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Abstract—Since civil Unmanned Aerial Vehicles (UAVs) are
expected to perform a wide rang of mission, the subject of
designing an efficient control architecture for autonomous UAV is
a very challenging problem. Several contributions had been done
in order to implement an autonomous UAV. The key challenge
of all these contributions is to develop the global strategy.
Robotic control approaches could be classified into six categories:
Deliberative, Reactive, Hybrid, Behavior, Hybrid Behavior and
subsumption approach. In this paper, we will review the existing
control architectures to extract the main features of civil UAVs.
The definition, advantage and drawback of each architecture
will be highlighted to finally provide a comparative study of the
mentioned control approaches.
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I. INTRODUCTION

The Unmanned aerial vehicle or UAV is a particular mobile
robot that operates in dynamic tri-dimensional space [1] [2],
in order to meet some goals or to achieve a given mission
by executing a specific control strategy [3] [2] . Typically,
autonomous UAV is a complex system [4] that adapts to
different circumstances without human intervention [5] [6].
Autonomous UAV needs continually to sense and perceive its
surrounding environment, to decide what to do and to execute
the appropriate commands in its operating environment [7] [8].

UAV control architecture represents a global strategy and
specific algorithms used to define how the UAV will perform
its sensing operations and its perceiving capabilities [7] [9],
how it will decide its task to meet and how it will act in
specific environment conditions [10]. The control architecture
affects the robot’s capabilities: the processing time, the need
to completely know the operating environment, the ability to
deal with a large variety of missions, the capacity to achieve
goals in the presence of uncertainties and the autonomy level
[11], [12].

Several contributions have been done in term of control
architectures [10] [13] [14] [15] [16]. beyond the known
control architectures, we found the deliberative approach that
has been implemented based on the sense-plan-act paradigm
[17] [18]. The reactive architecture has been designed as a set
of condition-action pairs [19] [20]. While the hybrid approach
has been made as a combination of deliberative and reactive
capabilities [21], [22]. Moreover, the behavior approach has
been defined as a collection of behavior sequences that per-
forms each of them a specific goal [23] . And finally we
found the subsumption approach that has been structured as
a set of ordered competence levels, each of which provides
a specific capability [24], [25]. The key challenge for all

these contributions is to develop an autonomous control system
that can make suitable decisions, perform many tasks, plan a
feasible path and avoid static and dynamic obstacles [12].

This paper is organized as follows: in the second section
the existing control architectures for mobile robot will be
reviewed, a comparative study of the state of the art will be
proposed in the third section and finally a brief conclusion of
this work will be presented in section five.

II. CONTROL ARCHITECTURE: REVIEW

Various control architectures have been designed in order
to develop high performance systems [10], [13], [14], [15],
[16]. Each of them offers new concepts in attempt to build an
autonomous robot. In the present section we review in detail
the existing control architectures:

A. The Deliberative based Control Architecture

The deliberative control architecture is a top-down ap-
proach [13]. In order to meet a given mission, the deliberative
approach reasons about goals and constraints to finally execute
low-level commands. Basically, it comprises three generic se-
quential functionalities: sensing, planning and acting modules
[17]. For each mission’s goal (see Fig. 1), the sensing module
senses the robot’s surrounding environment in order to update
a given world model. To reach the mission goal, the planning
module generates a valid task plan considering the robot’s
constraints. At last, the acting module transforms the task plan
into robot low-level commands then executes these commands.
The robot then repeats these sequential functionalities until it
reaches its mission goals [26].

This architecture presents a serious source of weakness in
certain cases, we mention some of them [27], [28]:

e If one of the modules fails, the whole architecture will
break.

e Itis ineffective in a dynamic or uncertain environment.

e It requires high performance computational capabili-
ties: memory and processing time to build a complete
world model.

e It has a higher chance of failing if the representation
of the world model is neither exact nor complete.

B. The Reactive based Control Architecture

Reactive control architecture is a bottom-up approach that
was developed in order to hold some drawbacks of the deliber-
ative control architecture [13], [10]. It consists of reactive rules
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set that deals with environmental changes [29], This architec-
ture implements a control strategy as a collection of condition-
action pairs that couples a sensor data to robot action. It can
operate in a dynamic environment; without neither building
world model nor performing planning functionality; simply by
generating control commands based on sensory information
[19].

As it shown in Fig. 2, the robot perceives its surrounding
world by gathering its sensor data, then automatically decides
what action to take. This architecture is computationally sim-
pler than the deliberative approach and has a faster response
to dynamic changes without any prior environment knowledge
[10].

