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1. ͸͡Ίʹ

ࣗಈӡసٕज़ཱ͕֬͠৽ͨͳϞϏϦςΟ͕ಋೖ͞Ε

ͨ৔߹ɼ౎ࢢͷ༗ޮ׆༻ͷͨΊɼಓ࿏ۭؒͷ࠶഑෼͕

ඞཁͱͳͬͯ͘Δɽ࣮ࡍʹɼ౦ژ౎Ͱ͸ࣗಈӡసंಋ

ೖΛݟਾ͑ɼࣗಈӡసઐ༻ϨʔϯͷಋೖΛݕ౼͍ͯ͠

ΔɽࣗಈӡసंͷΈ͕૸ߦՄೳͳࣗಈӡసઐ༻Ϩʔϯ

ͷಋೖʹΑͬͯɼखಈӡసं͕ಉҰंઢ͔Β෼཭͞Εɼ

ՄೳͱͳΔɽͭ·Γɼަ௨༰ྔ૿͕ߦ౓ͳ௥ै૸ີߴ

ՃʹΑΔौ଺ղফ͕ظ଴͞ΕΔɽ·ͨɼࣗಈӡసं͸

खಈӡసंͱൺ΂૸࣌ߦͷԣํ޲΁ͷϒϨ͕খ͍ͨ͞

Ίɼࣗಈӡసઐ༻ϨʔϯಋೖʹΑͬͯɼಓ࿏෯һͷॖ

খ͕ՄೳͱͳΓɼଞͷަ௨खஈʢe.g.,าऀߦ΍ࣗసंʣ
΁ͷۭؒΛੜΈग़͢͜ͱ΋ظ଴͞ΕΔɽ

ଞํɼࣗಈӡసंͷීٴ཰͕௿͍ঢ়ଶͰଟ͘ͷࣗಈ

ӡసઐ༻Ϩʔϯͷಋೖ͸ɼҰൠं྆΁ͷަ௨༰ྔΛ௿

Լͤ͞ɼ͔͑ͬͯަ௨ौ଺ΛѱԽͤͯ͞͠·͏Մೳੑ

͕͋ΔɽҰํͰɼීٴ཰͕͍ߴʹ΋͔͔ΘΒͣɼࣗಈ

ӡసઐ༻Ϩʔϯ͕ద੾ʹ഑ஔ͞Ε͍ͯͳ͍৔߹ɼࠞ߹

Ϩʔϯʹ͓͍ͯ҆શ֬อͷͨΊࣗಈӡసं͕खಈӡస

ंͱͷंؒڑ཭Λେ͖͘ͱΔ͜ͱ͕༧૝͞ΕΔͨΊɼަ

௨ौ଺ΛѱԽͤ͞ΔՄೳੑ͕͋Δɽͭ·Γɼࣗಈӡస

ंͷීٴ཰ʹ߹Θͤͨɼࣗಈӡసઐ༻Ϩʔϯͷ࠷ద഑

ஔΛ͑ߟΔඞཁ͕͋Δɽ

ͦ͜ͰɼຊڀݚͰ͸ɼࣗಈӡసंͱखಈӡసं͕ࠞ

Δۙະདྷަ௨γεςϜΛ૝ఆ͠ɼࣗಈӡసઐ͍ͯ͠ࡏ

༻Ϩʔϯ࠷ద഑ஔͷͨΊͷख๏ΛఏҊ͢Δ͜ͱΛ໨త

ͱ͢Δɽ

2. ڀݚԟط

ಓ࿏ωοτϫʔΫͷωοτϫʔΫσβΠϯख๏ͱ͠

ͯɼόεઐ༻Ϩʔϯͷ഑ஔʹؔ͢Δڀݚ͸਺ଟ͋͘Δ

ʢৄࡉͳϨϏϡʔ͸1),2) ౳Λߟࢀʹ͞Ε͍ͨʣɽྫ͑͹ɼ

Mesbah et al., (2011)3) Ͱ͸ɼόεઐ༻Ϩʔϯ഑ஔͷ࠷

దԽ໰୊ΛఆࣜԽ͠ɼҨ఻తΞϧΰϦζϜΛ༻͍ͨղ

๏Λ༻͍͍ͯΔɽ͔͠͠ɼଟ͘ͷڀݚͱಉ༷ʹখ͞ͳ

εέʔϧͳωοτϫʔΫ΁ͷద༻ʹཹ·͍ͬͯΔɽͦ

ͷཁҼͱͯ͠ɼ๲େͳ૊Έ߹Θͤ਺͕͑ߟΒΕΔ͜ͱ

ʹ͋ΔɽϦϯΫ਺͕ nͷ৔߹ɼόεϨʔϯΛ഑ஔ͢Δ
͔൱͔ͷ̎௨ΓΛϦϯΫͷ਺͚ͩ͑ߟΔඞཁ͕͋Γɼ2n

௨Γͷ૊Έ߹Θ͕ͤ͑ߟΒΕΔɽͭ·ΓɼϦϯΫ਺͕

૿͑Ε͹૿͑Δ΄Ͳɼ͜ͷ૊Έ߹Θͤ਺͸ࢦ਺ؔ਺త

