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Abstract

In the year 2021, the world will be able to travel into space by commercial spacecraft, and many people around the
world will be able to fly into space. ASTRAX has developed commercial spacecraft training simulators for World
View Enterprises’ Voyager, Virgin Galactic’s Unity, SpaceX’s Crew Dragon, and Blue Origin’s New Shepard.
These simulators are not used for spacecraft development or pilot training by spacecraft development companies, but
rather for customers who will be flying on each company’s spacecraft to understand the structure of the spacecraft,
and to rehearse and train them for the mission arrangements they want to achieve in space. This paper introduces the
roles, functions, and achievements of various commercial spacecraft training simulators, including the latest
commercial spacecraft training simulator produced by ASTRAX and various technologies to increase the success

rate of these missions.
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1. Introduction

ASTRAX, a Japanese commercial space business
company, has been providing zero gravity flight
services since 2012. Over the past 10 years of providing
this service, we have gained a variety of insights. In
order to meet the needs of diverse customers, it is
extremely important to interview them in advance about
their needs and to have support staff on board to provide
behind-the-scenes support. At the same time, prior
awareness and rehearsal by passengers, staff, and other
passengers have proven to be most important. (see
separate paper [3,17])

Based on our experiences in launching hundreds of
space projects, we recognize that the knowledge,
awareness, and vision of the people involved is critical,
as they have limited knowledge of commercial
spacecraft. For this reason, we have been conducting
commercial space business development education
through ASTRAX ACADEMY. (see separate paper [8])

Furthermore, based on these experiences, we know that
for the coming era of space travel by the general public
and for the revitalization of the space travel industry, the
existence of simulators for spacecraft education and
training by multiple companies will have various
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advantages, such as education, rehearsal, and the
selection of a spacecraft to suit the mission. (see
separate paper [9,22,30])

In this paper, in addition to the spacecraft education and
training simulators for Virgin Galactic's Unity and
SpaceX's Crew Dragon, which are under development
by ASTRAX and presented at the 2021 IAC, there is
spacecraft education and training simulator for the Blue
Origin's New Shepard. This paper summarizes the
current and future features added to the wvarious
commercial spacecraft education and training simulators
and how they can be expanded and reconfigured to meet
the needs of customers.

Eventually, these spacecraft education and training
simulators and ASTRAX's Commercial Spacecraft
Mission Support and Control Center will be connected
to the actual spacecraft for interlocking missions, and
remote control technology will be established to enable
voice control and other functions.
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Fig. 1. Image of the completed ASTRAX Spacecraft
Simulators and Mission Support and Control Center
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2. Renovation and Development plan for ASTRAX
Spacecraft Education and Training Simulators

The evolutionary parts of the ASTRAX's facilities such
as ASTRAX Spacecraft Education and Training
Simulators and ASTRAX Spacecraft Mission Support
and Control Center is summarized, after the paper were
presented at IAC held in Dubai in 2021.

For each simulator, the parts that have evolved over the
past year are listed below.

2.1 Education and Training Simulator for Virgin
Galactic Unity

ASTRAX has a simulator for education and training that
simulates Virgin Galactic Unity.

We have decided to make the following modifications
to the same simulator.
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Fig. 2. Actual interior image of Virgin Galactic's
Unity spacecraft (top) and the interior of Unity's
spacecraft education and training simulator before
refurbishment (bottom)

2.1.1 Reconfiguration of the interior (interior walls)

Until now, the interior walls were represented by
attaching a screen printed with an image of the Virgin
Galactic's interior to the wall surface with a large
amount of Velcro tape. However, the problem was that
the image differed from that of the actual spacecraft
because of wrinkles in the screen. In addition, the
printed color was a slightly bluish gray, which made the
interior slightly darker. Since the actual spacecraft
interior is almost white, we wanted to make it more
similar to the actual spacecraft interior by reconfiguring
it to something white and wrinkle-free.

Therefore, the decision to make major modifications

was made to the interior of the simulator (the walls)
with the cooperation of Getty Images, a photographic
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imaging agency that wished to use this simulator for
taking videos and photos.

