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Abstract. Aerial and ground vehicles working in corporation are
crucial assets for several real world applications, ranging from search
and rescue to logistics. In this paper, we consider a cooperative land-
ing task problem, where an unmanned aerial vehicle (UAV) must
land on an unmanned ground vehicle (UGV) while such ground
vehicle is moving in the environment to execute its own mission.
To solve this challenging problem we consider the Petri Net Plans
(PNPs) framework, an advanced planning specification framework
that allows to design and monitor multi robot plans. Specifically, we
use the PNP framework to effectively use different controllers in dif-
ferent conditions and to monitor the evolution of the system during
mission execution so that the best controller is always used even in
face of unexpected situations. Empirical simulation results show that
our system can properly monitor the joint mission carried out by the
UAV/UGV team, hence confirming that the use of a formal planning
language significantly helps in the design of such complex scenarios.

1 Introduction

Use of cooperative unmanned air and ground vehicles has been grow-
ing rapidly over the last years, search and rescue[8], target detection
and tracking[21] and mines detection and disposal [22, 3] are a few
examples of such applications that benefit from collective behavior
of different types of unmanned robots. As in any multi robot system,
a variety of cooperative scenarios can be imagined in different appli-
cations: aerial robots assist ground robots (Aerial robots can provide
the ground robots with information related to the environment, ex.
landmark maps), ground robots assist aerial robots or ground and
aerial robots cooperate to achieve a task (for example exploration
and surveillance or target detection and tracking tasks)[15].

Surveying the relevant literature, UAV/UGV corporation has been
addressed from different perspectives. One research direction in this
area is the development of controlling schemes that provide control
laws for the different vehicles, while considering that their motion
must be coordinated. For example, Brandao and colleagues, in [2],
provide a decentralized control structure that involves an helicopter
and a team of UGVs to accomplish a 3D-trajectory tracking mission.
Similarly, the approach proposed by Owen and colleagues [17] aim
at developing a coordinated system where UAVs and UGVs must
track a dynamic target.

Another strand of research focuses on cooperative path planning
and task assignment methods for systems composed of UAVs and
UGVS. For example, Yu and colleagues [21] focus on path planning
for cooperative target tracking, while Dewan and colleagues [6] con-
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sider coordinated exploration for a UAVs/UGVs team by using a task
assignment solution approach based on integer programming.

The main focus of such previous work is on acquiring and inte-
grating data gathered by each vehicles to perform tasks such as ex-
ploration, surveillance or target tracking. Here we turn our attention
to a cooperative control scenario, where the UAV/UGV team should
operate in tight cooperation to perform a joint task. In particular, here
we focus on a cooperative landing scenario, where the UAV must
land on the UGV while the UGV is moving in the environment to ex-
ecute its own mission. Our goal is for the UAV to perform a fast and
safe landing maneuver, hence we propose a strategy where the UAV
quickly approaches the UGV and then carefully plans a safe landing
trajectory. In this context, by tight coordination we mean that robots
must continuously synchronize their individual actions to success-
fully perform the joint task. This is because the joint task imposes
execution constraints to a vehicles that might depend on the state
of the other vehicle. For example, in our landing scenario, the UAV
must know the intended future locations of the UGV to properly plan
a trajectory so to smoothly land on the UGV. This tight cooperation
is in contrast with loose cooperation, where robots can execute their
individual actions in isolation but should coordinate (and communi-
cate) only at key points. For example, when exploring a region robots
should avoid overlapping too much but once they decided their area
of competence they do not need a continuous communication with
the other platforms.

Now, a crucial open issue for multi robot system that must per-
form tight cooperation is to recover from possible failures due to
unexpected events. For example, consider a situation where the UAV
is initiating the landing maneuver based on the future positions com-
municated by the UGV. If the UGV must suddenly change its current
trajectory (i.e., due to a moving obstacle) the UAV should smoothly
adapt its plan to recover from a possible failure.

In this paper we investigate the use of high level language or team
plans [20, 11, 23, 7] to describe member’s actions and to monitor the
activities of vehicles during mission execution so to achieve the col-
lective behaviors and goals even in face of such unexpected events.
Specifically, we focus on Petri Nets and related approaches which
build on PNs structure (e.g., Petri Net Plans [23] and Colored Petri
Nets [9]), which have proved to be excellent tools for modeling multi
robot systems.

