SpecCLIP measure its atmospheric parameters. The atmospheric
physical parameters of the star measured by high-resolution spectroscopy are
𝑇eff = (5560.69 ± 171.69) K, log 𝑔 = 3.56 ± 0.47, [Fe/H] = −1.98 ± 0.2 (𝑇eff is
the effective temperature, and log 𝑔 is the surface gravity log 𝑔, where 𝑔 is in
units of cm ⋅ s−2).

(4) GaSNet-III spectral analysis

The spectrum-identification platform has integrated the GaSNet-III (Galaxy
Spectral Network) function[^19]. GaSNet-III is a generative deep-learning
framework that integrates spectral reconstruction, redshift estimation, and
anomaly detection into a unified analysis pipeline, and is suitable for large-scale
spectroscopic surveys. This method adopts two types of generative neural-
network architectures: one is inspired by autoencoders and is used to extract
PCA-like interpretable eigenspectra and coefficients; the other is an end-to-end
denoising-optimized U-Net model, used to exploit translational symmetry in
logarithmic wavelength space and spectral similarity among observational data
to reconstruct rest-frame spectra. GaSNet-III, through rapid scanning

across the entire 𝜒2 space, across multiple classes of celestial objects such as
stars, galaxies, and quasars, identifying the globally optimal solution for object
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class and redshift range, thereby achieving object classification, high-precision
redshift determination, and robust marking of anomalous spectra based on the
𝜒2 curve. On stellar samples, its classification accuracy can exceed 0.999. The
computational efficiency of this method is several orders of magnitude higher
than that of classical template-fitting methods, while maintaining comparable or
even higher precision. GaSNet-III improves computational efficiency by several
orders of magnitude, without compromising prediction accuracy, providing an
extensible analysis solution for next-generation spectroscopic surveys such as
the Dark Energy Spectroscopic Instrument (DESI) [20] and the 4-metre Multi-
Object Spectroscopic Telescope (4MOST) [21].

3 Large-Sample Search and Construction Practices Based
on Spectroscopic Data
Relying on the knowledge platform, researchers can independently or collabo-
ratively conduct diversified scientific studies, showing particular advantages in
the search for special celestial objects and the construction of large samples.
Taking the search practices for three typical classes of celestial objects as exam-
ples, the following demonstrates the platform’s capabilities in multi-band data
integration and analysis.

3.1 Identification of Strong Gravitational-Lens Candidates

The strong gravitational-lensing effect is an important phenomenon predicted
by general relativity. When a massive celestial body (such as a galaxy or black
hole) lies between the observer and a more distant luminous object, its gravity
bends the light from the distant object, forming a magnified and sometimes
multiply distorted image. Gravitational lensing changes the path by which
light from a background galaxy reaches Earth, but does not change its spec-
tral features; therefore, it has broad applications in astronomy. For example,
gravitational lensing can be used to detect quantum dark matter in the Milky
Way, especially massive compact halo objects (MACHOs); by observing light
variations caused by microlensing effects, the total mass of compact objects in
the Milky Way can be estimated [22]. Strong gravitational lensing can also be
used to search for supermassive binary black holes at the centers of galaxies,
thereby studying the dynamics of galactic nuclei and the formation mechanisms
of black holes [23]. In addition, gravitational lensing can assist in measuring cos-
mological parameters, such as the density and expansion rate of the Universe
[24]. Most known galaxy-scale gravitational-lens systems have been discovered
through imaging observations, while only a small number of systems have been
identified through spectroscopic observations.

The spectra of strong gravitational-lensing objects are formed by the super-
position of the spectra of the lensing object and the source object, exhibiting
multiple-redshift characteristics. For identifying strong gravitational-lens can-
didates using spectroscopic data, this platform integrates automated parameter
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measurement and spectral annotation functions for both the lensing object and
the source object, thereby systematically improving the discovery efficiency of
strong-lensing candidates. The platform can refer to the method proposed by
Zhong et al. [25], and, based on spectroscopic observational data, achieve effi-
cient screening through the following steps: 1. perform preliminary screening of
all spectra, calculate the probability that each spectrum is a lens candidate, and
select high-probability candidates according to a preset probability threshold;
2. separately predict the background-source redshift and foreground-lens red-
shift of the candidates, requiring that the background-source redshift be at least
0.1 larger than the foreground-lens redshift; 3. include the high-quality candi-
dates satisfying the criteria in manual visual inspection, to further confirm their
authenticity and completeness.

