
ਓಉ࢜ͷःณʹΑΔಈతΦΫϧʔδϣϯͷఆࣜԽ

࡚ (a,1و ኍ ૱ਔ1,b) ޱࢁ (७1,c߂ ౦ ً1,d)

֓ཁɿਓΛܭଌՄͳηϯαΛൣғʹෳஔ͢Δͱͱʹɼ͜ΕΒΛωοτϫʔΫͰଓ͢Δ͜ͱʹ
ΑΓɼਓͷҐஔΛѲ͢Δߦಈηϯγϯά͕·Γͭͭ͋Δɽ͜ͷΑ͏ͳߦಈηϯγϯάγεςϜʹ͓͍

ͯɼܭଌରͰ͋Δਓͱηϯαͱͷؒʹःณ͕͋Δ߹ʹɼηϯα͔ΒਓΛ؍ଌͰ͖ͳ͍ͨΊɼ

ܭଓతʹѲ͢Δ͜ͱ༰қͳ͜ͱͰͳ͍ɽนபͳͲͷःณʹΑΓਓ͕ܧଌൣғͷਓͷҐஔΛܭ

ଌͰ͖ͳ͍੩తͳΦΫϧʔδϣϯ͚ͩͰͳ͘ɼܭଌରͰ͋Δਓ͕ผͷਓʹରͯ͠ःณͱͳΔಈతͳΦ

Ϋϧʔδϣϯఆ͞Εɼ͜ΕΒɼηϯαͷஔ͚ͩͰͳ͘ɼਓͷҠಈɼਓͱηϯαͷҐஔؔͳ

ͲɼਓͷϞϏϦςΟʹىҼ͢Δͷͱ͑ߟΒΕΔɽຊڀݚͰɼಈతͳΦΫϧʔδϣϯʹΑΓܭଌͰ͖ͳ

͍ਓΛఆྔతʹѲ͢ΔͨΊɼܭଌྖҬͷηϯαͱਓͷϞϏϦςΟʹΑΓੜ͡ΔΦΫϧʔδϣϯΛ

ཧతʹఆࣜԽ͠ɼਓͷϞϏϦςΟʹԠͯ͡ɼಈతͳΦΫϧʔδϣϯ͕ͲͷΑ͏ʹੜ͡Δ͔Λௐࠪͨ͠ɽγ

ϛϡϨʔγϣϯʹΑΔධՁ࣮ݧͷ݁ՌɼϞϏϦςΟͷҧ͍ʹΑΓɼಈతΦΫϧʔδϣϯʹΑΔӅณؒ࣌ͱ

Ӆณ۠ؒͷมԽʹಛ͕ੜ͡Δ͜ͱΛ֬ೝͨ͠ɽ

1. ͡Ίʹ

ਓΛܭଌՄͳηϯαΛൣғʹෳஔ͢Δͱͱ

ʹɼ͜ΕΒΛωοτϫʔΫͰଓ͢Δ͜ͱʹΑΓɼਓͷҐ

ஔΛѲ͢Δߦಈηϯγϯά͕·Γͭͭ͋Δɽ͜ͷΑ͏

ͳߦಈηϯγϯάγεςϜʹΑͬͯऩू͞ΕͨਓͷҐஔ

ใΛ׆༻ͨ͠αʔϏεݕ౼͞Ε͓ͯΓɼΠϕϯτձ

৺෦ʹ͓͚Δࠞࡶ؇ɼ࣌ࡂʹ͓͚Δਓʑͷආ༠ಋ

ͳͲɼਓͷҐஔใʹͮ͘جαʔϏε্༷͕ʑͳ༻్ʹ

Εཱͨ͞࠵͞Ε͍ͯΔɽྫ͑ɼ2014ʹ։ظ͍͓ͯ

ΠϊϕʔγϣϯϑΥʔϥϜʹ͓͍ͯɼਓͷಈ͖ํΛྀߟ

ۭͨؒ͠ϨΠΞτͷ࠷దԽΛ࣮͢ݱΔͨΊʹɼձʹ

ஔ͞ΕͨଟͷηϯαʹΑΓདྷऀͷਓྲྀใΛܭଌ͢Δ

औ͕࣮͞ࢪΕ͍ͯΔ [1]ɽ͜ͷऔͰɼ֎ઢηϯα

ʹΑΓɼϦΞϧλΠϜʹདྷऀͷಈઢΛѲ͠ɼલͷಉ

Πϕϯτʹ͓͚ΔདྷऀͷҠಈܦ࿏֤లࣔϒʔεͷೖ

ঢ়گͱൺֱ͠ɼలࣔϒʔεஔͷมߋαΠωʔδͷઃ

ஔΛ݁ͨͬߦՌɼలࣔϒʔεͷू٬͕ 2ˋ্ঢɼਓʹ

ͯ͠ 850ਓ૿Ճ͢Δ࣮Λ͍͋͛ͯΔɽ·ͨɼࢪઃʹ͓

͚ΔਓͷҠಈيɼ͕ؒ࣌ࡏ͍ళฮਓ͕ଟ͘๚Ε

ΔళฮΛѲ͢ΔͳͲɼۀతʹ༗༻ੑͷ͍ߴใͰ͋
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ΓɼݸਓϨϕϧͷৄࡉͳߦಈηϯγϯά͕ٻΊΒΕ͍ͯΔɽ

͜ͷΑ͏ͳߦಈηϯγϯάγεςϜʹ͓͍ͯɼΧϝϥ

͚ͩͰͳ͘ɼର·ͰͷҐஔΛਖ਼֬ʹܭଌՄͳϨʔ

βʔϨϯδεΩϟφʢLRSʣͳͲɼੑߴͳηϯαΛར༻

͢Δྫ͛ڍΒΕΔ͕ɼܭଌൣғͷਓͷҐஔΛܧଓతʹ

Ѳ͢Δ͜ͱ༰қͳ͜ͱͰͳ͍ɽܭଌରͰ͋Δਓͱ

ηϯαͱͷؒʹःณ͕͋Δ߹ʹɼηϯα͔ΒਓΛ

؍ଌͰ͖ͳ͍ͨΊɼਓͷҐஔΛѲ͍ͨ͠ྖҬʹ͓͍ͯɼ

͍ͣΕ͔ͷηϯα͕ਓΛܭଌͰ͖ΔΑ͏ɼෳͷηϯαʹ

ΑΓܭଌ͞ΕΔྖҬ͕࠷େͱͳΔΑ͏ͳηϯαஔΛಋग़

͢Δ͔͍͕ͭ͘ڀݚҝ͞Ε͍ͯΔ [2–4]ɽҰํͰɼ͜ͷΑ

͏ͳนபͳͲͷःณʹΑΓਓ͕ܭଌͰ͖ͳ͍੩తͳΦ

Ϋϧʔδϣϯ͚ͩͰͳ͘ɼܭଌରͰ͋Δਓ͕ผͷਓʹର

ͯ͠ःณͱͳΔಈతͳΦΫϧʔδϣϯఆ͞Εɼ͜Ε

Βɼηϯαͷஔ͚ͩͰͳ͘ɼਓͷҠಈɼਓͱηϯ

αͷҐஔؔͳͲɼਓͷϞϏϦςΟʹىҼ͢Δͷͱ͑ߟ

ΒΕΔɽ

ຊڀݚͰɼಈతͳΦΫϧʔδϣϯʹΑΓܭଌͰ͖ͳ͍

ਓΛఆྔతʹѲ͢ΔͨΊɼܭଌྖҬͷηϯαͱਓͷϞ

ϏϦςΟʹΑΓੜ͡ΔΦΫϧʔδϣϯΛཧతʹఆࣜԽ

͠ɼਓͷϞϏϦςΟʹԠͯ͡ɼಈతͳΦΫϧʔδϣϯ͕Ͳ

ͷΑ͏ʹੜ͡Δ͔Λௐࠪͨ͠ɽ·ͣɼܭଌྖҬʹःณ

ͱͳΔਓͱܭଌରͱͳΔਓ͕̍ਓ͍ͣͭΔ߹ͷɼ༷ʑ

ͳҠಈύλʔϯʹରͯ͠ɼಈతΦΫϧʔδϣϯʹΑͬͯਓ

Λಋग़͠ɼͦؒ࣌ଌͰ͖ͳ͘ͳΔӅณ۠ؒͱӅณܭ͕ ͷޙɼ

ःณͱͳΔਓ͕ෳਓͷ߹ʹ֦ு͠ɼޙ࠷ʹηϯα͕
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ෳ͋Δ߹ʹ͍ͭͯɼͦͷӅณ۠ؒΛಋग़͢Δɽγϛϡ

