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Transformer Internal Insulation Fault Diagnosis Based on RBF Neural
Network Evolved by Immune Particle Swarm Optimization

Hao Li", Fuzhong Wang, Rui Wang
School of Engineering and Automation, Henan Polytechnic
University, Jiaozuo 454000, Henan, China
E-mail: 1548905212@qg.com

Abstract The reliability of the power transformer operation is directly related to the security of
power system and the reliability of power supply. In order to improve the diagnosis accuracy of
internal insulation fault in transformer, this paper proposes an algorithm of transformer internal
insulation fault diagnosis which is based on RBF neural network evolved by immune particle
swarm optimization by analyzing the internal insulation fault type of transformer and the content
of dissolved gas in transformer oil composition. The paper focuses on the composition principle of
transformer fault diagnosis based on RBF neural network. The method of determining the number
of hidden layer of network center and the initial position based on artificial immune network
algorithm is given. The method of network weight optimization based on particle swarm
optimization algorithm is developed. And the simulation experiment is also given. The simulation
results show that the proposed algorithm can effectively diagnose the transformer fault types and
the diagnosis accuracy can reach above 90 %.

A-2
Implementation of Intelligent Dynamic Tracking Monitoring System
for Vehicle Transportation-in Hazardous Goods

Dekuan Liu
International School, Chongging Jiaotong University, Chongging 400074, China
E-mail: 1751332285@qg.com

Abstract In order to put an end to malignant accident caused by leakage, loss, explosion, etc., of
hazardous goods of vehicle in transportation process, this paper explores a kind of remote
real-time dynamic track monitoring system. In the paper, it makes the anatomy of the reason
resulted in malignant accidents, discusses the system architecture aimed at the conditions and
trigger factors of malignant accidents caused, based on the combination between GPS positioning
and GPRS communication, it designs the transceiver terminal of vehicle data acquisition and the
functional modules such as communication, electronic map loading, database, monitoring alarm,

-17 -
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etc., in monitoring center, and realizes a prototype of real-time dynamic track monitoring system.
The preliminary test demonstrated that it could complete the remote dynamic tracking and
monitoring function of transportation-in hazardous goods in vehicle. Research shows that it can
provide effective technical support for security of transportation-in hazardous goods of vehicle.

A-3
Sensor Fault Diagnosis Using Ensemble Empirical Mode
Decomposition and Extreme Learning Machine

J.Ji, J. Qu", Y. Chai, Y. Zhou and Q. Tang
School of Automation, Chongging University, Chongging 400044, China
E-mail: qujianfeng@cqu.edu.cn

Abstract An algorithm using Ensemble Empirical Mode Decomposition (EEMD) and Extreme
Learning Machine (ELM) for the detection and classification of sensor fault is presented in this
paper. Under this method, the standardized sensor signal is decomposed through EEMD into the
original signal, several Intrinsic Mode Functions (IMFs), and residual signal. Then, the variance,
reduction ratio and normalized total energy of each IMF and residual are calculated as the sensor
fault features. Subsequently, the feature vectors are input into the Extreme Learning Machine
(ELM), which is utilized as the classifier for the detection and identification of sensor faults. The
fault diagnosis simulation result of the carbon dioxide sensor indicates that this method can not
only be effectively applied to the fault diagnosis of carbon dioxide sensors but also provide
reference for the fault diagnosis of other sensors.

A-4
A New Quantum-Behaved PSO: Based on Double
o-Potential Wells Model

Zhaoging Xie ¥, Qing Liu and Langing Xu 2
1. School of Energy and Power Engineering, Wuhan University of
Technology, Wuhan 430070, China
2. School of Automation, Wuhan University of Technology, Wuhan
430070, China
E-mail: youzicha2012@163.com

Abstract In this paper, a new QPSO based on double J-potential wells model (QPSO-DPW) is
proposed. The algorithm contains three components: the global best position, the particle position
relative to the mean individual best positions, and the particle position relative to global best
position. This strategy restrains the particle premature convergence and fall into local convergence.
Several classical nonlinear functions are employed to test the effectiveness of QPSO-DPW. The
results demonstrate good performance in convergence speed and the global searching ability when
compared with other recent variants of the PSO.

-18-
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A-5
An Improved Kernel K-means Clustering Algorithm

Yang Liu %, Hong Peng Yin 2%, Yi Chai !
1. College of Automation, Chongging University, Chongging 400030, China
2. Key Laboratory of Dependable Service Computing in Cyber Physical Society, Ministry of
Education, Chongging 400030, China
E-mail: 415138364@qg.com

Abstract Kernel K-means is an extended method of K-means, which identifies nonlinearly
separable clusters. However it still exits limitations, the one is which repeatedly sets different
initial positions to find better local minima, the other is that it can only for linear separable data
clustering. In order to overcome this issue, in this paper we propose an improved global kernel
k-means. The proposed algorithm adds one cluster at every stage and generates the next centric
point at next stage to avoid the unnecessary calculation. Experimental result shows that the
proposed algorithm does not depend on initialization which identifies nonlinearly separable cluster,
meanwhile, because of the incremental nature and search procedure, the poor local minima is
avoided. Moreover, an improvement is put forward to decrease the computational complexity that
does not significantly affect the accuracy of classification.

A-6
The Transformer Fault Diagnosis Based on AdaBoost Least
Square Support Vector Machine

Wenxia Du, Xiuping Zhao®, Feng Lv, Hailian Du
College of Vocational and Technical, Hebei Normal University, Shijiazhuang, China
E-mail: zhaoxiuping07111@sina.com

Abstract Least square support vector machine integrated with adaptive boost algorithm was
applied to the transformer fault diagnosis. In order to obtain the training sample, characteristic
gases dissolved in the faulty transformer oil were collected and normalized, then a number of
different classifiers are to be constructed though adaptive boost algorithm on the same training set.
Subsequently, least squares support vector machine is used as the base classifier, which was fast in
calculation and was improved by iteration in classification ability. The fault diagnosis results show
that the method was simple and flexible, it has high accuracy rate of fault diagnosis. To a certain
extent, this method makes up for the deficiencies of three-ratio method, such as code missing and
boundary absolute.

A-7
Adaptive Neural Output Feedback Control for Flexible-Joint
Robotic Manipulators

Lingjie Gao?, Qiang Chen®", Linlin Shi?
1. College of Information Engineering, Zhejiang University of Technology,
Hangzhou 310023, China
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2. College of Electrical Engineering, Zhejiang University, Hangzhou 310007, China
E-mail: sdnjchg@zjut.edu.cn

Abstract In this chapter, an adaptive neural output feedback control scheme is proposed for
flexible-joint robotic manipulators. First, the mathematical model of a robotic manipulator is built
with considering flexible joints. Then, a Luenberger state observer is employed to estimate the
unknown states such that the constriction that all the states should be available for measurements
can be relaxed. In order to achieve a satisfactory tracking performance, an adaptive controller is
designed by combining neural network control and dynamic surface control techniques to avoid
the so-called “explosion of complexity” problem. With the proposed scheme, the tracking error
can be guaranteed to converge to a small neighborhood around zero, and simulation results show
the effectiveness of the developed method.

