
ใॲཧֶձڀݚใࠂ
IPSJ SIG Technical Report

ࠩಈ৭ภҠมௐํࣜΛ༻͍ͨڑɾϑϦοΧ੍ܕ
LED-εϚʔτϑΥϯΧϝϥؒ௨৴

֎Ԃ ༔1و,a) ୩ (b,1ࢢߒ  ٛ1,c)  ത೭1,d)

֓ཁɿແઢσόΠε͕ͷճΓʹ͋;ΕΔ΄Ͳɼແઢ௨৴ٕज़ʹʠੑײʡ͕ٻΊΒΕΔɽϢʔβ͕ཉ͠
͍ใΛൃ৴͍ͯ͠ΔσόΠεΛ୳͢ख͕ؒɼແઢσόΠεͷͱڞʹ૿Ճ͢Δ͜ͱΛ͙ͨΊʹɼࢹ

ઢͷઌʹ͋ΔσόΠε͔ΒใΛऔಘͰ͖Δײతͳ௨৴खஈ͕ඞཁͰ͋ΔɽੑײΛ༗͢Δ௨৴ख

ஈͱͯ͠ɼචऀΒʹ͑ݟΔޫʹΧϝϥΛ͔͟͢ಈ͕࡞௨৴ىͱͳΔ LED–εϚʔτϑΥϯΧϝϥؒ

௨৴ͷڀݚ։ൃΛਐΊ͍ͯΔɽຊߘͰɼLEDͷ৭ΛߴʹΓସ͑Δ͜ͱͰͪΒ͖ͭʢϑϦοΧʣΛ

੍͠ͳ͕ΒɼΧϝϥͷը໘ʹϐΫηϧͷΈࣸΔԕํͷ LEDޫ͔Βͷ෮ௐΛՄͱ͢ΔɼڑɾϑϦο

Χ੍ܕ LED–εϚʔτϑΥϯΧϝϥؒ௨৴ํࣜΛࣔ͢ɽҰൠతͳεϚʔτϑΥϯͷΧϝϥͰ࠾༻͞Εͯ

͍ΔϩʔϦϯάγϟολʔํࣜͰɼը໘ҐஔʹΑͬͯ࿐ग़ͷλΠϛϯά͕ҟͳΔɽͦͷͨΊɼLED Λ

தʹखͿΕ͕ੜ͡ΔͱɼLED૾ࡱ ͷִؒؒ࣌૾ࡱ૾ࡱϑϨʔϜप͔ظΒͣΕΔɽ͜ͷ݅ԼͰɼߴʹ

৭ΛΓସ͑Δ LED Λ͢૾ࡱΔͱɼ͞૾ࡱΕΔ৭खͿΕͷ߹͍ʹΑͬͯมԽ͢ΔɽຊߘͰɼ͜ͷ

՝Λࠀ͢Δߏػͱͯ͠ɼLEDͷ৭Λ॥తʹΓସ͑Δ͜ͱͰ૾ࡱλΠϛϯά͕ͣΕΔલͷ LEDͷ

৭Λਪఆ͠ɼ࿈ଓϑϨʔϜؒͰ͞૾ࡱΕΔ LEDͷ৭ภҠʹใΛՃ͢Δ͜ͱͰ૾ࡱ։࢝λΠϛϯάʹ

ΑΒͣ෮ௐ͕Ͱ͖Δࠩಈ৭ภҠมௐํࣜ (DCSK) Λࣔ͢ɽෳػछͰͷ࣮ݧ࣮ػʹΑΓɼܘޱ 10 mmͷ

খܕ LED͔Βɼ60 bpsͷ௨৴Λ 3 mΛ͑Δ௨৴ڑͰ࣮ݱͰ͖Δ͜ͱΛࣔ͢ɽ

ΩʔϫʔυɿLED-εϚʔτϑΥϯΧϝϥؒ௨৴ɼՄޫࢹ௨৴ɼϩʔϦϯάγϟολʔɹ

1. ͡Ίʹ

IoT (Internet of Things) ͷ࣌ͰɼແઢσόΠε͕

Ϣʔβͷपғʹ͋;Εɼʹ͑ݟΔσόΠε͔ΒใΛ

ͱͳΔɽཉ͍͠ใΛࠔ͢·͢·తʹऔಘ͢Δ͜ͱ͕ײ

ൃ৴͍ͯ͠ΔσόΠεΛಛఆ͠ɼͦͷσόΠε͔ΒใΛ

औಘ͢ΔखؒɼແઢσόΠεͷͱڞʹ૿Ճ͢ΔɽϢʔ

β͕ࢹઢͷઌʹ͋ΔσόΠε͔ΒใΛऔಘͰ͖Δ

ͱͳΔɽݤతͳ௨৴खஈ͕ɼ͜ͷΛղܾ͢Δײ

ੑײΛ༗͢Δ௨৴खஈͱͯ͠ɼචऀΒʹ͑ݟΔ

ޫʹΧϝϥΛ͔͟͢ಈ͕࡞௨৴ىͱͳΔ LED–εϚʔτ

ϑΥϯΧϝϥؒ௨৴ͷڀݚ։ൃΛਐΊ͍ͯΔɽԕํͷ LED

ޫ͔Β 10 bitఔͷใΛײతʹऔಘͰ͖Δຊ௨৴Λ

ར༻͢Δ͜ͱͰɼ༷ʑͳ AR (Augmented Reality) ΞϓϦ

έʔγϣϯΛ࣮͢ݱΔ͜ͱ͕Ͱ͖Δɽྫ͑ɼਤ 1ͷΑ͏

1 ౦ژେֶେֶӃ Պڀݚܥֶ
Graduate School of Engineering, The University of Tokyo

a) hokachan@mlab.t.u-tokyo.ac.jp
b) k hasegawa@mlab.t.u-tokyo.ac.jp
c) narusue@mlab.t.u-tokyo.ac.jp
d) mori@mlab.t.u-tokyo.ac.jp

ਤ 1: ڑܕ LED–εϚʔτϑΥϯΧϝϥؒ௨৴ͷར༻ྫ: 

 ARϒϥβ

ʹɼి͕ಧ͖ʹ͍͘ڥʹ͓͍ͯΧϝϥΛ͔͟͠

ͨൣғ͔ΒίϯςϯπΛऔಘͰ͖Δ AR ϒϥβΛ༻͍

ͯɼϢʔβత·ͰͷײతͳφϏήʔγϣϯΛར༻

ͨ͠Γɼ୳͍ͯ͠ࡧΔίϯςϯπΛԁ͢ݟൃʹΔ͜ͱ͕

Ͱ͖Δɽ

ຊ௨৴ํࣜʹରͯ͠ɼBluetoothWi-FiΛ༻͍Δํࣜ

Ͱɼ௨৴ରͷσόΠεΛը໘ʹදࣔ͞ΕͨۙྡσόΠ

εͷத͔Βબ͢Δඞཁ͕͋Γɼ௨৴ͷੑײΛ࣮͢ݱΔ

͜ͱ͕͍͠ɽNFCΛ༻͍ΔํࣜͰɼ௨৴ڑʹҰఆͷ

ߦΓ௨৴Λݶͳ͍͔ͮۙʹݯք͕͋ΔͨΊɼใͷൃ৴ݶ
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͏͜ͱ͕Ͱ͖ͳ͍ɽ

