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1. ͸͡Ίʹ

εϫʔϜϩϘςΟΫε [1] ͸ɼੜ෺ͷ܈Εʹಈػ෇͚ΒΕͨ

ϩϘοτγεςϜʹؔ͢Δڀݚ෼໺Ͱ͋ΔɽεϫʔϜϩϘςΟ

Ϋεʹͮ͘جγεςϜ͸ɼશମΛ౷ׅ͢ΔߏػΛ࣋ͨͣɼہॴ

తͳ૬࡞ޓ༻͔Βू߹తͳৼΔ෣͍Λ૑ൃ͢ΔɽҰൠతʹɼε

ϫʔϜϩϘςΟΫεͰ༻͍ΒΕΔγεςϜ͸ɼଟ਺ͷϩϘοτ

ʹΑΓߏ੒͞ΕΔ௒৑௕ͳγεςϜͰ͋ΔɽҰํͰɼϩϘοτ

ͷ਺͕ա৒Ͱ͋Δ৔߹ɼϩϘοτಉ͕࢜ׯʹ͍ޓবɾ๦͠֐ɼ

ΕશମͷੑೳΛ௿Լͤ͞Δ܈ [2]ɽ

ຊߘͰ͸ɼϩϘοτͷ਺͕ଟ͍৔߹ʹൃੜ͢ΔࠞࡶͱϩϘο

τ͕܈૑ൃ͢Δػೳ෼Խͷؔ܎ʹ͍ͭͯٞ࿦͢Δ. ۩ମతʹ͸ɼ

ϩϘοτ܈ʹΑΔܦ࿏ܗ੒λεΫΛγϛϡϨʔγϣϯ্ڥ؀Ͱ

ਐԽϩϘςΟΫεΞϓϩʔνʹܭઃثޚɽϩϘοτͷ੍͏ߦ [3]

Λద༻͠ɼࠞൃ͕ࡶੜ͢Δঢ়گԼͰͷػೳ෼ԽͷൃੜΛ؍ଌ͢

ΔɽಉҰ৚݅ԼͰɼϩϘοτಉ࢜ͷিಥΛྀ͠ߟͳ͍৔߹ʹͭ

ʹڹೳ෼Խʹ༩͑ΔӨػͷ܈ϩϘοτ͕ࡶɼ͍ࠞߦΛݧ࣮͍ͯ

Δɽ͢࡯ߟ͍ͯͭ

2. λεΫઃఆ

ຊߘͰ͸ɼεϫʔϜϩϘςΟΫεʹ͓͚ΔૅجతͳλεΫͷ

ҰͭͰ͋Δܦ࿏ܗ੒λεΫΛѻ͏ [4]ɽ͜ͷλεΫͰ͸ɼϩϘο

τಉ࢜ͷڠௐʹΑΓϩϘοτͷܦ࿏Λ࡞Γɼೋͭͷ໨త஍ͷؒ

Λԟ෮͢Δ͜ͱΛ໨ඪͱ͢Δɽ

Fig. 1(a) ͷεΫڥͰ༻͍ΒΕͨγϛϡϨʔγϣϯ؀ݧ࣮ʹ

ϦʔϯγϣοτΛࣔ͢ɽೋͭͷϥϯυϚʔΫ͕ڥ؀ͷର֯ઢ্

ʹ഑ஔ͞Ε͓ͯΓɼͦͷपғʹ൒ܘ 0.5 m ͷ໨ඪΤϦΞ͕ઃ͚

ΒΕ͍ͯΔɽϩϘοτ͸ɼ7ݸͷڑ཭ηϯαɼ஍໘ηϯαɼશํ

ҐΧϝϥɼϑϧΧϥʔ LED ͕࣮૷͞Ε͍ͯΔɽڑ཭ηϯα͓

ΑͼશํҐΧϝϥͷײ஌ൣғΛͦΕͧΕ Fig. 1(b), (c)ʹࣔ͢ɽ

ϩϘοτͷ LED ͸ɼલํʹ੨৭ɼํޙʹ੺৭Λ༻͍ɼϥϯυ

ϚʔΫ͸ϩϘοτͷํޙͱಉ৭ͷ੺৭ LED͕࣮૷͞Ε͍ͯΔɽ

3. ਐԽϩϘςΟΫεΞϓϩʔν

యܕతͳਐԽϩϘςΟΫεͷΞϓϩʔνͰ͸ɼਐԽΞϧΰϦ

ζϜΛ༻͍ͯɼਓ޻ਆܦճ࿏໢Ͱද͞ݱΕΔϩϘοτͷ੍ثޚ

ͷύϥϝʔλΛ֫ಘ͢ΔɽਐԽΞϧΰϦζϜʹैͬͯੜ੒͞Ε

Μͩͱ͖ͷλεΫͷࠐͷύϥϝʔλΛϩϘοτ΁૊Έثޚ੍ͨ

ୡ੒౓ʹ͍ͯͮجదԠ౓Λ͢ࢉܭΔɽ

ຊߘͰ͸ɼϩϘοτͷ੍ثޚʹ͸ Fig. 1(d) ʹࣔ͢Α͏ͳɼ
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Fig. 1. (a) Screenshot of the environment in the computer

