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EEG based amplitude-modulated auditory steady-state
response and auditory selective attention analysis
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2. The High School Affiliated to Renmin University of China, Beijing 100080, China)

Abstract: Patients with atresia cannot control eye movement independently, and cannot use visual Brain-
Computer Interface (BCI) to realize consciousness communication. The technology of auditory BCI is not re-
stricted by vision. It is of great significance to realize the consciousness communication of such patients. First-
ly, the response characteristics of different subjects to auditory evoked stimuli with amplitude modulation fre-
quency change were studied to obtain the amplitude-frequency characteristics of auditory passband. Based on
the auditory passband frequency characteristics of subjects, a new auditory selective attention paradigm was
designed. The stimulus frequency with stronger response amplitude was selected as the stimulus frequency of
subjects. An improved spatial coherence Electroencephalogram ( EEG) signal resolution method was pro-
posed, which improves algorithm robustness and achieves higher classification accuracy. The two-class classifi-
cation was realized through attention selection. In this paper, the frequency characteristics of the auditory
passband of different subjects were accessed, and the auditory amplitude-frequency characteristic curves of the
human brain in the frequency range of 35 —94 Hz are obtained. It was found that the response amplitude is the
strongest in the frequency range of 35 —44 Hz. By using the improved spatial coherence algorithm, the pro-
posed experimental paradigm based on the passband characteristics and the fixed frequencies experimental par-
adigm for three subjects were compared and tested. The results show that the proposed experimental paradigm
and the improved spatial coherence algorithm achieve higher accuracy.

Keywords: auditory Brain-Computer Interface ( BCI) ; auditory steady-state response; auditory selective

attention; spatial coherence; auditory passband
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Path following and obstacle avoidance control of AUV
based on MPC guidance law

YAO Xuliang', WANG Xiaowei' ™"

(1. College of Automation, Harbin Engineering University, Harbin 150001, China;

2. School of Mechanical Engineering, Jiujiang Vocational and Technical College, Jiujiang 332007, China)

Abstract: In order to realize the three-dimensional straight path following and obstacle avoidance control
of underactuated Autonomous Underwater Vehicle (AUV) , a new control method including kinematic and dy-
namic controller is presented based on cascade control strategy. First, the constraints of pitch and yaw angular
velocities are considered in the design of kinematic controller, and the optimal guidance law is designed by
using Model Predictive Control (MPC). Then, the rotation speed of thruster and the saturation of rudder angle
are considered in the design of dynamic controller, and the dynamic controller is designed based on the Sliding
Mode Control (SMC) technology to ensure the robustness of the system. Finally, the performance of the pro-
posed control algorithm is compared with the performance of traditional control method based on Line-Of-Sight
(LOS) guidance law by simulation experiment. The simulation results demonstrate that the proposed algorithm
can not only improve the three-dimensional straight path tracking effect of underactuated AUV, but also reduce
the saturation of rudder angle effectively.
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Stable control of MSCMG rotor based on feedback linearization
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(School of Instrumentation Science and Opto-electronic Engineering, Beihang University, Beijing 100083, China)

Abstract; The stable suspension of the Magnetically Suspended Control Moment Gyro (MSCMG) rotor is
the key to achieve high-precise and large-moment output for gyro. Aimed at the problems of the rotor radial tilt
coupling, nonlinear parameter perturbation and moving-gimbal effects that affect the rotor stable suspension,
the rotor dynamics model is established and an enhanced internal model control method based on feedback lin-
earization is proposed. The feedback linearization method is used to decouple the radial tilt motion and linear-
ize the rotor dynamics model. The enhanced internal model control is designed to compensate the nonlinear pa-
rameter perturbation, suppress moving-gimbal effects and improve stability of the rotor system. MATLAB simu-
lation results show that the proposed control method can decouple rotor tilt motion completely. Compared with
the PID control, the proposed method can effectively suppress the influence of parameter perturbation on rotor
radial translation. For rotor radial tilt, the proposed method can effectively suppress moving-gimbal effects and
improve system control precision compared with PID cross control.
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Fig.1 A self-designed experimental device for controlling thermal runaway of lithium-ion battery with fine water mist additive
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Method for screening fine water mist additive based on
temperature drop index of lithium-ion battery
ZHANG Qingsong, LUO Xingna"™ , CHENG Xiangjing, BAI Wei

( Center of Aircraft Fire and Emergency, Civil Aviation University of China, Tianjin 300300, China)

Abstract: In order to compare the effect of fine water mist additive on controlling thermal runaway Domi-
no effect of lithium-ion batteries, the temperature drop index model of lithium-ion battery and its test method
are proposed. The self-designed thermal runaway experiment platform of lithium-ion battery was used to con-
duct the Domino effect suppression experiment of fine water mist containing different additives, determine the
temperature drop index after the action of each additive, and analyze the action mechanism of each additive.
The results show that the temperature drop index increases obviously after adding the additive, which indicates
that the additive can significantly improve the thermal uncontrolled continuous propagation effect of fine water
mist. The inhibitory effect of inorganic salt additives is higher than that of surfactant additives, which mainly
enhances the chemical fire extinguishing effect of fine water mist. Further comparison of the temperature drop
index shows that the effect of fine water mist suppression is the best after NH,H,PO, is added. The tempera-
ture drop index was used to evaluate the thermal runaway domino effect suppression of fine water mist additive,
which provides a theoretical basis for screening fine water mist additive fire extinguishing agent.

