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Abstract 

“Microwave Power and Information Transmission Experiments from an Airship” 
(abbreviated as “Airship Experiments”) was conducted on the Uji campus ground in Kyoto 
University on March 5th and 10th, 2009. The objectives of the Airship Experiments were to 
demonstrate simultaneous wireless transmission of electrical power and information, to 
reduce the microwave transmitting system size and weight, and to remote-control the 
microwave transmitting system. Configuration of the Airship Experiments was transmitting 
system, retro-directive system, remote control and telemetry system, and receiving system. 
The transmitting system consisted of lithium-ion battery, power supply, two magnetrons, 
waveguide couplers, two-element radial line slotted antennas. Microwave power of 220 W 
was radiated from the transmitting system, whose weight was 42.9 kg. The Airship 
Experiments were successful with regard to demonstration of wireless power transmission, 
direction-of-arrival detection received by a pilot signal, remote control by low-power radio 
communication.  

The weight/power ratio of the Airship Experiments was 195g/W. In order to 
accomplish 2g/W of weight/power ratio, which is one of the technical goals for the SPS 
transmitting system, considerable breakthroughs will be indispensable to the transmitting 
system weight. 

In the present paper, the Airship Experiments were described and the magnetron- 
based microwave transmitting system weight was discussed, based on the Airship 
Experiments. 

                                                  
* Presented at the Twelfth SPS Symposium, 13-14 November, 2009 
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㘧ⴕ⦁ታ㛎ߪ 2009 ᐕ 3 ᦬ 5 ᣣ߮ࠃ߅ޔ 10 ᣣ