ԕํͷ LEDޫ͔ΒใΛऔಘͰ͖ΔैདྷํࣜʹɼPi-

calico ΒΕΔ͛ڍ͕ [1]ɽPicalico ɼLEDޫ͕Χϝϥͷ

ը໘ʹࣸΔྖҬ͕Θ͔ͣϐΫηϧͰ͋ͬͯ௨৴ՄͰ

͋ΔͰ༏Ε͍ͯΔ͕ɼLED ͷͳ໓͕ਓؒͷ؟ʹ

֮͞ΕΔϑϦοΧ͕ͱͳΔɽϑϦοΧར༻ڥͷ

ඒ؍ΛଛͶΔཁҼͱͳΔͨΊɼ௨৴Λར༻Մͳݶ͕ڥ

ΒΕΔɽҰํɼϑϦοΧΛ੍͢ΔͨΊʹ LED Λߴ

໓ͤͨ͞ํ͕ࣜ͋Δ [2–6]ɽ͜ΕΒͷํࣜͰɼϩʔϦϯ

άγϟολʔݱΛར༻͢Δ͜ͱͰ௨৴ͷߴԽΛ࣮͠ݱ

͓ͯΓɼ࠷ߴͳͷͰ kbpsΛୡ͢Δ͜ͱ͕Ͱ͖

Δ͕ɼϩʔϦϯάγϟολʔݱʹΑͬͯ͞૾ࡱΕΔ LED

ޫͷࣶ͕ը໘ʹࣸΔྖҬͷେ͖͕͞ɼ௨৴͓Αͼ௨৴

ͷ৴པੑʹؔͯ͠ࢧతͳӨڹΛͨͭ࣋Ίɼۙ ͷ LED͔

Βͷใऔಘʹ༻్͕ݶΒΕ͍ͯΔɽྫ͑ɼܘޱ 10 mm

ͷখܕ LEDͱͷ௨৴Մڑ͍ͣΕͷํࣜ cmఔ

Ͱ͋Δɽ

ຊߘͰɼLEDΛߴ໓ͤ͞Δ͜ͱͰϑϦοΧΛ

੍͠ͳ͕ΒɼΧϝϥͷը໘ʹϐΫηϧͷΈࣸΔԕํͷ

LEDޫ͔Βͷ෮ௐΛՄͱ͢ΔɼڑɾϑϦοΧ੍ܕ

LED–εϚʔτϑΥϯΧϝϥؒ௨৴ํࣜΛࣔ͢ɽຊ௨৴ํ

ࣜͰɼLEDͷ৭Γସ͑ύλʔϯΛௐઅ͢Δ͜ͱͷΈͰ

60 bpsͷ௨৴Λ࣮͢ݱΔͱͱʹɼLEDͷܘޱΛௐઅ͢

Δ͜ͱͰɼ௨৴ڑΛཧ্ 10 mҎ্ʹ֦େ͢Δ͜ͱ

͕Ͱ͖Δɽ 10 bitఔͷখ༰ྔͳ ID ͷૹʹेͳ௨

৴ͱɼʹ͑ݟΔൣғ͔Βͷใऔಘʹेͳ௨৴ڑ

ɼ͓ΑͼϑϦοΧΛ੍Մͳ LEDͷ໓ํࣜΛ݉Ͷ

උ͑Δ͜ͱͰɼਤ 1ʹࣔ͢ AR ϒϥβͷΑ͏ͳײ

తͳใऔಘΞϓϦέʔγϣϯΛɼίετ͔ͭ͋ΒΏΔ

Δ͜ͱ͕Ͱ͖Δɽ͢ݱͰ࣮ڥ

ҰൠతͳεϚʔτϑΥϯͷΧϝϥΛ༻͍ͯԕํͷߴ

໓͢Δ LED Λ͢૾ࡱΔͱ͖ɼखͿΕͷ߹͍ʹΑͬͯࡱ

૾͞ΕΔ LED ͷ৭͕มΘΔ͜ͱ͕՝ͱͳΔɽCMOS Π

ϝʔδηϯαͰɼϩʔϦϯάγϟολʔํࣜʹ͖ͮجɼ

ϥΠϯʢը໘ͷߦʣ͝ͱʹ࿐ग़͕ߦΘΕΔͨΊɼLED Λࡱ

૾தʹखͿΕ͕ੜ͡ΔͱɼLED ͷִؒؒ࣌૾ࡱ૾ࡱϑ

ϨʔϜप͔ظΒͣΕΔɽ͜ͷ݅ԼͰɼߴʹ৭ΛΓସ

͑Δ LED Λ͢૾ࡱΔͱɼ͞૾ࡱΕΔ৭खͿΕʹΑΔࡱ

૾λΠϛϯάͷͣΕͱڞʹมԽ͢ΔɽͦͷͨΊɼ৭ʹର͠

ใΛՃ͢Δैདྷͷ CSK (Color Shift Keying) [7]

ͰޡΓ͕ੜ͡ɼใΛਖ਼͘͠෮ௐͰ͖ͳ͍ɽ

ຊߘͰɼ͜ͷ՝Λࠀ͢Δߏػͱͯ͠ɼLEDͷ৭Λ

॥తʹΓସ͑Δ͜ͱͰɼ૾ࡱִ͕ؒؒ࣌૾ࡱϑϨʔϜ

प͔ظΒͣΕ͔ͨؒ࣌Βɼͣ ΕΔલʹ͓͚Δ LEDͷ৭Λٯ

ΕΔ͞૾ࡱɼ࿈ଓϑϨʔϜؒͰ͠ࢉ LED ͷ৭ภҠʹใ

ΛՃ͢Δ͜ͱͰ෮ௐΛࠩ͏ߦಈ৭ภҠมௐํࣜ (DCSK)

