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֓ཁ: චऀΒɺө૾ͷͯ͢ͷըૉʹߴ໓ͰෆՄࢹͷใΛຒΊࠐΉׂۭؒܕՄޫࢹ௨৴ (PVLC)

ٕज़ͱɺͦͷ࣮ͱͯ͠ͷՄޫࢹ௨৴ϓϩδΣΫλͷڀݚΛਐΊ͖ͯͨɻ͔͠͠ɺैདྷͷ PVLCʹ͓͍

ͯɺө૾ͱσʔλͷΤϯίʔυιϑτΣΞॲཧͰ͓ͯͬߦΓɺPCͷࢉܭෛՙͱ PC –ϓϩδΣΫλ

ؒͷ௨৴ྔେ͖͔ͬͨɻͦͷͨΊɺ৭֊ௐίϯτϥετͱ͍ͬͨө૾ͷ࣭ͱɺө૾ͱใͷಈత

Ͱ͖͍ͯͳ͔ͬͨɻͦ͜ͰɺDMDͱݱ৽ͷཱ࣮྆ߋ LEDͷಉߴͨ͠ظ੍ޚͱ PVLCͷΤϯίʔυ

ΛϋʔυΣΞॲཧͰ࣮͢ߦΔ͜ͱͰɺө૾දྗݱͱө૾ͱใͷಈతߋ৽Λཱ྆ՄͳՄޫࢹ௨৴ϓ

ϩδΣΫλΛఏҊ͢ΔɻຊߘͰɺఏҊϓϩδΣΫλͷઃܭɺ࣮ʹ͍ͭͯͷৄࡉͱͦͷධՁ࣮ݧͷ݁

ՌΛใ͢ࠂΔɻ

Ωʔϫʔυɿ Մޫࢹ௨৴ɺϓϩδΣΫλɺDMDɺFPGAɺσΟεϓϨΠɺ֦ுײ࣮ݱ

1. ͡Ίʹ
චऀΒɺө૾ͷͯ͢ͷըૉʹߴ໓ͰՃใΛ

ຒΊࠐΉׂۭؒܕՄޫࢹ௨৴ʢPVLC: Pixel-level Visible

Light Communicationʣͱͦͷ࣮ͱͯ͠ͷՄޫࢹ௨৴ϓϩ

δΣΫλͷݕ౼ΛਐΊ͖ͯͨ [1]ɻPVLCͷجຊݪཧΛਤ 1

ʹࣔ͢ɻਤͷΑ͏ʹը૾͕ަޓʹӨ͞Ε͍ͯΔ࣌ɺͦͷ

Γସ͕͚͑Εɺਓؒͷʹ 2ຕͷը૾͕ަޓ

ʹ֮͞ΕΔɻΓସ͕͑ॆ͘ͳΔͱɺਓؒͷ

ʹ 2 ຕͷը૾ͷΓସΘΓ͕֮Ͱ͖ͣɺً͕ؒ࣌ฏ

Խ͞Εͨը૾͕֮͞ΕΔɻPVLCۉ Ͱɺ͜ͷߴͳ໌

໓Λ༻͍ͯɺਓʹ͑ݟͳ͍ՃใΛө૾ͷதʹॏ͢

Δ͜ͱͰɺडޫثΛ͔͚ͩ͟͢ͰΩϟϦϒϨʔγϣϯͳ͠

ʹՃใΛಡΈग़͢͜ͱ͕ՄͰ͋ΔɻͦͷͨΊɺਓ

ͷө૾ఏࣔͱड৴σόΠεͷҐஔʹԠͨ͡ใͷૹΛಉ

γεςϜ͕ఏҊ͞Ε͔ͯͨ͠׆Ͱ͖ɺ͜ͷಛΛߦ࣮ʹ࣌

͍Δ [2]ɻ͔͠͠ɺैདྷͷՄޫࢹ௨৴ϓϩδΣΫλ PCͱ

USB 2.0 Λ༻͍ͯ௨৴͍ͯͨͨ͠Ίɺసૹ͕͘ɺө

૾ͱใͷಈతߋ৽࣮ݱͰ͖ͳ͔ͬͨɻ