A-8
Adaptive Neural Network Control for a Class of Nonlinear Systems

Chao Yang®", Yingmin Jia!, Changging Chen?

1. School of Automation Science and Electrical Engineering, the Seventh Research Division and
the Center for Information and Control, Beihang University (BUAA), Beijing 100191, China
2. The Science and Technology on Space Intelligent Control Laboratory, Beijing Institute of

Control Engineering, Beijing 100190, China
E-mail: yangchao_2011@sina.cn

Abstract An adaptive neural network control scheme is developed for perturbed nonlinear
systems with unknown functions. To avoid the curse of dimensionality, dynamic surface-control
(DSC) technique is introduced in the progress of controller design. Moreover, the problem of
singularity is solved in estimation of the unknown functions by designing a novel strategy of
estimation. It is shown that the DSC-based controller can ensure semi-global uniform ultimate
bounded of the closed-loop system, and the tracking error can be arbitrarily small with appropriate
design parameters. A simulation example is used to demonstrate the validness of the proposed
algorithm.

A-9
An Intelligent Surveillance System for Crowed Abnormal Detection

Xin Tan, Chao Zhang, Chubin Zhuang, Hongpeng Yin*
1. School of Automation, Chongging University, Chongging 400044, China
E-mail: yinhongpeng@gmail.com

Abstract In this paper, an intelligent surveillance system for emergency detection is designed for
campus. The framework of the system includes following steps. First, the foreground extraction is
used with background difference and three frame-difference methods to get the moving objects.
Second, based on canny operator, an edge detection is employed to eliminate the effect of
brightness. Third, to enhance the accuracy of the results at non-vertical visual angle, the image is
divided into limited layers to detect separately after edge detection, based on pixel features. In this
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way, the crowd density information can be obtained. Experimental results show the effectiveness
of the designed system.

A-10
The Structure Shaping of ITAE Optimal Control System
Base on PSO

Yuzhen Zhang, Qing Li, Weicun Zhang", Yichang Liu, Zhao Pei
School of Automation and Electrical Engineering, University of Science
and Technology Beijing, Beijing 100083, China
E-mail: weicunzhang@ustb.edu.cn

Abstract A method, structure shaping, based on the standard form of ITAE optimal control, is
presented in the paper. First, structure shaping is related to adjusting the factors of local feedback
and open-loop amplification; second, the PSO is used to obtain the optimal result of structure
shaping. The results show that after structure shaping, tracking response, stability and robustness
have been greatly improved, which possess a high practical value in engineering.

A-11
Dynamical Behaviors in Coupled FitzHugh-Nagumo Neural
Systems with Time Delays

Yuan Zhang?, Lan Xiang?, Jin Zhou'*
1. Shanghai Institute of Applied Mathematics and Mechanics, Shanghai University,
200072 Shanghai, China
2. Department of Physics, School of Science, Shanghai University, 200444 Shanghai, China
E-mail: jzhou@shu.edu.cn

Abstract It is observed that neuron encodes and integrates information employing a variety of
complex dynamical behavior, such as spiking, bursting, periodicity, quasiperiodicity, and chaos.
Time delay is an inevitable factor in the signal transmission between neurons, and neural system
may lose its stability even for very small delay. In this paper, a model of coupled
FitzHugh-Nagumo (FHN) neural system with two different delays is formulated, and its nonlinear
dynamic behaviors such as stability, bifurcations, and chaos are then studied. It is shown that time
delays can affect the stability of equilibrium states, and thereby lead to Hopf bifurcation and
oscillation behavior. Moreover, some complex dynamics including quasi-periodic solutions and
chaos are numerically demonstrated. Subsequently, numerical examples illustrate the effectiveness
and feasibility of the theoretical results.

A-12
A Novel Safety Assessment Approach Based on
Evolutionary Clustering Learning

Yi Chai, Zhaodong Liu®, Hongpeng Yin, Yanxia Li
School of Automation, Chongging University, Chongging 400044, China
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E-mail: liuzhaodong@cqu.edu.cn

Abstract The safety risk assessment is a structured and systematic methodology aiming at
enhancing the complex engineering system safety. It has been gradually and broadly used in the
industrial process control system nowadays around the world. In this paper, a novel safety
assessment approach based on evolutionary dictionary learning and fault tree analysis for the
complex engineering system is proposed. First, historical signals are utilized to conduct the
clustering learning dictionaries by norm similarity matching model and patch-based evolutionary
dictionary learning algorithm. Second, the support vector machine method is employed to identify
and reflect the normal and fault operating states. Third, an improved safety risks method is
proposed to reflect the probable hazards of different faults on the basis of the fault tree analysis.
Finally, this processing on online signals is to offer an effective safety assessment index and
update the evolutionary dictionaries and safety routing metrics. The related experiments are
constructed to demonstrate that our proposed approach can achieve high performance.

A-13
Short-Term Solar Irradiance Forecasting Using Neural Network
and Genetic Algorithm

Anping Bao® %", Shumin Fei', Minghu Zhong?
1. Key Laboratory of Measurement and Control of CSE (School of Automation,
Southeast University), Ministry of Education, Nanjing 210096, China
2. Nanjing College of Information and Technology, Nanjing 210096, China
E-mail: baoanpingseu@163.com

Abstract Solar irradiance is a vital factor for a solar plant because the inaccurate prediction can
increase the risk and the cost of operation. To reach a high-prediction accuracy, a model for
short-term direct normal irradiance prediction is proposed in this paper. First, the inputs of the
model were discussed and included historical data, such as direct normal irradiance, air
temperature, pressure, and the wind velocity. Then, the model was constructed and optimized by
genetic algorithm. Model validation was conducted using data from the National Renewable
Energy Laboratory’s India Solar Resource Data. The result shows that the forecast skill of the
proposed model improved 80 % over the persistence model and also better than that of some
published models.

Modeling and Control of a Rail-Type Mobile Robotic Work Platform

Sheng Shi?, Xiaobin Li'*, Haiyan Sun?
1. School of Electrical and Electronic Engineering, Shanghai Institute of Technology,
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Shanghai 201418, China
2. School of Ecological Technology and Engineering, Shanghai Institute of Technology,
Shanghai 201418, China
E-mail: lixiaobinauto@163.com

Abstract The longitudinal displacement of a rail-type mobile robotic work platform based on
semi-active suspension system is modeled, and the unknown disturbance noise in the model is
separated. As for the control method, we use the state feedback control of linear quadratic
regulator and add the filter of Hoo minimum error state estimation to filter the unknown process
and measurement noise. Besides, the difference between Kalman filter and Heo filter is analyzed
based on the power spectral density. Eventually, the anti-interference performance of two filters is
compared by means of simulation.