In the process of carrying out systematic screening of strong gravitational-lens
candidates in survey data such as LAMOST, the knowledge platform provides
key technical support. Its advantages are mainly reflected in multimodal data
collaboration and visualization analysis capabilities: researchers can use the
platform’s spectral-interaction functions to identify typical emission lines in
spectra that may originate from background galaxies (such as [O III] 𝜆5007 Å),
thereby determining whether multiple redshift features are present.

At present, the team is manually reviewing strong gravitational-lens candidates
in survey data such as LAMOST and, with the aid of the knowledge platform,
constructing a systematic screening workflow. The platform’s core advantages
lie in its multimodal collaborative data-analysis capabilities: first, researchers
can clearly identify, through the interactive spectral-visualization function, the
characteristic emission lines of background galaxies in the candidate spectra
(such as [O III] 𝜆5007 Å and Ly𝛼), confirming the multiple-redshift features
of the light source; second, the platform integrates cross-survey data linkage
modules, which can directly retrieve and compare deep-field images from high-
resolution space telescopes such as the Hubble Space Telescope (HST). When a
candidate simultaneously satisfies the following conditions, preliminary authen-
tication can be completed: 1. the foreground emission lines in the spectrum
can be clearly identified, and their redshift is markedly different from that of
the background emission lines; 2. HST or other survey images display typical
strong-lensing morphological features (such as an Einstein ring, multiple images,
or prominent arc-like structures).

By further combining other observational methods (such as Very Long Baseline
Interferometry, VLBI), strong gravitational-lens candidates can be analyzed in
depth to obtain more information supporting confirmation. Within the“model
screening—manual review”framework, the knowledge platform provides efficient
visualization, data linkage, and collaborative management support, thereby sig-
nificantly reducing the cost of manual inspection, improving the accuracy of can-
didate screening, and playing a key role in multidimensionally verifying strong
gravitational-lensing phenomena.

Figure 6 shows an example of a typical strong gravitational-lens system on the
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Fig. 6 spectrum and HST image of a strong gravitational lens source

Figure 5: Fig. 6 spectrum and HST image of a strong gravitational lens source

knowledge platform, with the corresponding HST image shown in the subfigure.
From the spectral features

⋯indicates that the main signal comes from the foreground galaxy. This galaxy
is an old bright red galaxy; because star-formation activity has almost ceased,
its spectrum contains almost no emission lines and mainly shows absorption-
line features, with a redshift of 𝑧 = 0.1196. The emission lines in the spectrum
mainly come from the background galaxy. As shown in Fig. 7, its redshift is
𝑧 = 0.1965, further confirming that the redshift of the background source is
greater than that of the foreground galaxy. This workflow fully demonstrates
how the spectrum-recognition platform can be used to identify and verify strong
gravitational-lens candidates.

Fig. 6 The spectrum and HST image (subplot) of a strong gravitational lens
source. The foreground is a bright red galaxy system, and in the spectrum the
absorption lines K, H, Ge, Mg I, Na I, H𝛼, etc., clearly show that the redshift
of the foreground galaxy is 0.1196.

Fig. 6 The spectrum and HST image (subplot) of a strong gravitational lens
source. The foreground is a bright red star system, and in the spectrum, ab-
sorption lines such as K, H, Ge, Mg I, Na I, H𝛼 clearly show a redshift of 0.1196
for the foreground galaxy.

3.2 White-Dwarf–Main-Sequence Binary Search
White-dwarf–main-sequence binaries (White Dwarf-Main Sequence Binary,
WDMS) are a common type of compact binary system in the Milky Way,
consisting of a white dwarf and a low-mass main-sequence companion star, and
usually originate from the evolution of main-sequence binaries. In most cases,
because the initial orbital separation is relatively large, the components of
the binary can evolve independently and no significant mass exchange occurs.
However, for some main-sequence binaries with relatively small initial orbital
separations, when the more massive primary leaves the main sequence and
enters the red-giant or asymptotic-giant branch, its expanded envelope may
engulf the companion star, causing the system to enter the common-envelope
(Common Envelope, CE) evolutionary phase. During this phase, friction within
the common envelope causes the orbital separation of the binary to gradually
shrink; meanwhile, the orbital energy and angular momentum decrease ac-
cordingly, ultimately leading to the ejection of the common envelope and the
formation of a post-common-envelope binary (Post-Common-Envelope Binary,
PCEB). Because WDMS binaries are numerous and easy to observe, they have
become an ideal class of astronomical systems for studying the mechanisms of
common-envelope evolution [26].
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Fig. 7

