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Intelligent Unmanned System Changing Future
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Abstract: The application and development of Intelligent Unmanned System (IUS) in agriculture, medical care,
education, transportation and military fields are summarized systematically. The main characteristics of intelligent unmanned
agriculture are scale, green and intelligent; Intelligent unmanned medical care can make mass medical service popular,
precise and meticulous; Intelligent unmanned education is changing the educational ecological environment, educational
concepts and educational methods; Intelligent unmanned driving is an important technical approach to solve modern traffic
problems, the market influence is huge in the future, but it still face many problems in vehicle technology, intelligent roads,
laws and regulations; Military intelligent unmanned system can significantly enhance the combat capabilities of land, sea and
air forces. In the future, it will mainly develop in the direction of distributed intelligent cooperative operations, highly human—
computer integrated cooperative operations and military intelligent unmanned systems cluster operations.

Keywords: Intelligent Unmanned System (1US) ; Intelligent Unmanned Agriculture; Intelligent Unmanned Medical
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Design and Simulation on Omnidirectional Motion Controller of
Wheel-L egged Hybrid Robot

XIN Yaxian' %, LI Yibin" ?, RONG Xuewen' *, CHAI Hui" *, LI Bin®

(1. School of Control Science and Engineering, Shandong University, Jinan 250061, China;
2. Center for Robotics of Shandong University, Jinan 250061, China;
3. School of Mathematics and Statistics, Qilu University of Technology ( Shandong Academy of Sciences ) , Jinan 250353, China)

Abstract: The kinematics and dynamics model is constructed for the wheel-legged hybrid robot, and the controllers are
built to realize the Omnidirectional motion. Decouple the whole robot into four subsystems, and the Lagrangian method is used
to analyze the dynamics of the arm subsystem, the leg subsystem, the head subsystem and the virtual inverted pendulum system
respectively. Combined with the overall kinematics and homogeneous coordinates, the total mass of the body is transformed
to one point as the virtual centroid of virtual inverted pendulum, and forms a virtual two—wheel inverted pendulum with the
driving wheel. The state space dynamics equation of the joint state of the arm and the leg is converted into the Cartesian state
space dynamics equation through the velocity Jacobian matrix, and a proportional gain feedback linearization controller with
feedforward compensation is constructed to control the end of the arm and the end of the foot to desired position; three controllers
are respectively constructed to decoupling the balance, straight line and rotation functions of the virtual inverted pendulum.
Finally, balanced simulation, straight—through simulation, turning simulation and body posture adjustment simulation were
carried out in Webots. The results show the effectiveness of the proposed method.

Keywords: Wheel-Legged Hybrid Robot; Virtual Inverted Pendulum; Modular Control; Decoupling Control;

Cartesian Space Control; Omnidirectional Motion
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L eader-Following Consensus and Trajectory Tracking
for Nonholonomic Mobile Robots

LIN Min, XIA Yuanqing, WU Shuang

(' School of Automation, Beijing Institute of Technology, Beijing 10081, China)

Abstract: With regard to time—varying formation control problem for leader and followers, a leader—following consensus
control law with collision avoidance for followers and a trajectory tracking algorithm for leader are investigated for nonholonomic
mobile robots. First, by using the trajectory tracking algorithm, the leader of formation can be guaranteed on the desired
position, attitude, velocity and angular velocity. Second, based on the traditional consensus algorithm, we propose a new
consensus protocol with collision avoidance using artificial potential field. Finally, a “Planet-Satellite” formation is achieved.
In the formation, the leader moves in the trajectory expected in the mission, while the followers convoy the leader with a certain
formation, which can be time—varying or time—invariant. The performance of the algorithms is demonstrated by simulation. The
proposed algorithm can be expanded to more complex time—varying formation research.

Keywords: Multi-Agent; Consensus Algorithm; Trajectory Tracking; Artificial Potential Field; Nonholonomic
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2D Aquatic Dynamic Obstacle Avoidance Approach for Snake-Like
Robot Based on IB-LBM and Artificial Potential Field Method

ZHOU Zhihao', DENG Hongbin', GAO Qinghai’, LI Dongfang'

( 1.School of Mechatronical Engineering, Beijing Institute of Technology, Beijing 100081, Chinaj;
2.Liaoshen Industries Group CO., LTD., Liaoning 110013, China )

