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RESEARCH ARTICLE
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Space-based distributed array telescope formations hold substantial potential for deep space exploration, 
with their performance highly dependent on precise baseline measurements between subtelescopes. 
This study presents a double-sideband frequency-sweeping interferometry (DSB-FSI) technique based 
on electro-optic modulation for intertelescope baseline measurements. To address the lack of on-orbit 
frequency-sweep calibration references, a Fabry–Pérot etalon is used for real-time in  situ frequency-
sweep rate calibration. Experimental results show that the Fabry–Pérot etalon effectively calibrates the 
frequency-sweep rate of the DSB-FSI system, reducing long-term baseline measurement drift error from 
20.11 to 13.38 μm and decreasing maximum measurement deviation from 18.03 to 13.14 μm over a 5.7-m 
baseline. Metrological calibration confirms that the calibrated system achieves a baseline measurement 
accuracy of 44.30 μm over a 10-m range, with excellent dynamic measurement performance for monitoring 
baseline variations. The DSB-FSI technique is expected to provide a reliable solution for the high-precision 
intertelescope baseline measurements in “MEAYIN” (Multiple-Spacecraft Exoplanet Aperture Synthetic 
Interferometer) project, thus supporting the advancement of space-based distributed array telescope 
formation technologies.

Introduction

   Space-based distributed array telescope formations hold consid-
erable importance and research interest in deep space explora-
tion [  1 –  3 ]. Through coordinated multitelescope observation and 
task allocation, these systems substantially enhance observa-
tional capabilities. The implementation of long-baseline optical 
interferometry enables high-precision tracking and characteriza-
tion of space targets, providing critical technological support for 
early identification, orbital prediction, and defense strategies 
against hazardous objects such as small bodies, comets, and space 
debris [  4 ]. Moreover, distributed array telescope formations offer 
substantial engineering potential for space exploration missions, 
including near-Earth planet exploration, solar physics research, 
and the search for extraterrestrial life [  5 ].

   In 2019, the China Aerospace Science and Technology Cor
poration initiated the “MEAYIN” (Multiple-Spacecraft Exoplanet 
Aperture Synthetic Interferometer) project [ 1 ], which proposes 
the development of a space-based distributed synthetic aperture 

telescope array for high-resolution direct imaging in deep space 
exploration. Within this telescope formation, the precise mea-
surement of intertelescope baseline length serves as a fundamen-
tal requirement for maintaining multitier accurate control and 
stable configuration of the distributed telescope platform [  6 ,  7 ]. 
The measurement capability plays a critical role in determining 
the operational reliability of the entire formation.

   Laser measurement technology is an ideal choice for space-
based precision metrology due to its noncontact operation, 
high accuracy, and high resolution. Among various laser mea-
surement techniques, frequency-sweeping interferometry (FSI) 
enables simultaneous high-precision measurement of absolute 
distance and dynamic characteristics by analyzing the beat sig-
nal between the frequency-modulated laser and its echo [  8 –  10 ]. 
Compared to time-of-flight, multiwavelength interferometry, 
and optical frequency comb methods, FSI offers advantages 
such as high accuracy, unambiguous, and compact structure, 
making it a promising approach for future space exploration 
missions. Although FSI holds marked technical advantages 
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[  11 –  14 ], it remains constrained by 2 major challenges: (a) 
frequency-sweep nonlinearity in the tunable laser [  9 ,  12 ,  15 ] and 
(b) dynamic error amplification effect [ 10 ,  16 ,  17 ].

   In our previous work, although some advances have been 
made in addressing these 2 major issues [ 6 ,  13 ,  18 ], the simultane-
ous suppression of both frequency-sweep nonlinearity and 
dynamic error amplification remains a critical technical chal-
lenge. It has been demonstrated that electro-optic modulation 
based on lithium niobate waveguides enables the transfer of a 
linearly chirped radio frequency (RF) signal onto a stabilized 
laser carrier, thereby generating highly linear frequency-sweep 
sidebands [  19 ]. Furthermore, by using a Mach–Zehnder modu-
lator (MZM), 2 strictly synchronized, linearly modulated side-
bands with opposite frequency-sweep directions can be produced 
on either side of the stabilized laser spectrum [  20 –  23 ]. This 
double-sideband FSI (DSB-FSI) system not only achieves highly 
linear frequency sweeps but also effectively suppresses dynamic 
error amplification.

