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This paper focuses on the shunting behavior of vehicles from one vehicle platoon. The

vehicle velocity control model is defined by means of the Helly model. The model pa-

rameters are determined by solving the optimization problem whose objective function is

defined as the summation of the control parameters. The validity of models is discussed

in the computer simulation and the experiments of LEGO MINDSTORMS. The results

show that the proposal model can control the vehicles in the platoon safely and that the

experimental results agree well with the computer simulation.
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Fig. 1 Platoon of N vehicles
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ϑΣʔζʹྨ͞ΕΔɽ֤ϑΣʔζʹ͓͚Δ֤ं྆ͷࢀরं

྆ͱՃࢉܭͷख๏ʹ͍ͭͯઆ໌͢Δɽ

ຊڀݚͰɼॳظ͕݅ҟͳΔ 2छྨͷ࣮ݧΛ͏ߦɽͦΕ

ͧΕΛ࣮ݧ 1͓Αͼ࣮ݧ 2ͱ͢Δɽ࣮ݧ 1ॳڑؒंظ͕

ྲྀϞσϧʹ͓͚Δཧతंؒڑͱಉ͡߹ɼ࣮ݧ 2ॳ

ΑΓখ͍͞߹Ͱ͋Δɽ྆ํͷڑ͕ཧతंؒڑؒंظ
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Table 2 Helly model parameter for experiment 1

Before shunting After shunting

α β γ α β γ

1st follower 1.0 0.14 0 0 0 0

2nd follower 1.0 0.36 0.86 0.97 0.5 0

3rd follower 0.23 0.02 0.93 0.92 0.09 0

4th follower 0.01 0.13 0.98 1.0 0.02 0.23

5th follower 0.01 0.23 1.0 0.2 0.19 0.41

Table 3 Helly model parameter for experiment 2

Before shunting After shunting

α β γ α β γ

1st follower 0.99 0.2 0 0 0 0

2nd follower 0.46 0.01 0.95 0.83 0.08 0

3rd follower 0.76 0.01 0.93 1.0 0.46 0

4th follower 0.02 0.01 0.04 0.18 0.01 0.07

5th follower 0.02 0.01 0.04 0.05 0.39 0.97

߹ʹ͓͍ͯɼॳظͱॳظՃಉ͡Ͱ͋ΔɽͦΕͧ

Εͷ݅Λද 1ʹ·ͱΊͯࣔ͢ɽ

3.2. ੍ޚख๏

ઌ಄ं྆ɼҰఆͰ͢ߦΔɽBluetooth௨৴Λ༻͍

ͯɼैं྆ʹࣗं྆ͷΛૹ৴͢Δɽ

ैं྆ɽఏҊͨ͠ྲྀϞσϧΛ༻͍ͯՃΛࢉܭ

͢Δɽࣗं྆ͷ࠲ඪλΠϠͷճస͔֯Βͨ͠ࢉܭΦυϝτ

ϦΛ༻͍ͯ͢ࢉܭΔɽલํं྆ͷंؒڑԻηϯ

αΛ༻͍ͯܭଌ͢Δɽલํं྆ͱͷ૬ରंؒڑ

ͷࠩͱͯࣜ࣍͠ͰۙࣅతʹٻΊΔɽ·ͨɼઌ಄ंͷ

Bluetooth௨৴Λ༻͍ͯऔಘ͢Δɽ

ẋn−1(t)− ẋn(t) ≡ ∆ẋn−1(t)

# ∆xn−1(t)−∆xn−1(t−∆t)
∆t

(5)

͜͜Ͱɼ∆xn−1(t) ࠁ࣌ t ʹ͓͚Δं྆ n − 1 ͱं྆ n ͷ

Λࣔ͢ɽͭ·Γɼڑؒं

∆xn−1(t) = xn−1(t)− xn(t) (6)

