Cutting-edge Technologies to Build a Better Future:
Advanced Technologies in Space Applications

Special Issue on Social Infrastructure that Guarantees Safety, Security, Fairness, and Efficiency

Optical Inter-satellite Communication Technology for
High-Speed, Large-Capacity Data Communications
YUKIZANE Masakazu, YOKOTA Yusuke, KURII Toshihiro

Abstract
NEC Corporation is building a network based on optical inter-satellite communication technology to achieve inter-satellite data communications with a higher speed and larger capacity than the present. It will improve the
ability to transmit data immediately from satellite observations for use in various fields. As a first step, NEC has
developed an optical communications equipment that is onboard the optical data relay satellites launched by the
Japan Aerospace Exploration Agency (JAXA). The equipment was launched on November 29, 2020 and succeeded in establishing an optical link with an optical ground station approximately 40,000 km away. NEC is also planning an in-orbit testing of optical inter-satellite communication with an optical communication system onboard
an earth observation satellite. The onboard service operation will be started after the in-orbit testing.
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1. Introduction
Optical inter-satellite communication has been attract-

features and technologies of the laser communication
terminal for satellites developed for JAXA’s optical data
relay and earth observation satellites.

ing worldwide attention because of the growing need for
larger capacity and higher speed transmissions of observation data thanks to the recent improvements in the

2. Future Space Systems Using Optical Inter-satellite
Communications

performance of Earth observation satellites and because
of its features such as not needing the frequency coor-

NEC aims to improve the ability to transmit data imme-

dination and the ease in which confidentiality is ensured
compared to radio frequency (RF) communication. Also
in Japan, since the first success of space optical communication experiment in 1994, research and development
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(R&D) continues in this area even now in 2021. NEC has
cultivated its optical inter-satellite communication tech-

Feeder link (Optical
+ Radio-frequency)

nology through the development of optical communication systems such as the optical inter-orbit communi-

Optical link between
GEOs

cations engineering test satellite (OICETS) called Kirari
launched by the Japan Aerospace Exploration Agency
(JAXA) and the optical communication systems such as
small optical transponder (SOTA) of the National Insti-

Geostationary
satellite

tute of Communications and Technology (NICT).
This paper introduces a future space system based
on optical inter-satellite communication as well as the

Fig. 1 Image of optical inter-satellite communications.
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diately from satellite observations, which is becoming in-

stably even in the vacuum environment of space and

creasingly large in volume, so that it can then be applied

can detect weak light from the other satellite.

to various fields. To achieve this goal, a data relay sys-

Considering these issues, optical inter-satellite com-

tem that enables faster inter-satellite communications

munications must support ultra-long-haul communica-

with a higher capacity and increased coverage for data

tions. Section 4 introduces the technologies developed

transmission is necessary (Fig. 1). NEC’s goal is to build

by NEC under the guidance of JAXA.

an optical communication network system that uses our
optical inter-satellite communication technology.

4. Overview of Optical Inter-satellite Communication
Technology

3. Features of Optical Inter-satellite Communications

4.1 Optical acquisition and tracking technology

Traditional inter-satellite communication uses radio
frequencies (RF). With this method of communication,

In optical communications in space, the laser beam

however, interference has to be avoided, so it has var-

plays two roles: as a means of establishing a link and as

ious limitations. Also, it is hard to achieve high-speed

a carrier wave for communications. Optical acquisition

communication due to limited bandwidth.

and tracking technology is necessary to establish this

Compared to RF communications, high-speed,

link.

high-capacity optical inter-satellite communications can

Information on the locations of the two communicat-

be achieved because of its high frequency carrier waves

ing satellites can be predicted to a certain degree using

and large bandwidth. Another important feature is that

orbit calculations, but the information obtained is not

it is not affected by radio interference. Also, optical an-

accurate enough and may be affected by thermal distor-

tennas can be smaller and lighter than RF antennas,

tions and micro vibration in the spatial environment. As

because their short wavelengths provide high energy

a result, it is essential to have a technology that allows

and high gain even with a small antenna diameter. The

both parties to scan the transmitted laser beam and, at

weight reduction of a satellite is a great advantage be-

the same time, receive, locate, and track the laser beam

cause launch costs are then greatly reduced.

from the partner satellites.