2.1.2 Three-Dimensionalization of Windows and
Installation of Backlight

As part of the printing of the interior shown in 2.1.1, the
windows were also expressed by printing. The image of
flying in space was expressed by inlaying an image of
Earth. However, there was no backlight, and the
windows were darker than those actually were.

In addition, because the image was printed, it lacked a
sense of three-dimensionality, and thus was different
from the actual image.

Therefore, it was decided to make structural
modifications to the windows (to make them more
three-dimensional) and install backlighting in
conjunction with the interior rearrangement.

This will ensure the brightness of the entire interior and
the brightness of the subject during photography,
thereby simulating the light coming in through the
windows of an actual spaceship and the brightness of
the interior.

2.1.3 Portable Power Supply and Solar Panel
Installation

The simulators were powered by electricity from the
power supply of the facility where the simulators were
located. However, they were inevitably limited by the
opening and closing hours of the facility where the
simulators were installed and the maximum amount of
electricity available.

Therefore, we wanted to install a portable battery and
solar panel for each simulator so that it could be

operated autonomously by an independent power source.

Then, we selected and purchased a commercially
available portable power supply and decided to evaluate
its adequacy by first installing it in the simulator of this
Virgin Galactic Unity.

2.2 Education and Training Simulator for SpaceX
Crew Dragon

ASTRAX has a simulator for education and training that

simulates SpaceX Crew Dragon. We decided to make
the following modifications to that simulator.
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Fig. 3. Actual interior of SpaceX's Crew Dragon
spacecraft (left) and interior of Crew Dragon's
spacecraft education and training simulator before
renovations (right)

2.2.1 A change in the way the seats are fixed

In the past, the seats in the simulator were arranged and
connected so that the pipes supporting the seats were as
close as possible to the design of the actual Crew
Dragon seats. However, due to financial limitations, it
was not possible to use the same fixation method as the
real thing. In this state, the seats were not strong enough
under the gravity on the ground, making it unstable.

Therefore, we decided to use a more stable fixing
method with as little cost as possible, assuming that the
fixing method was already different from that of the
actual Crew Dragon.

2.2.2 Modification of the monitor section

The simulator has three touch panel monitors on the top,
but the monitors were only fixed to the board. In
addition, the monitors were fixed using strong double-
sided tape, but even so, the monitors sometimes came
off due to gravity.

In this renovation, the method of fixing the monitor will
be improved, and the part of the board that holds the
monitor in place will be modified to make it look more
like the real thing.

In addition, two LED lights will be installed so that the
hand can be illuminated by the lights, just like the real
Crew Dragon.

2.2.3 Installation of an air conditioner

Until now, this simulator had a heater but no air

conditioning, so we decided to install a portable air
conditioner to prepare for the hot summer season.
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2.3 Education and Training Simulator for Blue Origin
New Shepard

At the time of the paper presentation at the IAC in 2021,
ASTRAX did not yet have a simulator for education and
training that simulated the Blue Origin spacecraft New
Shepard.

Therefore, ASTRAX decided to create a Spacecraft
Education and Training Simulator of the New Shepard.

Fig. 4. Actual interior image of Blue Origin's
spacecraft ""New Shepherd"

2.3.1 Installation of the Main Unit

When we installed the simulator of New Shepherd,
which the assembly began in February 2022, we
installed the main body, six seats, a cylindrical
projection that simulates the part of the booster for
emergency escape, and LED lights.

2.3.2 Windows Frame Installation

The installation of the window frame and the green
screen for chroma keying was then carried out with the
help of Getty Images.

This will allow images and video of Earth and space to
be projected on the window portion of the images and
video captured by this simulator.

2.3.3 Installation of Air Conditioning

Until now, this simulator has had a heater but no air
conditioner, so we decided to install a portable air
conditioner in preparation for the hot summer season.

2.4 Development of a Zero Gravity In-flight Simulator

ASTRAX has been providing zero gravity flight
services for more than 10 years since 2012. For details,
please refer to separate papers [3,17].

