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Abstract

In this paper, the issue of path planning is addressed for
unmanned air vehicles (UAVs) cooperative joint-forces
electronic attack operating in a hostile environment. Specifically,
the objective is to plan path to a target location in a way that
minimizes exposure to threats while keeping fuel usage at
acceptable levels. We consider a scenario where a group of
UAVs flies in a close formation and cooperates in their use of
jamming resources to prevent being tracked by Surface-to-Air
Missile (SAM) tracking radars. The main goal of this research
effort is develop cooperating UAVs within multi-agent
simulation environment. Simulations were generated to test the
path planning and control strategies given UAVsS/SAM tracking
radar network scenarios, and overall UAVs cooperative
electronic attack performance in each simulation was analyzed.
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1. Introduction

Flight path planning is the challenging technology of
autonomous unmanned air vehicles (UAVS). Its intention
is to work out the optimal or suboptimal safe flight
trajectory in the proper time, along which UAVs are able
to accomplish the prearranged task and avoid the hostile
threats. Electronic Attack (EA) is a counter-counter-
measure to reduce the effectiveness of detecting Radar
systems to allow flight of UAVs without harm from
detecting Radars and associated Surface-to-Air Missile
(SAM) sites. The problem is to find a good control
strategy for the UAVs carrying out the mission, including
a path to follow, firing instructions and handling of
unexpected events, that yields a high probability to
survive[1]. To fulfill this aim, the UAVs are required to
cooperate in locating and reacting to events in the
environment.

The approach used is to divide the mission into a

sequence of sub-problems, each forming a problem that
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can be solved with techniques from the fields of
optimization and control [2]. The main parts in this
division are timing, path planning, target assignment and
target engagement. In this paper, the focus issue of flight
path planning is addressed for UAVs operating in a multi-
agent simulation environment. Specifically, the objective
is to plan path to a target location in a way that
minimizes exposure to threats while keeping fuel
usage at acceptable levels. This paper presents two
methods of UAV’'s path planning during the multi-
agent circumstance, which is made up with several
enemy detecting Radars. One is based on Voronoi
diagram partition. We are interested in determining paths
for a group of autonomous UAVSs that minimize their risk
of being tracked and destroyed by SAM sites. The other
is the near optimal flight path can be obtained with
Dijkstra heuristically search suitable for in multi-agent
simulation on UAVs, which is fit for path planning
offline. The planned path is only suboptimal but fit for
computing and re-planning online. This research
aims at explore the feasibility of using multi-agent
techniques, deterministic solutions which, while
suboptimal, approximate the optimal solution to
within acceptable limits. The outline of this paper is as
follows. UAVs flight path planning and heuristically
search are presented in Section 2. Developed MASUPPE
(Multi-Agent Support UAVs Path Planning Evaluation)
system designs are stated in Section 3. Simulation results
on evaluation of the distributed UAVs agents’ simulator
environment are presented in Section 4. Finally,
conclusions are made in Section 5.
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2. Path planning based on heuristically search

2.1 Threat network partitioning and the cost of
planned

We consider a scenario in which a group of UAVSs uses
jamming multiple detecting Radars to avoid threats posed
by SAMs and Unmanned Combat Air Vehicle (UCAV)
directly destruct SAMs [3] . Figure 1. shows a hostile
Integrated Air Defense Systems (IADS) multi-agent
environment.

Figure 1 The multi-agent environment of IADS

A Voronoi diagram is constructed from the known 1ADS
threat locations. Creating the Voronoi diagram entails
partitioning the region of interest with threats into convex
polygons or cells. Each cell contains exactly one threat,
and every location within a given cell is closer to its
associated threat than to any other threat. By using threat
locations to create the diagram, the resulting Voronoi
polygon edges form a set of lines that are equidistant
from the closest threats, thereby maximizing their
distance from the closest threats. Without loss of
generality, the initial and target locations are not
contained within cells and are connected to the
nodes forming the cell [4,5]. Fig 2. shows a Voronoi
diagram created for a set of threats locations.
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Figure 2 The Voronoi diagram partitioning of IADS

Each edge of the Voronoi diagram is assigned two
costs: threat cost and length cost. Threat costs are
based on a UAVS/UCAV’s exposure to a radar located at
the threat. Assuming that the UAVS/UCAYV radar signature
is uniform in all directions and is proportional to (where is
the distance from the UAVS/UCAV to the threat), the
threat cost for traveling along an edge is inversely
proportional to the distance (to the threat) to the fourth
power. In this work, the radar threaten cost was calculated
at three points along each edge: d;/s , d;/;,and ds,
where d; is the length of edge . The radar threaten cost
associated with the ith edge is given by the expression[6,7]

]radarThreaten,i =L; Z]N=1(1/d4 + 1/d4- +
1/61] 1/2i

1
/dé/si,,-) @)

Where N is the total number of threats (i.e. detecting
Radars and SAM tracking Radars), dj ,;; is the distance
from the 1/2 point on the ith edge to the jth threat.

