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Abstract

We have observed traffic flow of 20 robots which are controlled by the optimal velocity model

and run on a circuit. We have judged stability of traffic flow from the trajectory by visual

observation. For small value of safety distance (xneutral), the stability of the traffic flow is

consistent with the liner stability analysis. However in the case of large xneutral, stable traffic

is not observed. So we have observed the sample variance of velocity. It is found that the

sample variances for larger xneutral than the boundary obtained by the liner stability analysis

have different value from those for stable region.

1 ͡Ίʹ

ަ௨ྲྀৗతʹ؍ଌͰ͖Δͳ͡Έਂ͍ݱͰ͋

Γɼ1990͔Β͔͞Μʹߦ͕ڀݚΘΕ͖ͯͨɽަ

௨ྲྀʹɼগͳ͘ͱΒ͔ͳྲྀΕʢࣗ༝ྲྀʣͱौ

͕ଘ͢ࡏΔ͜ͱ͕؍తʹΘ͔Δɽ·ͨަ௨ौ

ͷγϛϡϨʔγϣϯ͔Βɼं྆ີ͕͍ߴͱ͖

ंͷΘ͔ͣͳઁಈʹΑͬͯɼϘτϧωοΫߏ͕

ͳͯ͘ौൃੜ͢Δͱ͑ߟΒΕ͍ͯΔ.ʢෆ҆ఆ

ͳަ௨ྲྀͰ͋Δʣ[1][2]ɽ͔͠͠ަ௨ौຊདྷɼ࣮

ੈքʹ͓͚ΔݱͳͷͰɼ֎ཚɼ੍ޚʹ͓͚Δ࣌

ؒΕͷӨڹͳͲྀ͠ߟͳ͚ΕͳΒͳ͍ɽͦ͜

Ͱɼ࣮ंΛ͕ݧ࣮ͨͬඞཁʹͳͬͯ͘Δɽ͔͠͠ɼ

࣮ंΛݧ࣮ͨͬਓ͕ؒӡస͢Δඞཁ͕͋Γɼ֤

υϥΠόʔ͕ͲͷΑ͏ͳํ͑ߟɼΞϧΰϦζϜͰӡ

స͍ͯ͠Δͷ͔͕ɼϒϥοΫϘοΫεԽͯ͠͠·͏ɽ

ͦ͜ͰɼຊڀݚͰӡసͷΞϧΰϦζϜΛ໌֬ʹ͢

ΔͨΊʹɼ࠷దϞσϧΛ࣮ͨࣗ͠ߦϩϘο

τʢ࠷దϩϘοτʣ[3]Λ 20༻͍ͯɼपғ

10mͷ ɽͨͬߦΛݧαʔΩοτͰަ௨ྲྀ࣮ݩ࣍1

2 దϩϘοτ࠷

దϩϘοτલํͱӈલํʹԻηϯα࠷
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Λ͍ͯ͠ࡌΔɽ͜ΕʹΑΓɼίʔεʹԊͬͨߦ

ͱɼ࠷దϞσϧʹै͕ͬͨߦՄͱͳΔɽ

2.1 దϞσϧ࠷

ຊ࣮ݧͰɼ࠷దϞσϧΛ࠾༻͢Δ [2][4]ɽ࠷

దϞσϧͷӡಈํఔࣜΛ (1)ࣜʹࣔ͢ɽxn(t)

ࠁ࣌ tʹ͓͚Δ n൪ͷंͷ࠲ඪɼ∆xn(t)ઌंߦ

ͱͷं಄ڑɼaײԠΛද͍ͯ͠Δɽ

ẍn(t) = a {V (∆xn(t))− ẋn(t)} (1)

దؔ࠷ (1)ࣜΛ࠾༻͢Δ [4]ɽ

V (∆x(t)) =
vmax

2

{
tanh

(
∆x(t)− xneutral

xwidth

)

+tanh

(
xneutral

xwidth

)}

(2)