ϨʔγϣϯʹΑΔධՁ࣮ݧͷ݁ՌɼϞϏϦςΟͷҧ͍ʹΑ

ΓɼಈతΦΫϧʔδϣϯʹΑΔӅณؒ࣌ͱӅณ۠ؒͷมԽ

ʹಛ͕ੜ͡Δ͜ͱΛ֬ೝͨ͠ɽ

2. ؔ࿈ڀݚ

ଌ͢Δख๏ͱͯ͠ɼෳͷηϯα͔ܭΛऀߦଓతʹาܧ

ΒৗʹาऀߦΛܭଌͰ͖ΔΑ͏ɼηϯαΛஔ͢Δख๏͕

ଟݕ౼͞Ε͍ͯΔ [2–11]ɽηϯαஔͷ࠷దԽͷͱ

ͯ͠ɼArt Gallery ProblemʢAGPʣ[2,5] ͕Α͘ΒΕͯ

͍ΔɽAGPͰɼ෦ͷܗͳͲͷزԿֶใ͕શʹط

ͷ߹ʹɼ࠷খͷܯඋһͰඒज़ؗͷશͯͷΛ

ࢹͰશํҐͷਂݶඋһແܯͰ͖ΔஔΛಋग़͢Δɽࢹ

Λ༗͢ΔͱԾఆ͓ͯ͠ΓɼແਂݶແੑࢦΧϝϥͱଊ

͑Δ͜ͱ͕Ͱ͖ΔͨΊɼAGPزԿֶใ͕શʹط

ͷ߹ͷແਂݶແੑࢦΧϝϥͷ࠷దͳஔΛಋग़͢Δ

ͱՁͰ͋Δɽ

ਓΛஅଓతݸଌྖҬͷܭେԽͰͳ͘ɼ࠷ଌྖҬͷܭ

ଌ͠ଓ͚ΔɼτϥοΩϯάΛతͱͯ͠ηϯαஔΛܭʹ

ΘΕ͍ͯΔߦదԽ͢ΔͨΊͷऔΓΈ࠷ [6, 7]ɽ୯७ͳ

ܭେԽΛతͱͨ͠߹ɼ͋Δʹ͋Δ࠷ଌྖҬͷܭ

ଌରΛɼগͳ͘ͱҰͭͷηϯα͔ΒܭଌͰ͖Εͦͷ

ΛܭଌྖҬʹؚΉͱ͓ͯ͠Γɼʮ͋Δ͕গͳ͘ͱ

Ұͭͷηϯα͔ΒܭଌՄͰ͋Δʯͱ͍͏੍݅Λຬ

ͨ͢ྖҬΛ࠷େԽ͢ΔΑ͏ɼηϯαஔΛ࠷దԽ͢Δ

ͱͯ͠ఆࣜԽ͞Ε͍ͯΔɽҰํɼτϥοΩϯάͷ߹ɼ

Ұͭͷηϯα͔ΒܭଌରΛܭଌ͢Δ͚ͩͰɼஅଓతͳ

੍͕͍݅ڧΒͳ͍ͷͰɼΑΓݶଌ͕ՄͰ͋Δͱܭ

ඞཁʹͳΔ͕ɼͦͷ੍݅ར༻͢Δηϯαͷछྨੑ

ʹେ͖͘ґଘ͢Δɽจݙ [6]ʹ͓͍ͯɼηϯαͱͯ͠

ΧϝϥΛ༻ͨ͠߹ʹ͓͚ΔτϥοΩϯάͷͨΊͷ੍

݅ͱͯ͠ɼʮ͋Δ͕গͳ͘ͱೋͭͷηϯα͔Βܭ

ଌՄͰ͋ΔʯͱఆΊ͍ͯΔɽ͜Ε 2ͭҎ্ͷηϯα͔

ΒܭଌରΛܭଌͰ͖ͨࡍʹɼ֯ࡾଌྔʹΑΓผͷηϯα

͔Βͦͷ؍ଌରͷҐஔ͕ಛఆՄͰɼηϯαؒͰܭଌର

ͷҐஔΛڞ༗Ͱ͖ΔͨΊɼܭଌର͕ݸʑͷηϯαͷܭ

ଌྖҬΛ·͕ͨΔΑ͏ʹҠಈͨ͠ࡍʹ͓͍ͯɼஅଓతͳ

τϥοΩϯά͕ՄͰ͋Δɽ͞ΒʹɼܭଌରΛࣝผ͢Δ

ͨΊʹ͖Λྀ͠ߟɼʮ͋Δʹ͓͍ͯɼܭଌରͷಛ

ΛΑ͘ද͢໘Λগͳ͘ͱೋͭͷηϯα͔ΒܭଌՄͰ͋

Δʯͱ͍͏੍݅ͷͱͰɼηϯαஔͷ࠷దԽΛͬߦ

͍ͯΔɽ͜ͷ࠷దԽɼηϯαͷܭଌྖҬʹର੍ͯ͠

݅Λຬͨ͢ྖҬͷׂ߹͕ᮢҎ্ʹͳΔΑ͏ʹɼηϯα

Λ࠷খԽ͢Δखଓ͖ͱɼͦͷ࠷దԽʹΑΓಋग़ͨ͠ηϯα

Ͱɼ੍݅Λຬͨ͢ྖҬΛ࠷େԽ͢Δखଓ͖͔Βߏ

͞ΕΔɽ͜ͷख๏ͰஅଓతͳτϥοΩϯάʹඞཁͳ੍

݅ΛఆࣜԽͯ͠ηϯαஔΛ࠷దԽ͍ͯ͠Δ͕ɼಈతͳ

ΦΫϧʔδϣϯྀ͞ߟΕ͍ͯͳ͍ɽΧϝϥͷ߹ɼபͳ

Ͳͷे͕͞ߴͳ੩తͳःณແࢹͰ͖ͳ͍͕ɼಈతͳ

ःณͱͯ͑͠ߟΒΕΔਓʹؔͯ͠ɼ͕͋͞ߴ·Γ͘ߴ

ͳ͍ͨΊɼΧϝϥΛेͳ͞ߴʹઃஔ͢Δ͜ͱͰͦͷΦΫ

ϧʔδϣϯΛແࢹͰ͖Δͱ͍ͯ͠Δɽ

ಈతΦΫϧʔδϣϯɼ͋Δܭଌର͕ผͷܭଌରʹ

ରͯ͠ःณͱͳΔ͜ͱͰൃੜ͢Δɽ͜ͷಈతΦΫϧʔ

δϣϯܭଌରͷҐஔʹґଘ͢ΔͨΊɼಈతΦΫϧʔ

δϣϯΛѻ͏ηϯαஔͷ࠷దԽख๏ͷҰͭʹ͓͍ͯɼ

ଌՄܭͷۉଌՄੑΛ֬తʹଊ͑ɼͦͷฏܭଌରͷܭ

ੑΛ࠷େԽ͢ΔΑ͏ʹ࠷దԽΛ͍ͯͬߦΔɽจݙ [8, 9]