Figure 6: Fig. 7

To efficiently identify and study such systems, this platform integrates spec-
tral analysis with secondary-template cross-validation functions, significantly
improving the discovery and confirmation efficiency of WDMS binaries. As
shown in Fig. 8, a pair of WDMS binaries identified through the spectrum-
recognition platform is presented; its optical image comes from SDSS (subplot),
and the dark curve is the corresponding LAMOST optical⋯

spectrum. Because the white dwarf and the main-sequence star have a small
angular separation, LAMOST cannot separate the optical signals of the two stars
in spectroscopic observations, causing the spectrum to superpose the features of
both stars. The Spectra Platform provides a two-template matching function,
which can fit different wavelength ranges of a spectrum and thereby identify the
superposed components: the blue end of the spectrum matches a white-dwarf
spectral template, while the red end matches an M-type main-sequence-star
template. To confirm that these two stars constitute a physical binary (i.e.,
that they have a real mutual interaction), it is necessary to verify that their
distances from Earth are essentially the same and that their kinematic states
are consistent (neglecting the effect of mutual orbital motion). The Spectra
Platform supports one-click access to the parallax and proper-motion data of
the ESA Gaia satellite, with a parallax difference within 5%. If the above
conditions are satisfied, the system can be preliminarily identified as a white-
dwarf–main-sequence binary.

Fig. 7 The emission lines of the background galaxy superimposed on the spec-
trum of the strong gravitational lensing source, where the subgraph is an en-
larged image of the spectrum near wavelengths 8000 Å. These emission lines
clearly show a redshift value of 0.1965 for the background galaxy.

By integrating complex spectral decomposition and multisource data-
verification procedures into a coherent and automated analysis workflow,
this platform has fundamentally changed the traditional research mode that
relied on manual comparison, greatly improving the efficiency and reliability of
large-sample screening and study of peculiar binary stars. Based on the massive
accumulated spectroscopic data from surveys such as SDSS and LAMOST,
the systematic search for WDMS binary samples is of great scientific value for
in-depth understanding of the evolutionary processes of compact binaries[^27],
especially common-envelope evolution mechanisms[^28]. In addition, for gen-
eral types of binary systems, the Spectra Platform, by leveraging its advantage
in multimodal data fusion, can also efficiently identify and capture targets
with special spectral features, providing strong support for the rapid screening,
classification, and certification of rare celestial objects.
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Fig. 8

Figure 7: Fig. 8

3.3 Efficient Screening and Subtype Determination of Carbon Stars

Carbon stars are a class of special stars whose atmospheric carbon abundance
is higher than oxygen. Their optical spectra show prominent molecular carbon
absorption bands (such as C2, CN, and CH). Such stars generally have temper-
atures and luminosities similar to those of late-type G-, K-, and M-type giant
stars, but their chemical

⋯exhibit anomalous composition. According to spectral features, they can be
further divided into subtypes such as C–H, C–R, and C–N. The formation of
carbon stars is closely related to mass transfer in binary systems, and they
are important tracers for studying the chemical evolution and stellar evolution
of galaxies. However, the accurate identification of carbon stars from massive
spectral data faces the challenges of feature discrimination and low efficiency in
manual screening; moreover, in practical applications, the final confirmation of
carbon stars is highly dependent on manual inspection of spectra.

To address this challenge systematically, this platform integrates spectral anal-
ysis and cross-validation with multi-band photometric data, which can greatly
improve the efficiency and reliability of carbon-star candidate screening. Based
on the functions of the platform, researchers can efficiently reproduce or opti-
mize the multi-stage screening procedure constructed by Li et al.[29] based on
10,599,979 low-resolution spectra from LAMOST DR7. The procedure includes:
1. selecting spectra with signal-to-noise ratio 𝑆/𝑁(𝑖) > 10 (𝑖 denotes the 𝑖-th
pixel); 2. screening candidates using threshold values of carbon molecular-band
indices; 3. combining 2MASS infrared photometric data to divide the candi-
dates into warm and cool groups and measure them separately; 4. finally, the
candidates enter the manual inspection stage.