3.3. ύϥϝʔλܾఆ

3.3.1. HellyϞσϧͷύϥϝʔλ

ཧతͳंؒڑΛ 13[cm]ͱͯ͠ɼ2.2અͷΞϧΰϦζϜ

ʹΑͬͯײΛܾఆ͢Δɽ࣮ݧ 1ͷͨΊʹܾఆͨ͠ײΛද

2ʹɼ࣮ݧ 2ͷͨΊʹܾఆͨ͠ײΛද 3ʹࣔ͢ɽ͍ͣΕͷ

ɼୈ͍͓ͯʹݧ࣮ 1 ैं྆ྲྀલલํं྆Ͱ͋

Δઌ಄ं྆ͷͱंؒڑ͔͠ࢀর͠ͳ͍ͨΊɼγ = 0ʹ

ͳ͓ͬͯΓɼྲྀޙҰఆͰ͢ߦΔͨΊɼશͯͷײ

͕ 0ʹͳ͍ͬͯΔɽಉ༷ʹྲྀޙͷୈ 2ɼୈ 3ैं྆

લํं྆Ͱ͋Δઌ಄ं྆ɼୈ 1ैं྆ͷɼंؒڑ͠

র͠ͳ͍ͨΊɼγࢀ͔ = 0ʹͳ͍ͬͯΔɽ

Table 4 Improved Helly model parameter for experiment 1

Before shunting After shunting

α β γ α β γ

1st follower 0.91 0.26 0 0 0 0

2nd follower 0.7 0.01 0.81 0.37 0.03 0

3rd follower 0.01 0.03 0.98 0.24 0.01 0

4th follower 0.01 0.12 1.0 0.01 0.04 0.35

5th follower 0.01 0.12 0.99 1.0 0.06 0.98

Table 5 Improved Helly model parameter for experiment 2

Before shunting After shunting

α β γ α β γ

1st follower 1.0 0.98 0 0 0 0

2nd follower 0.57 0.01 0.67 0.12 0.01 0

3rd follower 0.42 0.98 0.97 0.91 0.08 0

4th follower 0.36 0.86 0.99 0.01 0.04 1.0

5th follower 0.45 0.24 1.0 0.18 0.08 0.17

3.3.2. վྑHellyϞσϧͷύϥϝʔλ

ཧతͳंؒڑΛ 13[cm]ͱͯ͠ɼ2.2અͷΞϧΰϦζϜ

ʹΑͬͯײΛܾఆ͢Δɽ࣮ݧ 1ͷͨΊʹܾఆͨ͠ײΛද

4ʹɼ࣮ݧ 2ͷͨΊʹܾఆͨ͠ײΛද 5ʹࣔ͢ɽ͍ͣΕɽ

ୈ 1ैं྆ྲྀલલํं྆Ͱ͋Δઌ಄ं྆ͷͱ

র͠ͳ͍ͨΊɼγࢀ͔͠ڑؒं = 0ʹͳ͓ͬͯΓɼྲྀޙ

ҰఆͰ͢ߦΔͨΊɼશͯͷײ͕ 0 ʹͳ͍ͬͯΔɽ

ಉ༷ʹྲྀޙͷୈ 2ɼୈ 3ैं྆લํं྆Ͱ͋Δઌ಄

ं྆ɼୈ 1ैं྆ͷɼंؒڑ͔͠ࢀর͠ͳ͍ͨΊɼ

γ  0ʹͳ͍ͬͯΔɽ

4. Ռ݁ݧ࣮

4.1. HellyϞσϧʹΑΔ࣮݁ݧՌ

4.1.1. ݧ࣮ 1

ྲྀલʹ͓͍ͯɼୂྻ͢ߦΔं྆ઌ಄͔Βઌ಄ं྆

(Lead vehicle)ɼୈ 1ैं྆ (1st follower vehicle)ɼୈ 2

ैं྆ (2nd follower vehicle)ɼୈ 3 ैं྆ (3rd follower

vehicle)ɼୈ 4 ैं྆ (4th follower vehicle)ɼୈ 5 ैं