ͰɼηϯαͷܭଌྖҬͷ໘ੵʹରͯ͠ΦΫϧʔδϣϯྖ

Ҭͷ໘ੵͷׂ߹͕େ͖͍΄Ͳɼܭଌର͕ܭଌ͠ʹ͘͘ͳ

ΔͱԾఆ͠ɼ͋Δ֬ʹैͬͯϥϯμϜʹग़ͨ͠ݱः

ณʹΑΓൃੜ͢ΔܭଌෆՄͳΦΫϧʔδϣϯྖҬͷ໘

ੵҎ֎ͷ໘ੵͷׂ߹ΛɼܭଌରͷฏۉͷܭଌՄੑͱ͠

ͯఆ͍ٛͯ͠ΔɽॴఆͷηϯαΛ༩͑ͨࡍʹɼ͜ͷฏۉ

ͷܭଌՄੑ͕࠷େͱͳΔΑ͏ʹ࠷దԽΛ͜͏ߦͱͰɼಈ

తΦΫϧʔδϣϯΛܭྀͨ͠ߟଌՄੑ͕࠷େͱͳΔΑ͏

ͳηϯαஔΛಋग़͢Δ͜ͱ͕Ͱ͖Δɽ͜ͷख๏Ͱ੩త

ΦΫϧʔδϣϯ͚ͩͰͳ͘ɼϥϯμϜʹൃੜ͢ΔಈతΦΫ

ϧʔδϣϯΛྀ͍ͯ͠ߟΔͰ༏Ε͍ͯΔ͕ɼ࣮ࡍʹਓ

ϥϯμϜʹग़͢ݱΔͷͰͳ͘ಛఆͷϞϏϦςΟʹैͬ

ͯҠಈ͢ΔͨΊ࣮ݱతͰͳ͍ɽ

3. ಈతΦΫϧʔδϣϯʹΑΔӅณ۠ؒͱӅณ
ͷఆࣜԽؒ࣌

ຊষͰɼਓಉ࢜ʹΑΓੜ͡ΔಈతΦΫϧʔδϣϯʹΑ

Γਓ͕Ӆณ͞ΕΔ۠ؒͱؒ࣌ΛఆࣜԽ͢ΔɽҎԼͰɼη

ϯα͔Βܭଌ͞ΕΔਓΛܭଌରɼ͜ͷܭଌରΛӅ͢ਓ

Λःณͱ͢Δɽ·ͣɼηϯα͕ҰͭͰɼःณͱܭଌର

͕Ұͭͣͭ͋Δ߹ʹ͍ͭͯఆࣜԽΛ͍ߦɼ࣍ʹఆࣜԽ

ͨࣜ͠Λःณ͕ෳ͋Δ߹ʹ֦ு͠ɼޙ࠷ʹෳηϯ

αʹ֦ு͢Δɽ͜ΕʹΑΓɼෳηϯαʹ͓͚ΔಈతΦΫ

ϧʔδϣϯʹΑΔӅณ۠ؒͱӅณ͕ؒ࣌Θ͔ΕɼΦΫ

ϧʔδϣϯൃੜͷલޙͰܭଌରͷҰகΛ֬ೝ͢Δ͜ͱ

ՄͱͳΔͱ͑ߟΔɽ͜ͷఆࣜԽʹ͓͍ͯɼηϯαܭଌ

খͰ͋ΔཧηϯαͰ͋ΔͱݶΑͼεςοϓ͕֯ແ͓ؒ࣌

Ծఆ͠ɼܭଌରͷҰ෦Ͱηϯα͔ΒܭଌͰ͖Εɼܭ

ଌՄͰ͋Δͱఆٛ͢Δɽ͜ͷఆࣜԽͰɼ·ͣɼಈతΦ

ΫϧʔδϣϯʹΑΔӅณ͕ؒ࣌͘ͳΓɼͦͷӨ͕ڹେ͖

͍ͱ͑ߟΒΕΔɼःณͱܭଌର͕ಉํʹҠಈ͢Δ

߹Λରͱ͢Δɽ

3.1 ःณɼܭଌରͷϞϏϦςΟͱಈతΦΫϧʔδϣϯ

ҎԼͰݪʹηϯα͕ઃஔ͞Ε͍ͯΔ xzฏ໘ঢ়Λɼz

࣠ਖ਼ํʹःณͱܭଌର͕Ҡಈ͢Δͱ߹Λ͑ߟΔɽ

͜ͷΑ͏ͳԾఆΛ͓͍ͯରশੑΑΓҰൠੑΛࣦΘͳ͍ɽ

͞Βʹ̎ͭͷମͷܘΛ rɼηϯαʹ͍ۙଆͷःณͷ
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ਤ 1 ಉͷ߹

ඪΛ࠲ (xi, zi),Λ viͱ͠ɼηϯα͔Βԕ͍ଆͷܭଌର

ͷ࠲ඪΛ (xj , zj),Λ vj ͱ͢Δɽ

3.1.1 ःณͱܭଌର͕ಉͰҠಈ͢Δͱ͖

શʹӅ͞ΕΔͷɼηϯαଌର͕ःณʹΑͬͯܭ

ͱܭଌରͷؒʹःณ͕ଘ͠ࡏɼηϯα͔Βܭଌର͕

શ֬͘ೝͰ͖ͳ͍Α͏ͳҐஔؔͷ࣌Ͱ͋Δɽ͜Ε̎࣍

ɼ͠ࡏଌରͷؒʹःณ͕ଘܭฏ໘্Ͱɼηϯαͱݩ

ηϯαͱܭଌରͷؒʹ̍ຊઢ͕Ҿ͚ͳ͍Ґஔؔʹ

૬͢ΔɽҎԼͰɼ͜ ͷΑ͏ͳҐஔཱ͕ؔ͢Δؒɼ

ಈతΦΫϧʔδϣϯʹΑΓܭଌର͕ܭଌͰ͖ͳ͍ͨΊɼ

͜ͷؒʹܭଌର͕Ҡಈ͢Δ۠ؒΛӅณ۠ؒɼӅณ۠ؒΛ

ͱͯ͠ಋग़͢Δɽ͜ͷؒ࣌ΛӅณؒ࣌ଌର͕Ҡಈ͢Δܭ

Α͏ͳҐஔؔΛٻΊΔࡍʹɼःณͱܭଌରɼ̎ͭͷ

ԁͷڞ௨֎ઢʹண͢Δɽڞ௨֎ઢ̎ͭͷԁʹ͠

͍ͯΔઢͷ͏ͪɼઢΛڬΜͰಉ͡ଆʹ̎ͭͷԁ͕ଘࡏ

͢Δ̎ຊͷઢͰ͋Δɽ̎ຊͷڞ௨֎ઢͱःณʹғ·

ΕͨྖҬɼܭଌର͔Β̍ຊઢΛҾ͘͜ͱ͕Ͱ͖ͳ

͍ྖҬͰ͋ΔɽΑͬͯ͜ͷྖҬʹηϯα͕ଘ͢ࡏΔΑ͏

ͳҐஔؔͷ࣌ɼಈతΦΫϧʔδϣϯʹΑΓܭଌର͕

ଌର͕ͲͪΒਓͰܭଌͰ͖ͳ͍ɽ͜͜Ͱःณͱܭ

͋Γɼಉ͡େ͖͞Ͱ͋ΔͱԾఆ͓ͯ͠Γɼڞ௨֎ઢฏ

௨֎ઢͱःณʹғ·ΕͨڞͱͳΔɽΑͬͯɼ̎ຊͷߦ

ྖҬͷΘΓʹɼ̎ຊͷڞ௨֎ઢͷؒʹηϯα͕ଘ͢ࡏ

Δ߹ʹɼܭଌର͕Ӆณ͞ΕΔͱ؆ུԽ͢Δ͜ͱ͕Ͱ͖

ΔͨΊɼҎԼͰηϯαɼःณɼܭଌର͕͜ͷΑ͏ͳ

ҐஔؔͱͳΔ۠ؒͱؒ࣌Λಋग़͢Δɽͦͷࡍɼःณͱ

ଌରͷܭ x࣠ํͷࠩΛ dxɼz࣠ํͷࠩΛ dzɼͦΕͧ

Εͷ͞Λ vi = vj = vͱ͢Δɽ

ਤ 1ɼःณͱܭଌର͕ಉͰҠಈ͢Δͱ͖ͷɼ

ಈతΦΫϧʔδϣϯʹΑΔܭଌରͷӅณ͕࢝·Δલͱ

ऴΘΔલͷɼःณͱܭଌରͷҐஔؔΛࣔͨ͠ਤͰ

͋Δɽਤ 1ͷɼ੨৭ͷԁःณΛɼᒵ৭ͷԁܭଌର

Λද͓ͯ͠Γɼਤͷ࣮ઢःณͱܭଌରͷڞ௨֎ઢ

Λද͍ͯ͠Δɽਤ 1தͷ৭ͷബ͍ͷɼܭଌର͕ःณ

ʹΑͬͯશʹӅณ͞Ε࢝ΊΔલͷҐஔؔΛࣔͯ͠

͍Δɽ͜Εःณͱܭଌରͷ z࠲ඪਖ਼ํଆͷڞ௨֎

ઢ͕ηϯαΛ௨ա͢Δͱ͖Ͱ͋Γɼ͜ΕҎ߱ηϯα͕

ःณͱܭଌରͷ 2ຊͷڞ௨֎ઢͷؒʹೖΔͨΊɼಈ

తΦΫϧʔδϣϯʹΑΔܭଌରͷӅณ͕ൃੜ͢Δલͷ

ҐஔؔͰ͋Δɽ৭ͷೱ͍ͷɼःณʹΑΔܭଌର

ͷӅณ͕ऴΘΔલͷҐஔؔΛ͍ࣔͯ͠Δɽ͜Εःณ

ͱܭଌରͷ z࠲ඪෛํଆͷڞ௨֎ઢ͕ηϯαΛ௨

ա͢Δͱ͖Ͱ͋Γɼ͜ΕҎ߱ηϯα͕ःณͱܭଌର

ͷ 2 ຊͷڞ௨֎ઢͷ͔ؒΒ֎ΕΔͨΊɼಈతΦΫϧʔ

δϣϯʹΑΔܭଌରͷӅณ͕ऴྃ͢ΔલͷҐஔؔͰ

͋ΔɽΑͬͯɼಈతΦΫϧʔδϣϯʹΑΓܭଌର͕ܭଌ

Ͱ͖ͳ͍Ӆณ۠ؒਤ 1ͷ dͷ۠ؒͰ͋Δɽ

ਤ 1ΑΓɼηϯα sͰͷःณ iʹΑΔܭଌର jͷಈత

ΦΫϧʔδϣϯʹΑΔӅณؒ࣌ ts,i,j ͱಈతΦΫϧʔδϣϯ

͕ൃੜ͢Δࡍͷڞ௨֎ઢͷํҐ֯ θs,i,j1 ͱಈతΦΫϧʔ

δϣϯ͕ऴྃ͢Δࡍͷڞ௨֎ઢͷํҐ֯ θs,i,j2 

θ = θs,i,j1 = θs,i,j2 (1)

ts,i,j =
d

v
(2)

