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(57) ABSTRACT

In a space traffic management system (500), space traffic
management devices (100) individually mounted in a plu-
rality of mega-constellation business devices and in a debris
removal business device (45) are connected to each other via
a communication line (200). The debris removal device (45)
performs Active Debris Removal (ADR) against debris
formed by a satellite managed by a first mega-constellation
business operator. The debris removal device (45) acquires
real-time high-accuracy orbital information of a satellite
group of a second mega-constellation business operator in a
timeframe in which a debris removal satellite, during orbital
descent, passes through an orbital altitude region where the
satellite group of the second mega-constellation flies, the
debris removal satellite passing through the satellite group
while ensuring flight safety.
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SPACE TRAFFIC MANAGEMENT SYSTEM,
DEBRIS REMOVAL METHOD, DEBRIS
REMOVAL BUSINESS DEVICE, FIRST

MEGA-CONSTELLATION BUSINESS

DEVICE, SECOND MEGA-CONSTELLATION

BUSINESS DEVICE, AND OADR

TECHNICAL FIELD

[0001] The present disclosure relates to a space traffic
management system, a debris removal method, a debris
removal business device, a first mega-constellation business
device, a second mega-constellation business device, and an
OADR.

BACKGROUND ART

[0002] In recent years, construction of a large-scale satel-
lite constellation consisting of several hundred to several
thousand satellites, or a so-called mega-constellation, has
started, and a risk of satellite collision on an orbit is
increasing. In addition, space debris such as satellites that
have become uncontrollable due to failure, and rocket
wreckage, are increasing.

[0003] With this rapid increase of space objects such as
satellites and space debris in outer space, there is an increas-
ing need in space traffic management (STM) to create
international rules for avoiding collisions of space objects.
[0004] Patent Literature 1 discloses a technique of forming
a satellite constellation consisting of a plurality of satellites
on the same circular orbit.

[0005] Conventionally, a framework exists with which the
U.S. Combined Space Operations Center (CSpOC) continu-
ously monitors space objects and issues an alarm when
approach of space objects to each other or collision of space
objects against each other is anticipated. In response to this
alarm, manned space stations and commercial communica-
tion satellites carry out avoidance operation when it is
determined to be necessary. However, in recent years, proj-
ects have been announced in the United States to transfer the
framework of issuing alarms to private satellites, to a private
business operator, and a new framework has been in need.

CITATION LIST

Patent Literature

[0006] Patent Literature 1: JP 2017-114159 A
SUMMARY OF INVENTION
Technical Problem
[0007] A framework is not available that allows mega-

constellation business operators to avoid collisions with
each other so that flight safety is ensured at an unsteady
operation stage such as orbit insertion and orbital disposal.
Thus, collision avoidance operations might be insufficient in
the future.

[0008] Patent Literature 1 does not describe a framework
that allows mega-constellation business operators to avoid
collisions with each other so that flight safety is ensured.
[0009] The present disclosure has as its objective to
acquire, with a debris removal business device, real-time
high-accuracy orbital information of a mega-constellation
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satellite group through which debris passes so that passage
through the satellite group is enabled while flight safety is
ensured.

Solution to Problem

[0010] In a space traffic management system according to
the present disclosure in which space traffic management
devices individually mounted in a plurality of mega-con-
stellation business devices and in a debris removal business
device are connected to each other via a communication line,
the plurality of mega-constellation business devices manag-
ing mega-constellations which are satellite constellations
each consisting of 100 or more satellites, the debris removal
business device removing debris in outer space, the space
traffic management devices each comprising a database and
a server,
[0011] the debris removal business device
[0012] performs ADR (Active Debris Removal) against
debris formed by a satellite managed by a first mega-
constellation business operator, and acquires real-time
high-accuracy orbital information of a satellite group of
a second mega-constellation business operator in a
timeframe in which a debris removal satellite, during
orbital descent, passes through an orbital altitude
region where the satellite group of the second mega-
constellation flies, the debris removal satellite passing
through the satellite group while ensuring flight safety.

Advantageous Effects of Invention

[0013] With a space traffic management system according
to the present disclosure, a debris removal business device
can acquire real-time high-accuracy orbital information of a
mega-constellation satellite group through which debris
passes so that passage through the satellite group is enabled
while flight safety is ensured.

BRIEF DESCRIPTION OF DRAWINGS

[0014] FIG. 1 presents an example in which a plurality of
satellites cooperate with each other to realize a global
communication service around the entire Earth.

[0015] FIG. 2 presents an example in which a plurality of
satellites having the same single orbital plane realize an
Earth observation service.

[0016] FIG. 3 presents an example of a satellite constel-
lation having a plurality of orbital planes intersecting in
vicinities of polar regions.

[0017] FIG. 4 presents an example of a satellite constel-
lation having a plurality of orbital planes intersecting outside
of the polar regions.

[0018] FIG. 5 is a configuration diagram of a satellite
constellation forming system.

[0019] FIG. 6 is a configuration diagram of a satellite of
the satellite constellation forming system.

[0020] FIG. 7 is a configuration diagram of a ground
facility of the satellite constellation forming system.
[0021] FIG. 8 presents a function configuration example
of the satellite constellation forming system.

[0022] FIG. 9 presents a hardware configuration example
of a space traffic management device of a debris removal
business device according to Embodiment 1.

[0023] FIG. 10 presents a hardware configuration example
of a space traffic management device of a mega-constella-
tion business device according to Embodiment 1.
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[0024] FIG. 11 presents an example of orbital prediction
information provided to a space information recorder
according to Embodiment 1.

[0025] FIG. 12 presents a business example of mega-
constellations currently under planning.

[0026] FIG. 13 is a diagram illustrating intrusion of a new
launch rocket into mega-constellation satellite groups
according to Embodiment 1.

[0027] FIG. 14 is a diagram illustrating intrusion of a
satellite at an orbit insertion stage into mega-constellation
satellite groups according to Embodiment 1.

[0028] FIG. 15 is a diagram illustrating intrusion of a
satellite at an orbital descent stage into mega-constellation
satellite groups according to Embodiment 1.

[0029] FIG. 16 presents an overall configuration example
(Example 1) of a space traffic management system according
to Embodiment 1.

[0030] FIG. 17 presents a detailed configuration example
of a first mega-constellation business device according to
Embodiment 1.

[0031] FIG. 18 presents a detailed configuration example
of a second mega-constellation business device according to
Embodiment 1.

[0032] FIG. 19 presents a detailed configuration example
of a debris removal business device according to Embodi-
ment 1.

[0033] FIG. 20 is a flowchart of a space traffic manage-
ment method by the space traffic management system
according to Embodiment 1.

[0034] FIG. 21 presents an overall configuration example
(Example 2) of the space traffic management system accord-
ing to Embodiment 1.

[0035] FIG. 22 presents an overall configuration example
(Example 3) of the space traffic management system accord-
ing to Embodiment 1.

[0036] FIG. 23 is a diagram illustrating a configuration of
a space traffic management device according to a modifica-
tion of Embodiment 1.

[0037] FIG. 24 is a diagram illustrating a configuration of
a space traffic management device according to a modifica-
tion of Embodiment 1.

[0038] FIG. 25 is a diagram illustrating a function con-
figuration example of an OADR according to Embodiment
2.

DESCRIPTION OF EMBODIMENTS

[0039] Embodiments of the present disclosure will now be
described below with referring to drawings. In the drawings,
the same or equivalent portion is denoted by the same
reference sign. In description of the embodiments, where
appropriate, the same or equivalent portion will not be
described, or will be described only briefly. Further, in the
drawings below, a relationship in size among configurations
may differ from what it actually is. Further, in description of
the embodiments, sometimes a direction or position such as
“upper”, “lower”, “left”, “right”, “forward”, “backward”,
“front”, and “rear” is indicated. These notations are merely
given for descriptive convenience and do not limit a layout
and orientation of a configuration such as a device, an
appliance, and a component.
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Embodiment 1

[0040] An example of a satellite constellation which is a
prerequisite for a space traffic management system accord-
ing to the embodiment below will be described.

[0041] FIG. 1 is a diagram illustrating an example in
which a plurality of satellites cooperate with each other to
realize a global communication service around an entire
Earth 70.

[0042] FIG. 1 illustrates a satellite constellation 20 that
realizes the communication service around the entire Earth.
[0043] Regarding a plurality of satellites flying on the
same orbital plane and at the same altitude, a ground
communication service range of each satellite overlaps with
a communication service range of a following satellite.
Hence, with the plurality of such satellites, the plurality of
satellites on the same orbital plane can provide a commu-
nication service for a particular point on the ground alter-
nately in a time-division manner. If an adjacent orbital plane
is formed, the communication service can exhaustively
cover the surface of the ground between adjacent orbits.
Likewise, if a large number of orbital planes are arranged
almost evenly around the Earth, it is possible to provide a
global communication service for the ground around the
entire Earth.

[0044] FIG. 2 is a diagram illustrating an example in
which a plurality of satellites having the same single orbital
plane realize an Earth observation service.

[0045] FIG. 2 illustrates a satellite constellation 20 that
realizes the Earth observation service. In the satellite con-
stellation 20 of FIG. 2, satellites each equipped with an Earth
observation device, which is an optical sensor or a radio
wave sensor such as a synthetic aperture radar, fly on the
same orbital plane and at the same altitude. In this manner,
with a satellite group 300 in which a ground imaging range
of a following satellite overlaps a preceding ground imaging
range with a time delay, the plurality of satellites on the orbit
sense a ground image of a particular point on the ground
alternately in a time-division manner, thereby providing the
Earth observation service.

[0046] In this manner, the satellite constellation 20 is
constituted of the satellite group 300 formed of the plurality
of satellites having individual orbital planes. In the satellite
constellation 20, the service is provided by cooperation of
the satellite group 300. The satellite constellation 20 spe-
cifically refers to a satellite constellation formed of one
satellite group run by a communication business service
company as illustrated in FIG. 1, or by an observation
business service company as illustrated in FIG. 2.

[0047] FIG. 3 presents an example of a satellite constel-
lation 20 having a plurality of orbital planes 21 intersecting
in vicinities of polar regions. FIG. 4 presents an example of
a satellite constellation 20 having a plurality of orbital
planes 21 intersecting outside of the polar regions.

[0048] In the satellite constellation 20 of FIG. 3, orbital
inclinations of the individual orbital planes 21 of the plu-
rality of orbital planes are approximately 90 degrees, and the
individual orbital planes 21 of the plurality of orbital planes
exist on different planes. In the satellite constellation 20 of
FIG. 4, orbital inclinations of orbital planes 21 of the
plurality of orbital planes are not approximately 90 degrees,
and the individual orbital planes 21 of the plurality of orbital
planes exist on different planes.