In more detail, the main contribution of this paper is to investigate
the use of the Petri Net Plan (PNP) specification framework to spec-
ify the collaborative landing task. There are several benefits related
to the use of the PNP framework: first it provides a rich graphical
representation that helps the designers to create plans with minimal
effort, second the generated plans can be monitored during the exe-
cution, third PNPs support well-defined structures for handling tight



coordination and on-line synchronization in multi robot systems.
In summary, this paper makes the following contributions to the

state of the art:

• we use an advanced framework for multi agent plan specification
to design a complex cooperative behavior in multi robot systems.
Specifically, we design an effective strategy for cooperative land-
ing for our UAV/UGV system that is able to recover from un-
expected situations (i.e., sudden deviation of the UGV from the
planned trajectory). To the best of our knowledge this is the first
application of a team-oriented plan specification framework to a
complex cooperative control scenario such as cooperative landing.

• We evaluate our approach in a realistic simulation environment us-
ing state of the art tools for robot control and simulation. Specifi-
cally, we use ROS to connect and control the simulated platforms,
and V-REP to simulate the two platforms and the environment.
Our experiments show that the proposed approach can effectively
monitor the cooperative behavior of the two vehicles recovering
from possible failures. Specifically we provide a video that shows
an exemplar execution of our framework describing the different
operations carried out by the vehicles as well as the different states
of the monitoring framework.

The remainder of the paper is organized as follows: Section 2 de-
scribes the related work on cooperative UAV/UGV applications and
team oriented plans. Section 3 provides necessary background on the
PNP framework while Section 4 detail our cooperative control strat-
egy and the plan we designed to monitor the mission. The evaluation
and simulation setups are explained in section 5. Section 6 concludes
the paper and outline possible future research directions.

2 Related Works
In this section we will first discuss previous works on UAV/UGV
cooperation applications and then Petri Net Plans framework will be
described in more details.

2.1 UAV/UGV Cooperation
There are a wide variety of applications that take advantage of co-
operative multi vehicle team including aerial and ground vehicles.
To model and solve the cooperation tasks, several multi vehicle plat-
forms have been proposed and investigated for different applications.
Each platform is characterized by the path planning algorithm and
the task assignments method. Yu et al. model a tracking problem us-
ing UAVs/UGVs cooperation based on the probability of the target’s
current and predicted locations [21]. The path planning algorithm is
designed to generate paths for a single UAV or UGV maximizing the
sum of probability of detection over a finite look-ahead. Dewan et al.
propose an exploration strategy for coordinated unmanned ground
vehicles (UGV) and micro-air vehicles (MAV) [6]. The exploration
is modeled as an Integer Programming optimization problem.

UAV/UGV collaboration can be also exploited for mine detection
[22]. The UGV navigates to the Unexploded Ordnance (UXO) posi-
tions based on the data sent by UAV. Cantelli et al. propose an archi-
tecture to allow cooperation between a ground robot and a quadrotor
UAV [3]. The UAV can autonomously follow the ground robot, by
using an image processing algorithm: aerial images are used to plan
trajectories via a developed webGIS platform.

Phan and Liu propose a hierarchical 3-layered UAV/UGV cooper-
ative control framework for a wild fire detection scenario [19]. The
model consists of a mobile mission controller, which is the generic

mission planner (based on the defined autonomy), and two particular
vehicle platforms which can optimally run the designed plans. Com-
pared to our work, their framework does not monitor the execution
of the plan and there is no plan validation tool: both these features
are provided by the PNPs framework.

The most similar research to our work from the problem definition
perspective can be found in [5] where an autonomously coordination
for the landing between a quadrotor UAV and skid-steered UGV is
proposed. A joint decentralized controller is designed on top of local
nonlinear controllers that linearize the mathematical model of each
vehicle via feedback. Once the vehicles are spatially close enough
to each other, an automated landing procedure for the quadrotor is
activated. This procedure is based on a tracking controller for the
quadrotor altitude state.

In this paper we focus on a high level planning language for mod-
eling the cooperative behavior instead of implementing cooperative
perception techniques. We use PNPs that allow to handle external
events and interruptions of the execution of operations. This property
has great influence on keeping the team’s goal integrated in tightly
coordinated tasks.

