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Abstract In order to attain the weight saving of a Mars observation airplane, we are planning to supply energy

by microwave. This paper presents the direction detection of the airplane. An array antenna on the ground receives

a pilot signal from the airplane, and detects the direction of the airplane by phase differences of antenna elements.

For weight saving, we utilize the second harmonics radiated from rectennas on the airplane as a pilot signal.
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1. ং 

༂͍ͯ͠Δɻ͔͠͠୳׆͕ػͷ୳ࠪܕߦՐͰ্ࡏݱ

Δ߹ɺՐද໘ͷ࠭ʹ્·ΕҠಈ͢ߦ্Λ͕ػࠪ

͕͍ɻͦ͜Ͱඈߦ୳ࠪػʹΑΔՐ୳͕ࠪఏҊ͞Ε͍ͯΔɻ

͔͠͠Րͷେີؾٿʹൺ 0.75 ˋͱඇৗʹখ͍ͨ͞

Ί༲ྗΛड͚ʹ͍͘ɻ͕ͨͬͯ͠ຊڀݚͰόοςϦʔΛখܕ

Խ͠ػମͷܰྔԽΛਤΔͨΊʹਤ 1ʹࣔ͢Α͏ʹՐ্͔Β୳

ϨΫςʹػͱΛఏҊ͢Δɻ୳ࠪ͜͏ߦΛڅڙແઢిྗػࠪ

φΛෑ͖٧ΊΔ͜ͱͰిྗͷڅڙΛड͚ΔɻҎલɺຊڀݚͰ

ਤ 2ʹࣔ͢Α͏ʹখܕඈػߦͷૹిΛखಈͰඌ͢Δ࣮ݧΛ

Ͱݧɻ࣮ͨͬߦ Λઢඈػߦඈͨ͠ࡌͷϨΫςφΛݸ15

ΛࣗಈͰඌ͢ΔػߦͰඈڀݚΔ͜ͱʹޭͨ͠ɻຊͤ͞ߦ

͜ͱΛతͱ͠ɺඈػߦͷํݕͷڀݚΛͨͬߦɻ
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2. γεςϜͷߏ

2. 1 ૹిγεςϜ

खಈඌ࣮ݧͰ 2.445GHzɺ900WͷϚΠΫϩΛૹి͠

ͨɻϚΠΫϩϚάωτϩϯͰൃৼ͞ΕϗʔϯΞϯςφ͔

Β์ࣹ͞ΕͨɻϗʔϯΞϯςφͷੑࢦརಘ+15.5 dBiͰ͋

ΓɺͦͷϏʔϜύλϯΛਤ 3ʹࣔ͢ɻඈ͕ػߦ෯ʹ͋Ε

ඈߦՄͱԾఆ͢Δͱɺ࠷େ 11 deg.ͷૹిํڐ͕ࠩޡ༰

͞ΕΔɻ

2. 2 γεςϜݕํ

ຊڀݚͰύΠϩοτ৴߸Λ༻͍ͨํݕΛఏҊ͢Δɻਤ

ਤ 1 Րඈߦ୳ࠪػͷແઢૹి֓೦ਤ [1]

ਤ 2 खಈඌʹΑΔ্ඈݧ࣮ߦ

ਤ 3 ϗʔϯΞϯςφͷϏʔϜύλϯ

4ʹࣔ͢Α͏ʹύΠϩοτ৴߸ඈ͔ػߦΒૹ৴͞Εɺ্ʹ

ઃஔͨ͠ΞϨΠΞϯςφʹΑΓड৴͞ΕΔɻΞϯςφ (i)ͱΞ

ϯςφ (ii)ͷؒͷҐ૬ࠩΛ δɺΞϯςφ (i)ͱ (iii)ͷؒͷҐ૬

ࠩΛ ζ ͱ͢ΔͱɺඈػߦͷํҐ֯ θ ͱ֯ڼ ϕࣜ (1)ɺࣜ (2)

Ͱఆٛ͞ΕΔɻ

θ = sin−1

⎛

⎝ δ

π

√
1−

(
ζ
π

)2

⎞

⎠ (1)

ϕ = sin−1
(
ζ
π

)
(2)

