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Abstract

A phenomenon called “reverse lane usage”, in which flow in the fast lane exceeds that in the

slow lane, is usually observed. In this paper, we study origins of reverse lane usage using a

two-lane extension of the Nagel-Schreckenberg model. We employ two types of lane-changing

rules: German and Japanese types. The German type rule set contains a rule suppressing

motions of overtaking slow cars on the fast lane through the slow lane. The Japanese type

rule set, on the contrary, allows overtaking motions through both lanes. In the Japanese type,

the phenomenon occurs only when the maximum speed in the fast lane is faster than that in

the slow lane. In the German type, the rule suppressing overtaking through the slow lane is

essential for the phenomenon.

1 ͸͡Ίʹ
ෳ਺ंઢΛ༗͢Δߴ଎ಓ࿏Ͱ͸ɺ௥ӽߦಈʹΑͬ

ͯҰंઢ࿏Ͱ͸ݟΒΕͳ͍ڵຯਂ͍ݱ৅͕ൃੜ͢Δɻ

ਤ 1͸೔ຊͷೋंઢߴ଎ಓ࿏ʹ͓͚Δ૸ंߦઢͷྲྀ

ྔΛɺ૯ྲྀྔɺͭ·Γ૸ंߦઢͱ௥ӽंઢͷྲྀྔͷ

࿨ʹର͢Δൺͱͯ͠දͨ͠΋ͷͰ͋Δɻ૯ྲྀྔͷ૿

Ճʹ൐͍ɺ૯ྲྀྔʹର͢Δ૸ंߦઢͷྲྀྔ͕ 1/2 Λ

ԼճΔɺͭ·Γ௥ӽंઢͷྲྀྔ͕૸ंߦઢͷྲྀྔΛ

্ճΔɻ͜ͷݱ৅ΛʮྲྀྔٯసʯͱݺͿ͜ͱʹ͢Δɻ

ಉ༷ͷݱ৅͸ɺυΠπͷ࣮ଌσʔλʹ͓͍ͯ΋ใࠂ

͞Ε͍ͯΔ [1, 2, 3, 4]ɻྲྀྔٯసݱ৅ΛγϛϡϨʔ

γϣϯΛ௨ͯ͢͡ݱ࠶ΔࢼΈ͕ߦΘΕ͍ͯΔɻNagel

Β͸ Nagel-SchreckenbergϞσϧʹΑΓɺྲྀྔٯస
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৅Λ͍ࣔͯ͠Δݱ [1]ɻTadakiΒ͸݁߹ࣸ૾࠷ܕద