B-2
Robust Tracking Control of Wheeled Mobile Robots with Parameter
Uncertainties and only Target’s Position Measurement

Lixia Yan, Baoli Ma”
The Seventh Research Division, School of Automation Science and Electrical Engineering,
Beihang University, Beijing 100191, China
E-mail: mabaoli@buaa.edu.cn

Abstract Robust tracking control of wheeled mobile robots (WMRs) is studied in this work.
Considering the dynamic model of WMRs with unknown parameters, a robust sliding-mode state
feedback controller is proposed, guaranteeing the tracking errors converge to zero asymptotically.
Later, combining robust exact differentiators with the proposed state feedback control law leads to
a tracking controller, in which only the position of reference robot is included and the tracking
errors are driven to the origin asymptotically too. Numerical simulation is carried out to verify the
effectiveness of proposed controller.

B-3
Path Following Control for Nonholonomic Mobile Robots with a Distance
Between the Mass Center and the Geometrical Center

Jiaxin Zuo, Chaoli Wang
Control Science and Engineering, University of Shanghai for Science and Technology, Shanghai
200093, China
E-mail: 297529759@qg.com

Abstract Currently, some path following control problems have been proposed for nonholonomic
wheeled mobile robot (WMR) with driven wheels under the condition that there is a distance
between the mass center and the geometrical center. However, there is lack of the relevant
experiment verification except for several simulations. In this paper, the mathematical model of
WMR kinematics is analyzed. In polar coordinates a new kinematics tracking error model is put
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forward based on the WMR, whose mass center does not coincide with its geometrical center. In
view of the grid map model composed of discrete path point path, on the principle of point
stabilization, a new dynamic feedback tracking controller is designed. The stability of the
closed-loop system is rigorously proved. Simulation and experiment results are provided to
illustrate the performance of the control law.

B-4
Looking After the House Using the Mobile Phone to Control
the Robot Remotely on the Internet

Hongwu Sun”, Chaoli Wang
Department of Control Science and Engineering, University of Shanghai for Science
and Technology, Shanghai 200093, China
E-mail: hongwulucky@163.com

Abstract In this chapter, we can use our mobile phone to remotely control our mobile robot on the
Internet basing on the TCP/IP protocol. We make an app installed in our mobile phone based on
Android. We can see the real-time video translated from the camera fixed on the robot. The robot
can translate the real-time video of the environment the robot stays to our mobile phone. The
mobile phone can display the real-time video directly. When we control the robot, we can see how
the mobile robot moves at the same time. When the robot meets the obstacles using the ultrasonic
sensors, the robot can stop and translate this warning to the mobile phone. When we finish the
control work, we can control our robot to move to the destination to get the electric charge. We
can use our robot to see the rooms of our house, when we have left our house for a long time. It is
very convenient for us to look after our house.

B-5
Autonomous Control of Mobile Robots for Opening Doors
Based on Multi-sensor Fusion

Xiaomei Ma”, Chaoli Wang
Control Science and Engineering, University of Shanghai for Science and Technology,
Shanghai 200093, China
E-mail: april_2016@163.com

Abstract This paper presents a method of opening doors by mobile robots autonomously.
Considering that the existing fingerprint lock will collapse when finger injures, the use of robot
shows its durability and convenience, and it avoids carrying even losing keys trouble, and
incarnates people’s awareness of intelligent robot era. In this robot opening door system, a mobile
phone is applied to send open-door command, the robot receives the command via Wi-Fi, then
plans path based on laser sensor and encoder sensors to move to the door position, and aims at the
door handle based on visual servo, and finally opens the door. Experiments have proved the
validity and feasibility of the presented method. Meanwhile, we are discussing other applications
of this method.
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B-6
Output Feedback Stabilization of Stochastic Non-holonomic
Mobile Robots

Wenli Feng'*, Hongyu Wei?, Hongmei Zhang?', Dongkai Zhang*
1. School of Mathematics and Information Science, Shijiazhuang University,
Hebei 050035, China
2. Management Center of China Post Online College, Shijiazhuang Posts and
Telecommunications Technical College, Hebei 050021, China
E-mail: fwl1028@126.com

Abstract We discussed the output feedback stabilization of stochastic nonholonomic mobile
robots. Output feedback controllers are given with backstepping method. So, the original
closed-loop system can be stabilized in probability based on provided switching control strategy.
In the end, we give an example to explain these results.

B-7
Research on Grasp Force Control of Apple-Picking Robot
Based on Improved Impedance Control

Wei Tang, Wei Ji*, Xiangli Meng, Bo Xu, Dean Zhao, Shihong Ding
School of Electrical and Information Engineering, Jiangsu University, Zhenjiang 212013, China
E-mail: jwhxb@163.com

Abstract In order to solve the problem during the force control process of apple-picking robot the
control effects are affected by robot dynamic parameters, contact environment uncertainties, and
the noise interference of force sensors. This paper presents an improved impedance control
algorithm. The algorithm only considers the direction of grasping apples, avoiding the complexity
of multi-DOF manipulator impedance control; meanwhile impedance parameters are adjusted by
RLS on time to improve the real-time control and the robustness to the force interference.
Simulation results show the control algorithm is effective in force tracking and the output of force
is steady; it can reduce the grasp damage remarkably. The research can provide a reference for the
apple-picking robot compliant grasp.

B-8
The Design and Application of a Manipulator’ s Motion Controller
for Changing CNC Machine Tools

Wenhao Tong!?, Weicun Zhang'", Weidong Li*?
1. School of Automation and Electrical Engineering, University of Science and
Technology Beijing, Beijing 100083, China
2. Southwest Institute of Clean Energy and Electric Power System, Dali University, Dali,
671003 Yunnan, China
E-mail: nicechenmail@163.com
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Abstract Computer numerical control (CNC) machine is one of the most important processing
means in the manufacturing industry right now. The paper presents and designs a motion
controller of manipulator which is used to change the tools for the CNC machine. First, the paper
describes the necessity and significance of automatic tools change for CNC machine. Then the
details about the hardware and function of the motion controller of manipulator for tools change

are introduced. In the end, the paper analyses the data clearly about the whole system when the
manipulator is working.