However, the reactive based approach cannot deal in a
situation with high-level goals and complex constraints [30].
Thereby, it exclusively solves the class of problems in which
the environment is well known, the goals are well defined and
the robot is equipped with enough sensors that allow it to
perceive the necessary information [31].

C. The Hybrid Control Architecture

To fulfill a robot mission in a real world, some features
of deliberative architecture combined with the reactive archi-
tecture are required [13], [10], [32]. The hybrid approach was
designed to deal with high-level goals and complex constraints
in a dynamic environment [21]. It offers a compromise between
reactive and deliberative-based approaches [33]. Typically,
the hybrid control architecture (see Fig. 3) employs three-
hierarchical levels:
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e  High level (the deliberative layer) for decision making.
This level performs complex computations to generate
a valid task plan that corresponds to a set of actions.
Each action defines a specific commands sequence
sent to the reactive layer in order to generate the
desired action.

e Middle level supervises the interaction between the
high level and low level.

e Low level (the reactive layer) for low control senses
the environment. It takes care of the immediate safety
of the robot such as obstacle avoidance. To generate
the robot’s motion, low level executes the actions
sequence provided by the deliberative layer.

D. The Behavior Control Architecture

Behavior-based control architecture [34]; which is inspired
by biological studies; is designed to perform a reactive map-
ping between perception and action modules [35]. Basically,
the behavior approach divides the control strategy into a set of
behaviors as it shown if Fig. 4. Each of which is responsible
for a particular task [36].

This architecture provides some advantages that make this
approach more powerful than the reactive one [37], [38].
Each behavior can provide both reactive and deliberative
capabilities. This architecture could deal with an unpredictable
situation the robot may face without having to know the
environment. Furthermore, it offers parallel and concurrently
behaviors collection that act independently to achieve the robot
goals. Moreover, it provides a good solution for robot’s prob-
lem carrying out tasks in multiple and unknown environments.

However, this architecture presents some inconvenient:

e To control a robot, this approach must combine and
coordinate several behaviors. But in some cases, it’s
difficult to choose the prior behavior to execute in first.

e  Since behaviors represent low-level control, they may
not deal with high-level goals.
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e The lack of the planning module may result in not
solving complicated tasks.

E. The Hybrid Behavior Control Architecture

The main purpose of the hybrid behavior control archi-
tecture is to resolve some limits of both the hybrid and the
behavior architecture [39] [40] [41]:

e It can deal with high-level goals by generating the
appropriate task plan.

e It coordinates the existing behavior to reach the mis-
sion objectives.

e It is designed to be flexible.

The hybrid behavior control architecture includes three
layers:

High level (called cognitive layer) reasons about mission
goals and constraints. It makes task-oriented reasoning and
planning, and it decides how to coordinate the current behav-
iors.

Middle level (or behavior layer) defines all robot’s behav-
iors. Each of which performs a specific task.

Low level was designed to achieve the best performance of
each individual behavior and to execute the low commands.

In view of inconvenient of the hybrid behavior approach
we can see:

e The same architecture cannot be reused on various
robot types.

e  This architecture suffers from layers interdependency.

F. The Subsumption Architecture

The Subsumption architecture [24] was designed in order
to offer a feasible approach for building a robust robot system.
It provides a good solution for control problem dealing with
multiple sensors and goals. This approach proposes an exten-
sible layered architecture and provides a unified representation
of large scale of robots [42].

The Subsumption approach divides the control problem
into a set of ordered layers according to the task achieving
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behaviors [25]. In each layer, it defines a single competence
level that performs a specific behavior such as the ability to
move away from an obstacle, to move around an area or
to explore the robot’s environment. It ties together all those
increasing layers to build the robot system.

Brooks [24] has defined seven competence levels (Fig. 5),
each of which provides a specific autonomy level:

e The first level makes sure that the control system
avoids contact with other objects.

e The second level offers the ability to wander around
aimlessly without hitting things.

e  The third one provides the robot the ability to explore
its environment.

e The fourth level builds an appropriate map of the
environment and plans the appropriate trajectories to
reach some places;

e  The fifth level reasons about goals and performs tasks.

e The sixth one executes plans to reach the desired
environment.

e  The last level reasons about the behavior and appro-
priately re-plans tasks.

The key idea of the competence level is to provide an easy
way to move to the next higher autonomy level. it is reached
by adding a new competence level over the existing higher
control layer of the whole architecture.