Fig. 8 A spectrum of a WDMS binary from LAMOST, with its SDSS optical
image shown in the inset. The thin line and the thick black curve are the spectral
templates of the white dwarf and the M-type main-sequence star, respectively.

Fig. 8 The spectra of a WDMS binary from LAMOST, with its SDSS optical
image shown in the subfigure. The thin line and the thick black curve are
the spectral templates of the white dwarf and the M-type main-sequence star,
respectively.

The application of the spectrum-identification platform significantly reduced the
time required for manual inspection. On the basis of automated screening (line
indices and infrared colors), the team carried out systematic manual inspection
of the candidate spectra. The specific procedure was as follows:

1. Remove low signal-to-noise spectra (𝑆/𝑁 < 10), remove quasars
(broad emission lines), M dwarfs (TiO/VO molecular bands), recog-
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Fig. 9 Spectrum of a carbon-star candidate from LAMOST

Figure 8: Fig. 9 Spectrum of a carbon-star candidate from LAMOST

nizer/instrumental noise (abnormal spikes/fractures), and interstellar
extinction distortions; 2. visually inspect the presence of key carbon
molecular absorption bands, including the depth and profile of the C2
molecular bands (4737 Å, 5165 Å, 5635 Å), the intensity ratios of the CN
molecular bands (7065 Å, 7820 Å), and continuum cutoff features (C–N
stars have no continuum at 𝜆 < 4400 Å); 3. according to the classification
criteria proposed by Barnbaum et al.[30] in 1996, determine the subtype
through diagnostic spectral lines; 4. finally, all spectra are independently
judged by at least two researchers, and conflicting cases are resolved by
team discussion.

Fig. 9 shows the spectrum of a carbon-star candidate identified through the
spectral platform. This target comes from LAMOST sky-survey data and, af-
ter automatic preliminary screening, entered the manual verification stage. By
comparison with classical templates, it can be clearly recognized that its spec-
trum contains prominent carbon-molecular absorption features, especially the
C2 molecular bands at 4737 Å and 5165 Å. At the same time, strong absorption
lines of Sr II (4077 Å) and Ba II (4554 Å, 6496 Å) are present, indicating enrich-
ment in strong s-process (slow neutron-capture process) elements, confirming it
as a Ba-type carbon star.

Figure 9 Spectrum of a carbon-star candidate from LAMOST. Strong C2 molec-
ular absorption is visible at 4737 Å and 5165 Å, together with strong absorption
lines of Sr II (4077 Å) and Ba II (4554 Å, 6496 Å), indicating that it is a Ba-
type carbon star. According to the results returned by SpecCLIP (subplot), the
abundance of carbon is several times that of oxygen.

Fig. 9 The spectrum of a carbon star candidate from LAMOST reveals strong C2
molecular absorption bands at 4737 Å and 5165 Å along with strong absorption
lines of Sr II (4077 Å) and Ba II (4554 Å, 6496 Å), identifying it as a Ba-type
carbon star. According to the results returned by SpecCLIP (subplot), the
abundance of carbon is several times that of oxygen.

4 Summary and Outlook
Spectra carry key information about the physical and chemical properties of
celestial objects and are an important means of revealing the nature of celestial
bodies and exploring the laws of the universe. With the continued advance-
ment of large spectroscopic survey projects such as SDSS and LAMOST, the
volume of spectroscopic data has reached the scale of tens of millions. In the
next decade, next-generation survey telescopes under development internation-
ally (such as MUST) are expected to raise the total amount of spectroscopic
data by another order of magnitude, exceeding one hundred million spectra.
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This wealth of data provides unprecedented opportunities for scientific research
and science education. Through spectroscopic-data visualization, on the one
hand, researchers can be helped to understand spectral features intuitively and
accelerate scientific discovery; on the other hand, abstract concepts can be made
concrete, improving students’interest in learning and teaching effectiveness, and
cultivating scientific literacy and innovative ability.

However, unlike photometric images, spectroscopic data are not immediately
intuitive and easy to understand. For users lacking relevant foundational knowl-
edge, there is a certain difficulty in understanding and using them. To lower
the threshold for using spectroscopic data and improve the efficiency of scientific
research and teaching, our team has designed and developed a set of artificial-
intelligence-based spectral visualization and analysis platforms. This platform
uses advanced information technology and machine-learning algorithms to im-
plement integrated functions including user management, data management,
visual analysis, spectral classification, parameter measurement, spectral anno-
tation, and fusion of multi-band and multimodal data.