B-9
Globally Exponentially Stable Triangle Formation Control of
Multi-robot Systems

Qin Wang", Qingguang Hua, Zuwen Chen
Department of Automation, College of Information Engineering, Yangzhou University,
Yangzhou 225127, China
E-mail: ginwang@yzu.edu.cn

Abstract In this paper, the problem of formation control for nonholonomic robots is investigated.
Based on the negative gradient method and the Lyapunov direct method, a globally and
exponentially stable control scheme for multi-robot formation control system is designed. The
proposed control law using the adaptive perturbation method can guarantee the globally
exponential stability of the desired triangle and line formation, and the equilibrium set of the
overall system is unique, which is exactly the desired formation set. Finally, some simulations
illustrate the effectiveness and correctness of the proposed controllers.

B-10
Distributed Finite-Time Formation Control for Multiple
Nonholonomic Mobile Robots

Miao Li'2, Zhongxin Liu® 2", Zenggiang Chen® 23
1. College of Computer and Control Engineering, Nankai University, Tianjin 300353, China
2. Tianjin Key Laboratory of Intelligent Robotics, Tianjin 300353, China
3. College of Science, Civil Aviation University of China, Tianjin 300300, China
E-mail: lzhx@nankai.edu.cn

Abstract In this paper, the finite-time formation control problem for a group of nonholonomic
mobile robots is considered. A distributed finite-time estimator is proposed to estimate leader’s
state in finite time. Then, based on the estimated values of estimator, a distributed finite-time
formation control law is designed. With the help of finite-time Lyapunov theory and graph theory,
rigorous proof shows that the group of mobile robots can converge to desired formation pattern
and its centroid can converge to the desired trajectory in finite time. Simulations are given to
verify the effectiveness of the method.
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B-11
Adaptive Tracking Control for Differential-Drive Mobile Robots with
Multi Constraint Conditions

Liang Yang", Yingmin Jia
The Seventh Research Division and the Center for Information and Control,
Beihang University (BUAA), Beijing 100191, China
E-mail: yangliang7@126.com

Abstract To solve the trajectory tracking problem, we propose an adaptive controller with input
constraint for the differential-drive mobile robots containing uncertain parameters. Two
inequalities guarantee the satisfaction of input constraints, and the adaptive control method can
adjust the uncertain parameters of the kinematic model on line. The system stability is proved by
the Lyapunov stability theory. Simulation results verified the effectiveness of the former proposed
method.

B-12
A Visual Feedback Model-Free Design for Robust Tracking of
Nonholonomic Mobile Robots

Hui Chen'2, Hua Chen® %", Yibin Wang?, Fang Yang?®
1. Mathematics and Physics Department, Hohai University, Changzhou Campus,
Changzhou, China
2. College of Mechanical and Engineering, Hohai University, Changzhou, China
3. School of Science, Ningbo University of Technology, Ningbo, China
E-mail: chenhuall2@163.com

Abstract This paper considers the problem of designing a visual feedback control law for robust
tracking of nonholonomic mobile robots. The control approach developed in this work with
uncalibrated visual parameters, unknown control directions, and external disturbances. Using
incomplete information of the moving objects to be tracked to propose a model-free, self-support
control algorithm to ensure the tracking error can be driven into a prespecified neighborhood of
zero. Global stability of the corresponding closed-loop system of tracking error is proved by the
Lyapunov stability theory. Finally, the simulation results demonstrate the effectiveness of the
proposed controller design method.

Adaptive Finite-Time Bipartite Consensus for Nonlinear Coopetition
Multi-agent Systems with Unknown External Disturbances

Lin Zhao'*, Yingmin Jia?, Jinpeng Yu?, Haisheng Yu!
1. School of Automation and Electrical Engineering, Qingdao University, Qingdao 266071, China
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2. The Seventh Research Division, Beihang University (BUAA), Beijing 100191, China
E-mail: zhaolin1585@163.com

Abstract This paper studies the adaptive finite-time bipartite consensus problem for second-order
nonlinear coopetition multi-agent systems subject to external disturbances. The novel continuous
distributed adaptive protocols with update laws are proposed. By using the finite-time Lyapunov
stable theory, the rigorous finite-time stable proofs and accurate expression of convergent regions
of bipartite steady-state errors are given. An example is given to demonstrate the effectiveness of
the presented method.

C-2
Finite-Time Consensus Tracking for Second-Order Multi-agent
Systems Without Relative Velocity Measurements

Ping Wang®", Yingmin Jia?
1. The Department of Mathematics and Physics, North China Electric Power University, Baoding
071003, China
2. The Seventh Research Division, Beihang University (BUAA), Beijing 100191, China
E-mail: wangpinglh2014@126.com

Abstract This paper considers the finite-time consensus tracking problem in directed networks of
second-order multi-agent systems. Based on auxiliary system approach, a distributed control
protocol is proposed for each follower, which only relies on the relative position measurements
among the neighboring agents. Then, using homogeneous theory, sufficient conditions are derived
to ensure that the states of the followers can track that of the leader in finite time under fixed
topology. Moreover, the case under switching topology is also studied. Finally, numerical
simulations are given to illustrate our theoretical results.

C-3
Consensus Control for Multi-agent Networks with Mixed Undirected
Interactions

Weili Niu®-2, Deyuan Meng?®”, Xiaolu Ding?
1. School of Mathematics and Systems Science, Beihang University (BUAA),
Beijing 100191, China
2. The Seventh Research Division, Beihang University (BUAA), Beijing 100191, China
3. School of Automation Science and Electrical Engineering, Beihang University
(BUAA), Beijing 100191, China
E-mail: dymeng23@126.com

Abstract This paper is concerned with the average consensus problem on multiagent networks
with undirected interactions which can be either static or dynamic. Notably, the multi-agent
networks involving static and dynamic interactions are represented by graphs with edge weights in
the form of real numbers and transfer functions. We propose a distributed consensus control
algorithm based on the nearest neighbor rule. It is shown that the connectivity topology condition
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supplies a necessary and sufficient condition for all agents to achieve average consensus.
Numerical simulations are provided to verify the effectiveness of the obtained results.

C-4
Containment Consensus of Multi-agent Systems
with Communication Noises

Fusheng Wang, Hongyong Yang”
School of Information and Electrical Engineering, Ludong University, Yantai 264025, China
E-mail: hyyang@yeah.net

Abstract Containment control of multi-agent systems with switching topologies and
communication noises is studied. In order to attenuate the effect of noises, containment control
algorithm with multiple leaders is presented, where a positive time-varying gain is employed in
the protocol. The stability of control algorithm is studied with the assumption that communication
topology is jointly connected. Some constraint conditions of multi-agent systems are derived with
the aid of modern control theory and stochastic analysis. Simulation results are provided to verify
the correctness and effectiveness of the conclusion.

