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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

Δ (8)ɽ

ẍn(t+∆t) = α(ẋn−1(t)− ẋn(t))

+ β(xn−1(t)− xn(t)−Dn(t))
(1)

͜͜Ͱɼࠁ࣌ t Ͱͷ n ൪໨ं྆ͷҐஔΛ xn(t)ɼn − 1 ൪໨

ͷं྆ͷҐஔΛ xn−1(t)ͱࣔ͢ɽ͕ͨͬͯ͠ɼẋn(t)ɼẋn−1(t)

͸ं྆ͷ଎౓ɼẍn ͸ं྆ͷՃ଎౓ͱͳΔɽ·ͨɼαɼβ ͸ͦ

ΕͧΕײ౓Λද͠ɼDn(t)͸ཧ૝తͳंؒڑ཭Λ༩͑Δؔ਺

Ͱ͋ΓɼҎԼͷࣜ࣍Ͱఆٛ͞ΕΔɽ

Dn(t) = a+ bẋn(t) + cẍn(t) (2)

͜ͷϞσϧ͸૬ର଎౓ͱɼཧ૝తंؒڑ཭ͱंؒڑ཭ͷࠩ෼

ͱΛઢܗ࿨ͨ͠΋ͷͱͳ͍ͬͯΔɽͭ·Γ͜ͷํఔࣜ͸ӡస

ऀ͸લํं྆ͱͷ૬ର଎౓ʹԠͯ͡ΞΫηϧͷ;ΈՃݮΛܾ

ఆ͠ɼ͞Βʹద੾ͳंؒڑ཭Λอͱ͏ͱ͢Δͱ͍͏ೝࣝʹج

͍͍ͮͯΔɽ

2.1.2. վྑHellyϞσϧ

վྑ Helly ϞσϧͰ͸ɼHelly Ϟσϧͷࣜ (2) Λɼ࣮ଌ͔

ΒٻΊͨ଎౓ʹґଘ͢Δཧ૝తंؒڑ཭ͷؔ਺ʹมͯ͠ߋ

͍Δɽ

վྑ Helly Ϟσϧͷఆٛࣜ͸ Helly ϞσϧͱಉҰͰࣜ (1)

Ͱ͋Δɽͨͩ͠ɼཧ૝తंؒڑ཭ Dn(t) ͸ࣜ࣍Ͱ༩͑ΒΕ

Δ (10)ɽ

Dn(t) = 0.0029ẋ2
n(t) + 0.3049ẋn(t) (3)

্ࣜ͸ɼ࣮ࡍʹ૸͍ͯ͠ߦΔं྆ͷը૾σʔλ͔Βܾఆͨ͠

΋ͷͰ͋Δ (10)ɽ

2.2. ύϥϝʔλઃܭ๏

Δं྆௥ैϞσ͢༺࠾దԽ໰୊Λղ͘͜ͱͰ֤ं྆Ͱ࠷

ϧͷײ౓Λܾఆ͢Δɽ໨తؔ਺ J ΛҎԼʹࣔ͢ɽ

J = w1Td + w2Os + w3Elim + w4D (4)