ͨͩ͠ɺ|δ| <= π ͔ͭ |ζ| <= πͰ͋ΔɻύΠϩοτ৴߸Λ 10 kHz

ʹपมޙͨ͠ɺަݕʹΑΓҐ૬ࠩΛݕग़͢Δɻ

2. 3 ࣗಈརಘ੍ޚͱަݕճ࿏

ύΠϩοτ৴߸ͷड৴ڧ͕Լͯ͠ݕ͕Ͱ͖ΔΑ͏

ʹࣗಈརಘ੍ޚ (AGC:Automatic Gain Control) Λ༻͍Δɻ

AGCͱަݕճ࿏Λ࡞ͨ͠ɻਤ 5ʹճ࿏ͷߏΛࣔ͢ɻω

पม͞ΕͨޙͷύΠϩοτ৴߸ͷपͰ͋Δɻৼ෯

A1 ͱ A2 ύΠϩοτ৴߸ͷड৴ڧʹΑΓมԽ͢Δɻ৴߸

ͷৼ෯͕খ͘͞ͳΔͱަݕͷղԼ͢Δɻ͕ͨͬ͠

ͯɺϚΠίϯΛ༻͍ͯ৴߸ͷৼ෯Λݕग़͠ɺՄม૿෯ثͷ૿෯

Λ 0ഒ͔Β 1600ഒ·Ͱ੍͢ޚΔ͜ͱʹΑͬͯަݕճ࿏

ೖྗ͞ΕΔ৴߸ͷৼ෯Λ҆ఆԽͤ͞Δɻ

ਤ 4 ύΠϩοτ৴߸Λ༻͍ͨํݕ

ਤ 5 ࣗಈརಘ੍ޚ (AGC) ͱަݕճ࿏
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2. 4 ϨΫςφ͔Βͷୈ ௐߴ2

ඈػߦͷܰྔԽͷͨΊɺϨΫςφ͕ྲྀ࣌ʹ์ࣹ͢Δୈ ߴ2

ௐͰ͋Δ 4.89GHzΛύΠϩοτ৴߸ͱͯ͠ར༻͢Δɻຊݚ

Ͱ༻͍ΔϨΫςφΫϩεμΠϙʔϧΞϯςφͱίϓϨʔφڀ

ઢ࿏Λ༻͍ͨྲྀճ࿏͔Βߏ͞ΕΔɻ

ϨΫςφ͕์ࣹ͢Δୈ ɻਤͨͬߦΛݧௐଌఆ࣮ߴ2 6ɺਤ 7

ʹࣔ͢Α͏ʹখܕඈػߦΛํݕ༻Ξϯςφ͔Β 3mͨ͠

Ґஔʹઃஔ͠ɺํݕ༻Ξϯςφ͔Β 1.5mͨ͠Ґஔʹૹ

ిΞϯςφΛઃஔͨ͠ɻ͜ΕΒͷΞϯςφͱඈػߦಉҰฏ໘

্ʹઃஔͨ͠ɻ2.445GHzɺ900WͷϚΠΫϩΛϗʔϯΞϯς

φ͔Β์ࣹ͠ɺx-yϙδγϣφΛ༻͍ͯඈػߦΛํҐ֯-30 deg.