Λຬͨ͠ɼҎԼͷزԿత͕ؔΓཱͭɽ

d =
2r

cos θ
(3)

cos θ =
dx√

dx2 + dz2
(4)

tan θ =
dz

dx
(5)

͜ΕΒͷࣜΑΓ
⎧
⎪⎪⎨

⎪⎪⎩

θs,i,j1 = θs,i,j2 = arctan
dz

dx
(6a)

ts,i,j =
2r
√
dx2 + dz2

vdx
(6b)

͕ಘΒΕΔɽ

3.1.2 ःณͱܭଌର͕ҟͳΔͰҠಈ͢Δͱ͖

ःณͱܭଌର͕ಉͰҠಈ͢Δ࣌ͱಉ༷ʹɼܭଌ

ର͕ःณʹΑͬͯશʹӅ͞ΕΔͷɼηϯαͱܭଌ

ରͷؒʹःณ͕ଘ͠ࡏɼηϯα͔Βܭଌର͕શ֬͘

ೝͰ͖ͳ͍Α͏ͳҐஔؔͷ࣌Ͱ͋Δɽ͜Ε̎ݩ࣍ฏ໘

্Ͱɼηϯαͱܭଌରͷؒʹःณ͕ଘ͠ࡏɼηϯα

ͱܭଌରͷؒʹ̍ຊઢ͕Ҿ͚ͳ͍Ґஔؔʹ૬

͢ΔɽΑͬͯɼःณͱܭଌର͕ಉͰҠಈ͢Δ࣌ͱ

ಉ༷ʹɼ̎ຊͷڞ௨֎ઢͷؒʹηϯα͕ଘ͢ࡏΔΑ͏ͳ

ҐஔؔͱͳΔ۠ؒͱؒ࣌Λಋग़͢Δɽͦͷࡍɼःณͱ

ଌରͷܭ x࣠ํͷࠩΛ dxɼͦΕͧΕͷ͞Λ vi, vjɼ

vi < vj ͱ͢Δɽ͜ͷͱ͖ɼःณͱܭଌରͷ z࠲ඪ͕

ಉ͡ʹͳΔ࣌ͷ z࠲ඪΛ z′ͱ͢Δͱɼz′ͷʹΑͬͯɼಈ
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ਤ 2 ҟͳΔɼz′ = 0 ͷͱ͖

తΦΫϧʔδϣϯʹΑΔܭଌରͷӅณ͕۠ؒมԽ͢Δɽ

z′ = 0Ͱɼਤ 2ͷΑ͏ʹ z < 0ͷྖҬͰӅณ͕։࢝͠ɼ

z > 0Ͱऴྃ͢Δɽz′ > 0Ͱਤ 3ɼਤ 4ͷΑ͏ʹ z > 0ͷ

ྖҬͰӅณ͕։࢝ɾऴྃ͢Δɽz′ < 0Ͱ z < 0ͷྖҬͰ

Ӆณ͕։࢝ɾऴྃ͢Δɽ͜ͷΑ͏ʹ z′ͷʹΑͬͯӅณ͕

ൃੜ͢ΔྖҬ͕ҟͳΔͨΊɼ߹͚ͯ͠ఆࣜԽΛ͏ߦɽ

• z′ = 0ͷͱ͖

ਤ 2ɼःณͱܭଌର͕ҟͳΔͰҠಈ͢Δͱ

͖Ͱɼ͔ͭ z′ = 0ͱͳΔͱ͖ͷɼಈతΦΫϧʔδϣϯ

ʹΑΔܭଌରͷӅณ͕࢝·ΔલͱऴΘΔલͷɼ

ःณͱܭଌରͷҐஔؔΛࣔͨ͠ਤͰ͋Δɽਤ 2

தͷ৭ͷബ͍ͷɼܭଌର͕ःณʹΑͬͯશ

ʹӅณ͞Ε࢝ΊΔલͷҐஔؔΛ͍ࣔͯ͠Δɽ͜Ε

ःณͱܭଌରͷ z࠲ඪෛํଆͷڞ௨֎ઢ͕

ηϯαΛ௨ա͢Δͱ͖Ͱ͋Γɼ͜ΕҎ߱ηϯα͕ः

ณͱܭଌରͷ 2ຊͷڞ௨֎ઢͷؒʹೖΔͨΊɼ

ಈతΦΫϧʔδϣϯʹΑΔܭଌରͷӅณ͕ൃੜ͢Δ

લͷҐஔؔͰ͋Δɽ৭ͷೱ͍ͷɼःณʹΑ

ΔܭଌରͷӅณ͕ऴΘΔલͷҐஔؔΛ͍ࣔͯ͠

Δɽ͜Εःณͱܭଌରͷ z࠲ඪਖ਼ํଆͷڞ௨

֎ઢ͕ηϯαΛ௨ա͢Δͱ͖Ͱ͋Γɼ͜ΕҎ߱η

ϯα͕ःณͱܭଌରͷ 2ຊͷڞ௨֎ઢͷ͔ؒΒ

֎ΕΔͨΊɼಈతΦΫϧʔδϣϯʹΑΔܭଌରͷӅ

ณ͕ऴྃ͢ΔલͷҐஔؔͰ͋ΔɽΑͬͯɼಈతΦ

ΫϧʔδϣϯʹΑΓܭଌର͕ܭଌͰ͖ͳ͍Ӆณ۠ؒ

ਤ 2ͷ dͷ۠ؒͰ͋Δɽ

ਤ 2ΑΓɼηϯα sͰͷःณ iʹΑΔܭଌର jͷ

ಈతΦΫϧʔδϣϯʹΑΔܭଌରͷӅณ͕࢝·ͬ

Β͔࣌ͨ zi = zj = z′ ͱͳΔ·Ͱͷؒ࣌ ts,i,j1 ͱɼ

zi = zj = z′ ͱͳ͔ͬͨ࣌ΒಈతΦΫϧʔδϣϯʹΑ

ΔܭଌରͷӅณ͕ऴΘΔ·Ͱͷؒ࣌ ts,i,j2 ɼ͓Αͼಈ

తΦΫϧʔδϣϯ͕։࢝͢Δࡍͷڞ௨֎ઢͷํҐ֯

θs,i,j1 ͱɼಈతΦΫϧʔδϣϯ͕ऴྃ͢Δࡍͷڞ௨֎

ઢͷํҐ֯ θs,i,j2 

t = ts,i,j1 = ts,i,j2 (7)

θ = θs,i,j1 = θs,i,j2 (8)

ਤ 3 z′ > 0 ͷͱ͖ͷΦΫϧʔδϣϯ։࢝Ґஔ

Λຬͨ͠ɼθ ͱ t࣍ͷ࿈ཱํఔࣜΛղ͘͜ͱͰಘΒ

ΕΔɽ

⎧
⎪⎪⎨

⎪⎪⎩

tan θ =
vj − vi
xj − xi

t (9a)

tan θ =
r√

a2 − r2
(9b)

ͨͩ͠ɼaࣜ࣍Ͱද͢ͷͱ͢Δɽ

a =
xivj − xjvi
vj − vi

(10)

͜͜Ͱ (vj − vi)t zi = zj = z′ ͱͳ͔ͬͯΒಈతΦ

Ϋϧʔδϣϯ͕ऴྃ͢Δ·Ͱʹःณͱܭଌର͕ਐ

ΉڑͷࠩΛද͢ɽ͜ͷ࿈ཱํఔࣜΛղ͘ͱɼ

⎧
⎪⎪⎨

⎪⎪⎩

θs,i,j1 = θs,i,j2 = arctan
r√

a2 − r2
(11a)

ts,i,j1 = ts,i,j2 =
xj − xi

vj − vi

r√
a2 − r2

(11b)