Keywords: lithium-ion battery; thermal runaway; temperature drop index; fine water mist additive;
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Fig.7 Pressure distribution curves along plate center line of
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Experimental research on aerodynamic force effect of multiple plumes
based on pressure-sensitive paint technique
WU Jing""*, CAI Guobiao®

(1. College of Mechanical Engineering and Automation, Fuzhou University, Fuzhou 350116, China;

2. School of Astronautics, Beihang University, Beijing 100083, China)

Abstract: The interaction of multiple plumes may cause interacted plumes with complex flow field. To
experimentally study the aerodynamic force effects of interacted plumes, an optical measurement technique for
surface pressure based on Pressure-Sensitive Paint (PSP) was employed to globally measure the aerodynamic
force of a plate model impinged by single-and dual-nozzle plumes which used normal-temperature air as the
working gas with high resolution. The strength and region of the aerodynamic force under different distances
and angles between the nozzles and the plate were analyzed. The experimental results show that PSP using poly
(TMSP) as the binder and PtTFPP as the luminophore exhibits fast response and can distinguish tiny pressure
variation of Pa level in the plume aerodynamic force measurement. Compared to the conventional method based
on discrete pressure taps, PSP is low temperature-dependent, is capable of measuring large pressure gradient,
and can accurately describe the aerodynamic force effect of plume. It is found that the aerodynamic force is
significantly enhanced by the interacted plumes, and the enhancement effect decreases as the incident distance
reduces. The aerodynamic force of the interacted plumes cannot be directly superimposed by those of single
plumes linearly. Plume interaction enhances the backflow intensity, and thus the plume shield after multi-
plume interaction should be taken into account in spacecraft design.

Keywords: vacuum plume; interacted plumes; aerodynamic force effect; Pressure-Sensitive Paint

(PSP) ; pressure enhancement
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A method for GNSS-IR soil moisture inversion based on GPS
multi-satellite and triple-frequency data fusion
SUN Bo', LIANG Yong" *, HAN Mutian’, YANG Lei'?, JING Lili', HONG Xuebao’

(1. College of Information Science and Engineering, Shandong Agricultural University, Taian 271019, China;

2. School of Electronic and Information Engineering, Beihang University, Beijing 100083, China)

Abstract: Soil moisture monitoring is one of the key applications of Global Navigation Satellite System In-
terferometry and Reflectometry ( GNSS-IR ). Traditional GNSS-IR soil moisture inversion methods generally
utilize only one frequency of single satellite, which lose the opportunities of taking full advantages of difference
and complementarity of satellite signals with different orbits and frequencies. To solve this problem, this paper
proposes a joint inversion method with weighting fusions of the L1, L2 and L5 frequency band data of GPS
multi-satellite. In this method, the weighting factor is determined by an adaptive fusion algorithm based on the
minimum variance. Field experiment is performed for verification. The results show that, compared with tradi-
tional Larson method on the test set, the correlation coefficient and the root-mean-square error of the inversion
method proposed in this paper are 24.69% higher and 22.28% lower respectively, and meanwhile compared
with the fusion method of the mean value method, the correlation coefficient and the root-mean-square error
are 26.77% higher and 23.26% lower respectively. Experimental results prove that the proposed method can
effectively improve the inversion accuracy.
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Tactical activity recognition model and online accurate
inference based on CIDBN

GUO Haifeng" * , LIU Honggiang' , ZHUANG Yanlong®, YANG Haiyan®

(1. College of Aeronautical Operational Services, Air Force Aviation University, Changchun 130000, China;
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3. College of Air Control and Navigation, Air Force Engineering University, Xi” an 710038, China)

Abstract: Tactical activity recognition is an important research content of battlefield situational aware-
ness. In order to improve the accuracy and real-time of tactical activity recognition, a tactical activity recogni-
tion model and online accurate reasoning based on Context-Independent Dynamic Bayesian Network ( CIDBN)
are put forward. Based on the analysis of tactical activity mechanism and Dynamic Bayesian Network ( DBN)
theory, an initial tactical activity recognition model is established. In this model, threat index nodes are intro-
duced to influence the termination and selection of activities, and the fuzzy membership function is used to dis-
cretize the continuous variables. The model is simplified based on the relationship of context independence,
and the new tactical activity recognition model based on CIDBN is obtained. The interface algorithm is extend-
ed to the model and an online accurate reasoning algorithm is proposed. The simulation results show that the
proposed tactical activity recognition method has the advantages of high recognition accuracy, low uncertainty
and high real-time performance.

