
2018  म࢜จࢼձʢ2019 1݄ 30ʣ తγεςϜσβΠϯࣨڀݚ

ΦϑΟεڥͰͷর໌Λ༻͍ͨηϯαϊʔυͷࠁ࣌ಉظख๏
ຊా ༤྄

Yusuke HONDA

1 ͡Ίʹ

ແઢηϯαωοτϫʔΫʢWSNʣɼແઢஔΛ

ଂͨ͠ଟͷηϯα͕૬ޓʹ࿈͢ܞΔ͜ͱͰɼরɼؾ

Թɼ࣪ͳͲͷ࣮ۭؒใͷऩूΛՄͱ͢Δٕज़Ͱ͋

ΔɽWSNΛ༻͍࣮ۭͨؒʹ͓͚ΔΞϓϦέʔγϣϯͰ

ɼηϯαϊʔυؒͰؒ࣌త߹ੑΛऔΔ͜ͱ͕ॏཁͳ

՝Ͱ͋ΔͨΊɼఆظతʹࠁ࣌ಉ͕ظඞཁͰ͋Δɽ

WSNͰɼطʹଟ͘ͷࠁ࣌ಉظख๏͕ఏҊ͞Εͯ

͍Δɽ͔͠͠ɼطଘख๏ࠁ࣌ಉظʹύέοτ௨৴Λར

༻͢ΔͨΊɼηϯαϊʔυͷফඅిྗ͕૿Ճ͢Δ͕

͋Δɽ

ຊڀݚͰɼௐޫՄͳর໌Λར༻͠ɼύέοτ௨৴

Λ༻͍ͳ͍͜ͱͰɼηϯαϊʔυͷফඅిྗΛܰͨ͠ݮ

ଘطख๏ΛఏҊ͢Δɽ·ͨɼύέοτϕʔεͷظಉࠁ࣌

ख๏Ͱ͋Δظಉࠁ࣌ FTSPͱఏҊख๏͕ফඅ͢Δిྗ

Λൺֱ͠ɼఏҊख๏ͷলిྗੑΛࣔ͢ɽ

2 Timing-sync Protocol based on

Lighting Control

TPLCʢTiming-sync Protocol based on Lighting

ControlʣௐޫՄͳর໌Λ༻͍ͯࠁ࣌ಉظΛ͏ߦख

๏Ͱ͋ΔɽTPLCͰɼর໌ޫͷ੍ޚʹΑΓൃੜ͢Δ

রͷมಈΛݕͨ࣌͠Λͱʹɼ૬ରࠁ࣌ʹΑΔ࣌

.͏ߦΛظಉࠁ ύέοτͷૹड৴ΛߦΘͳ͍ͨΊɼηϯ

αϊʔυͷফඅిྗΛܰ͢ݮΔ͜ͱ͕Ͱ͖Δɽ

TPLC ࠁ࣌ಉظ༻ͷরมԽͷܗΛ͋Β͔͡Ί

ηϯαϊʔυʹొ͠ɼ࣮ࡍʹऔಘͨ͠রͷܗͱͷ

૬͔ؔؔΒরมԽΛݕ͢Δ. ͋Β͔͡Ίొ͢Δ

রͷܗΛϏοτܗͱఆٛ͢Δ. Ϗοτܗ 0·

ͨ 1ͷ͔ྻܥΒͳΔɽ

ηϯαϊʔυաڈM ճͷরΛอ࣋͠ɼࠁ࣌ t

ʹ͓͚Δ࣮ࡍͷऔಘরͷܗͱϏοτܗͷ૬ؔ

rΛ͢ࢉܭΔɽ૬ؔ rͷࢉग़ํ๏Λࣜ 1ʹࣔ͢ɽ

r =

∣∣∣∣∣∣

∑M
i=0(xi − x)(yt−i − y)√∑M

i=0(xi − x)2
√∑M

i=0(yt−i − y)2

∣∣∣∣∣∣
(1)

