
F
p

NEWS & BUZZ
Demonstration of 10 Gbps satellite-to-ground laser communications in
engineering
Yalin Li,1 Hongqun Zhang,1 Peng Huang,1,* Guangtong Wan,1 and Yu Li1
1Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China

*Correspondence: huangpeng@aircas.ac.cn

Received: July 24, 2023; Accepted: December 8, 2023; Published Online: January 2, 2024; https://doi.org/10.1016/j.xinn.2023.100557

Citation: Li Y., Zhang H., Huang P., et al., (2024). Demonstration of 10 Gbps satellite-to-ground laser communications in engineering. The Innovation 5(1), 100557.
In June 2023, researchers at the Aerospace Information Research Institute
(AIR) of the Chinese Academy of Sciences undertook a series of experiments
on satellite-to-ground laser communication using the Jilin-1 MF02A04 (JLMF)
satellite and independently developed a 500mm optical communication ground
station (AIROSG), achieving a successful throughput of 10 gigabits per second
(Gbps) in the satellite-to-ground optical link. The obtained satellite payload data
demonstrated good performance and satisfied the requirements of high-stan-
dard scientific applications. The experiments demonstrate that China has
successfully implemented the engineering application of high-speed satellite-
igure 1. Diagram and key characteristics of satellite-to-ground laser communications (A)
rocess.
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to-ground optical communication, elevating the rate of satellite-to-ground
communication from Gbps to 10 Gbps.

BACKGROUND
With the rapid development of high spatial resolution, high temporal resolution,

and high spectral resolution remote-sensing technologies, geoscientific research,
including studies of the atmosphere, land, and oceans, has seen a significant in-
crease in the geometric growth of data generated from satellite observations,
and big Earth data have become an important factor driving the development
The tracking errors. (B) Optical power coupled into fibers. (C) Error detection and control
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 of geosciences. In order to effectively improve the scientific discovery capability

of big Earth data, there is an urgent need to enhance the data acquisition
capability and transfer the data to the ground for further processing and data
mining in a timely and reliable manner through high-speed satellite-ground
communication.

Currently, the most commonly used technology for satellite-to-ground com-
munications is radio; however, microwave band resources are finite, with only
375 MHz in the commonly used X-band and only 1.5 GHz in the Ka-band, which
has come into use in recent years, making it difficult to meet the demand for
rapid transmission of large data volumes between Earth and satellites. The
communication bottleneck has severely restricted the effectiveness of the satel-
lites in orbit, and the effectiveness of some satellites is even less than 30%. The
problem will become more prominent in the future as the satellite platform and
load capacity are further enhanced.

Compared to microwaves, free-space optical communication is a promising
way to establish versatile, secure, and high-bandwidth communications between
satellites and the Earth for many critical applications. The laser spectrum is
extremely rich, with bandwidths up to hundreds of GHz and rates up to hundreds
of Gbps, one to two orders higher than the existing microwave communication
rates. At the same time, lasers have a small divergence angle and high energy
concentration, so the laser ground system receives a high power density, and
thus satellites can be “lightly loaded” to achieve ultra-high-speed communica-
tions at a much lower volume, weight, and power consumption than microwave
communication loads. In addition, lasers are highly resistant to electromagnetic
interference, and the use of lasers as a carrier for data transmission and recep-
tion can greatly improve the security of satellite-ground communications.1

Despite the many advantages of free-space optical communication, there are
still some significant challenges, not least of which is atmospheric turbulence.
Atmospheric turbulence along the path can introduce intensity scintillation,
wavefront distortion, and severe distortion of spatial patterns, leading to data
degradation.

In order to solve these problems, we have integrated a series of key technolo-
gies, such as atmospheric channel prediction andmission scheduling2 and high-
ly accurate pointing, acquisition, and tracking,3 as well as highly accurate and
strong real-time adaptive optical correction, error control technology over the
complex atmospheric channel, etc. Based on the above technologies, the team
has successfully completed the processes of cooperative mission planning,
link establishment, adaptive optical correction, high-speed demodulation and de-
coding of baseband signals, real-time parsing of communication data, error
retransmission, breakpoint renewal, and record output in accordancewith the en-
gineering application standards, realizing high-speed and highly reliable satellite-
ground laser communication under non-stationary channels.