Keywords: Dynamic Bayesian Network (DBN) ; interface algorithms; context independence; threat in-

dex; exact inference
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Numerical simulation of parafoil inflation process based on
fluid-structure interaction method
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Abstract: To study the fluid-structure interaction dynamic characteristics of rammed parafoil during infla-
ting process, a folding model of rammed parafoil with multi-chamber was established based on the theory of
free form deformation. The time-step updating technique was used to make fluid field move with the movement
of the parafoil system. The nonlinear dynamics numerical calculation was carried out with Arbitrary Lagrange-
Euler (ALE) method during the unsteady parafoil inflation process. The numerical results are in good agree-
ment with the airdrop test results. The three-dimensional shape and unsteady flow field distribution indicate
that there exists a wake recontact phenomenon with “tip warping and central depression” due to the tip vortex
during parafoil inflation process. The inflatable law of each chamber is symmetrical with respect to the central
chamber. The dynamic variation law of parafoil aerodynamic characteristics is analyzed and the glide ratio is
stable at 2.24 after inflation. The conclusions provide a theoretical basis for parafoil design and inflation per-
formance prediction.
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Table 1 Average surface stiffness of scarf-repaired

laminates in four hygrothermal environments

B2 T RMRIE/(N - (pe) ™)
RD 26.0
RW 25.0
ED 26.4
EW 26.9
150 F 139.1 139.6
113.8
Z
:-1;: 100
=
=
=
50
¥
0
RD RW ED EW

P4 oo i BRI T 42 MR e L S AT
Fig.4 Maximum tensile loads of scarf-repaired
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Table 4 Comparison of maximum tensile and
compressive loads of scarf-repaired laminates in

RD enviroment between experiment and

finite element method
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Fig. 10 Comparison of tensile failure profiles of scarf-
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experiment and finite element method
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Table 5 Corrective parameters of composite CCF800/
epoxy in RW, ED and EW enviroments
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Effect of hygrothermal environment on tensile and compressive
properties of CCF800/epoxy scarf-repaired laminates
ZHANG Jie"?, CHENG Xiaoquan' *, CHENG Yujia', FENG Zhenyu®

(1. School of Aeronautic Science and Engineering, Beihang University, Beijing 100083, China;
2. Institute of Telecommunication Satellite, China Academy of Spacecraft Technology, Beijing 100094, China;

3. The Airworthiness College, Civil Aviation University of China, Tianjin 300300, China)

Abstract: As the aircrafts after scarf repair may experience hygrothermal environment during its service,
the effect of hygrothermal environment on tensile and compressive properties of scarf-repaired laminates was
studied in this paper. The tensile and compressive properties of composite CCF800/epoxy scarf-repaired lami-
nates in four hygrothermal environments were firstly tested. Then, corresponding finite element models of hy-
grothermal stress were established to explore structural hygrothermal stress distribution in different environ-
ments. Finally, the tensile and compressive property analysis models of scarf-repaired laminates in the hygro-
thermal environment were established to explore the effect of the hygrothermal environment on the mechanical
properties of the scarf-repaired laminates. The experimental results show that the hygrothermal environment re-
duces the compressive bearing capacity of scarf-repaired laminates, but improves their tensile bearing capaci-
ty, which is inconsistent with the common sense. Through experimental observation and mechanism analysis,
it was found that the fiber misalignment in CCF800/epoxy laminates is the main reason that the tensile proper-
ties of the scarf-repaired laminates do not decrease but rise in hygrothermal environment. Therefore, with hy-
grothermal environment considered, the problem of fiber misalignment needs to be paid special attention to in
the production of CCF800 fiber composite materials.

Keywords: composite laminate ; scarf repair; hygrothermal environment; tensile properties; compressive

properties; finite element modeling
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Research and detection of magnetic anomaly signals of
moving vehicles at different speeds
WANG Yao'?*, SHAO Jianda'”®, HU Guohang'*** , LIU Xiaofeng'®, ZHANG Kaixin'*"

(1. Laboratory of Thin Film Optics, Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Sciences, Shanghai 201800, China;
2. Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences, Beijing 100049, China;