Mɿอ࣋͢Δরσʔλɼ

xiɿϏοτܗΛܗ͢Δྻܥͷɼx ɿϏοτܗͷฏۉɼ

ytɿࠁ࣌ t ʹ͓͍ͯऔಘ࣮ͨ͠ࡍͷর [lx]ɼ

y ɿࠁ࣌ t ͔ΒաڈM ͷฏۉর [lx]

औಘܗͱϏοτܗͷ૬ؔΛར༻͢Δ͜ͱͰɼ

ܗΔরมԽͱͦΕҎ֎ͷরมԽͷ͍༺ʹظಉࠁ࣌

Λผ͢ΔɽTPLCͷϑϩʔΛҎԼʹࣔ͢ɽ

1. ηϯαϊʔυࡏݱরΛऔಘ͢Δ

2. র໌ޫࡏݱ͔Β x %ʢͨͩ͠ɼx < 7ʣҎͷ

มԽ෯Ͱௐޫ͠ɼϏοτܗΛܗ͢Δ

3. ηϯαϊʔυաڈMݸͷऔಘরͷܗͱϏο

τܗͷ૬ؔΛ͢ࢉܭΔ

4. ηϯαϊʔυ૬͕ؔᮢΛ͑ͨ߹ɼࠁ࣌

ಉظΛ͍ߦɼ߲ (1)ʹΔ

ಉࠁ࣌ɽ͏ߦΛظಉࠁ࣌ɼTPLC͍ߦΛ࡞ͷಈه্

࣌ͨ͠ݕͷরมԽΛ༺ظಉࠁ࣌ηϯαϊʔυ͕ظ

ͷࠁ࣌Ͱ૬ରࠁ࣌ͷج४ͱͳΔ࣌ΛॳظԽ͢Δ͜ͱ

ʹΑΓ࣮͢ݱΔɽࠁ࣌ಉظ༻ͷরมԽʹؔͯ͠ɼઌߦ

ؒ࣌ΑΓɼরมԽʹڀݚ 0ඵͷࡍɼࡏݱরͷ 7 %

ҎͷরมԽͰ͋ΕɼਓײͰ͖ͳ͍͜ͱ͕֬ೝ

͞Ε͍ͯΔ 1) ɽ͕ͨͬͯ͠ɼޫͷมԽྔ 7 %Ҏ

ͱఆΊΔɽ

3 TPLCͱFTSPͷফඅిྗྔͷൺֱ

ຊষͰɼTPLCͱFTSPͷফඅిྗྔΛൺֱ͠ɼ༗

ޮੑͷূݕΛ͏ߦɽFTSPWSNʹ͓͚Δύέοτϕʔ

εͷࠁ࣌ಉظख๏Ͱ͋ΔɽઌڀݚߦΑΓɼFTSPଞͷ

ύέοτϕʔεͷख๏ʹൺͯগͳ͍ফඅిྗྔͰࠁ࣌

ಉظΛ࣮ݱͰ͖Δ͜ͱ͕໌Β͔ʹͳ͍ͬͯΔɽ

3.1 ফඅిྗྔͷࢉग़ํ๏

TPLC͕ফඅ͢Δిྗɼরηϯγϯάͱࠁ࣌ಉظ

ॲཧͷࢉܭʹফඅ͢ΔిྗʹେผͰ͖ΔɽTPLC Λ༻

͍ͨ 1ճͷࠁ࣌ಉظʹΑΓɼωοτϫʔΫͷશηϯα

ϊʔυ͕ফඅ͢Δిྗྔͷࢉग़ํ๏Λࣜ 2ʹࣔ͢ɽ

WTPLC =
n∑

i=1

V (Ists + Ictc) (2)