㧚ߚࠇߐታᣉߡߦ࠼ࡦ࠙࡜੩ㇺᄢቇቝᴦ✚วࠣߦ

࿑ 3  㧚ߔ␜ࠍ᭽ሶߩ㘧ⴕ⦁ታ㛎ߦ
㘧ⴕ⦁ߪ㐳ߐ 17m㧘ᦨᄢ⋥ᓘ 4m 㧚ㅢࠆ޽ߢ

Ᏹࠍࡦࠫࡦࠛߪ៞タߚߒ㘧ⴕ߇น⢻ߥ㘧ⴕ⦁ߢ

៞タ㊀ߩࡓ࠹ㅍ㔚ࠪࠬߪߢታ㛎ߩ㧘੹࿁߇ࠆ޽

㊂߇ᄢߣߎ޿߈㧘߹ߚᦨዊᣓ࿁ඨᓘࡦ࠙࡜ࠣ߇

⦁㧘㘧ⴕࠄ߆໧㗴ߩ╬߁߹ߒߡ߃⿧ࠍᢝ࿾ߩ࠼

㧘ߡߞ߇ߚߒ㧚ߚߞ߆ߥߒ៞タࠍࡦࠫࡦࠛߪߦ

⚂㜞ᐲࠍ⦁㘧ⴕߡߞ૶ࠍࡊ࡯ࡠ 30m ߦ⟎૏ߩ

ଥ⇐ߡߖߐታ㛎ࠍⴕߚߞ㧚 
㧘਄ⓨߪߡ޿ߟߦታ㛎ࡕ࠺ᵄㅍฃ㔚ࡠࠢࠗࡑ

ߦ࠽࠹ࠢ࡟ߦ⿠േᓟࡓ࠹ᵄㅍ㔚ࠪࠬࡠࠢࠗࡑߢ

ࠆࠃ LED ὐἮ㧘㔚ሶ࡯ࠩࡉ⿠േ㧘៤Ꮺ㔚⹤ల㔚

 㧚ߚߒᚑഞߦ㧘ታ㛎ߒ⹺⏕ࠍὐἮࡊࡦ࡜
㧘೔᧪ᣇะߪࡓ࠹ࠬࠪࡉࠖ࠹ࠢ࡟ࠖ࠺ࡠ࠻࡟

᷹ቯࠪࠬ߇ࡓ࠹໧㗴ߊߥേ૞ࠍߣߎࠆ޿ߡߒ⏕

⹺ߚ߈ߢ㧚ߒߛߚ㧘㘧ⴕ⦁ߪ᭽ߥޘᣇะࠇំߦ

㧘߼ߚߩߎ㧚ߚߒᄌൻߊ߈ᄢ߇೔᧪ᣇะޔ߼ߚߚ

࿾਄ߩߢㅍ㔚᷹ߩࡦ࠲ࡄߩ࠽࠹ࡦࠕቯߩࠢ࡯ࡇߪ૏⟎ߩ᳿ቯ߽ߚߞ߆ߥ߈ߢ㧚⸘᷹࠲࡯ࡔ࡟࠹ᠲ

૞♽ߪ㧘ή✢ LAN ዊ㔚ജߩࡊ࠶ࠕࠢ࠶ࡃ㧘߇ߚߞߥߣ࿎㔍ߪߦᵄㅍ㔚ᓟࡠࠢࠗࡑߪㅢାࠆࠃߦ

࿑ 2 � 㘧ⴕ⦁ታ㛎↪࠽࠹ࠢ࡟㧔LED㧕ߩ౮⌀ 

DC-DC䉮䊮䊋䊷䉺

ᢛᵹ࿁〝

࿑ 3 � 㘧ⴕ⦁ታ㛎ߩ᭽ሶ 

ㅍ㔚䉲䉴䊁䊛

㜞ᐲ䋺⚂30m㘧ⴕ⦁
㐳䈘17m䋬ᦨᄢ⋥ᓘ4m

࿾਄㔚ജኒᐲ 1mW/cm2㧔ਛᔃ㧕



ή✢ࠍ૶↪࠼ࡦࡑࠦߚߒᠲ૞╬ߪ໧㗴ߊߥേ૞ߚߒ㧚 
એ਄ࠅࠃ㧘਎⇇ߢೋߡ߼㘧ⴕ⦁ࠄ߆࿾਄ߦะࡠࠢࠗࡑߡߌᵄࠆࠃߦή✢㔚ജવㅍታ㛎ߦᚑഞߒ