Λࣔ͢ɽ۩ମతʹɼLED ͷ৭Γସ͑Λִؒؒ࣌ ms

ఔͰߴʹ͏ߦγϯϘϧΛར༻͢Δ͜ͱͰϑϦοΧΛ

੍͠ɼγϯϘϧͷ৭Γସ͑Λ॥తʹ͜͏ߦͱͰɼࡱ

૾͞Εͨ৭ͱ૾ࡱλΠϛϯάͷมಈྔ͔ΒɼݩͷλΠϛϯ

άʹ͓͚Δ৭Λਪఆ͢ΔɽՃ͑ͯɼ࿈ଓϑϨʔϜؒͰ૾ࡱ

͞ΕΔ LED ͷ৭ภҠʹใΛՃ͢Δ͜ͱͰɼ૾ࡱ։࢝

λΠϛϯάʹΑΒͣใΛ෮ௐ͢Δ͜ͱ͕Ͱ͖Δɽෳػ

छͰͷ࣮ݧ࣮ػʹΑΓɼ60 bpsͷ௨৴Λɼܘޱ 10 mmͷ

খܕ LED͔Β 3 mΛ͑Δ௨৴ڑͰ࣮ݱͰ͖Δ͜ͱΛ

֬ೝͨ͠ɽ

ຊߘͷߏɼҎԼͷ௨ΓͰ͋Δɽ2અʹ͓͍ͯɼڑ

ܕ LED–εϚʔτϑΥϯΧϝϥؒ௨৴ͷ੍͓Αͼ՝ʹ

͍ͭͯड़Δɽଓ͘ 3 અʹ͓͍ͯɼ͜ͷ՝Λࠀ͢Δม

ௐํࣜ DCSK ͷઃܭΛࣔ͢ɽ4 અͰɼઃͨ͠ܭ DCSK

͓͚Δػछґଘύϥϝʔλͷଌఆʹ͍ͭͯड़ͨޙɼ֤छ

Τϥʔ௨৴ڑΛؚΊͨෳػछʹ͓͚ΔධՁΛࣔ

͢ɽ5 અͰؔ࿈ڀݚΛࣔ͠ɼޙ࠷ʹ 6 અͰ·ͱΊͱ͢Δɽ

2. ڑܕ LED–εϚʔτϑΥϯΧϝϥؒ
௨৴

ຊઅͰɼLED–εϚʔτϑΥϯΧϝϥؒ௨৴ʹ͓͚Δ

ૹड৴ͦػΕͧΕͷ੍ʹ͍ͭͯड़ͨޙɼ͜ͷ੍ͷ

ͱͰԕํͷ LEDޫΛ෮ௐ͢Δࡍʹੜ͡Δ՝ʹ͍ͭͯड़

Δɽ

2.1 LEDͷ໓पظͱΧϝϥͷγϟολʔํࣜʹ͓͚Δ

੍

Χϝϥͷ֤૾ࡱϑϨʔϜʹࣸΔ LEDͷ৭Λࣝผ͢Δ͜

ͱͰใͷड৴Λ͏ߦ LED–εϚʔτϑΥϯΧϝϥؒ௨৴

ͰɼLEDͷ໓पظͱΧϝϥͷγϟολʔํࣜʹͦΕͧ

Ε੍͕ଘ͢ࡏΔɽ

• LEDͷ໓पظʹ͓͚Δ੍

LEDͷ໓पظΛҰൠతͳΧϝϥͰ࠾༻͞Ε͍ͯΔϑ

ϨʔϜपظ (1/30 s) ͱಉ͡͞ʹઃఆͨ͠߹ɼLEDͷ

৭มԽ͕ਓؒͷ؟ʹ֮͞ΕΔϑϦοΧ͕ͱͳΔɽϑ

ϦοΧΛ੍͢ΔͨΊʹɼLEDͷ໓ΛΧϝϥͷϑ

ϨʔϜपظͱൺඇৗʹʹ͢Δ͔ɼਓؒͷ؟ʹ֮͞

Εͳ͍ఔʹߴԽ͢Δඞཁ͕͋Δɽ

લऀͷ߹ɼਓؒͷ͑ݟʹ؟Δ LEDͷ৭͕ؒ࣌ͱͱ

ʹมΘΔͨΊɼͦͷޫݯΛར༻Ͱ͖Δݶ͕ڥΒΕΔɽ·

ͨɼ͞૾ࡱΕΔ LEDͷ৭࿈ଓϑϨʔϜؒͰ΄ͱΜͲม

Խ͠ͳ͍ͨΊɼ1γϯϘϧΛऔಘ͢ΔͨΊʹෳͷϑϨʔ

ϜΛ༻͍Δඞཁ͕͋Γɼͳ௨৴ͱͳΔɽ͜ͷΑ͏ͳ

ͳ௨৴Ͱɼ 10 bitͷ IDަͷΑ͏ͳখ༰ྔͷσʔ

λૹͰ͋ͬͯԁ͢ݱ࣮ʹΔ͜ͱ͕Ͱ͖ͳ͍ɽ

ʹͷมԽʹൺ৭ௐͷมԽً͕؟ͷ߹ɼਓؒͷऀޙ

ಷײͰ͋Δ͜ͱΛར༻͠ɼϑϦοΧΛ੍͢Δ͜ͱ͕Ͱ

͖Δ [8]ɽਓ͕ؒڥ͏ަ͖ߦʹ͓͍ͯ LED–εϚʔτ

ϑΥϯΧϝϥؒ௨৴Λར༻Մͱ͢ΔͨΊɼLEDͷ৭Λ

ʢ msपظఔͰʣߴʹΓସ͑Δ͜ͱΛ੍݅ͱ͠
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Δඞཁ͕͋Δɽ͑ߟͯ

• Χϝϥͷγϟολʔํࣜʹ͓͚Δ੍
εϚʔτϑΥϯͷΧϝϥͰҰൠతʹ༻͞ΕΔ CMOS

ΠϝʔδηϯαͰɼϩʔϦϯάγϟολʔํࣜʹ͖ͮج

ϥΠϯ͝ͱʹ࿐ग़͕ߦΘΕΔ [9]ɽLEDޫ͕রࣹ͞Ε͍ͯ

ͳ͍ϥΠϯͷ࿐ग़λΠϛϯάʹ͓͚Δ LED ͷ৭͞૾ࡱ

Εͳ͍͜ͱΛྀͯ͠ߟɼ௨৴ͷมௐํࣜΛઃ͢ܭΔඞཁ͕

͋Δɽ

ਤ 2ʹɼϩʔϦϯάγϟολʔํࣜͰಈ͢࡞ΔΧϝϥʹ

͓͚Δ࿐ग़ͷ༷ࢠΛࣔ͢ɽCMOSΠϝʔδηϯαͰɼϥ

Πϯ͝ͱʹ࿐ग़ؒ࣌ Te ͷؒೖࣹޫΛूΊɼޙʹηϯα

͕डޫͨ͠ޫྔͷಡΈग़͠Λ Tr ͷؒ࣌Λ͔͚ͯ͏ߦɽTr

ػछʹΑ͕ͬͯ͞ҟͳΓɼಉ͡ػछͰҰఆͰ͋Δɽ

֤ϥΠϯͷಡΈग़͠λΠϛϯάॏෳͰ͖ͳ͍ͨΊɼ࿐ग़

લϥΠϯͷ࿐ग़։͔ؒ࣌࢝Β Tr ΔɽϥΠ࢝͢։ʹޙ

ϯ hͷΧϝϥͰɼ1ϥΠϯͷ࿐ग़։͔࢝Β hϥΠϯ

ͷ࿐ग़ऴྃ·ͰͷϑϨʔϜؒ࣌ TF ࣜ (1)Ͱද͞ΕΔɽ

TF = (h− 1)Tr + Te (1)

