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A Review of Swarm Intelligence Algorithms

QIN Xiaolin'? LUO Gang*?, LI Wenbo'?, ZHANG Guohua®

(1. Chengdu Institute of Computer Applications, Chinese Academy of Sciences, Chengdu 610041, China; 2. University of Chinese
Academy of Sciences, Beijing 100049, Ching; 3. Institute of Magnetic Levitation and Electromagnetic Propulsion,
ChinaAerospace Institute of Science and Technology, Beijing 100074, China)

Abstract: The research of swarm intelligence is growing explosively. Countless new swarm intelligence algorithms
and their improved agorithms are proposed every year. These algorithms play a very important role in their respective
fields. Starting from the characteristics of swarm intelligence algorithm and the problems to be solved, this article first
introduces the concept of swarm intelligence and some classic algorithms, and focuses on the main ideas of particle
swarm optimization and ant colony optimization algorithms. Then, according to the performance differences of different
swarm intelligence algorithms in different application problems, a brief introduction of swarm intelligence algorithms in
severa current hot issues such as Ad Hoc networks, big data and machine learning, smart grids and smart transportation
is given. Followed by the discussion on the theoretical research of swarm intelligence algorithms mainly focuses on the
generation mechanism of intelligence behavior in swarm intelligence algorithms, the reason why different swarm intel-
ligence algorithms perform differently in the same problem, and the method to optimize the performance of the swarm
intelligent algorithm in certain problem. The representative work and future research directions of these studies are

given. Finaly, the development direction of swarm intelligence algorithm research, especially basic theory research, is
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Obstacle Avoidance M ethod for UAV Swarm based on Alliance

FU Xiaowel, ZHANG Jiaping, WEI Ke
(School of Electronics and Information, Northwestern Polytechnical University, Xi’an 710129, China)

Abstract: As akind of swarm behavior, the obstacle avoidance behavior of UAV swarm has been widely studied
and applied. Aiming at UAV swarm obstacle avoidance control problem under the switching topology, a swarm obstacle
avoidance method when only individual UAV's are required to obtain virtual leader’s information is used. The Naviga
tion Information UAV (NIU) in the cluster subnet is selected by dividing the UAV cluster into alliances, and the NIU
obtains the information of the virtual long-term aircraft, which can ensure the connectivity of the cluster when avoiding
obstacles. On this basis, an additional repulsive force perpendicular to the motion trgjectory of the virtual flight is ap-
plied to each NIU in the cluster, and the guiding force weight factor of the virtual flight to the NIU as an adaptive factor
related to the distance between the virtual flight and the NIU is designed. This method not only ensures that the cluster
can effectively avoid obstacles when facing larger obstacles, but also solves the local minimum problem in the tradi-
tional artificial potential field obstacle avoidance method. The simulation results show the rationality of model and the

validity of the solution method.

Key words: UAV Swarm; Topology Switching; Information Density; Alliance; Improve BFS(Breadth-First
Search); Obstacle Avoidance Control
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Appointed-time Bipartite Formation Control for Multi-agent System
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Abstract: The convergence rate of cooperative control for multi-agent systemsis a hot research issue in the field of
systems and control. With regard to the bipartite formation control problems for general linear dynamics, the ap-
pointed-time control algorithm is introduced to solve such problems. Firstly, by using the Pontryagin's maximum princi-
ple, a class of appointed-time bipartite formation controller is designed. Here, the bipartite formation means that the
agents divided into two groups can finally achieve the specified formation configuration and move in an opposite direc-
tion to others in another group. Secondly, under the application of the proposed controller, the appointed-time effective-
ness of the proposed controller is analyzed through the motion planning algorithm. Compared with existing works on
this issue, a main contribution of this paper liesin that the time required for the agent to achieve the desired formation
configuration can be specified according to task demands, which is independent of the initial state. It should be noted
that the controller in this paper only depends on the states of the agent and its neighbors at the sampling instant, rather
than the whole time interval, which greatly reduces the burden of network communication. Finally, by numerical simu-
lation, the multi-agent system achieves the desired formation configuration at an appointed-time. The proposed control-

ler provides a potential application for formation flight of unmanned systems.
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Distributed Formation Control for Second-order Nonlinear
Multi-agent Systems
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2. Beijing Institute of Automatic Control Equipment, Beijing 100074, China)

Abstract: Aiming at the formation control problem of second-order multi-agent system with nonlinear dynamics, a
distributed control protocol was designed to complete the assigned task cooperatively. Considering that during the
movement of the cluster, each agent only need to adjust the relative position between itself and the neighboring agents to
maintain the overall formation, an adaptive control protocol with time-varying control gains is proposed based on the
relative states between neighboring agents. It is proved that the system can achieve formation control under the proposed
protocol. Finally, a numerical example is provided to demonstrate the effectiveness of our proposed protocol, which can
ensure that the multi-agent systems reach and maintain a pre-specified structure. Compared with the static control pro-
tocol, the adaptive control protocol proposed in this paper doesn't require any global information of the nonlinear agent
dynamics and the communication graph, which significantly improves the intelligence of cooperative formation and
supports the cooperative formation of large-scale multi-agent systemsin the future.
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Cooperative Formation Planning of UUV& USV For mations
for Underwater Target Search

ZOU Jiayun'?, ZHANG Wenging™?, QU Hongyue?, SUN Wei?