3. Key Laboratory of Materials for High Power Laser, Chinese Academy of Sciences, Shanghai 201800, China)

Abstract; As speed increases, there is the creation of non-steady-state materials in vehicles, such as
high-temperature combustion of gasoline and free charge accumulation caused by high-speed friction. These
signals can not be explained by magnetic dipole model suitable to ferromagnetic materials. To solve this prob-
lem, a method combining the equivalent model of magnetic dipole and motion charge is proposed in this pa-
per. The magnetic anomaly signals of vehicles at different speeds were calculated theoretically, their character-
istics in time domain and frequency domain were analyzed, and the dependence relationship between magnetic
anomaly signals and speeds was obtained. Further, a weak magnetic detection experiment device was construc-
ted for detecting the magnetic anomaly signals of vehicles at different speeds in time domain, using the Tunnel
Magnetoresistance sensor ( TMR) combined with filtering, amplification and analog-digital conversion technol-
ogy. The frequency-domain information was obtained using Fourier transform and the results agree with the
theoretical model. In addition, the frequency-domain signal spectrum shifts to the high frequency as speed in-
creases, which is extremely significant to extract weak magnetic target signals from low-frequency geomagnetic
background field.

Keywords: weak magnetic detection; moving vehicle; magnetic anomaly signal; spectral shift; magnetic

dipole model
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Periodic quasi-satellite orbits around Phobos and their injections

WU Xiaojie, WANG Yue ", |XU Sh

(School of Astronautics, Beihang University, Beijing 102206, China)

Abstract: The Quasi-Satellite Orbits (QSOs) around Phobos are the most practical orbits in Phobos ex-
ploration missions due to their stability. With the planar circular restricted three-body problem model,
Poincaré’ s surface of section and KAM tori iterations are employed to investigate the periodic QSOs. Initial
conditions of periodic QSOs with different energy are determined. A method to design transfer orbits from orbits
around the Mars to periodic QSOs is proposed, which propagates orbits backward from injection points on
QSOs with a AV to somewhere away from Phobos to complete a transfer. The fuel consumption and transfer
time are optimized by changing transfer parameters. It is found that when the energy of the periodic quasi-sat-
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ty can be used for fuel saving, and a shorter transfer time can be achieved with a small impulsive velocity.
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Fig. 1  Situation of resultant potential field being 0
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Table 1 Kill probabilities of attack platforms to

targets in Scenario A

wikrs T-1 T2
P-1 0.41 0.65
P2 0.77 0.70
P33 0.51 0.64
P4 0.53 0.72

®2 BEHMEGERA)

Table 2 Target value in Scenario A

H b HArf E
T-1 3
T2 3

R3 AEEFBEER(HEA)

Table 3 Task assignment results in Scenario A

A 75 = P-1 p-2 P-3 P4
Aa T-1 T-1 T2 T2
D T-1 T-1 T2 T2
DD T2 T-1 T-2 T-1
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Table 4 Kill probabilities of attack platforms to

targets in Scenario B

%g T1 T2 T3 T4 T5 T6 T7 T8 T-9
P-1 0.58 0.65 0.72 0.67 0.63 0.46 0.52 0.79 0.50
P2 0.52 0.74 0.48 0.48 0.66 0.72 0.47 0.44 0.77
P-3 0.64 0.60 0.58 0.56 0.64 0.56 0.64 0.69 0.75
P4 0.48 0.78 0.47 0.40 0.68 0.76 0.69 0.69 0.72
P-5 0.52 0.56 0.46 0.63 0.52 0.51 0.70 0.71 0.42
P-6 0.45 0.65 0.41 0.66 0.41 0.57 0.48 0.69 0.60
P-7 0.78 0.43 0.42 0.74 0.40 0.63 0.64 0.59 0.49

x5 BHRMEHEB)

Table 5 Target value in Scenario B

H 5 H 7o 8
T-1 0.77
T2 2.20
T3 0.76
T4 0.62
T-5 1.70
T-6 0.65
T-7 0.75
T-8 3.30
T-9 0.50

®6 ESZSEER(FHREB)

Table 6 Task planning results in Scenario B

MR Pl P2 p-3 P4 P-5 P-6 P-7

ks T-8 T-5 T-8 T-2 T-7 T4 T-1
D T-8 T-5 T-8 T-2 T-7 T4 T-1
DD T-8 T-5 T-8 T-2 T-7 T-4 T-1
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Fig.5 Path planning results of circulating APF and
traditional APF with ID decoupling method and coupling
method ( Scenario A)
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Multi-platform cooperative task planning with decoupling
optimization and circulating APF

JIA Zhengrong'?, LU Faxing’, WANG Hangyu® "

(1. National Key Laboratory for Vessel Integrated Power System Technology, Naval University of Engineering, Wuhan 430033, China;
2. College of Weaponry Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract: For better performance in cooperative task planning, a multi-platform task planning method is
proposed with the high efficient Artificial Potential Field ( APF) method. For the coupling problem of task as-
signment and path planning in task planning, two decoupling frameworks are presented, namely Decoupling
with Independent path planning (ID) and Decoupling with Direct distance (DD). The objective function of
task assignment is constructed considering the sum of target value, range of distance between platform and tar-
get, and sum of distance between platform and target, and is solved with genetic algorithm. By presenting cir-
culating APF | the no-solution problem of traditional APF method caused by local-minima is avoided, and the
simultaneous arrival control strategy and path confliction avoidance strategy are proposed for path planning of
multi-platform simultaneous arrival. The simulation is conducted in different scenarios with coupling method,
ID and DD. And the path planning results of traditional APF and circulating APF method are also compared.
The results suggest that, decoupling methods can reach results close to coupling method but with less time cost
than coupling method. And compared with traditional APF method, circulating APF method is characterized
with better solution feasibility and path performance. For method application, it is recommended that ID meth-
od is used in big block obstacle scenarios for better precision, and DD method is used in sparse obstacle sce-
narios for better efficiency.