଎౓Ϟσϧʹɺߴ଎ಓ࿏Λ໛ͨ͠ඇରশతͳंઢม

଎౓ͷࠩΛಋߴ࠷ઢͱ௥ӽंઢͷंߦͼ૸ٴଇنߋ

ೖ͢Δ͜ͱͰɺྲྀྔٯసΛ͍ͯ͠ݱ࠶Δ [2, 3, 4]ɻ͠

͔͠ɺंઢมنߋଇ͸ଟ͘ͷཁૉ͔ΒͳΓɺͲͷཁ

ૉ͕ྲྀྔٯసͷओཁҼͰ͋Δ͔͸໌Β͔ʹ͞Ε͍ͯ

ͳ͍ɻ

ຊߘͰ͸ɺೋंઢʹ֦ுͨ͠Nagel-Schreckenberg

ϞσϧΛ༻͍ͯɺंઢมنߋଇͱྲྀྔٯసͷؔ܎Λ

໌Β͔ʹ͢Δɻಛʹɺ૸ंߦઢ͔Βͷ௥͍ӽ͠ʹର

͢Δ࣮࣭తͳ੍نͷ఺ͰҟͳΔɺ೔ຊܕͱυΠπܕ

ͷंઢมنߋଇΛϞσϧԽ͠ɺͦͷޮՌΛݕ౼͢Δɻ

ൺֱͷͨΊʹɺ೔ຊܕͱυΠπܕͷڞ௨෦෼ͱҟͳ

Δ෦෼Λ෼཭͢Δɻ·ͨɺंઢมنߋଇͷޮՌΛ௚

઀తʹΈΔͨΊʹɺܾఆ࿦తंઢมߋɺͭ·Γ৚݅

Λຬͨ͢৔߹ʹ͸ඞͣंઢมߋΛ͜͏ߦͱͱͨ͠ɻ
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ਤ 1: ໊ਆߴ଎ಓ࿏ɺ1996 ೥ 8 ݄ͷ࣮ଌσʔλɻ
ԣ࣠͸ 5෼ؒͷ૯ྲྀྔɺॎ࣠͸૸ंߦઢͷंઢར
༻཰Ͱ͋Δɻ૯ྲྀྔ͸૸ंߦઢͱ௥ӽंઢͷ࿨Λ
ද͢ɻ

2 Nagel-Schreckenberg Ϟσϧ
Nagel-Schreckenberg(NS)Ϟσϧ͸ɺ࠷΋Α͘ར

༻͞Ε͍ͯΔަ௨ྲྀηϧΦʔτϚτϯϞσϧͷҰͭ

Ͱ͋Δ [5]ɻಓ࿏͸ηϧʹ෼ׂ͞ΕɺҰͭͷηϧʹ͸

Ұ୆ͷं͔͠ೖΔ͜ͱ͕Ͱ͖ͳ͍ɻ֤ं͸લํͷۭ

ͷηϧͷ਺ʹԠͯ͡ɺߴ࠷଎౓ vmax ͷ੍ݶͷԼͰ

Ճ଎ݮ଎Λ͏ߦɻҎԼʹࣔ͢଎౓มنߋଇʹैͬͯ

શंͷ଎౓Λܾఆͨ͠ޙʹɺશंͷҐஔΛߋ৽͢Δɻ

n൪໨ͷंͷҐஔΛxnɺ଎౓Λ vnɺઌ͢ߦΔn+1

൪໨ͷं·Ͱͷۭͷηϧͷ਺+1Λ gn = xn+1 − xn

ͱ͢Δɻ͜ͷ࣌ɺҎԼͷͭࡾͷखॱͰ଎౓Λߋ৽͢

Δɻશंͷ଎౓ͷߋ৽ͷޙʹɺंͷҐஔΛߋ৽͢Δɻ

Ճ଎ɿߴ࠷଎౓ vmax ·ͰͷൣғͰ 1Ճ଎͢Δɻ

vn = min (vn + 1, vmax) (1)

଎͢Δɻݮʹিಥ͠ͳ͍Α͏ʹंߦ଎ɿઌݮ

vn = min (vn, gn − 1) (2)

ϥϯμϜԽɿ֬཰ pͰ ଎͢Δɻݮ1

vn = max (vn − 1, 0) (3)