2.2 पճߦ

Δɽ͢ߦͷนʹԊͬͯܗదϩϘοτԁ࠷

ԻηϯαͰίʔεͷนͱͷڑΛܭଌ͠ɼนͱ

ͷڑΛҰఆʹอͭΑ͏ʹ֮ײӡಈࣸ૾ʹΑΔ੍ޚ

ͰɼࠨӈͷϞʔλग़ྗͷௐΛߦͳ͍ͬͯΔ [3]ɽ

3 ަ௨ྲྀܗ࣮ݧ

ͬߦΛݧ࣮ܗదϩϘοτΛ༻͍ͯަ௨ྲྀ࠷

ͨɽ20ͷ࠷దϩϘοτΛฒͨྫΛਤ 1ʹࣔ

ͨ͠ɽ

ਤ 1: पճίʔε

3.1 ύϥϝʔλݧ࣮

ͷ֤ύϥϝʔλͷΛද࣌ݧ࣮ 1ʹࣔ͢ɽຊ࣮ݧ

ͰɼײԠ aٴͼ҆શڑ xneutral ͷΛมԽ͞

ɽa͕େ͖͍΄Ͳɼ∆xͷζϨʹରͯͨ͠͠ݧ࣮ͯͤ

େ͖͘Ԡ͢Δɽxneutral ࠷దؔʹ͓͚Δ

∆x͕ڑେ͖͍Ͱ͋Γɽं಄͕͖࠷ xneutral

ʹ͍ۙ΄Ͳɼ͔ۇͳं಄ڑͷζϨʹରͯ͠େ͖͘

Ԡ͢Δɽ

߸ه ҙຯ

N ʢ20ʣ

L ίʔεʢ1071[mm]ʣ

b ฏंۉ಄ڑ L/Nʢ537[mm]ʣ

vmax ʢ150[mm/s]ʣߴ࠷

a Ԡʢ0.3ʙ1.2ʣײ

xneutral ҆શڑʢ400ʙ700[mm]ʣ

xwidth ं (130[mm])

ද 1: ύϥϝʔλݧ࣮

3.2 Ռ݁ݧ࣮

a=0.8ɼxneutral = 400, 550, 700ͷͱ͖ͷجຊਤΛ

ਤ 2ʹࣔ͢ɽྲྀྔɼԁܗͷίʔεΛ 120ຖʹ 3

ׂ͠ɼ֤Λ௨աͨ͠ं྆Λ 20ඵ͝ͱʹٻ

Ίɼͦͷ 20ඵؒʹ௨աͨ͠ं྆ͷं಄ڑͷฏۉ

͔Βɼͦͷ෦ͷີΛ͠ࢉܭϓϩοτͨ͠ɽ·ͨɼ

શͯͷं͕྆ vmaxͰ࣌ͨ͠ߦͷྲྀྔͷཧ

ΛࠇઢͰϓϩοτͨ͠ɽશମతʹɽີ্͕͕Δʹ

ͭΕͯྲྀྔ૿Ճ͍ͯ͠ΔΑ͏ʹ͑ݟΔ͕ɼxneutral

ຖʹ͍ͯ͘ݟ͔͘ࡉͱɼ3ͭͷάϧʔϓʹΘ͔Ε͍ͯ

Δ͜ͱ͕Θ͔Δɽ৭Ͱࣔͨ͠ xneutral ≤ 500ͷά

ϧʔϓͰີͷ૿ՃʹԠͯ͡ཧʹԊͬͯྲྀྔ

͕૿Ճ͍ͯ͠Δɽ৭Ͱࣔͨ͠ 500 < xneutral < 600

ͷάϧʔϓͰɼີͷ૿Ճʹରͯ͠ྲྀྔ͕͋·Γ

มԽ͍ͯ͠ͳ͍ɽ͜ͷͱ͖ɼີ͕૿Ճ͢Δͱं྆

ͷ͕ݮগ͍ͯ͠Δ͜ͱ͕Θ͔Δɽ੨৭Ͱࣔͨ͠

600 ≤ xneutral ͷάϧʔϓͰɼྲྀྔ͕͘ͳͬͯ

͓Γɼं͕྆ৗʹͰ͍ͯ͠ߦΔ͜ͱ͕Θ͔Δɽ
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4 ަ௨ྲྀͷ҆ఆੑͷݕ౼