͕ಘΒΕΔɽ

• z′ > 0ͷͱ͖

ਤ 3ɼःณͱܭଌର͕ҟͳΔͰҠಈ͢Δͱ

͖Ͱɼ͔ͭ z′ > 0ͱͳΔͱ͖ͷɼಈతΦΫϧʔδϣϯ

ʹΑΔܭଌରͷӅณ͕࢝·Δલͷɼःณͱܭଌ

ରͷҐஔؔΛࣔͨ͠ਤͰ͋Δɽਤ 3தͷബ͍ͷ

ɼःณͱܭଌରͷ z࠲ඪ͕ಉ͡ʹͳΔͱ͖ɼͭ

·Γ zi = zj = z′ ͱͳΔͱ͖ͷҐஔؔͰ͋Δɽ৭ͷ

ೱ͍ͷɼܭଌର͕ःณʹΑͬͯશʹӅณ͞

Ε࢝ΊΔલͷҐஔؔΛ͍ࣔͯ͠Δɽ͜Εःณ

ͱܭଌରͷ z࠲ඪෛํଆͷڞ௨֎ઢ͕ηϯαΛ

௨ա͢Δͱ͖Ͱ͋Γɼ͜ΕҎ߱ηϯα͕ःณͱܭ

ଌରͷ 2ຊͷڞ௨֎ઢͷؒʹೖΔͨΊɼಈతΦΫ

ϧʔδϣϯʹΑΔܭଌରͷӅณ͕ൃੜ͢ΔલͷҐ

ஔؔͰ͋Δɽ

͜ͷͱ͖ɼಈతΦΫϧʔδϣϯ͕։࢝͢Δࡍͷڞ௨֎

ઢͷํҐ֯ θs,i,j1 ͱɼzi = zj = z′ ͱͳͬͨҐஔ͔

ΒಈతΦΫϧʔδϣϯʹΑΔӅณ։࢝·Ͱͷؒ࣌ ts,i,j1

࣍ͷ࿈ཱํఔࣜΛղ͘͜ͱͰಘΒΕΔɽਤ 3ΑΓɼ
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ਤ 4 z′ > 0 ͷͱ͖ͷΦΫϧʔδϣϯऴྃҐஔ

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

tan θs,i,j1 =
vj − vi
xj − xi

ts,i,j1 (12a)

tan θs,i,j1 =
− rb

xj−xi
+ vjt

s,i,j
1 + z′

xj
(12b)

ͨͩ͠ɼbࣜ࣍Ͱද͢ͷͱ͢Δɽ

b =
√
(vj − vi)2(t

s,i,j
1 )2 + (xj − xi)2 (13)

͜͜Ͱ (vj − vi)ts,i,j,1  zi = zj = z′ ͱͳ͔ͬͯΒಈ

తΦΫϧʔδϣϯʹΑΔܭଌରͷӅณ͕։࢝͢Δ·

Ͱʹःณͱܭଌର͕ਐΉڑͷࠩΛද͢ɽ·ͨɼ

͜ͷ࿈ཱํఔࣜΛղ͍ͨ݁ՌඇৗʹࡶͰ͋ΔͨΊ

লུ͢Δɽ

·ͨɼਤ 4ɼःณͱܭଌର͕ҟͳΔͰҠಈ

͢Δͱ͖Ͱɼ͔ͭ z′ > 0ͱͳΔͱ͖ͷɼಈతΦΫϧʔ

δϣϯʹΑΔܭଌରͷӅณ͕࢝·Δલͷɼःณ

ͱܭଌରͷҐஔؔΛࣔͨ͠ਤͰ͋Δɽਤ 4தͷബ

͍ͷɼःณͱܭଌରͷ z࠲ඪ͕ಉ͡ʹͳΔͱ

͖ɼͭ·Γ zi = zj = z′ ͱͳΔͱ͖ͷҐஔؔͰ͋

Δɽ৭ͷೱ͍ͷɼःณʹΑΔܭଌରͷӅณ͕

ऴΘΔલͷҐஔؔΛ͍ࣔͯ͠Δɽ͜Εःณͱ

ଌରͷܭ z࠲ඪਖ਼ํଆͷڞ௨֎ઢ͕ηϯαΛ௨

ա͢Δͱ͖Ͱ͋Γɼ͜ΕҎ߱ηϯα͕ःณͱܭଌ

ରͷ 2ຊͷڞ௨֎ઢͷ͔ؒΒ֎ΕΔͨΊɼಈతΦ

ΫϧʔδϣϯʹΑΔܭଌରͷӅณ͕ऴྃ͢Δલͷ

ҐஔؔͰ͋Δɽ

θs,i,j,1ɼts,i,j,1ͱಉ༷ʹɼಈతΦΫϧʔδϣϯ͕ऴྃ͢

Δࡍͷڞ௨֎ઢͷํҐ֯ θs,i,j2 ͱɼz1 = z2ͱͳͬͨ

Ґஔ͔ΒಈతΦΫϧʔδϣϯʹΑΔӅณऴྃ·Ͱͷ࣌

ؒ ts,i,j2 ࣍ͷ࿈ཱํఔࣜΛղ͘͜ͱͰಘΒΕΔɽਤ

4ΑΓɼ
⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

tan θs,i,j2 =
vj − vi
xj − xi

ts,i,j2 (14a)

tan θs,i,j2 =
rc

xj−xi
+ vjt

s,i,j
2 + z′

xj
(14b)

ͨͩ͠ɼcࣜ࣍Ͱද͢ͷͱ͢Δɽ

c =
√

(vj − vi)2(t
s,i,j
2 )2 + (xj − xi)2 (15)

ਤ 5 ηϯα s ʹର͢Δःณ i ʹΑΔӅณ۠ؒ

͜͜Ͱ (vj − vi)t
s,i,j
2  zi = zj = z′ ͱͳ͔ͬͯΒಈ

తΦΫϧʔδϣϯʹΑΔӅณ͕ऴྃ͢Δ·Ͱʹःณ

ͱܭଌର͕ਐΉڑͷࠩΛද͢ɽ·ͨɼ͜ͷ࿈ཱํ

ఔࣜΛղ͍ͨ݁ՌඇৗʹࡶͳͰ͋ΔͨΊলུ͢

Δɽ͜͏ͯͨ͠͠ࢉܭ ts,i,j1 , ts,i,j2 ΑΓɼӅณؒ࣌ t

t = ts,i,j2 − ts,i,j1 ͰٻΊΔ͜ͱ͕Ͱ͖Δɽ

• z′ < 0ͷͱ͖

z′ > 0 ͷͱ͖ͱಉ༷ʹɼಈతΦΫϧʔδϣϯ͕։࢝

͢Δࡍͷڞ௨֎ઢͷํҐ֯ θs,i,j1 ͱ zi = zj = z′ ͱ

ͳͬͨҐஔ͔ΒಈతΦΫϧʔδϣϯʹΑΔӅณ։࢝·

Ͱͷؒ࣌ ts,i,j1 ɼಈతΦΫϧʔδϣϯ͕ऴྃ͢Δࡍͷ

௨֎ઢͷํҐ֯ڞ θs,i,j2 ͱ zi = zj = z′ ͱͳͬͨҐ

ஔ͔ΒಈతΦΫϧʔδϣϯʹΑΔӅณऴྃ·Ͱͷؒ࣌

ts,i,j2 ΛٻΊΔ͜ͱ͕Ͱ͖Δɽ

3.2 ෳମͷҐஔؔͱΦΫϧʔδϣϯ

section3.1ͷؔΛෳମͷ߹ʹ֦ு͢Δɽਤ 5ͷ

Α͏ʹηϯα sͷɼःณ iʹΑͬͯൃੜ͢Δ؍ଌର jͷ

ಈతΦΫϧʔδϣϯ͕։࢝͢ΔࡍͷํҐ֯Λ θs,i,j1 occlusionɼ

Ґஔͷ z࠲ඪΛ zs,i,j1 occlusionɼΦΫϧʔδϣϯ͕ऴྃ͢Δࡍ

ͷํҐ֯Λ θs,i,j2 occlusionɼҐஔͷ z࠲ඪΛ zs,i,j2 occlusionͱ͢Δ

ͱɼzs,i,j1 occlusionɼzs,i,j2 occlusion ࣜ࣍Ͱද͞ΕΔɽ

zs,i,j1 occlusion = x tan θs,i,j1 occlusion +
r

cos θs,i,j1 occlusion

(16)

zs,i,j2 occlusion = x tan θs,i,j2 occlusion − r

cos θs,i,j2 occlusion

(17)

zs,i,j1 occlusion < zs,i,jocclusion < zs,i,j2 occlusionͱͳΔ z = zs,i,jocclusion

ͷൣғͰःณ iͷΦΫϧʔδϣϯʹΑͬͯܭଌର j

ଌͰ͖ͳ͘ͳΔɽܭ͕

ෳମʹΑΔܭଌର jͷӅณ۠ؒ zs,jocclusion ࣜ࣍

Ͱද͞ΕΔɽ

zs,jocclusion =
⋃

i

zs,i,jocclusion (18)