   The DSB-FSI system offers high component maturity and is 
well suited for miniaturized and integrated designs, making it 
suitable for aerospace measurement applications. However, cur-
rent DSB-FSI systems lack a stable traceable reference for 
frequency-sweep calibration, which limits the on-orbit mea-
surement accuracy and long-term stability. Although techniques 
such as gas absorption cells [  24 ], optical frequency combs [  25 ], 
and auxiliary reference interferometers [  26 ] can serve as trace-
able references for FSI systems, their high cost and system com-
plexity hinder their use in aerospace on-orbit applications. To 
address this limitation, we propose a DSB-FSI system utilizing 
a Fabry–Pérot (F–P) etalon as a traceable reference. Furthermore, 
we derive the theoretical expression for the F–P resonance sig-
nals generated by the double-sideband frequency-sweep laser 
within the F–P etalon. Experimental results demonstrate that 
using an F–P etalon as the frequency-sweep rate calibration 
reference effectively suppresses long-term distance drift errors 
caused by frequency-sweep instability.   

Materials and Methods

System design and measurement principle
   Figure  1  illustrates the schematic of the space-based distributed 
array telescope formation proposed in the “MEAYIN” project. 
In space-based optical interferometric imaging tasks, the for-
mation must satisfy coplanar (locating within the same plane), 
cophased (having fixed phase positions), and codirectional 
(pointing in the same direction) configuration requirements. 
Consequently, high-precision intertelescope baseline measure-
ment is essential for the stable operation for this formation. 
This section presents the system design and baseline measure-
ment principles of the DSB-FSI system.          

DSB-FSI system design
   The schematic diagram of the DSB-FSI system equipped with 
an F–P etalon is illustrated in Fig.  2 . A narrow-linewidth laser at 
1,550 nm serves as the laser source. An electro-optic modulator with 
a dual Mach–Zehnder structure is used, and the detailed modu-
lation principle is shown in Fig.  2 B. To obtain positive and negative 
frequency-sweep sidebands, the linear frequency-modulated RF 
signal is amplified and then injected into the MZM, where it is 
divided into 2 paths with a 90° phase shift. Meanwhile, 3 dc signals 
are applied to the MZM to precisely adjust its phase [  27 ,  28 ]. The 
RF signal is generated by a commercial frequency-sweep source. 

For both sidebands, the bandwidth is nearly 8 GHz, and the sweep 
time is 1 ms. Subsequently, the double-sideband modulated laser 
is split into 2 paths by fiber splitter 1 (FS1). One path passes 
through collimator 2 (COL2) and enters the F–P etalon, where 
the F–P resonance signals are generated. The other path is further 
divided into emitted and reflected beams at FS2. The reflected 
beam enters the circulator, is coupled into free space via COL1, 
and, after being reflected by the target, reenters the circulator. 
Finally, the reflected beam interferes with the emitted beam in a 
90° optical hybrid. In the optical hybrid, 2 beat signals with a 90° 
phase delay are generated, which are “I” (in-phase) and “Q” 
(quadrature phase), respectively. The 2 beat signals are detected 
by separate balanced photodetectors (BPDs) and, together with 
the F–P signals, are synchronously acquired by a data acquisition 
(DAQ) card.        

   As shown in Fig.  2 C, both the emitted and reflected beams 
in the DSB-FSI system contain 2 frequency-sweep sidebands. 
At the same moment, the frequency difference between the 2 
sidebands is less than 16 GHz, resulting in the 2 sets of interfer-
ence fringes being superimposed. When the target is not sta-
tionary, variations in the optical path difference (OPD) induce 
a Doppler frequency shift  fd   , thereby modulating the interfer-
ence fringes. To eliminate dynamic magnification errors, the 
fringe counts corresponding to the positive and negative side-
bands are averaged. Therefore, IQ demodulation is required to 
distinguish the interference fringes corresponding to the 2 
frequency-sweep sidebands [  21 ,  22 ].   