͜͜ͰɼTd ͸஗Εؒ࣌Ͱ͋ͬͯɼຊڀݚͰ͸ࣗं྆ͷग़ྗ

͕֤໨ඪ஋ʢ௚લํंͷ଎౓ɼཧ૝తंؒڑ཭ɼઌ಄ंͷ଎

౓)ͷ 50%ʹͳΔؒ࣌ͱͯ͠ఆ͍ٛͯ͠ΔɽOs ͸͖ߦա͗

ྔ (Φʔόʔγϡʔτྔ)Ͱ͋ͬͯɼຊڀݚͰ͸ࣗं྆ͷग़ྗ

͕֤໨ඪ஋ (௚લํं྆ͷ଎౓ɼཧ૝తंؒڑ཭ɼઌ಄ं྆

ͷ଎౓)ΑΓେ͖͘ͳͬͨ஋ͷ࠷େ஋Ͱ͋ΔɽElim ͸ఆৗภ

ࠩͰ͋ͬͯɼຊڀݚͰ͸γϛϡϨʔγϣϯͷऴ୺஋ʹ͓͚Δ

ࣗं྆ͷग़ྗͱ֤໨ඪ஋ (௚લํं྆ͷ଎౓ɼཧ૝తंؒڑ

཭ɼઌ಄ं྆ͷ଎౓)ͷࠩͰ͋Δɽޙ࠷ʹɼD ͸ཧ૝తंؒ

஋Ͱ͋ΔɽDࢉ཭ͷࠩ෼ͷੵڑ཭ͱंؒڑ ͸੍جʹֶ޻ޚ

͓ʹಈڍͰ૝ఆ͍ͯ͠Δ෼ྲྀڀݚඪͰ͸ͳ͍͕ɼຊࢦ͍ͨͮ

͍ͯɼंؒڑ཭Λ٧ΊΔ͜ͱΛॏ͍ͯ͠ࢹΔͨΊɼ͜ͷࢦඪ

Table 1 Initial conditions of simulation
Accel. Vel. Pos. Pos.

(Ex.1) (Ex.2)

Lead 0 11.8 -90 -90

1st follower 0 11.8 -130 -123

2nd follower 0 11.8 -170 -156

3rd follower 0 11.8 -210 -189

4th follower 0 11.8 -250 -222

5th follower 0 11.8 -290 -255

ΛՃ͑Δɽw1, w2, w3, w4 ͸֤ධՁࢦඪͷॏΈΛද͠ɼ(0, 1]