3 ೋंઢͷNSϞσϧ
NSϞσϧʹंઢมنߋଇΛ௥Ճ͢Δ͜ͱͰɺೋ

ंઢ࿏ͷ NS ϞσϧΛߏ੒͢Δɻ֤࣌ࠁʹ͓͍ͯɺ

ɻͦͷ͏ߦΛશंʹରͯ͠ߋड़͢Δंઢมޙʹॳ࠷

ɻ͏ߦ৽ΛߋͼҐஔͷٴߋɺલड़ͷ଎౓มʹޙ

ंઢมنߋଇ͸େ͖͘ೋͭͷཁૉʹ෼͚Δ͜ͱ͕

Ͱ͖ΔɻंઢมߋΛ͏ߦඞཁੑͱɺंઢมߋͷ҆શ

ੑͰ͋Δɻࡏݱ૸͍ͯ͠ߦΔंઢٴͼྡ઀ंઢͷઌ

཭ڑରͯ͠ɺҰఆͷʹंߦ քࢹ) d)Ҏ಺ʹ͍ۙͮͨ

ඞཁੑΛ൑அ͢Δɻ͔͠͠ɺ͏ߦΛߋɺंઢมʹࡍ

ंઢม͕ߋඞཁͰ͋ͬͯ΋ɺྡ઀ंઢ΁҆શʹҠಈ

Ͱ͖ͳ͚Ε͹ंઢมߋ͸Ͱ͖ͳ͍ɻ

ຊڀݚͰ͸ɺ૸ंߦઢଆ͔Βͷ௥͍ӽ͠ͷنଇ͕

ҟͳΔ೔ຊͱυΠπͷ৔߹Λൺֱ͢Δɻ೔ຊͷަ௨

ຊͱ͠جΔ͜ͱΛ͢ߦઢΛ૸ंߦଇͰ͸ɺं͸૸ن

͍ͯΔ (ಓ࿏ަ௨๏ೋे৚)[6]ɻ·ͨɺ௥͍ӽ͠Λߦ

͏৔߹ʹ͸ɺ௥ӽंઢ͔Β͜͏ߦͱͱఆΊΒΕ͍ͯ

Δ (ಓ࿏ަ௨๏ೋे৚ୈ߲ࡾ)ɻ͔͠͠ɺ௥ӽंઢΛ

૸Δ௿଎ंΛɺ૸ंߦઢଆ͔Β௥͍ӽ͢͜ͱΛ཈੍

͢ΔͨΊͷ۩ମతنଇ͸ͳ͍ɻͦͷͨΊɺ௥ӽंઢ

Λ૸͢ߦΔେंܕͳͲ͕ɺ૸ंߦઢଆ͔Β௥͍ӽ͞

ΕΔ͜ͱ΋͠͹͠͹ൃੜ͢ΔɻυΠπͷަ௨نଇͰ

͸ɺ೔ຊͱಉ༷ʹं͸૸ंߦઢΛ૸͠ߦͳ͚Ε͹ͳ

Βͳ͍ɻҰํɺ௥ӽंઢ্ͷ஗͍ंʹର͢Δ (૸ߦ

ंઢ͔Βͷ)௥͍ӽ͠Λ཈੍͢ΔͨΊʹɺ௥ӽंઢ

ʹ஗͍ं͕͍Δ৔߹ʹ͸ɺ૸ंߦઢΛ૸͢ߦΔं͸

௥ӽंઢ΁Ҡಈ͢Δͱ͍͏نଇ͕ઃ͚ΒΕ͍ͯΔɻ

ೋͭͷܕͷंઢมنߋଇͷޮՌΛൺֱ͢ΔͨΊʹɺ

ଇنߋ௨తͳ෦෼ͱҟͳΔ෦෼Λ੔ཧ͠ɺंઢมڞ

Λهड़͢Δɻ

೔ຊܕͱυΠπͦܕΕͧΕͷඞཁੑͷ৚݅Λද 1

ʹ·ͱΊΔɻ૸ंߦઢ͔Β௥ӽंઢ΁ͷҠಈͰ͸ɺ

૸ंߦઢΛઌ͢ߦΔंͷ௥͍ӽ͠ͷͨΊͷҠಈ͸ڞ

௨Ͱ͋ΔɻυΠπܕͰ͸ɺ௥Ճͱͯ͠௥ӽंઢΛ૸

Δ௿଎ंΛൈ͔ͳ͍ͨΊͷҠಈ͕͋Δɻ௥ӽंઢ͔

Β૸ंߦઢ΁ͷҠಈͰ͸ɺ௥ӽंઢΛ૸Γଓ͚ͳ͍

ͨΊͷ૸ंߦઢ΁ͷҠಈ͸ڞ௨Ͱ͋Δɻ೔ຊܕͰ͸ɺ

௥ӽंઢΛ૸Δ௿଎ंΛ௥͍ӽ͢͜ͱ͕Ͱ͖ΔɻҰ
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ද 1: ೔ຊܕͱυΠπܕͷඞཁੑͷ৚݅

೔ຊ υΠπ

૸ंߦઢ͔Β
௥͍ӽ͠

௥ӽंઢ΁ͷंઢมߋ
௥͍ӽ͠ ࣜ (4) ·ͨ͸ ࣜ (8)