However, it does not yet have an educational training
simulator for zero gravity flight services.
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The reason being that until recently, zero gravity planes
had used a medium-sized private jet (Gulfstream 2), and
the company believed that the cost of producing a
simulator for that plane would be prohibitively
expensive.

However, starting in 2022, ASTRAX's zero gravity
flight services will use a smaller plane, the MU-300. We
thought a simulator the size of the MU-300 could be
built without much expense, so we started developing a
zero gravity flight education and training simulator.

The first step was to select a base that could be used as
the main body of the simulator.

2.5 ASTRAX LUNAR CITY Simulation Facility

Since 2007, ASTRAX has been working on the
ASTRAX LUNAR CITY Business Community, a
business community for doing business on lunar land
sold by Lunar Embassy, and members who enjoy living
on the Moon using products and services created by the
community. The ASTRAX LUNAR CITY Residence
Club is a community where members gather to enjoy
life on the Moon using the products and services created
by the ASTRAX LUNAR CITY Business Community.

Until now, ASTRAX LUNAR CITY has been built in a
virtual space created in Minecraft and in a world of
imagination, but we have decided to launch a plan to
build a simulation facility of the actual ASTRAX
LUNAR CITY.

Firstly, we decided to study the location of the
ASTRAX LUNAR CITY Simulation Facility. The
details will be summarized in a separate paper to be
presented at the International Astronautical Congress in
2022. [53].

3. Status of development (Results of refurbishment
and study)

The following summarizes the status of refurbishment
and development of the various commercial spacecraft

education and training simulators shown in Chapter 2.

3.1 Spacecraft Education and Training simulator for
Virgin Galactic Unity

The following modifications were made to the
Spacecraft education and training simulator for Virgin

Galactic's Unity.

3.1.1 Reconfiguration of the Interior (Interior Walls)
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For the interior walls, the printed roll screen was
replaced with urethane board. This eliminated wrinkles,
and the color of the interior walls was changed from
blue-gray to white, making the interior of the cabin
brighter and closer to the actual interior of the Unity
spacecraft.

simulator to be powered without an external power
supply. However, since the balance between power
consumption and power generation is not yet achieved,
we are considering to add portable power supply and
solar panels.

Fig. 5. Interior of Unity's spacecraft education and
training simulator after renovation

3.1.2 Installation of Three-Dimensional Windows and
Backlights

The windows printed on the roll screens simulating the
walls of the simulator were replaced with three-
dimensional window frames, and backlights were
installed behind the windows to simulate light coming
in from outside the windows.

This also made it possible to insert images and video of
Earth later through synthesis.

In the future, we are considering installing not only
backlights but also an LCD display to display the actual
scenery as an image.

Fig. 6. Photographing with the window after
renovation (Top) before compositing / (Bottom) after
compositing the image of Earth

3.1.3 Installation of Portable Power Supply and Solar
Panels

A portable power supply called Delta Pro by Ecoflow
and a 400 W solar panel were installed. This enabled the
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Fig. 7. Installed portable power supply (top) and
solar panels (bottom)

We will also consider whether to install similar portable
power supplies in the Crew Dragon and New Shepherd
education and training simulators shown in 2.2 and 2.3,
and in the ASTRAX LUNAR CITY Simulation Facility
shown in 2.5, taking cost into consideration.

3.2 Education and Training Simulator for SpaceX
Crew Dragon

The following modifications were made to the

spacecraft education and training simulator for SpaceX
Crew Dragon.
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Fig. 8. Interior of Crew
education and training simulator after renovation

Dragon's spacecraft

3.2.1 Modified Seats Fixing Method

By changing the method of fixing the pipes in the seats
fixation area, stronger and more stable seats fixation
was achieved. As a result, there is no problem even if
four adults sit on the seat at the same time.

Although the appearance of the actual Crew Dragon is
very different from the real one, there is no problem
even if it is different from the real one because it is for
educational and training purposes.

3.2.2 Modification of the Monitors Part

By improving the method of fixing the monitors, it is no
longer possible for the monitors to come off.