ʹ૿Ճ͍͖ͯ͠ɼେن໛ωοτϫʔΫΛର৅ͱ͢Δ৔

߹ɼࢉܭίετͷ͕͞ߴ՝୊ͱͳΔɽ

ଞํɼେن໛ωοτϫʔΫΛର৅ͱͨ͠όεϨʔϯ഑

ஔͷ࠷దԽ໰୊Λѻͬͨڀݚͱͯ͠ɼZheng and Geroli-
minis (2013)4) ͕͋ΔɽZheng and Geroliminis (2013)Ͱ
͸ɼं΍όεɼλΫγʔͳͲ༷ʑͳަ௨खஈ͕ࠞ͢ࡏ

ΔωοτϫʔΫʹ͓͍ͯɼ૯૸࠷ؒ࣌ߦখԽ໰୊ͱ͠

ͯɼಓ࿏ۭؒͷ֤ަ௨खஈ΁ͷ഑෼ख๏ΛఏҊ͍ͯ͠

Δɽେن໛ωοτϫʔΫʹద༻Մೳͳ࿮૊ΈͰ͋ΔҰ

ํͰɼ֤ ަ௨खஈͷۭؒ഑෼ׂ߹ʢe.g.,,֤ΤϦΞʹԿ%
ͷόεϨʔϯΛಋೖ͢Δ͔ʣΛܾఆ͢Δख๏ʹཹ·ͬͯ

͓Γɼ࣮ࡍͷωοτϫʔΫσβΠϯͷఏҊ·Ͱ͸ͬࢸ

͍ͯͳ͍ɽ

ͦ͜ͰɼຊڀݚͰ͸্ه 2ͭͷڀݚΛ૊Έ߹ΘͤΔ
͜ͱͰɼޮࢉܭ཰ͷ͍ߴωοτϫʔΫσβΠϯख๏ɼಛ

ʹɼࣗಈӡసઐ༻Ϩʔϯ࠷ద഑ஔख๏ͷ։ൃΛ͏ߦɽ

1

助成受付番号　第21004号　研究課題番号　（⑦）



3. ख๏

(1) Ϟσϧઃఆ

ຊڀݚͰ͸ɼ౎৺෦ͷҰͭͷΤϦΞΛର৅ʹࣗಈӡ

సंͱखಈӡసं͕ࠞ͢ࡏΔަ௨γεςϜʹ͓͚Δࣗ

ಈӡసઐ༻Ϩʔϯͷ࠷ద഑ஔख๏Λ͑ߟΔɽࣗಈӡస

ઐ༻Ϩʔϯ഑ஔσβΠϯख๏͸ɼBi-level optimization
problemͱͯ͠ఆࣜԽՄೳͰ͋Δɽ্Ґ໰୊Ͱ͸ɼγε
ςϜ؅ཧऀͷ΋੍ͭ໿৚݅ԼͰ໨తؔ਺Λ࠷େԽʢຢ

͸࠷খԽʣ͢ΔͨΊɼࣗಈӡసઐ༻Ϩʔϯͷ഑ஔϦϯ

ΫΛܾఆ͢ΔɽຊষͰ͸ɼطଘڀݚʹ฿͍ɼ૯૸ڑߦ

཭࠷େԽ໰୊ͱ্ͯ͠Ґ໰୊ΛఆࣜԽ͢ΔɽԼҐ໰୊

Ͱ͸ɼཱྀऀߦͷޮ༻Λ࠷େԽ͢ΔͨΊʹަ௨ߦಈʢe.g.,
Ͱ͸ɼϛΫϩަ௨ྲྀγڀݚ࿏બ୒ʣΛܾఆ͢Δɽຊܦ

ϛϡϨʔγϣϯʹΑΔγϛϡϨʔγϣϯϕʔεͷಈత

ަ௨ྔ഑෼ʹΑͬͯɼԼҐ໰୊Λهड़͢Δɽ·ͨɼ֤

ͼखಈӡసंͷަ௨धཁ͸༩݅ٴଳͷࣗಈӡసंؒ࣌

ͱ͠ɼࣗಈӡసઐ༻Ϩʔϯͷීٴ཰ʹΑΔधཁͷมԽ

͸ྀ͠ߟͳ͍΋ͷͱ͢Δɽ

(2) ࣗಈӡసઐ༻ϨʔϯͷͨΊͷγϛϡϨʔγϣϯϕʔ

ε࠷దԽ

Bi-level optimizaiton problem ͱͯ͠ҎԼͷ࠷దԽ໰
୊Λ͑ߟΔɽ

max
x

∑

t∈T
E[ni(t)vi(t); x] (1a)

s.t.

ni(t) = DT A(x) (1b)

vi(t) = DT A(x) (1c)