ͦ͜ͰɺචऀΒHDMI֨نΛ༻͍ͯσʔλసૹΛ͍ߦɺ

ө૾ͱใͷಈతߋ৽͕Մͳ PVLCΛ࣮͢ݱΔ Reconfig-

urable PVLC (RPVLC)ϑϨʔϜϫʔΫΛఏҊ͠ɺ͜ΕΛ࣮

ͨ͠ϓϩδΣΫλΛ։ൃͨ͠ [3]ɻ͔͠͠ɺRPVLCʹ͓

͍ͯඞཁͳө૾ͱσʔλͷΤϯίʔυॲཧͯ͢ PC

Ͱ࣮͢ߦΔඞཁ͕͋ͬͨͨΊɺPCͷࢉܭෛՙͱ PC –ϓϩ

δΣΫλؒͷ௨৴ྔաେͰ͋Γɺ৭֊ௐίϯτϥετ

ͱ͍ͬͨө૾ͷ࣭ͱɺө૾ͱใͷಈతߋ৽ͷཱ྆ෆ

Մͩͬͨɻ

Takefumi HIRAKI, Shogo FUKUSHIMA, Hiroshi
WATASE, and Takeshi NAEMURA

ਤ 1: PVLCͷجຊݪཧ (จݙ [1]ΑΓ)

ͦ͜ͰຊߘͰɺ͜ ΕΒͷ՝Λղܾͨ͠Dynamic PVLC

(DPVLC)ϑϨʔϜϫʔΫͱɺͦͷ࣮ͱͯ͠৽نʹ։ൃ͠

ͨϓϩδΣΫλʹ͍ͭͯఏҊ͢ΔɻఏҊϓϩδΣΫλɺ

DynaFlash ϓϩδΣΫλ [4] Λϕʔεʹ։ൃ͠ɺө૾Ө

ʹ͓͚ΔΤϯίʔυΛ FPGAΛ༻͍ͨϋʔυΣΞॲཧͰ

ෛՙͱࢉܭΔ͜ͱͰɺPCͷ͢ߦ࣮ PCͱϓϩδΣΫλͷ௨

৴ྔͷେ෯ͳݮΛ࣮͢ݱΔɻ͜ΕʹΑΓɺDMD (Digital

Micromirror Device) ͷ ON / OFF ͱ LED ͷ໌໓Λͦݯޫ

ΕͧΕੑͷݶքͰ͋Δ 22 kHzͱ 1 MHzͰಉ੍ͨ͠ظ

ΑΔʹޚ PVLCө૾ͷӨ͕ՄͱͳΓɺ24 bit֊ௐɺ120

fpsͰͷ PVLCө૾ͷӨΛ࣮ݱͰ͖Δɻ͜ͷఏҊϓϩδΣ

Ϋλͷੑ͕ઃܭ௨Γʹୡ͞Ε͍ͯΔ͔ʹ͍ͭͯɺධՁ

Λ௨ͯ͡໌Β͔ʹ͢Δɻݧ࣮

2. ઃܭͱ࣮
2.1 γεςϜ֓ཁ

ຊߘͰɺैདྷͷ PVLCͷ՝Ͱ͋ͬͨɺө૾ͷ࣭ͱɺ

ө૾ͱใͷಈతߋ৽ͷཱ྆Λ࣮ݱՄͳ DPVLC γες
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ϜΛఏҊ͢ΔɻRPVLCγεςϜΛؚΊͨैདྷγεςϜͱɺ