ҰํɼΧϝϥϑϨʔϜपظ Tfc Λઃఆ͢Δ͜ͱ͕Ͱ͖ɼ

Tfc − TF ͷ͕ؒ૾ࡱෆͳΪϟοϓؒ࣌ TG ͱͯ͠ଘ͢ࡏ

Δɽ࣍ͷϑϨʔϜʹ͚ͨ४උΛؒ͏ߦɼΧϝϥ૾ࡱෆ

ͱͳΔ [10]ɽ

TeΧϝϥͷࣗಈ࿐ग़ิਖ਼ػʹΑͬͯɼޫڥͷً

ʹԠͯ͡มಈ͢Δɽ௨ৗͷ૾ࡱઃఆͰɼTe ͕ Tr ͱൺ

ඇৗʹ͘ɼLEDͷ໓ʹΑΔًͷมԽ͕ۉҰԽ͞Ε

ͯϥΠϯؒͷըૉͷมԽۃΊͯখ͘͞ͳΔɽLED–ε

ϚʔτϑΥϯΧϝϥؒ௨৴Ͱɼ֤ϥΠϯʹ͓͍ͯ LED

ͷ৭Λ໌ʹ؍ଌ͢ΔͨΊɼTe ՄͳݶΓ Tr ΑΓখ

͘͞ઃఆ͢Δɽ

2.2 ԕํͷ LEDޫΛ෮ௐ͢Δࡍͷ՝

ϩʔϦϯάγϟολʔํࣜͷͱͰΧϝϥͷը໘ʹϐ

ΫηϧͷΈࣸΔԕํͷ LEDޫΛͨ͠૾ࡱ߹ɼଟ͘ͷϑ

ϨʔϜʹ͓͍ͯ 1৭ͷΈ͕͞૾ࡱΕΔɽ֤ϑϨʔϜͰ 1৭

ਤ 2: ϩʔϦϯάγϟολʔํࣜͰಈ͢࡞ΔΧϝϥʹ͓͚Δ࿐

ग़ͷ༷ࢠ

ΕΔ৭͔ΒใΛ෮ௐ͢ΔͨΊʹɼҎԼͷ՝͞૾ࡱͭͣ

Λࠀ͢Δඞཁ͕͋Δɽ

• ՝ 1 : ௨৴ͷඇಉੑظʹΑΔ࿐ग़λΠϛϯάͷͣΕ

ΧϝϥͷϑϨʔϜपظΑΓߴʹ৭ΛΓସ͑Δ LED

Λ͢૾ࡱΔͱɼը໘ʹࣸΔ 1৭ΧϝϥΛىಈͨ͠λΠϛ

ϯάʹґଘ͢ΔɽͦͷͨΊɼ৭ʹର͠ใΛՃ͢Δ

ैདྷͷ CSK [7]ͰɼใΛਖ਼͘͠෮ௐͰ͖ͳ͍ɽ

• ՝ 2 : ௨৴தͷखͿΕ

ϩʔϦϯάγϟολʔํࣜͷͱͰɼLEDޫͷը໘

রࣹҐஔʹΑͬͯ૾ࡱλΠϛϯά͕ҟͳΔɽ௨৴தͷख

ͿΕʹΑͬͯ LEDޫͷը໘রࣹҐஔ͕֤ϑϨʔϜ͝ͱ

ʹมಈ͢ΔͱɼϑϨʔϜؒʹ͓͚Δ LEDޫͷؒؒ࣌૾ࡱ

ִϑϨʔϜप͔ظΒͣΕΔɽͦͷͨΊɼϑϨʔϜप͔ظ

ΒͣΕͨؒ࣌Λਪఆ͠ɼͦͷӨڹΛิਖ਼͢Δ͕ߏػඞཁͱ

ͳΔɽ

3. Differential Color Shift Keying

ຊઅͰɼϑϨʔϜؒʹ͓͚Δ LEDޫͷִؒؒ࣌૾ࡱ

͕௨৴தͷखͿΕʹΑͬͯͣΕͨྔΛਪఆ͠ɼͦͷӨڹΛ

ิਖ਼͢Δߏػͱͯ͠ɼࠩಈ৭ภҠมௐํࣜ (DCSK) Λࣔ

͢ɽͦͷޙɼLEDޫͷִؒؒ࣌૾ࡱͱڞʹมಈ͢Δ৭ͷิ

ਖ਼ʹ͍ͭͯৄࡉΛड़Δɽ

3.1 DCSKͷઃܭ

ϩʔϦϯάγϟολʔํࣜʹ͓͚Δ࿐ग़ͷपੑظʹண

ͯ͠ɼ࿈ଓϑϨʔϜؒͷࠩಈ৭ภҠʹใΛՃ͢Δ͜ͱ

Ͱ՝ 1Λࠀ͢Δɽ৭ͷภҠΛఆྔԽ͢ΔͨΊɼར༻͢

Δ৭ʹҐ૬ΛׂΓͯɼ࿈ଓϑϨʔϜؒͰ͞૾ࡱΕΔ৭ͷ

Ґ૬ภҠʹใΛՃ͢ΔɽຊํࣜͰ༻͍ΔγϯϘϧߏ

ͷྫΛਤ 3ʹࣔ͢ɽLEDͷ৭Γସ͑ɼਓؒͷ؟ʹ

֮͞Εͳ͍ͨΊʹִؒؒ࣌ msఔͰߴʹ͏ߦɽγϯ

ϘϧΛҰൠతͳΧϝϥͰ࠾༻͞Ε͍ͯΔϑϨʔϜपظ

ʢ1/30 sʣͱಉ͡͞ʹઃఆ͢Δ͜ͱͰɼ֤ϥΠϯͷ࿐ग़

ͱγϯϘϧͷ͕ؔؒ࣌ҰఆͱͳΔɽͦͷͨΊɼ࿈ଓϑ

ϨʔϜؒͷશϥΠϯʹ͓͍ͯҐ૬ภҠ͕ҰఆͱͳΔγϯϘ

ϧઃ͕ܭՄͱͳΓɼ՝ 1ΛࠀͰ͖Δɽ

·ͨɼγϯϘϧͷ৭Γସ͑ΛҰఆִؒ Tcolor ͝ͱ॥

తʹ͜͏ߦͱͰ՝ 2Λࠀ͢ΔɽखͿΕʹΑͬͯ LED

ޫͷը໘রࣹҐஔ͕มಈͨ͠߹ʹɼͦͷมಈྔͱɼϥ

Πϯ͝ͱͷ࿐ग़ࠩؒ࣌ Tr ͓Αͼ Tcolor Λ༻͍Δ͜ͱͰɼ

ਤ 3: ࠩಈ৭ภҠมௐํࣜʹ͓͚ΔγϯϘϧߏͷྫ
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ਤ 4: ࠩಈ৭ภҠมௐํࣜͷಈྫ࡞