To include the path length as part of the cost, the length
cost associated with each edge is

]lenghth,i =L; 2

The total cost for traveling along an edge comes from a
sum of the radar threaten and length costs

Ji = ]radarThreaten,i + ]length,i (3)
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With the total cost determined for each of the Voronoi
edges, the VVoronoi diagram is searched to find the set of
lowest-cost candidate paths between the initial
UAVS/UCAYV location and the location of the target.

2.2 Dijkstra heuristically search

Once the Voronoi diagram is complete and the
UAVS/UCAV multi-agent positions and target positions
are connected, a path planning method must determine the
optimal path for each permutation of UAVs/UCAV multi-
agent to targets. This consists of two separate parts — first,
a total cost function must be developed and applied to each
edge of the Voronoi diagram, and second, the edges must
be searched to determine the optimal path, which is
defined as the combination of graph edges that connects
the UAVS/UCAV multi-agent to the targets with the
lowest possible cost.

The algorithm for Dijkstra with inputs of the adjacency
matrix and the beginning vertex (a UAV position) and
finishing vertex (a target position) works by constructing a
subgraph S such that the cost of any vertex v in S from the
beginning vertex s is known to be minimum. The
algorithm is as follows:[8,9]

Step 1: for each vertex v, set d(v), the cost of reaching that
vertex, to infinity;
Step 2. Set d(s), the cost of reaching the current vertex
from itself, to zero;
Step 3. Initialize S a an empty set;
Step 4. Initialize Q as a set of all the vertices;
Step 5. while Q still has vertices in it,
Step a. find vertex u in Q that has the lowest d(v) value
Step b. include the vertex u in the set S
for each vertex v with is connected to u with an
edge
if d(v) > d(u) + edge cost
then d(v) = d(u) + edge cost
Step c. remove vertex u from Q

This algorithm continues until the cheapest cost from the
UAVs/UCAV multi-agent position to the targets positions
are found.

3. The Cooperative Joint-forces EA Operation
Problem

In this section, we formulate the cooperative electronic
attack problem as a near optimal path planning problem
which is based on the Voronoi diagram partition and
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Dijkstra heuristically search. A system developed is the
MASUPPE (Multi-Agent Support UAVs Path Planning
Evaluation). This is a distributed, real time team decision
support environment comprised of simulators, entity
framework, multi-agent system and user interfaces. The
MASUPPE is constructed as a federation of intelligent
agent-based functions that enable user-friendly scenario
construction, emulation of friendly and hostile entities, and
dynamic scenario control.

This research has motivated to focus on cooperative use of
UAVs multi-agent for EA. Cooperative jamming is
investigated from a path planning perspective. In particular,
we are interested in determining paths for a group of
autonomous UAVS/UCAV that minimize their risk of
being tracked and destroyed by SAM sites. We, therefore,
take on the flight path planning problem of joint-forces
operations contain entities such as UCAV agent, UAV
agents, detecting Radars agents and SAM tracking Radar
agents etc. These entities for agents in a multi-agent
system vary with run-time changes in situation
characteristics. The UCAV agent try to penetrate/eliminate
the Surface-to-Air Missile (SAM) sites, whose operations
are coordinated by a command and control node. There are
many situations in which the cooperation of a team of
UAYV agents should be paths planning to make the most
efficient EA use of jamming. This is done by either
distracting the Radar with confusing or deceptive
information, or by blinding the Radar making it unable to
detect, track, engage, or destroy threats. These works
perform on minimume-risk path planning, which essentially
attempted to minimize the Radar Cross Section (RCS) of
the UCAV along the path [10]. Not surprisingly, jamming
can have a dramatic effect in reducing risk and in general
leads to drastically different minimum-risk paths [11].
According to the mission of agents in the joint-forces
operations flow, we can obtain system structure of
formation cooperative joint-forces combat system based
on MAS, as shown in Figure. 3.
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way that the joint-forces EA operations could be handled

indirectly [12]. Our approach is fundamentally top-down,

l \ but does have some bottom-up aspects, following
something of a hybrid model.

Military

e Commander

Software Agents

\ According to the figure 3 structure that proposed above,

we have constructed the MASUPPE system. Figure 4 is a
screenshot of the developed MASUPPE which use java
e language as our program language. In order to aid the
S s development and simulation of emergent behavior
and Control strategies for UAVS/UCAV distributed simulation is
; UAV agents comprised of three layers: User interface, Multi-agent

Path planing System (MAS) simulator, and Web based platform. The
I MAS simulation environment (see figure 4) is divided into
St T UCAV agent three areas. The left area of Simulation Viewer is a tool to
e it check and verify the simulation results and shows the
Formation agents’ movement and the location. The upper right two
Ranif?giZis sub-windows correspond its statistics report is the
simulation results. The right bottom corner is the user

interface which directly provides manipulating agents’

Data Base

SAM parameters. Figure 5 shows configuration interface
tracking - . . .
R program provides the slide bars to directly manipulate
UAV agents’ sense and detecting Radar/SAM tracking

Radar search range radius for the simulation.