C-5
Leader-Following Consensus Problem of Fractional-Order
Multi-agent Systems with Perturbation

Zhiyong Yu, Haijun Jiang”, Cheng Hu
College of Mathematics and System Sciences, Xinjiang University,
Urumgi 830046, China
E-mail: jianghaijunxju@163.com

Abstract In this paper, the consensus problem of fractional-order multi-agent systems (FOMAS)
with perturbation is considered. Both undirected and directed communication topologies are
considered for FOMAS, where the fractional order 0 < a<2. By using the fractional-order stability
theory and the inequality techniques, some consensus criteria are obtained. Besides, an example is
given for illustration.

C-6
Observer-Based Event-Triggered Consensus Tracking Control
of Multi-agent Systems

Jiahuan Lu, Lin Li*
Department of Control Science and Engineering, University of Shanghai for Science and
Technology, Shanghai 200093, China
E-mail: 1ilin0211@163.com

Abstract The leader-following consensus problem of multi-agent systems with general linear
dynamics is investigated in this paper. Only one leader is considered and the communication
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topology among the followers is undirected. A novel consensus protocol based on observer and
event-triggered mechanism is proposed. Based on the protocol, a sufficient condition is obtained
by using common Lyapunov function method. This condition can guarantee that each follower
agent can track the leader. Finally, a numerical example is given to demonstrate the effectiveness
of the proposed scheme.

C-7
Robust Ho Consensus of the Second-Order Multi-agent Systems
with Random Time-Delays

Xin Zong", Yan Cui
School of Physics and Information Technology, Shanxi Normal University,
Linfen 041000, China
E-mail: zongxin729@163.com

Abstract This paper investigates the consensus problem for directed networks of agents with
external disturbances and random time-delays. Both networks under the fixed and switching
topologies are taken into consideration. Based on Lyapunov stability theory, sufficient conditions
for all agents achieving stability with the directed Hoo performance are given in the forms of liner
matrix inequality (LMI). Finally, the simulation results show the correctness and effectiveness of
the designed protocols.

C-8
Evolution and Spread of Public Opinion in Structured
Multi-agent Systems

Qiaoyu Li*?, Chunyan Zhang® %", Zenggiang Chen! 2
1. Department of Automation, College of Computer and Control Engineering, Nankai University,
Tianjin 300071, China
2. Tianjin Key Laboratory of Intelligent Robotics, Nankai University, Tianjin 300071, China
E-mail: zhcy@nankai.edu.cn

Abstract This paper investigates the evolution and spread of public opinion by the aid of
evolutionary game theory. Moreover, we employ the complex networks to model the interactions
between the members of the multi-agent systems. For one specific opinion, we assume that three
roles exist in the population: supporter, objector, and neutral. And, the supports and objectors will
try to persuade the neural to adopt their strategies, in the form of game theory. The supports and
objectors will make strategy updating according to the payoff-based updating rules. The findings
on complex networks (BA scale-free networks) reveal that the initial distribution of the opinions
and the adoption probability of the neutral players would be two important factors for the spread
and evolution of opinions.

C-9
Consensus of Linear Multi-agent Systems with Persistent Disturbances
Shaoyan Guo, Lipo Mo", Tingting Pan
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School of Science, Beijing Technology and Business University, Beijing 100048, China
E-mail: molipo@th.btbu.edu.cn

Abstract This paper focuses on the consensus problem of continuous-time multiagent systems
with persistent disturbances. A distributed protocol is designed, which consists of two parts, one is
the traditional control protocol, the other one is the estimation of disturbances. Then, using the
method of matrix analysis, the sufficient conditions for achieving consensus of the closed-loop
systems are found out. Finally, simulations are provided to demonstrate the effectiveness of the
proposed algorithm.

C-10
Event-Triggered Consensus Control of Nonlinear Multi-agent
Systems with External Disturbance

Yang Liu* %, Jun Gao®, Xiaohui Hou?
1. The Seventh Research Division and the Center for Information and Control, Beihang University,
Beijing 100191, People’s Republic of China

2. School of Automation Science and Electrical Engineering, Beihang University, Beijing 100191,

People’s Republic of China
3. School of Mathematics and Systems Science, Beihang University, Beijing 100191, People’s
Republic of China

E-mail: ylbuaa@163.com

Abstract This paper investigates the consensus problem for a leader-following nonlinear
multi-agent system with external disturbance by using the event-triggered control strategy. First, in
order to transform the consensus control problem of disturbed system into the Hoo problem, a
controlled output function is defined. Then a distributed event-triggered protocol is designed, and
a sufficient condition is given to ensure that the nonlinear multi-agent system can reach consensus
with the desired disturbance attenuation ability.

Robust Control of Piecewise Linear Switched System with
Constrained Input and Ellipsoid

Zhilin Liu", Xin Yuan?, Jun Zhang?, Li Su*
1. College of Automation, Harbin Engineering University, Harbin 150001, China
2. School of Electrical and Information Engineering, Jiangsu University, Zhenjiang 212013, China
E-mail: liuzhilin@hrbeu.edu.cn

Abstract This paper deals with the uncertain linear discrete-time switched systems with
constrained control input and ellipsoid. The piecewise linear systems is described as ellipsoid
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which can be characterized by a set of vector inequalities, thereby the constraint of LMIs (linear
matrix inequalities) is released. In terms of LMIs, the perturbed impulsive switched system with
constrained control input can be robust stabilized in Lyapunov theory. The simulation results
verify the effectiveness of the proposed method.

D-2
Composite DOBC and Hoo Control for Stochastic Systems
with Disturbances

Linging Zhang”, Xinjiang Wei
School of Mathematics and Statistics Science, Ludong University, Yantai 264025, China
E-mail: 17862824221@163.com

Abstract Composite disturbance observer-based control (DOBC) and Hoo control scheme is
proposed for a class of stochastic systems with nonlinear dynamics and multiple disturbances. The
stochastic disturbance observer based on pole placement is constructed to estimate disturbance
which is generated by an exogenous system. Then, composite DOBC and Hco controller is
designed to ensure that the composite system is mean-square stable and its Hoo performance
satisfies a prescribed level. A numerical example validates the feasibility and effectiveness of the
approach.

D-3
Estimation for a Class of Unknown Frequency Disturbance
Using Two-Step Nonlinear Disturbance Observer

Lingxia Ran”, Xinjiang Wei
School of Mathematics and Statistics Science, Ludong University, Yantai 264025, China
E-mail: ranlingxia666@163.com

Abstract This paper proposes an estimation strategy of two-step disturbance observer to unknown
frequency disturbance existing in a class of nonlinear systems. Two-step disturbance observer is
designed to estimate the disturbance and guarantee the disturbance estimation error system is
asymptotically stable. A number simulation example is given to demonstrate the correctness and
effectiveness of the presented method.