Measurement principle
   The emitted laser of DSB-FSI system during the nth measure-
ment can be expressed as:
﻿﻿  

where  Se,positive,n(t)    and  Se,negative,n(t)    represent the positive and 
negative sidebands of the emitted laser, respectively.  fL    is the 
frequency of the laser carrier.  f0    is the initial frequency of the 
linearly frequency-modulated RF signal.  t ∈ [0, T]   , where T 
is the duration of a single frequency sweep, and K is the 
frequency-sweep rate.

(1)

Se,n(t)=Se,positive, n(t)+Se,negative,n(t)

= exp
(

2πi
(

fL+ f0
)

t+πiKt2
)

+exp
(

2πi
(

fL− f0
)

L
t−πiKt2

)

Subtelescope 1 

Subtelescope 2 Subtelescope 3 

Subtelescope 4

Main telescope

Fig. 1. The schematic diagram of the space-based distributed array telescope 
formation in the “MEAYIN” project.
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   The reflected laser can be expressed as:
﻿﻿  

where  �    represents the time delay relative to the emitted laser, 
﻿c is the speed of light, and  Ln    denotes the OPD in the nth mea-
surement, which can be approximated as:
﻿﻿  

where  vn    is the target velocity and  Ln(0)    is the initial OPD in 
the nth measurement. The reflected laser can be written as:
﻿﻿   

   The emitted and reflected laser beams interfere in the 90° 
optical hybrid, yielding 4 optical output signals in quadrature:

﻿﻿  

where  Ae    and  Ar    represent the amplitudes of the emitted and 
reflected laser, respectively. The phases  �positive (t)    and 
﻿�negative (t)    correspond to the positive and negative frequency-
sweep sidebands of the beat signals, respectively:
﻿﻿  

(2)Sr,n(t) = Se.n(t−�) = Se,n

(

t−Ln∕c
)

(3)Ln = Ln(0) + vn ⋅ T

(4)

Sr,n(t)=Sr,positive,n(t)+Sr,negative,n(t)

= exp

[

2πi
(

fL+ f0
)

(

t−
Ln(0)+2vnt

c

)

+πiK

(

t−
Ln(0)+2vnt

c

)2
]

+exp

[

2πi
(

fL+ f0
)

(

t−
Ln(0)+2vnt

c

)

−πiK

(
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c

)2
]
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Fig. 2. (A) Schematic diagram of DSB-FSI system. (B) The double-sideband modulation principle based on the MZM. (C) Schematic diagram of the DSB-FSI interference 
principle. Dashed line, reflected laser frequency for a static target; solid line, reflected laser frequency for a moving target. PS, phase shifter; PA, power amplifier.
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where  �p    and  �n    represent the initial phases of beat signals 
generated by the positive and negative frequency-sweep side-
bands, respectively. After photoconversion by the BPDs, the 2 
orthogonal beat signals are obtained and expressed as:
﻿﻿   

   The amplitudes  AI    and  AQ    correspond to the beat signals in 
the 2 orthogonal paths, respectively.

   In nth measurement, the phase changes of the positive and 
negative frequency-sweep sideband signals during the time T 
are expressed as follows:

﻿﻿   

    Equation (8)  demonstrates that the error amplification 
caused by the Doppler shift can be canceled by averaging the 
phase terms  Δ�positive, n    and  Δ�negative, n   , i.e.,

﻿﻿   

   The Doppler-induced error amplification term is determined 
by the difference between  Δ�positive, n    and  Δ�negative, n   , i.e.,

﻿﻿   

   According to  Eqs. (9)  and  (10) ,  Ln   ,  �n   , and  ΔL    can be 
expressed as:

﻿﻿   

   In this study, a novel phase detection method based on the 
all-phase fast Fourier transform [ 21 , 22 ,  29 ] is used to achieve 
precise extraction of the beat signal phase.   