ͨͩ͠ɼx͸֤ϦϯΫͷࣗಈӡసઐ༻Ϩʔϯʹؔ͢Δμ
ϛʔม਺ʢ1 ifࣗಈӡసઐ༻Ϩʔϯ͕഑ஔɼ0 otherwiseʣ
ͷϕΫτϧɼ ni(t)ٴͼ vi(t)͸ɼͦΕͧΕϞʔυ iͷ࣌
ؒ tʹ͓͚Δ૸ߦ୆਺ͱ଎౓ɼT ͸ର৅ؒ࣌ଳͷूؒ࣌
߹Λද͢ɽ໨తؔ਺͸ର৅ؒ࣌ଳʹ͓͚Δ૯૸ڑߦ཭

୆਺ߦͼ֤ަ௨Ϟʔυͷ૸ٴଳؒ࣌େԽͰ͋Δɽ֤࠷

ni(t)ͱ଎౓ vi(t)͸ϛΫϩަ௨ྲྀγϛϡϨʔγϣϯΛ௨
ग़͞ΕΔɽࢉେԽ໰୊ͷ݁Ռͱͯ͠࠷༺ͷޮऀߦཱྀͯ͡

దԽ໰୊ͷఆࣜԽࣗମ͸୯७Ͱ͋ΔҰํͰɼର৅ͱ࠷

ͳΔ࠷దԽ໰୊͸ NP-hardͰ͋Γɼղ͘ͷ͕ࠔ೉ͳΫ
ϥεͷ໰୊Ͱ͋Δɽ͜ͷΑ͏ͳ໰୊Λղ͘ࡍʹ͸ɼҨ

఻తΞϧΰϦζϜͳͲ൚༻తͳώϡʔϦεςΟοΫͳ

ख๏͕༻͍ΒΕΔ͜ͱ͕ҰൠతͰ͋Δ͕ɼେن໛ωοτ

ϫʔΫΛର৅ͱ͢Δ৔߹ɼࢉܭίετͷ͕͞ߴ՝୊ͱ

ͳΔɽͦ͜Ͱɼຊ೥౓͸ࡢ೥౓ߏஙͨ͠ޮࢉܭ཰ͷߴ

͍γϛϡϨʔγϣϯϕʔε࠷దԽख๏ͱҨ఻తΞϧΰ

ϦϜΛ૊Έ߹ΘͤͨMFD-constrainted genetic algorithm
(MFDcGA)Λ։ൃ͢Δɽ

(3) MFD-constrained Genetic Algorithm (MFDcGA)
a) Genetic Algorithm
ຊষͰ͸ɼ·ͣجຊతͳGenetia Algorithm (GA)Λઆ
໌͢ΔɽGA͸ೋͭͷղΛ૊Έ߹ΘͤΔ͜ͱͰ৽ͨͳղ
Λੜ੒͠ɼ܁Γฦ͠ղΛ୳͢ࡧΔख๏Ͱ͋Δɽ·ͣɼn
ஂूظͱͯ͠ੜ੒͢ΔɽॳஂूظՄೳղΛॳߦͷ࣮ݸ