૸ंߦઢ͔Βͷ௥͍ӽ͠཈نࢭଇ

௥ӽंઢ͔Β
௥ӽंઢΛ૸͠ߦଓ͚ͳ͍ ௥ӽंઢΛ૸͠ߦଓ͚ͳ͍

૸ंߦઢ΁ͷंઢมߋ
·ͨ͸ ࣜ (7) ͔ͭ ࣜ (9)

௥͍ӽ͠ ૸ंߦઢ͔Βͷ௥͍ӽ͠཈نࢭଇ

ํɺυΠπܕͰ͸ɺઌ͕ंߦ஗͍৔߹ʹ͸૸ंߦઢ

΁ҠಈͰ͖ͳ͍ɻ

ਤ 2: ंઢมنߋଇͷॾྔɻؙ͸ंΛද͠ɺ੺ؙ͍
͸஫໨͍ͯ͠ΔंΛද͍ͯ͠Δɻ

ਤ 2͸ंઢมنߋଇͷॾྔͷઆ໌Ͱ͋Δɻ஫໨͠

͍ͯΔंͷ଎౓Λ vɺ஫໨͍ͯ͠ΔंͱಉҰंઢͷ

ઌंߦͱͷڑ཭Λ ∆xp(લઅͷ gn ͱಉ͡)ɺಉҰं

ઢͷઌंߦͷ଎౓Λ vpɺ஫໨͍ͯ͠Δंͱྡ઀ंઢ

ͷઌंߦͱͷڑ཭Λ ∆xnpɺྡ઀ंઢͷઌंߦͷ଎

౓Λ vnpɺ஫໨͍ͯ͠Δंͱྡ઀ंઢͰํޙΛ૸ߦ

͍ͯ͠Δंͱͷڑ཭Λ∆xnb ͱ͢Δɻ

ंઢมنߋଇͷඞཁੑʹؔ͢Δڞ௨෦෼Λ͑ߟΔɻ

૸ंߦઢ͔Β௥ӽंઢ΁ͷҠಈ͕ඞཁͱͳΔͷ͸ɺ

ಉҰंઢͷઌंߦͷ଎౓͕ࣗ਎ΑΓ஗͘ɺ͔ ͭྡ઀ं

ઢͷઌ͕ंߦಉҰंઢͷઌंߦΑΓ଎͍৔߹Ͱ͋Δ:

vp ≤ v ͔ͭ vp < vnp (4)

Ұํɺ௥ӽंઢ͔Β૸ंߦઢ΁ͷҠಈ͕ඞཁͱͳΔ

ͷ͸ɺྡ઀ंઢͷઌ͕ࣗंߦ਎ΑΓ଎͍৔߹Ͱ͋Δ:

vnp > v (5)

ͳ͓ɺઌंߦ·Ͱͷڑ཭͕ࢹք dΑΓେ͖͍৔߹ɺ

ઌंߦͷ଎౓Λແݶେͱ൑அ͢Δɻ

҆શͳंઢมߋͷҝʹຬͨ͞ΕΔ΂͖৚݅͸

∆xnp > v ͔ͭ ∆xnb > v∗max (6)