ύϥϝʔλʹ͓͍ͯɼަ௨ྲྀͷ֤҆ͨͬߦΛݧ࣮

ఆੑΛݕ౼͢Δɽ

4.1 ं྆Ґஔ-ؒ࣌໘ͷي

20 ͷ࠷దϩϘοτ͕ͨ͠ަ௨ྲྀͷ༷ࢠ

Λਤ 3͔Βਤ 5ʹࣔ͢ɽԣ࣠ίʔεͷԁपʹ͓͚

ΔϩϘοτͷҐஔΛɼॎ࣠ؒ࣌ΛͦΕͧΕࣔͯ͠

͍Δɽ
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ਤ 3: a=0.8,xneutral=400ͷं྆ͷيಓ
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ਤ 4: a=0.8,xneutral=550ͷं྆ͷيಓ
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ਤ 5: a=0.8,xneutral=700ͷं྆ͷيಓ

a=0.8ɼxneutral=400ͷͱ͖ (ਤ 3)ɼશͯͷं

͕྆΄΅ҰఆͷͰ҆ఆͯ͠ଌఆ͍ͯ͠ΔͱࢥΘ

ΕΔɽa=0.8ɼxneutral=550ͷͱ͖ (ਤ 4)ɼं྆

ͷ͕͘ͳΓɼํޙʹ͍༷ࣶ͕ͯ͘͠ࢠ

༷ͷΑ͏ʹݱΕ͓ͯΓɼෆ҆ఆྲྀͰ͋Δͱ͑ߟΒΕ

Δɽa=0.8ɼxneutral=700ͷͱ͖ (ਤ 5)ɼશͯͷ

ं͕྆ৗʹ͍͔ࡉՃݮΛ܁Γฦ͍ͯ͠Δ༷͕ࢠΘ

͔Δɽࣶ༷͕ݱΕ͍ͯΔΑ͏ʹ͑ݟΔ͕ɼࢹ

ʹΑΔஅࠔͰ͋Δɽ

4.2 ઢ҆ܗఆੑղੳͱͷൺֱ

ਤ 4ͷΑ͏ͳࣶ༷͕ݟΒΕͨަ௨ྲྀΛɼෆ҆ఆ

ྲྀͰ͋Δͱஅ͠ɼઢ҆ܗఆੑղੳͷ݁ՌͱൺֱΛ

ɽ૬ਤΛਤͨͬߦ 6ʹࣔ͢ɽ

V ′(b) < a/2 (3)
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ਤ 6: ఆੑղੳͷൺֱ҆ܗσʔλͱઢݧ࣮

ઢ҆ܗఆੑղੳͰɼʢ3ʣࣜΛຬͨ͢ͱ͖ɼަ௨ྲྀ

͕҆ఆͰ͋Δͱஅ͞ΕΔ [2]ɽઢͰϓϩοτͯ͋͠

Δͷ͕ɼઢ҆ܗఆੑղੳʹ͓͚Δ҆ఆɾෆ҆ఆͷڥ

քઢͰ͋Δɽԣ࣠ xneutralɼॎ࣠ʢࠨʣ V ′(b)Ͱ

͋ΔɽͰϓϩοτͯ͋͠Δͷ͕ɼϩϘοτʹΑΔ

ͰಘΒΕͨ҆ఆɾෆ҆ఆͰ͋Δɽॎ࣠ʢӈʣݧ࣮

aͰ͋Δɽؙ͍͕҆ఆɼ੨͍όπ͕ෆ҆ఆͱஅ

͞ΕͨͰ͋Δɽ҆ఆɽෆ҆ఆͷஅ͕͔ͬͨ͠

֯ࡾ͍ࠇͰϓϩοτͯ͋͠Δɽਤ 6ʹࣔ͢Α͏

ʹɼਤ ଆͷࠨ6 xneutral ͕͍ൣғͰɼࢹͷ

அͱઢ҆ܗఆੑղੳͷ݁Ռ͕֓ͶҰக͍ͯ͠Δͷʹ

ରͯ͠ɼਤ 6தԝ͔Βӈଆͷ xneutral ͕͍ൣғͰ

ɼେ͖͘ҟͳΔ݁Ռͱͳͬͨɽ

4.3 ं಄ڑ-໘ͷي

ं྆Ґஔ-ؒ࣌໘ͷάϥϑ͔Βͷ҆ఆੑஅɼਓ

ؒͷओ؍ʹґΔͱ͜Ζ͕େ͖͍ɽͦ͜Ͱɼं಄ڑ-

໘ͷं྆ 1ͷيͷάϥϑ͔ΒͷஅΛࢼΈ

ͨɽa=0.8ɼxneutral=400ͷͱ͖ (ਤ 7(a))ɼҰఆ
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ͷं಄ڑͱΛҡ͍ͯ࣋͠Δͷʹର͠ɼ

xneutral=550ɼ700ͷͱ͖ (ਤ 7(b)ɼਤ 7(c))ɼي
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ਤ 7: ं྆ 1ͷي

