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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༗͢Δߴಓ࿏ͰɺӽߦಈʹΑͬ

ͯҰंઢ࿏ͰݟΒΕͳ͍ڵຯਂ͍ݱ͕ൃੜ͢Δɻ

ਤ 1ຊͷೋंઢߴಓ࿏ʹ͓͚Δंߦઢͷྲྀ

ྔΛɺ૯ྲྀྔɺͭ·Γंߦઢͱӽंઢͷྲྀྔͷ

ʹର͢Δൺͱͯ͠දͨ͠ͷͰ͋Δɻ૯ྲྀྔͷ૿

Ճʹ͍ɺ૯ྲྀྔʹର͢Δंߦઢͷྲྀྔ͕ 1/2 Λ

ԼճΔɺͭ·Γӽंઢͷྲྀྔ͕ंߦઢͷྲྀྔΛ

্ճΔɻ͜ͷݱΛʮྲྀྔٯసʯͱݺͿ͜ͱʹ͢Δɻ

ಉ༷ͷݱɺυΠπͷ࣮ଌσʔλʹ͓͍ͯใࠂ

͞Ε͍ͯΔ [1, 2, 3, 4]ɻྲྀྔٯసݱΛγϛϡϨʔ

γϣϯΛ௨ͯ͢͡ݱ࠶ΔࢼΈ͕ߦΘΕ͍ͯΔɻNagel

Β Nagel-SchreckenbergϞσϧʹΑΓɺྲྀྔٯస
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Λ͍ࣔͯ͠Δݱ [1]ɻTadakiΒ݁߹ࣸ૾࠷ܕద

Ϟσϧʹɺߴಓ࿏Λͨ͠ඇରশతͳंઢม

ͷࠩΛಋߴ࠷ઢͱӽंઢͷंߦͼٴଇنߋ

ೖ͢Δ͜ͱͰɺྲྀྔٯసΛ͍ͯ͠ݱ࠶Δ [2, 3, 4]ɻ͠

͔͠ɺंઢมنߋଇଟ͘ͷཁૉ͔ΒͳΓɺͲͷཁ

ૉ͕ྲྀྔٯసͷओཁҼͰ͋Δ͔໌Β͔ʹ͞Ε͍ͯ

ͳ͍ɻ

ຊߘͰɺೋंઢʹ֦ுͨ͠Nagel-Schreckenberg

ϞσϧΛ༻͍ͯɺंઢมنߋଇͱྲྀྔٯసͷؔΛ

໌Β͔ʹ͢Δɻಛʹɺंߦઢ͔Βͷ͍ӽ͠ʹର

͢Δ࣮࣭తͳ੍نͷͰҟͳΔɺຊܕͱυΠπܕ

ͷंઢมنߋଇΛϞσϧԽ͠ɺͦͷޮՌΛݕ౼͢Δɻ

ൺֱͷͨΊʹɺຊܕͱυΠπܕͷڞ௨෦ͱҟͳ

Δ෦Λ͢Δɻ·ͨɺंઢมنߋଇͷޮՌΛ

తʹΈΔͨΊʹɺܾఆతंઢมߋɺͭ·Γ݅

Λຬͨ͢߹ʹඞͣंઢมߋΛ͜͏ߦͱͱͨ͠ɻ
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ਤ 1: ໊ਆߴಓ࿏ɺ1996  8 ݄ͷ࣮ଌσʔλɻ
ԣ࣠ 5ؒͷ૯ྲྀྔɺॎ࣠ंߦઢͷंઢར
༻Ͱ͋Δɻ૯ྲྀྔंߦઢͱӽंઢͷΛ
ද͢ɻ