The board that holds the monitors in place was also
modified to make it more similar to the real thing.

By installing two LED lights, it is now possible to
illuminate the hands like a real Crew Dragon.

IAC-22-B3.1PB.4

3.2.3 Installation of Air Conditioner

A portable air conditioner was installed in the simulator
so that the air conditioner can be used in summer. The
air conditioner also has a heater function, so it can be
used in winter as it is.

/)
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Fig. 9. Air conditioning in the simulator

3.3 Education Training Simulator for Blue Origin
New Shepard

The following modifications were made to the simulator
for spacecraft education and training simulator for Blue
Origin's New Shepard.

3.3.1 Installation of the Main Body
Work on the New Shepard simulator began in February
2022, with the installation of the main body, six seats, a

cylindrical protruding section simulating the emergency
escape booster section, and LED lights.
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Fig. 10. Interior of Blue Origin's New Shepherd
spacecraft education and training simulator at the
time of installation of the main body

3.3.2 Window Frame Installation

Subsequently, a window frame and a green screen for
chroma keying for compositing were installed with the
help of Getty Images.

This made it possible to project images and video of
Earth and space on the window portion of the images
and video taken in this simulator.
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Fig. 11. Window frame installation (top) and
composite image on window (bottom) of Blue
Origin’s New Shepherd spacecraft education and
training simulator

3.3.3 Air Conditioner Installation

A portable air conditioner was installed in the simulator
so that air conditioning can be used even in hot summer.
The air conditioner also has a heater function, so it can
be used in winter as it is.

3.4 Development of a Zero Gravity Flight Simulator

We selected a base that could be used as the main body
of an education training simulator for zero gravity flight
services in Japan.

First, the size of the cabin inside the MU-300 is shown
in Fig. 13. In order to simulate a cabin of this size,
various methods were considered.

In order to make it possible to move it around, we
selected a self-propelled vehicle that was as inexpensive
and easy to drive as possible.

After considering several vehicle types, including
trailers, trucks, campers, and vans, we had come to a
decision to proceed in the direction of developing a
simulator using either of the following two types.
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Fig. 12. MU-300 used for zero gravity flight service
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Fig. 13. Size inside the cabin of the MU-300 for zero
gravity flight

3.4.1 TOYOTA “HIACE Commuter

The TOYOTA “HIACE Commuter” vehicle was one of

the final candidates due to its size, ease of transportation,

availability, ease of modification, and low cost.

EMR 4250

B (mm)

Fig. 14. Interior view of the TOYOTA HIACE
Commuter [76]
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3.4.2 Self-Propelled Airstream “Argosy”

Considering only the function of the simulator, it can be
realized by using the TOYOTA HIACE Commuter
shown in 3.4.1.

On the other hand, ASTRAX wanted to install facilities
such as restrooms and showers at the location where the
simulator would be placed (ASTRAX Space Center),
and was considering acquiring a camper for this purpose.

Therefore, by acquiring a self-propelled Airstream
“Argosy”, ASTRAX hopes to develop an education
training simulator for zero gravity flight services and at
the same time make restrooms and showers available.

Flg 15. Self-propelled Airstream “Argosy” exterior
and interior

Whether to use a TOYOTA HIACE Commuter or a
self-propelled Airstream “Argosy” in the future will be
further discussed and the most appropriate one will be
selected.

3.5 ASTRAX LUANR CITY Simulation Facility

The location of the ASTRAX LUNAR CITY
Simulation Facility is under consideration to use the
large parking space on the roof of the facility where the
ASTRAX Space Business Development Education and
Training Center is located (Fig. 16), but we have not
decided yet.

At the same time, the facilities and functions required
for the simulation facility are also being considered.

Please refer to the paper [53] for the details summarized

to be presented at the International Astronautical
Congress in 2022.
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Fig. 17. Schematic diagram of the ASTRAX LUNAR
CITY Simulation Facility

4. Actual use of simulators and their roles

Various educational projects, events, and filming have
been conducted using the simulators described in this

paper.
4.1 Education and events

ASTRAX is currently uses these simulators for
education and events for commercial astronauts, space
travelers, or those who will be engaged in commercial
space business. The following is a list of the various
educational projects and events that have been held over
the past year.

