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Fig. 1 Concept of estimation of sound radiation

based on KHIE
Fig. 2 Experimental setup

Fig. 3 Experimental condition
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Fig. 4 Sound directivity of original and re-

produced sound source (Distance 2m, Original

source direction 0 )˃

Fig. 5 Sound directivity of original and re-

produced sound source (Distance 2m, Original

source direction 90 )˃

ͷ֯ΛݯԻݪʹ࣍ 90 ճ˃సͤͨ͞߹ͷԻѹ

ϨϕϧͷൺֱΛ Fig. 5ʹࣔ͢ɻฏۉԻѹϨϕϧ

ࠩ 2.7 dBɼ࠷େԻѹϨϕϧࠩ 4.9 dBͰ͋ͬ

ͨɻݪԻݯͷ 45 ຖ˃ͷฏۉԻѹϨϕϧࠩͱ࠷େ
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໘ํʹରͯ͠ࠨӈ 90 ͷ˃์ࣹ͕ଌఆ͞Ε͍ͯ
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ରͯ͠എ໘ํͷ์ࣹ͕ଌఆ͞Ε͍ͯΔɻͨ͠
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Table 1 Difference of sound pressure level of

original and reproduced sound source per orig-

inal source direction

Ի֯ݯ ɹฏۉԻѹ ɹ࠷େԻѹ

ɹ [ ]˃ Ϩϕϧࠩ [dB] Ϩϕϧࠩ [dB]

ɹ 0 ɹɹ 1.8 ɹɹ 5.0

ɹ 45 ɹɹ 2.5 ɹɹ 6.0

ɹ 90 ɹɹ 2.7 ɹɹ 4.8

ɹ 135 ɹɹ 2.4 ɹɹ 5.5

ɹ 180 ɹɹ 1.7 ɹɹ 4.3

ɹ 225 ɹɹ 1.1 ɹɹ 3.4

ɹ 270 ɹɹ 0.9 ɹɹ 2.0

ɹ 315 ɹɹ 1.1 ɹɹ 3.5

Fig. 6 Sound directivity of original and re-

produced sound source (Distance 2m, Original

source direction 0 ,˃ Center frequency 1000Hz)

ϯυʢத৺प 1000 HzʣͷԻѹϨϕϧͷൺֱ

ΛFig. 6ʹࣔ͢ɻฏۉԻѹϨϕϧࠩ 0.9 dBɼ

େԻѹࠩ࠷ 0.7 dBͱͳΓɼԻѹϨϕϧࠩ

Ͱ͋ΔɻશଳҬͷ݁Ռͱൺֱͯ͠ԻѹϨ͔ۇ

ϕϧࠩখ͘͞ɼݱ࠶ਫ਼͍ߴɻݪԻݯͷ͖

͕ 0 ͷ˃ͱ͖ͷΦΫλʔϒόϯυຖͷݪԻͱ࠶

େԻѹϨϕϧࠩ࠷ԻѹϨϕϧࠩͱۉԻͷฏݱ

ΛTable 2ʹࣔ͢ɻ4 kHzҎ্ͷଳҬͰɼԻѹ

Ϩϕϧ͕ࠩେ͖͘ͳΔ͜ͱ͕͔Δɻ͍ߴप

Ͱ͕ੑࢦӶ͘ͳΓɼݱ࠶ਫ਼Λอͪ͘ͳ

Δ͜ͱ͕͔ͬͨɻ

͢౼ݕ͍ͯͭʹڑͱධՁͷݯԻݪɼʹ࣍

Δɻ2 mͷ݅Ͱ؍ଌ໘ͷ֎ଆͷ์ࣹΛධՁ

͕ͨ͠ɼ؍ଌ໘্ͱ΄΅ಉ͡ڑͰ͋Δ 1 mͷ

ͱධՁݯΛධՁ͢ΔɻԻݱ࠶ͷੑࢦͷڑ

ͷڑ͕ 1 mͷͱ͖ͷݪԻͱݱ࠶ԻͷԻѹ

ϨϕϧͷൺֱΛFig. 7ʹࣔ͢ɻฏۉԻѹࠩ 2.7
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Table 2 Difference of sound pressure level of

original and estimated sound source per octave

band

த৺प ɹฏۉԻѹ ɹ࠷େԻѹ

ɹ [Hz] Ϩϕϧࠩ [dB] Ϩϕϧࠩ [dB]