ͷൣғͰఆٛ͢Δɽ֤ධՁࢦඪͷ஋͸εέʔϧΛ౷Ұ͢Δͨ

Ίʹແݩ࣍ԽΛ͍ͯͬߦΔɽ

ઃܭม਺ͱͯ͠ं྆௥ैϞσϧͷײ౓ΛͱΔɽ੍໿৚݅͸

֤ं྆ͷՃ଎౓ͷࢉܭʹ͓͍ͯɼ࣮ݧ࣮ػʹ༻͍Δ࣮྆ंݧ

ͷੑೳͰ͋Δɽ

ύϥϝʔλઃܭΞϧΰϦζϜΛҎԼʹࣔ͢ɽ

1. ਺஋γϛϡϨʔγϣϯͰ༻͍Δײ౓ͱධՁؔ਺ͷ࢑ఆ

తͳ࠷খ஋ΛॳظԽ͢Δɽ

2. ୂྻ૸͚͓ߦΔ෼ྲྀڍಈͷ਺஋γϛϡϨʔγϣϯΛߦ

͍ɼ֤ධՁࢦඪΛ͢ࢉܭΔɽ

3. ਺஋γϛϡϨʔγϣϯͰͨ͠ࢉܭධՁࢦඪΛ༻͍ͯධ

Ձؔ਺ J Λ͠ࢉܭɼͦͷ஋Λࡏݱͷײ౓ʹ͓͚ΔධՁ

ؔ਺ͷ஋ͱ͢Δɽ

4. খ஋ΑΓ΋খ͍͞஋ͳ࠷ఆతͳ࢑ධՁؔ਺͕ͨ͠ࢉܭ

Β͹࢑ఆతͳ࠷খ஋Λߋ৽͠ɼ࢑ఆతͳ࠷దͳײ౓Λ

৽͢Δɽߋ

5. ਺஋γϛϡϨʔγϣϯͰ༻͍Δײ౓ʹ 0.01ΛՃ͑Δɽ

6. 2͔Β 5Λ܁Γฦ͢ɽ

7. ౓ͷ஋͕ײ 1Λ௒͑ͨΒࢉܭΛऴྃ͢Δɽ

3. ͱύϥϝʔλܾఆگঢ়ݧ࣮

3.1. گঢ়ݧ࣮

ຊڀݚͰ͸ɼ෼ྲྀγϛϡϨʔγϣϯͷ࣮ػͰͷূݕͷͨΊʹɼ

LEGO MINDSTORMS NXT(9) Λ༻͍ΔɽLEGO MIND-

STORMS NXT͸ LEGOࣾͱϚανϡʔηοπ޻Պେֶ͕

Ͱ༻͍Δ࣮ݧҭ༻ʹ։ൃͨ͠ϩϘοτͰ͋Δɽຊ࣮ڭಉͰڞ

ίʔε͸શ௕ݧ 7[m]Ͱ໦ࡐΛՃ͍ͯ͠޻Δɽ֤ं྆͸ίʔ

εͷߔʹԊͬͯ૸͠ߦͳ͕Β଎౓੍ޚΛ͏ߦɽ·ͨɼ෼ྲྀं

྆͸෼ྲྀ஍఺ͰࠨӈͷϞʔλग़ྗͷൺ཰Λมͯ͠ߋ෼ྲྀΛ

ɽ͏ߦ

ຊڀݚ͸ 6 ୆ୂྻं྆ͷத͔Β 3 ୆͕෼ྲྀ͢Δঢ়گΛ૝

ఆ࣮ͯ͠ݧΛ͏ߦɽຊ࣮ݧʹ͓͚Δ֤ं྆ͷ੍ޚ͸ 4 ͭͷ

ϑΣʔζʹ෼ྨ͞ΕΔɽ֤ϑΣʔζʹ͓͚Δ֤ं྆ͷࢀরं

྆ͱՃ଎౓ࢉܭͷख๏ʹ͍ͭͯઆ໌͢Δɽ

ຊڀݚͰ͸ɼॳظ৚͕݅ҟͳΔ 2छྨͷ࣮ݧΛ͏ߦɽͦΕ

ͧΕΛ࣮ݧ 1͓Αͼ࣮ݧ 2ͱ͢Δɽ࣮ݧ 1͸ॳڑؒंظ཭͕

෼ྲྀϞσϧʹ͓͚Δཧ૝తंؒڑ཭ͱಉ͡৔߹ɼ࣮ݧ 2͸ॳ

཭ΑΓখ͍͞৔߹Ͱ͋Δɽ྆ํͷڑ཭͕ཧ૝తंؒڑؒंظ
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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