In terms of research applications, the spectral platform supports researchers in
independently or collaboratively carrying out searches for special celestial ob-
jects and constructing samples. For example, in strong gravitational lensing
research, the platform can automatically screen spectroscopic survey data, cal-
culate the probability that each spectrum is a lens candidate, and predict the
redshifts of the foreground lens and the background source, ensuring that the
redshift of the background source is higher than that of the foreground galaxy.
High-probability candidates will enter manual review, including comparison of
spectral features with high-resolution images (such as HST) to confirm typ-
ical strong-lensing morphologies, such as Einstein rings, multiple images, or
arc-shaped structures. The platform provides multimodal data linkage and in-
teractive visualization functions, enabling researchers to identify the absorption
lines of foreground galaxies and the emission lines of background galaxies, and to
complete high-reliability candidate confirmation. In binary-system research, the
platform can be used for efficient identification of white-dwarf–main-sequence
binaries (WDMS). WDMS binaries consist of a white dwarf and a low-mass
main-sequence companion; some systems evolve through a common envelope
(CE), during which orbital energy and angular momentum decrease, forming
post-common-envelope binaries (PCEB). Through dual-template matching, the
platform decomposes composite spectra into white-dwarf and main-sequence
components, and combines Gaia trigonometric parallax with proprietary data to
verify the physical association of the binary, significantly improving the screen-
ing efficiency and reliability of large WDMS samples. In studies of chemically
peculiar stars, carbon stars have a higher carbon abundance than oxygen in
their atmospheres, and their spectra show obvious carbon molecular absorption
bands (such as C2, CN, and CH), which can be subdivided into subtypes such
as C-H, C-R, and C-N. By combining spectral features, infrared photometry,
and manual review, the spectral platform enables systematic screening and cer-
tification of large-scale carbon-star candidates, significantly reducing manual
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workload while ensuring classification accuracy.

The platform’s multimodal and collaborative capabilities also provide impor-
tant support for research and teaching. Through the cloud-based architecture,
learners can access massive spectral data with no threshold, conduct interac-
tive analyses, and visualize complex processes such as spectral diagnosis and
redshift measurement. In the course practice of “Research Training and Prac-
tical Innovation”at Hangzhou Dianzi University, with AI assistance students
can independently complete special-object identification tasks and experience
the full-chain training from literature reproduction and data mining to outcome
production. This model significantly lowers the entry threshold for astronomi-
cal research, enabling undergraduates to master spectral diagnostic capabilities
within a short period, while also supporting the integrated cultivation of talent
pipelines from undergraduate to master’s and doctoral levels.

In the future, the spectral platform will continue to integrate advanced algo-
rithms and multi-band analysis functions, enhance global data-sharing capa-
bilities, and expand educational applications, providing sustained support for
astronomy and interdisciplinary research. At the same time, by establishing
an active user community, it will encourage the sharing of research and teach-
ing experiences, thereby achieving the platform’s continuous optimization and
knowledge exchange.
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Abstract Spectra, rich in the physical and chemical signatures of celestial
objects, play a pivotal role in revealing the nature of astronomical bodies and
exploring the mysteries of the universe. With the advancement of major spec-
tral survey projects worldwide, we have ushered in an era of spectral data at the
tens-of-millions scale. Confronted by the challenges posed by massive spectral
datasets, we have designed and developed an artificial intelligence-powered spec-
tral visualization and analysis platform. This platform aims to lower barriers
to spectral data utilization while enhancing efficiency in both research and ed-
ucation. Leveraging cutting-edge information technology and machine learning
algorithms, the platform integrates multiple functions including user manage-
ment, data governance, visual analytics, spectral classification, parameter mea-
surement, spectral annotation, and multi-band/multi-modal data integration.
Its flexible user role and data management architecture significantly reduce the
analytical threshold for massive spectral datasets, accelerating scientific produc-
tivity. As a core tool of the National Astronomical Data Center, it supports data
processing and scientific output for major projects such as LAMOST (Large Sky
Area Multi-Object Fiber Spectroscopy Telescope) and MUST (MUltiplexed Sur-
vey Telescope). Simultaneously, its potential to bridge scientific research and
education opens new pathways for cultivating innovative talent.

Key words astronomical data bases: astronomical spectral data, astrome-
try: big data measurement, astronomical instrumentation: spectral visualiza-
tion platform

Note: Figure translations are in progress. See original paper for figures.
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