[0049] In the satellite constellation 20 of FIG. 3, two
arbitrary orbital planes intersect at points in the vicinities of
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polar regions. In the satellite constellation 20 of FIG. 4, two
arbitrary orbital planes intersect at points outside of the polar
regions. In FIG. 3, there is a possibility that collision of
satellites 30 occurs in the vicinities of the polar regions. As
illustrated in FIG. 4, intersections of the plurality of orbital
planes having orbital inclinations of more than 90 degrees
separate from the polar regions according to the orbital
inclinations. Also, depending on a combination of the orbital
planes, there is a possibility that the orbital planes intersect
at various positions including a vicinity of an equator.
Accordingly, a location where collision of the satellites 30
can occur varies. The satellites 30 are also called artificial
satellites.

[0050] Particularly, in recent years, construction of a
large-scale satellite constellation consisting of several hun-
dred to several thousand satellites has started, and a risk of
satellite collision on the orbit is increasing. In addition,
space debris such as artificial satellites that have become
uncontrollable due to failure, and rocket wreckage, are
increasing. The large-scale satellite constellation is also
called a mega-constellation. Such debris is also called space
debris.

[0051] In this manner, as the debris increases in outer
space and a number of satellites typically represented by
mega-constellations increases rapidly, demands for space
traffic management (STM) have arisen.

[0052] Also, to realize orbital transfer of a space object,
demands have arisen for post-mission disposal (PMD) that
takes place after a mission on the orbit is ended, or for ADR
according to which debris such as a failed satellite and a
floating upper block of a rocket is subjected to orbital
disposal by an external means such as a debris removal
satellite. International discussion for STM about such ADR
demands has begun. PMD stands for Post Mission Disposal.
ADR stands for Active Debris Removal. STM stands for
Space Traffic Management.

[0053] With referring to FIGS. 5 to 8, description will be
made on an example of a satellite 30 and a ground facility
700 in a satellite constellation forming system 600 which
forms the satellite constellation 20. For example, the satellite
constellation forming system 600 is operated by a business
operator that runs a satellite constellation business of a
mega-constellation business device 41, an LEO constella-
tion business device, a satellite business device, or the like.
LEO stands for Low Earth Orbit.

[0054] A satellite control scheme using the satellite con-
stellation forming system 600 is also applied to a business
device 40 that controls a satellite. For example, this satellite
control scheme may be loaded in a business device 40 such
as a debris removal business device 45 to manage a debris
removal satellite, a rocket launch business device 46 to
launch a rocket, and an orbital transfer business device to
manage an orbital transfer satellite.

[0055] The satellite control scheme using the satellite
constellation forming system 600 may be loaded in any
business device as far as it is a business device of a business
operator that manages a space object 60.

[0056] Individual devices of the business devices 40 will
be described later.

[0057] FIG. 5 is a configuration diagram of the satellite
constellation forming system 600.

[0058] The satellite constellation forming system 600 is
provided with a computer. FIG. 5 illustrates a one-computer
configuration. In practice, computers are provided to the
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individual satellites 30 of the plurality of satellites consti-
tuting the satellite constellation 20 and to the ground facility
700 which communicates with the satellites 30. The com-
puters provided to the individual satellites 30 of the plurality
of satellites and to the ground facility 700 communicating
with the satellites 30 cooperate with each other to implement
functions of the satellite constellation forming system 600.
In the following, an example of a configuration of a com-
puter that implements the functions of the satellite constel-
lation forming system 600 will be described.

[0059] The satellite constellation forming system 600 is
provided with the satellites 30 and the ground facility 700.
Each satellite 30 is provided with a satellite communication
device 32 to communicate with a communication device 950
of the ground facility 700. FIG. 5 illustrates the satellite
communication device 32 among configurations provided to
the satellite 30.

[0060] The satellite constellation forming system 600 is
provided with a processor 910 and other hardware devices as
well, such as a memory 921, an auxiliary storage device 922,
an input interface 930, an output interface 940, and a
communication device 950. The processor 910 is connected
to the other hardware devices via a signal line and controls
the other hardware devices. The hardware of the satellite
constellation forming system 600 is the same as hardware of
a space traffic management device 100 to be described later
with referring to FIG. 9.

[0061] The satellite constellation forming system 600 is
provided with a satellite constellation forming unit 11 as a
function element. A function of the satellite constellation
forming unit 11 is implemented by hardware or software.
[0062] The satellite constellation forming unit 11 controls
formation of the satellite constellation 20 while communi-
cating with the satellites 30.

[0063] FIG. 6 is a configuration diagram of the satellite 30
of the satellite constellation forming system 600.

[0064] The satellite 30 is provided with a satellite control
device 31, a satellite communication device 32, a propulsion
device 33, an attitude control device 34, and a power supply
device 35. The satellite 30 is also provided with other
constituent elements that implement various types of func-
tions. With referring to FIG. 6, description will be made on
the satellite control device 31, the satellite communication
device 32, the propulsion device 33, the attitude control
device 34, and the power supply device 35. The satellite 30
is an example of the space object 60.

[0065] The satellite control device 31 is a computer that
controls the propulsion device 33 and the attitude control
device 34, and is provided with a processing circuit. Spe-
cifically, the satellite control device 31 controls the propul-
sion device 33 and the attitude control device 34 in accor-
dance with various types of commands transmitted from the
ground facility 700.

[0066] The satellite communication device 32 is a device
that communicates with the ground facility 700. Specifically,
the satellite communication device 32 transmits various
types of data concerning its own satellite to the ground
facility 700. The satellite communication device 32 receives
various types of commands transmitted from the ground
facility 700.

[0067] The propulsion device 33 is a device to give
propulsion to the satellite 30 and changes a speed of the
satellite 30. Specifically, the propulsion device 33 is an
apogee kick motor, a chemical propulsion device, or an
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electric propulsion device. The apogee kick motor (AKM)
refers to an upper-block propulsion device used for orbit
insertion of an artificial satellite, and is also called an apogee
motor (when a solid rocket motor is employed) or an apogee
engine (when a liquid engine is employed).

[0068] The chemical propulsion device is a thruster that
uses a one-component or two-component fuel. An example
of the electric propulsion device is an ion engine or a Hall
thruster. Apogee kick motor is a name of a device used for
orbital transfer, and is sometimes a kind of chemical pro-
pulsion device.

[0069] The attitude control device 34 is a device to control
attitude elements such as an attitude of the satellite 30, an
angular velocity of the satellite 30, and a Line of Sight. The
attitude control device 34 changes the attitude elements into
desired directions. Alternatively, the attitude control device
34 maintains the attitude elements in desired directions. The
attitude control device 34 is provided with an attitude sensor,
an actuator, and a controller. The attitude sensor is a device
such as a gyroscope, an Earth sensor, a sun sensor, a star
tracker, a thruster, and a magnetic sensor. The actuator is a
device such as an attitude control thruster, a momentum
wheel, a rection wheel, and a control moment gyro. The
controller controls the actuator in accordance with measure-
ment data of the attitude sensor or various types of com-
mands from the ground facility 700.

[0070] The power supply device 35 is provided with
apparatuses such as a solar cell, a battery, and a power
control device, and supplies power to the apparatuses
mounted in the satellite 30.

[0071] The processing circuit provided to the satellite
control device 31 will be described.

[0072] The processing circuit may be dedicated hardware,
or may be a processor that runs a program stored in the
memory.

[0073] In the processing circuit, some of its functions may
be implemented by dedicated hardware, and its remaining
functions may be implemented by software or firmware.
That is, the processing circuit can be implemented by
hardware, software, or firmware; or a combination of hard-
ware, software, and firmware.

[0074] The dedicated hardware is specifically a single
circuit, a composite circuit, a programmed processor, a
parallel-programmed processor, an ASIC, or an FPGA; or a
combination of a single circuit, a composite circuit, a
programmed processor, a parallel-programmed processor,
an ASIC, and an FPGA.

[0075] ASIC stands for Application Specific Integrated
Circuit. FPGA stands for Field Programmable Gate Array.

[0076] FIG. 7 is a configuration diagram of the ground
facility 700 provided to the satellite constellation forming
system 600.

[0077] The ground facility 700 program-controls a large
number of satellites on every orbital plane. The ground
facility 700 is an example of a ground device. The ground
device is constituted of: a ground station including, for
example, a ground antenna device, a communication device
connected to the ground antenna device, and an electronic
calculator; and a ground facility serving as a server or
terminal connected to the ground station via a network. The
ground device may include a communication device
mounted in a mobile body such as an aircraft, an automotive
vehicle, and a mobile terminal.

Oct. 26, 2023

[0078] The ground facility 700 forms the satellite constel-
lation 20 through communication with the satellites 30. The
ground facility 700 is provided to the space traffic manage-
ment device 100. The ground facility 700 is provided with
the processor 910 and other hardware devices such as the
memory 921, the auxiliary storage device 922, the input
interface 930, the output interface 940, and the communi-
cation device 950. The processor 910 is connected to the
other hardware devices via the signal line and controls the
other hardware devices. The hardware of the ground facility
700 is the same as hardware of the space traffic management
device 100 to be described later with referring to FIG. 9.
[0079] The ground facility 700 is provided with an orbit
control command generation unit 510 and an analytical
prediction unit 520, as function elements. Functions of the
orbit control command generation unit 510 and analytical
prediction unit 520 are implemented by hardware or soft-
ware.

[0080] The communication device 950 transmits and
receives a signal that performs tracking control of the
satellites 30 of the satellite group 300 constituting the
satellite constellation 20. Also, the communication device
950 transmits an orbit control command 55 to the satellites
30.

[0081] The analytical prediction unit 520 analytically pre-
dicts orbits of the satellites 30.

[0082] The orbit control command generation unit 510
generates the orbit control command 55 to be transmitted to
the satellites 30.

[0083] The orbit control command generation unit 510 and
the analytical prediction unit 520 implement the function of
the satellite constellation forming unit 11. That is, the orbit
control command generation unit 510 and the analytical
prediction unit 520 are examples of the satellite constellation
forming unit 11.

[0084] FIG. 8 is a diagram illustrating a function configu-
ration example of the satellite constellation forming system
600.

[0085] The satellite 30 is further provided with a satellite
constellation forming unit 115 which forms the satellite
constellation 20. The satellite constellation forming units
115 of the individual satellites 30 of the plurality of satellites
and the satellite constellation forming unit 11 provided to the
ground facility 700 cooperate with each other to implement
the functions of the satellite constellation forming system
600. Alternatively, the satellite constellation forming unit
115 of the satellite 30 may be provided to the satellite control
device 31.