D-4
Adaptive Dynamic Surface Control for Dual-Motor Driving System
with Heo Performance

Minlin Wang, Xuemei Ren”
School of Automation, Beijing Institute of Technology, Beijing 100081, China
E-mail: xmren@bit.edu.cn

Abstract In this paper, a novel adaptive tracking control method is proposed for the dual-motor
driving system (DDS) with parameter uncertainties and external disturbances. The DDS is a
multi-variable, nonlinear and strong-coupling system which increases the difficulty of the
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controller design. To handle this problem, a set of alternative state variables is introduced to
transform the DDS into a strict feedback form. Based on the transformed system, an adaptive
controller is constructed by integrating the H o technique into the dynamic surface control to
guarantee that the output tracking error satisfies the H oo performance. More importantly, the
designed controller cannot only attenuate the influences of external disturbances on the system
output, but also have a strong robustness for system parameter variations. Simulation results are
conducted to validate the effectiveness of the proposed method.

D-5
Stabilization of a Class of Uncertain Nonlinear System
via Fractional Sliding Mode Controller

Yuxiang Guo”, Baoli Ma
School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and
Astronautics, Beijing 100191, China
E-mail: yuxiangguo@buaa.edu.cn

Abstract In this paper, a novel fractional sliding mode control scheme is suggested to stabilize a
second-order uncertain nonlinear system. The proposed sliding manifolds, which will converge to
the origin in finite time by utilizing a classical quadratic Lyapunov function, ensures the reduction
of the chattering phenomenon during the control process. Based on Lyapunov’s stability theorem,
the closed-loop system can be stabilized to the origin in the future time. Some results about the
control and stabilization of such nonlinear systems, when the fractional sliding mode controller is
used, are illustrated in this paper. Finally, an example with numerical simulations is provided to
show the validity and feasibility of the proposed method.

D-6
An Augmented Multiple-Model Adaptive Estimation for
Time-Varying Uncertain Systems
Kai Xiong®, Chunling Wei, Liangdong Liu
Science and Technology on Space Intelligent Control Laboratory, Beijing Institute of Control
Engineering, Beijing 100190, China
E-mail: tobelove2001@vip.tom.com

Abstract An augmented multiple-model adaptive estimation (MMAE) algorithm is presented for
a time-varying system, where the model uncertainty may occur occasionally. Generally, it is
difficult for a single filter to achieve superior performance for both the certain system and the
uncertain system. An algorithm that is designed for an uncertain system may yield suboptimal
performance in the situation, where the model uncertainty does not occur. To cope with this
problem, we propose to use two filters in parallel in a multiple-model framework. One of the
filters, an augmented Kalman filter (AKF), provides estimates of uncertain parameters when the
model uncertainties occur, whereas the second filter, a Kalman filter (KF), yields high precision in
the absence of the uncertainties. A practical example is given in simulation to show the potential
application of the presented algorithm. It indicates that the augmented MMAE is efficient to deal
with the occasional model uncertainty.
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D-7
Robust Hoo-optimal Output Feedback Actuator Placement with
a Class of Actuator Constraints

Xuhui Lu**, Lei Zhang?, Yingmin Jia!, Dayi Wang? 3, Chengrui Liu? 3
1. The Seventh Research Division and the Department of Systems and Control, School of
Automation Science and Electrical Engineering, Beihang University (BUAA),
Beijing 100191, China
2. Beijing Institute of Control Engineering, Beijing 100190, China
3. Science and Technology on Space Intelligent Control Laboratory, Beijing 100190, China
E-mail: byl1209lasp@163.com

Abstract This paper investigates the actuator placement of uncertain linear systems. The designed
actuator locations are subject to a class of nonlinear equality constraints, and a dynamic output
feedback controller should also be derived based on measured outputs. To minimize Hoo norm of
the closed-loop systems, the actuator placement problem is formulated as an uncertain non-convex
optimization problem. A series of transformations are developed to convert this problem into a
deterministic successive convex problem. Correspondingly, an optimization algorithm is derived
based on prediction-correction procedure.

D-8
Linear Active Disturbance Rejection Control Approach for Load
Frequency Control Problem Using Diminishing Step Fruit Fly Algorithm

Congzhi Huang”, Yan Li
School of Control and Computer Engineering, North China Electric Power University,
Beijing 102206, China
E-mail: hcz190@ncepu.edu.cn

Abstract The diminishing step fruit fly optimization algorithm (DS-FOA) is employed to
optimize the performance of the load frequency control (LFC) problem by employing the linear
active disturbance rejection control (LADRC) approach. First of all, the LFC problem taking into
account the case of a single generator supplying power to a single service area is presented.
Second, the general LADRC solution to the problem is given, where the diminishing step fruit fly
optimization algorithm (DS-FOA) is employed to optimize the performance of the system with the
approach. Third, the performances of the system with the following three control approaches are
compared, including the traditional PID control approach, the normal LADRC approach, and the
DS-FOA optimized LADRC approach. With the proposed LADRC approach, the system
performance is much better than that of the traditional PID controller, and a much better
performance is achieved with the proposed DS-FOA optimized LADRC approach. The
performance superiority of the proposed approach is also validated by the frequency domain
analysis results given.
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D-9
Design and Control of the Upright Controllable Force Sub-system
for the Suspended Gravity Compensation System

Jiao Jia, Yingmin Jia, Shihao Sun
The Seventh Research Division and the Center for Information and Control, School of Automation
Science and Electrical Engineering, Beihang University (BUAA), Beijing 100191, China
E-mail: annebuaa@hotmail.com
Abstract This paper introduces the design and control of the suspended gravity compensation
system’s upright controllable force subsystem. The upright subsystem consists of the transmission
compensation module, the buffer module, and the control part. The transmission compensation
module includes the transmission components. The buffer module includes the compression spring
and its fittings. The control part contains servo motor, tension sensor, and relative displacement
sensor. The subsystem can follow the object upright motion actively and provide constant force to
compensate the gravity of the object.

D-10
Further Analysis on Observability of Stochastic Periodic Systems
with Application to Robust Control

Hongji Ma'*, Ting Hou':2, Jie Wang?
1. College of Mathematics and Systems Science, Shandong University of Science and Technology,
Qingdao 266590, China
2. State Key Laboratory of Mining Disaster Prevention and Control Co-founded by Shandong
Province and the Ministry of Science and Technology, Qingdao 266590, China
E-mail: ma_math@163.com

Abstract This paper is concerned with a class of discrete-time stochastic systems with periodic
coefficients and multiplicative noise. Above all, observability is studied by analyzing the
unobservable subspace of concern dynamics. Further, invariantsubspace approach is applied to
derive an operator-spectral criterion of observability, which improves the observability test
presented by Ma et al. (Proceedings of 2016 American control conference, to appear) [1]. Based
on the proposed observability criterion, an infinite-horizon stochastic periodic H2Hoo control is
obtained in the presence of (x, u, v)-dependent noise.