৔߹ʹ͓͍ͯɼॳظ଎౓ͱॳظՃ଎౓͸ಉ͡Ͱ͋ΔɽͦΕͧ

Εͷ৚݅Λද 1ʹ·ͱΊͯࣔ͢ɽ

3.2. ଎౓੍ޚख๏

ઌ಄ं྆͸ɼҰఆ଎౓Ͱ૸͢ߦΔɽBluetooth௨৴Λ༻͍

ͯɼ௥ैं྆ʹࣗं྆ͷ଎౓Λૹ৴͢Δɽ

௥ैं྆͸ɽఏҊͨ͠෼ྲྀϞσϧΛ༻͍ͯՃ଎౓Λࢉܭ

͢Δɽࣗं྆ͷ࠲ඪ͸λΠϠͷճస͔֯Βͨ͠ࢉܭΦυϝτ

ϦΛ༻͍ͯ͢ࢉܭΔɽ௚લํं྆ͷंؒڑ཭͸௒Ի೾ηϯ

αΛ༻͍ͯܭଌ͢Δɽ௚લํं྆ͱͷ૬ର଎౓͸ंؒڑ཭

ͷࠩ෼ͱͯࣜ࣍͠ͰۙࣅతʹٻΊΔɽ·ͨ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

ཧ૝తͳंؒڑ཭Λ 13[cm]ͱͯ͠ɼ2.2અͷΞϧΰϦζϜ

ʹΑͬͯײ౓Λܾఆ͢Δɽ࣮ݧ 1ͷͨΊʹܾఆͨ͠ײ౓Λද

2ʹɼ࣮ݧ 2ͷͨΊʹܾఆͨ͠ײ౓Λද 3ʹࣔ͢ɽ͍ͣΕͷ

΋ɼୈ͍͓ͯʹݧ࣮ 1 ௥ैं྆͸෼ྲྀલ͸௚લํं྆Ͱ͋

Δઌ಄ं྆ͷ଎౓ͱंؒڑ཭͔͠ࢀর͠ͳ͍ͨΊɼγ = 0ʹ

ͳ͓ͬͯΓɼ෼ྲྀޙ͸Ұఆ଎౓Ͱ૸͢ߦΔͨΊɼશͯͷײ౓

͕ 0ʹͳ͍ͬͯΔɽಉ༷ʹ෼ྲྀޙͷୈ 2ɼୈ 3௥ैं྆͸௚

લํं྆Ͱ͋Δઌ಄ं྆ɼୈ 1௥ैं྆ͷ଎౓ɼंؒڑ཭͠

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

ཧ૝తͳंؒڑ཭Λ 13[cm]ͱͯ͠ɼ2.2અͷΞϧΰϦζϜ

ʹΑͬͯײ౓Λܾఆ͢Δɽ࣮ݧ 1ͷͨΊʹܾఆͨ͠ײ౓Λද

4ʹɼ࣮ݧ 2ͷͨΊʹܾఆͨ͠ײ౓Λද 5ʹࣔ͢ɽ͍ͣΕ΋ɽ

ୈ 1௥ैं྆͸෼ྲྀલ͸௚લํं྆Ͱ͋Δઌ಄ं྆ͷ଎౓ͱ

র͠ͳ͍ͨΊɼγࢀ཭͔͠ڑؒं = 0ʹͳ͓ͬͯΓɼ෼ྲྀޙ

͸Ұఆ଎౓Ͱ૸͢ߦΔͨΊɼશͯͷײ౓͕ 0 ʹͳ͍ͬͯΔɽ

ಉ༷ʹ෼ྲྀޙͷୈ 2ɼୈ 3௥ैं྆͸௚લํं྆Ͱ͋Δઌ಄

ं྆ɼୈ 1௥ैं྆ͷ଎౓ɼंؒڑ཭͔͠ࢀর͠ͳ͍ͨΊɼ

γ ͸ 0ʹͳ͍ͬͯΔɽ

4. Ռ݁ݧ࣮

4.1. HellyϞσϧʹΑΔ࣮݁ݧՌ

4.1.1. ݧ࣮ 1

෼ྲྀલʹ͓͍ͯɼୂྻ૸͢ߦΔं྆͸ઌ಄͔Βઌ಄ं྆

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

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

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

྆ (5th follower vehicle)ͱ໊෇͚ΒΕ͍ͯΔɽ෼ྲྀ఺ʹ͓͍

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

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

ͷं͕྆ୂྻ͔Βผํ޲ʹ෼ྲྀ͠ɼผͷୂྻΛߏ੒͢Δɽ

ݧ࣮ 1ͷ࣮݁ݧՌΛਤ 2ͱਤ 3ʹࣔ͢ɽਤதͷάϥϑ͸֤

ं྆ͷي੻Λද͠ɼԣ࣠͸ؒ࣌ [0.1s]Λɼॎ࣠͸࠲ඪ [cm]Λ

ද͢ɽ෼ྲྀ஍఺ͷ࠲ඪΛ 0[cm]ʹઃఆ͍ͯ͠Δɽਤ 2͸ɼ෼ྲྀ

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

vehicle)ɼୈ 4௥ैं྆ (4th follower vehicle)ͷيಓΛࣔ͠ɼ

ਤ 3 ͸ɼ෼ྲྀ͢Δୈ 1 ௥ैं྆ (1st follower vehicle)ɼୈ 3

௥ैं྆ (3rd follower vehicle)ɼୈ 5௥ैं྆ (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

෼ྲྀલʹ͓͍ͯɼ֤ं྆ͷ࣮݁ݧՌ͸਺஋γϛϡϨʔγϣ

ϯ݁Ռͱ΄΅ಉ͡ͱͳ͍ͬͯΔɽ෼ྲྀޙʹ͓͍ͯɼ࣮݁ݧՌ

͸਺஋γϛϡϨʔγϣϯ݁Ռʹൺ΂ͯՃ଎͕খ͘͞ɼ࣮ݧͱ

γϛϡϨʔγϣϯʹͣΕ͕ੜ͍ͯ͡Δɽͨͩ͠ɼγϛϡϨʔ

γϣϯͷޙ࠷Ͱ͋Δ 40sʹ͓͍ͯ͸ɼ࣮ݧͱγϛϡϨʔγϣ

ϯ͸ಉ͡஋ʹऩଋ͍ͯ͠Δɽ

૬ؔ܎਺Correlation coefficient(Correlation coefficient; CC)

