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Abstract The China Space Station Telescope (CSST) is a two-meter space telescope with

multiple back-end instruments. The Fine Guidance Sensor (FGS) is an essential subsystem

of the CSST Precision Image Stability System (PISS) to ensure the required absolute point-

ing accuracy and line-of-sight stabilization. In this study, we construct the Main Guide Star

Catalog for FGS. To accomplish this, we utilize the information about the FGS and object

information from the Gaia Data Release 3. We provide an FGS instrument magnitude and

exclude variables, binaries, and high proper motion stars from the catalog to ensure uniform

FGS guidance capabilities. Subsequently, we generate a HEALPix index, which provides a

hierarchical tessellation of the celestial sphere, and employ the Voronoi algorithm to achieve

a homogeneous distribution of stars across the catalog. This distribution ensures adequate
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coverage and sampling of the sky. The performance of the CSST guide star catalog was as-

sessed by simulating the field of view of the FGS according to the CSST mock survey strategy

catalog. The analysis of the results indicates that this catalog provides adequate coverage and

accuracy. The catalog’s performance meets the FGS requirements, ensuring the functioning

of the FGS and its guidance capabilities.
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1 INTRODUCTION

The Chinese Space Station Telescope (CSST), also called the China Space Survey Telescope, is a two-meter

diameter space telescope that will be launched around 2025 to near-earth orbit. CSST will run independently

at the same orbit as the Chinese Space Station, which benefits from on-orbit maintenance and upgrade (Zhan

2018). CSST is an off-axis three-reflector space telescope with a Fine Guidance Sensor (FGS) to provide a

high-stability image system. The CSST is designed to achieve an 80% energy concentration of PSF better

than 0.15 arcsec, and a PSF ellipticity of better than 0.15. These figures of merit include the static and

dynamic errors in the optical system and the back-end instruments. The planned science goals of CSST

cover a wide range of areas, including cosmology, the Milky Way and nearby galaxies, galaxies and active

galactic nuclei (AGN), exoplanets and solar system objects, stellar science, astrometry, transients, and a

wide variety of variable sources.

The Main Survey Camera (MSC) is the major instrument of CSST, which is expected to allocate about

70% of observing time. CSST adapts the fixed filter or grating on each sensor and ensures each filter

corresponds to a specific detector with the highest quantum efficiency within the detector’s band. 30 Charge

Coupled Devices (CCD) with fixed filters are deployed in MSC. Among them, 18 CCDs are allocated for

multiband imaging with seven bands (NUV, u, g, r, i, z, y) and 12 for slitless spectrographs with three types

of slitless spectrum grating (GU, GV, GI). Thus, the MSC can simultaneously observe 30 mosaic sky areas

within a 1.1�� 1.2� Field of View (FOV) and can reach 26.3 mag at G band in 300 seconds exposure time.

Besides, there are also other instruments mounted on the CSST, including the Integral Field Spectrograph

(IFS), the Multi-Channel Imager (MCI), the Cool Planets Imaging Coronagraph (CPI-C), and the High

Sensitivity Terahertz Detection Module (HSTDM). IFS, MCI, CPI-C, and FGS deploy on the Shared Focal

Plane (SFP) with FGS, and HSTDM deploys on an independent focal plane without FGS. Each instrument

will be allocated about 5% observation time in the total telescope lifetime in orbit.

CSST is designed to achieve the performance that the PSF’s 80% energy concentration does not exceed

0.15 arcsec, and the PSF ellipticity remains below 0.15. However, the CSST absolute pointing accuracy and

image stabilization accuracy are designed to achieve no more than 10 arcsec. Meanwhile, with the assistance

of a guide star, these accuracies can be significantly improved to 5 arcsec and 0.05 arcsec, respectively (Zhan

2021). To accomplish this, FGS plays a critical role in achieving these improved accuracies and ensuring the

necessary quality factors for scientific objectives. Drawing from the experience of previous space telescope

missions, the guide star catalog assumes great importance in the functioning of the FGS. In this study, we

present the details of the CSST guide star catalog (CSST-GSC) solution and conduct a preliminary test and
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Fig. 1: A diagram of the light path of CSST off-axis three-reflector to illustrate FGS guiding (modified from

Zhan (2021)). In sub-figure (a), green parts represent the mirrors, including the primary mirror (PM), the

secondary mirror (SM), the tertiary mirror (TM), and the Fast Steering Mirror (FSM). In sub-figure (b),

different light beam colors represent the different wavelengths, and the FSM reflects the light to the MSC

for observation with FGS guiding. We show the FSM movement direction and the corresponding light beam

movement direction on MSC in blue two-way arrows when the FGS is guiding.

analysis of the guide star catalog’s performance based on the theoretical technical performance of the FGS

and the current simulated sky survey planning.

The paper is organized as follows. Section 2 introduces the FGS characteristics and requirements for

the guide star catalogs. Section 3 introduces the input catalogs for catalog building and the mock survey

strategy catalog for verification. Section 4 presents the FGS guide star catalog building and validation

methods. Section 5 shows the results related to input catalogs preprocessing, catalog homogenization, and

our catalog performance. Section 6 delineates the catalog release. Finally, Section 7 summarizes this study.