「第26回マルチメディア通信と分散処理ワークショップ論文集」平成30年11月

©2018 Information Processing Society of Japan 211



ਤ 6 ෳःณʹର͢ΔӅณ۠ؒʢࠨʣ

ෳηϯαʹର͢ΔӅณ۠ؒʢӈʣ

·ͨɼӅณ۠ؒͰͳ͘ɼܭଌՄͳൣғ zs,jsee ࣜ࣍Ͱද͞

ΕΔɽ

zs,jsee = {z|z /∈ zs,jocclusion} (19)

͜ΕΛෳηϯαͷ߹ʹ֦ு͢ΔɽͲΕ͔̍ͭͷηϯ

α͔Βܭଌର j͕͍ͯ͑ݟΕɼܭଌՄͱ͢Δͱɼܭ

ଌՄͳൣғ zjsee ࣜ࣍Ͱද͞ΕΔɽ

zjsee =
⋃

s

zs,jsee (20)

Ҏ্ͰಈతΦΫϧʔδϣϯ͕ൃੜͯ͠ɼܭଌରΛܭଌ

ՄͳྖҬΛಋग़͢Δ͜ͱ͕Ͱ͖Δɽ

4. าߦύλʔϯͱӅณؒ࣌ʹؔ͢Δߟ

ຊষͰɼγϛϡϨʔγϣϯʹΑΓηϯασʔλΛऩू

͠ɼ༷ʑͳาߦύλʔϯͱಈతΦΫϧʔδϣϯʹΑΔӅณ

Δɽ͢ߟ͍ͯͭʹͷؔؒ࣌

4.1 γϛϡϨʔγϣϯڥ

ήʔϜ։ൃΤϯδϯ Unity ্ʹγϛϡϨʔλΛ࡞͠ɼ

γϛϡϨʔγϣϯʹΑͬͯηϯασʔλΛऔಘ͢Δ͜ͱ

ͰσʔλͷऔಘΛͨͬߦɽηϯαɼLRSΛ༻͍ͨ

าऀߦͷҐஔͱيͷτϥοΩϯάγεςϜͰ͋Δʮͻͱ

ͳͼʯ[12] Ͱ༻͞Ε͍ͯΔɼ”UTM-30LX”Λఆ͍ͯ͠

Δɽ”UTM-30LX”ࠪൣғ͕ 30mɼࢹ͕֯ 270ɼε

ςοϓ֯ 0.25ɼεΩϟϯؒ࣌ 25msͷੑߴηϯαͰ͋

Δɽ͜ͷηϯαΛ Unity ্Ͱ࣮͠γϛϡϨʔγϣϯΛ

ɼUnity͕ͨͬߦ ͷ੍্ɼεΩϟϯؒ࣌ 100msͱͯ͠

͍Δɽ·ͨɼਓͷܘɼฏۉͷݞ෯Ͱ͋Δ 20cmɼาߦ

 25cm/sʙ100cm/sͱͨ͠ɽ

4.2 าߦύλʔϯͱӅณؒ࣌

าߦύλʔϯʹΑͬͯಈతΦΫϧʔδϣϯʹΑΔӅณ࣌

͕ؒͲͷΑ͏ʹมԽ͢Δͷ͔ΛɼγϛϡϨʔγϣϯʹΑΔ

ਤ 7 ःณ-ܭଌରؒͷڑΛݻఆͨ࣌͠ͷӅณؒ࣌ͷൺֱ

ਤ 8 ःณΛݻఆͨ࣌͠ͷӅณؒ࣌ͷൺֱ

σʔλ͔Βͨ͠ߟɽ

4.2.1 ಉͰɼःณ-ܭଌରؒͷ z࠲ඪͷͣΕ͕ͳ

͍߹

ʢvi = vj = v, dz = 0ͷ߹ʣ

ःณͱܭଌର͕ಉͰɼz࠲ඪ͕ৗʹಉ͡Ͱ͋Δ

߹ͷӅณؒ࣌ͷಛʹ͍ͭͯهड़͢Δɽ

• ःณͱܭଌରͷҐஔؔʹΑΔӅณؒ࣌ͷൺֱ
ਤ 11ʙਤ 9ɼdz = 0ͷ࣌ʹःณͱܭଌରͷҐ

ஔؔΛมԽͤ͞ͳ͕ΒγϛϡϨʔγϣϯΛ͍ߦɼಈ

తΦΫϧʔδϣϯʹΑΔӅณؒ࣌Λௐͨ݁ՌͰ͋

Δɽਤ 11ःณ-ܭଌରؒͷڑΛҰఆʹอͬͨ

··ɼηϯα͔ΒͷڑΛม͑ͳ͕ΒγϛϡϨʔγϣ

ϯΛ݁ͨͬߦՌɼਤ 8ηϯα-ःณؒͷڑΛҰఆ

ʹอͪɼηϯα-ܭଌରؒͷڑΛม͑ͳ͕Βγϛϡ

ϨʔγϣϯΛ݁ͨͬߦՌɼਤ 9ηϯα-ܭଌରؒ

ͷڑΛҰఆʹอͪɼηϯα-ःณؒͷڑΛม͑ͳ

͕ΒγϛϡϨʔγϣϯΛ݁ͨͬߦՌɼ͜ͷ݁ՌΑΓɼ

ःณͱܭଌରͷҐஔؔͱӅณؒ࣌ͷؔʹؔ͠
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ਤ 9 ͷൺֱؒ࣌ͷӅณ࣌ఆͨ͠ݻଌରΛܭ