྆ (5th follower vehicle)ͱ໊͚ΒΕ͍ͯΔɽྲྀʹ͓͍

ͯɼୈ 1ैं྆ (1st follower vehicle)ɼୈ 3ैं྆ (3rd

follower vehicle)ɼୈ 5ैं྆ (5th follower vehicle)ͷ 3

ͷं͕྆ୂྻ͔Βผํʹྲྀ͠ɼผͷୂྻΛߏ͢Δɽ

ݧ࣮ 1ͷ࣮݁ݧՌΛਤ 2ͱਤ 3ʹࣔ͢ɽਤதͷάϥϑ֤

ं྆ͷيΛද͠ɼԣ࣠ؒ࣌ [0.1s]Λɼॎ࣠࠲ඪ [cm]Λ

ද͢ɽྲྀͷ࠲ඪΛ 0[cm]ʹઃఆ͍ͯ͠Δɽਤ 2ɼྲྀ

͠ͳ͍ઌ಄ं྆ (Lead vehicle)ɼୈ 2ैं྆ (2nd follower

vehicle)ɼୈ 4ैं྆ (4th follower vehicle)ͷيಓΛࣔ͠ɼ

ਤ 3 ɼྲྀ͢Δୈ 1 ैं྆ (1st follower vehicle)ɼୈ 3

ैं྆ (3rd follower vehicle)ɼୈ 5ैं྆ (5th follower

vehicle)ͷيಓΛࣔ͢ɽ
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Fig. 2 Trajectory of un-shunting vehicles in experinent 1

(Helly model)

Fig.3 Trajectory of shunting vehicles in experinent 1 (Helly

model)

Table 6 Comparison of computer simulation and experi-

ment (Helly model)

CC RMSE [cm]

1st follower 0.999 5.7

2nd follower 0.994 24.8

3rd follower 0.998 13.7

4th follower 0.995 33.6

5th follower 0.998 20.6

ྲྀલʹ͓͍ͯɼ֤ं྆ͷ࣮݁ݧՌγϛϡϨʔγϣ

ϯ݁Ռͱ΄΅ಉ͡ͱͳ͍ͬͯΔɽྲྀޙʹ͓͍ͯɼ࣮݁ݧՌ

γϛϡϨʔγϣϯ݁ՌʹൺͯՃ͕খ͘͞ɼ࣮ݧͱ

γϛϡϨʔγϣϯʹͣΕ͕ੜ͍ͯ͡Δɽͨͩ͠ɼγϛϡϨʔ

γϣϯͷޙ࠷Ͱ͋Δ 40sʹ͓͍ͯɼ࣮ݧͱγϛϡϨʔγϣ

ϯಉ͡ʹऩଋ͍ͯ͠Δɽ

૬ؔCorrelation coefficient(Correlation coefficient; CC)

ͱฏۉೋࠩޡ (Root mean square error; RMSE)ͷ݁ࢉܭ

ՌΛҎԼͷද 6 ʹࣔ͢ɽ֤ࢦඪΛݟΔͱɼ૬͕ؔ͘ߴɼ

γϛϡϨʔγϣϯ݁Ռͱ࣮݁ݧ࣮ػՌ͍ߴਖ਼ͷ૬ؔΛͭ࣋

͜ͱ͕Θ͔Δɽ͕ͨͬͯ͠ɼ͜ͷྲྀϞσϧ࣮ػͷݱ࠶

ΔͱୈݟΛࠩޡೋۉͱ͕Θ͔Δɽ·ͨɼฏ͍͜ߴ͕ੑ 1

Fig. 4 Trajectory of un-shunting vehicles in experinent 2

(Helly model)

Fig.5 Trajectory of shunting vehicles in experinent 2 (Helly

model)