Λੈݱ୅ͱ͠ɼੈݱ୅ͷ֤ݸମʢ֤ղʣʹରͯ͠ධՁؔ

਺ʹΑΔదԠ౓Λ͢ࢉܭΔɽͦͯ͠ɼదԠ౓͔Βࢉग़

ͨ֬͠཰ʹݸ͍ͯͮجମ͸બ୒͞Εɼઃఆ͞Εͨ֬཰

ମݸͷަࠥɼಥવมҟɼ·ͨ͸֤࢜ମಉݸ͍ͯͮجʹ

͕ͦͷ··ੈ࣍୅΁ͱड͚͕ܧΕ͍ͯ͘ͱ͍͏Ξϧΰ

ϦζϜͰ͋Δɽ͜ͷΞϧΰϦζϜ͸ऩଋ൑ఆΛຬͨ͢

·Ͱ܁Γฦ͠ߦΘΕΔɽ

ຊڀݚͰ͸ɼGAΛࣗಈӡసઐ༻Ϩʔϯͷ࠷ద഑ஔ໰
୊΁ద༻͢Δɽ֤ݸମͷҨ఻ࢠ͸όΠφϦʔม਺ φʹ

Αͬͯఆٛ͠ɼݸମ͸Ҩ఻ࢠͷϕΫλʔͱͯ͠ද͞ݱ

Εɼ֤Ҩ఻ࢠ͸ಓ࿏ωοτϫʔΫͷ֤ϦϯΫʹରԠ͢

Δɽͭ·Γɼ֤ݸମ͸ࣗಈӡసઐ༻ϨʔϯΛ഑ஔ͢΂

͖ϦϯΫͷ૊Έ߹ΘͤΛόΠφϦʔࣜܗͰදͨ͠ݱ΋

ͷͰ͋ΔɽGA͸ͦͷ൚༻ੑ͔Βɼଟ͘ͷ౎ަࢢ௨໰୊
ʹద༻͞Ε͖͕ͯͨɼେن໛ωοτϫʔΫΛର৅ͱ͢

Δ৔߹ɼղͷ૊Έ߹Θͤ਺͸๲େͱͳΓɼऩଋ·Ͱʹ

ଟ͘ͷ܁Γฦ͕͠ࢉܭඞཁͱͳΔܽ఺͕ଘ͢ࡏΔɽ

b) MFDcGAͷखॱ
લষͰઆ໌ͨܽ͠఺Λղܾ͢ΔͨΊɼΤϦΞϨϕϧ

Ͱͷަ௨ྲྀμΠφϛΫεΛ੍໿৚݅ͱͨ͠ޮࢉܭ཰ͷ

ɽఏҊ͢Δख๏͏ߦҨ఻తΞϧΰϦζϜͷ։ൃΛ͍ߴ

ͷ࿮૊Έ͸ਤ 1ʹࣔ͢ɽఏҊख๏͸େ͖͘෼͚ͯ 3ͭ
ͷஈ֊Ͱߏ੒͞ΕΔɽ·ͣɼΤϦΞϨϕϧͰࢹڊతʹ

ަ௨ྲྀμΠφϛΫε͕هड़Մೳͳަ௨ϞσϧʹΑͬͯɼ

ࣗಈӡసઐ༻Ϩʔϯͷಓ࿏ۭؒ࠷దׂ߹໰୊ΛఆࣜԽ

͢ΔɽDantsuji et al., (2022)5) ஙͨ͠ຊަߏ͍ͯͮجʹ

௨Ϟσϧ͸ಓ࿏ωοτϫʔΫͳͲͷ৘ใΛࣺ৅ͨۙ͠

తʹϞσϧԽͨ͠ϞσϧͷͨΊҎ߱͸ϝλϞσϧͱࣅ

దԽʢਤதϝλϞσϧ࠷ͿɽϝλϞσϧݺ 1©ʣʹ Αͬͯ

ग़ྗ͞Εͨ࠷దׂ߹Λ੍໿ͱͨ͠ॳूظ߹ੜ੒Λ͏ߦɽ

ॳूظ߹ੜ੒ޙ͸௨ৗͷҨ఻తΞϧΰϦζϜͷखॱΛ

తࣅΔʢਤதҨ఻తΞϧΰϦζϜʣɽͦͯ͠ɼۙ͢ߦ࣮

ͳϝλϞσϧͷ݁ՌͱγϛϡϨʔγϣϯ݁Ռͷؒʹဃ

཭Λ๷͙ͨΊɼγϛϡϨʔγϣϯޙϝλϞσϧ࠷దԽ

Λ࣮͢ߦΔʢਤதϝλϞσϧ 2©ʣɽ࣍ͷষΑΓ֤ஈ֊ͷ
ͳઆ໌Λ͍ͯ͘͠ɽɹࡉৄ

(4) MFD-constrained Genetic Algorithm (MFDcGA)
a) ϝλϞσϧ࠷దԽ

ࣗಈӡసंʢAVʣͱखಈӡసंʢHVʣ͕ࠞ͢ࡏΔΤ
ϦΞΛ͑ߟΔɽຊڀݚͷϝλϞσϧ࠷దԽ͸ΤϦΞϨ

ϕϧͰͷࢹڊతʹࠁࣄ࣌ʑͱมԽ͢Δ֤ަ௨खஈͷ૸
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メタモデルパラメータ更新収束判定

アルゴリズム終了

適応度計算

! ← 0
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個体の選択

世代の⽣成
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No
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メタモデル①

メタモデル②

遺伝的アルゴリズム

ਤ–1 MFDcGAͷ࿮૊Έ

ड़ՄೳͳMacroscopicه୆਺Λߦ Fundamental Diagram
(MFD)ʹ͍ͨͮجϞσϧͰ͋Δɽ·ͨɼຊڀݚͰͷࣗ
ಈӡసઐ༻Ϩʔϯͷಓ࿏ۭؒ഑ஔͷ࠷దԽ໰୊ͷ໨త

ؔ਺͸૯૸ڑߦ཭࠷େԽ໰୊ͱͯ͠ఆ͍ٛͯ͠ΔͨΊɼ

ϝλϞσϧ࠷దԽ໰୊͸ҎԼͷΑ͏ʹఆࣜԽ͢Δ͜ͱ

͕ՄೳͰ͋Δɽ

min
x

∑

t∈T

∑

i∈I
n̂i(t)vi(t) (2)

n̂i(t) = βi
tni(t) (3)

ni(t + 1) = ni(t) − Oi(t) + Mi(t) (4)

Mi(t) = min

Di(t),

ni(t)∑
i∈I ni(t)

C



∑

i∈I
ni(t)




 (5)

Oi(t) =
ni(t)vi(t)

L
(6)

nrl
j = xn j (7)

nml
j = (1 − x)n j (8)

vAV (t) = (1 − x)vHV (t) + xvrl(t) (9)

vHV (t) = vHV
f


1 −

nHV (t) + (1 − x)ξnAV (t)
nml

j


 (10)

vrl(t) = vAV
f


1 −

xnAV (t)
nrl

j


 (11)

