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Presenter
Presentation Notes
Thank you for your precious time.　This is Yusuke Kishida. I am the leader of this project team.
Firstly, I’m afraid please allow me to present via Zoom due to our time zone.
Now, let’s get started our presentation.
Our project title is Feasibility study of a large-scale WPT system formed by a modular structure.
Our team is composed of several graduate students and undergraduate students as shown in this list.



About us We are... 

“Tanaka laboratory Members”
What is Tanaka laboratory...?

Our laboratory is in ISAS / JAXA
Our main research subjects are...
1.  Study of WPT
2.  Study of Structure of SPS
3. Study of Discharge Phenomena
and more...

Members
Our members are from several universities.
Therefore, we have many backgrounds.
And we are the educational volunteer of SPS 
for high school students.
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Presenter
Presentation Notes
In this slide Let me allow to introduce us to you in short.	
We are Tanaka laboratory members.
And our laboratory is in ISAS/JAXA in Japan.
Our main research subjects are Study of WPT, Structure of SPS, Discharge phenomena and other subjects.
Our members are from several universities. 
Therefore, we have many backgrounds. And we are the educational volunteer of SPS for high school students.






Backgrounds  
Over 15 years have passed since the birth of Tethered SPS model, in Japan.

Tethered SPS was proposed 

1968, Power from the Sun: Its future

Many R&D activities

The latest technologies

We are facing the phase;
to review the ever R&D activities,
to clarify unsolved issues and promote the development toward the commercial system.   
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Commercial SPS

 2,375,000 Generation/Transmission panels,
 All panels are equivalent spec and independent.

©J-spacesystems

Presenter
Presentation Notes
This is backgrounds of our project.
In Japan, over 15 years have passed since the birth of Tethered SPS model.
This figure simply shows you the history and future of SPS development.
1968, SPS was proposed from P.E Glazer, Tethered SPS was proposed in Japan over 15 years ago, many R&D activities have been done, the latest technologies will be applied and realization of commercial SPS.
This commercial tethered SPS model has numerous generation/transmission panels. And all these panels are equivalent specification and work independently and respectively.
In our thought, we are facing the phase to review the ever R&D activities and to clarify unsolved issues and promote the development toward the commercial system.
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What is our project?
The purposes and goals of this project is:

to clarify unsolved issues from our feasibility study,
to promote the development of  the WPT system,

toward the realization of a large-scale modular structure SPS.

Our steps toward goals
Feasibility study

Step①:Summarize the original concept of the Tethered SPS 
Step②:Reviewing the recent R&D activities
Step③:Clarifying unsolved issues of modular WPT system

Promotion R&D
Step④:Apply the latest technologies for system improvement
Step⑤:Study of a new method regarding WPT in ISAS/JAXA

Presenter
Presentation Notes
Next, I would like to explain about the purposes, goals, and steps of our project.
 The purposes and goals of this project is to clarify unsolved issues from our feasibility study. Then, by considering solution for unsolved issues, to promote the development of the WPT system.
Our steps toward goals are shown in the list below.
At first, regarding feasibility studies.
Step No.1 summarizes the original concept of tethered SPS proposed over 15 years ago in Japan.
Step No.2 is review of the recent R&D activities.
From these summarizing and reviewing, we clarify unsolved issues of a large-scale modular WPT system.
We promote R&D with solution for these unsolved issues.
In detail, we apply the latest technologies for system improvement and introduce and demonstrate a new method regarding WPT has been studying in ISAS/JAXA.




Recent technologies regarding the WPT

Direction Finding (DF) method Descriptions
Mono-pulse method
(phase/amplitude comparison):

• will realize simplified DF,
• will not have a few flexibilities compared to the software retrodirective.

MUSIC, ESPRIT and other methods are being studied for more precision.
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Hardware retro-directive

<
• Generate phase conjugation waves by analog circuits
• Fast processing and scanning
• Flexibility of the frequency and functions is poor

• Direction finding and beam forming via signal processing
• High applicability to SPS
• Authentication, security and other functions are available

Mainstream
Software retro-directive

The theories for the direction detection of the pilot signal

Presenter
Presentation Notes
Now, I would like to introduce recent technologies regarding the WPT like Hardware retrodirective, Software retro-directive, and other direction-finding methods.
Hardware retrodirective method generates phase conjugation waves of pilot signal by using analog circuits.
Therefore, fast processing and scanning are achieved.
However, Flexibility of the frequency and the functions is poor due to the simple principle.
Software retrodirective method is namely direction finding and beam forming method.
This method detects the angle of arrival from the pilot signal. 
By using the phase information from pilot signal, this method controls the microwave beam via signal processing.
Thanks to these system, Software retrodirective achieves high applicability to SPS. And also, the functions including authentication and security are available.
These are the reasons why the software retro-directive method is mainstream theory.
As the theories for the direction detection of the pilot signal, Mono-pulse method is studying. Likewise, MUSIC, ESPRIT and other methods are being studied for more precision direction-finding.
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Recent technologies regarding the WPT

Phase-correction methods Descriptions
Rotating Element Electric 
Field Vector (REV) method:

Measures the phases of each power elements, respectively,
Requires tremendous processing time.