Subsumption approach presents three major weaknesses
[43]:

e  During execution, the priority-based mechanism limits
the ways the system can be adapted.

e Since higher layers interfere with lower ones, they
cannot be designed independently.

e  Crucial behaviors cannot always be prioritized.
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TABLE I. ANALYSIS OF THE STUDIED CONTROL APPROACHES

Deliberative | Reactive | Hybrid | Behavior | Hybrid Subsumption
behavior
Global reasoning Yes No Yes No Yes Yes
Reactivity No Yes Yes Yes Yes Yes
Adaptability No No No Yes Yes No
Flexibility No Yes No Yes Yes Yes
Adaptability No No No Yes Yes No
Modularity No No No Yes No No
Robustness No No No No No Yes
Sensor integration No No No Yes Yes No
Extensibility No No No No No Yes
Reusability No No No No No No

TABLE II. DESCRIPTION OF THE SPECIFICATIONS USED IN THE EVALUATION OF THE STUDIED CONTROL APPROACHES

Specification Description

Global reasoning

the architecture makes suitable decisions and preserves the aircraft safety.

Reactivity the architecture recognizes changes and avoids dynamic obstacles.

Adaptability the architecture can carry out a large variety of mission with little reconfiguration requires.
Flexibility the architecture can add new functionality or change the existing one.

Modularity build up the whole architecture using a modular approach.

Robustness the architecture can adapt and repair the task plan when some sensors fail.

Sensor integration

the proposed architecture can be adapted to new sensors.

Extensibility

the ability to improve the current autonomy level by adding additional modules.

Reusability

the same proposed architecture can be used for various UAV type.

III. CONTROL ARCHITECTURES: COMPARATIVE STUDY

In the preceding section, several contributions in term of
robotic control architecture have been described. In a nutshell,
we provide the comparative table below (Table I) to summarize
the advantages and limitations of each of the studied control
strategies. The description of the specifications used in the
evaluation of the studied control approaches is listed in Table
II.

The comparative study, presented in Table I, showed that
the deliberative approach is the more promising control strat-
egy for complex mission, operating in a static environment
with complete knowledge of the world model. However,
specifically for UAV control system, this approach is neither
robust, nor flexible, nor extensible, nor reactive.

The reactive approach represents the best architecture
choice for missions that require reactive navigation in a dy-
namic environment such as UAV target tracking. On the other
hand, this approach is ineffective due to its incapability to deal
with the high-level goal.

The hybrid control approach enjoys the advantage of
meeting missions that need both deliberative and reactive ca-
pabilities such as Intelligent Surveillance and Reconnaissance
(ISR). However, for UAV system, this control architecture may
present a strong drawback, in which the decisive layer has
lacks the direct access to the reactive layer; in fact, during
task planning, the higher level can have old world model. By
this means, the task planner may produce invalid task plan and,
consequently, it may fail its overall mission.

Hybrid behavior-based approach presents a good solution
for UAV control problem that needs great mission capability,
higher flexibility, and adaptability to different mission kind.

Nevertheless, this approach presents two weakness particularly
on the UAV system: it is difficult to be implemented and it
suffers from the great dependence to sensor system used on
the physical robot.

Subsumption architecture offers the ability to build an
intelligent and robust UAV control system with the capacity
to improve its global autonomy level. However, while this
hierarchical architecture depends to the physical system, it’s
neither modular nor reusable. In addition, due to the layer’s
interdependency, this approach presents the lack to integrate
new sensors on the overall system. Also, it still difficult to be
implemented.

IV. CONCLUSION AND FUTURE WORK

In this paper, we have surveyed different control architec-
ture in attempt to extract the main features that will character-
ize our autonomous UAV. The comparative study, done in the
section three, showed that each approach is more promising
in some situations. The deliberative approach can meet com-
plex goals in static environment. The reactive strategy avoids
dynamic obstacles. The hybrid architecture combines, in the
same architecture, the deliberative and the reactive capabilities.
The behavior approach defines a set of modules, each of
which can be implemented independently. The hybrid-behavior
architecture achieve complex goals by executing independent
task. The subsumption approach presents the advantage of
improving the autonomy level of the whole architecture.

As conclusion of this work, designing an autonomous UAV
for civil applications requires the following features [44]:

e  Global reasoning for meeting complex goals [45].
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Reactivity to avoid dynamic obstacles [46].
Adaptability to carry out a wide range of mission.
Flexibility for adding new functionality [47].
Modularity for layers independencies [48].
Robustness to repair the task plan, if needed [24].

Sensor integration for the capability to add new sen-
sors to the control architecture [24].

Extensibility for the ability to improve the current
autonomy level of the control architecture [49].

Reusability for the ability to reuse the same architec-
ture in various UAVs [50].

Our future work will be focused on proposing a new control
architecture for autonomous UAV operating in civil domain.
The proposed architecture will be characterized by the features
cited above (see Table II). The proposed architecture must
achieve complex goals, perform complicated tasks, compute a
feasible trajectory, avoid obstacles and generate an appropriate
flight plan.
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