㧘㕖Ᏹ↪ή✢㔚ജ߼ߚߚ໧㗴ὐ߽಴ߩ㘧ⴕ⦁․᦭ߩ╬ࠆࠇំߦᣇะߥޘ᭽߇⦁㧘㘧ⴕߢ㧚৻ᣇߚ

ଏ⛎ࠪࠬߩߡߒߣࡓ࠹೑↪ࠍ⋡ᜰߪߦߔ੹ᓟߩᡷ⦟߇ᔅⷐ߁ࠈ޽ߢ㧚 
 

㧟㧚㘧ⴕ⦁ታ㛎ࠍㅢࡦࡠ࠻ࡀࠣࡑߚߓㅍ㔚ࠪࠬߩࡓ࠹৻⠨ኤ 
� ⴫ 1 ߮ࠃ߅ᵄ಴ജ㧘ࡠࠢࠗࡑ࡮㊀㊂ߩࡓ࠹ㅍ㔚ࠪࠬࠆߌ߅ߦ㘧ⴕ⦁ታ㛎ߦ SPS ߣߚߒᗐቯࠍ

ߣ㧚㓁ᭂ㔚ᵹ୯ߔ␜ࠍᵄ಴ജ੍᷹⴫ࡠࠢࠗࡑ࡮㊀㊂ߩ߈ DC-RF ᄌ឵ല₸ߩ㑐ଥߔ␜ࠍ㧚 
 

⴫ 2 㘧ⴕ⦁ታ㛎ㅍ㔚ࠪࠬࡓ࠹㊀㊂ࡠࠢࠗࡑ࡮ᵄ಴ജ 
߮ࠃ߅ SPS  ᵄ಴ജ੍᷹ࡠࠢࠗࡑ࡮㊀㊂ߩ߈ߣߚߒᗐቯࠍ

 㘧ⴕ⦁ታ㛎 SPS  ᗐቯߩߢ
㔚Ḯ 9.1kg㧔⫾㔚ᳰ㧕 㧙㧔ᄥ㓁㔚ᳰߩ㊀㊂ߦട▚㧕 
᭴ㅧ♽ 8.5kg 㧙㧔᭴ㅧ♽ߩ㊀㊂ߦട▚㧕 

㔚Ḯ♽ 11.8kg㧔2ࡦࡠ࠻ࡀࠣࡑ ♽⛔㧕 5.9kg㧗ǩ㧔1 ⚛ሶಽࡦࡠ࠻ࡀࠣࡑޕ

 㧕ࠅ޽㔚Ḯ㊀㊂Ⴧࠆࠃߦ಴ജჇߩ
ㅍ㔚8.2 ࠽࠹ࡦࠕkg㧔2 ⚛ሶ㧕 4.1kg㧔1 ⚛ሶಽ㧕 

 ࡉࠖ࠹ࠢ࡟ࠖ࠺ࡠ࠻࡟
 ࡓ࠹ࠬࠪ

2.7kg 㧙㧔ᄢⷙᮨൻࠆࠃߦ㊀㊂Ⴧ߳ߩነਈߪ

චಽዊ޿ߐ㧕 
ߪነਈߩ㊀㊂Ⴧ߳ࠆࠃߦᠲ૞♽ 2.6kg 㧙㧔ᄢⷙᮨൻ࠲࡯ࡔ࡟࠹᷹⸘

චಽዊ޿ߐ㧕 
ᾲ೙ᓮ♽㧔಄ළ♽㧕 㧙㧔ⓨ಄ߩࡦࠔࡈ㊀㊂ࡑߪ

㧕߻฽ߦ♽㔚Ḯࡦࡠ࠻ࡀࠣ

Ǫ㧔ߩߎ㊀㊂ነਈ߇㊀ⷐߥ໧㗴㧕 

㊀㊂ว⸘ 42.9kg 9kg㧗ǩ㧗Ǫ 
ᵄ಴ജ 220W㧔2ࡠࠢࠗࡑ ⚛ሶ㧕 1kW㧔1 ⚛ሶ㧕 
಴ജ㊀㊂Ყ 195g/W {9 + (ǩ+Ǫ)/1000} g/W 