Description of Configurations

[0086] A space traffic management system 500 according
to the present embodiment is provided with a debris removal
business device 45 and a plurality of mega-constellation
business devices 41. The debris removal business device 45
assists avoidance of collision of space objects with each
other in outer space. The mega-constellation business
devices 41 manage mega-constellations which are satellite
constellations each consisting of 100 or more satellites.

[0087] The space traffic management device 100 accord-
ing to the present embodiment is mounted in the debris
removal business device 45 and in each of the plurality of
mega-constellation business devices 41, and is provided
with a database 211 and a server 212. A space traffic
management device 100 may be mounted in a space insur-
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ance business device of a space insurance business operator
which runs a space insurance business.

[0088] In the space traffic management system 500, the
space traffic management devices 100 individually mounted
in the debris removal business device 45, the plurality of
mega-constellation business devices 41, and the space insur-
ance business device are connected to each other via a
communication line.

[0089] FIG. 9 is a diagram illustrating a hardware con-
figuration example of the space traffic management device
100 of the debris removal business device 45 according to
the present embodiment.

[0090] FIG. 10 is a diagram illustrating a hardware con-
figuration example of the space traffic management device
100 of the mega-constellation business device 41 according
to the present embodiment.

[0091] In the present embodiment, the space traffic man-
agement devices 100 are individually mounted in the mega-
constellation business devices 41, a space object business
device 42, a collision avoidance assist business device 43, a
space object management business device 44, the debris
removal business device 45, the rocket launch business
device 46, an SSA (Space Situational Awareness) business
device 47, and a rocket launch assist business device 48.
[0092] In the present embodiment, the mega-constellation
business devices 41 are included in a plurality of mega-
constellation business devices including a first mega-con-
stellation business device 418 and a second mega-constel-
lation business device 419.

[0093] The mega-constellation business device 41 man-
ages the satellite constellation consisting of a plurality of
satellites. Specifically, the mega-constellation business
device 41 is a computer of a mega-constellation business
operator which runs a large-scale satellite constellation
business, that is, a mega-constellation business. The mega-
constellation business device 41 is an example of a satellite
constellation business device that manages a satellite con-
stellation consisting of, for example, 100 or more satellites.
[0094] The business devices 40 include the individual
business devices described above. Each business device 40
provides information concerning the space object 60 such as
an artificial satellite managed by each device, and debris.
The business device 40 is a computer of a business operator
which collects information concerning the space object 60
such as the artificial satellite and debris.

[0095] For example, the LEO constellation business
device is a computer of an LEO constellation business
operator which runs a low-Earth-orbit constellation busi-
ness, that is, an LEO constellation business.

[0096] The satellite business device is a computer of a
satellite business operator which deals with one to several
satellites.

[0097] The orbital transfer business device is a computer
of an orbital transfer business operator which issues a space
object intrusion alarm about a satellite.

[0098] The collision avoidance assist business device 43
assists avoidance of collision of space objects with each
other in outer space. Specifically, the collision avoidance
assist business device 43 is a computer of a collision
avoidance assist business operator which assists avoidance
of collision of space objects with each other in outer space.
[0099] The debris removal business device 45 is a com-
puter of a debris removal business operator which runs a
business of collecting debris.
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[0100] The rocket launch business device 46 is a computer
of a rocket launch business operator which runs a rocket
launch business.

[0101] The rocket launch assist business device 48 is a
computer of the rocket launch business operator which runs
the rocket launch business.

[0102] The SSA business device 47 is a computer of an
SSA business operator which runs an SSA business, that is,
a space situational awareness business. The SSA business
device is also called a space situational awareness business
device.

[0103] The space object business device 42 is a business
device that manages an unsteady-operation space object.
[0104] The space object management business device 44
is a business device that manages a deorbiting space object
in an orbital descent process.

[0105] A space traffic management device 100 may be
mounted in a ground facility 701 provided to each business
device 40. A space traffic management device 100 may be
mounted in the satellite constellation forming system 600.
[0106] The space traffic management device 100 is pro-
vided with a processor 910, and is provided with other
hardware devices as well, such as a memory 921, an
auxiliary storage device 922, an input interface 930, an
output interface 940, and a communication device 950. The
processor 910 is connected to the other hardware devices via
a signal line and controls the other hardware devices.
[0107] The processor 910 is an example of a server. The
memory 921 and the auxiliary storage device 922 are
examples of the database 211. The server 212 may be
provided with other hardware devices such as an input
interface 930, an output interface 940, a communication
device 950, and a storage apparatus. The server 212 imple-
ments individual functions of the mega-constellation busi-
ness device 41, the space object business device 42, the
collision avoidance assist business device 43, the space
object management business device 44, the debris removal
business device 45, the rocket launch business device 46, the
SSA business device 47, and the rocket launch assist busi-
ness device 48.

[0108] As illustrated in FIG. 9, the space traffic manage-
ment device 100 of the debris removal business device 45 is
provided with an orbital analysis unit 431, an announcement
unit 432, and a storage unit 140, as examples of function
elements that implement a collision avoidance assist func-
tion. A space information recorder 101 is stored in the
storage unit 140.

[0109] As illustrated in FIG. 10, the space traffic manage-
ment device 100 of the mega-constellation business device
41 is provided with a collision analysis unit 411, a counter-
measure formulating unit 412, and a storage unit 140, as
examples of function elements that implement a mega-
constellation management function. A space information
recorder 101 is stored in the storage unit 140.

[0110] FIGS. 9 and 10 illustrate examples of the individual
business device 40. The debris removal business device 45
may be provided with all or some of the orbital analysis unit
431, the announcement unit 432, the collision analysis unit
411, and the countermeasure formulating unit 412. Alterna-
tively, the mega-constellation business device 41 may be
provided with all or some of the orbital analysis unit 431, the
announcement unit 432, the collision analysis unit 411, and
the countermeasure formulating unit 412.
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[0111] In the following, a hardware configuration of the
space traffic management device 100 will be described with
referring to FIG. 9, using the space traffic management
device 100 of the debris removal business device 45 as an
example. Note that the space traffic management device 100
of another business device 40 has the same hardware con-
figuration.

[0112] To simplify the description, a configuration having
the same function is denoted by the same reference sign.
However, each of the mega-constellation business device
41, the debris removal business device 45, and the space
insurance business device individually has a hardware con-
figuration and a function configuration individually.

[0113] Functions of the orbital analysis unit 431 and
announcement unit 432 are implemented by software. The
storage unit 140 is provided to the memory 921. Alterna-
tively, the storage unit 140 may be provided to the auxiliary
storage device 922. Also, the storage unit 140 may be
provided to the memory 921 and the auxiliary storage device
922 dividedly.

[0114] FIG. 9 describes the space traffic management
device 100 as a device that implements a function of
collision avoidance assistance. However, the space traffic
management device 100 has various functions other than the
function of collision avoidance assistance.

[0115] The processor 910 is a device that runs a space
traffic management program. The space traffic management
program is a program that implements the functions of
various constituent elements of the space traffic management
device 100 and space traffic management system 500.
[0116] The processor 910 is an Integrated Circuit (IC) that
performs computation processing. Specific examples of the
processor 910 are a Central Processing Unit (CPU), a Digital
Signal Processor (DSP), and a Graphics Processing Unit
(GPU).

[0117] The memory 921 is a storage device that stores data
temporarily. A specific example of the memory 921 is a
Static Random-Access Memory (SRAM) or a Dynamic
Random-Access Memory (DRAM).

[0118] The auxiliary storage device 922 is a storage device
that keeps data. A specific example of the auxiliary storage
device 922 is an HDD. Alternatively, the auxiliary storage
device 922 may be a portable storage medium such as an SD
(registered trademark) memory card, a CF, a NAND flash, a
flexible disk, an optical disk, a compact disk, a Blu-ray
(registered trademark) Disc, and a DVD. HDD stands for
Hard Disk Drive. SD (registered trademark) stands for
Secure Digital. CF stands for CompactFlash (registered
trademark). DVD stands for Digital Versatile Disk.

[0119] The input interface 930 is a port to be connected to
an input device such as a mouse, a keyboard, and a touch
panel. The input interface 930 is specifically a Universal
Serial Bus (USB) terminal. Alternatively, the input interface
930 may be a port to be connected to a Local Area Network
(LAN).

[0120] The output interface 940 is a port to which a cable
of a display apparatus 941 such as a display is to be
connected. The output interface 940 is specifically a USB
terminal or a High-Definition Multimedia Interface (HDMI,
registered trademark) terminal. The display is specifically a
Liquid Crystal Display (LCD).

[0121] The communication device 950 has a receiver and
a transmitter. The communication device 950 is specifically
a communication chip or a Network Interface Card (NIC). In
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the present embodiment, the space traffic management
devices 100 of the mega-constellation business devices 41,
space insurance business device, and debris removal busi-
ness device 45 communicate with each other via the com-
munication line.

[0122] The space traffic management program is read by
the processor 910 and run by the processor 910. Not only the
space traffic management program but also an Operating
System (OS) is stored in the memory 921. The processor 910
runs the space traffic management program while running
the OS. The space traffic management program and the OS
may be stored in the auxiliary storage device 922. The space
traffic management program and the OS which are stored in
the auxiliary storage device 922 are loaded into the memory
921 and run by the processor 910. Part or a whole of the
space traffic management program may be built in the OS.
[0123] The space traffic management device 100 may be
provided with a plurality of processors that substitute for the
processor 910. The plurality of processors share running of
the program. Each processor is a device that runs the
program, just as the processor 910 does.

[0124] Data, information, signal values, and variable val-
ues which are used, processed, or outputted by the program
are stored in the memory 921, the auxiliary storage device
922, or a register or cache memory in the processor 910.
[0125] The term “unit” in each unit of the space traffic
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management device may be replaced by “process”, “proce-
dure”, “means”, “phase”, or “stage”. The term “process” in
an orbital analysis process and in an alarming process may
be replaced by “program”, “program product”, or “com-
puter-readable recording medium recorded with a program”.
The terms “process”, “procedure”, “means”, “phase”, and
“stage” are replaceable with one another.

[0126] The space traffic management program causes the
computer to execute processes, procedures, means, phases,
or stages corresponding to the individual units in the space
traffic management system, with the “units” being replaced
by “processes”, “procedures”, “means”, “phases”, or
“stages”. A space traffic management method is a method
that is carried out by the space traffic management device
100 running the space traffic management program.

[0127] The space traffic management program may be
provided as being stored in a computer-readable recording
medium. Each program may be provided in the form of a
program product.