D-11
Stabilization of Perturbed Linear Systems by an Event-Triggered
Robust Hoo Controller

Hao Jiang'”, Yingmin Jia!, Changging Chen?
1. The Seventh Research Division and the Center for Information and Control, School of
Automation Science and Electrical Engineering, Beihang University (BUAA),
Beijing 100191, China
2. The Science and Technology on Space Intelligent Control Laboratory, Beijing Institute of
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Control Engineering, Beijing 100190, China
E-mail: 031jianghac@gmail.com

Abstract Event-triggered control systems have been increasingly studied as an alternative to the
time-triggered sample-data system, mainly for its advantage of reducing the resource utilization.
In this paper, we propose a robust Heo controller for a linear perturbed model and implement it in
an event-triggered feedback scheme, to achieve the L, stability of the system. A sufficient
condition guaranteeing the L, stability of the system is provided in the form of matrix inequality.
The optimization of this inequality condition is settled by eliminating the nonlinear components,
and an adjustable parameter is brought in to reduce the conservatism. Illustrative examples are
given to show this controller’s ability at enlarging sample time and disturbance attenuation.

D-12
The Active Disturbance Rejection Control with a Square-Root
Amplifier for Non-minimum Phase System

Tong Wu?, Weicun Zhang'*, Weidong Li?
1. School of Automation and Electrical Engineering, University of Science and Technology,
Beijing, China
2. Southwest Institute of Clean Energy and Electric Power System, Dali University, Dali
671003, Yunnan, China
E-mail: weicunzhang@ustb.edu.cn

Abstract This paper adopts the active disturbance rejection control (ADRC) technology to control
the non-minimum phase system (NMP). A new amplifier called square-root amplifier (SQF) is
added in the ADRC to reduce the undershoot and the settling times of the step response.
Simulation results are given to verify the effectiveness of the proposed scheme.

D-13
Adaptive Terminal Sliding Mode Control for Servo Systems
with Nonlinear Compensation

Tianyi Zeng, Xuemei Ren”, Wei Zhao, Shubo Wang
School of Automation, Beijing Instituted of Technology, Beijing 100081, China
E-mail: xmren@bit.edu.cn

Abstract To achieve high accurate position tracking of servo systems with backlash and friction
nonlinearity, a terminal sliding mode controller with adaptive compensation is proposed in this
paper. The nonlinear backlash model is converted into the linear expression in order to simplify
the system for control-oriented design. The presented controller consists two parts, which are
position tracking controller and nonlinear compensator. A novel terminal sliding mode controller
is proposed by adopting a terminal sliding mode manifold, while making sure the control system
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could reach the sliding surface and converge to equilibrium point in finite time. The adaptive
compensator is used to compensate the error caused by linearization and friction including static
friction and viscous dissipation. Simulation results verify the reliability and effectiveness of the
proposed method.

D-14
Sensorless Vector Control of PMSM Based on Improved
Sliding Mode Observer

Fanggiang Mu, Bo Xu, Guoding Shi, Wei Ji*, Shihong Ding
School of Electrical and Information Engineering, Jiangsu University, 212013 Zhenjiang, China
E-mail: jwhxb@163.com

Abstract This paper proposes a sensorless control algorithm for the permanent magnet
synchronous motor (PMSM) based on a new sliding mode observer (SMO), which substitutes a
sigmoid function for the signum function. The stability of proposed SMO is analyzed using the
Lyapunov stability theorem. Adaptive law of switching gain is regulated with the rotor speed to
expand the functional range of SMO. A back-electromotive force (back-EMF) observer is
designed to eliminate the high frequency components of estimated back-EMF. An
input-normalized phase-locked loop (PLL) is adopted to extract the rotor position and speed for
compensating the phase lag resulted from the filter. The simulation results illustrate the validity of
the analytical approach and the efficiency of the new sensorless control algorithm for PMSM
based on the new SMO.

D-15
Research on Sliding-Mode Control Technology of High-Performance
LED Lighting Circuit
Kai-he Sun®, Song-yin Cao, Yu Fang, Jin-yan Zheng
College of Information Engineering, Yangzhou University, Yangzhou 225127, China
E-mail: sunkaihe32@163.com

Abstract In order to adapt to the dimming characteristics of load led lamp, and to solve the
shortcomings of slow dynamic response and poor dynamic performance on control parameter of
the traditional PI control, a sliding-mode controller based on half-bridge LLC resonant converter
with current negative feedback is studied in his paper. Two fixed frequencies are set according to
the constant current characteristic of the LED lamp, and the switching of the working state under
the two operating frequencies of the LLC converter is realized by sliding-mode control. The LED
lamp dimming can be realized when the reference current is changed. In this paper, the
large-signal model of LLC resonant converter is derived based on the extended description
function method, and the sliding surface equations and control parameters of the system are
deduced according to the model of the system. Then, the simulation circuit of 240 W LLC
resonant converter with Pl control and sliding-mode control is built. According to the simulation
results, when the load current jumps, the response speed of sliding-mode control is faster than that
of PI control, the dynamic performance of sliding-mode control is higher, and the system is more
robust.
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D-16
Nonlinear Servo Motion Control Based on Unknown Input Observer

Ligang Wang?, Yunpeng Li?, Jing Na'*, Guanbin Gao?, Qiang Chen?
1. Faculty of Mechanical & Electrical Engineering, Kunming University of Science &
Technology, Kunming 650500, China
2. College of Information Engineering, Zhejiang University of Technology, Hangzhou
310023, China
E-mail: najing25@163.com

Abstract This paper presents an alternative control method based on a new unknown input
observer (UIO) for servo motor systems with unknown time-varying nonlinear dynamics and
disturbances. By defining auxiliary filtered variables, an invariant manifold is derived and used to
design the estimation of unknown dynamics. The new observer has only one scalar to be set, and
thus can be easily incorporated into the control design to achieve precise output tracking. The
convergence of the proposed estimator is compared with other three well-known schemes.
Comparative simulation results show the satisfactory estimation and control performance.

D-17
Hoo Filtering for a Class of Discrete-Time Markovian Jump Systems
with Missing Measurements

Yunyun Liu®, Jinxing Lin
College of Automation, Nanjing University of Posts and Telecommunications, Nanjing
210023, China
E-mail: Iynn996699@126.com

Abstract This paper is concerned with the Hoo filtering problem for a class of discrete-time
Markovian jump system with missing measurements. The measurement missing assumed to occur
in random way and the missing probability for each sensor is governed by an individual random
variable satisfying a certain probabilistic distribution over the interval [0 1]. Our attention is
focused on the design of a filter such that, for the admissible random measurements, missing the
error of filtering process is stochastically stable. Using the Lyapunov function combined with
projection Lemma is established that the filtering error system is stochastically stable and a
guaranteed Hoo performance constraint is achieved. A numerical example is given to illustrate the
feasibility and effectiveness of proposed filter.