  
㘧ⴕ⦁ታ㛎ㅍ㔚ࠪࠬߩࡓ࠹✚㊀㊂ߪ 42.9kg ߪᵄ✚಴ജࡠࠢࠗࡑߩ߈ߣߩߘ㧘ࠅ޽ߢ 220W ߢ

ߪ಴ജ㊀㊂Ყࠆߌ߅ߦ㧘㘧ⴕ⦁ታ㛎߼ߚߚߞ޽ 195g/W 㧚SPSࠆࠇߐ▚⸘ߣ ಴ജ㊀㊂Ყߩ⋡ᮡ୯

ߪ 2g/W એਅ߼ߚࠆ޽ߢ㧘㘧ⴕ⦁ታ㛎ㅍ㔚ࠪࠬߩࡓ࠹಴ജ㊀㊂Ყߪ 2 ᩴᄢ޿߈୯ߚߞߥߣ㧚಴ജ

㊀㊂ᲧჇߩᄢߥ߈ⷐ࿃ߪ㧘㘧ⴕ⦁ߩ៞タ㊀㊂೙㒢ߩࡦࡠ࠻ࡀࠣࡑߦ߼ߚߩ㓁ᭂ㔚࿶ࠍቯᩰ୯ߩ

4.1kV ࠄ߆ 2.2kV ᄢ߇ᵄ಴ജࡠࠢࠗࡑߩࠄ߆ࡦࡠ࠻ࡀࠣࡑᨐ㧘⚿ߩߎ㧚ࠆ޽ߢߣߎߚߍਅߢ߹

᏷ߦૐਅߦ߽ߣߣߚߒ㧘᳗ ਭ⏛⍹ߩ⏛႐ࠍਅࠅࠃߦߣߎߚߍ DC-RF ᄌ឵ല₸߇ 40%⒟ᐲ߹ߢૐ

ਅߒ㧘⋧ኻ⊛ߦ಴ജ㊀㊂Ყ߇ᄢߣߚߞߥߊ߈⠨ࠆࠇࠄ߃㧚 
SPS ߪࡦࡠ࠻ࡀࠣࡑߡߒߣ㧘ේೣߪߦ߈ߣߚߒᗐቯࠍ DC-RF ᄌ឵ല₸߇ᦨᄢߥ߁ࠃࠆߥߣ᧦

ઙߢ㚟േߣࠆࠇߐ⠨߼ߚࠆࠇࠄ߃㧘ࡦࡠ࠻ࡀࠣࡑᧄ᧪ߩ⢻ജࠆ޽ߢ DC-RF ᄌ឵ല₸ 70㧑એ਄㧘

ᵄ಴ജࡠࠢࠗࡑ 1kW ⒟ᐲ߇ᦼᓙࠆࠇߐ㧚߹ߚ SPS ㅍ㔚ߪ㊀㊂ߩ♽᭴ㅧ߮ࠃ߅႐ว㧘ᄥ㓁㔚ᳰߩ

઻ߦ಴ജჇࡦࡠ࠻ࡀࠣࡑ㧘ߪߡߒ㑐ߦ♽㔚Ḯࡦࡠ࠻ࡀࠣࡑ㧘ߢ㧚৻ᣇ޿ߥࠇ߹฽ߦ㊀㊂ࡓ࠹ࠬࠪ

㧚޿ߥߪߢ߆ቯ߇㊀㊂ߩ♽ᾲ೙ᓮࠆࠇࠄ߃⠨ߣ໧㗴ߥ㧘ᦨ߽㊀ⷐߚ߹㧚ࠆࠇߐᗐቯ߇㔚Ḯ㊀㊂Ⴧ߁

㧘᳗߼ߚ[8]ࠆ޽ߢ㊀ⷐ߇ਭ⏛⍹಄ළ᳗ߩࡦࡠ࠻ࡀࠣࡑߪߦࠆߖߐ㜞ല₸േ૞ࠍࡦࡠ࠻ࡀࠣࡑߦ․



ਭ⏛⍹಄ළࠍ฽ࡦࡠ࠻ࡀࠣࡑߚ߼಄ළߩ߼ߚߩ㊀㊂ߩߤ߇⒟ᐲࠍ߆ࠆߥߦ⷗Ⓧ߽߼ᭂߪߣߎࠆ

ㅍ㔚ࠪࡦࡠ࠻ࡀࠣࡑߩ⃻ᤨὐ߽ߡߒߣߚ޿㒰ࠍ㊀㊂Ⴧಽߩࠄࠇߎ㧘ߒߛߚ㧚ࠆ޽ߢ㗴⺖ߥ㊀ⷐߡ

ߪ㊀㊂ߩࡓ࠹ࠬ 9g/W 㧘಴ജ㊀㊂Ყ߼ߚࠆߥߣ 2g/W ㅍ㔚ࠪࠬࡦࡠ࠻ࡀࠣࡑߪߦ߼ߚࠆߔታ⃻ࠍ