[0128] FIG. 11 is a diagram illustrating an example of
orbit prediction information 51 provided to the space infor-
mation recorder 101 according to the present embodiment.
[0129] The space traffic management device 100 stores, to
the storage unit 140, the orbit prediction information 51 in
which prediction values of the orbit of the space object 60
are set. For example, the space traffic management device
100 may acquire prediction values of orbits of a plurality of
space objects 60 from the business device 40 utilized by a
management business operator which manages the plurality
of space objects 60, and may store the acquired prediction
values as orbit prediction information 51. Alternatively, the
space traffic management device 100 may acquire, from the
management business operator, orbit prediction information
51 in which prediction values of orbits of a plurality of space
objects 60 are set, and may store the acquired orbit predic-
tion information 51 to the storage unit 140.

[0130] The management business operator is a business
operator that manages the space object 60 such as a satellite



US 2023/0339627 Al

constellation, various types of satellites, a rocket, and debris,
which fly in space. As described above, the management
business device 40 utilized by each management business
operator is a computer such as the mega-constellation busi-
ness device, the LEO constellation business device, the
satellite business device, the orbital transfer business device,
the debris removal business device, the rocket launch busi-
ness device, and the SSA business device.

[0131] The orbit prediction information 51 includes sat-
ellite orbit prediction information 52 and debris orbit pre-
diction information 53. Prediction values of an orbit of a
satellite are set in the satellite orbit prediction information
52. Prediction values of an orbit of debris are set in the
debris orbit prediction information 53. In the present
embodiment, the satellite orbit prediction information 52
and the debris orbit prediction information 53 are included
in the orbit prediction information 51. However, the satellite
orbit prediction information 52 and the debris orbit predic-
tion information 53 may be stored in the storage unit 140 as
different pieces of information.

[0132] Information such as a space object Identifier (ID)
511, a predicted epoch 512, predicted orbital elements 513,
and predicted errors 514 are set in the orbit prediction
information 51.

[0133] The space object ID 511 is an identifier that iden-
tifies a space object 60. In FIG. 11, a satellite ID and a debris
ID are set as the space object ID 511. The space object is
specifically an object such as a rocket to be launched to outer
space, an artificial satellite, a space base, a debris removal
satellite, a planetary space probe, and a satellite or rocket
that has turned into debris after a mission is completed.
[0134] The predicted epoch 512 is an epoch predicted for
an orbit of each of the plurality of space objects.

[0135] The predicted orbital elements 513 are orbital
elements that identify an orbit of each of the plurality of
space objects. The predicted orbital elements 513 are orbital
elements predicted for the orbit of each of the plurality of
space objects. In FIG. 11, Keplerian six orbital elements are
set as the predicted orbital elements 513.

[0136] The predicted errors 514 are errors predicted for
the orbit of each of the plurality of space objects. A
traveling-direction error, an orthogonal-direction error, and
an error basis are set in the predicted errors 514. In this
manner, error amounts involved in performance values are
explicitly indicated in the predicted errors 514, together with
their bases. The bases of the error amounts include contents
of data processing carried out as a measurement means and
as an accuracy improving means of position coordinate
information, and part or a whole of statistic evaluation
results of past data.

[0137] In the orbit prediction information 51 according to
the present embodiment, the predicted epoch 512 and the
predicted orbital elements 513 are set concerning the space
object 60. A time and position coordinates of the space
object 60 in the near future can be obtained from the
predicted epoch 512 and the predicted orbital elements 513.
For example, the time and position coordinates of the space
object 60 in the near future may be set in the orbit prediction
information 51.

[0138] In this manner, the orbit prediction information 51
is provided with orbital information of the space object,
including the epoch and the orbital elements or the time and
the position coordinates, to explicitly indicate predicted
values of the space object 60 in the near future.
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Description of Functions

[0139] FIG. 12 is a diagram of a business example of a
mega-constellation which is currently under planning.
[0140] FIG. 13 is a diagram illustrating intrusion of a new
launch rocket into mega-constellation satellite groups
according to the present embodiment.

[0141] FIG. 14 is a diagram illustrating intrusion of a
satellite at an orbit insertion stage into mega-constellation
satellite groups according to the present embodiment.
[0142] FIG. 15 is a diagram illustrating intrusion of a
satellite at an orbital descent stage into mega-constellation
satellite groups according to the present embodiment.
[0143] As illustrated in FIG. 12, a plurality of mega-
constellation business operators advocate a project of
deploying many, several hundred to several ten-thousand
satellites as if to exhaustively cover the sky.

[0144] At the present stage, a mega-constellation business
operator A has already announced a deployment project
involving about 42,000 satellites, a mega-constellation busi-
ness operator B has announced a deployment project involv-
ing about 3,000 satellites, and a mega-constellation business
operator C has announced a deployment project involving
about 600 satellites.

[0145] As illustrated in FIG. 13, at the stage of deploying
mega-constellation satellite groups, as a total number of
satellites deployed on orbits increases, a collision risk during
new rocket launch increases.

[0146] As illustrated in FIG. 14, some satellite business
operators announce a project in which after a rocket is
launched and a satellite is disconnected, a propulsion device
provided to the satellite raises an altitude of the satellite,
thereby performing orbit insertion. This is aimed at reducing
a risk that a rocket upper block remains as debris. In this case
as well, however, as the total number of satellites deployed
on the orbit increases, a collision risk during an orbit
insertion process increases.

[0147] As illustrated in FIG. 15, a collision risk exists
even after each mega-constellation business operator has
completed deployment of all satellites and steady operation
is started. Specifically, after completion of the satellite life,
in a process of orbital disposal by PMD and lowering a
trajectory altitude until atmospheric entry, a risk exists that
a satellite at an orbital descent stage collides with a mega-
constellation satellite group that is in steady operation.
[0148] In this manner, a space object such as an
unsteadily-operation satellite and a rocket poses a collision
risk against a mega-constellation satellite group which is
deployed as if to exhaustively cover the sky and performs
steady operation.

[0149] A satellite that has completed a mission performs
orbital descent by Post Mission Disposal (PMD), enters
atmosphere, and disappears. Active Debris Removal (ADR)
by the debris removal business operator is expected to serve
as a deorbiting means of a failed satellite or a satellite that
cannot perform atmospheric entry on its own on a final stage
of on-orbit mission.

[0150] When performing ADR of a mega-constellation
satellite formed at a high altitude of 1,000 km or more, the
satellite must pass through flight altitude regions of a
plurality of mega-constellation satellite groups before atmo-
spheric entry, while avoiding collision. When the debris
removal business operator is to carry out ADR of a satellite,
located at an orbital altitude of 1,300 km, of a mega-
constellation business operator A, in an orbital altitude
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region managed by the mega-constellation business operator
A, collision avoidance can be realized if the mega-constel-
lation business operator A shares real-time high-accuracy
orbital information with the debris removal business opera-
tor.

[0151] However, in an orbital altitude region of a mega-
constellation satellite group managed by another business
operator, real-time high-accuracy orbital information is not
available. Hence, there is a risk of collision during orbital
descent.

[0152] In a mega-constellation satellite group, when a
satellite group consisting of up to several thousand satellites
flies on the same orbit, if the orbit is a polar orbit having an
orbital inclination of almost 90° as illustrated in FIG. 3, a
satellite density is high in polar regions where all orbital
planes meet. Therefore, in the polar regions, strict passing
timing control must be performed for ensuring flight safety.
[0153] Meanwhile, if the orbit is an inclined orbit having
an orbital inclination far from 90° as illustrated in FIG. 4, a
collision risk exists at an orbital-plane intersection in a
middle-latitude region. Therefore, to ensure flight safety by
shifting a satellite passing timing at every lattice intersec-
tion, strict passing timing control must be performed.
[0154] In order to realize such strict passing timing con-
trol, the individual satellite groups fly while constantly
operating propulsion devices.

[0155] A procedure of ensuring flight safety requires per-
forming danger analysis first of all, such as approach analy-
sis and collision analysis. To perform high-accuracy danger
analysis, high-accuracy orbital information of a space object
is indispensable.

[0156] As described above, however, in mega-constella-
tion satellite groups, the individual satellite groups fly while
constantly operating the propulsion device, in order to
realize strict passing timing control. Hence, accurate posi-
tion information cannot be grasped unless the orbital infor-
mation is updated in a real-time manner. It is rational to
consider that only business operators which manage indi-
vidual mega-constellation satellite groups can manage real-
time high-accuracy orbital information of several hundred to
several ten-thousand satellites.

[0157] Under these circumstances, a method of avoiding
collision is available with which the debris removal business
operator acquires real-time high-accuracy orbital informa-
tion of a mega-constellation satellite group of another busi-
ness operator for only a flight orbital altitude region passing
timeframe of another business operator limitedly. A method
is also available with which the debris removal business
operator issues a danger alarm and the mega-constellation
satellite group side performs danger analysis and a collision
avoidance action.

[0158] In the present embodiment, description will be
made on a function of the debris removal business device, a
function of the first mega-constellation business device that
requests the debris removal business device to perform ADR
of debris which the mega-constellation business device
manages, and a function of the second mega-constellation
business device about which debris intrusion is predicted.

Description of Operations

[0159] <Function of Space Traffic Management System
500>
[0160] Examples of operations and of a debris removal

method by the space traffic management system 500 accord-
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ing to the present embodiment will now be described with
referring to FIGS. 16 to 19. The hardware configurations of
the individual space traffic management devices 100 have
been described above. An operation procedure of the space
traffic management system 500 corresponds to the space
traffic management method. A program that implements the
operations of the space traffic management system 500
corresponds to the space traffic management program. The
space traffic management method is also called a debris
removal method. The space traffic management program is
also called a debris removal program.

[0161] FIG. 16 is a diagram illustrating an overall con-
figuration example (Example 1) of the space traffic man-
agement system 500 according to the present embodiment.
[0162] FIG. 17 is a diagram illustrating a detailed con-
figuration example of the first mega-constellation business
device 418 according to the present embodiment.

[0163] FIG. 18 is a diagram illustrating a detailed con-
figuration example of the second mega-constellation busi-
ness device 419 according to the present embodiment.
[0164] FIG. 19 is a diagram illustrating a detailed con-
figuration example of the debris removal business device 45
according to the present embodiment.

[0165] The plurality of space traffic management devices
100 provided to the space traffic management system 500 are
connected to each other via a communication line 200. The
space traffic management devices 100 are individually
mounted in the first mega-constellation business device 418
and the second mega-constellation business device 419
which are the plurality of mega-constellation business
devices 41, and in the debris removal business device 45.
[0166] <Mega-Constellation Business Device 41>

[0167] The first mega-constellation business device 418 is
a business device of a first mega-constellation business
operator that requests the debris removal business operator
to perform ADR of debris such as a rocket part of a satellite
constituting a first mega-constellation which the first mega-
constellation business operator manages.