Ͱ͋Δɻ͜ͷ৚݅͸ɺೋͭͷλΠϓͷنଇͰڞ௨Ͱ

͋Δɻࣜ (6)ͷ v∗max ͸ྡ઀ंઢͷߴ࠷଎౓Λද͢ɻ

ंઢຖʹߴ࠷଎౓͕ҟͳΔ৔߹΋ྀͯ͠ߟɺv∗max͸ɺ

૸ंߦઢ͔Β௥ӽंઢ΁ͷҠಈͷ৔߹͸௥ӽंઢͷ

଎౓ߴ࠷ vfmaxɺ௥ӽंઢ͔Β૸ंߦઢ΁ͷҠಈͷ৔

߹͸૸ंߦઢͷߴ࠷଎౓ vsmax ͱͳΔɻ

पڥظք৚݅ͷԼͰɺ֤ंઢͷηϧ਺=10000ͱ

͠ɺҟͳΔंͷ୆਺ͰγϛϡϨʔγϣϯΛͨͬߦɻ

ंͷॳظ഑ஔ͸ϥϯμϜͱ͠ɺ૯ྲྀྔͱंઢར༻཰

Λܭଌ͢Δ·Ͱͷ؇࿨࣌ؒ=1000ɺࢹք d = 16ͱ

͢Δɻ

4 ೔ຊܕͷೋंઢ࿏Ϟσϧ
೔ຊܕͷंઢมنߋଇͱྲྀྔٯసͷؔ܎Λௐ΂Δɻ

೔ຊܕͷंઢมنߋଇͰ͸ɺલड़ʢද 1ʣͷΑ͏ʹɺ

૸ंߦઢ͔Β௥ӽंઢ΁Ҡಈ͢ΔͨΊͷඞཁੑ͸ɺ

௥͍ӽ͠ͷΈ (ࣜ (4))Ͱ͋Δɻ͔͠͠ɺ௥ӽंઢ͔

Β૸ंߦઢ΁ͷҠಈ͢ΔͨΊͷඞཁੑ͸ɺࣜ (5)Ͱ

ද͞ΕΔ௥ӽंઢΛ૸Γଓ͚ͳ͍ͱ͍͏ڞ௨෦෼ʹ

Ճ͑ͯɺ૸ंߦઢଆ͔Β௥ӽंઢΛ૸Δ௿଎ंΛ௥

͍ӽ͢৚͕݅෇Ճ͞ΕΔ (ࣜ (7))ɻ

vnp > v ·ͨ͸ (vp ≤ v ͔ͭ vp < vnp) (7)

͜ͷंઢมنߋଇΛجʹɺ૸ंߦઢͷߴ࠷଎౓

vsmax Λ 5 ͱ͠ɺ௥ӽंઢͷߴ࠷଎౓ vfmax Λύϥ

ϝʔλͱͯ͠มԽͤͨ͞ɻ·ͨɺલઅͰड़΂ͨࢹք

dͷ஋Λม͑ͯγϛϡϨʔγϣϯΛͨͬߦɻ

ਤ 3͸ɺ೔ຊܕͷंઢมنߋଇʹ͓͚Δɺ૯ྲྀྔ

ʹର͢Δ૸ंߦઢͷंઢར༻཰ͷ݁ՌͰ͋Δɻਤ 3

͸ɺ֤ंઢͷߴ࠷଎౓͕౳͍͠৔߹ͱҟͳΔ৔߹ͷ

ൺֱ݁ՌͰ͋Δɻ vsmax = vfmaxͷ৔߹Ͱ͸ɺྲྀྔٯ

స͸ൃੜ͠ͳ͍ɻ͔͠͠ɺvsmax < vfmaxͷ৔߹Ͱ͸ɺ

࠷స͸ंઢͷٯస͕ൃੜͨ͠ɻΑͬͯɺྲྀྔٯྔྲྀ

଎౓ͷࠩʹΑͬͯൃੜ͍ͯ͠Δ͜ͱ͕Θ͔Δɻߴ

3
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ਤ 3: ೔ຊܕͷंઢมنߋଇʹ͓͚Δɺ֤ंઢͷ࠷
଎౓͕౳͍͠৔߹ͱҟͳΔ৔߹ͷൺֱ݁ՌͰ͋ߴ
Δɻ֤ंઢͷߴ࠷଎౓͕ҟͳΔ৔߹ʹྲྀྔٯస͕
ൃੜͨ͠ɻ

