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Path Planning for Search and Surveillance of
Multiple Unmanned Aerial Vehicles
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Abstract: This paper presents an optimal path planning strategy for aerial searching and surveying of a
user-designated area using multiple Unmanned Aerial Vehicles (UAVs). The method is designed to
deal with a single unseparated polygonal area, regardless of polygonal convexity. By defining the search
area into a set of grids, the algorithm enables UAVs to completely search without leaving unsearched
space. The presented strategy consists of two main algorithmic steps: cellular decomposition and path
planning stages. The cellular decomposition method divides the area to designate a conflict-free sub-
search-space to an individual UAV, while accounting the assigned flight velocity, take-off and landing
positions. Then, the path planning strategy forms paths based on every point located in end of each
grid row. The first waypoint is chosen as the closest point from the vehicle-starting position, and it
recursively updates the nearest endpoint set to generate the shortest path. The path planning policy
produces four path candidates by alternating the starting point (left or right edge), and the travel
direction (vertical or horizontal). The optimal-selection policy is enforced to maximize the search
efficiency, which is time dependent; the policy imposes the total path-length and turning number
criteria per candidate. The results demonstrate that the proposed cellular decomposition method improves
the search-time efficiency. In addition, the candidate selection enhances the algorithmic efficacy toward
further mission time-duration reduction. The method shows robustness against both convex and non-
convex shaped search area.
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[Fig. 1] Search area grid is shown with the grid size determi-
nation based on vehicle’s field of view size
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[Fig. 2] Grid expansion process. (a) 2D grid generation on the
coverage area, (b) expansion of grid allocated to the UAV 1
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[Fig. 3] Grid expansion process between each UAV. (a) decision
of grid ownership, (b) Effect of considering distance to the
take-off position. Kinematic diagram
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[Fig. 4] Flow chart of proposed SE-cellular decomposition
algorithm
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2.3 Coverage Path Planning Algorithm
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entrance selections are shown
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[Table 1] Path planning algorithm structure

Algorithm 1: Path planner

1 my < My

2 My < Mgy

3 while j <5

4 | lifi=1]2

5 | 4 < horizontal end point
6 | else

7 | 4 < vertical end point

8 | end if

9 | u;.add(my)

10 | m; < getFirstPoint(4, j, my)
11 | u.add(m;)

12 | forndo

13 | | m, < getGridUpdate(4, m)
14 | | | u.addm,)

15 | Lend for

16 | u;.add(m,)

17 | U.add(u))

18 | j <+l

19 | Lendwhile

20 | &< getLengthDiff(U)

21 | ife<e

22 | u* < getShortestPath(U)
23 | b

24 | Else

25 | w* < getMinTurn(U)

26 | -
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[Fig. 6] (a) Cellular decomposition process of accounting the
take-off and landing positions, path generated under the area
division and (b) shows the result for not accounting take-off and
landing positions

[Table 2] Mission ending time comparison
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[Fig. 7] (a) Path generated without optimal-path-selection process

and (b) is path result under optimal-path-selection process

[Table 3] Generated path search time comparison

Mission ending time (s)
Considering take-off position 358.1201
Not considering take-off position 425.3374
Exact Cellular Decomposition'” 474.2707
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[Fig. 8] (a) Path generated inside of non-convex area from

ground control station linked to a flight control computer and (b)
is path design utilizing the suggested algorithm positions
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