(1. Navy Submarine Academy, Qingdao 266199, China; 2. Pilot National Laboratory for Marine Science and
Technology(Qingdao), Qingdao 266237, China)

Abstract: Aiming at the problem of maximizing the search efficiency of underwater target in heterogeneous
USV&UUV formation, the formation planning method is studied. In order to meet the requirements of various under-
water detection tasks, according to the characteristics of USV and UUV, a heterogeneous underwater target detection
formation with USV as the center communication platform and multiple UUVs as the underwater target detection sub
platform can be formed. According to the sonar equation, the probability perception model based on the detection per-
formance evaluation of multi sonar is established, which can quantitatively give the detection ability of the system to the
targets in the area according to the underwater acoustic environment and the detection system parameters. In order to
meet the requirements of complex underwater target search task, the optimization criteria are proposed, which are the

search front width and formation coverage area, and the idea of analytic hierarchy process is used to implement the
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model. Then, particle swarm optimization algorithm is used to optimize the formation parameters in the evaluation

model. The results show that the method can effectively realize the optimal planning of search formation. This method
can provide guidance for underwater target search formation of USV & UUV formation.
1 5l

Key words: USV; UUV; Sonar Detection; Formation Pattern; Multiple Criteria; Formation Optimization
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The Design of Flexible Inflatable Unmanned Reconnaissance
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(1. School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China;
2. Key Laboratory of Dynamics and Control of Flight Vehicle, Ministry of Education, Beijing 100081, China)

Abstract: Urban battlefield is full of architecture and easy to defend and difficult to attack. Flight need pay atten-
tion to avoiding damaging infrastructure and civilians. It is necessary to develop a new small-scale unmanned recon-
naissance system overcoming the difficulties of reconnaissance and communication in indoor space and underground
space, realizing the reconnaissance in the interior space of the building. In this paper, atip valgus soft pneumatic mobile
platform is designed. Firstly the principle of air bag and steering device is described. Then the finite element model of
the airbag is established. Simulation of the dynamic performance of the airbag during the growth processis realized by
control volume method. The feasibility of the software design is studied. The influence of the inflation speed of each
chamber on the velocity and the pressure of the bladder material is analyzed. At last, the real experiment is done for the
straight and steering test. The actual performance of the flexible inflatable reconnaissance system is verified. This study
can provide support for the subsequent design of self-growing airbag, and provide a new idea for the reconnaissance of

urban battlefield.
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Reentry Guidance L aw of Hyper sonic Vehicle Based on ADRC

SHAO Xingling*?, LIU Jun*?, LI Dongguang®

(1. School of Instrument and Electronics, North University of China, Taiyuan 030051, China; 2. Key Laboratory of
Instrumentation Science & Dynamic Measurement, Ministry of Education, North University of China, Taiyuan 030051, China;
3. College of Mechatronics Engineering, North University of China, Taiyuan 030051, China)

Abstract: The design of robust guidance law is an important guarantee in enhancing the reentry penetration ability
and flight safety of hypersonic vehicle. Aiming at the anti-disturbance tracking problem of hypersonic vehicle reentry
trajectory with multi-constraint conditions and various aerodynamic parameter perturbations, an active disturbance re-
jection reentry trajectory guidance law is firstly proposed in this paper, which can meet the requirements of longitudinal
and lateral plane guidance tasks within the framework of standard trajectory guidance, combining model-assisted linear
ADRC and geometric guidance logic based on heading angle error corridor. Secondly, the longitudinal plane guidance
task is transformed into a control description of the atitude and augmented range system using feedback linearization.
Subsequently, in order to solve the problem of underactuated tracking control of longitudinal guidance in the sense of
performance compromise, the lateral motion is controlled by the switching mechanism of tilt angle inversion logic,
which is designed based on the geometric guidance principle of heading angle error corridor. Finally, the effectiveness of

the guidance law is verified by Monte Carlo simulationsin terms of enhancing reentry safety and guidance robustness.
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Review of Morphing Wing Aircr aft

SUN Yang', CHANG Min?, BAI Jungiang™?

(1. Northwestern Polytechnical University, School of Aeronautics, Xi’an 710072, Ching;
2. Northwestern Polytechnical University, Unmanned System Research Institute, Xi’an 710072, China)

Abstract: Modern aircraft will face more and more complicated flight mission. However, multi-objective design
optimization will lead to the compromise of performance for fixed-shape wing, which means the performance would not
be the best in each condition. Morphing wing is a good method to negotiate the design conflicts. The aircraft changes its
wing shape to adapt to different condition, thus avoiding the collisions in multi-objective design optimization. Job is
done to understand the full view of morphing wing aircraft. First, the development history of morphing wing is intro-
duced with features of each stage, and those are listed that the typical morphing wing aircrafts in history. Next, the
morphing wing is classified as platform morphing, out of platform morphing and foil morphing. Three manners of
morphing are listed with its engineering applications, respectively. Then, the key techniques are discussed such as shape
design, structure design, flight control. Finally, conclusions are made about the value for morphing wing aircraft, and
multi-disciplinary design is brought up to be a promising and technique for morphing wing design. This paper aims to
provide reference for the devel opment of morphing wing.

Key words: Morphing Wing; Design Optimization; Platform Morphing; Out of Platform Morphing; Foil
Morphing
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Analysis of The Development Status and Key Technologies of The
‘MarineInternet of Things Project in The United Sates
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Abstract: Defense Advanced Research Projects Agency(DARPA) has developed Ocean of Things(OoT) program
to improve distributed maritime situational awareness in response to the current lack of real-time monitoring over vast
ocean areas. Through combining and analyzing the related data of OoT program, firstly, project summary information is
given, such as goal, principle, plan. Then, two key technologies of this program are introduced in detail, including float
design/development and data analysis technology. After that, the progress of the project is introduced, for example, con-
tract award, experiments and deployment information. Finally, the influence of this program on the advancement of ma-
rine science and military is analyzed. The research shows that the OoT has both military and civilian advantages, which
could not only promote the development of marine economic and science, but also support maritime operations with
comprehensive situational awareness.
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