ɹ 125 ɹɹ 0.5 ɹɹ 0.7

ɹ 250 ɹɹ 1.0 ɹɹ 2.4

ɹ 500 ɹɹ 1.0 ɹɹ 2.4

ɹ 1k ɹɹ 0.7 ɹɹ 1.2

ɹ 2k ɹɹ 1.0 ɹɹ 1.7

ɹ 4k ɹɹ 2.8 ɹɹ 6.3

ɹ 8k ɹɹ 4.1 ɹɹ 8.1

Fig. 7 Sound directivity of original and es-

timated sound source (Distance 1m, Original

source direction 0 )˃

dBɼ࠷େԻѹࠩ 7.0 dBͰ͋ͬͨɻϨϕϧࠩ

ଌఆڑ 2 mͷ݁ՌΑΓେ͖͍͕ɼݪԻԻͱ

ಉ༷ͷࢦಛੑ͕ݱ࠶ग़དྷ͍ͯΔ͜ͱ͕͔Δɻ

·ͨɼݪԻݯͷํͱଳҬຖͷੑࢦͷൺֱʹ

ؔͯ͠ଌఆڑ 2 mͱಉ༷ͷ݁Ռ͕ಘΒΕͨɻ

·ͨɼԕִίϛϡχέʔγϣϯγεςϜʹຊख

๏Λ࣮͢Δࡍʹ ΈࠐલͷΈࣄݯԻ࣍2

ʹΑ࣮ͬͯؒ࣌ΈࠐΈͷԋྔࢉʹӨڹΛٴ΅

͞ͳ͍͕ɼ؍ଌͷ࣮ؒ࣌ΈࠐΈॲཧͷ

ԋྔࢉʹେ͖͘Ө͢ڹΔɻͦ͜Ͱɼ؍ଌͱࢦ

ݯΔɻԻ͢౼ݕ͍ͯͭʹਫ਼ͷؔݱ࠶ͷੑ

ͱධՁͷڑΛ 2 mɼ2࣍ԻݯΛ ͱ͠ݸ400

Ζ͔Βɼ࿈ଓޙଌ؍Δɻ͢ߋଌΛม؍

ଌ؍Βͨ͠ɻ֤ݮʹӈରশʹͳΔΑ͏ࠨͣͤ

ʹ͓͚ΔɼݪԻͱݱ࠶ԻͷฏۉԻѹϨϕϧࠩ

ͱ࠷େԻѹϨϕϧࠩΛTable 3ʹࣔ͢ɻ؍ଌ͕

গͳ͍΄ͲɼԻѹϨϕϧࠩେ͖͘ͳΔʹ

͋Γ؍ଌ͕ 11ͷ࣌ʹࠩ࠷େͱͳͬͨɻ

Table 3 Difference of sound pressure level of

original and estimated sound source per number

of observation points

ଌ؍ ɹฏۉԻѹ ɹ࠷େԻѹ

Ϩϕϧࠩ [dB] Ϩϕϧࠩ [dB]

ɹ 18 ɹɹ 1.8 ɹɹ 5.1

ɹ 17 ɹɹ 2.1 ɹɹ 8.1

ɹ 16 ɹɹ 4.3 ɹɹ 13.7

ɹ 15 ɹɹ 5.0 ɹɹ 10.0

ɹ 14 ɹɹ 7.2 ɹɹ 13.6

ɹ 13 ɹɹ 9.0 ɹɹ 15.4

ɹ 12 ɹɹ 9.6 ɹɹ 16.0

ɹ 11 ɹɹ 11.3 ɹɹ 19.0

ɹ 10 ɹɹ 5.0 ɹɹ 16.7

ɹ 9 ɹɹ 7.6 ɹɹ 12.4

͔͠͠ɼԻѹϨϕϧࠩ؍ଌ͕ 10ͷͱ͖ɼ

11ͷͱ͖ͱൺͯখ͘͞ͳΔ͜ͱ͕Θ͔ͬͨɻ

ΒΕΔɻ͑ߟΔͱ͍ͯ͠Β͠ํͱؔݮଌͷ؍

͕ͨͬͯ͠ɼ؍ଌִؒʹஔ͢Δ͜ͱ͕

·͍͠ͱ͑ߟΒΕΔɻ
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Kirchhoff-Helmholtzੵํఔࣜʹͮ͘جԻݯ
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ڑɻͨͬߦਫ਼ʹ͍ͭͯධՁΛݱ࠶ੑ 1 m

ͱ 2mʹ͓͍ͯԻݯͷੑࢦΛݪԻͱݱ࠶Ի

Ͱൺֱͨ݁͠ՌɼԻݯͷੑࢦΛݱ࠶ՄͰ͋

Δ͜ͱ͕͔ͬͨɻ·ͨ؍ଌΛݮΒ͢͜ͱʹΑ

Γݱ࠶ੑࢦͷਫ਼͕େ͖͘Լ͕Δ͜ͱ֬ೝ
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