ࣜʢ2 ʣ͸ɼखಈӡసंͱࣗಈӡసंͷର৅ؒ࣌ଳ
Ͱͷ૯૸ڑߦ཭࠷େԽͷ໨తؔ਺Λද͍ͯ͠Δɽͨͩ

͠ɼx͸ࣗಈӡసઐ༻Ϩʔϯͷۭؒ഑෼ׂ߹ɼn̂i(t)͸ɼ
ϝλϞσϧύϥϝʔλʹΑͬͯิਖ਼͞Εͨؒ࣌ t ަ௨
खஈ i ∈ {HV, AV}ͷ૸ߦ୆਺Ͱ͋Γɼࣜʢ3ʣʹΑͬͯ
ఆࣜԽ͞ΕΔɽࣜʢ4ʣ͸ަ௨खஈ iͷं྆อଘଇΛද
͓ͯ͠Γɼؒ࣌ t + 1ͷ૸ߦ୆਺ ni(t + 1)͸ؒ࣌ tͷ૸
୆਺ߦ ni(t) ͔Βؒ࣌ t ͷτϦοϓྃ׬୆਺ Oi(t) ΛҾ
͖ɼؒ࣌ tͷྲྀೖ୆਺ Mi(t)Λ଍ͨ͠୆਺ʹΑͬͯࢉग़
͞ΕΔɽͨͩ͠ɼྲྀೖ୆਺ Mi(t)͸ɼؒ࣌ tͷަ௨धཁ
Di(t)ͱड͚ೖΕ༰ྔ ni(t)∑

i∈I ni(t)
C
(∑

i∈I ni(t)
)
ͷ࠷খ஋͔Β

༩͑ΒΕΔʢࣜʢ5ʣʣɽ·ͨؒ࣌ tͷτϦοϓྃ׬୆਺
͸ Network Exit FunctionͰ༩͑ΒΕΔʢࣜʢ6ʣʣɽࣗಈ
ӡసઐ༻Ϩʔϯٴͼࠞ߹Ϩʔϯͷ࠷େ૸ߦՄೳ୆਺͸

ࣗಈӡసઐ༻Ϩʔϯׂ߹ xʹґଘ͠ɼͦΕͧΕࣜʢ7ʣ
ͼʢ8ʣͰ༩͑ΒΕΔɽͨͩ͠ɼnٴ j͸ΤϦΞ಺Ͱͷ࠷

େ૸ߦՄೳ୆਺Ͱ͋Δɽͦͯ͠ɼؒ࣌ tͷࣗಈӡసंͷ
ฏۉ଎౓͸ࠞ߹ϨʔϯͰͷ଎౓ vHV (t)ͱࣗಈӡసंઐ
༻ϨʔϯͰͷ଎౓ vrl(t)ͷՃॏฏۉͰ͋Δʢࣜʢ10ʣʣɽ
ͦͯ͠ɼࠞ߹ϨʔϯͰͷฏۉ଎౓ʢ͢ͳΘͪɼखಈӡస

ंͷฏۉ଎౓ʣ͸ Greenshieldsͷ଎౓ࣜΛ֦ுͨࣜ͠
ʹΑͬͯ༩͑ΒΕΔʢࣜʢ11ʣʣɽͨͩ͠ɼvHV

f ͸खಈӡ

సंͷࣗ༝ྲྀ଎౓ɼξ͸ࣗಈӡసंͷ PCUʢPassenger
Car UnitʣͰ͋Δɽ·ͨɼಉ༷ʹࣗಈӡసઐ༻ϨʔϯͰ
ͷฏۉ଎౓ vrl(t)΋ࣜʢ12ʣʹΑͬͯ༩͑ΒΕΔɽ
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b) ϝλϞσϧύϥϝʔλߋ৽

ෳࡶͳަ௨ݱ৅Λهड़͢ΔϛΫϩަ௨ྲྀγϛϡϨʔ

λ͔Βग़ྗ͞ΕΔ݁ՌͱωοτϫʔΫͳͲ͍͔ͭ͘ͷ

৘ใΛࣺ৅ͨ͠ϝλϞσϧ࠷దԽͷ݁Ռʹ͸ဃ཭͕ੜ

͡ΔՄೳੑ͕͋Δɽͦ͏ͨ͠ဃ཭ΛຒΊΔ͜ͱΛ໨త

ʹύϥϝʔλߋ৽Λ͏ߦɽ

ࢉܭΓฦ͠܁ kճ໨ͷϝλϞσϧύϥϝʔλߋ৽͸
ҎԼͷΑ͏ʹॏΈ෇͖࠷খೋ৐๏Λ༻͍ͯ͏ߦɽ

min
ηk

∑

k

w(k)
∑

i

∑

t

(
ηk

i,tn
k
i (t) − E[nk

i (t)]
)

(12)

s.t.