Keywords: task planning; path planning; task assignment; task decoupling; Artificial Potential Field
(APF)
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carbon steel soil in major cities
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Beijing-Tianjin-Hebei carbon steel soil corrosion rate map based on BP-GIS
LI Jingyang'®>* | WANG Zhen', CHEN Yi', QI Junfeng', YANG Bin’

(1. Beijing Spacecrafts Manufacturing Co. , Ltd. , Beijing 100094, China;
2. National Center for Materials Service Safety, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: In view of the corrosion of carbon steel soil in Beijing-Tianjin-Hebei region, the prediction
model for corrosion and pore corrosion in soil were developed using Back Propagation ( BP) neural network.
The main influencing factors were used as input parameters. According to the values of main soil corrosion in-
fluencing factors, the carbon steel soil corrosion rate was predicted. Average annual carbon steel soil corrosion
rate in China was mapped based on Geographic Information System ( GIS). The research shows that the aver-
age annual corrosion rate of carbon steel in Beijing-Tianjin-Hebei region is higher in the northwest and lower in
the southeast in one year, and the average annual corrosion rate is basically uniformly distributed in many
years. The carbon steel soil corrosion caused by pH value, total salt content, soil temperature, total nitrogen
content and organic matter is more significant. The maximum average annual corrosion rate of carbon steel in
1,3, 5 and 8 years is 6.159, 2.322, 2.614 and 3.467 g/(dm’ - a).

Keywords: carbon steel; Back Propagation ( BP) neural network; Geographic Information System

(GIS) ; Beijing-Tianjin-Hebei; soil corrosion map
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3.2 BT RS 2R A0 BB 5 25 g0t

T A ) O v DR EC R G T, LB AT B Y
B bk 78RR IR R G Rz I
AR SR P A A2 1) 45 5 4 aKODR 2 UL I % 1 4 1) 5
W ok 312 T 2 Gt L B B R RE o

TE AL ERERIRZEN e = x) —u,,, BT
[0
s =ce+e (23)
A BH e WEEE R R IEZ W0 A + ¢ O Hur-
witz, X T E LR A +c =0 BFRAE(E AT 11 52356,
Bl e¢>0,

XF s oK, A4S
s =cet+e =ce+x, —x, =

ce = b, x, +x, + b, w —x,, (24)

% BB B AR B 22 % s (A BR 4], 52 PR £
Gerh — MRAL T 2% 1 R AL RS AL s T SRR A 0
028 T LS H RL  RE AE  EAT A, e T
Pl e vt v T M L 2E A0 R R R X —

I\E] @ o

f(':':'k, j‘jﬂz%ﬁ(;é=£z _x.m;§=0é+é,é=£1 ~Xygo0

7E X Lyapunov pRE R V. :%sz L

V. =ss =s(ce —b,,x, +x, +b,w-2%x,,) =
S[C(x.l _;52) _bln(xZ _562) + X3 _923 -
ks] =s(- c;cz + bh‘;cz —;63 -ks) =

— ks +s[ (b, —c)x, —x3 — k5] (26)
Rl w, =8, —2,50, =%, —x,35 =5 —s =ex, +4,,
AL, (b, =), —x,y — ks BYR/NBCHR T fi
BT TR LI 1 2% 4> R B WL 5% 22 L, X
A= [ (b, —c)x, —x, —ks| WA
I./ﬁ <-ks +%(s2 +A%) =~ (k —%)52 +

1 _ 1o
SA = -2k 1)V, + A (27)

Sa=2k -1,8= A MRER IR, <
1 .
-2k, -1)V, +7A2 B fif vl L 7n
Vs(t) < e—mvs(o) +Bje—a(/—r)d7_ —
0
e “V.(0) +ﬁfe_a(w)d( —a(t-7)) =
aJo
eV (0) + B (1 - ey (28)
o
N 1 )
HH k. >7,91'JEI4%':

lim V_(1) =% (29)

i # E Lyapunov p& BO6 ] 36 & 42 (19 2
PEBEAT T 40 BT ORAIE T 2R G i W SrE | Wi s o B
P TP A b, A8 S8 0,0 B3 (25) 0]
L, A A5 5 P A RO S A B IO 5 PR IO I AR
0 3 AR b, AN R I AR R A
il 2 G0 2 O 0 2 B A B0 0 1 5 R A
PR 1 T kg TC e Bl 15 B0 T i 28 GIR 2L T 4 5 T
R P ERIAE T B R IURT LRAIE & S8 BRSO BT
EE T BURKING 5 o LK (BN RS NI 2
2 L AR IR R 48 B e 0 7 B BR R R R