2 Nagel-Schreckenberg Ϟσϧ
Nagel-Schreckenberg(NS)Ϟσϧɺ࠷Α͘ར

༻͞Ε͍ͯΔަ௨ྲྀηϧΦʔτϚτϯϞσϧͷҰͭ

Ͱ͋Δ [5]ɻಓ࿏ηϧʹׂ͞ΕɺҰͭͷηϧʹ

Ұͷं͔͠ೖΔ͜ͱ͕Ͱ͖ͳ͍ɻ֤ंલํͷۭ

ͷηϧͷʹԠͯ͡ɺߴ࠷ vmax ͷ੍ݶͷԼͰ

ՃݮΛ͏ߦɻҎԼʹࣔ͢มنߋଇʹैͬͯ

શंͷΛܾఆͨ͠ޙʹɺશंͷҐஔΛߋ৽͢Δɻ

n൪ͷंͷҐஔΛxnɺΛ vnɺઌ͢ߦΔn+1

൪ͷं·Ͱͷۭͷηϧͷ+1Λ gn = xn+1 − xn

ͱ͢Δɻ͜ͷ࣌ɺҎԼͷͭࡾͷखॱͰΛߋ৽͢

Δɻશंͷͷߋ৽ͷޙʹɺंͷҐஔΛߋ৽͢Δɻ

Ճɿߴ࠷ vmax ·ͰͷൣғͰ 1Ճ͢Δɻ

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

͢Δɻݮʹিಥ͠ͳ͍Α͏ʹंߦɿઌݮ

vn = min (vn, gn − 1) (2)

ϥϯμϜԽɿ֬ pͰ ͢Δɻݮ1

vn = max (vn − 1, 0) (3)