DSB-FSI frequency-sweep traceability method
   The measurement precision and system reliability in DSB-FSI 
are directly governed by the accuracy and stability of the K. In 
practice, in conventional DSB-FSI systems, the K is defined as 
﻿K = B∕T   , where B is the RF signal frequency-sweep bandwidth 
and T is the frequency-sweep time. However, maintaining a con-
stant K is challenging due to component-dependent transmission 
efficiency and system noise. To overcome this limitation, we 

propose a dynamic frequency-sweep rate calibration method for 
DSB-FSI system based on an F–P etalon. When the laser enters 
the F–P etalon, multiple-beam interference occurs within the 
etalon. For single-sideband frequency-sweep laser, the transmit-
ted laser intensity can be expressed as:
﻿﻿  

where R denotes the reflectivity of the etalon mirrors, and
﻿﻿  

where  n0    is the refractive index of the etalon medium and d is 
the cavity length of the F–P etalon. When  �

2
= kπ   , where 

﻿k ∈ N+   , the resonant transmission peaks will occur.
   If the incident laser beam contains both positive and nega-

tive frequency-sweep sidebands, the transmitted intensity can 
be expressed as:

﻿﻿  

Here,  �positive    and  �negative    represent the phases of the negative 
and positive sideband frequency-sweep laser in the etalon, 
respectively, and are given by:
﻿﻿  

where the  �positive    and  �negative    satisfy:
﻿﻿  

The resonance peaks appear in F–P transmission signal, and 
the frequency spacing between 2 adjacent peaks of the positive 
(or negative) sideband is defined as the free spectral range 
(FSR):
﻿﻿   

   Substituting  Eqs. (15)  and  (17)  into  Eq. (14)  yields:

(7)
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Fig. 3. Double-sideband frequency-sweep F–P signals. Pp,i and Pn,i denote the ith F–P 
resonance peak generated by the positive and negative sideband frequency-sweep 
signals, respectively.
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﻿﻿  

This indicates that resonance peaks occur when the incident laser 
frequency is an integer multiple of the FSR. Figure  3  illustrates 

the resonance signal generated by double-sideband frequency-
sweep laser in the F–P etalon. The  Ki    values of the positive and 
negative sidebands can be expressed as:
﻿﻿  

where N is the number of generated double-sideband F–P sig-
nal groups and  ΔtFSR, p    and  ΔtFSR, n    denote the time intervals 

(18)

IT = Inegative

(

1−R2
)

(

1−R2
)

+4Rsin2
(

π
fL,negative

ΔfFSR

)

+ Ipositive

(

1−R2
)

(

1−R2
)

+4Rsin2
(

π
fL,positive

ΔfFSR

)
.

(19)

{

Kp=(N−1)ΔfFSR∕ΔtFSR,p

Kn=(N−1)ΔfFSR∕ΔtFSR,n

Fig. 4. DSB-FSI experimental system.

Table 1. Specific parameters of the experimental devices

Device name Manufacturer Parameters

 Laser  Femto Technology (Xi’an)  Wavelength: 1,550.12 ± 0.1 nm; linewidth: <3 kHz; power: 20–30 mW

 BPD  Femto Technology (Xi’an)  Responsivity: 0.95 A/W at 1,550 nm; bandwidth: <100 MHz; wavelength: 800–1,700 nm

 RF source  NF Wave Factory  Frequency range: 8–16 GHz; step size: 100 Hz; sweep time: 1 ms

 Power amplifier  iXblue  Gain: 27 dB; saturate output power: 28 dBm

 MZM  iXblue  Usable electro-optical bandwidth: 16 GHz

 FS  Thorlabs  Center wavelength: 1,550 nm; bandwidth: ± 15 nm

 COL  Thorlabs ﻿f = 6–18 mm; numerical aperture = 0.25; wavelength: 1,050–1,650 nm

 Circulator  Thorlabs  Wavelength: 1,530–1,570 nm; isolation: 32 dB

 F–P cavity  Thorlabs  FSR: 1.5 GHz; resolution: 7.5 MHz

 RR  Thorlabs  Reflectance per surface: >97% for 800 nm–20 μm

 LGR  Newport  Repeatability: ±0.12 μm; resolution: 10 nm

 90° optical hybrid  Optoplex  Phase shit accuracy between I and Q: ±10°

 DAQ  National Instruments  Single-channel sampling rate: <60 MHz
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between the first and last resonance peaks for the positive and 
negative sideband F–P signals, respectively. The system frequency-
sweep rate K is defined as the average of the positive and nega-
tive sidebands frequency-sweep rates:
﻿﻿           

   The F–P etalon enables real-time frequency-sweep rate moni-
toring, providing a stable reference for DSB-FSI systems.     