Figure 3 MASUPPE system structure of formation cooperative joint-
forces EA operations

Based on above illustration, in the formation joint-forces
EA operations, agents needs to establish function includes
battlefield perception and interaction to command and
control node which communication and exchange message
with the user, moreover, as how to effectively
UAVS/UCAYV flight path planning and jamming targets is
the main concern of the cooperative electronic attack
problem.

4. Development MAS Simulation for
Cooperative Joint-forces Evaluation

The main goals of the MASUPPE system are to provide:
1) a means of demonstrating realistic cooperative joint-
forces EA operations scenarios, and 2) an end-to-end
working system for experimentation with alternative
methods for command and control. The design of the
system was divided into several components: 1) the agents,
2) the agent’s environment, and 3) the behaviors for
interaction among inter-agent. In designing the system,
one approach would be top-down, working from
developed flight path planning operations scenarios down
to the agent and environment requirements. An alternative
approach would be bottom-up, developing design
interaction to model basic behaviors of the agents in such a

Figure 4 The MAS simulator of MASUPPE system

1JCSI

Copyright (c) 2012 International Journal of Computer Science Issues. All Rights Reserved. www.lJCSl.org



IJCSI International Journal of Computer Science Issues, Vol. 9, Issue 2, No 1, March 2012
ISSN (Online): 1694-0814
www.lJCSl.org 5

Figure 5 The User interface of MASUPPE system

All simulation components in our MAS simulator can be
classified into three categories: UAVs, UCAV, and targets
(detecting Radar and SAM tracking Radar agents).
UAVS/UCAV are supposed to perform their mission
autonomously. With a bottom-up orientation, several low-
level behavior abilities were specified. These abilities can
be combined to form composite abilities. In our initial
experiments, agents are executed along with the Voronoi
diagram partition planning and Dijkstra heuristically
search. When we perform a large number of UAV agents
working together, it is necessary to test and evaluate the
engineers’ questions in Remote Client on the web base
platform layer. The Java servlet’s response is a simulation
Web page with a Java applet [13,14].

MAS simulator exhibit a scheme for UAVS/UCAV
working together with each other and jamming/penetrate
behaviors in the 3D animation hostile environment as can
be seen in Fig.6(a). A 3D animation cylinder detecting
space in which detecting Radar agents search it locally and
sending back messages to the SAM tracking Radar
terminal end. Since the search through the three
dimensional grid discussed in Fig.6(b), produced a shortest
path and a cost as well as the success rate for every node in
the grid (see Section 2.2 Dijkstra heuristically search ), the
operator can easily obtain the mission status in the case of
UAVs where the goal to temporarily or permanently
neutralize the IADs by forcing it to shut down or by
destroying it.
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Figure 6 The detecting Radar/SAM tracking Radar agents search range

MASUPPE is not only established for animation but
also for on-line UAVS/UCAV joint-forces EA operation
evaluation. Each agent has its own thread to progress its
state. The thread execution and interaction of agents are
controlled by the MAS simulator environment. With
respect to UAVs and UCAV agents cooperative EA joint-
forces operations, all of agents can be seen in Fig. 7(a)
which highlights three UAV agents engagement. One of
UAYV agent jamming neutralize the detecting Radar agent.
Subsequently, as observed in Fig. 7(b), which shows the
consecutive snapshots of the joint-forces operations, the
front SAM tracking Radar agent was eliminated. It is
apparent that after some finite time, the UAVS/UCAV
agents will suppress the IADs in this deployment of
between detecting Radar/SAM and tracking Radar.

Figure 7 The consecutive snapshots of the cooperative joint-forces EA
operations under UAVS/UCAV agents
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5. Conclusions

In this paper, under the background of cooperative joint-
forces EA operations, technique of MAS was introduced
into the developed MASUPPE system. Based on the
developed system, the Voronoi diagram partition
planning and Dijkstra heuristically search is also presented
in this hybrid model (with both top-down and bottom-up
aspects). We used the Voronoi diagram partition for
UAVs flight path planning and embedded Dijkstra
heuristic to minimize the total cost and reduce exposure
to threats environments. Future research directions
include: more detailed human models; more detailed log
parsing using XML; and a capability to build scenarios.
The MASUPPE system also can be adapted for war game,
and provides a useful set of tools for building other
simulations.
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