ఏҊγεςϜͰ͋Δ DPVLCγεςϜͷൺֱΛਤ 2ʹࣔ͢ɻ

2.2 PVLCͷσʔλߏ
DPVLC γεςϜͰ࣮͢ݱΔ PVLC ͷσʔλߏɺಉ

ϑϨʔϜ෦ɺσʔλϑϨʔϜ෦ɺًௐϑϨʔϜ෦ͷظ

3͔ͭΒͳΓɺ͜ΕΒʹΑͬͯ PVLCө૾ͷ 1ϑϨʔϜΛ

Λࣔ͠ɺ࢝ϑϨʔϜ෦Ͱɺσʔλͷ։ظ͍ͯ͠Δɻಉߏ

σʔλड৴ʹ͓͚ΔޡΓΛൃੜͤ͞ͳ͍ͨΊɺશը໘Ͱಉ

ҰͷใΛຒΊࠐΜͰ͍Δɻ͜ͷ࣌ɺ৴߸ͷ ON / OFF ճ

Λಉ͡ʹ͢Δ͜ͱͰɺը໘શମͷًΛ 50%ʹอͭΑ͏

ʹઃ͢ܭΔɻͦͷޙɺ֤ϐΫηϧ͝ͱʹҟͳΔใͰߏ

͞ΕͨσʔλϑϨʔϜ෦͕ࣄલʹنఆ͞Εͨ bitʹରԠ͢

Δຕ͚ͩஔ͔ΕΔɻͦͷޙɺσʔλϑϨʔϜ෦ͰཚΕͨ

ًΛิਖ਼͠ɺਓؒͷ֮͢Δө૾Λߏ͢ΔͨΊͷً

ௐϑϨʔϜ෦͕ଘ͠ࡏɺ͜ͷ 3ͭͷϑϨʔϜ෦ʹΑͬͯɺ

ͻͱͭͷ୯ҐϑϨʔϜߏ͕܈͞ΕΔɻ

2.3 ઃܭ

RPVLCͰɺPCͰө૾ͱσʔλΛΤϯίʔυͯ͠όΠ

φϦΠϝʔδ܈ʹల։͠ɺ͜ΕΒΛసૹ͍ͯͨͨ͠ΊɺPC

ͷࢉܭෛՙ͕ॏ͘ɺσʔλసૹྔେ͖͔ͬͨɻDPVLCͰ

ө૾ͱσʔλΛͦͷ··సૹ͠ɺDMDͱޫݯͷಉޚ੍ظ

ͱө૾Өʹ͓͚ΔΤϯίʔυΛ FPGAʹΑΔϋʔυΣΞ

ॲཧͰ࣮͢ߦΔ͜ͱͰɺޮతͳσʔλసૹ͕࣮ݱͰ͖Δɻ

ҰํͰɺιϑτΣΞॲཧͱҟͳΓɺॲཧϑϩʔ͕ FPGA

ͷϋʔυΣΞʹ͘ڧґଘ͢ΔͨΊɺΤϯίʔυॲཧͷมߋ

मਖ਼ࠔͰ͋Δɻͦ͜Ͱɺ͜Ε·Ͱͷ PVLCͷ࣮Λ

ཧɺ૯ׅ͠ɺඞཁेͳੑΛൃشͰ͖Δ PVLCͷσʔ

λసૹϓϩτίϧͱɺ͜ΕΛ࣮͢ݱΔͨΊͷ DMDͱ LED

ఆͨ͠ɻࡦΛ༷͍ͯͭʹޚͷ੍ݯޫ

ਤ 2: ैདྷͷ PVLC γεςϜͱఏҊγεςϜͰ͋Δ Dy-
namic PVLCγεςϜͷൺֱ

ਤ 3: ֤ PVLCγεςϜʹ͓͚Δσʔλసૹྔͷൺֱ

2.3.1 σʔλసૹ

RPVLC ΛؚΉैདྷγεςϜʹ͓͚Δσʔλసૹྔͱɺ

DPVLC γεςϜʹ͓͚ΔσʔλసૹྔͷൺֱΛਤ 3 ʹࣔ

͢ɻͯ͢ͷใΛόΠφϦσʔλͷྻʹల։͔ͯ͠Β

ૹ৴͢Δඞཁ͕͋ͬͨैདྷख๏ͱൺֱ͠ɺDPVLCͰσʔ

λًͷͦͷͷͷྻΛૹ৴͢Δ͚ͩͰใͷߋ৽

͕ՄͰ͋Δɻ͜ΕʹΑͬͯɺྫ͑ 32 bitͷσʔλͱ

24 bitΧϥʔͷ৭ը૾Λసૹ͢Δ߹ɺಉظ৴߸Λআ͘ͱɺ

ैདྷ 32 × 2 + 28 ×3 = 832 ຕͷόΠφϦΠϝʔδΛసૹ