βl
i,t ≥ ηk

i,tβ
k−1
i,t ≥ βu

i,t (13)

ͭ·Γɼkճ໨ͷ܁Γฦ͠ࢉܭͷϝλϞσϧύϥϝʔλ
͸ βi,t = ηk

i,tβ
k−1
i,t ͱද͢͜ͱ͕Ͱ͖Δɽ

c) ϝλϞσϧʹΑ੍ͬͯ໿͞ΕͨҨ఻తΞϧΰϦζϜ

ϝλϞσϧʹΑͬͯղू߹੍͕໿͞ΕͨҨ఻తΞϧ

ΰϦζϜΛ։ൃ͢ΔɽΞϧΰϦζϜͷखॱ͸Ұൠతͳ

GAͱಉ༷ͰʢIʣॳஂूظͷੜ੒ɼʢIIʣదԠ౓ͷࢉܭɼ
ʢIIIʣݸମΛೋͭબ୒ɼʢIVʣަ ࠥɼʢVʣಥવมҟɼʢVIʣ
ମ਺͕ݸ୅ͷੈ࣍ NݸʹͳΔ·Ͱ (III)ʹ໭ΔɼʢVIIʣ
୅ʹҠ͢ɼʢVIIIʣऩଋ൑ఆΛຬͨ͢·Ͱੈݱ୅Λੈ࣍
ʢIIʣʹ໭ΔΛ܁Γฦ͢ɽҎԼ֤खॱͷৄࡉΛઆ໌͢Δɽ

(I) ॳஂूظͷੜ੒
खॱ (I)Ͱ͸ɼNݸͷݸମ͔Βߏ੒͞ΕΔॳஂूظ
Λੜ੒͢ΔɽҰൠతͳ GAͰ͸ɼॳஂूظΛϥϯ
μϜʹੜ੒͢Δ͕ɼຊ࿮૊ΈͰ͸ϝλϞσϧ࠷ద

ԽʹΑͬͯग़ྗ͞ΕΔࣗಈӡసઐ༻Ϩʔϯͷ࠷ద

ۭؒ഑෼ׂ߹ x∗ʹΑ੍ͬͯ໿͞ΕͨॳظղΛੜ੒
͢Δɽ۩ମతʹ͸ɼ࠷దͳࣗಈӡసઐ༻Ϩʔϯ௕

ʢi.e., x∗T Lͨͩ͠ɼT L͸ಓ࿏૯Ԇ௕ʣʹ߹ܭ஋͕
ۙ͘ͳΔ·ͰɼϦϯΫΛϥϯμϜʹબ୒͍ͯ͘͠ɽ

Nݸͷݸମʹରͯ͠ɼͦΕͧΕॳظղΛੜ੒͢Δɽ
(II) దԠ౓ͷࢉܭ
ϛΫϩަ௨ྲྀγϛϡϨʔ͍ͯͮجʹମʢղʣݸ֤

γϣϯͷಓ࿏ωοτϫʔΫʹࣗಈӡసઐ༻Ϩʔϯ

Λ഑ஔ͠ɼγϛϡϨʔγϣϯΑΓҎԼͷదԠ౓Λ

Δɽ͢ࢉܭ

fn =
∑

t∈T

∑

i∈I
ni(t)vi(t) − δ(x − x∗)2 (14)

ମݸ nͷదԠ౓ fn͸૯૸ڑߦ཭ʹՃ͑ɼϝλϞσ
ϧ࠷దԽʹΑΔ࠷దۭؒ഑෼ׂ߹ͱ࣮ࡍͷۭؒ഑

෼ׂ߹ͷೋ৐ࠩޡʹΑͬͯද͞ΕΔɽͨͩ͠ɼδ͸

֎ੑతʹ༩͑ΔॏΈ෇͖ύϥϝʔλͰ͋Δɽͭ·

Γɼ໨తؔ਺Ͱ͋Δ૯૸ڑߦ཭͕͍ߴ΄ͲదԠ౓

͸͘ߴͳΓɼϝλϞσϧ࠷దԽʹΑΔ࠷దۭؒ഑

෼ׂ߹͔Β཭Εۭͨؒ഑෼ׂ߹΄ͲదԠ౓͕௿͘

ͳΔɽ·ͨɼطଘ3ڀݚ) Λߟࢀʹɼ࠷΋దԠ౓ͷ

΋ͷͱ͢Δɽ͙ܧ୅΁ͱड͚ੈ࣍ମ͸ݸ͍ߴ

ਤ–2 Sioux falls network

(III) ମͷબ୒ݸ
(II)Ͱఆٛͨ͠దԠ౓ʹ͖ͮجɼϧʔϨοτ๏Λ༻
ମݸग़͢Δɽࢉମͷબ୒֬཰Λݸ֤͍ͯ kͷબ୒
֬཰ S k ͸࣍ͷࣜͰද͞ΕΔɽ

S k =
fn∑

i∈N fi
(15)