ਤ 10 ผͷӅณؒ࣌ͷൺֱ

ʢܭଌର͔Βηϯα·Ͱͷڑ 10mʹݻఆʣ

ͯɼҎԼͷ 3ͭͷಛ͕͋Δ͜ͱ͕Θ͔ͬͨɽ

– ःณ-ܭଌରؒͷڑ͕Ұఆͷ࣌ (ਤ 11)ɼःณ

ͱܭଌର͕ηϯα͔ΒΕΔ΄ͲӅณؒ࣌͘

ͳΔɽ͜Εःณͱܭଌର͕ηϯαʹ͍ۙ΄Ͳ

ʹଌର͕ΦΫϧʔδϣϯྖҬʹೖΓ͘͢ɼग़ܭ

͍ͨ͘ΊɼӅณؒ࣌͘ͳΔ͔ΒͰ͋Δɽ

– ηϯα-ःณؒͷڑ͕ݻఆͷ࣌ (ਤ 8)ɼܭଌର

͕ηϯα͔ΒΕΔ΄ͲӅณؒ࣌͘ͳΔɽ͜Ε

ηϯα-ःณؒͷڑ͕͍ۙ΄Ͳܭଌର͕ΦΫ

ϧʔδϣϯྖҬʹೖΓ͘͢ɼग़ʹ͍ͨ͘ΊɼӅณ

͘ͳΔ͔ΒͰ͋Δɽ͕ؒ࣌

– ηϯα-ܭଌରؒͷڑ͕ݻఆͷ࣌ (ਤ 9)ɼःณ

͕ηϯα͔ΒΕΔ΄ͲӅณؒ࣌͘ͳΔɽ͜Ε

ःณͷҐஔ͕ݻఆͷͱ͖ͱಉ༷ʹɼःณ-ܭଌ

ରؒͷڑ͕͍ۙ΄Ͳܭଌର͕ΦΫϧʔδϣϯ

ྖҬʹೖΓ͘͢ɼग़ʹ͍ͨ͘ΊɼӅณ͕ؒ࣌͘

ͳΔ͔ΒͰ͋Δɽ

• ःณͱܭଌରͷʹΑΔӅณؒ࣌ͷൺֱ

ਤ 11 ःณͱܭଌରͷҐஔؔʹΑΔӅณؒ࣌ͷൺֱ

ਤ??ɼdz = 0ͷ࣌ʹःณͱܭଌରͷΛม

Խͤ͞ͳ͕ΒγϛϡϨʔγϣϯΛ͍ߦɼಈతΦΫϧʔ

δϣϯʹΑΔӅณؒ࣌Λௐͨ݁ՌͰ͋Δɽਤ??ͷ݁

ՌΑΓɼ͕େ͖͍΄ͲӅณ͕͍͕ؒ࣌ࣄΘ͔Δɽ

͜ΕःณͱܭଌରͷҐஔ͕ؔಉ࣌͡ɼ

ʹؔΘΒͣಈతΦΫϧʔδϣϯʹΑΔӅณ͕۠ؒಉ͡

ʹͳΔͨΊɼ͕େ͖͍΄ͲͦͷӅณ۠ؒΛ௨ա͢

Δ͕ؒ࣌͘ͳΔͨΊͰ͋Δɽ

4.2.2 ಉͰɼःณ-ܭଌରؒͷ z࠲ඪͷͣΕ͕͋

Δ߹

ʢvi = vj = v, dz > 0ͷ߹ʣ

• ःณͱܭଌରͷҐஔؔʹΑΔӅณؒ࣌ͷൺֱ
ਤ 10ɼdz > 0ͷ࣌ʹःณͱܭଌରͷҐஔؔ

ΛมԽͤ͞ͳ͕ΒγϛϡϨʔγϣϯΛ͍ߦɼಈతΦΫ

ϧʔδϣϯʹΑΔӅณؒ࣌Λௐͨ݁ՌͰ͋Δɽਤ 10

ͷಉ͡৭ͷάϥϑःณ-ܭଌରؒͷڑ͕ಉ͡

߹ͷάϥϑɼಉ͡ϚʔΫͷάϥϑηϯα-ःณؒ

ͷڑ͕ಉ͡߹ͷάϥϑͰ͋Δɽਤ 10ͷ݁ՌΑΓɼ

dz͕େ͖͍΄ͲӅณ͕͍ؒ࣌͜ͱ͕Θ͔Δɽ͜Ε

ਤ 1ʹࣔ͞ΕΔΑ͏ʹɼdz͕େ͖͍΄Ͳःณͱܭଌ

ର͕ηϯαʹରͯ͠ҰઢʹฒͿ࣌ͷ֯ θ͕େ͖

͘ͳΔͨΊɼӅณ۠ؒ d͕େ͖͘ͳΔͨΊͰ͋Δɽ·

ͨɼdz=0ͷ࣌ͱಉ༷ͷಛݟΒΕͨɽ

4.2.3 ҟͳΔͷ߹ʢvi ̸= vj ͷ߹ʣ

ःณͱܭଌର͕ҟͳΔͰҠಈ͢Δ߹ͷಈతΦ

ΫϧʔδϣϯʹΑΔӅณؒ࣌ͷಛʹ͍ͭͯهड़͢Δɽ͜

ͷ߹ःณͱܭଌରͷ z࠲ඪ͕ಉ͡ʹͳΔ z࠲ඪɼ

z′ ͷ͕ 0ʹۙͮ͘ʹͭΕͯɼӅณ͕ؒ࣌͘ͳΔͱ͍ͬ

ͨಛ͕ݱΕΔ͜ͱ͕Θ͔ͬͨɽ

• ःณͱܭଌରͷҐஔؔʹΑΔӅณؒ࣌ͷൺֱ
ਤ 12 vi = 50cm/sɼvj = 100cm/sɼ xj

xi
< vj

vi
ͷ࣌
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ਤ 12 vi = 50cm/sɼvj = 100cm/sɼ xj

xi
<

vj

vi
ͷ߹ͷ

ःณΛݻఆͨ࣌͠ͷӅณؒ࣌ͷൺֱ

ਤ 13 vi = 50cm/sɼvj = 100cm/sɼ xj

xi
>

vj

vi
ͷ߹ͷ

ःณΛݻఆͨ࣌͠ͷӅณؒ࣌ͷൺֱ

ʹɼਤ 13 vi = 50cm/sɼvj = 100cm/sɼ xj

xi
> vj

vi

ͷ࣌ʹःณͱܭଌରͷҐஔؔΛมԽͤ͞ͳ͕Β

γϛϡϨʔγϣϯΛ͍ߦɼӅณؒ࣌Λௐͨ݁ՌͰ͋

Δɽ͜ͷ݁ՌΑΓɼҎԼͷ̎ͭͷಛ͕͋Δ͜ͱ͕Θ

͔ͬͨɽ

– ηϯα-ःณؒͷڑ : ηϯα-ܭଌରͷڑ

= vi : vj ͱͳΔ࣌ʢ
xj

xi
= vj

vi
ͱͳΔ࣌ʣΛڥʹӅ

ณؒ࣌ͷಛ͕มԽ͢Δ͜ͱ͕Θ͔ͬͨɽਤ 12 Α

Γɼxj

xi
< vj

vi
ͱͳΔͱ͖ɼxj

xi
͕খ͘͞ͳΔ΄ͲӅ

ณؒ࣌͘ͳΔɽ

– z′ ͕ 0͔ΒΕΔ΄ͲɼӅณ͕ؒ࣌͘ͳΔɽ͜Ε

 z′ ͕ 0͔ΒΕΔ΄Ͳःณͱܭଌର͕ηϯα

ʹରͯ͠ҰઢʹฒͿࡍͷ͕֯େ͖͘ͳΔͨΊɼ݁

ՌతʹӅณ͕۠ؒେ͖͘ͳΔͨΊͩͱ͑ߟΒΕΔɽ

͜ΕΒͷಛʹՃ͑ͯɼηϯα-ःณؒͷڑ :ηϯ

α-ܭଌରͷڑ = vi : vj ͱͳΔ࣌ʢ
xj

xi
= vj

vi
ͱͳ

Δ࣌ʣͷӅณؒ࣌ɼz′ = 0ͰແݶେʢͣͬͱӅΕͨ

ਤ 14 vi = 50cm/sɼvj = 75cm/sɼ xj

xi
<

vj

vi
ͷ߹ͷ

ःณΛݻఆͨ࣌͠ͷӅณؒ࣌ͷൺֱ

ਤ 15 vi = 50cm/sɼvj = 75cm/sɼ xj

xi
>

vj

vi
ͷ߹ͷ

ःณΛݻఆͨ࣌͠ͷӅณؒ࣌ͷൺֱ

··ʣͱͳΓɼͦΕҎ֎ͷ z′ ̸= 0Ͱ 0ඵͱͳΔͱ͍

͏͜ͱ͕Θ͔ͬͨɽ·ͨɼ͜ΕΒͷಛͷൺΛ

ม͑ͯಉ༷ʹݱΕΔɽ

5. าߦύλʔϯͱӅณ۠ؒʹؔ͢Δߟ

ຊষͰɼγϛϡϨʔγϣϯʹΑΓηϯασʔλΛऩू

͠ɼาߦύλʔϯͱಈతΦΫϧʔδϣϯʹΑΔӅณ۠ؒͷ

ΔɽγϛϡϨʔγϣϯ͢ߟ͍ͯͭʹؔ 4ষͱಉ༷ͷ

ɽͨͬߦͰڥ

5.1 าߦύλʔϯͱӅณ۠ؒ

าߦύλʔϯʹΑͬͯಈతΦΫϧʔδϣϯʹΑΔӅณ۠

͕ؒͲͷΑ͏ʹมԽ͢Δͷ͔ΛɼγϛϡϨʔγϣϯʹΑΔ

σʔλ͔Βͨ͠ߟɽγϛϡϨʔγϣϯɼҰํ௨ߦͷ௨

࿏Λఆͯ͠ҰํʹਐΉาऀߦͷΈͷӅณ۠ؒɼ͓Αͼ

ӈଆ௨ߦͷ௨࿏Λఆͯ྆͠ํʹਐΉาऀߦͷӅณ۠ؒ

ͷ̎ύλʔϯʹ͍͍ͭͯߦɼͱʹಈతΦΫϧʔδϣϯ͕

ൃੜ͍͢͠ɼࠞͨ͠ࡶঢ়گΛఆ͍ͯ͠Δɽ
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ਤ 16 ҰํʹਐΉาऀߦͷӅณ۠ؒͷώʔτϚοϓ