2.2 Team plans
The problem of monitoring plan execution in multi robot systems
is a key issue when such systems must be deployed for real- world
applications, where the environment is typically dynamic and action
execution is non -deterministic. Two successful BDI-based frame-
works for plan specification are STEAM and BITE, which enable
a coherent teamwork structure for multiple agents. The key aspect
of STEAM [20] is team operators, which are based on the Joint In-
tentions Theory introduced by [4]. In STEAM, agents can monitor
the team’s performance and reorganize the team based on the cur-
rent situation. BITE, which was introduced by Kaminka & Frenkel
[12], specifies a library of social behaviors and offers different syn-
chronization protocols that can be used interchangeably and mixed
as needed. However, while both these works provide key contribu-
tions for building team oriented plans, they do not provide any spe-
cific mechanism for interrupting the execution of such plans. There
is substantial literature on the topic of using Petri Nets [18] and vari-
ants such as Colored Petri Nets [10] as the basis for representing team
plans. Similar to state machines and other directed graphs, Petri Nets
give an intuitive view of the plan, but provide additional power use-
ful for multi robot teams, such as synchronization and concurrency.
Significant work has produced Petri Net analysis tools [16] [1] which
can determine many of its behavioral properties, such as reachabil-
ity, boundedness, liveness, reversibility, coverability, and persistence.
For complex team plans, these automated methods for finding errors
before testing them on simulated or physical platforms is an impor-
tant strength. [23] proposed an approach for plan monitoring called
Petri Net Plans (PNPs). PNPs takes inspiration from action languages
and offers a rich collection of mechanisms for dealing with action
failures, concurrent actions and cooperation in a multi robot context.
One important functionality offered by the formalism of PNP is the
possibility to modify the execution of a plan at run-time using inter-
rupts.

3 Background: Petri Net Plans (PNPs)
Petri Net Plans (PNPs) is a framework for designing, representing
and executing complex multi robot behaviors. The syntax and the
semantics of PNPs is based on Petri Nets (PNs) [16]. In addition



to supporting PNs properties, it is equipped with several features.
For example, in order to provide cooperative behaviors in robotic
application, different kind of operators are defined by the framework,
such as the coordination operator and the interrupt operator. In the
following we discuss the structure of PNP language in more details
clarifying the use of the different operators and strictures in our plan.

In general a PNP is a PN〈P, T, F,M0〉 with a domain specific
interpretation and an extended semantics.

Specifically, a Petri Net is represented by a directed bipartite
graph, in which nodes could be either places or transitions, arcs con-
nect places to transitions and vice versa. Places in a Petri net contain
a discrete number of marks called tokens. A particular allocation of
tokens to places is called a marking and it defines a specific state
of the system that the Petri Net represents. In more detail, the PN
tuple is formed by a finite set of places P = p1, p2, ..., pm and a
finite set of transitions T = t1, t2, ..., tn, where P ∪ T 6= Ø and
P ∩ T = Ø. Places and transitions are connected by a set of edges
F ⊆ (P ×T )∪(T ×P )2. Finally, an initial marking M0 : P → 0, 1
specifies the initial distribution of tokens over the PNP. Notice, that
while in general Petri Nets the initial distribution of tokens consider
a positive, integer number of tokens for each place in PNP we restrict
this to zero or one token. This is because, in PNP tokens define exe-
cution threads for the robot’s actions, hence there should not be two
tokens in the same place.

In a PNP, there are four different type of places: P = P I ∪ PO ∪
PE ∪ PC , where:

• P I is the set of input places, which model initial configurations of
the PNP;

• PO is the set of output places, which model final configurations
of the PNP;

• PE is the set of execution places, which model the execution state
of actions in the PNP;

• PC is the set of connector places, which are used to connect dif-
ferent PNPs.

Also transitions are partitioned in three subsets T = TS ∪ TT ∪
TC , where:

• TS is the set of start transitions, which model the beginning of an
action/behavior;

• TT is the set of termination transitions, which model the termina-
tion of an action/behavior;

• TC is the set of control transitions, which are part of the definition
of an operator.

Two types of actions are considered in PNPs framework: ordi-
nary and sensing actions. Ordinary actions are deterministic non-
instantaneous actions. For example in figure 1(a) which is part of
our petri net model, init flyFar is an ordinary action. Since it con-
sist of a sequence of start event init flyFar.start [far], execution state
init flyFar.exec, and termination event init flyFar.end.

In contrast to the ordinary actions, sensing actions are non-
deterministic which means that the outcome of the action may be
specified at execution time.