దԠ౓͕͍ߴ΄Ͳɼબ୒֬཰ S k͕͘ߴͳΓɼ࣍ͷ

ੈ୅ʹड͚͕ܧΕ΍͘͢ͳΔɽબ୒֬཰ S kʹͮج

͍ͯɼ2ͭͷݸମΛબ୒͢Δɽ
(IV) ަࠥ Pc ͷ֬཰Ͱબ୒͞Εͨ̎ͭͷݸମΛަࠥ͢

ΔɽҰ఺ަࠥΛ࠾༻͠ɼަࠥ఺͸ཚ਺Λൃੜͤ͞

ܾఆ͢Δɽ

(V) ಥવมҟ Pm ͷ֬཰Ͱ֤ݸମͷҨ఻ࢠ৘ใΛ൓స

ͤ͞Δʢ1ˠ 0ɽ·ͨ͸ɼ0ˠ 1ʣɽ
(VI) ࣍ମΛݸঝ৽ͨʹੜ੒͞Εͨೋͭͷܧ୅΁ͷੈ࣍

ੈ୅ͷूஂ΁ͱड͚͙ܧɽN ମ͕ੜ੒͞Εݸͷݸ
Δ·ͰखॱʢIIIʣʹ໭Δɽ

(V) ੈ୅ަ୅ੜ੒͞Εͨੈ࣍୅ूஂΛੈݱ୅ूஂͱ͢
Δɽ

(VI) ऩଋ൑ఆ͋Β͔͡Ίઃఆͨ͠ऩଋ൑ఆΛຬͨͯ͠
͍Ε͹ɼΞϧΰϦζϜΛऴྃ͢Δɽͦ͏Ͱͳ͚Ε

͹ɼखॱʢIIʣʹ໭Δɽ

4. Ϟσϧͷূݕ

(1) γϛϡϨʔγϣϯઃఆ

Sioux-falls networkΛέʔεελσΟͱͯ͠ɼఏҊख
๏ͷଥ౰ੑূݕΛͨͬߦɽ༻͍ΔωοτϫʔΫͷϦϯ

Ϋ਺͸ 148ɼϊʔυ਺͸ 100ϊʔυͰ͋ΔɽϛΫϩަ௨
ྲྀγϛϡϨʔγϣϯAimsunΛ༻͍ͯɼγϛϡϨʔγϣ
ϯ্ͷࣗಈӡసंͷϞσϧԽ͸ं྆ͷ௥ैϞσϧͷύ

ϥϝʔλΛௐ੔͢Δ͜ͱͰදͨ͠ݱɽ۩ମతʹɼຊݚ

Ͱ͸ࣗಈӡసंͷ௥ैϞσϧΛڀ Cooperative adaptive
cruise control (CACC)ʹΑͬͯີߴ౓ͳ௥ैߦಈΛදݱ
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ਤ–3 धཁύλʔϯ

ͨ͠ɽࣗಈӡసं͸खಈӡసंͱͷ time gapΛ 10.0ඵɼ
ࣗಈӡసंͱͷ time gapΛ 0.6ඵγϛϡϨʔγϣϯ࣌
ؒ͸ 8:00AM͔Β 9:00AMͷҰؒ࣌ͱ͠ɼधཁύλʔ
ϯ͸ਤ 3ʹࣔ͢௨ΓͰ͋Δɽ·ͨɼ֤ؒ࣌ଳͷधཁʹ
ର͢Δࣗಈӡసंͷधཁ͸ 20%ͱ͢Δɽ
Ҩ఻తΞϧΰϦζϜʹؔ͢Δ֤ύϥϝʔλ͸ҎԼͷ