Table 7 Comparison of computer simulation and experi-

ment (Improved Hellly model)

CC RMSE [cm]

1st follower 0.999 5.3

2nd follower 0.999 28.2

3rd follower 0.995 25.5

4th follower 0.999 7.1

5th follower 0.999 22.7

ैं྆Ҏ֎ͷं྆ཧతंؒڑΑΓେ͖ͳࠩޡΛͭ࣋

͜ͱ͕Θ͔Δɽ

4.1.2. ݧ࣮ 2

ݧ࣮ 2ͷ࣮݁ݧՌΛਤ 4ͱਤ 5ʹࣔ͢ɽਤ 4ɼྲྀ͠ͳ͍

ઌ಄ं྆ (Lead vehicle)ɼୈ 2ैं྆ (2nd follower vehicle)ɼ

ୈ 4 ैं྆ (4th follower vehicle) ͷيಓΛࣔ͠ɼਤ 5 ɼ

ྲྀ͢Δୈ 1ैं྆ (1st follower vehicle)ɼୈ 3ैं྆

(3rd follower vehicle)ɼୈ 5ैं྆ (5th follower vehicle)ͷ

ಓΛࣔ͢ɽي

ྲྀ͠ͳ͍ं྆ͷ͏ͪɼୈ 2 ैं྆ྲྀલ͔Βྲྀ

ޙ·ͰγϛϡϨʔγϣϯͱ΄΅ಉ͡ڍಈΛ͍ࣔͯ͠

Δ͕ɼྲྀΛ௨ա͠ޙΒ͔ͯ͘͠Β࣮݁ݧՌͱγ
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Fig. 6 Trajectory of un-shunting vehicles in experinent 1

(Improved Helly model)

Fig. 7 Trajectory of shunting vehicles in experinent 1 (Im-

proved Helly model)

Table 8 Comparison of computer simulation and experi-

ment (Improved Hellly model)

CC RMSE [cm]

1st follower 0.999 3.8

2nd follower 0.996 32.4

3rd follower 0.999 14.9

4th follower 0.995 41.3

5th follower 0.997 17.8

ϛϡϨʔγϣϯ݁Ռ͕Ε͍ͯΔɽ·ͨୈ 4ैं྆࢝ऴ

γϛϡϨʔγϣϯͱಉ͡Α͏ͳڍಈΛ͍ࣔͯ͠Δɽ͜Ε

ʹରͯ͠ɼୈ 2ैं྆ʹ͓͍࣮ͯ݁ݧՌͱγϛϡϨʔγϣ

ϯ݁ՌͷͣΕଞʹൺͯେ͖͍ɽ͜ͷݪҼͱͯ͠ɼं྆η

ϯαʔͷଌఆࠩޡͳͲ͕͑ߟΒΕΔɽ

ྲྀ͢Δं྆ͷ͏ͪɼୈ 3ैं྆ʹ͍ͭͯྲྀޙɼ

γϛϡϨʔγϣϯͱҟͳΓٸՃ͠ंؒڑΛ٧Ί͍ͯ

Δ͜ͱ͕Θ͔Δɽୈ 5 ैं྆ंઢ͕ྲྀޙԠ͕

ѱ͘ɼ͙͢ʹՃͰ͖͍ͯͳ͍͚ΕͲɼTime=40sʹ͓

͍࣮ͯ݁ݧՌͱγϛϡϨʔγϣϯ݁Ռ΄΅Ұகͯ͠

͍Δɽ

૬ؔͱฏۉೋࠩޡͷ݁ࢉܭՌΛද 7ʹࣔ͢ɽ૬ؔ

Fig. 8 Trajectory of un-shunting vehicles in experinent 2

(Improved Helly model)

Fig. 9 Trajectory of shunting vehicles in experinent 2 (Im-

proved Helly model)

Table 9 Comparison of computer simulation and experi-

ment (Improved Hellly model)