[0168] The second mega-constellation business device
419 is a business device of a second mega-constellation
business operator that manages a second mega-constellation
through which the first mega-constellation passes during
deorbiting.

[0169] In the following, assume that when the mega-
constellation business device 41 is mentioned, it refers to
each of or at least either one of the first mega-constellation
business device 418 and the second mega-constellation
business device 419.

[0170] The space traffic management device 100 of the
mega-constellation business device 41 is provided with the
space information recorder 101, a danger alarm device 102,
a danger analysis device 103 which performs orbital analysis
of a space object, a danger avoidance action assist device
104, and a danger avoidance action implementation plan
information 105.

[0171] The space information recorder 101 of the mega-
constellation business device 41 records orbital information
of satellites constituting a mega-constellation.

[0172] The space information recorder 101 is provided
with public orbital information associated with a satellite
group ID that identifies a satellite group.

[0173] The public orbital information is orbital informa-
tion that can be disclosed to the other business devices.
Constituent satellite information such as a number of satel-
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lites constituting the satellite group and satellite IDs of the
satellites, an upper limit and lower limit of an orbital altitude
of the satellite group, and an upper limit and lower limit of
an orbital inclination of the satellite group are set in the
public orbital information.

[0174] The space information recorder 101 is provided
with real-time high-accuracy orbital information 64 associ-
ated with satellite IDs that identify individual satellites
constituting the satellite group.

[0175] In the first mega-constellation business device 418,
predicted orbital information and performance orbital infor-
mation are provided to the real-time high-accuracy orbital
information 64. A specific example of the predicted orbital
information is the orbit prediction information 51 of FIG.
12. The performance orbital information has the same con-
figuration as that of the predicted orbital information. Fur-
thermore, predicted orbital information of a deorbiting sat-
ellite is also set.

[0176] The second mega-constellation business device
419 suffices if the real-time high-accuracy orbital informa-
tion 64 has predicted orbital information of each satellite.
[0177] The danger alarm device 102 announces danger of
approach or collision of a space object. The danger alarm
device 102 is provided with orbital information associated
with a space object ID that identifies a space object. The
danger alarm device 102 is also provided with public
condition information in which a public condition of the
orbital information is set.

[0178] The danger analysis device 103 performs orbital
analysis of the space object. For example, the danger analy-
sis device 103 is an example of the collision analysis unit
that analyzes collision of an unsteady-operation space object
with an individual satellite constituting a mega-constellation
satellite group. For example, the server 212 provided to the
space traffic management device 100 of the mega-constel-
lation business device 41 analyzes collision of the unsteady-
operation space object with the individual satellite consti-
tuting the mega-constellation satellite group.

[0179] The danger avoidance action assist device 104
formulates role division of an avoidance action against a
space object. For example, the danger avoidance action
assist device 104 is an example of the countermeasure
formulating unit that formulates a collision avoidance coun-
termeasure when collision of a mega-constellation with an
unsteady-operation space object is predicted. For example,
the server 212 provided to the space traffic management
device 100 of the mega-constellation business device 41
formulates a collision avoidance countermeasure when col-
lision is predicted.

[0180] An avoidance action plan formulated by the danger
avoidance action assist device 104 is set in the danger
avoidance action implementation plan information 105.
[0181] The predicted orbital information and the perfor-
mance orbital information may be set in the real-time
high-accuracy orbital information to correspond to the sat-
ellite ID. The predicted orbital information and the perfor-
mance orbital information are set in a real-time manner and
accurately.

[0182] Unsteady orbital information may be set in the
space information recorder 101 of the mega-constellation
business device 41. Predicted orbital information about a
space object which performs unsteady operation in an own
mega-constellation is set in the unsteady orbital information.
An epoch, orbital elements, and predicted errors are set in
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the predicted orbital information, just as in FIG. 12. In the
present embodiment, predicted orbital information of a
deorbiting satellite is set as an example of the unsteady
orbital information.

[0183] <Debris Removal Business Device 45>

[0184] The space traffic management device 100 of the
debris removal business device 45 is provided with a space
information recorder 101, a danger alarm device 102, a
danger analysis device 103 which performs orbital analysis
of a space object, and a danger avoidance action implemen-
tation plan information 105.

[0185] Unsteady orbital information of a deorbiting satel-
lite out of the first mega-constellation is set in the space
information recorder 101.

[0186] Public orbital information 61 of the second mega-
constellation satellite group is also set in the space infor-
mation recorder 101. Further, real-time high-accuracy
orbital information 64 of individual satellites constituting
the second mega-constellation is set in the space information
recorder 101.

[0187] The debris removal business device 45 removes
debris with using a debris removal satellite. A configuration
of the debris removal satellite is basically the same as that
of the space object of FIG. 6, but is further provided with a
capture device to capture capture-target debris. The debris
removal satellite, in a state of holding captured debris,
descends while performing active deorbit operation of
actively avoiding collision based on control by the debris
removal business device 45.

[0188] <Space Traffic Management Method (Debris
Removal Method)>

[0189] FIG. 20 is a flowchart of the space traffic manage-
ment method by the space traffic management system 500
according to the present embodiment.

[0190] The space traffic management method (debris
removal method) in the space traffic management system
500 according to the present embodiment will be described.

Example 1 of Space Traffic Management Method
(Debris Removal Method)

[0191] The debris removal business device 45 performs
ADR against debris formed by a satellite managed by the
first mega-constellation business operator (step S101). The
debris removal business device 45 and the first mega-
constellation business device 418 share orbital information
of a deorbiting satellite (step S102).
[0192] The debris removal business device 45 acquires the
real-time high-accuracy orbital information 64 of the second
mega-constellation satellite group in a timeframe in which
the debris removal satellite, during orbital descent, passes
through an orbital altitude region where the second mega-
constellation satellite group flies (step S103).
[0193] Then, a debris removal satellite passes through the
second mega-constellation satellite group by control of the
debris removal business device 45 while ensuring flight
safety (step S103).
[0194] An overall configuration example (Example 1) of
the space traffic management system 500 according to the
present embodiment will be described with referring to FIG.
16.
[0195] Specifically, this is as follows.
[0196] (11) The debris removal business device 45
grasps information such as the orbital altitude region of
the second mega-constellation satellite group in
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advance from the public orbital information 61 of the
second mega-constellation business device 419.

[0197] (12) The debris removal business device 45 and
the first mega-constellation business device 418 share
orbital information of the deorbiting satellite after ADR
by the first mega-constellation business device 418.

[0198] (13) The debris removal business device 45
issues a danger alarm against intrusion of the deorbiting
satellite into the altitude orbital region of the second
mega-constellation satellite group.

[0199] (14) The second mega-constellation business
device 419 provides the real-time high-accuracy orbital
information 64 of an individual satellite of the second
mega-constellation in an intrusion timeframe, to the
debris removal business device.

[0200] (15) The debris removal business device 45
performs collision analysis using the high-accuracy
orbital information of the first mega-constellation and
the second mega-constellation.

[0201] (16) The debris removal business device 45
formulates a collision avoidance action plan and
releases it.

[0202] (17) The debris removal business device 45 puts
a debris removal satellite into active deorbit operation
to perform collision avoidance.

Example 2 of Space Traffic Management Method
(Debris Removal Method)

[0203] The debris removal business device 45 performs
ADR against debris formed by a satellite managed by the
first mega-constellation business operator.

[0204] The debris removal business device 45 announces
information of a timeframe in which the debris removal
satellite, during orbital descent, passes through the orbital
altitude region where the satellite group of the second
mega-constellation business operator flies, and predicted
orbital information of the debris removal satellite in that
timeframe, to the second mega-constellation business opera-
tor.

[0205] The second mega-constellation business device uti-
lized by the second mega-constellation business operator
performs collision analysis and controls the satellite group
of the second mega-constellation business operator, thereby
avoiding collision.

[0206] FIG. 21 is a diagram illustrating an overall con-
figuration example (Example 2) of the space traffic man-
agement system 500 according to the present embodiment.
[0207] Specifically, this is as follows.

[0208] (21) The debris removal business device 45
grasps information such as the orbital altitude region of
the second mega-constellation satellite group in
advance from the public orbital information 61 of the
second mega-constellation business device 419.

[0209] (22) The debris removal business device 45 and
the first mega-constellation business device 418 share
orbital information of the deorbiting satellite after ADR
by the first mega-constellation business device 418.

[0210] (23) The debris removal business device 45
issues a danger alarm against intrusion of the deorbiting
satellite into the altitude orbital region of the second
mega-constellation satellite group.

[0211] (24) The debris removal business device 45
provides the real-time high-accuracy orbital informa-
tion 64 of an individual satellite of the first mega-
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constellation in an intrusion timeframe to the second
mega-constellation business device 419. Particularly,
real-time high-accuracy orbital information of the deor-
biting satellite of the first mega-constellation in the
intrusion timeframe is provided to the second mega-
constellation business device 419.

[0212] (25) The second mega-constellation business
device 419 performs collision analysis using the high-
accuracy orbital information of the first mega-constel-
lation and the second mega-constellation.

[0213] (26) The second mega-constellation business
device 419 formulates a collision avoidance action plan
and releases it.

[0214] (27) The second mega-constellation business
device 419 performs collision avoidance.

Example 3 of Space Traffic Management Method
(Debris Removal Method)

[0215] The debris removal business device 45 performs
ADR against debris formed by a satellite managed by the
first mega-constellation business operator.

[0216] The first mega-constellation business device 418
utilized by the first mega-constellation business operator
announces information of a timeframe in which the debris
removal satellite, during orbital descent, passes through the
orbital altitude region where the satellite group of the second
mega-constellation business operator flies, and predicted
orbital information of the debris removal satellite during this
timeframe, to the second mega-constellation business device
419 utilized by the second mega-constellation business
operator.

[0217] The second mega-constellation business device
419 performs collision analysis and controls the satellite
group of the second mega-constellation business operator,
thereby avoiding collision.

[0218] FIG. 22 is a diagram illustrating an overall con-
figuration example (Example 3) of the space traffic man-
agement system 500 according to the present embodiment.
[0219] Specifically, this is as follows.

[0220] (31) The debris removal business device 45
grasps information such as the orbital altitude region of
the second mega-constellation satellite group in
advance from the public orbital information 61 of the
second mega-constellation business device 419.

[0221] (32) The debris removal business device 45 and
the first mega-constellation business device 418 share
orbital information of the deorbiting satellite after ADR
by the first mega-constellation business device 418.