WTPLCɿফඅిྗྔɼVɿҹՃిѹɼnɿরηϯαɼ

Isɿরηϯγϯά࣌ͷফඅిྲྀɼ

IcɿηϯαϊʔυՔಇ࣌ͷফඅిྲྀɼ

tsɿরηϯγϯάʹཁ͢Δؒ࣌ɼ

tcɿࠁ࣌ಉظॲཧͷࢉܭʹཁ͢Δؒ࣌

FTSP͕ফඅ͢Δిྗɼύέοτ௨৴ͱࠁ࣌ಉظॲ

ཧͷࢉܭͰফඅ͢ΔిྗʹେผͰ͖ΔɽFTSPͰɼ1

1



ͷηϯαϊʔυ͕ಉظύέοτΛड৴͢Δͱɼଞͷη

ϯαϊʔυʹಉظύέοτΛϒϩʔυΩϟετ͢Δ͜ͱ

Ͱࠁ࣌Λಉ͢ظΔɽಉظύέοτͷϒϩʔυΩϟετ

શηϯαϊʔυ͕ඞͣҰΛ͏ߦɽ͕ͨͬͯ͠ɼFTSP

ͰѻΘΕΔϝοηʔδྔηϯαϊʔυͷʹൺྫͯ͠

૿Ճ͢Δɽ

ফඅిྗྔͷࢉग़FTSPͷফඅిྗྔ͕࠷খ͘͞

ͳΔڥΛఆͯ͠͏ߦɽ͢ͳΘͪɼશͯͷηϯαϊʔ

υγϯάϧϗοϓͰଞͷηϯαϊʔυʹಉظύέοτ

Λૹ৴Ͱ͖ΔҐஔؔͰઃஔ͠ɼͳ͓͔ͭɼిൖ

ಛੑʹΑΔফඅిྗྔͷ૿Ճྀ͠ߟͳ͍ɽFTSPΛ༻

͍ͨ 1ճͷࠁ࣌ಉظʹΑΓɼωοτϫʔΫͷશηϯα

ϊʔυ͕ফඅ͢Δిྗྔͷࢉग़ํ๏Λࣜ 3ʹࣔ͢ɽ

WFTSP =
n∑

i=1

V (Ittt + Irtr(n− 1) + Ictc) (3)

WFTSPɿফඅిྗྔɼVɿҹՃిѹɼnɿরηϯαɼ

Itɿಉظύέοτૹ৴࣌ͷফඅిྲྀɼ

Irɿಉظύέοτड৴࣌ͷফඅిྲྀɼ

IcɿηϯαϊʔυՔಇ࣌ͷফඅిྲྀɼ

ttɿಉظύέοτૹ৴ʹཁ͢Δؒ࣌ɼ

trɿಉظύέοτड৴ʹཁ͢Δؒ࣌ɼ

tcɿࠁ࣌ಉظॲཧͷࢉܭʹཁ͢Δؒ࣌

3.2 ফඅిྗྔͷൺֱ

ফඅిྗྔͷࢉܭɼMOTE MICAz͓Αͼরηϯ

αNaPiCaͷফඅిྗΛ༻͍ͯ͏ߦɽॲཧؒ࣌MOTE

MICAzͰͷ࣮ଌΛར༻͢Δɽফඅిྗྔͷࢉܭʹ༻

͍ΔύϥϝʔλΛද 1ʹࣔ͢ɽ

Table 1 ফඅిྗྔࢉܭʹ༻͍Δύϥϝʔλ

Sensor node MOTE MICAz
Calculation time in TPLC(tc) 3383.8 µs
Calculation time in FTSP(tc) 62.2 µs
Transmit power consumption(It) 17.0 mA
Transmit time(tt) 129.9 µs
Receive power consumption(Ir) 19.7 mA
Receive time(tr) 762.3 µs
Idol power consumption(Ic) 20 µA
Applied voltage 3.0 V

Illuminance sensor NaPiCa
Sense power consumption(Is) 260 µA
Sense time(ts) 55.6 µs