Α͏ʹઃఆͨ͠. ɼ֤ੈ୅ͷ͖ͮجʹͷ݁Ռ(3ڀݚଘط

ମ਺͸ݸ ͱͨ͠ɽ·ͨɼ֤֬཰ʹؔͯ͠ɼަ͕ࠥݸ31
ൃੜ͢Δ֬཰Λ 80%ɼಥવมҟͷ֬཰Λ 10%ʹઃఆ͠
ͨɽࣗಈӡసઐ༻Ϩʔϯͷ഑ஔՄೳͳϦϯΫ͸ɼ̎ं

ઢҎ্͋ΔϦϯΫͷ͏ͪɼ̍ंઢͷΈΛର৅ͱ͠ɽಉ

ҰϦϯΫʹ 2ंઢҎ্ͷࣗಈӡసઐ༻Ϩʔϯͷ഑ஔ͸
͠ͳ͍΋ͷͱ͢Δɽͭ·Γɼࣗಈӡసઐ༻Ϩʔϯ഑ஔ

Մೳͳ࠷େϨʔϯ௕͸̎ंઢҎ্ͷंઢΛ΋ͭϦϯΫ

ͷϦϯΫ௕૯࿨Ͱ͋Δɽ

(2) γϛϡϨʔγϣϯ݁Ռ

ఏҊख๏ͷଥ౰ੑΛ͢ূݕΔͨΊɼ͑ߟΒΕΔ࠷΋

୯७ͳํ๏ͱͯ͠ɼ࠷΋ࠞ͢ࡶΔՕॴʹ഑ஔ͢Δઓུ

ʢަ௨ີ౓ߴઓུʣͱ࠷΋͍ࠞͯ͠ࡶͳ͍Օॴʹ഑ஔ͢

Δઓ ʢུަ௨ີ౓௿ઓུʣΛൺֱର৅ͱͨ͠ɽਤ 4͸֤
iterationʹ͓͚Δ࠷େ૯૸ڑߦ཭Λදͨ͠΋ͷͰ͋Δɽ
ఏҊख๏Ͱ͋ΔMFDcGA͸࠷ॳͷ iterationͰ໨తؔ਺
Ͱ͋Δ૯૸ڑߦ཭͕େ͖͘վળ͞Ε͍ͯΔ͜ͱ͕Θ͔

Δɽ·ͨɼiteration 2Ҏ߱ܰඍͳվળ͕ΈΒΕɼiteration
3 Ҏ߱͸࠷େ૸ڑߦ཭͕มԽ͠ͳ͍݁Ռͱͳͬͨɽ·
ͨɼൺֱର৅Ͱ͋Δަ௨ີ౓ߴઓུͱަ௨ີ౓௿ઓུ΋

ͦΕͧΕ iteration 1Ͱ૯૸ڑߦ཭͕େ͖͘ͳΔ͕ɼఏҊ
ख๏ͱൺֱ͢Δͱখ͞ͳվળͱͳ͍ͬͯΔɽಛʹަ௨

ີ౓௿ઓུͰ͸ɼݱঢ়ͷωοτϫʔΫͷύϑΥʔϚϯ

εͱൺֱͯ͠΋ɼ͋·ΓมԽ͕ͳ͍݁ՌͱͳͬͨɽҎ

্ͷ݁ՌΑΓɼఏҊख๏ʹΑͬͯগͳ͍܁Γฦ͠ࢉܭ

Ͱྑ͍ղΛಘΒΕΔ͜ͱ͕֬ೝ͞Εͨɽ

ਤ 5͸ɼiteration 10ʹ͓͚Δ࠷దղͷ഑ஔ݁ՌΛࣔ
ͨ͠΋ͷͰ͋Δɽࣗಈӡసઐ༻Ϩʔϯͷ૯ಓ࿏Ԇ௕ʹ

MFDcGA
交通密度⾼
交通密度低

ਤ–4 ֤ Iterationͷ݁Ռͱൺֱ

ର͢Δׂ߹͸ɼ27%ͱͳͬͨɽPlatooningͷޮՌ͸ɼΑ
Γ௕ڑ཭ͰҠಈ͢Δ৔߹ʹେ͖͘ͳΔ͜ͱ͕ظ଴͞Ε

ΔͨΊɼൺֱత௕͍ϦϯΫʹ഑ஔ͞Ε͍ͯΔ޲܏΋ಡ

ΈऔΕΔɽ

5. ݁࿦

ຊڀݚͰ͸ɼࣗಈӡసઐ༻Ϩʔϯ഑ஔͷͨΊͷγϛ

ϡϨʔγϣϯϕʔε࠷దԽख๏Λߏஙͨ͠ɽಛʹɼϝ

λϞσϧ࠷దԽͱҨ఻తΞϧΰϦζϜΛ૊Έ߹Θͤͨ

MFDcGAΛ։ൃ͠ɼϞσϧͷূݕΛͨͬߦɽSioux falls
ωοτϫʔΫΛέʔεελσΟͱͨ͠ূݕͰ͸ɼগͳ

Ͱଞख๏ΑΓ΋ྑ͍ղΛಘΒΕΔ͜ͱࢉܭΓฦ͠܁͍

Λ֬ೝͨ͠ɽ

ࠓΒΕΔɽ·ͣɼ͛ڍͷల๬ͱͯ͠ɼҎԼͷ͕ͭޙࠓ

ճ܁Γฦ͠ࢉܭͷճ਺͕ 10ճʹཹ·͍ͬͯΔ͕ɼ܁Γ
ฦ͠਺ͷ૿Ճ΍ҟͳΔॳظղʹΑΔূݕͰղͷੑ࣭Λ

཰Λ༩ٴɼࣗಈӡసंͷීʹ࣍Δ͜ͱͰ͋Δɽ͢ূݕ

݅ͱͯ͠ϞσϧΛߏங͕ͨ͠ɼަ௨खஈબ୒Ϟσϧͳ

ͲΛྀ͢ߟΔ͜ͱͰɼීٴ཰΋಺ੑతʹܾఆ͢ΔΑΓ

ɼϞσʹޙ࠷తͳϞσϧ΁֦ு͢Δ͜ͱͰ͋Δɽ࣮ݱ

ϧͷੑ݈ؤͷূݕͷͨΊɼҟͳΔωοτϫʔΫ΁ͷద

༻΋ޙࠓͷల๬ͷҰͭͰ͋Δɽ
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