5 υΠπܕͷೋंઢ࿏Ϟσϧ
࣍ʹɺυΠπܕͷंઢมنߋଇͱྲྀྔٯసͷؔ܎

Λௐ΂ΔɻυΠπܕͰ͸ɺ௥ӽंઢ্ͷ஗͍ंʹର

͢Δ (૸ंߦઢ͔Βͷ)௥͍ӽ͠Λ཈੍͢Δنଇ͕͋

Δɻͭ·Γɺ௥ӽंઢΛઌ͢ߦΔ஗͍ं͕͍Δ৔߹ɺ

૸ंߦઢΛ૸͢ߦΔं͸௥ӽंઢ΁Ҡಈ͢Δɻ͜ͷ

͜ͱΑΓɺ૸ंߦઢʹۭ͖Λ࡞Γɺ௥ӽंઢͷ௿଎

ंΛ҆શʹ૸ंߦઢ΁໭͢ɻ

υΠπܕͷंઢมنߋଇͰ͸ɺલड़ʢද 1ʣͷΑ͏

ʹɺ૸ंߦઢ͔Β௥ӽंઢ΁Ҡಈ͢ΔͨΊͷඞཁੑ

͸ɺࣜ (4)Ͱද͞ΕΔ௥͍ӽ͠ͷ৚݅ʹՃ͑ͯɺ૸

:ଇ͕௥Ճ͞ΕΔنઢ͔Βͷ௥͍ӽ͠཈੍ंߦ

(vp ≤ v ͔ͭ vp < vnp) ·ͨ͸ vnp ≤ v (8)

௥ӽंઢ͔Β૸ंߦઢ΁ͷҠಈ͢ΔͨΊͷඞཁੑ৚

݅΋·ͨɺ௥ӽंઢΛ૸Γଓ͚ͳ͍ͱ͍͏ڞ௨෦෼

(ࣜ (5))ʹՃ͑ͯɺ૸ंߦઢ͔Βͷ௥͍ӽ͠཈੍ن

ଇ͕෇Ճ͞ΕΔ:

vnp > v ͔ͭ vp > v (9)

૸ंߦઢ͔Βͷ௥͍ӽ͠཈੍نଇ͕ྲྀྔٯసʹٴ

΅͢ӨڹΛ֬ೝ͢ΔͨΊɺ͜ͷنଇ͕ͳ͍৔߹ͱͷ

ൺֱΛͨͬߦɻ૸ंߦઢͷߴ࠷଎౓ vsmax ͱ௥ӽं

ઢͷߴ࠷଎౓ vfmax ͷ஋͸ɺಉ͡஋ 5ʹઃఆͨ͠ɻ

ਤ 4͸ɺ૸ंߦઢ͔Βͷ௥͍ӽ͠཈੍نଇͷద༻

༗ແͷൺֱ݁ՌͰ͋Δɻਤ 4ΑΓɺ཈੍نଇ͕ద༻

͞Ε͍ͯΔ৔߹͸ྲྀྔٯస͕ൃੜͨ͠ɻͦ͏Ͱͳ͍

৔߹͸ྲྀྔٯస͕ൃੜ͠ͳ͔ͬͨɻΑͬͯɺ͜ͷن

ଇ͕ྲྀྔٯసʹد༩͍ͯ͠Δ͜ͱ͕Θ͔Δɻ
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ਤ 4: υΠπܕͷंઢมنߋଇʹ͓͚Δɺ૸ंߦઢ
͔Βͷ௥͍ӽ͠཈੍نଇͷద༻༗ແͷൺֱ݁ՌͰ
͋Δɻ཈੍نଇ͕͋Δ৔߹͸ྲྀྔٯస͕ൃੜͨ͠ɻ

6 ·ͱΊ
ຊߘͰ͸ɺNagel-SchreckenbergϞσϧΛ༻͍ͯɺ

೔ຊܕͱυΠπܕͷंઢมنߋଇΛ࣋ͭೋंઢ࿏ͷ

NSϞσϧΛߏ੒͠ɺྲྀྔٯసʹ஫໨ͯ݁͠Ռͷൺ

ֱΛͨͬߦɻ

೔ຊܕͷंઢมنߋଇͷ৔߹͸ɺྲྀྔٯస͸ंઢ

ͷߴ࠷଎౓ͷࠩʹΑͬͯൃੜ͍ͯ͠Δ͜ͱ͕Θ͔ͬ

ͨɻυΠπܕͷंઢมنߋଇͷ৔߹͸ɺ૸ंߦઢ͔

Βͷ௥͍ӽ͠཈੍نଇ͕ྲྀྔٯసʹӨ͍ͯ͠ڹΔ͜

ͱ͕Θ͔ͬͨɻंઢมߋͷඇܾఆੑ΍ύϥϝʔλͷ

Өڹʹ͍ͭͯ͸ɺߨԋʹͯٞ࿦͢Δɻ
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