LASER COMMUNICATION DEMONSTRATION
This demonstration, via a series of experiments, conclusively verified that sat-

ellite-to-ground laser communication can attain reliable and high-speed commu-
nication at 10 Gbps data rates and demonstrated the engineering application
capability of satellite-to-ground laser communication. The diagram and key char-
acteristics of satellite-to-ground laser communication are illustrated in Figure 1.

Based on the predictions of atmospheric turbulence and cloudiness, planning
and scheduling of satellite-to-ground laser communications experiments are car-
riedout successfully. Atmospheric turbulence predictions allowquantitative anal-
ysis of the satellite-to-ground data link and rational configuration of systems,
such as adaptive optics, compensating for the effects of turbulence and avoiding
degradation of the data link performance. Cloud-cover predictions are employed
to access the orbital cloud conditions and to make informed decisions about
conducting satellite-to-ground laser communication experiments.

In the course of the satellite-to-ground laser communication trail, accurate
alignment of the JLMF and AIROSG is achieved by employing a high-precision
ephemeris with an extrapolation error of less than 50m. The ground station bea-
con and signal light aremixedupward, and the beacon component of the beam is
diverged to a 1/e diameter of 1.2mrad to increase the likelihood of hitting the sat-
ellite. The ground station is also capable of beamscanning to cover awider range
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of pointing uncertainties. However, in practice, scanning is rarely required, as the
satellite position and the ground station pointing accuracy are sufficiently high.
Once the satellite detects the uplink light from the ground station, it is able to
accurately point the downlink light toward the ground station. The ground sta-
tion’s receiving telescope then closes the loop to track the downlink signal as
soon as the downlink light appears in the field of view and couples the downlink
into the optical fiber to establish a satellite-to-ground optical communication link.
In most cases, the entire process is completed in a few seconds.
As the downlink light is coupled into the fiber, wavefront distortion due to atmo-

spheric turbulence can cause coupling losses in the signal light, and in extreme
cases of severe atmospheric turbulence, most of the light may not be able to be
coupled into the fiber. Therefore, the ground station uses an adaptive optics (AO)
system to actively correct the incoming wavefront to ensure that asmuch signal
light as possible is coupled into the fiber.
Within the satellite-to-ground link, scintillation, induced by atmospheric turbu-

lence, can occur at frequencies of up to 100 Hz. An enhanced version of the error
control protocol (ECP), which is designed to effectively control errors and estab-
lish a reliable link between the satellite and ground station, is being developed for
compensation. The ground station receives the satellite payload data packaged
in long interleaved data frames, decodes and detects errors, and sends the error
frame information to the satellite for retransmission via the uplink. This protocol
ensures that errors are promptly detected and corrected, enhancing the reliability
of the communication link. The experiment finally transmitted nearly terabytes of
data directly from low Earth orbit to the ground with a Bit Error Rate (BER) better
than 1E�7.
FUTURE APPLICATIONS
By integrating several critical technologies, the satellite-ground laser commu-

nication demonstration yielded substantial engineering advancements and es-
tablished a new benchmark for laser communication rates between China’s
low-orbit satellites and the ground.
Given the extensive spectral resources accessible for laser communication,

considerable potential exists to enhance data transmission rates for satellite-
to-Earth laser communication systems, potentially achieving transmission
speeds that exceed 100 Gbps by employing wavelength-division multiplexing
(WDM) technology.4

In the future, the laser ground station network can effectively overcome the in-
fluence of the atmospheric channel and significantly improve the availability. The
use of laser communications in conjunction with existing microwave communi-
cations is expected to completely solve the problem of bottlenecks in satellite-to-
ground communications. Moreover, this combination can also serve as the vital
backbone node, connecting space-based communication networks and ground-
based fiber-optic networks, which can provide better technical support and
services.
In summary, advancements in satellite-to-ground laser communication, com-

bined with the prospects for future advancements, are poised to revolutionize
communication capabilities and pave the way for improved connectivity and ser-
vices that can promote socio-economic growth andmeet various societal needs.
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