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Fig. 1.1:Formation fight of migrating birds
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Fig. 1.2:Schooling of fishes
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Fig. 1.3:Basic idea of MPC. N is a number of prediction steps.
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Fig. 1.4:Segway RMP 200 (Segway Inc.)
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Fig. 2.4:Definition of the obstacles
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Obstacle i

Safe regions represented by

obstacle avoidance constraints

(V) Ri1l = Rijqg = 0 (Vl) R;1 = R;3 = 0 (Vll) Ri2 = KR;3 — 0 (Vlll) KR;2 = Rijqg = 0

Fig. 2.5:Possible regions for the constraint (2.11)
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Original collision avoidance region

Collision avoidance region represented
by collision avoidance constraints

© ©,

Fig. 3.4:Collision avoidance region represented by eq.(3.47)
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Table 3.1:Maximum computation time and number of subproblems(n=3)

o Computation time[s] | Number of subproblems
Prediction step
Standard | Proposed | Standard | Proposed
5 1.84 0.111 187 17
6 5.01 0.136 391 17
7 12.2 0.196 859 21
8 433 0.669 1840 73
9 151 1.26 5300 113
10 336 1.33 10000 113

Table 3.2:Maximum computation time and number of subproblems(n=4)

o Computation time[s] | Number of subproblems
Prediction step
Standard | Proposed | Standard | Proposed
5 — — — _
6 245 0.346 22500 45
7 1350 0.591 102000 69
8 * 1.21 * 113
9 * 1.81 * 141
10 * 5.48 * 401
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Table 3.3:Experimental parameter of each experiments

Parameter || Case 1 | Case 2 | Case 3 | Case 4
d[sec] 0.25 0.25 0.25 0.25
N 5 5 6 6
n 3 3 3 3
A 0.3 0.3 0.3 0.3
Yy 0.1 0.1 0.1 0.1
M 0.5 0.5 0.5 0.5
n 0.4 0.4 0.4 0.4
d[sec] 0.15 0.15 0.15 0.15
R I I I I

Table 3.4:Initial and reference position of followers at global coodinate

H Case 1 ‘ Case 2 ‘ Case 3 ‘ Case 4 ‘

Leader Initial position (3.5,1.0,0) (3.5,1.0,0) (3.5,1.0,0) (3.5,1.0,0)

Follower 1 Initial position (2.0,2.0,0.0) | (0.5,1.0,0.0) | (1.75,0.0,pi/2) | (1.0,0.0,0.0)
Reference position (2.0,2.0) (2.5,1.0) (1.75,2.0) (2.25,2.0)

Follower 2 Initial position (2.0,1.0,0.0) | (1.5,1.0,0.0) | (0.75,1.0,0.0) | (1.0,1.0,0.0)
Reference position (2.0,1.0) (0.5,1.0) (2.75,1.0) (2.25,1.0)

Follower 3 Initial position (2.0,0.0,0.0) | (2.5,1.0,0.0) | (1.75,2.0,-pi/2) | (1.0,2.0,0.0)
Reference position (2.0,0.0) (1.5,1.0) (1.75,0.0) (2.25,0.0)
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Fig. 4.5:Expanded collision avoidance region Fig. 4.6:Expanded collision avoidance region

(calculated by using convex hull) (eq. (4.29)-(4.31))
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e;(7l0) :==¢;,0), 7=0,...,N, j#i (4.37)
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Fig. 4.7:Allowed region by constraint (4.47). Case of only one «;;, becomes 0.
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Fig. 4.8:Allowed region by constraint (4.47). Case of two «;;,s become 0 at the same time.
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Fig. 4.31:The motion of vehicles in experiment 1
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Fig. 4.36:The motion of vehicles in experiment 2
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Fig. 5.1:Example of map generated by SLAM
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