͢Δඞཁ͕͕͋ͬͨɺDPVLCͰ 32 bitͷσʔλྻͱ

24 bit৭ը૾ΛͦΕͧΕ 1ͭͣͭɺόΠφϦΠϝʔδࢉͰ

56ຕͷσʔλΛసૹ͢ΔͷΈͰߋ৽ॲཧΛऴྃͰ͖Δɻ

PVLC ͷσʔλߏͷ͏ͪɺಉظϑϨʔϜ෦ͷ৴߸

Өதʹಈతʹม͢ߋΔඞཁബ͍ͨΊɺ64 bitͷมͻͱ

ͭΛϓϩδΣΫλͷॳظԽ࣌ʹసૹ͢Δ͜ͱͰઃఆ͢Δ

༷ͱͨ͠ɻσʔλϑϨʔϜ෦ͷ৴߸ɺσʔλͷ bitͷ

ใΛॳظԽ࣌ʹૹ৴͠ɺ64 bitͷมΛཁૉͱ͢ΔྻΛ

ʹͱͨ͠ɻσʔλ༷Δྃ͢సૹ͢Δ͜ͱͰૹ৴͕ݸ1

͍ͭͯɺ͜Ε·Ͱͷ PVLCͷ࣮Λ౿·͑ͯ࠷େ 64 bit

ͱઃఆͨ͠ɻًௐϑϨʔϜ෦σʔλϑϨʔϜ෦ʹΑͬ

ͯཚΕًͨΛิਖ਼͢ΔͨΊʹσʔλϑϨʔϜΛసͨ͠

ϑϨʔϜͱɺਓ͕֮ؒ͢Δө૾ͷϑϨʔϜͰߏ͞ΕΔɻ

͜͜ͰɺσʔλϑϨʔϜΛసͨ͠ϑϨʔϜɺσʔλϑ

ϨʔϜͷใ͔Β DPVLCγεςϜ্ͷ FPGAͰੜɺ

ӨՄͰ͋ΔɻͦͷͨΊɺDPVLCγεςϜͰ͜ͷస͞

ΕͨϑϨʔϜʹ͍ͭͯసૹ͢Δඞཁ͕ͳ͘ͳͬͨɻө૾

ϑϨʔϜʹ͍ͭͯɺDPVLC γεςϜ্ͷ FPGA Ͱड৴

ͨ͠ը૾ΛόΠφϦΠϝʔδʹల։͢Δ͜ͱͰɺ24 bitͷ৭

ը૾Λͦͷ··సૹՄͳ༷ͱͨ͠ɻ

2.3.2 DMDͱ LEDޫݯͷ੍ޚ
ैདྷͷ PVLCγεςϜʹ͓͚ΔσʔλߏͱDMDɺLED

ͱɺఏҊ͢Δޚͷ੍ݯޫ DPVLC γεςϜʹ͓͚Δσʔλ

ͱߏ DMDɺLEDޫݯͷ੍ޚͷൺֱΛਤ 4ʹࣔ͢ɻಉظ

ϑϨʔϜ෦શըૉͰڞ௨ͷ໌໓ύλʔϯΛૹ৴͢ΕΑ

͍ɻͦͷͨΊɺDPVLCͰશըૉΛ DMDͷ࠷খߋ৽ؒ࣌

Ͱ͋Δ 44 µsͷؒ ONʹ͠ɺͦͷؒʹ LEDޫݯΛ໌໓͢Δ

͜ͱͰ৴߸ͷૹ৴Λ͜͏ߦͱͱͨ͠ɻ͜ͷͱ͖ɺLEDͷ୯

Ґ໌໓ؒ࣌࠷খͰ 1 µsͰ͋ΔͨΊɺಉظϑϨʔϜ෦࠷

େͰ 44 bitͷಉظ৴߸ΛؚΉ͜ͱʹͳΔɻσʔλϑϨʔϜ

෦ैདྷͱಉ༷ɺDMDͷ੍ޚʹΑͬͯӨΛ͏ߦɻًௐ

ϑϨʔϜ෦ͰɺσʔλϑϨʔϜʹΑͬͯཚΕًͨΛௐ
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ਤ 4: ֤ PVLCγεςϜʹ͓͚Δ DMDɺLEDޫݯͷޚ੍ؒ࣌ͱ֤ؒ࣌ʹ͓͚ΔόΠφϦΠϝʔδͷൺֱ (tD  DMDͷ࠷
খߋ৽ؒ࣌ΛɺtL  LEDͷ୯Ґ໌໓ؒ࣌Λࣔ͢)

͠ɺͦͷ্Ͱ DMDͱ LEDͷಉޚ੍ظʹΑͬͯ 24 bit৭

֊ௐͰͷө૾Ө͕Մͳ༷ͱͨ͠ɻ͜͜ͰɺాΒ [4]