3 ೋंઢͷNSϞσϧ
NSϞσϧʹंઢมنߋଇΛՃ͢Δ͜ͱͰɺೋ

ंઢ࿏ͷ NS ϞσϧΛߏ͢Δɻ֤ࠁ࣌ʹ͓͍ͯɺ

ɻͦͷ͏ߦΛશंʹରͯ͠ߋड़͢Δंઢมޙʹॳ࠷

ɻ͏ߦ৽ΛߋͼҐஔͷٴߋɺલड़ͷมʹޙ

ंઢมنߋଇେ͖͘ೋͭͷཁૉʹ͚Δ͜ͱ͕

Ͱ͖ΔɻंઢมߋΛ͏ߦඞཁੑͱɺंઢมߋͷ҆શ

ੑͰ͋Δɻࡏݱ͍ͯ͠ߦΔंઢٴͼྡंઢͷઌ

ڑରͯ͠ɺҰఆͷʹंߦ քࢹ) d)Ҏʹ͍ۙͮͨ

ඞཁੑΛஅ͢Δɻ͔͠͠ɺ͏ߦΛߋɺंઢมʹࡍ

ंઢม͕ߋඞཁͰ͋ͬͯɺྡंઢ҆શʹҠಈ

Ͱ͖ͳ͚ΕंઢมߋͰ͖ͳ͍ɻ

ຊڀݚͰɺंߦઢଆ͔Βͷ͍ӽ͠ͷنଇ͕

ҟͳΔຊͱυΠπͷ߹Λൺֱ͢Δɻຊͷަ௨

ຊͱ͠جΔ͜ͱΛ͢ߦઢΛंߦଇͰɺंن

͍ͯΔ (ಓ࿏ަ௨๏ೋे)[6]ɻ·ͨɺ͍ӽ͠Λߦ

͏߹ʹɺӽंઢ͔Β͜͏ߦͱͱఆΊΒΕ͍ͯ

Δ (ಓ࿏ަ௨๏ೋेୈ߲ࡾ)ɻ͔͠͠ɺӽंઢΛ

ΔंΛɺंߦઢଆ͔Β͍ӽ͢͜ͱΛ੍

͢ΔͨΊͷ۩ମతنଇͳ͍ɻͦͷͨΊɺӽंઢ

Λ͢ߦΔେंܕͳͲ͕ɺंߦઢଆ͔Β͍ӽ͞

ΕΔ͜ͱ͠͠ൃੜ͢ΔɻυΠπͷަ௨نଇͰ

ɺຊͱಉ༷ʹंंߦઢΛ͠ߦͳ͚Εͳ

Βͳ͍ɻҰํɺӽंઢ্ͷ͍ंʹର͢Δ (ߦ

ंઢ͔Βͷ)͍ӽ͠Λ੍͢ΔͨΊʹɺӽंઢ

ʹ͍ं͕͍Δ߹ʹɺंߦઢΛ͢ߦΔं

ӽंઢҠಈ͢Δͱ͍͏نଇ͕ઃ͚ΒΕ͍ͯΔɻ

ೋͭͷܕͷंઢมنߋଇͷޮՌΛൺֱ͢ΔͨΊʹɺ

ଇنߋ௨తͳ෦ͱҟͳΔ෦Λཧ͠ɺंઢมڞ

Λهड़͢Δɻ

ຊܕͱυΠπͦܕΕͧΕͷඞཁੑͷ݅Λද 1

ʹ·ͱΊΔɻंߦઢ͔ΒӽंઢͷҠಈͰɺ

ंߦઢΛઌ͢ߦΔंͷ͍ӽ͠ͷͨΊͷҠಈڞ

௨Ͱ͋ΔɻυΠπܕͰɺՃͱͯ͠ӽंઢΛ

ΔंΛൈ͔ͳ͍ͨΊͷҠಈ͕͋Δɻӽंઢ͔

ΒंߦઢͷҠಈͰɺӽंઢΛΓଓ͚ͳ͍

ͨΊͷंߦઢͷҠಈڞ௨Ͱ͋ΔɻຊܕͰɺ

ӽंઢΛΔंΛ͍ӽ͢͜ͱ͕Ͱ͖ΔɻҰ
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ද 1: ຊܕͱυΠπܕͷඞཁੑͷ݅

ຊ υΠπ

ंߦઢ͔Β
͍ӽ͠

ӽंઢͷंઢมߋ
͍ӽ͠ ࣜ (4) ·ͨ ࣜ (8)

ंߦઢ͔Βͷ͍ӽ͠نࢭଇ

ӽंઢ͔Β
ӽंઢΛ͠ߦଓ͚ͳ͍ ӽंઢΛ͠ߦଓ͚ͳ͍

ंߦઢͷंઢมߋ
·ͨ ࣜ (7) ͔ͭ ࣜ (9)

͍ӽ͠ ंߦઢ͔Βͷ͍ӽ͠نࢭଇ

ํɺυΠπܕͰɺઌ͕ंߦ͍߹ʹंߦઢ

ҠಈͰ͖ͳ͍ɻ

ਤ 2: ंઢมنߋଇͷॾྔɻؙंΛද͠ɺؙ͍
͍ͯ͠ΔंΛද͍ͯ͠Δɻ

ਤ 2ंઢมنߋଇͷॾྔͷઆ໌Ͱ͋Δɻ͠

͍ͯΔंͷΛ vɺ͍ͯ͠ΔंͱಉҰंઢͷ

ઌंߦͱͷڑΛ ∆xp(લઅͷ gn ͱಉ͡)ɺಉҰं

ઢͷઌंߦͷΛ vpɺ͍ͯ͠Δंͱྡंઢ

ͷઌंߦͱͷڑΛ ∆xnpɺྡंઢͷઌंߦͷ

Λ vnpɺ͍ͯ͠ΔंͱྡंઢͰํޙΛߦ

͍ͯ͠ΔंͱͷڑΛ∆xnb ͱ͢Δɻ

ंઢมنߋଇͷඞཁੑʹؔ͢Δڞ௨෦Λ͑ߟΔɻ

ंߦઢ͔ΒӽंઢͷҠಈ͕ඞཁͱͳΔͷɺ

ಉҰंઢͷઌंߦͷ͕ࣗΑΓ͘ɺ͔ ͭྡं

ઢͷઌ͕ंߦಉҰंઢͷઌंߦΑΓ͍߹Ͱ͋Δ:

vp ≤ v ͔ͭ vp < vnp (4)

Ұํɺӽंઢ͔ΒंߦઢͷҠಈ͕ඞཁͱͳΔ

ͷɺྡंઢͷઌ͕ࣗंߦΑΓ͍߹Ͱ͋Δ:

vnp > v (5)

ͳ͓ɺઌंߦ·Ͱͷڑ͕ࢹք dΑΓେ͖͍߹ɺ

ઌंߦͷΛແݶେͱஅ͢Δɻ

҆શͳंઢมߋͷҝʹຬͨ͞ΕΔ͖݅

∆xnp > v ͔ͭ ∆xnb > v∗max (6)