[0222] (33) The first mega-constellation business
device 418 issues a danger alarm against intrusion of
the deorbiting satellite into the altitude orbital region of
the second mega-constellation satellite group.

[0223] (34) The first mega-constellation business
device 418 provides the real-time high-accuracy orbital
information of an individual satellite of the first mega-
constellation in an intrusion timeframe, to the second
mega-constellation business device 419. Particularly,
real-time high-accuracy orbital information of the deor-
biting satellite of the first mega-constellation in the
intrusion timeframe is provided to the second mega-
constellation business device 419.

[0224] (35) The second mega-constellation business
device 419 performs collision analysis using the high-



US 2023/0339627 Al

accuracy orbital information of the first mega-constel-
lation and the second mega-constellation.

[0225] (36) The second mega-constellation business
device 419 formulates a collision avoidance action plan
and releases it.

[0226] (37) The second mega-constellation business
device 419 performs collision avoidance.

[0227] In the present embodiment, business devices as
follows have been described.

[0228] The debris removal business device 45 performs
Active Debris Removal (ADR) against debris formed by the
satellite managed by the first mega-constellation business
operator. The debris removal business device 45 announces
information of a timeframe in which the debris removal
satellite, during orbital descent, passes through the orbital
altitude region where the satellite group of the second
mega-constellation business operator flies, and predicted
orbital information of the debris removal satellite during this
timeframe, to the second mega-constellation business opera-
tor.

[0229] The first mega-constellation business device 418
performs ADR against debris formed by the satellite man-
aged by the first mega-constellation business operator. The
first mega-constellation business device 418 announces
information of a timeframe in which the debris removal
satellite, during this timeframe, passes through the orbital
altitude region where the satellite group of the second
mega-constellation business operator flies, and predicted
orbital information of the debris removal satellite, to the
second mega-constellation business operator.

[0230] ADR is performed against debris formed by the
satellite managed by the first mega-constellation business
operator. Information of a timeframe in which the debris
removal satellite, during orbital descent, passes through the
orbital altitude region where the satellite group of the second
mega-constellation business operator flies, and predicted
orbital information of the debris removal satellite during this
timeframe, are announced to the second mega-constellation
business device 419.

[0231] The second mega-constellation business device
419 performs collision analysis and controls the satellite
group of the second mega-constellation business operator,
thereby avoiding collision.

Other Configurations

[0232] A modification of the present embodiment may be
possible in which the space traffic management system
performs the following debris removal method.

[0233] The first mega-constellation business device
announces the following information to the second mega-
constellation business device during orbital descent of an
individual satellite that is to be subjected to PMD, out of the
first mega-constellation satellite group, or during orbital
descent of an individual satellite that is to be subjected to
ADR by the debris removal business operator using the
debris removal satellite. The first mega-constellation busi-
ness device announces information of a timeframe in which
the debris removal satellite passes through the orbital alti-
tude region where the second mega-constellation satellite
group flies, and predicted orbital information of the indi-
vidual satellite or the debris removal satellite during that
timeframe, to the second mega-constellation business
device.
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[0234] The first mega-constellation business device
announces the following information to the second mega-
constellation business device during orbital descent of an
individual satellite that was subjected to PMD, out of the
first mega-constellation satellite group, or during orbital
descent of an individual satellite that was subjected to ADR
by the debris removal business operator using the debris
removal satellite.

[0235] The second mega-constellation business device
acquires the information of a timeframe in which the debris
removal satellite passes through the orbital altitude region
where the second mega-constellation satellite group flies,
and predicted orbital information of the individual satellite
or the debris removal satellite during that timeframe, from
the first mega-constellation business device, and performs
both or one of collision analysis and collision avoidance.

Other Configurations

[0236] In the present embodiment, the functions of the
space traffic management device 100 are implemented by
software. A modification may be possible in which the
functions of the space traffic management device 100 are
implemented by hardware.

[0237] FIGS. 23 and 24 are diagrams each illustrating a
configuration of a space traffic management device 100
according to a modification of the present embodiment.
[0238] The space traffic management device 100 is pro-
vided with an electronic circuit 909 in place of a processor
910.

[0239] The electronic circuit 909 is a dedicated electronic
circuit that implements the functions of the space traffic
management device 100.

[0240] The electronic circuit 909 is specifically a single
circuit, a composite circuit, a programmed processor, a
parallel-programmed processor, a logic IC, a GA, an ASIC,
or an FPGA. GA stands for Gate Array.

[0241] The functions of the space traffic management
device 100 may be implemented by one electronic circuit, or
may be distributed among a plurality of electronic circuits
and implemented by them.

[0242] Another modification may be possible in which
some of the functions of the space traffic management device
100 are implemented by an electronic circuit and the remain-
ing functions are implemented by software.

[0243] A processor and an electronic circuit are called
processing circuitry as well. That is, the functions of the
space traffic management device 100 are implemented by
processing circuitry.

Description of Effect of Present Embodiment

[0244] In Example 1 of the space traffic management
system and the space traffic management method according
to the present embodiment, the debris removal business
operator acquires real-time high-accuracy orbital informa-
tion of another business operator’s mega-constellation sat-
ellite group for only a timeframe limitedly where the debris
removal satellite passes through a flight orbital altitude
region of another business operator’s mega-constellation
satellite group.

[0245] In Example 2 of the space traffic management
system and the space traffic management method according
to the present embodiment, the debris removal business
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operator issues a danger alarm so that the mega-constellation
satellite group side can perform danger analysis and a
collision avoidance action.

[0246] With the method according to which the debris
removal business operator issues a danger alarm and the
mega-constellation satellite group side performs danger
analysis and a collision avoidance action, the debris removal
business operator is an offender who makes a trouble, and
the mega-constellation business operator through which the
offender passes is a casualty who is troubled. In an event
where a collision accident occurs, if the debris removal
business operator is responsible for the accident, the feasi-
bility of the debris removal business may be shaken. There-
fore, with Example 3 of the space traffic management system
and the space traffic management method according to the
present embodiment, even if ADR itself is carried out by the
debris removal business operator, the mega-constellation
business operator who requests ADR gives a danger alarm to
the intruding mega-constellation business operator B. Then,
the business operator B can perform danger analysis and
take collision avoidance action.

[0247] Many mega-constellation business operators are,
so to speak, in the same boat. For each mega-constellation
business operator, if another mega-constellation business
operator exists both at a higher altitude than its own system
and a lower altitude than its own system, a contradictory
situation occurs which involves a risk that a high-altitude
satellite in deorbiting might intrude into a lower-altitude
flight region of another business operator, and a risk that a
new satellite being put into orbit by rocket launch might
intrude into a higher-altitude flight region of another busi-
ness operator.

[0248] In the example of FIG. 12, for each of the mega-
constellation business operators A, B, and C, a satellite
group of another business operator exists at a higher altitude
than its own satellite group, and a satellite group of another
business operator exists at a lower altitude than its own
satellite group.

[0249] Therefore, which is the offender and which is the
casualty cannot be one-sidedly determined with respect to a
responsibility for avoiding collision when an unsteady-
operation space object intrudes into a steady operation orbit
and with respect to an accountability for an accident when
collision should occur. The positions of the business opera-
tor A, the business operator B, and the business operator C
can be reversed anytime. Hence, without a framework where
a plurality of mega-constellation business operators can
coexist and prosper together, it is difficult to guarantee
sustainability of mega-constellation businesses. Therefore,
with Example 3 of the space traffic management system and
the space traffic management method according to the pres-
ent embodiment, since debris removal can be realized by a
spirit of mutual help of those who are in the same boat, an
effect of guaranteeing the continuity of the debris removal
business is obtained.

Embodiment 2

[0250] In the present embodiment, a difference from
Embodiment 1 and an additional point to Embodiment 1 will
mainly be described.

[0251] In the present embodiment, a configuration having
the same function as in Embodiment 1 will be denoted by the
same reference sign, and its description will be omitted.
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[0252] Due to emergence of mega-constellation business
operators, currently, several thousand satellites fly at an
orbital altitude of 500 km or less as if to exhaustively cover
the sky. There is a risk that a debris removal business
operator performs ADR from a high altitude of 1,000 km or
more and a satellite in a process of deorbiting collides with
a low-altitude mega-constellation. It is necessary to realize
a framework in which danger analysis is carried out based on
real-time high-accuracy orbital information held by only the
mega-constellation business operators, thereby performing
collision avoidance.

[0253] Studies have been in progress on building a public
information system called Open Architecture Data Reposi-
tory (OADR) which allows business operators to share
orbital information of a space object so that flight safety of
the space object is ensured.

[0254] The present embodiment will describe a mode of
ensuring flight safety of a space object by the public infor-
mation system called OADR.

[0255] When setting up an OADR as a public institution of
international cooperation, there is a possibility that the
OADR is authorized to make an instruction or request to a
business operator beyond borders.

[0256] For example, in central management of orbital
information of space objects possessed by business opera-
tors around the world, it is rational if the OADR can make
an instruction or a request to provide orbital information
under a rule based on an international consensus.

[0257] When a particular country sets up an OADR as a
public institution, there is a possibility that the OADR is
authorized to make an instruction or request to business
operators of the relevant country.

[0258] There is also a possibility that the OADR forms a
framework of disclosing information to business operators
of the relevant country unconditionally while disclosing
information conditionally to the other business operators.
[0259] As a public condition, it is possible to set entries
such as fee charging, price setting, disclosure item restric-
tion, accuracy restriction of public information, disclosure
frequency restriction, and non-disclosure to a specific busi-
ness operator.

[0260] For example, a difference of no charging or fee
charging, or a difference in an amount of fee for information
acquisition may arise between the relevant country and the
other countries. How the public condition is set by the
OADR will be influential from the viewpoint of framework
making for space traffic management or industrial competi-
tive power.

[0261] It is rational that, regarding space-object confiden-
tial information which serves security, the OADR being set
up by a country as a public institution possesses the confi-
dential information but keeps the confidential information
closed to the outside. Therefore, there is a possibility that the
OADR is provided with a database for storing non-public
information, in addition to a database for information dis-
closure.