ϑϨʔϜؒʹ͓͚Δ LEDޫͷִ͕ؒؒ࣌૾ࡱϑϨʔϜप

Δ৭ΛਪఆͰ͚͓ʹؒ࣌ͷݩΛਪఆ͠ɼؒ࣌ΒͣΕ͔ͨظ

͖Δɽͨͩ͠ɼ௨৴தʹը໘Ͱ৭͕ΓସΘΔڥքϥΠ

ϯ͕Ұ͞૾ࡱΕͳ͍߹ɼ৭Γସ͑ͷਖ਼֬ͳλΠϛ

ϯάΛѲͰ͖ͣɼͣΕͨؒ࣌ͷਖ਼֬ͳਪఆ͕Ͱ͖ͳ͍͜

ͱʹҙ͞Ε͍ͨɽ͜ͷ߹Ͱɼը໘ڥքϥΠϯΛෳ

௨Γ༧ଌ͠ɼฒྻ͠ࢉܭͳ͕Β෮ௐΛ͜͏ߦͱ͕Ͱ͖Δɽ

࿈ଓϑϨʔϜؒͷࠩಈ৭ภҠͱγϯϘϧͷ॥తͳ৭

Γସ͑ΛΈ߹Θͤͨ DCSK ͷ۩ମతͳಈ࡞Λਤ 4ʹ

ࣔ͢ɽྫͱͯ͠ɼʮɾɾ੨ɾࢵʯͷॱʹҐ૬ΛׂΓͯ

ͨγϯϘϧΛ༻͍ͯɼ࿈ଓϑϨʔϜؒͰҐ૬ภҠ͕ π/2ͷ

γϯϘϧΛୡ͢Δ༷ࢠΛ͍ࣔͯ͠Δɽྫ͑ɼLEDޫ͕

ඪ࠲ AʹࣸΔ߹Ͱɼ࿈ଓϑϨʔϜؒʹͯͦΕͧΕ৭

ͱ৭͕͞૾ࡱΕɼ࠲ඪ BʹࣸΔ߹ͰɼͦΕͧΕ੨৭

ͱࢵ৭͕͞૾ࡱΕΔɽ͜ͷΑ͏ʹɼLEDޫͷ૾ࡱҐஔʹΑ

Βͣ৭ͷҐ૬ภҠ͕ҰఆͰ͋ΔͨΊɼใΛਖ਼͘͠෮ௐͰ

͖ΔɽҰํɼ௨৴தʹखͿΕ͕ੜ͡ɼઌߦϑϨʔϜͰ࠲

ඪ Aʹͯ৭ɼޙଓϑϨʔϜͰ࠲ඪ Bʹͯࢵ৭͕૾ࡱ

͞Εͨ߹ʹ͓͍ͯɼ྆࠲ඪ A,BؒͰ৭͕ 2ճΓସΘ

Δ͜ͱΛ͢ࢉܭΔ͜ͱͰɼ྆γϯϘϧͷҐ૬ภҠ͕ π/2Ͱ

͋Δͱਪఆ͢Δ͜ͱ͕Ͱ͖Δɽ

DCSKͰར༻͢Δ৭ͷɼ௨৴ͱSER (Symbol Er-

ror Rate)ͷτϨʔυΦϑΛྀܾͯ͠ߟఆ͢Δɽ2n(n ∈ N)
৭Λ༻͍ͯγϯϘϧΛߏ͠ɼड৴ػͷϑϨʔϜϨʔτΛ

FR fpsͱ͢Δͱɼ௨৴ n× FR bpsΛୡ͢ΔɽҰ

ൠతͳεϚʔτϑΥϯͷΧϝϥͰɼڞ௨ͯ͠ 30 fpsͷϑ

ϨʔϜϨʔτʹઃఆͰ͖Δɽ

3.2 LEDޫͷִؒؒ࣌૾ࡱͱڞʹมಈ͢Δ৭ͷิਖ਼

௨৴தʹखͿΕ͕ੜ͡ɼLEDޫͷը໘রࣹҐஔ͕มಈ

ͨ͠߹ʹɼLEDޫͷִؒؒ࣌૾ࡱͱڞʹมಈͨ͠৭Λ

ิਖ਼͢ΔͨΊʹɼը໘ͰγϯϘϧͷ৭͕ΓସΘΔڥ

քϥΠϯΛड৴͕ػѲ͢Δඞཁ͕͋ΔɽTsym = Tfc ʹ

ઃఆ͢Δ͜ͱ͔Βɼ৭͕ΓସΘΔڥքϥΠϯΛҰͰ

քϥΠϯڥΔ͜ͱ͕Ͱ͖Εɼը໘ͷશ͢૾ࡱ Y Λܭ

ਤ 5: Χϝϥͷը໘ͰγϯϘϧͷ৭͕ΓସΘΔڥքϥΠϯ

ͷࢉܭ

Δ͜ͱ͕Ͱ͖ΔɽY͢ࢉ Λ͢ࢉܭΔ͜ͱͰɼ৭Γସ͑ͷ

ਖ਼֬ͳλΠϛϯάΛѲͰ͖ΔͨΊɼݩͷ૾ࡱλΠϛϯά

ʹ͓͚Δ LEDޫͷ৭Λਖ਼֬ʹਪఆ͢Δ͜ͱ͕ՄͱͳΔɽ

ԋࢉॲཧʹΑͬͯɼը໘ڥքϥΠϯΛෳ௨Γ༧ଌ͠ͳ

͕Βɼ෮ௐ͢Δ͜ͱՄͰ͋Δɽ

ਤ 5ʹɼશ෦Ͱ hϥΠϯଘ͢ࡏΔը໘ͷ i− 1ϥΠϯ

ͱ iϥΠϯʹ͓͍ͯ৭ͷڥք͕͞૾ࡱΕ༷ͨࢠΛࣔ͢ɽ

͜ͷ߹ɼi− 1ϥΠϯͰͳ͘ iϥΠϯΛ Y ͷཁૉ

ͱఆٛ͢ΔɽڥքϥΠϯͰ͋Δ͕ɼTr ͳͲͷ࣌

ؒύϥϝʔλͱݶΒͳ͍ͨΊɼ֤ڥքʹ͓͍ͯ

ͦΕͧΕ 2ϥΠϯͷڥքީิ͕ଘ͢ࡏΔɽ͜ΕΒͷީิͷ

͏ͪϥΠϯ൪߸͕େ͖͍ͷΛ Y ͷཁૉͱఆٛ͢Δɽ͜

ΕΒͷఆٛʹै͏ͱɼY ͷཁૉม k1 ͱ k2 (k1 ࣗવ

ɼk2 ඇෛ)Λ༻͍ͯࣜ (2)Ͱද͞ΕΔɽ

Y =

{
i− ⌊k1×Tcolor

Tr
⌋ ≥ 1

i+ ⌈k2×Tcolor
Tr

⌉ ≤ h
(2)

͔͠͠ͳ͕Βɼ࣮ࡍγϯϘϧ Tsym ͱड৴ػͷϑϨʔ

Ϝपظ Tfc ʹࠩޡ Tϵ (Tϵ = Tsym − Tfc) ͕ଘ͠ࡏɼͦͷ

छ͝ͱʹҟͳΔɽͦͷͨΊɼ֤ϑϨʔϜ͝ͱʹ৭ػࠩޡ

Εͯɼiϥ͍ʹྀߟมಈ͢Δɽ͜ΕΛʹ͔ۇքϥΠϯ͕ڥ

ΠϯΛ Y ͷཁૉͱͯ͠࠾༻ͨ͠ϑϨʔϜ͔Β j ϑϨʔ

Ϝޙʹ͓͚Δڥք Yactual ࣜ (3)Ͱද͞ΕΔɽ

Yactual =

{
i− ⌊k1×Tcolor−j×Tϵ

Tr
⌋ ≥ 1

i+ ⌈k2×Tcolor+j×Tϵ

Tr
⌉ ≤ h

(3)

௨৴தʹखͿΕ͕ੜ͡ɼLEDޫͷը໘রࣹҐஔ͕มಈ

ͨ͠߹ʹɼYactual Λ༻͍Δ͜ͱͰɼLEDޫͷؒ࣌૾ࡱ

ִؒͱڞʹมಈͨ͠৭Λ Te + Tr ͷࠩޡؒ࣌ҎͰิਖ਼͢

Δ͜ͱ͕Ͱ͖Δɽ

4. ݧ࣮ػ࣮

ຊઅͰɼ3 અͰड़ͨ DCSK ʹؔͯ͠ɼ͡Ίʹػ

छґଘύϥϝʔλͷଌఆʹ͍ͭͯड़ͨޙɼ֤छΤϥʔ
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(d) HUAWEI GR5

ਤ 6: ͱڑछʹ͓͚Δ௨৴ػ4 SERʹؔ͢ΔධՁ

௨৴ڑΛؚΊͨෳػछʹ͓͚ΔධՁΛࣔ͢ɽ͍ͣ

ΕͷධՁʹ͓͍ͯɼϚΠίϯͱͯ͠ Arduino UNOΛɼ

RGB–LED ͱͯ͠ EP204K-35G1R1B1-CA Λར༻͠ɼޱ

ܘ 10 mmͷ֦ࢄΩϟοϓΛண͢Δ͜ͱͰޫͷ֦ࢄΛߦ

͏ɽޫڥʹΑΔ֎ཚΛ੍͢ΔͨΊɼ֤Χϝϥͷ࿐ग़࣌

ؒɼࣗಈ࿐ग़ิਖ਼ػʹΑΓे͘ͳΔλΠϛϯάͰ

ఆ͢ΔɽΧϝϥͷղ૾શͯϑϧݻ HD (1920 × 1080)