We can build more complex operators by combining different
PNPs structure. The most important operators to build complex PNPs
are:
2 Notice that, standard Petri Nets include also a function, that associate a

weight to each edge specifying the number of tokens that are required by
the transition to fire (when the edge goes from a place to a transition) or the
number of tokens that are inserted in the place (when the edge goes from a
place to a transition). In PNP the labels are all 1 hence we do not include
the weight function here.

(a) Interrupt operation

(b) Fork operation

(c) Join operation

Figure 1. PNPs different operators has been applied in cooperative
UAV/UGV Petri Net model

Interrupt Operator Interrupt operator, is a very powerful tool for
handling action failures. In fact, it can interrupt actions upon fail-
ure events and activate recovery procedures. The plan shown in fig-
ure 1(a) shows an interrupt operator where transition flyFar.iterrupt
[close] will interrupt the execution of flyFar action when the close
condition happens in the system.

Fork operator Figure 1(b) shows an example of fork operator
which indicates that after firing the init moveClose.end transition, the
token inside place init moveClose.exec will go to both places move-
Close and sendUgvFP. Actually the fork operator in PNP framework
generates multiple threads from one thread.

Join Operator Figure 1(c) illustrate a join structure in the created
plan. This operator provides the simultaneous execution of multiple



threads or tokens.
The PNP framework has been successfully applied on several

robotic platforms.

4 Problem Description: UAV/UGV Cooperative
Landing Scenario

The problem addressed in this paper is a particular kind of collabora-
tion between heterogeneous autonomous vehicles: the landing of an
UAV on an UGV. We model the execution of this task by exploiting
the power of the PNP framework discussed in Section 3. The collab-
oration task is composed of three phases:

1. both the UGV and UAV are moving according to their specific and
non-cooperative tasks;

2. the UAV approaches the UGV (flyFar action using the PNP termi-
nology);

3. the UAV lands on the UGV (flyClose action using the PNP termi-
nology).

In Phase 2 the UAV is using its sensing system (e.g. camera) to locate
the UGV and plans the faster trajectory to approach the UGV. In this
phase the UGV in not aware of the intention of the UAV and so it is
continuing its task as in Phase 1.

In Phase 3, the UAV is close to the UGV and information are ex-
changed between them: the UGV is getting aware of the intention of
the UAV and so it decreases its velocity and sends to the UAV its
planned trajectory to easier the landing. This means that the UGV
is still pursuing its objective (e.g. patrolling an area) but in a slower
way.

The key element in Phases 2 and 3 is the efficient generation of
the trajectories for the UAV. To generate the trajectory, we used the
Type II Reflexxes Motion Libraries [13, 14] which allows to force
trapezoidal velocity profiles only. This means that we can set the
maximum speeds (vmax

x , vmax
y and vmax

z along x, y and z, respec-
tively) and the maximum accelerations (amax

x , amax
y and amax

z ). In
this work, we assume that only the Cartesian positions have to be
computed, i.e. x(·), y(·) and z(·), whereas the yaw angle is set in
such a way to make the UAV always pointing towards the UGV.

During Phase 2, the UAV knows its current position pUAV =
{x(t), y(t), z(t)}, velocity vUAV = {vx(t), vy(t), vz(t)}, and the
actual position of the UGV pUGV = {X(t), Y (t)}. For the UGV
the coordinate along z is not important. The UAV needs only to know
the height Z̄ of the area with respect to the ground where it is sup-
posed to land, i.e. Z(t) = Z̄, ∀t.

The following excerpt of the code explains how we used the Type
II Reflexxes Motion Libraries

ReflexxesAPI *RML = new ReflexxesAPI(NDoF,Ts);
for (int i = 0; i < NDoF; i++)
{
input_params->CurrentPositionVector->VecData[i] =

uavMotion.position[i];
input_params->CurrentVelocityVector->VecData[i] =

uavMotion.currentVelocity[i];
input_params->MaxVelocityVector->VecData[i] =

uavMotion.maxVelocity[i];
input_params->MaxAccelerationVector->VecData[i] =

uavMotion.maxAcceleration[i];
input_params->TargetPositionVector->VecData[i] =

ugvCurrentPos[i];
input_params->TargetVelocityVector->VecData[i] = 0;
input_params->SelectionVector->VecData[i] = true;
}
error_value = RML->RMLPosition(*input_params,

output_params,Flags);

The input params structure contains the information about the
current and target positions and the kinematic constraints (max speed
and acceleration), whereas output params gives the planned tra-
jectory for each degree of freedom (NDoF). In the present scenario
NDoF is equal to three. We selected the Phase-synchronization plan-
ning mode: this means that the trajectories for x, y end in the target
positions X(t), Y (t) at the same instant. During Phase 2, z is kept
constant.