ͱฏۉೋ৐ࠩޡ (Root mean square error; RMSE)ͷ݁ࢉܭ

ՌΛҎԼͷද 6 ʹࣔ͢ɽ֤ࢦඪΛݟΔͱɼ૬ؔ܎਺͕͘ߴɼ

γϛϡϨʔγϣϯ݁Ռͱ࣮݁ݧ࣮ػՌ͸͍ߴਖ਼ͷ૬ؔΛͭ࣋

͜ͱ͕Θ͔Δɽ͕ͨͬͯ͠ɼ͜ͷ෼ྲྀϞσϧ͸࣮ػ΁ͷݱ࠶

ΔͱୈݟΛࠩޡೋ৐ۉͱ͕Θ͔Δɽ·ͨ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֎ͷं྆͸ཧ૝తंؒڑ཭ΑΓ΋େ͖ͳࠩޡΛͭ࣋

͜ͱ͕Θ͔Δɽ

4.1.2. ݧ࣮ 2

ݧ࣮ 2ͷ࣮݁ݧՌΛਤ 4ͱਤ 5ʹࣔ͢ɽਤ 4͸ɼ෼ྲྀ͠ͳ͍

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

ୈ 4 ௥ैं྆ (4th follower vehicle) ͷيಓΛࣔ͠ɼਤ 5 ͸ɼ

෼ྲྀ͢Δୈ 1௥ैं྆ (1st follower vehicle)ɼୈ 3௥ैं྆

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

ಓΛࣔ͢ɽي

෼ྲྀ͠ͳ͍ं྆ͷ͏ͪɼୈ 2 ௥ैं྆͸෼ྲྀલ͔Β෼ྲྀ

௚ޙ·Ͱ͸਺஋γϛϡϨʔγϣϯͱ΄΅ಉ͡ڍಈΛ͍ࣔͯ͠

Δ͕ɼ෼ྲྀ஍఺Λ௨ա͠ޙ͹Β͔ͯ͘͠Β࣮݁ݧՌͱ਺஋γ
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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