CC RMSE [cm]

1st follower 0.999 5.1

2nd follower 0.999 16.4

3rd follower 0.997 20.2

4th follower 0.999 18.1

5th follower 0.998 28.4

͕͘ߴɼγϛϡϨʔγϣϯ݁Ռͱ࣮݁ݧ࣮ػՌ͍ߴਖ਼ͷ

૬ؔΛͭ࣋͜ͱ͕Θ͔Δɽ͕ͨͬͯ͠ɼ͜ͷྲྀϞσϧ࣮

ΔݟΛࠩޡೋۉͱ͕Θ͔Δɽ·ͨฏ͍͜ߴ͕ੑݱ࠶ͷػ

ͱୈ 1ैं྆ɼୈ 4ैं྆Λআ͘ଞͷं྆ཧతंؒ

ΑΓେ͖ͳʹͳ͍ͬͯΔ͜ͱ͕Θ͔Δɽڑ

4.2. վྑHellyϞσϧʹΑΔ࣮݁ݧՌ

4.2.1. ݧ࣮ 1

ՌΛਤ݁ݧ࣮ 6ͱਤ 7ʹࣔ͢ɽ֤ं྆িಥ͢Δ͜ͱͳ͘

͓ͯ͠ߦΓɼ͞Βʹ֤ྲྀं͕྆ྲྀޙɼ֤ैं྆

લํं྆ʹंؒڑΛ٧Ί͍ͯΔ͜ͱ͕Θ͔Δɽ·ͨɼ

γϛϡϨʔγϣϯ݁Ռͱಉ͡Α͏ͳंؒڑͷڍಈΛ͍ͯ͠

Δ͜ͱ͕Θ͔Δɽྲྀલʹ͍ͭͯɼ֤ं྆ͦΕͧΕγ
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ϛϡϨʔγϣϯ݁Ռͱ΄΅ಉ͡ڍಈΛ͍ͯ͠Δ͕ɼं͕྆