4.4 ं྆ 1ͷͷඪຊࢄ

ं಄ڑ-໘ͷيͷάϥϑͰݟΒΕͨ༳Β͗

ʹରͯ͠ɼ͞ΒʹఆྔతͳஅΛͨ͏ߦΊʹɼं྆

1ͷͷඪຊࢄΛٻΊͨɽਤ 8ʹࣔ͢Α͏ʹɼ

xneutral=475[mm]ۙͰɼܹٸʹඪຊࢄͷ͕ม

Խ͍ͯ͠Δͷ͕Θ͔Δɽ͜Εɼ࣮ݧσʔλͷࢹ

ʹґΔஅɼઢ҆ܗఆੑղੳͷ݁Ռͱ΄΅Ұக͢

Δɽ·ͨɼxneutral=600[mm]͋ͨΓΛ࣠ʹࠨӈରশ
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ਤ 8: a=0.8ͷͱ͖ͷͷඪຊࢄ

5 ·ͱΊͱߟ

దϩϘοτΛ࠷ݩ࣍̍ 20༻͍ͯަ௨ྲྀͷ

ଌ݁؍ଌͨ͠ɽ؍ɼ֤ं྆ͷಈ͖Λ͍ߦΛݧ࣮ܗ

Ռ͔ΒɼيͷάϥϑͷࢹʹґΔ҆ఆੑͷஅΛ

ఆੑղੳͷ݁Ռͱൺֱ͢Δͱɼ҆શ҆ܗɽઢͨͬߦ

͕͘ڑ֓ͶҰக͕ͨ͠ɼ҆શʹ͕͍࣌ڑ

ͳΔͱ݁ՌҰக͠ͳ͔ͬͨɽͦ͜Ͱɼͷඪຊ

ࢄΛٻΊɼ҆ఆੑͷஅΛͨͬߦͱ͜Ζɼa=0.8

ͷͱ͖ɼxneutral=475[mm]͋ͨΓʹɼ҆ఆੑͷڥք

͕ଘ͢ࡏΔͱࢥΘΕΔɽ·ͨɼxneutral=600[mm]͋

ͨΓΛ࣠ʹࠨӈରশͷܗʹͳ͍ͬͯΔͷͰͳ͍͔

ͱࢥΘΕΔ݁Ռ͕ಘΒΕͨɽ͜ͷ༧͕ਖ਼͍͠ͱ͢

Εɼxneutral=725[mm]͋ͨΓʹɼ҆ఆੑͷڥք

͕ଘ͢ࡏΔͷͰͳ͍͔ͱਪଌ͢Δ͜ͱ͕ग़དྷΔɽ

ઢ҆ܗఆੑղੳͱϩϘοτʹΑΔ࣮ݧͰ҆ఆੑͷڥ

ք͕Ұக͠ͳ͍ݪҼͱͯ͠ɼ·ͣɼϩϘοτͷ੍ޚ

ʹؒ࣌Ε͕ੜ͡Δͷʹର͠ɼઢ҆ܗఆੑղੳͰ

Ε͍ͯͳ͍ͱྀ͍͞ߟΕ͕ؒ࣌ग़ͨ͠ཧࢉ

͏͕͑ߟΒΕΔɽ·ͨɼઌ྆ंߦͱͷڑͷऔಘ

ʹԻηϯαΛ༻͍͍ͯΔͨΊϊΠζ͕ੜ͡Δɽ

∆x < xneutral Ͱɼ͕ඇৗʹখ͘͞ͳΔͨΊɼ

ͦͷϊΠζͷӨڹΛେ͖͘ड͚͍ͯΔͱ͑ߟΒΕΔɽ

͜͏ͨ͠ϋʔυΣΞతͳཁҼ͕ɼڥքͷͣΕΛҾ

ΒΕΔɽ͑ߟΔͷͰͳ͍͔ͱ͍ͯ͜͠ى͖

6 ͷ՝ޙࠓ

a = 0.8Ҏ֎ͷύϥϝʔλͷ࣮݁ݧՌʹ͍ͭͯɼ

ඪຊࢄΛٻΊɼ҆ఆੑͷஅΛ͏ߦɽηϯαͷ

ϊΠζͳͲͷϋʔυΣΞతͳཁҼΛ্ྀͨ͠ߟͰɼ

ཧͱͷൺֱΛ͏ߦɽ·ͨɼϋʔυΣΞతͳ

Λղফ͢ΔखஈΛݕ౼͢Δɽ
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