In Phase 3, the UAV uses the T -seconds ahead information about
the position received by the UGV as target point, instead of the UGV
current position of the UGV as in Phase 2.

The previous code changes only in the following line

input_params->TargetPositionVector->VecData[i] =
ugvFuturePos[i];

where ugvFuturePos is provided by the UGV, whereas the time
interval T is constant, known to the UAV and sets as a trade-off be-
tween promptness and smoothness.

Unlike in Phase 2, the constraint on T implies that we have to tune
the maximal velocity (along x, y, z) in a way that the UAV will be in
X(t + T ), Y (t + T ), Z̄ at t + T , i.e. not later but also not before.

To guarantee such behavior, we have to solve the following prob-
lem any time the UAV receives an update from the UGV:

v̄?
UAV = arg maxv̄max

UAV
‖pUAV (t + T )− pUGV (t + T )‖

subject to v̄UAV ≤ vmax
UAV

where vmax
UAV :=

√
(vmax

x )2 + (vmax
y )2 + (vmax

z )2. It is possible
that pUGV (t + T ) cannot be reached by the UAV in T seconds also
moving at the maximum speed, i.e. pUAV (t + T ) 6= pUGV (t +
T ). In this case the UAV can only move at maximum speed in the
right direction. Since in Phase 3 the maximum velocity of the UAV
is larger than the maximum velocity of the UGV, there would be
a moment where the minimization problem will find out a feasible
value for the speed to plan the trajectory that satisfies exactly the
final condition. The UGV will then safely land on the UGV in T
seconds accomplishing the cooperative task

As it is better explained in the next Section, it is possible that,
due to obstacles (e.g. trees, buildings) or other application-dependent
reasons, the UAV cannot land as expected.

5 Simulation and Evaluation
Figure 3 represents the team plan has been created to model the above
mentioned cooperative task. We used JARP 3 to create this Petri Net
plan, however any available graphical tool that supports pnml (Petri
Net Markup Language - XML based) file format could be used. The
link in the footnote4 contains the source file of the Petri Net plan used
in our experiments. According to Figure 3, the plan consists of a part
for controlling UGV’s behavior and another part for UAV’s behavior.

Actions name and all external conditions have been defined in the
plan. Actions represent robot behaviors, for example in our case the
flyFar action represents the UAV flying towards the UGV constantly
following its position. In addition to the actions, we use interrupt op-
erator, an important structure of PNP, to model action failures and
activate recovery procedures based on the occurred condition. Con-
ditions are external events and need to be checked at run time. The
possibility to define conditions is a powerful feature that allows to
enrich the plan behavior at run time.

3 http://jarp.sourceforge.net
4 https://goo.gl/eXT2JV



The plan execution will be started by initializing the UGV and then
the UAV. Both robots will execute the moveFar and flyFar actions,
until UAV gets close to the UGV or decides to landing. The close
and far distances are application-dependent. When the UAV is close
to the UGV, the flyFar action is interrupted and UAV sends the close
event to the UGV. The UGV moveFar action is interrupted as well.
The part of the plan which is highlighted in figure 3 controls the
communication and synchronization between the two vehicles.

When the vehicles are getting close, UAV’s behavior should
change based on UGV’s future position. UAV must be informed of
UGV’s future position to coordinate their actions. Thus UAV will re-
ceive UGV’s future position periodically (T seconds). Every time a
new future position is sent to the UAV, if it is not the first, this new
position will interrupt the flyClose action so the UAV can recompute
flight trajectory in order to follow the new location of UGV. Basi-
cally the if/else block is used to decide whether we should stop the
flyFar action (which happens only once, when the first new position
is received), or the flyClose action, which may happen several time
(until the UAV gets over the UGV).

