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Being one of the major research fields in the robotics discipline, the
robot motion planning problem deals with finding an obstacle-free
start-to-goal path for a robot navigating among workspace obstacles.
Such a problem is also encountered in path planning of intelligent
vehicles and Automatic Guided Vehicles (AGVs). Traditional (exact)
algorithms have failed to solve the problem effectively since it is
proven that the complexity of the problem is NP-hard. Consequently,
several heuristic algorithms have been developed for solving the
problem, among which the Genetic Algorithms (GA) evolutionary
approach has been increasingly utilized. In this paper, a new GA-
based method has been developed to improve the drawbacks of
current GA methods regarding fixed chromosome string size and
limitations in the crossover and mutation operators. In this method,
first the workspace is tessellated via the Delaunay triangulation, and
a set of paths are created using the powerful Rapidly-exploring
Random Trees (RRT) and smoothed. As a result, a population of
variable-length chromosomes is obtained, which is a novelty in the
field. Next, these solutions are improved further by using new
selection, crossover and mutation operators, in which the
triangulation plays a pivotal role. Extensive Smulations of the
algorithm showed that the obtained path lengths are averagely 25%
shorter than those found by the pure RRT method.
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2 Delaunay Tessellation (or Triangulation)

Build_RRT (i)
init(Xinit)
For k=1toKdo
Xrand <—— Random_State();
Extend(z, Xrand);
Return ¢

Extend (z, X)
Xnear <— Nearest_Neighbor(x, 7);
If New_State(X, Xnear;s Xnew) then
r.add-vertex(Xnen);
T-add'edge(xneen Xnew);
If Xmen= X then
Return Reached
Else
Return Advanced
Return Trapped

[V RRT ayly o ,g50 ¥ JSi

Slp a8 el gdhais gz 90 gomine LSIST 5l pldl b
5ol ploml b g0 Sppo a |y o Gl S RRT g 9500
93 Gl oad sols plas O JSE e o] oS ach a5 i, cpl
o‘)g_i)‘M)GQMAJMSJJGLA)ijiSQ.‘QM(dM
Gl 4T Cumez )l seae Taw a5) cul a5 JSE >

(0 salys 55 o

RRT-BIDIRECTIONAL (Xinit, Xgoal)
Ta-init(xinit);fb-init(xgoal);
For k=1toK do
Xrand < Random_State();
If not (Extend(z,, Xrang) = Trapped) then
If (Extend(zy, X.ew) = Reached) then
Return Path(z,, w);
Swap(a, );
Return Failure;
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