Optical inter-satellite communications use a very nar-

In the optical capture operation, the laser beam is first

row beam, which needs high accuracy pointing, acqui-

scanned in the expected direction of the communication

sition and tracking technology for communication links.

partner satellite. The partner satellite detects that laser

This feature makes it more advantageous than RF com-

beam with its own optical acquisition sensor to deter-

munications for security reasons (Fig. 2). On the other

mine the exact position of the other satellite and emits a

hand, optical inter-satellite communications must cover

laser beam in that direction. As a result of both satellites

very long distances, so the use of very narrow beams

performing these operations, the satellite will eventually

makes it extremely difficult to provide enough irradiance

track the laser beams from the other satellite and con-

to shine the laser beam to the other satellite. Also, to

tinue to shine the laser beams.

deliver the light to the other satellite, it is necessary to

NEC has developed an algorithm for the acquisition

have a high-power optical amplifier that can operate

and tracking of the communication partner satellite with
certainty in a short period of time. This algorithm uses
multiple scan shapes depending on the sequence and
narrows the scan area for each scan to improve the accuracy. Fig. 3 shows an image of a spiral scan between
a satellite in geostationary orbit (GEO) and one in low
earth orbit (LEO). This spiral scan, one of the possible

RF communications

Optical
communications
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Fig. 2 Difference in beams.
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Fig. 3 Image of spiral scan.
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scan shapes, is capable of scanning a wide acquisition

for use onboard the satellites requires a wide variety of

area at high speeds. Other scan shapes include the ras-

technologies. This project moved forward thanks to col-

ter scan and the random scan. Each of them has its own

laboration between two divisions: the Ground Communi-

characteristics depending on the sequence.

cations System division that possesses the technology for
1.5 µm optical fiber communications and the Space Sys-

4.2 Optical transponders with amplifiers and modems

tems division that possesses the technology for adapting
to the space environment and ensuring reliability.

The distance between a geostationary satellite and an
earth observation satellite is 40,000 km. The signal light
is attenuated by beam diffusion during long-distance

5. Beginning of Onboard Service of Optical Inter-satellite
Communications

propagation and the Doppler frequency shift is generated by the relative position change between satellites. To

Under the guidance of JAXA, NEC has developed three

secure the communication quality required with such a

sets of laser communication terminal, including one for

weak, unstable signal light, NEC has reinforced the al-

a geostationary satellite and two for earth observation

ready proven 1.5 µm band optical fiber communication

satellites. Among them, the system for geostationary

technology for the space environment. The configuration

satellite was installed in the optical data relay satellite

of the optical transponder is shown in Fig. 4.

launched in November 2020. The system succeeded in

The main feature of the transmitter section is the

establishing an optical communications link between the

high-power optical amplifier (amp). It uses an erbium

satellite and an optical ground station located approx-

doped fiber amplifier (EDFA) similar to those used in fi-

imately 40,000 km away. This achievement is the first

ber-optic communications, but is implemented in a com-

step toward the onboard service of an optical inter-sat-

plicated manner to ensure high power characteristic and

ellite communication system in Japan.

long-term reliability in the high vacuum environment
where waste heat is ineffective. It also calculates the

Fig. 5 shows the configuration of the developed laser
communication terminal.

magnitude of the Doppler frequency shift in real time

NEC’s laser communication terminal employ the 1.5

based on the orbit information and feeds it back to the

µm band wavelength, which is widely used in underwa-

transmitting light source.

ter cables and LANs and also has excellent parts avail-

On the receiving side, the low-noise characteristics

ability. The inter-satellite transfer rate of 1.8 Gbps is at

over a wide temperature range, a digital signal proces-

the world’s top level and more than seven times faster

sor with accurate demodulation even when it is buried

than conventional radio wave communications.

in noise light, and error correction codes are noteworthy

In the near future, we plan to demonstrate and practi-

features in the responder section. By applying the best

cally use optical inter-satellite communications between

of optical fiber communication technology to these components, high-speed signal transmission of 1.8 Gbps has
been achieved.

Mission data/
command

The resistance to vibration/shocking, vacuum/
high-temperature environments, and radiation that is
necessary for the communications system we helped
develop as part of the equipment onboard the satellite
was confirmed through long hours of stringent testing.
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Fig. 4 Configuration of optical transponder.
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Fig. 5 Configuration of optical communication system.
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the optical communications equipment onboard the
advanced land observing satellites ALOS-3 and ALOS4, which will be launched in FY2021 or later. Also, NEC
is developing next-generation optical communication
technologies to support the sophistication of optical
communication networks, such as multiple access, and
to achieve smaller, lighter and faster transmission rates.
6. Conclusion
This paper has presented NEC’s approach toward optical inter-satellite communications and related technologies, In the future, NEC will continue to develop and
demonstrate the technology, with the aim of contributing to society.