To execute and validate the developed plan, a simulation platform
running on a Linux operative system is used. The following software
tools are integrated to implement and execute the above mentioned
plan within the Robot Operating System 5 (ROS) middleware:

• JARP: a graphical interface for creating the Petri Net plan,
• PNP: the library that processes pnml file and executes the plan,
• PNPros: The bridge between the PNP library and ROS that allows

the execution of PNP in ROS using the actionlib module. It can be
used for implementing different actions and for defining the firing
rules for transitions,

• V-REP 6: is used for the visualizing and simulation of the environ-
ment,

• Reflexxes 7: a library that computes the UAV trajectories.

The following steps are required to set up the system using the
PNPs library and ROS. When the plan is designed with JARP, we
have to hand coding actions and conditions, and makes them avail-
able to the PNPros system which connects the PNP library with ROS.
Actions will be implemented using the ROS Action-lib interface.

For running the experiments, we create a simulation environment
containing the UAV and the UGV in V-REP. The initial position of
both vehicles can be chosen arbitrarily in order to obtain different ex-
perimental setups. Communication with V-REP is possible through
ROS topics. When the simulation environment and the system that
handles the plan are launched, the initial position of UAV and UGV
is retrieved from V-REP via ROS topics. With these information the
plan can start its progress by using PNP library. PNP library commu-
nicates with PNPros to

• start new actions (a thread is launched for each action),
• check external conditions based on the environmental knowledge

that is available thanks to PNPros, and
• interrupt a running action.

The actual positions of the UAV and UGV during the simulation
are communicated to V-REP via ROS topics. The simulation envi-
ronment will be updated according to the new changes. The whole
system keeps on running until a final state in the Petri Net plan is
reached. Figure 2(a) shows a snapshot of the simulation when the
UAV is flying toward the UGV (flyFar action during Phase 2).

5 http://www.ros.org/
6 http://www.coppeliarobotics.com/
7 http://www.reflexxes.ws/

(a) Initializing UAV and UGV in the environment

(b) UAV flies toward UGV

(c) UAV and UGV gets close

Figure 2. V-REP environment setup for simulating the cooperative landing
task.

A video showing the complete execution of the plan can be seen at
the link in the footnote8. The vehicles start far away from each other;
then the UAV flies toward the UGV with maximum speed (Phase 2)
until the close condition becomes true (Phase 3). At this moment,
UAV sends an external event to the UGV and the UGV starts send-
ing its future positions to the UAV decreasing its speed to make the
landing phase easier. The future position of the UGV is important
for the UAV because unexpected events may happen (e.g. obstacles)
that might prevent the UAV to land on the UGV. If such unexpected
events happen the UAV and UGV might get far again (transitioning

8 https://goo.gl/hiZIKP



Figure 3. Petri Net Plan created by JARP editor for modeling UAV/UGV cooperative landing task. The highlighted part of the plan is specifically responsible
for synchronization between UAV and UGV



to Phase 2). In order to show how such events can be handled through
the plan, in the video the UGV decides to change its path and goes
far away from the UAV. This happens when the UAV and UGV enter
phase 3 for the first time. As the video shows the plan can handle such
unexpected event thanks to the interrupt mechanism and recover by
executing again the actions related to phase 2 so to enter again phase
3 and then successfully completing the landing maneuver.

In other words the video illustrates that the coordination between
the two vehicles is not a one-step synchronization action but it is a
continuous behavior. The video also shows the evolution of the sim-
plified version of the Petri Net plan during the simulation in order
to better illustrate the behavior of the system. The mission is accom-
plished when the UAV lands on the UGV: this corresponds to the
final state (place) of the plan.

6 Conclusions and Future Work
In this paper we investigate the use of a high level language or team
plans to describe coordinated actions and monitor the behavior of
vehicles during mission execution in a simulated multi robot system.
In particular we considered a complex cooperative landing scenario,
where an unmanned aerial vehicle (UAV) must land on an unmanned
ground vehicle (UGV), and we used Petri Net Plans (PNPs) frame-
work to model this system. The PNPs framework provides differ-
ent structures for handling interruption and synchronization behavior
which makes modeling and monitoring of the plans easier specifi-
cally when tight coordination among team members exist. The sim-
ulation results confirm the benefit of using a high level specification
language for modeling and monitoring cooperative behavior in multi
robot systems to achieve the collective behaviors even in face of un-
expected events which can be recommended to many other similar
applications in this area. As future work we will consider more com-
plicated scenarios including multiple UAVs and investigate more ad-
vanced Petri Net based specification such as Hierarchical Colored
Petri Nets to model the coordination among several Unmanned Ve-
hicles.
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