ʹઃఆ͠ɼϑϨʔϜϨʔτ͍ͣΕͷػछʹ͓͍ͯڞ௨

ʹઃఆՄͳ 30 fpsʹઃఆ͢Δɽ

4.1 छґଘύϥϝʔλͷଌఆػ

3.2 અͰड़ͨը໘Ͱ৭͕ΓସΘΔڥքϥΠϯͷܭ

छґଘఆػɼ͚ʹࢉ TF , Tr, Tfc Λଌఆ͢Δɽ

छґଘఆͷଌఆ݁ՌΛදػ 1ʹࣔ͢ɽTF ɼLED Λ

पظతʹߴ໓ͤ͞ɼ1ϑϨʔϜʹݕग़͞Εͨετϥ

Πϓͱ໓पظΛͱʹࢉग़͢ΔɽTr ɼ2.1 અͰड़

ͨࣜ (1) Λར༻ͯ͠ࢉग़͢Δɽࣜ (1) Ͱར༻͢Δ࿐ग़

ؒ࣌ Te ɼޫڥʹΑΔϊΠζΛ͙ͨΊʹे͘ઃ

ఆ͢Δඞཁ͕͋Γɼ͜ͷͱ͖ TF ͱൺे͍ͱͳΔ

ͨΊɼTe/(h-1) ≈ 0 ͱۙͯ͠ࣅ Tr Λࢉग़͢ΔɽTfc ɼ

30 fpsʹઃఆͨ͠߹ʹ͓͚ΔཧతͳϑϨʔϜपظ (Tfc

= 1/30 [s]) ͔Βɼػछ͝ͱʹ͕ࠩޡੜ͡ΔͨΊʹଌఆ͕ඞ

ཁͰ͋Δɽը໘ʹݱΕΔࣶ༷ͷҐஔ͕มಈ͠ͳ͍Α͏ʹ

ද 1: छґଘύϥϝʔλͷଌఆػ

Models TF (ms) Tr(µs) Tfc(ms)

ASUS ZenFone 2 Laser ZE601KL 22.2 20.5 32.8

HTC Desire 626 30.1 27.9 33.0

Fujitsu arrows M02 23.4 21.7 32.8

HUAWEI GR5 24.7 22.9 33.0
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(b) ௨৴ڑͱύέοτ෮߸ؒ࣌

ਤ 7: ASUS Zenfone 2 Laser ZE601KL ʹ͓͚Δ௨৴ڑͱ

PER͓Αͼύέοτ෮߸ؒ࣌ʹؔ͢ΔධՁ

LED ͷ໓पظΛௐઅ͠ɼͦͷ࣌ͷ໓पظΛͱʹ Tfc

Λࢉग़͢Δɽ

ଌఆͨ͠ Tr ͱ TfcΛࣜ (3)ʹద༻͢Δ͜ͱͰɼը໘Ͱ

৭͕ΓସΘΔڥքϥΠϯͷࢉܭΛߴਫ਼ʹ͜͏ߦͱ͕Ͱ

͖Δɽ͜ΕΒͷػछґଘఆɼ֤ػछ͝ͱʹ 1ճͣͭଌ

ఆ͢ΕेͰ͋Γɼຊ௨৴ํࣜΛ༻͍ͨΞϓϦέʔγϣ

ϯΛ࣮͢ߦΔࡍʹɼ͢ͰʹଌఆࡁΈͷύϥϝʔλΛऔಘ

͢Εྑ͍ɽ

4.2 γϯϘϧΤϥʔ (SER)ͷධՁ

ਤ 4ͷ DCSK ʹ͍ͭͯɼར༻͢Δ৭ͷͱ௨৴ڑΛ

ม͑ɼ1000γϯϘϧૹ৴தͷ SER ͷଌఆΛ͏ߦɽར༻͢

Δ৭ɼ௨৴ͱ SER ͷτϨʔυΦϑΛྀͯ͠ߟɼ߹

৭͕ന৭ͱͳΔΈ߹ΘͤΛʮ2৭ɼ4৭ɼ8৭ʯͷ 3ύλʔ

ϯબ͢Δɽ͞૾ࡱΕΔ৭ɼػछ͝ͱͷΧϥʔϑΟϧλ

ͷҧ͍ɼಉ͡ػछಉ࢜ͷ࿐ग़ؒ࣌ ISO ͳͲͷύϥϝʔ

λʹΑͬͯมԽ͢Δ߹͕͋Δ [7]ɽຊଌఆͰɼॳظతධ

Ձͱͯ͠ Asus Zenfone 2 Laser ZE601KL (Android5.0.2)

Λج४ͱ͠ɼISO Λ࠷খʹɼ࿐ग़ؒ࣌Λࣗಈ࿐ग़ิਖ਼ػ

ʹΑΓे͘ͳΔλΠϛϯάͰݻఆͨ࣌͠ʹɼCIE XYZ

৭্ۭؒͰଌఆ͞ΕΔ৭ͷϢʔΫϦουڑ͕࠷େͱͳΔ

৭ͷΈ߹ΘͤΛར༻͢ΔɽҰํɼ֤ύλʔϯʹ͓͍ͯɼ

৭ͷมԽ͕ਓؒͷ؟ʹ֮͞Εͳ͍Α͏ʹɼTcolor ΛͦΕ

ͧΕʮ3.0 ms, 1.5 ms, 1.0 msʯʹઃఆ͢Δɽ࣮ݧর͕

 500 luxͷͰߦͳ͍ɼ5ਓͷϢʔβ͕ΧϝϥΛखͰ

ଌͨ͠ɽܭͳ͕Βͪ࣋

ਤ 6ʹ SER ͷଌఆ݁ՌΛࣔ͢ɽਤ 6(a)ʹ͓͍ͯɼ8৭

Λར༻ͨ͠ DCSK Ͱɼ௨৴ڑͷ૿Ճʹ͍৭ͷࣝผ͕

ͱͳΓɼSERࠔ ͕ஶ͘͠૿Ճ͢Δ͜ͱ͕֬ೝͰ͖Δɽ৭

ͷΈ߹ΘͤΛબ͢Δͱ͖ͷج४ͱͨ͠ Asus Zenfone 2

Laser ZE601KL Ͱ͋ͬͯɼ8৭ͷར༻͕ࠔͰ͋Δ͜ͱ

͕֬ೝ͞ΕͨͨΊɼͦͷଞͷػछͰʮ2৭ɼ4৭ʯͷ 2ύ

λʔϯͷΈଌఆͨ͠ɽ2৭ͱ 4৭Λར༻ͨ͠߹Ͱɼ͍

ͣΕͷػछʹ͓͍ͯɼ௨৴ڑ͕ 3.0 mͷͱ͖ SER 

0.1લޙͰ͋Δ͜ͱ͕֬ೝͰ͖Δɽ௨৴ڑͷ૿ՃʹͭΕ

ͯɼΧϝϥͷը໘ʹࣸΔ LEDޫͷྖҬ͕খ͘͞ͳΓɼ৭

ͷࣝผ͕ࠔͱͳΔ͜ͱ͔ΒɼSER ͕૿Ճ͢Δ͜ͱ͕֬ೝ
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͞Εͨɽ