4 BKEMHE
FIF MATLAB/Simulink 1 AMESim {5 2 -

B, E T RE AR RGOS O H A
Hob s RS RAE AMESim 5 78, 2% T 75K
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RS LN 2t A T 42 A ¢ A5 1 fE MATLAB/ Simu-
link gy o RIS P B R ER 5 B T WK &
GUitk U A R AC B BB A M LB
T A7) A R AL R ) S R A MR SRR
TR R B Oy AN A 2 FFR, f 2S5
mE 1R,

T S UE AR ST AR A o SR ) O A o
TR A WL 5 A T A T 4% A PID 45 i 6% K
T GE i R 2% 3 M At O SR BEAT XS He 3T o 3
10 2 07 LA R AT LB, I 3 A 45 ] 4% b
AR BB S8 Hoh 2 TP 50K
AL i Y R A% (T e T R AR ) B2 8

BUEH w, =500,c =800,k =500;PID # %8
SR N P =5000,1=10,D =0; ) T fii %} L5k
PNV R A G B T 2% S BRI BT

SRCTR A LN 2 B T 5 922 1 38 DR — 380, BV IO € =
800,k =500,
N T RERS X R G REHE AT E IR, A SEH]

AR S E LT 3 LR G PERE R AR T T X &
GEPERE R TPAR 43 S0 A+ R 1R 25 2 X (B Y de R
Loy » X — B0 AR 42 ] 5 9 B BR P BE 5 BR B 3 22
FT7 BB Ly, 1X — FE AR AR P ) B AR A
AR S SF 2P BE 5 4 B RO T 8o 2 8
Lyse 3K —F8ARAR AR ) 0 422 1] 550 B2 F) R/

MATLAB/Simulink Q.J—:El -5
| 'S | —m
— wer — \ .
> WA EREN
o lmr i % . | g
L adle = I— ‘Wa-wa‘
T L rensuws [

LF’

20 NG o A ) ‘ ‘_ = e
2 MATLAB/Simulink 1 AMESim Bt & {j5 H A5 I
Fig.2 MATLAB/Simulink and AMESim co-simulation model
®1 REBRARRZHESH
Table 1 Simulation parameters of pump-controlled Lyse = N 2 [w(i ) ] (32)

electro-hydraulic servo system

2R e fe
X s A HE R/ (mL - v 13.3
R fRT % ZE EL AR/ mm 40
1% ZEAT B A2/ mm 28
fER i/ kg 55
) Al FELBIL A5 i) o o AR
HEBERIEE /(N - m - (°) ) 10000
WA B 1 I K 71/ MPa 0.3
JEACEEHE /N 30
WL ML R 100
(N-(m-s"H) ™"
W ZEAT R /m 0.2
THIV T AR £/ MPa 700
{7 IR v L B AR i/ (kg - em®) 50
i i I TR J1/MPa 15
W ES MR 2%/ (L » min ™'+ MPa™") 0.3
W LR EE 03 /N 50
Lpp = maxy‘e(i)‘ (30)

1 ;’V

lyse = WZ e(i)]’ (31)

BUE R Geastr i 18 i W A AR SR
Y1, 09 1 LB i 4 AR AN [R] 00T B9 PERE , 20 %l
MELT 4 Fifs S BEAT R B PR 00T, BRER I
3 0.1 Hz B H 4 SO mm BYIE LA EAE S, H )
JE D3 P BT 4 ) 4% B R RO 2 e 4 > MR BE
3000 NBMER T4 T, BREZ A 0.1 Ha (@B
50 mm [ IE 5207 BEAS S, B ARG T B 4
AR ARPT R R PEBTER T A RE 1 s 2 HOEH 21k |
s B 26 1F R BRER IR O 0.1 Hz iR (A
50 mm B IE 5K 07 B A5 5, FAY = 03 BT 5034 il
AARYT S A% 3 KA B T 0 B RE U752 Hz,
1000 NAR5X T4 R BREZSIAN 0.5 Hz MR 5
10 mm {4 1 5% A0 A5 5, F A9 I3 BT B3+ 4 il
i BRER AL B AR S ARSI AR R TR BE S
4 B O AN [R5 i O vk B PR RE XY Ee e A A E