Parallel method: Uses different frequency signals and works independently at each panels, 
Carries out the phase correction at the ground station.

Position and Angle Correction 
(PAC) method:

Detects the phase and angle of arrival of the pilot signal at each panels,
Requires the timing synchronization.

• The phases of all antenna elements must be adjusted for precise beam forming.
• The phase errors ,caused by antenna deformation and temperature raises, must be compensated. 

The phase correction method is required.

Phase-correction methods

Presenter
Presentation Notes
Next, this slide explains about phase-correction methods as recent technologies.
In modular structure which has numerous equivalent panels, The phases of all antenna elements must be adjusted for precise beam forming.
On the other hand, the outer space environments lead the phase errors, the antenna deformation, and other disturbances. 
These disturbances must be compensated. This is why the phase correction method is required.
Three phase correction methods are shown in table below.
In these methods, REV method is said promising method, because it can measure the phase error in almost the implementation status.
However, REV method takes tremendous processing time.
Parallel method and PAC method are also studied.




Unsolved issues for WPT technologies
We are focusing on 2 big issues of the recent technologies as Software Retro and REV method.

We consider solving these issues by: ①Applying the latest technologies,
②Installing digital signal processing.
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2. Long processing time to adjust the phases
The REV method, promising phase-correction method, requires too long processing time to scan the beam.

1. Synchronization of the phase and frequency
The reference signal must be shared among all equivalent modules, in modular structure system.

Generating/Transmission panel

Presenter
Presentation Notes
From the recent technologies as mentioned earlier, we are focusing on 2 big issues of the promising technologies as Software Retro and REV method.
The first issue is synchronization of the phase and frequency.
For precise beam forming, the reference signal must be shared among all equivalent modules.
The second issue is long processing time to adjust or correct the phases.
The REV method requires the too long processing time to scan the beam.
Therefore, we consider solving these issues by applying the latest technologies as synchronization method and installing digital signal processing.




Solution with the latest technologies
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We will :

• Focus on the issue sharing the reference signal among Generation/Transmission panels,

• Investigate the MIMO, 5G ,Wireless LAN, GPS ,and other technologies,

• Apply these latest technologies for the phase synchronization. 

We will challenge: Resolving the issues with the latest technologies.

Presenter
Presentation Notes
Now, let’s get moving to the explanation about a solution with the latest technologies.
For the purpose of solving the unsolved issues, we will focus on the issue sharing the reference signal among several generation/transmission panels for precise beam controlling.
To achieve this purpose, firstly, we will investigate the MIMO, 5G, Wireless LAN, GPS, and other technologies.
After that, we would like to apply these latest technologies for how to share the reference signal and then, realize the phase synchronization.




Solution as a new method in JAXA/ISAS
we introduce a new method in ISAS/JAXA in Japan!

We will demonstrate this method with a simplified model.
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For an example,

【Digital Retro-directive Method】

• Digital Signal Processing (DSP) is used for: 
Detecting phase and making Conjugate phase.

• Synchronization among panels is not required.
(Rx antenna and Tx antenna is same number)

• Digital retrodirective method correct errors with 
short time as compared to REV method. 

RX1 TX1 TX2RX2

Pilot signal Power signal

Presenter
Presentation Notes
Next, for an example, we introduce a new method which has been studied in ISAS/JAXA.
That is the digital retrodirective method.
I will explain the concept of this method.
After the receiving antennas receive the pilot signals, the digital signal processing units detect the phase of the pilot signals and makes conjugate phases. And then, transmitting antennas radiates the power signals.
In this method, because each panel has a same number of receiving antenna and transmitting antenna, phase synchronization is not required.
However, the reference signal must be shared in order to timing synchronization among DSP units.
Also, thanks to DSP, this method can correct phase errors with short time as compared to REV method.
So, we would like to demonstrate this method with a simplified model.
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Our future process and goals

• Summarize the traditional SPS
• Review the recent studies
• Clarify the unsolved issues

• Development of experimental model
• Demonstrate a new method in ISAS/JAXA
• Verify a new method applied the latest technologies
• Promote the WPT system for a modular structureFeasibility study

Promotion of a new method in JAXA

• MIMO
• 5G
• Wireless LAN
• GPS technologies
• Challenge to apply the latest techs for WPT

Investigation of the latest technologies.

Our project goals:
Feasibility study and improvement,
Promotion of development for SPS

May

June

July

August

Presenter
Presentation Notes
Finally, I will show you our future process and goals.
The first step is feasibility study.
The next step is to investigate the latest technologies of the communication field and challenge to apply these technologies for WPT system.
Thirdly, we will demonstrate a new method in ISAS/JAXA as mentioned.
Furthermore, we will verify the application of the latest technologies.
Finally, we would like to promote the development for SPS and contribute to realization of SPS.
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