Results

DSB-FSI system measurement performance
   To evaluate the measurement performance of the DSB-FSI sys-
tem, we established an experimental system, as shown in Fig.  4 . 
The specific parameters of the experimental setup are detailed in 
Tables  1  and  2 , respectively. The target retroreflector (RR) was 
mounted on a linear guided rail (LGR; Newport, M-ILS200LM-S; 

bidirectional repeatability: ±0.12 μm) and moved in 1-mm incre-
ments. Distance measurements were performed at 11 different 
positions, with each position  Pi(i=0,1,… ,10)    measured for 
0.5 s. The measurement results are shown in Fig.  5 A. At different 
positions, the SDs of the distance results obtained by single-
sideband (positive or negative sideband) are substantially higher 
than those obtained with DSB-FSI. Moreover, as shown in Fig. 
 5 B, the maximum SDs for the positive and negative sidebands 
are 175.78 and 179.14 μm, respectively, while the maximum SD 
for the DSB-FSI measurement is only 2.38 μm. Fig.  5 C presents 
the mean values of 500 measurements at each position, with the 
total displacement from  P0    to  P10    being 10 mm. Within this range, 
when the target moves in equal 1-mm intervals, the displacement 
linearity coefficients are 0.99779 (positive sideband), 0.99772 
(negative sideband), and 0.99998 (double sideband), respectively. 
Correspondingly, as shown in Fig.  5 D, the maximum absolute 
deviation relative to the 1-mm standard value are −368.34, 
406.38, and −18.82 μm, respectively. These results indicate that, 

(20)K =
(
Kp+Kn

)
∕2

Table 2. The experimental environmental parameters

Item Temperature /°C Atmospheric pressure /kPa Humidity/(% relative humidity) Vibration

 Value 24 ± 0.25 101.325 ± 2.5 45 ± 0.16  Vibration isolation
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within the same measurement range, the DSB-FSI system 
achieves higher repeatability and measurement accuracy.                     

Frequency-sweep rate calibration and distance 
measurement
   To assess the performance enhancement achieved through K 
calibration, the DSB-FSI system continuously measured dis-
tance over a 1-h period on a 5.7-m baseline. As shown in Fig. 
 6 A, when K is the system default value (8 × 1012 Hz/s) for 
distance measurement, the range of distance fluctuations was 
20.11 μm. The K value was simultaneously monitored by an F–P 
etalon, as shown in Fig.  6 B. After compensating the distance 
values using the measured K, the fluctuation range decreased 
to 13.38 μm, as shown in Fig.  6 C. Figure  6 D presents the distri-
bution of long-term distance deviations before and after K cali-
bration. Before calibration, deviations were mainly within ±10 μm, 
whereas after calibration, they were concentrated within ±5 μm. 
These results indicate that K calibration considerably improves 
the long-term stability of the DSB-FSI system and suppresses 
distance drift caused by fluctuations in K.        

   To further analyze the impact of K calibration on distance 
measurement accuracy, we used the system shown in Fig.  4  for 
additional experiments. Unlike previous tests, the LGR was 
moved in 50-mm increments over a 200-mm range. The time 
interval between consecutive measurements was approximately 
10 min. The distance measurement results using the default K 
value and the F–P etalon-calibrated K value are shown in Figs. 
 7 A and B, respectively. The displacement deviations relative to 
the standard 50 mm, both before and after K calibration, are 

presented in Fig.  7 C. Over an approximate 40-min period, the 
DSB-FSI system recorded maximum displacement measure-
ment deviations of 18.03 μm before K calibration and 13.14 μm 
after K calibration, respectively. These experimental results 
demonstrate that K calibration consistently reduces measure-
ment deviations at each interval, thereby indicating that this 
approach effectively enhances the distance measurement accu-
racy for the DSB-FSI system.           

