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Abstract: Most path planning algorithms for a marine robot in the ocean environment have been developed without considering
the robot’s heading angle. As a result, the robot has a difficulty in following the path correctly. In this paper, we propose a
limit-cycle circle set that applies to the Theta* algorithm. The minimum turning radius of a marine robot is calculated using a
limit-cycle circle set, and circles of this radius is used to generate a configuration space of an occupancy grid map. After
applying Theta* to this configuration space, the limit-cycle circle set is also applied to the start and end nodes to find the
appropriate path with specified heading angles. The benefit of this algorithm is its fast computation time compared to other 3-D
(x,y,0) path planning algorithms, along with the fact that it can be applied to the 3-D kinematic state of the robot. We
simulate the proposed algorithm and compare it with 3-D A* and 3-D A* with post smoothing algorithms.
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Fig. 1. (a) Example of calculating a wrong path, in which the

vehicle cannot turn at the edge of an obstacle and (b)

cannot follow path because of constraint on vehicle’s

maneuverability and heading angle.
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Algorithm 1 Basic Theta*(sstart. Sgoal)

1 Sgtart-Parent < Sgtart

2. while open # 0 do

3 s+ open.Pop()

4 if 5 = 5404 then

5 return ‘path found’

6:  end if

7. close.Push(s)

8. for each s,cighbor do

9 if IsWalkable(s) and s,eignpor ¢ close then
[cost, parent] +LineOfSight(speighbor. 5)
Sneighbor-COSt4— cost

12 Sneighbor-parent<«— parent

13: open.Push(s,cighbor: Sneighbor-COSI=
’W-—‘neiyhbor))

14: end if

15:  end for

16: end while

17: return ‘no path found’

19 2. 7] Theta* GalE] =
Fig. 2. Basic Theta* Algorithm.
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Fig. 3. An example of limit-cycle circles for turning (a) clockwise
and (b) counter-clockwise. 7 is the turning radius for the

marine robot.
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Fig. 4. Example of occupancy grid map representation. A circle

set (red) is placed around an obstacle (blue).
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Fig. 5.
applying the limit-cycle circle set, a vehicle can move

anywhere taking the radius of curvature into account.
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Algorithm 2 Theta* with Limit-cycle circle set(Sstqart, Sgoal)
1: mapdata <LoadGridMap()

. s «FindContours(mapdata)

. if p # ‘null’ then

DrawCircle(mapdata, p, r)

: end if

. /] Here is same as Basic Theta*

: P «TraceParentsFrom(s oa1)

. CreateLimitCycleCircle(Sstarts Sgoal)

. pt < CalcTangentOfCircle(P, Sstqrt, 1)

10: P.ps.parent<— p;

11: p;  CalcTangentOfCircle(P, Sgoal, 1)

12: py.parents— P.pg

13: return ‘path found’
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Fig. 6. Theta* with limit-cycle circle set algorithm.
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Table 1. Simulation conditions.
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Simulation results for various turning radius, (a) 80 m, (b)
160 m, (c) 320 m, and (d) 640 m. All of simulation results
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is 180° and the goal heading angle is 270°.
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