ਤ 17 ҰํʹਐΉาऀߦͷɼ5m Ҏ্࿈ଓͯ͠Ӆณ͞ΕΔ۠ؒͷ

ΈͷώʔτϚοϓ

5.1.1 ҰํʹਐΉาऀߦͷӅณ۠ؒ

ਤ 16 ɼҰํ௨ߦͷ௨࿏Λఆ͠ɼηϯα͔Β 2mʙ

14mΕͨॴΛɼ 25cm/sʙ75cm/sͰҰํʹҠಈ

͢ΔาऀߦΛɼ2000ਓੜͨ͠߹ͷಈతΦΫϧʔδϣ

ϯʹΑΔӅณ۠ؒΛɼx,z࠲ඪ͕ͱʹͷ࠲ඪ͝ͱ

ʹώετάϥϜͱͯ͠ه͠ɼͦΕΛώʔτϚοϓʹͯ͠

දͨ͠ͷͰ͋Δɽ੨৭ͷ۠ؒӅณ͞Εͨਓ͕ 1ʙ2

ਓͱগͳ͍۠ؒɼ৭ͷ۠ؒӅณ͞Εͨਓ͕ 12ਓҎ

্ͱଟ͍۠ؒͰ͋Δɽਤ 16ΑΓɼҰํʹਐΉาऀߦͷ

Ӆณ۠ؒʹؔͯ͠ɼηϯα͔Β x࠲ඪɼz࠲ඪ͕ΕΔ

΄ͲಈతΦΫϧʔδϣϯ͕ൃੜ͍͢͜͠ͱ͕Θ͔Δɽ·

ͨɼ2000ਓͷา͕ऀߦଞͷาऀߦʹӅณ͞Εͨ࠲ඪͷͷ

ܭྦྷ 317801Ͱ͋ͬͨɽ͞Βʹɼਤ 17ΑΓɼ5mҎ্࿈

ଓͯ͠Ӆณ͞ΕΔ۠ؒʹؔͯ͠ɼηϯα·Ͱͷ x࠲ඪͷ

Өڹখ͘͞ɼz࠲ඪ͕ΕΔ΄ͲظతͳӅณ͕͜ىΓ

͍͕͢ࣄΘ͔Δɽ

5.1.2 ͷӅณ۠ؒऀߦਐΉาʹํ྆

ਤ 18 ɼӈଆ௨ߦͷ௨࿏Λఆ͠ɼηϯα͔Β 2mʙ

7mΕͨॴΛɼ 25cm/sʙ75cm/sͰҰํʹҠಈ

͢Δาऀߦͱɼηϯα͔Β 7mʙ14mΕͨॴΛɼ

ਤ 18 ͷӅณ۠ؒͷώʔτϚοϓऀߦਐΉาʹํ྆

ਤ 19 ͷɼ5mऀߦਐΉาʹํ྆ Ҏ্࿈ଓͯ͠Ӆณ͞ΕΔ۠ؒͷ

ΈͷώʔτϚοϓ

25cm/sʙ75cm/sͰରํʹҠಈ͢ΔาऀߦΛɼͦΕͧ

Ε 1000ਓੜͨ͠߹ͷಈతΦΫϧʔδϣϯʹΑΔӅณ

۠ؒΛɼx,z࠲ඪ͕ͱʹͷ࠲ඪ͝ͱʹώετάϥ

Ϝͱͯ͠ه͠ɼͦΕΛώʔτϚοϓʹͯ͠දͨ͠ͷͰ

͋Δɽ੨৭ͷ۠ؒӅณ͞Εͨਓ͕ 1ʙ2ਓͱগͳ͍۠

ؒɼ৭ͷ۠ؒӅณ͞Εͨਓ͕ 12ਓҎ্ͱଟ͍۠ؒ

Ͱ͋Δɽਤ 18ΑΓɼ྆ํʹਐΉาऀߦͷӅณ۠ؒʹؔ

ͯ͠ɼҰํͷ࣌ͱಉ༷ʹɼηϯα͔Β x࠲ඪɼz࠲ඪ

͕ΕΔ΄ͲಈతΦΫϧʔδϣϯ͕ൃੜ͍͢͜͠ͱ͕Θ

͔Δɽ·ͨɼ2000ਓͷา͕ऀߦଞͷาऀߦʹӅณ͞Εͨ࠲

ඪͷͷྦྷܭ 357036Ͱ͋ΓɼҰํͷ࣌ͱൺͯେ͖

͘ɼΑΓಈతΦΫϧʔδϣϯʹΑΔӅณ͕ൃੜ͍͢͠ࣄ

͕Θ͔ͬͨɽਤ 19ΑΓɼ5mҎ্࿈ଓͯ͠Ӆณ͞ΕΔ۠ؒ

ʹؔͯ͠ɼҰํͷ࣌ͱಉ༷ʹηϯα·Ͱͷ x࠲ඪͷӨ

Γ͜ىతͳӅณ͕ظඪ͕ΕΔ΄Ͳ࠲খ͘͞ɼzڹ

Θ͔Δɽ͕ࣄ͍͢

6. ͓ΘΓʹ

ຊڀݚͰɼਓͷҐஔΛѲ͢Δߦಈηϯγϯάγες

Ϝʹ͓͍ͯɼܭଌରͰ͋Δਓ͕ผͷਓʹରͯ͠ःณͱ

ͳΔಈతͳΦΫϧʔδϣϯ͕ͲͷΑ͏ʹൃੜ͢Δͷ͔ɼͦ

ͷಈతΦΫϧʔδϣϯʹΑΔӅณ۠ؒͱӅณؒ࣌ʹ͍ͭͯ

「第26回マルチメディア通信と分散処理ワークショップ論文集」平成30年11月

©2018 Information Processing Society of Japan 215



ཧతʹఆࣜԽΛͨͬߦɽ·ͨɼ͜ͷಈతΦΫϧʔδϣϯ

ʹΑΔӅณ͕ؒ࣌ਓͷϞϏϦςΟʹΑͬͯͲͷΑ͏ʹมԽ

͢Δͷ͔ʹ͍ͭͯɼγϛϡϨʔγϣϯʹΑΔௐࠪΛͨͬߦɽ

γϛϡϨʔγϣϯͷ݁Ռɼःณͱܭଌର͕ಉͷ࣌

ɼಈతΦΫϧʔδϣϯʹΑΔӅณ͕ؒ࣌͘ͳΔ͕݅ɼ

ःณͱܭଌର͕ηϯα͔ΒΕ͍ͯΔ͜ͱɼःณ-ܭ

ଌରؒͷڑ͕Ε͍ͯΔ͜ͱɼ͕খ͍͜͞ͱɼͰ

͋Δ͜ͱ͕Θ͔ͬͨɽ·ͨɼःณͱܭଌରͷ͕ҟ

ͳΔ࣌ɼಈతΦΫϧʔδϣϯʹΑΔӅณ͕ؒ࣌͘ͳΔ

͕݅ɼܭଌର͕ःณʹ͍ͭ͘Ґஔ͕ηϯα͔Β

Ε͍ͯΔ͜ͱɼःณͱܭଌରͷͷൺͱɼःณͱ

ͷൺ͕Ε͍ͯΔ͜ͱɼͰ͋ڑଌରͷηϯα͔Βͷܭ

Δ͜ͱ͕Θ͔ͬͨɽ

ʹɼਓͷϞϏϦςΟ͝ͱʹɼಈతΦΫϧʔδϣϯޙࠓ

ΑΔӅณ͕۠ؒͲͷΑ͏ͳಛΛͭ࣋ͷ͔ʹ͍ͭͯɼΑΓ

ಈηϯγϯߦΔɽ͍ͦͯͯ͑͠ߟͱ͍͍ͨߦͳௐࠪΛࡉৄ

άγεςϜʹ͓͍ͯɼಈతΦΫϧʔδϣϯൃੜ݅ԼͰɼ

͍ߦଌՄͳख๏ͷ։ൃΛܭʹଌରͱͳΔਓΛஅଓతܭ

͍ͨɽ

ݙจߟࢀ

[1] ܦ BigData: లࣔձདྷऀΛ֎ઢηϯαʔ
Ͱ ܭ ଌ ɺਓ ͷ ಈ ͖ ͷ ෆ ࢥ ٞ ͳ ๏ ଇ Λ ݟ ͍ ͩ ͢
(2014). http://business.nikkeibp.co.jp/article/
bigdata/20141106/273529/?P=2(ࢀর: 2018-08-07).

[2] Bottino, A. and Laurentini, A.: A nearly optimal algo-
rithm for covering the interior of an art gallery, Pattern
recognition, Vol. 44, No. 5, pp. 1048–1056 (2011).

[3] Chrysostomou, D., Sirakoulis, G. C. and Gasteratos, A.:
A bio-inspired multi-camera topology for crowd analy-
sis, 1st International Workshop on Pattern Recognition
and Crowd Analysis (2012).

[4] Gonzalez-Barbosa, J.-J., Garćıa-Ramı́rez, T., Salas, J.,
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