ϛϡϨʔγϣϯ݁Ռ͕཭Ε͍ͯΔɽ·ͨୈ 4௥ैं྆͸࢝ऴ

਺஋γϛϡϨʔγϣϯͱಉ͡Α͏ͳڍಈΛ͍ࣔͯ͠Δɽ͜Ε

ʹରͯ͠ɼୈ 2௥ैं྆ʹ͓͍࣮ͯ݁ݧՌͱγϛϡϨʔγϣ

ϯ݁ՌͷͣΕ͸ଞʹൺ΂ͯେ͖͍ɽ͜ͷݪҼͱͯ͠ɼं྆η

ϯαʔͷଌఆࠩޡͳͲ͕͑ߟΒΕΔɽ

෼ྲྀ͢Δं྆ͷ͏ͪɼୈ 3௥ैं྆ʹ͍ͭͯ͸෼ྲྀޙɼ਺

஋γϛϡϨʔγϣϯͱ͸ҟͳΓٸՃ଎͠ंؒڑ཭Λ٧Ί͍ͯ

Δ͜ͱ͕Θ͔Δɽୈ 5 ௥ैं྆͸ंઢ͕෼ྲྀ௚ޙ͸൓Ԡ͕

ѱ͘ɼ͙͢ʹ͸Ճ଎Ͱ͖͍ͯͳ͍͚ΕͲ΋ɼTime=40sʹ͓

͍ͯ͸࣮݁ݧՌͱ਺஋γϛϡϨʔγϣϯ݁Ռ͸΄΅Ұகͯ͠

͍Δɽ

૬ؔ܎਺ͱฏۉೋ৐ࠩޡͷ݁ࢉܭՌΛද 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

਺͕͘ߴɼγϛϡϨʔγϣϯ݁Ռͱ࣮݁ݧ࣮ػՌ͸͍ߴਖ਼ͷ

૬ؔΛͭ࣋͜ͱ͕Θ͔Δɽ͕ͨͬͯ͠ɼ͜ͷ෼ྲྀϞσϧ͸࣮

ΔݟΛࠩޡೋ৐ۉͱ͕Θ͔Δɽ·ͨฏ͍͜ߴ͕ੑݱ࠶΁ͷػ

ͱୈ 1௥ैं྆ɼୈ 4௥ैं྆Λআ͘ଞͷं྆͸ཧ૝తंؒ

཭ΑΓ΋େ͖ͳ஋ʹͳ͍ͬͯΔ͜ͱ͕Θ͔Δɽڑ

4.2. վྑHellyϞσϧʹΑΔ࣮݁ݧՌ

4.2.1. ݧ࣮ 1

ՌΛਤ݁ݧ࣮ 6ͱਤ 7ʹࣔ͢ɽ֤ं྆͸িಥ͢Δ͜ͱͳ͘

૸͓ͯ͠ߦΓɼ͞Βʹ֤෼ྲྀं͕྆෼ྲྀޙɼ֤௥ैं྆͸௚

લํं྆ʹंؒڑ཭Λ٧Ί͍ͯΔ͜ͱ͕Θ͔Δɽ·ͨɼ਺஋

γϛϡϨʔγϣϯ݁Ռͱಉ͡Α͏ͳंؒڑ཭ͷڍಈΛ͍ͯ͠

Δ͜ͱ͕Θ͔Δɽ෼ྲྀલʹ͍ͭͯɼ֤ं྆͸ͦΕͧΕ਺஋γ
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ϛϡϨʔγϣϯ݁Ռͱ΄΅ಉ͡ڍಈΛ͍ͯ͠Δ͕ɼं͕྆෼