1) ETHEL T, BRE AR 0.1 Hz M5 {5
50 mm B IEEALEAR S mE 3 (a) kK2
(9 1o 385 PT LAFE H PID 45 1 g 1) d5 K BR B0 22
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Table 2 Comparison of comprehensive performance
indexes of tracking 0.1 Hz,50 mm sinusoidal position

command without disturbance

Pl 7 Iypp/m Tysp/m*  Iyse/(rad - s7')?
PID 4z 4] 1.30x107% 1.16 x10°°  4.52 x10°
1t G2 Y AL 47 il 1.00x107% 5.19x10°7  4.25x10°
NI+ RS 1.84 x107° 1.64 x107"0  4.26 x 10°

N 1,30 x 10 ™7 m, £ G5 W A5 45 ] 25 A0 B R R Bt 1R
2279 1.00 x 10 ™ m, J T3 3R 28 0L 2§ 1) 1 45
P 2 e KR ER IR 220 1.84 x 10 7 m, AL T
PID 2 16 #5 I 15 314 1) 25 19 S R BRI 1R 25 /N T
98.6% , HH Lt 1% G ¥ B4 ] 25 BT B T4 1 5 14
RIS IR 2 WU T 98. 2% 5 H BT % 3 1 1 28 1
Lysp T8 PR BT /N T PID $8 il #5 F 4% S8 1 A 42 1
A, AT LLE B BT U 4 o A A TR R
SR PR AR T A 2 Bh R AR s e Ah, B 3 (D)
B2 Wl Ly A6 AR 0T LA, BT 48 ] 25 1
Pl /N T PID 5 4 25 i L X U B 5 PID
e AR AT IR R R 2 W LR N A R T
PR BTl oA T PR £, 5 2 g )
HE S R T A2 0 T S L 2 X — 4 4 A o R B2
WM B E /N AR, mE3(e) . (d)
15, BB T sk IR A5 0 I 5 BE 52 B4 W T8 )
o7 A B RS AT
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AR A N0, FE 5 B AT B 20 s B SR A
3000 NFBYER T4 J1, NI 4 (a) K 3 W] LA
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Fig.4 Tracking 0.1 Hz,50 mm sinusoidal position

command under 3000 N step disturbing force
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Table 3 Comparison of comprehensive performance
indexes of tracking 0.1 Hz,50 mm sinusoidal position

command under 3000 N step disturbing force

a7 ik Lypg/m Lysp/m®  Iyse/(rad + s71)7
PID # 4i 6.50 x107% 1.76 x 10 ~° 1.02 x 10*
1t e W A 47 i 3.00 x107% 1.36 x10 ¢ 9.80 x 10°
NI ES + W AR 1,90 x107° 1.72 x10~° 9.88 x 10°

22 AR, T3 BKCR S TLI 2§ 1) T 45 ) 2% F 3%
TR IR ER R 22 B AR R B RIR 22
1.90 x 10 ~* m, b J5 £84F 0. 6 s 1% 22 1B Pk & 2 m
AT AT 7K IS T 458 hy BHRAEL R 428 R0 5
1% e v B i 2% T WA T AN, 7 T R A
KA IR sk, R i 22 M R 3 4k 88 . L
P AR BT, BT A SR m EL A R Y B A
P, XA 38 T FT 8 9 ok R 2 LI 2 X6 3 4 K
B 0800 5 2 o 28 % P 08 E A A L T 4 (D) R
T KR A LI X % X 5

3) ZHORFIAE A R SR AT R
EESR RN 0.1 Hz i {4 50 mm 1 1E 3% 47 BA5 5 .
h T BAES BRI B AR R RS AT
RYNERE, 7E AMESim rp L 7 800 5 M 5k 1Y
55 kg A%k 165 kg (22 K 200% ) , FivEFHJE &%k B,
A E R 100N/ (m/s) 28 % 1000 N/ (m/s) (A8 K
900% ) , ¥ R 4T 1) P9kl R 4L C, k19 0.3 L/
min/MPa 75 7 0.9 L/min/MPa ( 25k 200% ) ; £ %
BRI BB A8 AL i TRl B A 0. 1 Hz #3132 000 N 1
1E 5% T4 0 (05 B4R B A) F15 000 N #Y B Bk
TV (5 EHEATE) 20 s BN ) 5 1 42 1l 45 2 54
RS f BA5 R WE 5 fE 4 PR,