ͱಉ༷ʹɺDMDͷ࠷খߋ৽ؒ࣌ (44 µs)ΑΓ͍ؒ࣌ͷΈ

LEDΛ౮͢Δ੍ޚΛ͜͏ߦͱͰɺө૾Λߏ͢ΔϑϨʔ

ϜͷӨ͕ؒ࣌ 1080 µsҎ্Ͱ͋Ε 24 bit৭֊ௐͰͷ

Ө͕ՄͰ͋Δɻ

2.4 ࣮

ఏҊϓϩδΣΫλͷ࣮ɺPC ͱ PCI Express (Gen2

x8)όεΛհͯ͠ଓ͞ΕͨΠϯλϑΣʔεϘʔυΛ༻͍ͯ

ίΞͷ࣮ɺΠϯλϑΣʔεϘʔޚɻDPVLCͷ੍ͨͬߦ

υ্ͷ FPGA (Kintex UltraScale XCKU040-2FFVA1156E,

Xilinx)ʹॻ͖ࠐΉܗͰͨͬߦɻDPVLCίΞͰɺSGDMA

(Scatter-Gather Direct Memory Access)Λ༻͍ͯө૾ͱσʔ

λΛߏ͢ΔྻΛ PCͷϝϞϦ͔Βɺ FPGA্ͷϝ

ϞϦʹల։͞ΕΔɻͦͷޙɺFPGA ͷԋࢉʹΑͬͯ PVLC

ͷΤϯίʔυॲཧΛ͍ߦɺPVLC ө૾Λߏ͢ΔόΠφϦ

Πϝʔδ܈ͱɺLEDͷ੍ޚใ͕ੜ͞ΕΔɻ͜ΕΒʹج

͍ͮͯ DMDͱ LEDޫ͞ޚ੍͕ݯΕɺPVLCө૾ͷӨ͕

ΘΕΔɻߦ

3. ݧ࣮
3.1 ৽ͷධՁߋө૾࣮ؒ࣌

ఏҊϓϩδΣΫλͷσʔλసૹʹ͓͍ͯɺӨө૾ͱຒ

ΊࠐΈσʔλͷಈతͳߋ৽͕Մ͔Ͳ͏͔ʹ͍ͭͯ໌Β͔

ʹ͢ΔͨΊʹ࣮ݧΛͨͬߦɻ

3.1.1 ஔݧ࣮

ఏҊͨ͠ϓϩδΣΫλΛσεΫτοϓPC (Precision T7810,

DELL)ʹଓ͠ɺө૾ͷӨΛͨͬߦɻ·ͨɺӨ͞Εͨө

૾ޫϑΥτμΠΦʔυ (S5971,দϗτχΫε)ͱΦϖΞ

ϯϓ (OPA2353UA, Texas Insturments) Λ༻͍ͨτϥϯε

Πϯϐʔμϯεճ࿏ɺϋΠύεϑΟϧλճ࿏ɺίϯύϨʔλ

ճ࿏Ͱߏ͞ΕͨडޫثͰड৴ͨ͠ɻडޫثϓϩδΣΫλ

͔Β 1 mͷॴͰө૾ޫΛड৴Ͱ͖ΔҐஔʹઃஔ͠ɺ

ग़ྗ͞Εͨ৴߸ΛΦγϩείʔϓ (TDS2024C, Tektronix)Ͱ

ଌఆͨ͠ɻ࣮ݧͷ༷ࢠΛਤ 5ʹࣔ͢ɻ

ਤ 5: ධՁ࣮ݧͷ༷ࢠ

3.1.2 ݅ݧ࣮

ϓϩάϥϜ͏ߦө૾ӨΛ͍͓ͯʹݧ࣮ Visual Studio

2017্Ͱ C++Λ༻͍࣮ͯ͠ɺϓϩδΣΫλͷө૾ϑϨʔ

ϜϨʔτ 120 Hzʹઃఆͨ͠ɻຒΊࠐΈσʔλͱӨը૾

ͦΕͧΕ PCͷϝϞϦ্ʹྻͱͯ͠ల։͠ɺ੍ޚϓϩά

ϥϜʹΑͬͯஞ࣍ಡΈग़ͯ͠ϓϩδΣΫλʹసૹɺө૾Λ

Ө͢Δ͜ͱͱͨ͠ɻӨ͞Εͨө૾ޫडޫثͰड৴͠ɺ

ΦγϩείʔϓΛ༻͍ͯ PVLCͷ୯ҐϑϨʔϜ܈ಉ࢜ͷ࣌

ִؒؒΛଌఆͨ͠ɻ͜ͷؒ࣌͢ͳΘͪө૾ͷӨपظͰ

͋ΔͨΊɺ͜ΕΛ༻͍ͯө૾ͷϦϑϨογϡϨʔτΛࢉग़

ͨ͠ɻ·ͨɺϓϩάϥϜʹ͓͍ͯσʔλྻͱը૾ྻΛ

సૹ͢Δͷʹཁ͢Δؒ࣌ΛͦΕͧΕ 200ճଌఆ͠ɺͦͷฏ

৽ॲཧʹཁ͢ΔߋΔ͜ͱͰɺϓϩάϥϜ͕͢ࢉܭΛؒ࣌ۉ

ଌͨ͠ɻܭΛؒ࣌

3.1.3 Ռ݁ݧ࣮

ଌఆͨ͠୯ҐϑϨʔϜ܈ಉ࢜ͷִؒؒ࣌ 8.36 msͰ͋

Γɺ͔͜͜Βө૾ͷϦϑϨογϡϨʔτ 119.6 Hzͱࢉग़

͞Εͨɻ͜Εɺө૾ͷϦϑϨογϡϨʔτͱͯ͠ઃఆ͠

ͨ 120 Hzʹ΄΅Ұக͓ͯ͠ΓɺఏҊͨ͠ϓϩδΣΫλઃ

Δɻ·ͨɺσʔλྻͱը૾͑ݴΛຬ͍ͨͯ͠Δͱੑܭ

ྻͷసૹʹཁ͢Δฏؒ࣌ۉͦΕͧΕ 1.68 msͱ 0.76 ms

Ͱ͋Γɺ࠷ѱͷ߹ͰͦΕͧΕ 3 ms ͱ 1 ms Ͱ͋ͬͨɻ

͜ΕΒͷؒ࣌Λ࠷ѱͷ߹Ͱ߹ͯ͠ܭ 4 msͰ͋Γɺ120

HzͰͷө૾ӨपظͰ͋Δ 8.33 msΑΓ͍ͨΊɺ͜Ε
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ʹ͍ͭͯઃੑܭΛຬ͍ͨͯ͠Δ͜ͱ͕ࣔ͞Εͨɻ