ྲྀޙԠ͕ѱ͘γϛϡϨʔγϣϯ݁ՌʹൺͯՃ

͕খ͘͞ɼલํंʹंؒڑΛ٧ΊΔ͜ͱ͕Ͱ͖͍ͯͳ͍

͕ɼ࠷ऴతʹγϛϡϨʔγϣϯ݁Ռʹऩଋ͓ͯ͠Γɼ

લํंʹंؒڑΛ٧Ί͍ͯΔ͜ͱ͕Θ͔Δɽ

૬ؔͱฏۉೋࠩޡͷ݁ࢉܭՌΛҎԼͷද 8ʹࣔ͢ɽ

૬͕ؔ͘ߴɼγϛϡϨʔγϣϯ݁Ռͱ࣮݁ݧ࣮ػՌߴ

͍ਖ਼ͷ૬ؔΛͭ࣋͜ͱ͕Θ͔Δɽ͕ͨͬͯ͠ɼ͜ͷྲྀϞσ

ϧ࣮ػͷ͍͜ߴ͕ੑݱ࠶ͱ͕Θ͔Δɽ·ͨɼฏۉೋޡ

ࠩΛݟΔͱୈ 1ैं྆Ҏ֎ͷं͕྆ཧతंؒڑΑΓ

େ͖ͳʹͳ͍ͬͯΔɽ

4.2.2. ݧ࣮ 2

ՌΛਤ݁ݧ࣮ 8ͱਤ 9ʹࣔ͢ɽྲྀલʹ͍ͭͯɼ֤ं྆

ͦΕͧΕγϛϡϨʔγϣϯ݁Ռͱ΄΅ಉ͡ڍಈΛ͍ͯ͠

Δ͕ɼୈ 2ैं྆ʹ͍ͭͯྲྀޙԠ͕ѱ͘γ

ϛϡϨʔγϣϯ݁ՌʹൺͯՃ͕খ͘͞ɼલํंʹंؒ

ऴతʹγϛϡ࠷Λ٧ΊΔ͜ͱ͕Ͱ͖͍ͯͳ͍͕ɼڑ

Ϩʔγϣϯ݁Ռʹऩଋ͓ͯ͠ΓɼલํंʹंؒڑΛ٧Ί

͍ͯΔ͜ͱ͕Θ͔Δɽ·ͨɼୈ 4ैं྆ྲྀޙ

γϛϡϨʔγϣϯͱಉ༷ʹՃͯ͠ंؒڑΛ٧Ί͍ͯΔ͕ɼ

͕։͍ͯ͠·͍ͬͯΔɽڑؒं͍·ͯ͠͠ݮʹୈ࣍

૬ؔͱฏۉೋࠩޡͷ݁ࢉܭՌΛҎԼͷද 9ʹࣔ͢ɽ

૬͕ؔ͘ߴɼγϛϡϨʔγϣϯ݁Ռͱ࣮݁ݧ࣮ػՌߴ

͍ਖ਼ͷ૬ؔΛͭ࣋͜ͱ͕Θ͔Δɽ͕ͨͬͯ͠ɼ͜ͷྲྀϞσ

ϧ࣮ػͷ͍͜ߴ͕ੑݱ࠶ͱ͕Θ͔Δɽ·ͨɼฏۉೋޡ

ࠩΛݟΔͱୈ 1ैं྆Ҏ֎ͷं྆ཧతंؒڑΑΓ

େ͖͘ͳ͍ͬͯΔɽ

5. ݁

ຊڀݚͰɼୂྻ͕ߦར༻͞ΕΔϢʔεέʔεͷҰͭͱ

ͯ͠ɼୂྻ͕ 2ͭͷୂྻʹྲྀ͢Δ߹ʹ͍ͭͯݕ౼ͨ͠ɽ

ं྆ͷ੍ޚϞσϧͱͯ͠ं྆ैϞσϧͷҰͭͰ͋Δ

HellyϞσϧͱͦͷվྑϞσϧΛར༻ͨ͠ɽϞσϧʹؚ·Ε

Δײύϥϝʔλɼ੍ޚʹ͓͚ΔΕ͖ؒ࣌ߦա͗ྔͳ

Ͳ͔ΒͳΔతؔΛ࠷খԽ͢ΔΑ͏ʹܾఆͨ͠ɽ

ܾఆ͞ΕͨײύϥϝʔλΛ༻͍ͯγϛϡϨʔγϣϯ

ͱ LEGO MINDSTORMSΛ༻͍࣮ͨݧΛ͍ߦɼ݁ՌΛൺֱ

ͨ͠ɽྲྀ͢Δલͷ֤ं྆ͷڍಈΛൺֱ͢ΔͱɼγϛϡϨʔ

γϣϯ݁Ռͱ࣮݁ݧՌͷं྆࠲ඪൺֱతΑ͘Ұக͍ͯͨ͠ɽ

ྲྀޙɼ࣮݁ݧՌγϛϡϨʔγϣϯ݁Ռͱಉ͡ʹऩଋ

͢Δं྆ͱɼͦ͏Ͱͳ͍ं͕྆͋ͬͨɽྲྀޙɼ֤ं྆

ंؒڑΛ٧ΊΔඞཁ͕͋Δɽ͜ͷͱ͖ʹɼηϯαʔʹΑ

Δଌఆࠩޡɼಓ࿏ͱͷͳͲͷӨڹΛड੍͚͕ͯޚมಈ

͢ΔͨΊͰ͋Δͱ૾͞Εͨɽޙࠓɼ੍ޚϞσϧͱύ

ϥϝʔλઃܭΛվྑͯ͠ɼΑΓ҆ఆͨ͠ڍಈΛࣔ͢ϞσϧΛ

ઃ͢ܭΔඞཁ͕͋Δɽ
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