͔Β 30 deg.·Ͱಈ͔ͨ͠ɻඈػߦͷํʹΞϯςφΛखಈͰ

Ξϯςφʹͯड৴͞ΕΔݕͳ͕Βɺํ͚ 4.89GHzͷڧ

ΛεϖΫτϧΞφϥΠβΛ༻͍ͯଌఆͨ͠ɻ݁ՌΛਤ 8ʹࣔ

͢ɻ-35 dBm͔Β-60 dBmͷୈ ௐ͕ड৴͞ΕͨͨΊɺύߴ2

Πϩοτ৴߸ͱͯ͠ୈ ௐΛ༻͍Δ͜ͱʹܾΊͨɻߴ2

3. ݧ࣮ݕํ

3. 1 γάφϧδΣωϨʔλ͔Βͷ৴߸ΛύΠϩοτ৴߸ͱ

ͯ͠༻͍Δૹిঢ়گԼͰͷํݕ࣮ݧ

ϚάωτϩϯجຊͷΈͰͳ͘ߴௐൃੜ͢Δɻ͜ͷ

Մੑ͕͋Δɻ͕ͨͬ͢͜͠ىবΛׯௐ͕ύΠϩοτ৴߸ͱߴ

ͯɺ2.445GHzɺ900Wͷૹి͕ߦΘΕ͍ͯΔঢ়گͰ 4.89GHz

ਤ 6 ୈ 2 ߏͷݧௐଌఆ࣮ߴ

ਤ 7 ୈ 2 ܠͷ෩ݧௐଌఆ࣮ߴ

ΛύΠϩοτ৴߸ͱͯ͠༻͍Δํݕ࣮ݧΛͨͬߦɻ࣮ݧ

ͷશମ૾ਤ 6 ͱ΄΅ಉ͡Ͱ͋Δ͕ɺඈػߦͷΘΓʹύΠ

ϩοτ৴߸ૹ৴ͷύονΞϯςφΛઃஔͨ͠ɻํݕΞϯς

φʹͯड৴͞ΕΔϚάωτϩϯ͔Βͷ 4.89GHz-75 dBmͰ

͋ͬͨɻύΠϩοτ৴߸ૹ৴༻ΞϯςφʹγάφϧδΣωϨʔ

λ͔Β 4.89GHzͷϚΠΫϩΛೖྗͨ͠ɻೖྗ͢ΔϚΠΫϩ

ͷిྗΛมԽͤ͞Δ͜ͱͰɺํݕΞϯςφͷड৴ిྗ

Λ-30ڧ dBm͔Β-70 dBm·ͰมԽͤͨ͞ɻx-yϙδγϣφ

Λ༻͍ͯύΠϩοτ৴߸ૹ৴ΞϯςφͷํҐ֯Λ-30 deg.͔Β

30 deg. ·ͰมԽͤ͞ɺૹిঢ়گԼͰύΠϩοτ৴߸ૹ৴Ξϯ

ςφͷํҐ֯Λݕग़ͨ͠ɻ݁ՌΛਤ 9ʹࣔ͢ɻड৴͞ΕΔύΠ

ϩοτ৴߸͕-60 dBmΑΓখ͘͞ͳΔͱํݕ͕ࠩޡେ͖͘

ͳΔɻ͕ͨͬͯ͠ɺ-60 dBmҎ্ͷड৴ిྗ͕͋Εํݕ

Δɻ͑ݴΔͱ͍͏͜ͱ͕͑ߦ͕

3. 2 ϨΫςφ͔ΒͷߴௐΛύΠϩοτ৴߸ͱͯ͠༻͍Δ

ݧ࣮ݕํ

ඈػߦʹ͍ͯ͠ࡌΔϨΫςφΞϨΠ͔ΒͷߴௐΛύΠ

ϩοτ৴߸ͱͯ͠༻͍Δํݕ࣮ݧΛͨͬߦɻ࣮ݧͷ༷ࢠ

ਤ 8 ΞϯςφͰड৴͞Εͨୈݕํ 2 ڧௐߴ

ਤ 9 ૹిঢ়گԼͰͷํݕ࣮ݧ
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ਤ 6ɺਤ 7ͱಉ͡Ͱ͋ΔɻඈػߦͷํΛݕ͢Δ͚ͩͰͳ

