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Abstract. Path planning technology is the precondition of unmanned aerial vehicle (UAV) airspace
safety. For in the running features of the UAV in 3-D space environment, putting forward using fight
level (FL) guiding factor to improve the basic ant colony optimization(ACO), which improved the
quality and the operation efficiency of path planning; In view of the ACO which easily fell into local
optimum in huge space, putting forward using split method to make the improved ACO have a better
effect in huge path planning problem; Through simulation experiments, the basic algorithm and
improved algorithm and split method were analyzed, the results show that the improved algorithm
has a good 3-D path planning ability.

Introduction

Problem of the path planning in a threat environment is well known but stills to be in the focus of
research[1]. Ant colony algorithm(ACQ) was first proposed by Dorigo.M In 1991, and successfully
applied to the TSP problem[2], scheduling problem, packing problem. The path planning problem is
essentially a kind of combinatorial optimization problem, and the ant colony algorithm has achieved
some results in this field.

In this paper, according to the characteristics of UAV airspace operation, FL and target points are
used as a heuristic factor to improve ACO. Because the ACO is easy to fall into local optimum[3],
space partition method is proposed to improve the quality of path planning.

Improved ant colony algorithm

In the traditional ACO, the distance between the node and the target point is generally used as the
heuristic information, as shown in the formula[4]:

m,=1/d, (1)

Where 7, is ant visibility, d_ is the distance between the node and the target point.

In this paper, the definition of the heuristic information in the 3D space is improved according to
the operating characteristics of UAV. In the UAV real airspace operation state, the UAV will fly in
the preset FL, so UAV should be guided into the preset FL, and then move to the target point, as
shown in the formula:

n,=1/(d, +Al) (2)

Al=[l, -1, (3)

Where | is the height of the target point, |, is the height of the node.

Anant k at node | selects the next node j to visit with probability[5]:
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Where z,(t)is the level of node j pheromone,« and fare two parameters that determine the

relative importance of the pheromone with respect to the heuristic information. allowed, is the set of

neighbor nodes that have not yet been visited by the ant k .
Introduce the model of MAX-MIN Ant System (MMAS) to limit the concentration of pheromone
in the path. As shown in the formula:

Z-min ' z-j (t) < z-min
O R B ®)
z-j (t)’ 2-min < Tj (t) < z-max

The pheromone update rule is:

Y
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Where p is the pheromone evaporation parameter that controls the decay of pheromone.
F"and F is constant. L is the path length of the optimal ant.

After the evaluation of the adaptability of each path, the node record and the adaptive value of the
optimal path are recorded. At the end of a cycle, empty the tabu list of all ants, in accordance with the
new pheromone distribution to explore the path and the pheromone update, record the best path of
this cycle, and compare with the history of the best path, record the new optimal path information.

Path planning algorithm based on split method

In order to simplify the airspace operation environment, reduce the search space, the planning
speed, cross grid three-dimensional space is discretized using the intersection as key nodes[6]. Give
the grid number, from left to right, from back to front, from the bottom to the top.
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Fig.1. Spatial grid diagram
Each node number in a 3D grid map corresponds to a node's space coordinates, when the
coordinates of a node is required to use the coordinates of a node, then coordinate converted between
a three-dimensional coordinate information and node number.
In the face of complex spatial structure and large scale, the optimization performance of the
algorithm determines the quality of the final solution, In the problem of path planning for UAV, this
phenomenon is particularly evident. When the spatial scale becomes larger, the path of the redundant
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degree will be significantly increased, the smoothness of the path is reduced, and the planning time is
prolonged, thus forming the non-flying path.

In this paper, an improved ant colony algorithm based on spatial segmentation is proposed, which
can reduce the difficulty of the path planning by the way of dividing the space of planning and reduce
the difficulty of path planning. Algorithm first generates a rough path from the starting point to the
end point, which will be redundant.

The second step is to selecte the intermediate node of rough path as the splitting point,which is a
starting point for the first half of the path of the endpoint.Finally, connecting the two path segments as
the final path.
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Fig.2. Sketch map of space partition method

Computational results

In this section, we present computational results of our proposed algorithm, which was code in the
MATLAB2008.
Tablel Main parameters setting
parameter N M la | B | T . | P |F |F

max min

numerical value | 50 | 20 | 0.5 | 160 | 20 0.5 [ 0.8|100]|50

(@) 90°view (b) 45°view
Fig.3. Path planning based on basic ACO

(a) 90° view (b) 45°view
Fig.4. Path planning based on improved ACO
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4:

(@) 90°view (b) 45°view
Fig.5. Path planning based on spatial partitioning
Path length comparison of three algorithms:.
Table2 comparison of algorithm

Algorithm type Path length (km)
Basic ACO 159.0687
Improved ACO 154.2478

ACO based on spatial partitioning 146.1665
In the path planning, the improved ant colony algorithm based on space partition is more time than
the basic algorithm, because this improved algorithm use the planning time to exchange for path
planning quality, the required average is 12.7945s, but it has been able to meet the needs of the static
path planning for real-time[7], which have been greatly improved relative to the previous research
results.

Conclusion

The static path planning of UAV is mainly used to avoid some of the static obstacles or the area of
the flight. In this paper, according to the characteristics of UAV airspace operation, the basic ant
colony algorithm is improved by using the guiding factor level to improve the quality and efficiency
of path planning. In the large scale and high complexity of the airspace operation environment,
Simulation experiments show that the improved algorithm can effectively improve the path of the
simplification, avoid all kinds of threat factors, to ensure the safe operation of the UAV airspace.
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