[0262] In addition, among pieces of space object informa-
tion possessed by private business operators, there is infor-
mation that cannot be disclosed to the public because, for
example, the information belongs to a corporate secret. In
addition, there is information that is not appropriate for
public disclosure, because the information is under constant
maneuver control and accordingly an amount of information
or an update frequency of the information is enormous.
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[0263] When performing danger analysis and analysis
evaluation related to approach or collision of a space object,
it is necessary that orbital information of all space objects be
dealt with regardless of whether the space object is confi-
dential or not. For this reason, when the OADR as a public
institution performs danger analysis including confidential
information and danger is predicted as a result of analysis
evaluation, it is rational to restrict a publication target or a
publication content and to perform conditional disclosure.
For example, it is rational to restrict a publication target or
a publication content and to perform conditional disclosure
by processing information into disclosable information, and
disclosing only orbital information of a risky timeframe to a
disclosure target that contributes to danger avoidance.
[0264] In the future, when the number of on-orbit objects
increases and the risk of approach or collision increases,
various danger avoidance countermeasures will be needed,
such as a means with which a debris removal business
operator removes dangerous debris, and a means with which
a mega-constellation business operator changes an orbital
position or a passing timing so as to avoid collision. If the
OADR, being a public institution, can instruct or request a
business operator to execute a danger avoidance action, a
very large effect can be expected in ensuring flight safety of
space.

[0265] There are space objects managed by an institution,
such as an emerging country venture business operator or a
university, that is inexperienced in the space business and
lacks information that serves danger avoidance. When it is
predicted that a space object managed by such an institution
which is inexperienced in the space business and lacks
information that serves danger avoidance will intrude into an
orbital altitude zone where a mega-constellation flies, the
OADR intermediates to transmit the relevant information to
the business operator in need of the information, so that the
danger can be avoided quickly and effectively.

[0266] In addition, when implementation of a danger
avoidance countermeasure, or space insurance, is mediated
or introduced to private business operators, it will contribute
to promotion and industrialization of space traffic manage-
ment.

[0267] The OADR may be realized in the following
modes.
[0268] A mode where the OADR is provided with only

a public database.
[0269] A mode where the OADR possesses a danger

analysis means, a collision avoidance assist means, or

a space situational awareness (SSA) means to contrib-

ute to danger avoidance independently.

[0270] A mode where the OADR gives an instruction or

a request to a business operator, or performs mediation

or introduction to a business operator, thus contributing

to danger avoidance through information management.
[0271] For realizing the OADR, there are various possi-
bilities other than the above-mentioned modes.
[0272] “The OADR mediates implementation of a
method” signifies a case where, for example, an entity
implementing a method such as the debris removal method
and the space traffic management method includes a plural-
ity of external business devices other than the OADR, and
the OADR does not issue a compulsory order but encour-
ages implementation of the method by intermediating
among the plurality of business devices. “The OADR medi-
ates implementation of a debris removal method” is para-
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phrased as, for example, “the OADR intermediates so that a
plurality of external business devices other than the OADR
cooperate with each other to implement a debris removal
method”. Alternatively, “mediation” may be replaced with
“teaching”.

[0273] A configuration example of the OADR according
the present embodiment will be described below.

Configuration Example 1 of OADR

[0274] FIG. 25 illustrates an OADR 800 as Configuration
Example 1 according to the present embodiment.

[0275] The OADR 800 is a public information system to
disclose orbital information of a space object. The OADR
800 is provided with a database 810 to store the orbital
information of the space object, and a server 820.

[0276] The database 810 is provided with a first database
811 to store public information and a second database 812 to
store non-public information.

[0277] The server 820 acquires space object information
including non-public information from all or some of busi-
ness devices which are: a space traffic management device;
a space situational awareness business device (SSA business
device); a collision avoidance assist business device; a
mega-constellation business device; and a debris removal
business device, and stores the acquired space object infor-
mation to the second database 812. The space traffic man-
agement device is provided to, for example, CSpOC.
[0278] Conventionally, the U.S. CSpOC is not provided
with a bi-directional line, and announces a danger alarm
uni-directionally. If CSpOC is provided with a space traffic
management device, CSpOC can contribute to space traffic
management by communication of the space traffic man-
agement device with the other business devices via a bi-
directional communication line.

[0279] The server 820 generates conditional public infor-
mation restricting a publication target and a publication
content and stores the generated information to the first
database 811.

[0280] Then, the server 820 transmits the conditional
public information only to a particular business device
among the SSA business device, the collision avoidance
assist business device, the mega-constellation business
device, the debris removal business device, and a space
insurance business device which deals with a space insur-
ance.

[0281] The OADR 800 of Configuration Example 1 medi-
ates implementation of the debris removal method described
in Embodiment 1 while implementing the above functions.
[0282] There is a possibility that space object confidential
information possessed by CSpOC and serving safety secu-
rity is disclosed only to the OADR. A risk of approach or
collision, including the confidential information, must be
analyzed and must be predicted.

[0283] After the information is processed into conditional
disclosable information, the conditional public information
which serves collision avoidance assist is shared only to a
business device related to a collision risk. Hence, even a
private business operator can take a collision avoidance
action.

[0284] Among pieces of space object information pos-
sessed by the private business operators, regarding space
object information that cannot be disclosed to the public, the
OADR processes the information into conditional disclos-
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able information likewise, so that collision avoidance or
debris removal becomes possible.

[0285] In above Embodiments 1 and 2, individual units in
each of the space traffic management system, the space
traffic management device, and the business device are
described as independent function blocks. However, the
space traffic management system, the space traffic manage-
ment device, and the business device need not have con-
figurations as in the embodiments described above. The
function blocks in each of the space traffic management
system and the space traffic management device may have
any configurations as far as they can implement the func-
tions described in the above embodiments. Also, each of the
space traffic management system, the space traffic manage-
ment device, and the business device may form one device,
or may form a system constituted of a plurality of devices.
[0286] A plurality of parts out of Embodiments 1 and 2
may be practiced as a combination. Alternatively, one part of
these embodiments may be practiced. Also, these embodi-
ments may be practiced as a whole or partly as any combi-
nation.

[0287] That is, in Embodiments 1 and 2, any parts out of
Embodiments 1 and 2 can be combined arbitrarily, or an
arbitrary constituent element can be modified. Also, in
Embodiments 1 and 2, an arbitrary constituent element can
be omitted.

[0288] The embodiments described above are essentially
preferable exemplifications and are not intended to limit the
scope of the present disclosure, the scope of an application
product of the present disclosure, and the scope of use of the
present disclosure. Various changes can be made to the
embodiments described above as necessary.

REFERENCE SIGNS LIST

[0289] 20: satellite constellation; 21: orbital plane; 211:
database; 212: server; 30: satellite; 31: satellite control
device; 32: satellite communication device; 33: propul-
sion device; 34: attitude control device; 35: power
supply device; 40: business device; 301: mega-constel-
lation satellite group; 41: mega-constellation business
device; 411: collision analysis unit; 412: countermea-
sure formulating unit; 431: orbital analysis unit; 432:
announcement unit; 42: space object business device;
43: collision avoidance assist business device; 44:
space object management business device; 45: debris
removal business device; 46: rocket launch business
device; 47: SSA business device; 48: rocket launch
assist business device; 418: first mega-constellation
business device; 419: second mega-constellation busi-
ness device; 51: orbit prediction information; 52: sat-
ellite orbit prediction information; 53: debris orbit
prediction information; 511: space object 1D; 512:
predicted epoch; 513: predicted orbital element; 514:
predicted error; 60: space object; 70: Earth; 100: space
traffic management device; 140: storage unit; 55: orbit
control command; 61: public orbital information; 64:
real-time high-accuracy orbital information; 500: space
traffic management system; 600: satellite constellation
forming system; 11, 115: satellite constellation forming
unit; 300: satellite group; 700, 701: ground facility;
510: orbit control command generation unit; 520: ana-
Iytical prediction unit; 909: electronic circuit; 910:
processor; 921: memory; 922: auxiliary storage device;
930: input interface; 940: output interface; 941: display
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apparatus; 950: communication device; 101: space
information recorder; 102: danger alarm device; 103:
danger analysis device; 104: danger avoidance action
assist device; 105: danger avoidance action implemen-
tation plan information; 200: communication line; 800:
OADR; 810: database; 811: first database; 812: second
database; 820: server.

1. A space traffic management system in which space
traffic management devices individually mounted in a plu-
rality of mega-constellation business devices and in a debris
removal business device are connected to each other via a
communication line, the plurality of mega-constellation
business devices managing mega-constellations which are
satellite constellations each consisting of 100 or more sat-
ellites, the debris removal business device removing debris
in outer space, the space traffic management devices each
comprising a database and a server,

wherein the debris removal business device

performs ADR (Active Debris Removal) against debris

formed by a satellite managed by a first mega-constel-
lation business operator, and acquires real-time high-
accuracy orbital information of a satellite group of a
second mega-constellation business operator in a time-
frame in which a debris removal satellite, during orbital
descent, passes through an orbital altitude region where
the satellite group of the second mega-constellation
flies, the debris removal satellite passing through the
satellite group while ensuring flight safety.

2. A space traffic management system in which space
traffic management devices individually mounted in a plu-
rality of mega-constellation business devices and in a debris
removal business device are connected to each other via a
communication line, the plurality of mega-constellation
business devices managing mega-constellations which are
satellite constellations each consisting of 100 or more sat-
ellites, the debris removal business device removing debris
in outer space, the space traffic management devices each
comprising a database and a server,

wherein the debris removal business device

performs ADR (Active Debris Removal) against debris

formed by a satellite managed by a first mega-constel-
lation business operator, and announces information of
a timeframe in which a debris removal satellite, during
orbital descent, passes through an orbital altitude
region where a satellite group of a second mega-
constellation business operator flies, and predicted
orbital information of the debris removal satellite in
that timeframe, to the second mega-constellation busi-
ness operator, and

wherein a second mega-constellation business device

utilized by the second mega-constellation business
operator performs collision analysis and controls the
satellite group of the second mega-constellation busi-
ness operator, thereby avoiding collision.

3. A space traffic management system in which space
traffic management devices individually mounted in a plu-
rality of mega-constellation business devices and in a debris
removal business device are connected to each other via a
communication line, the plurality of mega-constellation
business devices managing mega-constellations which are
satellite constellations each consisting of 100 or more sat-
ellites, the debris removal business device removing debris
in outer space, the space traffic management devices each
comprising a database and a server,
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wherein the debris removal business device

performs ADR (Active Debris Removal) against debris
formed by a satellite managed by a first mega-constel-
lation business operator,
wherein a first mega-constellation business device uti-
lized by a first mega-constellation business operator
announces information of a timeframe in which a
debris removal satellite, during orbital descent, passes
through an orbital altitude region where a satellite
group of a second mega-constellation business operator
flies, and predicted orbital information of the debris
removal satellite during this timeframe, to a second
mega-constellation business device utilized by the sec-
ond mega-constellation business operator, and

wherein the second mega-constellation business device
performs collision analysis and controls the satellite
group of the second mega-constellation business opera-
tor, thereby avoiding collision.