Virtual Actuators for Attitude Control Based on Variable-Speed
Control Moment Gyros
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Kebei Zhang!, Dayi Wang" ", Liang Tang® 2
1. Beijing Institute of Control Engineering, Beijing 100190, China
2. Science and Technology on Space Intelligent Control Laboratory, Beijing 100190, China
E-mail: dayiwang@163.com

Abstract A steering law avoiding singularity by virtual actuators for variable-speed control
moment gyros (VSCMGs) is proposed in this paper. Using virtual actuator to extend VSCMGs
Jacobian matrix, this method can guarantee the pseudo-inverse solution of VSCMGs steering law
always exists. At the same time, the null motion of VSCMGs is adopted to make sure that the
VSCMGs gimbal angles always get away from the singularity and the VSCMGs rotor velocities
tend towards to expect speed. The proposed steering law is demonstrated through numerical
simulation for large angle attitude maneuver control.

E-2
Distributed Control for Formation Switch of Fixed Wing MAVs

Wanrong Huang, Yanzhen Wang®, Hai Yang, Xiaodong Yi, Xuejun Yang
State Key Laboratory of High Performance Computing (HPCL), College of Computer, National
University of Defense Technology, 137 Yanwachi Street, Changsha, 410073 Hunan, People’s
Republic of China
E-mail: yanzhenwang@hotmail.com

Abstract We propose a distributed control approach for formation switch of fixed wing micro
aerial vehicles (MAVS). First, a multilayer system framework is designed for distributed formation
control of fixed wing MAVs. Then, a specific control algorithm is proposed for on-the-fly
formation switch. During the entire formation switching process, constraints such as a safe
inter-MAV distance can be satisfied, by applying position-based dynamics on the conceptual
centers around which the MAVs circle. The effectiveness of the proposed approach is
demonstrated by comparative experiments in a realistic robot simulator.

E-3
Research of Variable Cycle Engine Modeling Technologies

Shaochang Wang, Jigiang Wang”, Bo Jiang, Xiaolong He
Jiangsu Province Key Laboratory of Aerospace Power System, Nanjing University of
Aeronautics and Astronautics, Nanjing 210016, China
E-mail: jigiang.wang@nuaa.edu.cn; jigiang_wang@hotmail.com

Abstract A component level mathematical model of double bypass variable cycle engine (VCE)
was built with a reference to the modeling method of two-spool-turbofan engine. The model of fan
was developed with separated characteristic of fan tip and hub sections. The model of core drive
fan stage (CDFS) model was built to work under single bypass mode and double bypass mode.
The model was able to run as steady mode and transient mode. During the calculating process of
the dynamic co-working equations, the method of volume dynamics was used in order to avoid the
iterative calculations. In single bypass mode, it represents higher thrust and smaller bypass ratio,
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which is fit for the high-speed flight. In double bypass mode, it shows lower thrust and bigger
bypass ratio, which is fit for the low-speed flight.

E-4
Multi-sensor Fault Diagnosis of Aircraft Engine Based on
Kalman Filter Group
Jixiang Hu, Lingfei Xiao®
College of Energy and Power Engineering, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China
E-mail: Ifxiao@nuaa.edu.cn

Abstract For the problem of Multi-sensor Fault Diagnosis in aircraft engine, according to the
theory of Kalman filter, this paper proposed a novel fault diagnosis method based on Kalman filter
group. Author used the engine model nonlinear system based on the least square fitting method,
and the linear discrete system model of engine was obtained by discrete treatment. On this basis,
further considering the effect of engine sensor fault and interferences, successively for single
sensor and multi-sensor faults condition, we put forward the aircraft engine sensor fault diagnosis
method based on Kalman filter group. The simulation results show that this method can quickly
diagnose and have a good diagnostic accuracy for multiple sensor faults and gradual failure of the
engine.

E-5
Development of a Simulation Platform for Spacecraft
Omni-directional Rendezvous
Shihao Sun'*, Hao Li*, Yingmin Jia!, Changging Chen?
1. The Seventh Research Division and the Center for Information and Control, School of
Automation Science and Electrical Engineering, Beihang University (BUAA),
Beijing 100191, China
2. The Science and Technology on Space Intelligent Control Laboratory, Beijing Institute of
Control Engineering, Beijing 100190, China
E-mail: jxcrssh@126.com

Abstract A novel semi-physical simulation platform that can be used for verification on
spacecraft omni-directional rendezvous is presented. The platform is comprised of a 6-DOFs
motion module and a 3-DOFs motion module, which provides the capability for reconstructing the
motion of spacecraft rendezvous on the ground. The mechanical structure and the dynamics model
of the platform are given at first. Then the reference trajectory for the platform’s motion module is
developed based on the similarity theory and a tracking controller is designed. Finally, the
effectiveness of the simulation platform is demonstrated by the numerical simulation of flying-by
rendezvous.

E-6
Robust Coupling-Observer-Based Linear Quadratic Regulator
for Air-Breathing Hypersonic Vehicles with Flexible Dynamics
and Parameter Uncertainties
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Na Wang®, Lin Zhao, Chong Lin, Yumei Ma
College of Automation and Electrical Engineering, Qingdao University, Qingdao 266071,
Shandong Province, China
E-mail: wangnaflcon@126.com

Abstract This paper studies the anti-disturbance control problem for air-breathing hypersonic
vehicles (AHVs) with flexible dynamics and parameter uncertainties. A novel anti-disturbance
control method is presented, which includes a robust coupling observer (RCO) and a linear
quadratic regulator (LQR). The compensator is designed to reject the disturbance generated by
rigid-flexible couplings (RFCs). The LQR is presented to track desired trajectories. Finally,
simulation results show that the control performance can be improved by using the RCO-based
LQR compared with the traditional linear quadratic regulator.

E-7
Robust Tracking Control for Flexible Space End Effector

Yi Li*, Xiaodong Zhao, Yingmin Jia
The Seventh Research Division and the Center for Information and Control, School of Automation
Science and Electrical Engineering, Beihang University (BUAA), Beijing 100191, China
E-mail: liyi309@163.com

Abstract In this paper, a robust tracking control strategy is proposed for flexible space end
effector. First, a flexible end effector is designed for the purpose of decreasing the rigid collision
caused by the contact between space manipulator with the target. Permanent magnet spherical
motor (PMSM) combining yaw, pitch, and roll motions in a single joint is employed to track the
trajectory of the end effector. Then, the dynamic model of PMSM rotor is built according to the
second Lagrange equation and the Cardan angle coordinate transformatio