simulations. (b) Configuration of distance sensors. (c) Con-

figuration of the omnidirectional camera. (d) Structure of

the robot’s controller.

ೖྗ૚ 20χϡʔϩϯɼதؒ૚ 10χϡʔϩϯɼग़ྗ૚ 4χϡʔ

ϩϯʹΑͬͯߏ੒͞ΕΔϦΧϨϯτχϡʔϥϧωοτϫʔΫΛ

༻͍Δɽग़ྗ૚ͷϞʔλΛ੍͢ޚΔχϡʔϩϯͷ஋͸ɼ࣮ػϩ

Ϙοτͷ؍ଌ͔Βࢉग़ͨؔ͠਺Λ΋ͱʹϩϘοτͷ଎౓΁ม׵

͍ͯ͠Δɽ·ͨɼલޙͷ LED ͸ɼରԠ͢Δχϡʔϩϯͷ஋ʹ

Αͬͯಠཱతʹ఺౮ɾফ౮͢Δɽ

ΔχϡʔϥϧωοτϫʔΫͷ݁߹ՙॏ஋ΛਐԽ͍༺ʹثޚ੍

ΞϧΰϦζϜͷҰछͰ͋Δ (µ,λ)-ES [5]ʹΑͬͯ֫ಘ͢Δɽ੍

ʹ੒λεΫܗ࿏ܦͷ܈ͷύϥϝʔλͷదԠ౓͸ɼϩϘοτثޚ

͓͚Δԟ෮ճ਺ͷΈΛ΋ͱʹ͢ࢉܭΔɽ͢ͳΘͪɼͦΕͧΕͷ

ϩϘοτ͕ͲͷΑ͏ʹԟ෮͢Δ͔ʹؔ͢ΔධՁ͸ߦΘͳ͍ɽ0

ੈ୅໨ΛϥϯμϜʹੜ੒͞Εͨݸମ܈ͱ͠ɼҰճͷਐԽͷ࠷େ

ੈ୅਺Λ 1000 ੈ୅ͱ͢ΔɽϩϘοτͷ੍ثޚͱਐԽΞϧΰϦ

ζϜʹؔ͢Δৄࡉ͸จݙ [6, 7]Λࢀর͞Ε͍ͨɽ
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(a) 4200 time steps. (b) 4800 time steps. (c) 5400 time steps.

Fig. 2. Behavior observed with considering collisions.

(a) 4200 time steps. (b) 4800 time steps. (c) 5400 time steps.

Fig. 3. Behavior observed without considering collisions.

