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Autonomous aerial robotics has become a hot direction of
research inside the community of robotics and control. The
primary problem addressed by formation control is to steer
multiple aerial robots to form desired geometric patterns and,
at the same time, realize desired collective swarming beha-
viors in a decentralized or distributed manner. In contrast to
ground vehicles, aerial robots have the ability to work in
three-dimensional (3D) airspace. Equipped with electric or
hydraulic motors, the vertical take-off and landing (VTOL)
capability is a typical performance of aerial robots. Forma-
tion control technology for such aerial robots is incessantly
springing up to satisfy the requirements of highly intelligent
autonomous systems, which affects both military and civil
areas, including missile defense, battlefield surveillance,
satellite network construction, fire suppression, power grid
inspection, commercial show, etc. [1–5]. Such a problem of
multiple aerial robots formation control is exceptionally
challenging to analyze if practical constraints such as com-
plex dynamics, motion constraints, and imperfect measure-
ments are incorporated.
The problem of formation control has been studied for

several decades. The approaches proposed in the early stage
such as behavior-based ones can handle complex formation
tasks but are not able to guarantee system convergence. Ever
since the successful application of the consensus theory in
the formation control, tremendous research efforts have been
devoted to developing convergence-guaranteed formation

control approaches. Very recently, many new methods have
been proposed to push the boundary of formation control
technologies towards practical applications on aerial robots.
This news aims to survey the most recent advances in the
formation control, which can be directly or potentially ap-
plied to autonomous aerial robots.
Based on consensus theory as well as algebraic graph

theory, innovative formation control schemes have been
proposed in recent surveys [6,7]. Most of graphical forma-
tion control methods try to encode certain algebraic con-
straints related to the target configurations with specific
Laplacian matrices distributedly, such as complex Laplacian,
stress matrix, signed Laplacian, barycentric coordinate, and
rigidity theories. Complex Laplacian-based formation con-
trol is confined in the plane due to the definition of the
complex coordinate. Formation rotating maneuvers can be
achieved by the barycentric coordinate-based approach, but
the corresponding control law is quite complicated by in-
troducing the coordinate transform matrix. Stress matrix-
based and rigidity theories-based formation methods require
the interaction networks to be undirected, and thus resultant
strict graphical conditions are not suitable for implementa-
tions. Notably, by combing properties of both affine trans-
formation and signed Laplacian, signed Laplacian-based
formation control could be applied to any dimensional co-
ordinate-free condition under generally directed interaction
networks [8]. Furthermore, equipped with different onboard
sensors, researchers can categorize the formation control into
the position-, displacement-, bearing-, and distance-based
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methods. From the perspective of sensing abilities, position-
based formation control needs all agents to know the global
coordinate information, which needs every agent inside the
group to be complete all-round. Only a few of members are
informed of global coordinate information with displace-
ment-based formation control methods. Relative information
among agents in respective local coordinates is demanded
with bearing-based and distance-based formation protocols,
but the design process of these approaches would be a par-
ticularly hard task due to the limited acquired information.
Then, formation control approaches that considering prac-
tical constraints have also been introduced recently, such as
nonholonomic motion constraints, obstacle, and inter-ve-
hicle collision avoidance, velocity saturation constraints, and
nonzero velocity constraints. Being constrained by imperfect
measurements such as bearing, range, or angle measure-
ments, formation control methods need to be modified by
introducing various types of estimators or observers. Se-
lecting only a part of a swarm to be manipulated by human
pilots or intelligent planners is a hot topic of human-machine
interaction technology and it is called the leader selection
problem [9]. Besides, synchronization and hierarchical sta-
bility is another crucial control problem for a formation. By
integrating superiorities of virtual structure and leader-fol-
lower structure, a two-layer formation-containment control
may provide a reasonable solution when existing relatively
complex interaction networks [10]. Furthermore, formation
maneuver control can be used to achieve various collective
behaviors such as translational, rotational, and scaling mo-
tions in arbitrary dimensions. Therefore, both constant and
time-varying formation maneuvers can be adjusted to com-
plete complex tasks in obstacle-strewn environments.
To integrate the formation control into aerial robotic sys-

tems, here we provide the hierarchical structure of design
flow in most of the recent existing literatures. In Figure 1, we
demonstrate a typical hierarchical structure of N aerial ro-

botic formation systems. The first step is the concurrent
mission planning with a distributed assignment. For instance,
in a homogeneous formation, an optimal terminal constraint
for formation reconfiguration control needs a simultaneous
optimal assignment. Then the step for trajectory generation
and motion planning is followed. In this step, collision
avoidance and collision-free motions are considered to
maximize the performance of the formation, like preventing
the increase of the time to complete the arranged assignment.
In the final step, distributed local formation controllers,
sometimes called formation tracking controllers or formation
maneuver tracking controllers, are designed to drive every
member in aerial robotic systems to follow the prescribed
trajectories. As aerial robotic formations are deployed to a
greater extension for aggressive tasks, the design flow will
be gradually updated bottom up from the subsystem level to
the system level, and finally to the swarm level.
In this news, we survey the recent development in the

formation control technology for autonomous aerial robots.
Also, from the hierarchical division such that the formation
control technology is the bottom level of aerial robotic sys-
tems, the convergence and stability are critical to the mission
completeness. Many problems of formation control tech-
nology are still open, including heterogeneous aerial/ground
robots cooperation, inter-swarm conflict, and counter-swarm
technique. We expect that this news provides a useful over-
view for anyone who will carry out researches in aerial ro-
botic systems.
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Figure 1 (Color online) Hierarchical structure of N aerial robotic for-
mation systems.
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