Ͱ͋Δɻ͜ͷ݅ɺೋͭͷλΠϓͷنଇͰڞ௨Ͱ

͋Δɻࣜ (6)ͷ v∗max ྡंઢͷߴ࠷Λද͢ɻ

ंઢຖʹߴ࠷͕ҟͳΔ߹ྀͯ͠ߟɺv∗maxɺ

ंߦઢ͔ΒӽंઢͷҠಈͷ߹ӽंઢͷ

ߴ࠷ vfmaxɺӽंઢ͔ΒंߦઢͷҠಈͷ

߹ंߦઢͷߴ࠷ vsmax ͱͳΔɻ

पڥظք݅ͷԼͰɺ֤ंઢͷηϧ=10000ͱ

͠ɺҟͳΔंͷͰγϛϡϨʔγϣϯΛͨͬߦɻ

ंͷॳظஔϥϯμϜͱ͠ɺ૯ྲྀྔͱंઢར༻

Λܭଌ͢Δ·Ͱͷ؇1000=ؒ࣌ɺࢹք d = 16ͱ

͢Δɻ

4 ຊܕͷೋंઢ࿏Ϟσϧ
ຊܕͷंઢมنߋଇͱྲྀྔٯసͷؔΛௐΔɻ

ຊܕͷंઢมنߋଇͰɺલड़ʢද 1ʣͷΑ͏ʹɺ

ंߦઢ͔ΒӽंઢҠಈ͢ΔͨΊͷඞཁੑɺ

͍ӽ͠ͷΈ (ࣜ (4))Ͱ͋Δɻ͔͠͠ɺӽंઢ͔

ΒंߦઢͷҠಈ͢ΔͨΊͷඞཁੑɺࣜ (5)Ͱ

ද͞ΕΔӽंઢΛΓଓ͚ͳ͍ͱ͍͏ڞ௨෦ʹ

Ճ͑ͯɺंߦઢଆ͔ΒӽंઢΛΔंΛ

͍ӽ͕݅͢Ճ͞ΕΔ (ࣜ (7))ɻ

vnp > v ·ͨ (vp ≤ v ͔ͭ vp < vnp) (7)

͜ͷंઢมنߋଇΛجʹɺंߦઢͷߴ࠷

vsmax Λ 5 ͱ͠ɺӽंઢͷߴ࠷ vfmax Λύϥ

ϝʔλͱͯ͠มԽͤͨ͞ɻ·ͨɺલઅͰड़ͨࢹք

dͷΛม͑ͯγϛϡϨʔγϣϯΛͨͬߦɻ

ਤ 3ɺຊܕͷंઢมنߋଇʹ͓͚Δɺ૯ྲྀྔ

ʹର͢Δंߦઢͷंઢར༻ͷ݁ՌͰ͋Δɻਤ 3

ɺ֤ंઢͷߴ࠷͕͍͠߹ͱҟͳΔ߹ͷ

ൺֱ݁ՌͰ͋Δɻ vsmax = vfmaxͷ߹Ͱɺྲྀྔٯ

సൃੜ͠ͳ͍ɻ͔͠͠ɺvsmax < vfmaxͷ߹Ͱɺ

࠷సंઢͷٯస͕ൃੜͨ͠ɻΑͬͯɺྲྀྔٯྔྲྀ

ͷࠩʹΑͬͯൃੜ͍ͯ͠Δ͜ͱ͕Θ͔Δɻߴ

3



 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

 0  0.2  0.4  0.6  0.8  1  1.2

fl
o
w

 r
at

io

total flow [cars per time step]