ࡑࠅࠃߦ㜞㔚࿶⋥ធ㚟േߩࠄ߆㧘ᄥ㓁㔚ᳰ߫߃㧚଀ࠆ޽߇ᔅⷐࠆߔ⸛ᬌࠍシ㊂ൻߥ⊛ᛮᧄߩࡓ࠹

ߣߎࠆߨ౗ߣ♽᭴ㅧࠍり⥄࠽࠹ࡦࠕน⢻ᕈ㧘ㅍ㔚ߩ㚟േ㔚Ḯឃ㒰߿シ㊂ൻߩ㚟േ㔚Ḯࡦࡠ࠻ࡀࠣ

 㧚߁ࠈ޽߇ᔅⷐࠆߔታᣉࠍ⊑ⓥ㐿⎇ߚߒᜰ⋠ࠍ࡯࡞ࠬࠢ࡯࡟ࡉߥน⢻ᕈ╬㧘⋧ᒰߩシ㊂ൻࠆࠃߦ
 
㧠㧚ߦࠅࠊ߅ 
� ᧄⓂߪߢ㧘㘧ⴕ⦁ታ㛎ߩ᭎ⷐࠍ⚫੺ߒ㧘㘧ⴕ⦁ታ㛎ࠍㅢࡦࡠ࠻ࡀࠣࡑߚߓㅍ㔚ࠪࠬߩࡓ࠹㊀㊂

⚛ඨዉ૕ߊߥߢߌߛࡦࡠ࠻ࡀࠣࡑߪ㊀㊂⠨ኤࡓ࠹ㅍ㔚ࠪࠬߚߒ␜ߢ㧚ᧄⓂߚߞⴕࠍ⺰⼏ࠆߔ㑐ߦ

ሶࠆࠃߦㅍ㔚߽ࠪࠬߦࡓ࠹ㆡ↪น⢻ࠆ޽ߢ㧚ߩߎ႐ว߽㧘㚟േ㔚Ḯߣㅍ㔚ߩ࠽࠹ࡦࠕ㊀㊂߼ᭂߪ

౒ߩࡓ࠹ᵄㅍ㔚ࠪࠬࡠࠢࠗࡑߪ໧㗴ឭ⿠ߚߒ␜ߢ㧘ᧄⓂߡߞ߇ߚߒ㧚ࠆࠇߐᗐ੍ߣࠆ޽ߢ㊀ⷐߡ

ㅢ⺖㗴ߡߒߣ⹺⼂ߒ㧘ᄥ㓁㔚ᳰࠄ߆㧘ࡠࠢࠗࡑᵄ⊒↢㧘૏⋧೙ᓮ㧘࠽࠹ࡦࠕ㧘᭴ㅧ߹ࠍߢ✚ว⊛

߇シ㊂ൻߩࡓ࠹ㅍ㔚ࠪࠬߚߒ⠨ᘦߦ SPS ታ⃻ߦะߚߌᦨ㊀ⷐ⺖㗴߁ࠈ޽ߢࠆߥߣߟ৻ߩ㧚  
 
⻢ㄉ 

㘧ⴕ⦁ታ㛎ߪ⑼⎇⾌ၮ⋚⎇ⓥ B㧔18360171ޔ⎇ⓥઍ⴫⠪㧦ᯅᧄ㧕㧘⽷࿅ᴺੱ࿖㓙ࠦ࡯ࠤ࠾ࡘࡒ

✚ഃ಴ࡦ࡚ࠪ࡯ࡌࡁⓥઍ⴫⠪㧦ጊᎹ㧕㧘⑼ቇᛛⴚᝄ⥝ᯏ᭴㧔JST㧕࿾ၞࠗ⎇ޔၮ㊄㧔એਅࡦ࡚ࠪ

วᡰេ੐ᬺ㊀ὐ࿾ၞ⎇ⓥ㐿⊒ផㅴࡓ࡜ࠣࡠࡊᐔᚑ 19 ᐕᐲࠪ࠭࡯⊒ជ⹜㛎㧘੩ㇺᄢቇ✚㐳ⵙ㊂⚻

ᳰጊ᳁ߩࠬࠢࠗࡔ␠ᩣᑼળߚ޿ዧജ㗂ߏߦ╬↪ㆇߩ⦁㘧ⴕߚ߹㧚ߚࠇࠊⴕߡߌฃࠍ╬ഥᚑߩ╬⾌

 ޕࠆߔ⻢ᗵߊᷓߦᢎ⡯ຬฦ૏ߩ੩ㇺᄢቇ↢ሽ࿤⎇ⓥᚲߚߞࠊ៤ߦ╬㑐ଥฦ૏㧘ታ㛎⵬ഥ߮ࠃ߅
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