4. Ռ݁ݧ࣮

ຊڀݚͰ͸ɼϩϘοτͷ਺͕ଟ͍৔߹ʹൃੜ͢Δࠞࡶͱϩ

Ϙοτ͕܈૑ൃ͢Δػೳ෼Խͷؔ܎ʹ͍ͭͯண໨͍ͯ͠Δɽઌ

ڀݚߦ [6] ΑΓɼϩϘοτ਺ 25 ୆ͰλεΫͷ਱͕ߦՄೳͰ͋

Δ͜ͱ͕֬ೝͰ͖ΔɽຊߘͰ͸ɼ·ͣࠞൃ͕ࡶੜ͢ΔϩϘοτ

਺ 100 ୆Λ༻͍ͯɼϩϘοτಉ࢜ͷিಥΛྀͨ͠ߟ৔߹ʹͭ

͍ͯٞ࿦͢ΔɽFig. 2ʹ֫ಘͨ͠܈ΕߦಈͷྫΛࣔ͢ɽܦ࿏ͷ

಺ଆͷϩϘοτ͸ LED Λ఺౮͠ɼ֎ଆͷϩϘοτ͸ফ౮͢Δ

.ೝͰ͖Δɽ·ͨɼFig͕֬ࢠΔ༷͍ͯ͠ݱೳ෼Խ͕ൃػ 3ʹϩ

Ϙοτಉ࢜ͷিಥΛྀ͠ߟͳ͍৔߹ʹ͍ͭͯͷৼΔ෣͍ͷྫΛ

ࣔ͢ɽϩϘοτಉ࢜ͷিಥΛྀ͠ߟͳ͍ͨΊɼFig. 2ͱൺֱ͠

ͯΑΓີूͨ͠ܦ࿏Λܗ੒͍ͯ͠Δɽ

ϩϘοτͷৼΔ෣͍ʹ͍ͭͯ͢࡯ߟΔͨΊɼલํ͓Αͼํޙ

ͷ LED ͷ఺౮཰ͷؔ܎Λ Fig. 4 ͷࢄ෍ਤʹࣔ͢ɽࢄ෍ਤ্

ͷ֤఺͸ͦΕͧΕͷϩϘοτʹରԠ͓ͯ͠Γɼ৭ͷೱ୶͸֤ϩ

ϘοτͷϥϯυϚʔΫ౸ୡճ਺Λࣔ͢ɽϩϘοτಉ࢜ͷিಥΛ

.Δ৔߹ɼFigྀ͢ߟ 4(a)ʹࣔ͢Α͏ʹɼલํ͓Αͼํޙ LED

ͷ఺౮཰ͷؒʹ͸ਖ਼ͷ૬͕ؔ͋Δɽ·ͨɼLED ͷ఺౮཰͕ߴ

͍ϩϘοτ΄ͲɼϥϯυϚʔΫ౸ୡճ਺͕ଟ͘ͳΔ͕֬޲܏ೝ

Ͱ͖Δɽ͕ͨͬͯ͠ɼܦ࿏ͷ಺ଆͷํ͕ϥϯυϚʔΫؒΛޮ཰

తʹԟ෮Ͱ͖Δ͜ͱ͔Βɼܦ࿏ͷ಺ଆͷϩϘοτ͕ LED ఺౮

͠ɼ֎ଆͷϩϘοτ͸ LED Λফ౮͍ͯ͠Δ͜ͱ͕Θ͔ΔɽҰ

ํͰɼFig. 4(b)ʹࣔ͢ϩϘοτಉ࢜ͷিಥΛྀ͠ߟͳ͍৔߹Ͱ

͸ɼLED఺౮཰ͱ֤ϩϘοτͷϥϯυϚʔΫ౸ୡճ਺ʹ໌֬ͳ

͸֬ೝͰ͖ͳ͍ɽ·ͨɼLED޲܏ ఺౮཰ʹؔͯ͠ɼFig. 4(a)

ͱൺֱͯ͠ɼҰ఺ʹू·͍ͬͯΔΑ͏ʹ͑ݟΔɽ͜ͷ͜ͱ͔Βɼ

ϩϘοτಉ࢜ͷিಥΛྀ͠ߟͳ͍৔߹Ͱ͸ػೳ෼ԽΛ૑ൃͤ

ͣɼ͢΂ͯͷϩϘοτ͕ൺֱతྨͨ͠ࣅৼΔ෣͍Λ͍ࣔͯ͠Δ

͜ͱ͕͑ߟΒΕΔɽ

5. ͓ΘΓʹ

ຊߘͰ͸ɼࠞ࣌ࡶʹ૑ൃ͢ΔϩϘοτ܈ͷػೳ෼Խʹ͍ͭͯɼ

ಉҰ৚݅ԼͰϩϘοτಉ࢜ͷিಥΛྀ͠ߟͳ͍৔߹ʹ͍࣮ͭͯ

(a) With collisions.

(b) Without collisions.

Fig. 4. Scatter plot of the activation rate of the LEDs.

ೳ෼ػͳ͍৔߹Ͱ͸ྀ͠ߟɽϩϘοτಉ࢜ͷিಥΛͨͬߦΛݧ

ԽΛ૑ൃͤͣɼ͢΂ͯͷϩϘοτ͕ൺֱతྨͨ͠ࣅৼΔ෣͍Λ

ࣔͨ͠ɽ͜ͷ͜ͱ͔ΒɼεϫʔϜϩϘςΟΫεʹ͓͚Δ௒৑௕

ੑ΍ࠞݱࡶ৅ͱػೳ෼Խʹ͸ີ઀ͳ͕ؔ͋܎Δ͜ͱ͕૝ఆ͞Ε

Δɽޙࠓͷల๬ͱͯ͠ɼ͜ͷࠞݱࡶ৅Λར༻͢Δ͜ͱʹΑͬͯ

ੜ͡Δػೳ෼Խʹ͍ͭͯɼͦͷ࢓૊Έͷղ໌ΛࢼΈΔɽ
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