v
f
max =5

v
f
max =6

ਤ 3: ຊܕͷंઢมنߋଇʹ͓͚Δɺ֤ंઢͷ࠷
͕͍͠߹ͱҟͳΔ߹ͷൺֱ݁ՌͰ͋ߴ
Δɻ֤ंઢͷߴ࠷͕ҟͳΔ߹ʹྲྀྔٯస͕
ൃੜͨ͠ɻ

5 υΠπܕͷೋंઢ࿏Ϟσϧ
సͷؔٯଇͱྲྀྔنߋͷंઢมܕɺυΠπʹ࣍

ΛௐΔɻυΠπܕͰɺӽंઢ্ͷ͍ंʹର

͢Δ (ंߦઢ͔Βͷ)͍ӽ͠Λ੍͢Δنଇ͕͋

Δɻͭ·ΓɺӽंઢΛઌ͢ߦΔ͍ं͕͍Δ߹ɺ

ंߦઢΛ͢ߦΔंӽंઢҠಈ͢Δɻ͜ͷ

͜ͱΑΓɺंߦઢʹۭ͖Λ࡞Γɺӽंઢͷ

ंΛ҆શʹंߦઢ͢ɻ

υΠπܕͷंઢมنߋଇͰɺલड़ʢද 1ʣͷΑ͏

ʹɺंߦઢ͔ΒӽंઢҠಈ͢ΔͨΊͷඞཁੑ

ɺࣜ (4)Ͱද͞ΕΔ͍ӽ͠ͷ݅ʹՃ͑ͯɺ

:ଇ͕Ճ͞ΕΔنઢ͔Βͷ͍ӽ੍͠ंߦ

(vp ≤ v ͔ͭ vp < vnp) ·ͨ vnp ≤ v (8)

ӽंઢ͔ΒंߦઢͷҠಈ͢ΔͨΊͷඞཁੑ

݅·ͨɺӽंઢΛΓଓ͚ͳ͍ͱ͍͏ڞ௨෦

(ࣜ (5))ʹՃ͑ͯɺंߦઢ͔Βͷ͍ӽ੍͠ن

ଇ͕Ճ͞ΕΔ:

vnp > v ͔ͭ vp > v (9)

ंߦઢ͔Βͷ͍ӽ੍͠نଇ͕ྲྀྔٯసʹٴ

΅͢ӨڹΛ֬ೝ͢ΔͨΊɺ͜ͷنଇ͕ͳ͍߹ͱͷ

ൺֱΛͨͬߦɻंߦઢͷߴ࠷ vsmax ͱӽं

ઢͷߴ࠷ vfmax ͷɺಉ͡ 5ʹઃఆͨ͠ɻ

ਤ 4ɺंߦઢ͔Βͷ͍ӽ੍͠نଇͷద༻

༗ແͷൺֱ݁ՌͰ͋Δɻਤ 4ΑΓɺ੍نଇ͕ద༻

͞Ε͍ͯΔ߹ྲྀྔٯస͕ൃੜͨ͠ɻͦ͏Ͱͳ͍

߹ྲྀྔٯస͕ൃੜ͠ͳ͔ͬͨɻΑͬͯɺ͜ͷن

ଇ͕ྲྀྔٯసʹد༩͍ͯ͠Δ͜ͱ͕Θ͔Δɻ
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ਤ 4: υΠπܕͷंઢมنߋଇʹ͓͚Δɺंߦઢ
͔Βͷ͍ӽ੍͠نଇͷద༻༗ແͷൺֱ݁ՌͰ
͋Δɻ੍نଇ͕͋Δ߹ྲྀྔٯస͕ൃੜͨ͠ɻ

6 ·ͱΊ
ຊߘͰɺNagel-SchreckenbergϞσϧΛ༻͍ͯɺ

ຊܕͱυΠπܕͷंઢมنߋଇΛͭ࣋ೋंઢ࿏ͷ

NSϞσϧΛߏ͠ɺྲྀྔٯసʹͯ݁͠Ռͷൺ

ֱΛͨͬߦɻ

ຊܕͷंઢมنߋଇͷ߹ɺྲྀྔٯసंઢ

ͷߴ࠷ͷࠩʹΑͬͯൃੜ͍ͯ͠Δ͜ͱ͕Θ͔ͬ

ͨɻυΠπܕͷंઢมنߋଇͷ߹ɺंߦઢ͔

Βͷ͍ӽ੍͠نଇ͕ྲྀྔٯసʹӨ͍ͯ͠ڹΔ͜

ͱ͕Θ͔ͬͨɻंઢมߋͷඇܾఆੑύϥϝʔλͷ

Өڹʹ͍ͭͯɺߨԋʹͯٞ͢Δɻ
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