2 REQUIREMENTS TO GUIDE STAR CATALOG

2.1 The Fine Guidance Sensor

The Precision Image Stability System (PISS) is used to correct the observation or pointing direction in a

limited range and stabilize the image in CSST observation. FGS and the Fast Steering Mirror (FSM) are

two essential components of the PISS. The FSM, known as the ”three-in-one” mirror, possesses multiple

functionalities, including focal length adjustment, light path switching between MSC, SFP, and HSTDM, as

well as high-frequency sheering for guiding purposes. The specific placement of the FSM within the light

path is illustrated in Figure 1. By utilizing high-frequency stellar position sampling and calibration data

from the FGS, the PISS can dynamically drive the FSM in closed-loop control, enabling high-precision and

real-time adjustments of the light axis. This capability effectively corrects for spacecraft’s pointing errors

and reduces light-axis vibrations.

FGS adopts a large-frame custom-made Complementary Metal Oxide Semiconductor (CMOS) detector

and aerospace-grade FPGA to provide accurate guide stars’ position, their derived results, and control sig-

nals with high efficiency and low energy consumption. Four FGSs are prepared and installed in CSST, of

which two FGSs are located on the MSC. As shown in Figure 2, FGS1 and FGS2 are deployed on both sides

of the MSC, and each contains four CMOS detectors, including two primary and two backup detectors. The
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Fig. 2: The Main Survey Camera (MSC) focal plane distribution of CSST. On the focal plane, a total of

30 CCDs are deployed in MSC, 18 for multiband imaging with seven bands (NUV,u, g, r , i , z, y) and 12

for slitless spectrographs with three types of slitless spectrum grating (GU, GV, GI). The layout of these

CCDs is symmetrically arranged along the center to facilitate observation. The focal panel also includes one

Photometric Calibration Unit (PCU), one Near-infrared Unit (NIU), four Wavefront Sensors (WFS), and

two Fine Guidance Sensors (FGS) (Zhan 2021). FGS1 is located on the left side and consists of four CMOS

detectors (CMOS1, CMOS2, CMOS3, CMOS4), where CMOS1 and CMOS2 serve as primary sensors, and

CMOS3 and CMOS4 serve as backup sensors. FGS2 is situated on the right side and comprises four CMOS

detectors (CMOS5, CMOS6, CMOS7, CMOS8), where CMOS1 and CMOS2 serve as primary sensors, and

CMOS7 and CMOS8 serve as backup sensors. We establish a cartesian coordinate system on the MSC, with

the forward directions de�ned as right and up, and the MSC center designated as the origin point.

other two FGSs are deployed on the SFP. As shown in Figure 3, FGS3 and FGS4 are on the upper left corner

and lower right of the SFP, each containing two CMOS detectors without a backup sensor. The deployment

of FGSs in close proximity to the �eld of view (FOV) is crucial for achieving high measurement precision.

Additionally, to maximize the astrometric baseline between two FGSs, their layout in the MSC and SFP is

illustrated in Figure 2 and Figure 3, respectively. Detailed parameters of the FGS are provided in Table 1.

Backup sensors do not work on regular observation. Suppose the primary sensors can not work properly

or there are insuf�cient guide stars in the primary sensors' FOV or FGS in calibration observation. In these

cases, we can activate the backup sensors and make them work with or aside from the primary sensors.

The ”activate” procedure includes powering on, self-checking, cooling down the sensors, capturing the �rst

image, accessing the PISS system, and more. The ”work” mentioned here includes simultaneously capturing

the images in FOV in short- and long-exposure modes.
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Fig. 3: The Shared Focal Plane (SFP) distribution of CSST. The SFP center is the original point to build

the coordinate. Two FGS are deployed on the SFP. FGS3 is on the upper left, and FGS4 is on the lower

right. Each FGS contains two CMOS detectors (FGS3: CMOS9, CMOS10 and FGS4: CMOS11, CMOS12)

without a backup sensor. We establish a cartesian coordinate system on the SFP, with the forward directions

de�ned as right and up, and the SFP center designated as the origin point.

Table 1: The expected FGS performance and con�guration parameters.

No. Items Contents

1 MSC Primary Detectors CMOS1, CMOS2 (FGS1)/ CMOS5, CMOS6 (FGS2)

2 MSC Backup Detectors CMOS3, CMOS4 (FGS1) / CMOS7, CMOS8 (FGS2)

3 SFP Primary Detectors CMOS9, CMOS10 (FGS3) / CMOS11, CMOS12 (FGS4)

4 MSC Effective Area
� 0.12deg2 (Primary+Backup Detectors)

� 0.06deg2 (Primary or Backup Detectors)

5 SFP Effective Area � 0.06deg2

6 CMOS Pixel Size 7.5� m

7 CMOS Pixel Array 7680� 11264 pixels

8 CMOS Pixel Scale 0.0375 arcsec/� m

9 CMOS QE Refer to Figure 10

10 Optical Transmission Refer to Figure 10

11 System Transmission Refer to Figure 10

12 Frame Frequency � 100 fps@(256 rows, 14 bit)

13 ROI Size 5� 5, 7� 7, 9� 9, or 15� 15 pixels

14 Size For Transfer 15� 15 pixels

15 Maximum ROI Number 16
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