ྲྀ௚ޙ͸൓Ԡ͕ѱ͘਺஋γϛϡϨʔγϣϯ݁Ռʹൺ΂ͯՃ଎

͕খ͘͞ɼ௚લํंʹंؒڑ཭Λ٧ΊΔ͜ͱ͕Ͱ͖͍ͯͳ͍

͕ɼ࠷ऴతʹ͸਺஋γϛϡϨʔγϣϯ݁Ռʹऩଋ͓ͯ͠Γɼ

௚લํंʹंؒڑ཭Λ٧Ί͍ͯΔ͜ͱ͕Θ͔Δɽ

૬ؔ܎਺ͱฏۉೋ৐ࠩޡͷ݁ࢉܭՌΛҎԼͷද 8ʹࣔ͢ɽ

૬ؔ܎਺͕͘ߴɼγϛϡϨʔγϣϯ݁Ռͱ࣮݁ݧ࣮ػՌ͸ߴ

͍ਖ਼ͷ૬ؔΛͭ࣋͜ͱ͕Θ͔Δɽ͕ͨͬͯ͠ɼ͜ͷ෼ྲྀϞσ

ϧ͸࣮ػ΁ͷ͍͜ߴ͕ੑݱ࠶ͱ͕Θ͔Δɽ·ͨɼฏۉೋ৐ޡ

ࠩΛݟΔͱୈ 1௥ैं྆Ҏ֎ͷं͕྆ཧ૝తंؒڑ཭ΑΓ΋

େ͖ͳ஋ʹͳ͍ͬͯΔɽ

4.2.2. ݧ࣮ 2

ՌΛਤ݁ݧ࣮ 8ͱਤ 9ʹࣔ͢ɽ෼ྲྀલʹ͍ͭͯɼ֤ं྆͸

ͦΕͧΕ਺஋γϛϡϨʔγϣϯ݁Ռͱ΄΅ಉ͡ڍಈΛ͍ͯ͠

Δ͕ɼୈ 2௥ैं྆ʹ͍ͭͯ͸෼ྲྀ௚ޙ͸൓Ԡ͕ѱ͘਺஋γ

ϛϡϨʔγϣϯ݁Ռʹൺ΂ͯՃ଎͕খ͘͞ɼ௚લํंʹंؒ

ऴతʹ͸਺஋γϛϡ࠷཭Λ٧ΊΔ͜ͱ͕Ͱ͖͍ͯͳ͍͕ɼڑ

Ϩʔγϣϯ݁Ռʹऩଋ͓ͯ͠Γɼ௚લํंʹंؒڑ཭Λ٧Ί

͍ͯΔ͜ͱ͕Θ͔Δɽ·ͨɼୈ 4௥ैं྆͸෼ྲྀ௚ޙ͸਺஋

γϛϡϨʔγϣϯͱಉ༷ʹՃ଎ͯ͠ंؒڑ཭Λ٧Ί͍ͯΔ͕ɼ

཭͕։͍ͯ͠·͍ͬͯΔɽڑؒं͍·଎ͯ͠͠ݮʹୈ࣍

૬ؔ܎਺ͱฏۉೋ৐ࠩޡͷ݁ࢉܭՌΛҎԼͷද 9ʹࣔ͢ɽ

૬ؔ܎਺͕͘ߴɼγϛϡϨʔγϣϯ݁Ռͱ࣮݁ݧ࣮ػՌ͸ߴ

͍ਖ਼ͷ૬ؔΛͭ࣋͜ͱ͕Θ͔Δɽ͕ͨͬͯ͠ɼ͜ͷ෼ྲྀϞσ

ϧ͸࣮ػ΁ͷ͍͜ߴ͕ੑݱ࠶ͱ͕Θ͔Δɽ·ͨɼฏۉೋ৐ޡ

ࠩΛݟΔͱୈ 1௥ैं྆Ҏ֎ͷं྆͸ཧ૝తंؒڑ཭ΑΓ΋

େ͖͘ͳ͍ͬͯΔɽ

5. ݁࿦

ຊڀݚͰ͸ɼୂྻ૸͕ߦར༻͞ΕΔϢʔεέʔεͷҰͭͱ

ͯ͠ɼୂྻ͕ 2ͭͷୂྻʹ෼ྲྀ͢Δ৔߹ʹ͍ͭͯݕ౼ͨ͠ɽ

ं྆ͷ଎౓੍ޚϞσϧͱͯ͠ं྆௥ैϞσϧͷҰͭͰ͋Δ

HellyϞσϧͱͦͷվྑϞσϧΛར༻ͨ͠ɽϞσϧʹؚ·Ε

Δײ౓ύϥϝʔλ͸ɼ੍ޚʹ͓͚Δ஗Εؒ࣌΍͖ߦա͗ྔͳ

Ͳ͔ΒͳΔ໨తؔ਺Λ࠷খԽ͢ΔΑ͏ʹܾఆͨ͠ɽ

ܾఆ͞Εͨײ౓ύϥϝʔλΛ༻͍ͯ਺஋γϛϡϨʔγϣϯ

ͱ LEGO MINDSTORMSΛ༻͍࣮ͨݧΛ͍ߦɼ݁ՌΛൺֱ

ͨ͠ɽ෼ྲྀ͢Δલͷ֤ं྆ͷڍಈΛൺֱ͢ΔͱɼγϛϡϨʔ

γϣϯ݁Ռͱ࣮݁ݧՌͷं྆࠲ඪ͸ൺֱతΑ͘Ұக͍ͯͨ͠ɽ

෼ྲྀޙ͸ɼ࣮݁ݧՌ͸γϛϡϨʔγϣϯ݁Ռͱಉ͡஋ʹऩଋ

͢Δं྆ͱɼͦ͏Ͱ͸ͳ͍ं͕྆͋ͬͨɽ෼ྲྀޙ͸ɼ֤ं྆

͸ंؒڑ཭Λ٧ΊΔඞཁ͕͋Δɽ͜ͷͱ͖ʹɼηϯαʔʹΑ

Δଌఆࠩޡɼಓ࿏ͱͷ຤ͳͲͷӨڹΛड͚ͯ଎౓੍͕ޚมಈ

͢ΔͨΊͰ͋Δͱ૝૾͞Εͨɽޙࠓ͸ɼ଎౓੍ޚϞσϧͱύ

ϥϝʔλઃܭΛվྑͯ͠ɼΑΓ҆ఆͨ͠ڍಈΛࣔ͢ϞσϧΛ

ઃ͢ܭΔඞཁ͕͋Δɽ
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