4. A debris removal method of a space traffic management
system in which space traffic management devices individu-
ally mounted in a plurality of mega-constellation business
devices and in a debris removal business device are con-
nected to each other via a communication line, the plurality
of mega-constellation business devices managing mega-
constellations which are satellite constellations each con-
sisting of 100 or more satellites, the debris removal business
device removing debris in outer space, the space traffic
management devices each comprising a database and a
servet,

wherein the debris removal business device

performs ADR (Active Debris Removal) against debris

formed by a satellite managed by a first mega-constel-
lation business operator, and acquires real-time high-
accuracy orbital information of a satellite group of a
second mega-constellation business operator in a time-
frame in which a debris removal satellite, during orbital
descent, passes through an orbital altitude region where
the satellite group of the second mega-constellation
flies, the debris removal satellite passing through the
satellite group while ensuring flight safety.

5. A debris removal method of a space traffic management
system in which space traffic management devices individu-
ally mounted in a plurality of mega-constellation business
devices and in a debris removal business device are con-
nected to each other via a communication line, the plurality
of mega-constellation business devices managing mega-
constellations which are satellite constellations each con-
sisting of 100 or more satellites, the debris removal business
device removing debris in outer space, the space traffic
management devices each comprising a database and a
servet,

wherein the debris removal business device

performs ADR (Active Debris Removal) against debris

formed by a satellite managed by a first mega-constel-
lation business operator, and announces information of
a timeframe in which a debris removal satellite, during
orbital descent, passes through an orbital altitude
region where a satellite group of a second mega-
constellation business operator flies, and predicted
orbital information of the debris removal satellite in
that timeframe, to the second mega-constellation busi-
ness operator, and

wherein a second mega-constellation business device

utilized by the second mega-constellation business
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operator performs collision analysis and controls the
satellite group of the second mega-constellation busi-
ness operator, thereby avoiding collision.

6. A debris removal method of a space traffic management
system in which space traffic management devices individu-
ally mounted in a plurality of mega-constellation business
devices and in a debris removal business device are con-
nected to each other via a communication line, the plurality
of mega-constellation business devices managing mega-
constellations which are satellite constellations each con-
sisting of 100 or more satellites, the debris removal business
device removing debris in outer space, the space traffic
management devices each comprising a database and a
server,

wherein the debris removal business device

performs ADR (Active Debris Removal) against debris

formed by a satellite managed by a first mega-constel-
lation business operator,
wherein a first mega-constellation business device uti-
lized by a first mega-constellation business operator
announces information of a timeframe in which a
debris removal satellite, during orbital descent, passes
through an orbital altitude region where a satellite
group of a second mega-constellation business operator
flies, and predicted orbital information of the debris
removal satellite during this timeframe, to a second
mega-constellation business device utilized by the sec-
ond mega-constellation business operator, and

wherein the second mega-constellation business device
performs collision analysis and controls the satellite
group of the second mega-constellation business opera-
tor, thereby avoiding collision.

7. A debris removal business device of a space traffic
management system in which space traffic management
devices individually mounted in a plurality of mega-con-
stellation business devices and in the debris removal busi-
ness device are connected to each other via a communication
line, the plurality of mega-constellation business devices
managing mega-constellations which are satellite constella-
tions each consisting of 100 or more satellites, the debris
removal business device removing debris in outer space, the
space traffic management devices each comprising a data-
base and a server,

wherein the debris removal business device performs

ADR (Active Debris Removal) against debris formed
by a satellite managed by a first mega-constellation
business operator, and announces information of a
timeframe in which a debris removal satellite, during
orbital descent, passes through an orbital altitude
region where a satellite group of a second mega-
constellation business operator flies, and predicted
orbital information of the debris removal satellite in
that timeframe, to the second mega-constellation busi-
ness operator.

8. A first mega-constellation business device of a space
traffic management system in which space traffic manage-
ment devices individually mounted in a first mega-constel-
lation business device, a second mega-constellation business
device, and a debris removal business device are connected
to each other via a communication line, the first mega-
constellation business device and the second mega-constel-
lation business device managing mega-constellations which
are satellite constellations each consisting of 100 or more
satellites, the debris removal business device removing
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debris in outer space, the space traffic management devices
each comprising a database and a server,

wherein the first mega-constellation business device per-

forms ADR (Active Debris Removal) against debris
formed by a satellite managed by the first mega-
constellation business operator, and announces infor-
mation of a timeframe in which a debris removal
satellite, during orbital descent, passes through an
orbital altitude region where a satellite group of the
second mega-constellation business operator flies, and
predicted orbital information of the debris removal
satellite in that timeframe, to the second mega-constel-
lation business operator.

9. A second mega-constellation business device of a space
traffic management system in which space traffic manage-
ment devices individually mounted in a first mega-constel-
lation business device, the second mega-constellation busi-
ness device, and a debris removal business device are
connected to each other via a communication line, the first
mega-constellation business device and the second mega-
constellation business device managing mega-constellations
which are satellite constellations each consisting of 100 or
more satellites, the debris removal business device removing
debris in outer space, the space traffic management devices
each comprising a database and a server,

wherein the second mega-constellation business device

performs ADR (Active Debris Removal) against debris
formed by a satellite managed by the first mega-
constellation business operator, and announces infor-
mation of a timeframe in which a debris removal
satellite, during orbital descent, passes through an
orbital altitude region where a satellite group of the
second mega-constellation business operator flies, and
predicted orbital information of the debris removal
satellite in that timeframe, to the second mega-constel-
lation business operator, and

wherein the second mega-constellation business device

utilized by the second mega-constellation business
operator performs collision analysis and controls the
satellite group of the second mega-constellation busi-
ness operator, thereby avoiding collision.

10. A mega-constellation business device of a space traffic
management system in which space traffic management
devices individually mounted in a plurality of mega-con-
stellation business devices and in a debris removal business
device are connected to each other via a communication line,
the plurality of mega-constellation business devices manag-
ing mega-constellations which are satellite constellations
each consisting of 100 or more satellites, the debris removal
business device removing debris in outer space, the space
traffic management devices each comprising a database and
a server,

wherein, during orbital descent of an individual satellite

that is to be subjected to PMD (Post Mission Disposal),
out of a first mega-constellation satellite group of a first
mega-constellation business operator, or during orbital
descent of an individual satellite that is to be subjected
to ADR (Active Debris Removal) by a debris removal
business operator using a debris removal satellite, a
first mega-constellation business device announces
information of a timeframe in which the debris removal
satellite passes through an orbital altitude region where
a second mega-constellation satellite group of a second
mega-constellation business operator flies, and pre-
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dicted orbital information of the individual satellite or
the debris removal satellite during that timeframe, to a
second mega-constellation business device.
11. A mega-constellation business device of a space traffic
management system in which space traffic management
devices individually mounted in a plurality of mega-con-
stellation business devices and in a debris removal business
device are connected to each other via a communication line,
the plurality of mega-constellation business devices manag-
ing mega-constellations which are satellite constellations
each consisting of 100 or more satellites, the debris removal
business device removing debris in outer space, the space
traffic management devices each comprising a database and
a server,
wherein, during orbital descent of an individual satellite
that was subjected to PMD (Post Mission Disposal)),
out of a first mega-constellation satellite group of a first
mega-constellation business operator, or during orbital
descent of an individual satellite that was subjected to
ADR (Active Debris Removal) by a debris removal
business operator using a debris removal satellite, a
second mega-constellation business device acquires
information of a timeframe in which the debris removal
satellite passes through an orbital altitude region where
a second mega-constellation satellite group of a second
mega-constellation business operator flies, and pre-
dicted orbital information of the individual satellite or
the debris removal satellite during that timeframe, from
a first mega-constellation business device, and per-
forms both or one of collision analysis and collision
avoidance.
12. An OADR (Open Architecture Data Repository)
which mediates implementation of the debris removal
method according to claim 4,
wherein the OADR includes a database to store orbital
information of a space object, and a server, and dis-
closes the orbital information of the space object,

wherein the database comprises a first database to store
public information and a second database to store
non-public information, and

wherein the server

acquires space object information including non-public

information from all or some of business devices which
are: a space traffic management device to manage space
traffic; a space situational awareness business device to
monitor a space situation; a collision avoidance assist
business device to assist avoidance of collision of a
space object in outer space; a mega-constellation busi-
ness device to run a mega-constellation; and a debris
removal business device to assist debris removal, and
stores the acquired space object information to the
second database,

generates conditional public information restricting a

publication target and a publication content and stores
the generated information to the first database, and

transmits the conditional public information only to a

particular business device among the space situational
business device, the collision avoidance assist business
device, the mega-constellation business device, the
debris removal business device, and a space insurance
business device to deal with a space insurance.

13. An OADR (Open Architecture Data Repository)
which mediates implementation of the debris removal
method according to claim 5,
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wherein the OADR includes a database to store orbital
information of a space object, and a server, and dis-
closes the orbital information of the space object,

wherein the database comprises a first database to store
public information and a second database to store
non-public information, and

wherein the server

acquires space object information including non-public
information from all or some of business devices which
are: a space traffic management device to manage space
traffic; a space situational awareness business device to
monitor a space situation; a collision avoidance assist
business device to assist avoidance of collision of a
space object in outer space; a mega-constellation busi-
ness device to run a mega-constellation; and a debris
removal business device to assist debris removal, and
stores the acquired space object information to the
second database,

generates conditional public information restricting a
publication target and a publication content and stores
the generated information to the first database, and

transmits the conditional public information only to a
particular business device among the space situational
business device, the collision avoidance assist business
device, the mega-constellation business device, the
debris removal business device, and a space insurance
business device to deal with a space insurance.

14. An OADR (Open Architecture Data Repository)

which mediates implementation of the debris removal
method according to claim 6,
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wherein the OADR includes a database to store orbital
information of a space object, and a server, and dis-
closes the orbital information of the space object,

wherein the database comprises a first database to store
public information and a second database to store
non-public information, and

wherein the server

acquires space object information including non-public
information from all or some of business devices which
are: a space traffic management device to manage space
traffic; a space situational awareness business device to
monitor a space situation; a collision avoidance assist
business device to assist avoidance of collision of a
space object in outer space; a mega-constellation busi-
ness device to run a mega-constellation; and a debris
removal business device to assist debris removal, and
stores the acquired space object information to the
second database,

generates conditional public information restricting a
publication target and a publication content and stores
the generated information to the first database, and

transmits the conditional public information only to a
particular business device among the space situational
business device, the collision avoidance assist business
device, the mega-constellation business device, the
debris removal business device, and a space insurance
business device to deal with a space insurance.

#* #* #* #* #*