Abstract: The 2D aquatic intellectual obstacle avoidance algorithm backed up by artificial potential field principle and
IB-IBM ( Immersed Boundary Method—Lattice Boltzmann Method ) are designed to enhance the underwater adaptation of
snake—like robot which is featured with high degree of redundancy and freedom. According to the actual water flow situation,
Lattice Bolizmann method is firstly used to build 2D underwater flow—field model with obstacles. Then combined with the existing
serpentine curve motion model, Immersed Boundary method is introduced to build a water snake robot 2D fluid solid coupling
model. After that, we introduced the action of the attraction and repulsion in artificial potential field on the underwater dynamic
obstacles and snake-like robot, and studied the ability and efficiency of avoiding underwater dynamic obstacles by altering
obstacle’ s affecting range, the snake tail’ s swing amplitude and frequency, the repulsive point repulsion, the target point
gravitational force, the Reynolds number, dynamic obstacle motion speed and direction, and other important parameters. The
optimistic evaluation of each parameter are available after several simulations. This algorithm can be used in Matlab simulation
experiments and the results demonstrates that the algorithm manages to help Snake-like robot avoid the underwater dynamic
obstacles and get to its destinations effectively when the parameters are optimistic, which provides the conditions for the
underwater monitoring of snake—like robot in the future and has important theoretical and experimental significance.
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Active Fault Tolerant Control of Quadrotor UAV

WANG Jun, YIN Xiongdong, LING Miaomiao

( School of Electrical Engineering and Information Engineering, Lanzhou University of Technology, Lanzhou 730050, China )

Abstract: Aiming at the problem that the parameters of the four-rotor UAV PID controller are difficult to obtain optimal
and the partial failure of the actuator, the design of the fauli—tolerant controller based on the parameter optimization of the
PID controller is proposed. Firstly, the genetic algorithm is used to optimize the PID parameters offline, and then the fault
compensation mechanism is introduced to design five similar passive fault—tolerant controllers, so that the fault can be classified
by DBN and softmax to call the corresponding controller, and fault—tolerant processing is performed. Finally, the feasibility and
effectiveness of the proposed method are verified by the matlab experimental platform. The results show that the proposed method
can significantly improve the flight effect and fault handling ability of the quadrotor UAV.
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A Compound Controlling Method of Sailing and Task
Execution for Unmanned Surface Boat

HAN Peiyu, HAN Wei, LIANG Xu

( Systems Engineering Research Institute, Beijing 100194, China )

Abstract: According to the compound controlling method of sailing and task execution for unmanned surface boat in
this paper, sailing controlling and task controlling which are separated original, have been combined together organically
into a loop—locked sailing and task controlling system, and the compound controlling has been realized. The unit of compound
controlling of sailing and task execution has been designed. According to the pointing errors and sailing condition of unmanned
surface boat, the intelligent coupling controlling unit which is kernel can make the controlling decision, and the task orders and
sailing orders can be outputting automatically. The relationship between task executing and sailing safety has been balanced, and
task controlling precision has been enhanced. The intelligent coupling controlling unit has the capability of machine learning. By
the way of task executing, the machine learning model can be training, and the controlling decisions of compound controlling
method of sailing and task execution can be enhanced persistently.

Keywords: Unmanned Surface Boat; Sailing and Task Execution; Task Executing; Compound Controlling; Intelligent

Coupling Controlling Unit
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Universal Data Recording Technology for UAV Task L oading

LIN Tianjing, SHEN Hao, HANG Fei

( China Electronics Technology Group Corporation 52nd Institute, Hangzhou 310012, China )

Abstract: Due to the fact that the current UAV mission load has changed from the original single load detection/remote
sensing to multi-load detection/remote sensing ( including high-resolution visible light camera platforms, infrared camera
platforms, imaging spectrometers, lidar and SAR radar platforms, etc.) , the new architecture of UAV airborne recording
equipment has been proposed in this paper for the actual application of data requirements unified online recording and playback
when multiple loads at the same time. This new architecture of UAV airborne recording equipment can achieve synchronous
recording of multi—source data, universal interface, superior scalability and broad application background for the new
characteristics of the current UAV mission load.
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DARPA CODE Program Promotes the Development of
Distributed Collabor ative Oper ations

LI Lei, WANG Tong, JIANG Qi
( Beijing HIWING Scientific and Technological Information Institute, Beijing 10074,China )

Abstract: DARPA has developed the Collaborative Operations in Denied Environment ( CODE ) program to enhance the
capacity of existing unmanned systems ( drones, missiles, etc.) to better adapt to the denied environment. Through combining

and analyzing the related data of CODE program, firstly, gave the background, vision and goal of the CODE program, then

introduced the research content and the application scene. After that, expound the key technology, the evaluation index and the
realization situation, and finally analyzed the function of the program in the distributed warfare.

Keywords: Collaborative Operations; Single Vehicle Level Autonomy; Team Level Autonomy; Human-System

Interface; Open Architecture
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