4.1.1 ASTRAX LUNAR CITY Citizens Conference

The aforementioned ASTRAX LUNAR CITY, a
community that uses the Moon for business, held its bi-
monthly citizens' meeting at the Space Mission Support
and Control Center of ASTRAX Space Business
Development Education and Training Center (ASTRAX
Space Center). Participants could choose to participate
in person or online via ZOOM. During the meeting,
participants toured and were introduced to the various
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commercial spacecraft education and training simulators
located in the facility.

Fig. 18. ASTRAX LUNAR CITY Public Meeting
held at the ASTRAX Space Center

4.1.2 Holding the ASTRAX Commercial Space
Business Symposium

The Commercial Space Business Symposium, which is
planned and held by ASTRAX at least once a year, was
held. As in 4.1.1, this symposium also offered the
option of an in-person participation or online
participation via ZOOM. The symposium program
included an explanation of each spacecraft at the Space
Mission Support and Control Center, an introduction
and tour of various commercial spacecraft education
and training simulators for face-to-face participants, a
group photo session, and a profile photo session.

Fig. 19. Photographs taken with the simulator
during the ASTRAX Commercial Space Business
Symposium

4.1.3 ASTRAX International Paper Writing Course

Many ASTRAX group members are presenting papers
at the International Astronautical Congress in 2022
(IAC 2022). Since many of the members were taking on
the challenge of writing an international paper for the
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first time, ASTRAX held an international paper writing
course in eight sessions. One of the sessions was held at
the Space Mission Support and Control Center of the
ASTRAX Space Business Development Education and
Training Center (ASTRAX Space Center). In addition
to advancing in writing the paper, the students also
practiced their presentation skills. Many of the members
also used the ASTRAX Spacecraft Education and
Training Simulator in their experiments and research for
their papers, so they recorded the simulator and
reviewed how to use the simulator as well.

Fig. 20. Paper writing course held at the ASTRAX
Space Center

4.1.4 ASTRAX Spacecraft Education and Training
Simulator Development Experience Event

From April 1-4, 2022, a hands-on event was held to
experience the development of a spacecraft educational
training simulator for children. At that time, the interior
of Unity and New Shepherd were upgraded.

Also in August 2022, hosted by the parent-child online
school “cocowith”, the ASTRAX Space Business
Development Education and Training Center (ASTRAX
Space Center) was the venue for a lecture on
commercial space business by the author of this paper,
commercial astronaut Taichi Yamazaki, and the
development of the ASTRAX Spacecraft Education and
Training Simulator. The event was scheduled to be held
but due to the spread of the COVID-19, the realistic
simulator development event was cancelled and
replaced with an online lecture. A simulator
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development event is scheduled to be held in the future
after the outbreak of the COVID-19 has subsided.

4.1.5 Holding an event to view the launch of Virgin
Galactic's Unity spacecraft

In July 2021, an event was held to view the historic
launch of Virgin Galactic's Unity spacecraft, on which
Richard Branson also flew, in the Unity spacecraft
education and training simulator.

_. \
Fig. 21. Viewing of Unity launch held inside the
simulator

4.2 Various
Recording

Types of Photography and Video

The ASTRAX Space Business Development Education
and Training Center is the only facility in Japan, and
probably in the world, that has all types of commercial
spacecraft simulators in one place. ASTRAX members
and others who understand the value of this simulator
have filmed a video using this simulator introduced
below.
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4.2.1 Filming of Video Contents for ASTRAX
ACADEMY

We are planning to shoot video content for educational
and training video materials produced by ASTRAX in
this simulator. Many of the photographs taken in this
simulator have already been used in the teaching
materials of ASTRAX ACADEMY.

4.2.2 Shoot for the ASTRAX IMAGINE Space Flight
Attendant Promotional Videos

At the request of ASTRAX IMAGINE, we conducted
promotional videos shoot of a space flight attendant
using these simulators.

simulators
4.2.3 Photo and video shoot for sale by Getty Images

At the request of Getty Images, the simulators were
used to shoot space travel images.