͘ɺAGC ͷήΠϯଌఆͨ͠ɻAGC ͷήΠϯ͔Βड৴ిྗ

ͷେ·͔ͳڧऑΛΔ͜ͱ͕Ͱ͖Δɻ࣮݁ݧՌΛਤ 10ʹࣔ͢ɻ

΄΅શͯͷʹ͓͍ͯํݕΛ͜͏ߦͱ͕Ͱ͖͕ͨɺҰ෦ͷ

Ͱਫ਼͕ඇৗʹѱ͔ͬͨɻ͜ΕΒͷ AGCͷήΠϯͷ

ϐʔΫͱ૬ؔΛ͍ͯͬ࣋Δɻ͜ΕΒϨΫςφΞϨΠ͕ϑΣʔ

ζυΞϨʔͱͯ͠ৼΔ͏͜ͱʹىҼ͢Δͱ͑ߟΒΕΔɻ

3. 3 ෳͷύΠϩοτ৴߸ݯͷଘࡏ

ॳʹਤ࠷ 11ʹࣔ͢Α͏ʹ 1ͭͷૹ৴Ξϯςφ͕ύΠϩοτ

৴߸Λൃ৴͍ͯ͠Δঢ়گΛ͑ߟΔɻθ1 ͱ θ2 ̎ͭͷํݕ

ΞϯςφૉͦࢠΕͧΕ͔ΒΈͨૹ৴ΞϯςφͷํҐ֯Ͱ͋Δɻ

ૹ৴ΞϯςφͱํݕΞϯςφͷؒͷڑ 3mͱ͠ɺํ

ڑͷؒࢠΞϯςφૉݕ λ/2ͱ͢ΔɻύΠϩοτ৴߸Λฏ

໘ͱԾఆ͢Δͱɺθ1  θ2 ͱ͘͠ͳΔɻ͕ͨͬͯ̎ͭ͠ͷ

ͷҐ૬ࠩؒࢠΞϯςφૉݕํ δ ࣜ (3)Ͱهड़͞ΕΔɻ

δ = πsinθ1 (3)

ਤʹ࣍ 12ʹࣔ͢Α͏ʹ 2ͭͷૹ৴Ξϯςφ͕ύΠϩοτ৴

߸Λൃ৴͠ϑΣʔζυΞϨʔΛߏ͍ͯ͠Δঢ়گΛ͑ߟΔɻ̎

ͭͷૹ৴ΞϯςφؒڑΛ λɺͦΕͧΕͷૹ৴ిྗΛ 1ͱ 0.9

ͱ͠ɺಉ૬ͰిΛൃ৴͍ͯ͠Δͱ͢Δɻͦͷͱ͖ͷϑΣʔζ

υΞϨʔͷརಘͱҐ૬Λਤ 13 ʹࣔ͢ɻਤ 13 ͷҐ૬ͷؔΛ

f(θ)ͱఆٛ͢Δͱɺδ ࣜ (4)Ͱهड़͞ΕΔɻ

δ = f(θ2)− f(θ1) + πsinθ1 (4)

ਤ 13ʹ͓͍ͯɺψϧۙͰҐ૬͕ܹٸʹมԽ͢Δɻैͬ

ͯ f(θ2)−f(θ1)θϩ͔Βԕ͘ͳΓɺํݕ͕ࠩޡେ͖͘ͳ

Δɻྫ͑ θ1͕ 30 deg.Ͱ θ2͕ 30.4 deg.ͷͱ͖ f(θ2)−f(θ1)

 18.7 deg. ͱͳΔɻ͜Ε 7.1 deg. ͷํݕࠩޡʹ૬͢

ΔɻࠓύΠϩοτ৴߸͕ݯ 2ͭଘ͢ࡏΔঢ়گΛఆ͍ͯͨ͠

͕ɺখܕඈػߦʹ 15 Ε͍ͯΔɻैͬ͞ࡌͷϨΫςφ͕ݸ

ͯɺψϧ͞Βʹٸफ़ʹͳΓ f(θ) ͷมԽେ͖͘ͳΔɻ͜

ͷݱਤ 10Ͱ؍ଌ͞Ε͍ͯΔɻ

ਤ 10 ඈػߦͷํݕ݁Ռͱ AGC ήΠϯ

4. ݁ 

ϨΫςφ͔ΒͷߴௐΛύΠϩοτ৴߸ͱͯ͠༻͍Δํݕ

࣮ݧΛ͍ߦɺड৴ిྗ͕খ͘͞ͳΔͰํݕ͕ࠩޡେ͖

͘ͳΔ͜ͱ͕͔ͬͨɻ͜ͷݪҼϨΫςφΞϨʔ͕ϑΣʔζ

υΞϨʔͱͯ͠ৼ͍ͬͯΔ͔ΒͰ͋Δͱઆ໌ͨ͠ɻ

จ ݙ
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ਤ 11 ୯ҰͷύΠϩοτ৴߸ݯ
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