4.3 ύέοτΤϥʔ (PER)͓Αͼύέοτ෮߸ؒ࣌

ͷධՁ

DCSKΛ༻͍ͨ௨৴ͷ༻్ͱͯ͠ɼྫ͑ 16 bitఔ

ʢ 65000 ௨Γʣͷ ID ૹΛݕ౼͍ͯ͠ΔɽຊઅͰɼ

16 bitͷσʔλʹର͠ಉظϑϥάͱޡΓగਖ਼ූ߸ΛՃ͑ͨ

ύέοτΛૹͨ͠ͱ͖ͷɼPER (Packet Error Rate)͓

Αͼύέοτ෮߸ؒ࣌ΛධՁ͢Δɽ

ύέοτԽͰɼσʔλͷઌ಄Λड৴͕ػѲ͢ΔͨΊ

ʹɼύέοτͷઌ಄ʹσʔλͱॏෳͷͳ͍ϑϥάΛ༻͍ͨ

ϑϥάಉࣜํظΛద༻͢Δɽ“01111110”ͷ 8 bitΛϑϥά

ͱͯ͠ɼσʔλ෦ʹ “1”͕࿈ଓͰ 6ճདྷΔ߹ʹθϩΠ

ϯαʔγϣϯॲཧΛ͏ߦɽࠓճͷଌఆͰɼ͜ͷॲཧ͕ෆ

ཁͳσʔλΛར༻ͨ͠ɽ·ͨɼߴ৴པͳૹͷͨΊʹޡΓ

గਖ਼ූ߸Λద༻͢Δɽॳظత࣮ͱͯ͠ɼෳͷޡΓΛగ

ਖ਼Մͳ 2 ݩ BCH (Bose-Chaudhuri-Hoquinghem) ූ߸

Λ࠾༻͠ɼ16 bitͷσʔλʹରͯ͠ 3 bitͷޡΓగਖ਼͕Մ

ͱͳΔΑ͏ʹɼූ߸Λ 15 bitͱͯ͠ύέοτԽΛ͏ߦɽ

ड৴ػɼ8 bitͷϑϥάΛड৴ͨ͋͠ͱɼޡΓగਖ਼ූ߸

ΛؚΊͨ 31 bitͷσʔλ෦Λड৴͠ɼ࠶ͼϑϥάΛड৴͠

ͨͱ͖ʹσʔλ෦Λ෮߸͢Δɽ෮߸ͷޡʹࡍΓΛݕͨ͠

ͱ͖ɼ͓Αͼ 2ճͷϑϥάʹ 2 bitҎ্ͷޡΓ͕͋ͬͨ

ͱ͖ʹɼ෮߸ࣦഊͱͯ͠σʔλ෦Λഁ͠غɼ࣍ͷύέο

τΛड৴͢Δɽ

PER͓Αͼύέοτ෮߸ؒ࣌ͷଌఆڥʹ͍ͭͯड़

Δɽར༻͢Δ৭ɼ4.2 અͰड़ͨ SER ΛධՁ͢Δࡍʹ

ར༻ͨ͠ʮ2৭ɼ4৭ʯͷ 2ύλʔϯΛબ͠ɼTcolor ͷઃ

ఆಉ༷ʹʮ3.0 ms, 1.5 msʯʹͦΕͧΕઃఆ͢Δɽड৴

ػ Asus Zenfone 2 Laser ZE601KL Λ༻͍ͯܭଌ͢Δɽ

র͕ݧ࣮ 500 luxͷͰߦͳ͍ɼ5ਓͷϢʔβ͕

ΧϝϥΛखͰͪ࣋ͳ͕Βܭଌͨ͠ɽ

ਤ 7ʹ PER ͓Αͼύέοτ෮߸ؒ࣌ͷධՁΛࣔ͢ɽ௨

৴ڑ 3.0 m·ͰɼPER ͓Αͼύέοτ෮߸ؒ࣌؇

͔ʹ্ঢ͢Δ͜ͱ͕֬ೝͰ͖Δɽ௨৴ڑ͕ 3.0 mΛ͑

ͨ߹ɼ4-DCSKʹ͓͚Δ PER ஶ͘͠૿Ճ͠ɼ2-DCSK

ʹ͓͚Δ෮߸ؒ࣌ஶ͘͠૿Ճ͢Δ͜ͱ͕֬ೝͰ͖Δɽ௨

৴ڑ 3.0 mʹ͓͍ͯɼ4-DCSKʹ͓͚Δ PER  0.0781,

ฏۉ෮߸ؒ࣌ 1.81 s ͱͳͬͨɽ

PER͓Αͼύέοτ෮߸ؒ࣌ɼύέοτͷੑͱ

τϨʔυΦϑͷؔʹ͋ΔͨΊɼޙࠓͷઃܭͰɼΞϓϦ

έʔγϣϯͷཁ݅Λྀͯ͠ߟੑΛܾఆ͢Δ͜ͱΛ༧ఆ

͍ͯ͠Δɽ

5. ؔ࿈ڀݚ

LED–εϚʔτϑΥϯΧϝϥؒ௨৴ɼΧϝϥͷϑϨʔϜ

ϨʔτҎԼͷ͞Ͱʹ໓ͨ͠ LED͔Β 1ϑϨʔϜ

1γϯϘϧҎԼͰใΛऔಘ͢ΔํࣜͱɼϑϨʔϜϨʔτ

Ҏ্ͷ͞Ͱߴʹ໓ͨ͠ LED͔ΒϩʔϦϯάγϟο

λʔݱͷͱͰใΛऔಘ͢Δํࣜʹେผ͞ΕΔɽ

લऀͷํࣜ [1, 11]ͰɼLEDޫ͕Χϝϥͷը໘ʹࣸΔ

ྖҬ͕Θ͔ͣϐΫηϧͰ͋ͬͯ LED ͷ৭͕ೝࣝͰ

͖Ε௨৴͕ՄͰ͋Δ͕ɼLEDͷͳ໓͕ਓؒͷ

֮͞ΕΔϑϦοΧͳ௨৴͕ͱͳΔɽʹ؟

Picalico [1]ͰɼRGB–LEDͷ৭Λ 100 msपظͰΓସ

͑ɼ৭࠲ඪͷҧ͍ʹใྔΛ༩͑Δ CSK (Color Shift

Keying)ʹΑͬͯ 10 bpsͷ௨৴Λ࣮͍ͯ͠ݱΔɽ͔͠͠

ͳ͕Βɼ100 msपظͷ৭Γସ͑ͰϑϦοΧ͕ੜ͡Δͨ

ΊɼPicalicoΛར༻Ͱ͖ΔڥݶΒΕΔɽҰํɼFlowSign

Light [11]ͰɼRGB–LEDͷ֤ૉ͔ࢠΒൃ͢Δޫͷڧऑ

ΛͦΕͧΕྻܥ࣌Ͱ੍͠ޚɼޫͷ৭ΛΘ͔ͣʹมԽͤ͞

Δ CSK ʹΑΓɼϑϦοΧΛ੍͠ͳ͕Β࠷େ 10 bpsͷ௨

৴Λ࣮͍ͯ͠ݱΔɽ͔͠͠ͳ͕ΒɼFlowSign LightͰɼ