5. Future renovation plans

In Chapters 2, 3, and 4, we introduced the renovations,
development progress, and results of the various
simulators owned or to be developed by ASTRAX over
the past year.
Section 5 will summarize future plans (partly the same
as Section 3).

5.1 Adding portable power sources and solar panels

During this renovation, portable power supplies and
solar panels were installed on a spacecraft education
training simulator simulating Virgin Galactic's Unity
spacecraft on a trial basis. In the future, we intend to
add more similar portable power supplies and solar
panels.

5.2 Autonomy through Wireless Communication

Although each simulator is still controlled individually
at this time, we are considering making it possible to
control power supplies, air conditioners, lighting, and
various  installed  devices  through  wireless
communications in the future. For this purpose, we
would like to add portable Wifi and LTE (4G) or 5G
communication functions to enable autonomous and
remote control.

5.3 Control by Alexa

Along with the addition of the wireless communication
function shown in 5.2, we would also like to introduce
the voice-controlled Al, Alexa to enable control by
voice as well. This will allow the simulator to be
controlled from a distance, creating conditions more
similar to actual spacecraft operations. This will also
provide training for operators.

Fig. 23. Getty images taken with the simulator

TIAC-22-B3.1PB .4
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5.4 Interlocking with the ASTRAX Space Mission
Support and Control Center

In addition to the modifications shown in 5.2 and 5.3,
the ASTRAX Space Mission Support and Control
Center will be simultaneously install autonomous
wireless communication capabilities and Alexa so that
all equipment can be linked together and controlled
wirelessly and remotely (or by voice).

Ultimately, the goal is to be able to control the actual
spacecraft equipment on the ASTRAX mission in the
same way, so that the experience and technology gained
from simulations and rehearsals on the ground can be
used directly in the actual space travel flight mission.

Fig. 25. ASTRAX Space Mission Support and Control
Center

5.6 Link with ASTRAX U2U

ASTRAX is developing an application called ASTRAX
U2U as a tool to obtain, educate, use, and control all
space-related products and services. The goal is to use
this tool to enable control centers, simulators, and other
equipment to all be controlled by a smartphone
application; see separate paper [51] for more
information on the development plans for ASTRAX
U2U.

5.7 Realization of Rolls-Royce Images
For the operational image of the spacecraft that

ASTRAX is aiming for, please refer to the Rolls-Royce
video. [78]

ASTRAX plans to develop various equipment, systems
and build facilities to enable such operations.

5.8 ASTRAX Solar System Economic Bloc Initiative
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The final goal is to have all goods, services, equipment,
facilities, and systems work together as a simulator to
realize the ASTRAX solar system economic Bloc
Initiative; see separate paper on the ASTRAX solar
system economic Bloc Initiative [52].

6. Conclusion

This paper has provided an update on the spacecraft
education and training simulator being developed by
ASTRAX and its future plans. In the coming
commercial space age, we hope that these facilities,
technologies, experiences, products, and services will
spread more and more throughout the world, so that
more and more civilians will be able to enter space
safely, easily, and happily. ASTRAX will continue to
develop a variety of products and services to achieve
this goal.
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Abstract

In the year 2021, the world will be able to travel into space by commercial spacecraft, and many people around the
world will be able to fly into space. ASTRAX has developed commercial spacecraft training simulators for World
View Enterprises’ Voyager, Virgin Galactic’s Unity, SpaceX’s Crew Dragon, and Blue Origin’s New Shepard.
These simulators are not used for spacecraft development or pilot training by spacecraft development companies, but
rather for customers who will be flying on each company’s spacecraft to understand the structure of the spacecraft,
and to rehearse and train them for the mission arrangements they want to achieve in space. This paper introduces the
roles, functions, and achievements of various commercial spacecraft training simulators, including the latest
commercial spacecraft training simulator produced by ASTRAX and various technologies to increase the success
rate of these missions.
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