Metrology and verification for the DSB-FSI system
   The integrated DSB-FSI system’s distance measurement accu-
racy was assessed at the Xi’an Aerospace Institute of Metrology 
and Measurement. The metrological setup is shown in Fig. 
 8 A, where the LGR has a travel range of 10 m and the target 
RR is mounted on the stage carriage. The DSB-FSI system 
performed forward measurements of the target RR, while a 
He–Ne laser interferometer (Renishaw XL-80; linear position-
ing accuracy ≤ 0.5 ppm and long-term stability ≤ 0.6 × 10−7) 
simultaneously measured from the opposite side of the target 
RR to provide a high-precision reference. The distance mea-
sured by the DSB-FSI system at each position  Pi    is denoted as 
﻿Li(i=0,1,2,… ,10)   , and the displacement relative to the start-
ing position is given by:
﻿﻿           

   The displacement measurement results from the DSB-FSI sys-
tem and the Renishaw laser interferometer are shown in Fig.  8 B, 
and the measurement deviations are presented in Fig.  8 C, with a 
maximum deviation of 44.30 μm and a minimum deviation of 

(21)Di = Li − L0
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10.80 μm. Detailed measurement data are listed in Table  3 . These 
results demonstrate that the proposed DSB-FSI system achieves 
excellent distance measurement accuracy. 

   To evaluate the dynamic measurement capability of the 
DSB-FSI system, we used the LGR (as shown in Fig.  8 A) to test 
its velocity measurement accuracy. The LGR was programmed 
to move at velocities of 5, 10, 15, and 20 mm/s, maintaining 
uniform motion for 1 s at each speed. As shown in Fig.  9 A, the 
linearity coefficients  R2    for the displacement of target RR under 
all speeds exceed 0.99999. Figure  9 B presents the measured 
target velocities, while Fig.  9 C shows the corresponding velocity 
measurement deviations. A maximum deviation was −16.80 μm/s 
was observed, occurring at a velocity of 20 mm/s.        

   In addition, the vibration measurement capability of the 
DSB-FSI system was evaluated using the experimental setup 
illustrated in Fig.  10 A. The target RR was mounted on a piezo-
electric translation stage, actuated by an external signal to 
induce vibration. The vibration output from the piezoelectric 
translation stage served as the reference for assessing the vibra-
tion measurement accuracy. As shown in Fig.  10 B, the vibration 
amplitude measured by the DSB-FSI system was 0.54 μm, 
closely matching the reference values from the piezoelectric 

translation stage. The relative error between the measured and 
reference values is presented in Fig.  10 D, with a local maximum 
error of 0.05 μm (9.26%) and an overall mean error of 0.02 μm 
(3.70%). The frequency spectra of both measurements are 
shown in Fig.  10 C: The system measured a vibration frequency 
of 200.78 Hz, while the piezoelectric translation stage output 
was 200.59 Hz, yielding a frequency measurement error below 
0.2 Hz and a relative error of approximately 0.10%.        

   The vibration measurement results obtained from both the 
piezoelectric translation stage and the DSB-FSI system at dif-
ferent frequencies are summarized in Table  4 . The amplitude 
residual error was less than 0.08 μm, and the corresponding 
relative error was below 3.72%. These dynamic experimental 
results demonstrate that the DSB-FSI system, equipped with 
an F–P etalon, exhibits excellent performance in both simul-
taneous velocity and vibration measurements.     

Discussion
   The DSB-FSI technology is currently in the ground-based experi-
mental validation stage. Its on-orbit application still faces critical 
technical challenges. In the space environment, temperature 
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fluctuations, radiation, and microgravity can impair laser stabil-
ity, damage electronic components, and reduce optical alignment 
accuracy, thereby limiting ranging accuracy and long-term 
reliability.

   Beyond these environmental factors, system-level error sources 
also play a critical role. This study primarily analyzes the effect of 
frequency-sweep rate fluctuations on system stability and measure-
ment accuracy. Nevertheless, in the complete measurement chain, 
additional error sources remain, including laser stability, optical 
system performance, signal detection and sampling precision, and 
environmental disturbances. These errors may manifest in the beat 
signal as noise or modulation, thereby degrading the accuracy of 
distance measurements.

   For future on-orbit applications, this technology requires tar-
geted optimization in active thermal control, radiation harden-
ing, vibration isolation, and microgravity compensation. Based 

on a comprehensive analysis of error sources, system robustness 
and environmental adaptability should be enhanced through 
hardware improvements and algorithmic refinements. While the 
experiments in this study were conducted on 5.7- and 10-m base-
lines, extending the range to hundreds of meters will require 
high-efficiency optical antennas and precise pointing, acquisi-
tion, and tracking systems to maintain stable return optical 
power. Overall, numerous engineering and technical challenges 
remain to be addressed before DSB-FSI technology can be reli-
ably applied on orbit.  