Authors’ Profiles
YUKIZANE Masakazu
Assitant Manager
Space Systems Division

YOKOTA Yusuke
Manager
Space Systems Division

KURII Toshihiro
On-board Electronics Department
Space Engineering Division
NEC Space Technologies

The details about this paper can be seen at the following.

Related URL:
NEC develops laser communications terminals for JAXA’s
Laser Utilizing Communication System, “LUCAS”
https://www.nec.com/en/press/202012/global_20201210_04.html

NEC Technical Journal／Vol.16 No.1／Special Issue on Social Infrastructure that Guarantees Safety, Security, Fairness, and Efficiency 157

Information about the NEC Technical Journal
Thank you for reading the paper.
If you are interested in the NEC Technical Journal, you can also read other papers on our website.
Link to NEC Technical Journal website
Japanese

English

Vol.16 No.1 Social Infrastructure that Guarantees Safety, Security, Fairness, and Efficiency
Remarks for the Special Issue on Social Infrastructure that Guarantees Safety, Security, Fairness, and Efficiency
Building a World Where Everyone Can Enjoy Abundance and Well-being through Innovative Social Infrastructure Technologies

Papers for Special Issue
Technologies for Achieving Digital Transformation (DX) of Social Systems: DX of Government and Administrative Services
The Future of Cloud in Promoting Digital Government
Supporting the Commitment of Local Governments to Digital Transformation (DX)
Collaborative Learning Support Solution Based on Speech Visualization

Technologies for Achieving Digital Transformation (DX) of Social Systems: DX of Broadcasting Systems
Providing Video Platform Service as New Social Infrastructure to Facilitate Digital Transformation (DX) of Video Distribution
New Video Coding Technology Provides the Foundation for the Forthcoming Digital Transformation (DX) of the Broadcasting Industry

Technologies for Achieving Digital Transformation (DX) of Social Systems: DX of Airports

Electronic Customs Declaration Gates to Reduce Congestion at Airport Customs Inspection Areas
Introducing Face Express, a New Boarding Procedure Using Face Recognition (One ID at Narita Airport)
Development of a GPS-based Aircraft Approach and Landing System (GBAS: Ground Based Augmentation System)
Laying the Groundwork for the Next Generation of Air Traffic Control

Sensing Technologies Underlying Social Systems: Sensing Technologies That Work Behind the Scenes
Optical Sensor Technology Supporting the Climate “SHIKISAI” (GCOM-C) Satellite and Its Achievements
Monitoring Infrastructure with Synthetic Aperture Radar (SAR) Satellite Service for Safe and Secure Society
Observation of Internal Structures Using Muography
Manipulating the Underwater Propagation Path of Sound Waves with Variable Depth Sonar
Development of Mid-Mast TACAN Radio Beacon Antennas for Ships
Onboard Track Patrol Support System — Supporting Railway Track Inspection with Advanced Image Analysis

Sensing Technologies Underlying Social Systems: Sensing Technologies for Detection and Recognition

NEC’s Radio Identification Technology: Current Status and its Future
The Current Status and Future Prospects of Deep Learning–Based Fingerprint Matching Technology
Measurement of three-dimensional information of the face and its application to facial image examination
Invisible Sensing – Walk-through Security Screening

Cutting-edge Technologies to Build a Better Future: Advanced Technologies Permeate Every Facet of Our Lives
Development and Approach to Software-defined Radio Technology
Automation and Labor-Saving Technology for Satellite Operation
Quantum Cryptography — the Next Generation of Light-based Cryptographic Technology
Labor-saving and Unmanned Robotics Takes the Effort out of Physically Demanding Work
Development of Wireless Power Transfer Antenna Capable of Efficiently Transmitting High Power to Unmanned Underwater Vehicles

Cutting-edge Technologies to Build a Better Future: Advanced Technologies in Space Applications

The Ion Engine of Hayabusa2 and Potential Applications
Hayabusa2 — Autonomous Navigation, Guidance and Control System Supported Pinpoint Touchdowns on Asteroid Ryugu
Spaceborne LIDAR-Supported Autonomous Landing of Hayabusa2 Spacecraft with Remote Sensing Technology
Hayabusa2: System Design and Operational Results
Optical Inter-satellite Communication Technology for High-Speed, Large-Capacity Data Communications
Development of 30 kW-Class X-Band Solid State Power Amplifier for the Misasa Deep Space Station
Development of the World’s Highest-Performance Thin Membrane Solar Array Paddle

NEC Information
2020 C&C Prize Ceremony

Vol.16 No.1
October 2021
Special Issue TOP