3.2 σʔλૹड৴ͷධՁ

ఏҊϓϩδΣΫλͰಈతͳө૾ߋ৽Λ͍ߦͳ͕ΒɺDMD

ͷ ON / OFFͱ LEDޫݯͷ໌໓Λಉͭͭ͠ظҧ͏प

Ͱ͜͏ߦͱͰɺޮతͳ৴߸ͷૹड৴͕Մ͔Ͳ͏͔Λ໌

Β͔ʹ͢ΔͨΊɺຊ࣮ݧΛͨͬߦɻ

3.2.1 ஔݧ࣮

3.1.1߲ͱಉ༷ͷஔɺڥΛ༻͍࣮ͯݧΛͨͬߦɻຊ߲

ͷ࣮ݧͰ 1 MHzͷߴ໌໓ޫΛड৴͢Δඞཁ͕͋ΔͨΊɺ

ड৴ث͜ΕʹରԠͨ͠ઃܭͱͳ͍ͬͯΔɻ

3.2.2 ݅ݧ࣮

3.1.2߲ͱಉ༷ͷϓϩάϥϜΛ༻͍ͯө૾ΛӨ͠ɺө૾

ͷϑϨʔϜϨʔτಉ༷ʹ 120 Hz ʹઃఆͨ͠ɻϑϨʔϜ

ϢχοτɺಉظϑϨʔϜ෦ 1ຕɺσʔλϑϨʔϜ෦

64ຕͱ͠ɺΓͷόΠφϦϑϨʔϜ (120ຕ)Λًௐϑ

ϨʔϜ෦ͱׂͯ͠ΓͯΔ͜ͱͰߏͨ͠ɻ·ͨɺಉظ৴

߸ઃܭʹ͓͚Δ࠷େͰ͋Δ 1 MHzͰ LEDޫݯΛ໌໓

ͤ͞Δ͜ͱͰૹ৴͢Δ͜ͱͱͨ͠ɻ͜ΕʹΑΓɺಉظ৴߸

ͷύϧε෯ 1 µsɺಉظϑϨʔϜ෦ͷ͞ 44 µsͱͳΔ

ͷͰɺಉظϑϨʔϜ෦ʹ 44 bitͷಉظ৴߸ؚ͕·ΕΔ͜

ͱͱͳΔɻಉظ৴߸ʹɺ“1010...101” ͱ 1 µs ͷύϧε

ͱͯ͠ड৴Ͱ͖Δ৴߸Λ༻͠ɺຒΊࠐΈσʔλը໘શ

ମͰҰ༷ʹ “1010...101”ͱ 44 µsͷύϧεͱͯ͠ड৴Ͱ͖

Δ৴߸Λ༻ͨ͠ɻ

3.2.3 Ռ݁ݧ࣮

ਤ 6ʹಉظϑϨʔϜ෦ͷ৴߸ͷ༷ࢠΛࣔ͢ɻ͜ͷਤ͔Βɺ

ಉظ৴߸͕ 1 µsͷύϧεܗͱͯ͠ड৴Ͱ͖͍ͯΔ͜ͱ͕

ਤ 6: ಉظϑϨʔϜ෦ͷ৴߸ͷ༷ࢠ

ਤ 7: ಉظϑϨʔϜ෦ͱσʔλϑϨʔϜ෦ͷ৴߸ͷ༷ࢠ

औΕΔɻ·ͨɺਤͯݟ 7ʹಉظϑϨʔϜ෦ͱσʔλϑϨʔ