Summary and conclusion
   In summary, this study addresses the high-precision baseline 
measurement requirements for space-based distributed array 
telescope formations by proposing a method based on DSB-FSI 
technology. The work focuses on overcoming the lack of traceable 
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on-orbit references in this technique, particularly the challenge 
of frequency-sweep rate calibration. To address this issue, an 
innovative on-orbit calibration method utilizing an F–P 
etalon is introduced. Experimental results demonstrate that 
the proposed method effectively suppresses long-term drift 
in frequency-sweep rate, reducing the measurement error 
from 20.11 to 13.38 μm and improving stability by 33.47%. 

Further metrological verification confirms that the calibrated 
system exhibits superior performance in distance, velocity, and 
vibration measurements. Nevertheless, this method still faces 2 
major technical issues:

1. � Spatial resolution of the F–P signal: Within the 8-GHz 
frequency-sweep bandwidth, the number of resonance 

Table 3. Measurement results of the DSB-FSI system and the Renishaw interferometer

Number Reference value/mm Measured value/mm Deviation/mm

 1 1,021.8960 1,021.9098 +0.0138

 2 2,023.6890 2,023.6613 −0.0277

 3 3,024.5600 3,024.6001 +0.0401

 4 4,030.5210 4,030.4986 −0.0224

 5 5,037.0650 5,037.0169 −0.0481

 6 6,043.9810 6,043.9918 +0.0108

 7 7,051.4500 7,051.4756 +0.0256

 8 8,059.0550 8,059.0993 +0.0443

 9 9,066.4770 9,066.4951 +0.0181

 10 9,580.4780 9,580.4716 −0.0064
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peaks generated by the F–P etalon for frequency-sweep 
rate determination is limited.

2. � Accuracy of F–P peak position extraction: The F–P sig-
nal profile may be affected by incident light intensity 
fluctuations and fitting errors, which can reduce the 
accuracy of peak position determination.

   Although alternative approaches such as optical frequency 
combs, gas absorption cells, and k-clock techniques can also 

provide traceability and frequency-sweep rate calibration, the 
F–P etalon offers advantages in terms of compact structure and 
high stability, making it more suitable for on-orbit applications. 
Future research may further improve the performance of on-
orbit frequency-sweep rate calibration:

1. � Designing the F–P cavity with smaller FSRs to generate 
more resonance peaks within a narrower frequency-
sweep bandwidth

2. � Developing higher-precision algorithms for peak posi-
tion extraction to enhance frequency calibration accuracy

3. � Integrating the advantages of gas absorption cells, k-clock, 
and F–P etalons to explore combined calibration approach

   The proposed DSB-FSI system, equipped with an on-orbit 
frequency-sweep traceability reference, demonstrates promis-
ing potential for intersatellite baseline measurements and is 
expected to be implemented in the “MEAYIN” project.    
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Space-based distributed array telescope formations hold substantial potential for deep space exploration, with their
performance highly dependent on precise baseline measurements between subtelescopes. This study presents a
double-sideband frequency-sweeping interferometry (DSB-FSI) technique based on electro-optic modulation for
intertelescope baseline measurements. To address the lack of on-orbit frequency-sweep calibration references, a
Fabry–Pérot etalon is used for real-time in situ frequency-sweep rate calibration. Experimental results show that the
Fabry–Pérot etalon effectively calibrates the frequency-sweep rate of the DSB-FSI system, reducing long-term baseline
measurement drift error from 20.11 to 13.38 µm and decreasing maximum measurement deviation from 18.03 to 13.14
µm over a 5.7-m baseline. Metrological calibration confirms that the calibrated system achieves a baseline measurement
accuracy of 44.30 µm over a 10-m range, with excellent dynamic measurement performance for monitoring baseline
variations. The DSB-FSI technique is expected to provide a reliable solution for the high-precision intertelescope
baseline measurements in “MEAYIN” (Multiple-Spacecraft Exoplanet Aperture Synthetic Interferometer) project, thus
supporting the advancement of space-based distributed array telescope formation technologies.
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