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A motion planning method for mobile robot
considering rotational motion in area coverage task

YANO TAIKI® TAKASE HIDEKI! TAKAGI KAZUYOSHI! TAKAGI NAOFUMI!

Abstract: In recent years, utilization of mobile robot in area coverage tasks has been studied. In the case
of area coverage by a single robot, it is possible to obtain a traveling route for covering the entire work space
by constructing a spanning tree on a grid graph representing the work space. The tour route obtained by the
above method is the shortest one in terms of the route length. However, it is not optimal in terms of time
efficiency when we consider the rotation behavior of the robot. In this research, we focus on the rotational
motion on the route. We propose a method for constructing the spanning trees on the lattice graph to derive
the optimal time efficient path. Proposed method further searches the optimal tree using the simplified
representation of the graph considering rotational motion. We also discuss the method of determining the
motion plan for multiple robots using the optimal tree for a single robot.

Keywords: mobile robot, path planning, spanning tree
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Fig. 1 Example of the problem.
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Fig. 2 Classification of vertices on lattice.
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Table 1 Definition of constants and variable symbols.
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Fig. 3 Classification of edges on lattice.
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Fig. 4 Choices of edges with same cost and connectivity.

cbooooboooooooooooooosbonogl
cooooooooooobooooooooobooooo
coobOooooooooboooooboooooooo
coooooooooooooobt 2000000000
coboooooooocooboooooooOoobooooo
cooboooooooboooboooooscbooogooan

3.3 00000
j200000000000000CO0O00O0O00G0OCO
Ubooboooobb0nxnd0000000ODOODOOO
coboob0dOnxnO000000000C0OO0OO0O0OO
Coooooobooo0ooooooobo0o0onon nxn
O0o0o0ooOoooUoOoOoooooooooo
nxnO000000000CO0OO00O0OO0OCOO000
0Z,0000ep(n?Z,)00000000000000
coboooooooboocooobooooooboboOooobooooo
coobooooooooooon
uoboboooobooooooOooOobooboooooooo
coooOoooooocoobooOoOooooOooooooo
coboooooooocoobooooooOoocOoobooooo
coooboooooocoobooOooooocOoobooooo
cobooboooooocoobooOoOoooOoocOoobooooo
cooboooboooooooobcOoooo 3gobooboo
cooooooooboocooboooOoooboocOoobooooo
2000000000000 O0OCOOOOOO0OOO0O0
coooooooocooboooo
uobooooooOoooobooooooOoboooooooo
coooooocoooooobooOooobOoOoOoOo 4000

(© 2018 Information Processing Society of Japan

ESS2018
2018/8/31

ma
i

el
.

Eesn Rans

RER AR,

1 1
{4 -+

y
- T

e

1]
-4

il g

o BRERSRRARLSEAICFET 3LOMLEDY

05 O0O0OO0OO0O0O0O.

Fig. 5 Simplified representation of a spanning tree.
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Fig. 6 Example of region replacement.
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Input: 00000 G=(V,E)

Output: DOOOOOCOCOOOO T

1: L < GET-LINES(G)

2: while L # null do

3: l!'<lel

L<L-{l'}

d < DIRECTION(I')

(R, cost, reg-num) < SEARCHCHANGEREGION(!', d)

if (cost < 0) or (cost =0 and reg-num < 0) then
G <= CHANGEDIRECTION(G, R, d)
L < GET_LINES(G)

10: end if

11: end while

12: T < CONNECTREGS(G)

oooooo0O 200!/000000000000000A0

00000000004 SearchChangeRegion.

Input: 000000011000 d

Output:
00000000000000000 region0 0000000
U0 cost DO ODOODOODOODOOOOOOO reg-num.

1 region <1

1 tmp_reg < region
1 cost <=0

: tmp_cost <= 0

1

2

3

4

5: reg-num <= 0
6: tmp_rnum <= 0

7: loop

8 next_vertices <= NEXTVERTICES(tmp_reg, d)
9

if next_vertices = null then

10: break
11: end if
12: (add_vertex, add_cost, add_r _num)

< MINADDCOST(tmp_reg, next_vertices,l, d)

13: tmp_cost <= tmp_cost + add_cost
14: tmp_reg < tmp_reg U {add_vertex}

15: tmp_r_num < tmp_r_num + add_r_num
16: if (tmp_cost < cost) or
(tmp_cost = cost and tmp_r_-num < reg-num) then
17: cost <= tmp_cost
18: region <= tmp_reg
19: reg-num <= tmp_r_num
20: end if
21: end loop
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Fig. 7 Example of replacement area search.
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2: loop

3: (P,T,) < SELECTMAXTREE(P)
4: (T:,leaf) <= CUTLEAF(T,)

5: (P, Ty) < SELECTOPTTREE(P, N, leaf)
6: T, <= MARGETREE(T, leaf)
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8: if LoopStopCondition then

9: break

10: end if

11: end loop
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Fig. 8 Examples of motion plan for multi robotsO
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