Ϝ෦ͷ৴߸ͷ༷ࢠΛࣔ͢ɻ͜ͷਤ͔ΒɺಉظϑϨʔϜ෦ʹ

͓͚Δಉظ৴߸͕ DMD ͷ ON / OFF ͱಉܗͨ͠ظͰߴ

ʹ໌໓͠ɺޙͷσʔλϑϨʔϜ෦ͷ৴߸ DMDͷ ON /

OFFʹΑΔύϧεܗͱͯ͠औಘͰ͖͍ͯΔɻ͜ΕΒΑΓɺ

ఏҊϓϩδΣΫλͰಈతͳө૾ߋ৽Λ͍ߦͳ͕ΒɺLEDޫ

৴߸ૹ৴ͱɺDMDͷظͷ໌໓ʹΑΔಉݯ ON / OFFʹΑΔ

σʔλ৴߸ૹ৴ͷํΛΈ߹ΘͤΔ͜ͱͰɺޮతͳ৴

߸ૹ৴͕ՄͰ͋Δͱ͍͏͜ͱ͕ࣔ͞Εͨɻ

4. ·ͱΊ
ຊߘͰɺө૾ͱใͷಈతͳߋ৽Λ࣮ͨ͠ݱՄޫࢹ௨

৴ϓϩδΣΫλʹ͍ͭͯఏҊͨ͠ɻఏҊͨ͠ϓϩδΣΫλͰ

ɺDMDͷ ON / OFFͱ LEDޫݯͷ໌໓Λɺಉͭͭ͠ظ

ՄͳݶΓߴʹ੍͢ޚΔ͜ͱͰɺ24 bit֊ௐͷ PVLCө

૾Λ 120 HzͷϦϑϨογϡϨʔτͰӨ͢Δ͜ͱΛՄʹ

ͨ͠ɻ·ͨɺDMD ͱ LED ͷಉߴͨ͠ظ੍ޚͱɺPVLC

ө૾ͷΤϯίʔυΛ FPGAʹΑΔϋʔυΣΞॲཧͰ࣮ߦ

͢Δ͜ͱͰɺPCͷࢉܭෛՙͱ PCͱϓϩδΣΫλͷ௨৴ྔ

ͷେ෯ͳ͕ݮՄͳख๏Λߏஙͨ͠ɻͦͯ͠ɺఏҊͨ͠

ϓϩδΣΫλ͕ઃܭ௨ΓͷੑΛ༗͍ͯ͠Δ͜ͱΛ࣮ݧʹ

͓͍ͯ֬ೝͨ͠ɻ

Մޚௐ੍ͯ͠ڠͷలͱͯ͠ɺө૾ͱ࣮ମΛޙࠓ

Ͱ͋Δͱ͍͏ PVLCͷಛੑΛ͔͠׆ɺϓϩδΣΫγϣϯϚο

ϐϯάϢʔβΠϯλϑΣʔεɺ֦ுײ࣮ݱγεςϜͳͲ

ͷԠ༻Λݕ౼͍͖͍ͯͨ͠ͱ͍ͯ͑ߟΔɻ

ँࣙຊڀݚɺJSPSՊݚඅ JP16H01739ɺJSPSಛผڀݚ

һྭඅ JP17J04216ͷॿΛड͚ͨͷͰ͢ɻ
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