LEDޫΛϞϊ͝ͱʹরࣹ͠ɼͦͷࣹΛར༻ͯ͠Ұͭ

ͷϞϊ͔ΒใΛड৴͢Δ͜ͱΛఆ͓ͯ͠Γɼෳͷૹ

৴͕ػੜͨ͠ޫΛԕํ͔Βಉ࣌ʹड৴͢Δ͜ͱʹ͍ͭͯ

Ε͍ͯͳ͍ɽ·ͨɼ16͞౼ݕ bitͷ IDΛૹ͢ΔͨΊʹ

2ඵҎ্͔͔Γɼ௨৴ͷ؍͔ΒΞϓϦέʔγϣϯ͕

ఆ͞ΕΔɽݶ

ͷํࣜऀޙ [2–6]ɼLED–εϚʔτϑΥϯΧϝϥؒͷ

௨৴ΛߴԽ͢Δํࣜͱͯ͠͞Ε͍ͯΔͷͷɼ

͍௨৴ڑ͕՝ͱͳΔɽϩʔϦϯάγϟολʔݱʹ

ΑΔ LEDޫͷࣶ͕ը໘ʹࣸΔྖҬͷେ͖͕͞ɼ௨৴

͓Αͼ௨৴ͷ৴པੑʹؔͯ͠ࢧతͳӨڹΛͨͭ࣋ΊͰ͋

ΔɽLOS (Line-of-Sight) Δ͚͓ʹڥ LED–Χϝϥؒͷ௨

৴ՄڑΛܭଌͨ͠ڀݚ [2]ʹΑΔͱɼૹ৴ػͱͯ͠ޱ

ܘ 62 mmͷ LEDిٿΛ༻͍ͨ߹ʹ͓͍ͯɼ࠷େ௨৴

͕ڑ 75 cmͱඇৗʹ͍ɽ·ͨɼը໘ʹࣸΔ LEDޫͷ

ྖҬΛ֦େ͢ΔͨΊʹɼՃஔͱͯ͠ड৴ػଆʹϑΟϧ

λΛ༻͢Δ͜ͱΛఏҊ͍ͯ͠Δ͕ɼ൚༻తͳΞϓϦέʔ

γϣϯΛ࣮͢ݱΔͨΊʹɼεϚʔτϑΥϯଆʹՃஔ

͕ແ͍͜ͱ͕·͍͠ɽҰํɼࣹޫΛ༻͍Δ͜ͱͰ௨৴

ڀݚΛ֦େ͍ͯ͠Δڑ [3,4]͕͋Δ͕ɼࣹޫΛར༻Ͱ͖

ΔڥʹݶΓ͕͋ΔͨΊຊڀݚͷతʹద͍ͯ͠ͳ͍ɽ

͜ΕΒͷڀݚͰޫΛ༻͍ͨ߹ɼը໘ͷ 100 ϥΠ

ϯʹ LEDޫ͕ࣸΒͳ͍ݶΓ௨৴Ͱ͖ͳ͍ɽܘޱ 6.1 cm

ͷޫݯΛར༻͠ɼ࠷େ௨৴ڑ 6.5 mΛ࣮͢ݱΔڀݚ [5]

Ͱɼ࠷େ௨৴͕ 10 bpsͰ͋Δ্ʹɼPRR (Packet

Reception Rate)  10 %ະຬͱ͘ɼIDͷૹʹඵҎ

্ͷ͔͔͕ؒ࣌ΔɽCeilingTalk [6]ͰɼҰൠతͳޫܬ౮

ͱಉఔͷେ͖͞ʢ120 cm×8 cmʣͰ͋ΔޫݯΛར༻ͨ͠

߹ʹ͓͍ͯɼ࠷େ௨৴ڑ͕ 5.0 mఔͰ͋Γɼ͜ͷ࣌

ͷ௨৴ 1.0 kbpsͱߴͰ͋Δ͕ɼ5.0 mఔͷ௨৴

Γ௨৴͕Ͱ͖ݶۙʹ͍ͳ͍ݯͰɼϢʔβ͕ͦͷޫڑ

ͳ͍ɽ

Ҏ্ͷΑ͏ʹɼචऀΒͷΔݶΓɼΧϝϥͷը໘ʹϐ
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ΫηϧͷΈࣸΔ LEDޫ͔Βͷ෮ௐΛՄͱ͢Δڑɾ

ϑϦοΧ੍ܕ LED–εϚʔτϑΥϯΧϝϥؒ௨৴ଘࡏ

͠ͳ͍ɽ

6. ͓ΘΓʹ

ຊߘͰɼΧϝϥͷը໘ʹϐΫηϧͷΈࣸΔ LEDޫ

͔Βͷ෮ௐΛՄͱ͢ΔڑɾϑϦοΧ੍ܕ LED–ε

ϚʔτϑΥϯΧϝϥؒ௨৴ํࣜΛࣔͨ͠ɽ֤૾ࡱϑϨʔϜ

Ͱը໘ʹϐΫηϧͷΈࣸΓɼ1৭ͣͭ͞૾ࡱΕΔ LEDͷ

৭͔Β෮ௐΛ͏ߦڑܕͷ௨৴Ͱɼ͞૾ࡱΕΔ LED

ͷ৭͕खͿΕͷ߹͍ʹΑͬͯมԽ͢Δ͜ͱ͕՝ͱͳ

ΔɽϩʔϦϯάγϟολʔํࣜͷͱͰΧϝϥͷϑϨʔϜ

पظΑΓߴʹ৭ΛΓସ͑Δ LED Λ͢૾ࡱΔͱɼࡱ

૾͞ΕΔ৭ը໘রࣹҐஔʹґଘ͢ΔͨΊͰ͋Δɽຊߘ

Ͱɼ͜ͷ՝Λࠀ͢Δߏػͱͯ͠ɼLEDͷ৭Λ॥త

ʹΓସ͑Δ͜ͱͰ૾ࡱλΠϛϯά͕ͣΕΔલͷ LEDͷ

৭Λਪఆ͠ɼ࿈ଓϑϨʔϜؒͰ͞૾ࡱΕΔ LEDͷ৭ภҠ

ʹใΛՃ͢Δ͜ͱͰ૾ࡱ։࢝λΠϛϯάʹΑΒͣ෮ௐ

͕Ͱ͖Δࠩಈ৭ภҠมௐํࣜ (DCSK) Λࣔͨ͠ɽෳػ

छͰͷ࣮ݧ࣮ػʹΑΓɼ60 bpsͷ௨৴Λɼܘޱ 10 mmͷ

খܕ LED͔Β 3 mΛ͑Δ௨৴ڑͰ࣮ݱͰ͖Δ͜ͱΛ

֬ೝͨ͠ɽ

ຊߘͰಛఆͷ݅ԼͰධՁΛͨͨͬߦΊɼҰൠੑʹؔ

͢Δޙࠓ͕౼ݕͷ՝Ͱ͋ΔɽDCSK ͰɼෳͷػछͰ

ࣝผՄͳ৭Λ༻͍Δඞཁ͕͋ΔͨΊɼ৭ͷࣝผʹར༻͢

Δ৭ۭؒʹ͍ͭͯͷݕ౼ΛਐΊ͍ͯΔɽ·ͨɼLEDޫͱ

ͷ֎ཚΛࣝผ͢ΔΞϧΰϦζϜɼ͓Αͼෳͷޫڥ LED

͔Βಉ࣌ʹใΛऔಘ͢ΔΞϓϦέʔγϣϯʹ͍ͭͯݕ౼

ΛਐΊ͍ͯΔɽ
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