Ͱ͋Δߏখ࠷ॲཧͷظಉࠁ࣌ 2ͷMOTE MI-

CAzʹ͓͍ͯɼTPLCͱ FTSPΛͦΕͧΕ༻͍ͨࠁ࣌

ಉظʹΑΓফඅ͢ΔిྗྔΛද 2ʹࣔ͢ɽ

ද 2ΑΓɼ2ͷηϯαϊʔυͰফඅ͢Δ૯ిྗྔɼ

TPLCͷํ͕ 90.5 %গͳ͍͜ͱ͕͔Δɽ͕ͨͬͯ͠ɼ

TPLCύέοτ௨৴Λ༻ͤͣʹɼর໌ͷௐޫΛར༻

͢Δ͜ͱͰɼύέοτϕʔεͰࠁ࣌ಉظΛ͏ߦ FTSPΑ

Γগͳ͍ిྗྔͰࠁ࣌ಉظՄͰ͋Δɽ

Table 2 2ͷMOTE MICAz͕ফඅ͢Δిྗྔ

TPLC FTSP
Sense/Radio 1.7 µJ 103.4 µJ
Calculation 8.1 µJ 0.007 µJ
Total 9.8 µJ 103.4 µJ

TPLCͱ FTSPͰηϯαϊʔυͷ૿Ճʹ͍ɼ1

ͷηϯαϊʔυͰফඅ͢Δిྗྔͷ૿ՃΛਤ 1ʹࣔ͢ɽ

ͨͩ͠ɼॎ࣠ఈ 10ͷରͰදͨ͠ফඅిྗྔͰ͋Δɽ

Fig. 1 TPLCͱ FTSPͷফඅిྗྔ

ਤ 1ΑΓɼTPLCͱFTSPʹ͓͍ͯ 1ͷηϯαϊʔ

υͰফඅ͢Δిྗྔηϯαϊʔυͷ૿Ճʹͬͯࠩ

͕େ͖͘ͳΔ͜ͱ͕͔ΔɽFTSP Ͱશͯͷηϯα

ϊʔυ͕ඞͣ 1 ճಉظύέοτΛϒϩʔυΩϟετ͢

ΔɽϒϩʔυΩϟετͰɼૹ৴ϊʔυҎ֎ͷશͯͷη

ϯαϊʔυ͕ύέοτΛड৴͢Δɽ͕ͨͬͯ͠ɼFTSP

ʹ͓͚Δηϯαϊʔυ 1ͷফඅిྗྔɼηϯαϊʔ

υͷʹԠͯ͡ࢦؔతʹ૿Ճ͢ΔɽҰํͰɼTPLC

֤ηϯαϊʔυ͕ݸผʹরมԽΛݕͯ͠ࠁ࣌ಉظ

Λͨ͏ߦΊɼࠁ࣌ಉظॲཧ͕֤ηϯαϊʔυ͝ͱʹ݁

͢ΔɽΑͬͯɼTPLCʹ͓͚Δηϯαϊʔυ 1ͷফ

අిྗྔɼηϯαϊʔυ૿ՃͷӨڹΛड͚ͣɼৗʹ

ҰఆͰ͋ΔɽͦͷͨΊɼηϯαϊʔυͷ૿Ճʹ͍ɼ

FTSPͷফඅిྗྔ TPLCΑΓେ͖͘૿Ճ͢Δɽ

4 ݁

ຊڀݚͰɼύέοτͷૹड৴ΛߦΘͣʹɼর໌ͷௐ

ޫʹΑΓࠁ࣌ಉظΛ͏ߦ TPLCΛఏҊ͠ɼলిྗੑΛ

Ռɼ2ͷηϯαϊʔυ݁ͨͬߦΛݧ࣮ূݕɽͨ͠ূݕ

͕ TPLC ʹΑΔࠁ࣌ಉظͰফඅ͢ΔిྗྔɼFTSP

ΑΓ 90.5 ·ɽͨ͠ݮʹগ͠ɼফඅిྗྔΛେ෯ݮ%

ͨɼTPLC FTSPΑΓηϯαϊʔυ૿Ճʹ͏

ফඅిྗྔͷ૿Ճ͕খ͍͜͞ͱ͕͔ͬͨɽ͕ͨͬ͠

ͯɼTPLCলిྗੑʹ͍ͭͯɼطଘͷࠁ࣌ಉظख๏Α

Γ༏Ε͍ͯΔ͜ͱ͕໌Β͔ʹͳͬͨɽ
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