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A Path Planning to Maximize Survivability for
Unmanned Aerial Vehicle based on 3-dimensional Environment

Ki Tae Kim - Geonwook Jeon

Department of Operations Research, Korea National Defense University, Seoul, 122-875

An Unmanned Aerial Vehicle((UAV) is a powered pilotless aircraft, which is controlled remotely or
autonomously. UAVs are currently employed in many military missions(surveillance, reconnaissance,
communication relay, targeting, strike etc.) and a number of civilian applications(communication service,
broadcast service, traffic control support, monitoring, measurement etc.). For accomplishing the UAV’s
missions, guarantee of survivability should be preceded. The main objective of this study is the path planning
to maximize survivability for UAV based on 3-dimensional environment. A mathematical programming
model is suggested by using MRPP(Most Reliable Path Problem) and solved by transforming MRPP into
SPP(Shortest Path Problem). This study also suggests a A*PS algorithm based on 3-dimensional environ-
ment to UAV’s path planning. According to comparison result of the suggested algorithm and SPP algorithms
(Dijkstra, A* algorithm), the suggested algorithm gives better solution than SPP algorithms.

Keyword: unmanned aerial vehicle, path planning, most reliable path problem, shortest path problem,

survivability
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function A* (s, ¢)
CLOSED list := the empty set
OPEN list := {s}
g(s) =0, f(s):=h(s) :=h_caicls, t]
while OPEN list is not an empty set
Cur Node := Extract Min f(OPEN list)
if Cur_Node :=
return Best Path
remove Cur Node from OPEN list
add Cur Node to CLOSED list
each neighbor node N of Cur Node
if CLOSED list > N

goal

continue

else if OPEN list © N
calculate g(V), h(V), f(V)
relaxation(V, Neighbor in OPEN list)

else

calculate g(NV), h(N), f(V)

Cur_Node and add ~ to OPEN List

return failure
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L1 function Obstacle Check [C(z;, v, 2,), Clzp y, z])]

L2 if (z, Z:{L'j) Y =Y Yy =Yy

L3 =(z;—2)/ (@, —=) +(y,—v)

L4 for(z; = z,,y:=y, to y,,)

LS 2, =round |z +{y— (2’ +4 )-0.5}xS,]

L6 2, =round |z +{y—(ya? +4 )+0.5)x5,]

L7 ity ==y) 2, =2

L8 iy =y, 2, =2

L9 for(z =z, to z,)

L10 if {CO(z, y, ) :=obstacle] OBSTACLE; break

L11 return NOT_OBSTACLE

L12 if(y, ==y,) 2 =z 2=z,

L13 for(z :=a;, y ==y, 2 ==z, 10 z,)

L14 iff O(z, y, ) := obstacle} OBSTACLE; break

L15 return NOT_OBSTACLE

L16 else S, :=(y;—y,)/(x;—,)

L17 Sy = (z;— )/ V(x;— =) +(y,—v)

L18 for (z:==u; to z;)

L19 Yy, =round [y, +(z—z; —0.5)x.5,]

L20 Y,y :=round [y, +(x—z, +0.5)x 9,]

L21 iflz =z,) y, =y

122 (e =1)) y,, =y,

L23 for(y =y, to y,,)

L24 2, =round [z +{y—(Va’ +¢ )-0.5}xS,]

L25 2z, :=round [z, +{y— (27 +¢7 J+05}x5,]

126 iflyi=y,) z=2

127 ifly =y, 2=

128 for(z:=z, to z,,)

129 iff O(z, y, 2) :==obstacle}] OBSTACLE; break

L30 return NOT_OBSTACLE

L31 function Path Smoothing Procedure (¢, C)

L32  for(i:=0 to i<(,,,,)

L33 tor(j :=C,,,, to j>1i)

L34 if Obstacle_Check (¢, C) := NOT_OBSTACLE
L35 remove cells between ¢ and G, i=j ; break

29 7. 339 373 ol A ¢] Path Smoothing Procedure JAFTE
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