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On-line Path Planning for Mobile Robots using an Arrival Time Field-Biased
Randomized Search

I. Ardiyanto and *J. Miura (Toyohashi University of Technology)

Abstract— This paper presents a new path planning algorithm for mobile robot in dynamic environments.
We calculate the arrival time field as a bias which gives larger weights for shorter and safer path towards a
goal. We apply a randomzed path search guided by the arrival time field for constructing the path considering
kinodynamic constraints. We also consider path quality by adding heuristic constraints such as directing the
initial heading of the robot and reducing unstable movements of the robot by using a heading criterion. The
algorithm has been tested in simulation and experiments using an actual robot to show its effectiveness.
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Fig. 1: (a) Environment map, where blue area denotes free
space, green line is wall, the orange circle denotes robot po-
sition, the red circle is destination, the triangles are moving
obstacles, and the black area is extending space for obstacles.
(b) Distance transform of (a). (c) Arrival time field, brighter
area means higher value.
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(c)
Fig. 2: Expanding the tree using bias (see algorithm (1)).
The white area is the region for choosing a random point.

Algorithm 1: HeAT Random Tree

Properties :

N = collection of nodes

u = motion control

bias(x) = arrival time value of point z

Function :
HeAT_RANDOM_TREE_PLANNER()
N <= Tinit
temp_bias < bias(xinit)
while time_is_available do
Znear <= CHOOSE_STATE(%;qn4, N)
N < N U EXTEND_TREE(Zpeqr)!
if biasXnew) > temp_bias then
temp_bias < bias(Tpew)
end if
end while

Function : CHOOSE_STATE(z,4nd, V)
while time_is_available do
Trang = random point from F'
if biasrana) > temp_bias then
return BEST_NODE(z,qn4, N)?
end if
end while

I'make an extension node by evaluating every possible u
according to (8).
2return the nearest node of N t0 Z,qnd-
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(a) (b)
Fig. 3: (a) the arrival time field, (b) a part of (a) centered at
the robot position, divided into four region

(a) (b)
Fig. 4: Effect of directing the initial heading of the robot, (a)
without and (b) with the initial heading
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Table 1: Comparison of Path Planning Algorithms

Success Rate  Average of Execution

of 20 times Time of Successful
Run (%) Runs (ms)
Basic RRT 65 75
hRRT 70 95
HeAT RT 95 110
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(c)
Fig. 5: Comparison of tree expansion, (a) Basic RRT, (b)
hRRT, and (c) HeAT Random Tree

Table 2: Statistic of Simulation Result

Statistic Value
Arrival Time Field calculation 40 ms
Best-first Path calculation 10 ms
Random Tree calculation 250 ms
Number of nodes 3000 nodes
Maximum speed 400 mm /second
Number of simulation 10 times
Successful runs 100%
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Fig. 7: Experiment of following waypoints, (from left to right)
sequences of the real world (top) and local map scene (bottom)

vr=400.00

jent: rebotivl=400.

(b)
Fig. 6: Screenshot of simulation using Environment and
People Movement Simulator. The orange circle at the center
indicates the robot.

oo

o000 NEDOOOOOOOOOOOOOOOOO
ooooooogo

good

1) S. M. LaValle and J. Kuffner. ” Rapidly-exploring
random trees: Progress and prospects”. In
Proc.of Fourth Intl. Workshop on Algorithmic
Foundations on Robotics, 2000.

2) J. Bruce and M. Veloso. ”Real-Time Randomized
Path Planning for Robot Navigation”, in Proc.
IEEE/RSJ Conf. on Robotics and Systems, 2002.

3) C. Urmson and R. Simmons, ”Approaches for
heuristically biasing RRT growth,” in Proc. of
the IEEE Int. Conf. on Intelligent Robots and
Systems, 2003.

Fig. 8: Experiment of people tracking, (from left to right)

sequences of the real world (top) and local map scene (bottom)

4) S. Rodriguez, X. Tang, J.M. Lien, and N.M. Am-
ato. ”"An obstacle-based rapidly-exploring ran-
dom tree”. In Proc. of the IEEE Int. Conf. on
Robotics and Automation, pp. 895-900, 2006.

5) S. M. LaValleand J. Kuffner. ”Randomized kin-
odynamic planning”. In Proc.IEEE Int. Conf.
Robotics and Automation, pages 473-479, 1999.

6) S. Thrun, W. Burgard, and D. Fox, Probabilistic
Robotics, The MIT Press, 2005.

7) E. Plaku, L. E. Kavraki, and M. Y. Vardi. ” A Mo-
tion Planner for a Hybrid Robotic System with
Kinodynamic Constraints”. In Proc. of the 2007
IEEE Int. Conf. on Robotics and Automation,
pp- 692-697.

8) M. S. Hassouna, A. E. Abdel-Hakim and A. A.
Farag., ”PDE-based robust robotic navigation,”
Image and Vision Computing, vol. 27, pp. 10-18,
20009.

9) 0000.0000000 RTOODDOOOOOO,
0000000000Vl 28, No. 5, pp. 550-555,
2010.

10) 0000000000000 00O00 M.000
gobooooooboboobobooobooooon
goooobooobobooobooboboon
oo s90000020100

11) 0000000 0.0000000000000
00000000000000000000000
Vol. 28, No. 9, pp. 1091-1099, 2010.