M 5(a) e 4 il 1, F8 45 0T LA, PID
Pl o A e K IR BR IR 22 0 4,19 x 1077 m {4 550
g o) 25 0 R BR BRI 25 0 9.30 x 10 7* m, BT
75 IR S LI 45 %) T 42 ) 245 7 i R R R 1R 22
4,80 x 10 ~° m, I T PID $5 il 2% B % 14 il
PR B KRR IR 220N T 88.5% A TG 1
R4 ) 8 T 38 T 9 1 2 A AR R R B R 25 0N T
48.4% ;i HAE i HiE AT 5] 20 s B, 78 AT 19 1E 5%
T4 7 B AL A 5000 N [ B BR T4 7, 76
WIS T4 7 BsF, PID 428 il 5 Hh BRAR K i IR
BER 2, S EOREGD AL B BRI, B
ERR 2220t 5. 1 s A WA B A AT 19K 5 fi
ST IROIR S LI 5 11 VA A o B AE 52 9 T
JIBT, BRI 22 AR K H PR A 4 5Kk 2SI 5
M AEAE % TR EAT T LA (RS (b)) #
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Fig.5 Tracking 0.1 Hz,50 mm sinusoidal position
command under the condition of large range variation of

parameter and strong disturbance action
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Table 4 Comparison of comprehensive performance
indexes of tracking 0.1 Hz,50 mm sinusoidal position
command under the condition of large range variation of

parameter and strong disturbance action

P )7 e I pp/m Lysp/m>  Iyee/(rad - s7')?
PID # il 4.19x107% 2.88 x10 ~° 2.31 x10°
18 G5 v A 9.30 x10 7% 2.50 x10~° 1.65 x 10°
AL A% + WS 4.80 x 107 4.32 x10 78 1.66 x10°

A AR BRER IR 25 AL R0 1. 2 s fEIR A B A+
PEHT K A T B BAR A 45 T SOR 3 — &5
KU PID 5 ) de AH b BT B35 il i ol DL BT
SR BN 5 [ I, 18 2 BORE B AR R B B0 T, BT i
TP AR 1y S8 AR T /N T PID $5 1) 45 A 1%
G5 W R ] 4, IR W BT LT 4 1 A AR R A A S
B S- K PERE DL T H b 2 s ) e, [R] F 35 BA P
B e AR A 2 4 R A 1R S BORE [
ARPE R B0 75 9K AT AR 5 v 4 A R B R
fEs AN, 1 4 PR Ly AR A nl LU, BT B3t
s il e 1) 2 1 /DN T PID 5461 A B0 i i 3 P
BRERIRZE 0 OB A P A B o 28 bl 4%, BT i
THPE T 4R A LT HAD 2 R &%, X RSB
R B2 A K 5 HE s AR s T B i
Pk

4) 2Hz 1000 N 4252 T4 1T, BB 3R N
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Fig. 6 Tracking 0.5 Hz,10 mm sinusoidal position command

under 2 Hz,1 000 N cosine disturbing force
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Table 5 Comparison of comprehensive performance

indexes of tracking 0.5 Hz,10 mm sinusoidal position

command under 2 Hz,1000 N cosine disturbing force

il 77 vk Iypg/m Iysg/m”>  Iyse/(rad - s7')2
PID #% il 1.18 x107% 6.14 x10 > 1.58 x10*
AL 1) 1.40 x107% 5.96 x 107 4.74 x10°
NI EE + W AR 7.55 x10 7% 3.83 x 10 ° 5.12 x10°

(4 i b T/ T PID 5 A 60 B s i
P 6 () AT, 47 sk PR 2 LI 4% X5 4% 5% T 48 7w i
BAF AL ROCR o @ X AR sX TR IR 3 FhE
il 7 v L R R A X LE A3 BT, B B4R R 2
(& e E— 2D A5 LIIE R .

5 &

A SCLASE A AL WA IR R G WS R 4, S
FE T S BN E AN T T X &R e i i
M), o i 7 bR 285 WL T % 11 A A ok Bk I
TREBRBMAMRAS D &5 TIZRGE L E R
ERPERE o

1) 3 A 5 40 2l B8 0 2 45 o W AR IR R 48
0 R B AT A BRI B, AT AL T 1 A% BT

2) FETFP AR WL &5 B A AR 2, Bt
T RE B & G2 W B &, R IER] T R TR
EME

3) BRE U HA R KW, 5 PID £l 48 Ff% 5t
AL A LE, B BT 5 ) s AN AL RE I R e Y
o7 i BR R 5% 22 WY S /0, i EL G AR G2 1) 2 e A
2 G as 47 B v 32 2 9 SN T P8 01 BoA 39 1Y
PR, BT T R AR PRI ACR

PR T5 1 Tk — 25 B T A A L WA AR R
4 N 3 5, BoA E B B RS PR
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Extended-state-observer based sliding mode control for
pump-controlled electro-hydraulic servo system
GUO Xinping' , WANG Chengwen'> " | LIU Hua', ZHANG Zhenyang', JI Xinhao', ZHAO Bin'

(1. College of Mechanical and Vehicle Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
2. The State Key Laboratory of Fluid Power and Mechatronic Systems, Zhejiang University, Hangzhou 310058, China)

Abstract: A sliding mode position tracking control strategy based on extended state observer is proposed
for pump-controlled electro-hydraulic servo system. The mathematical model of the system is processed by re-
ducing order using singular perturbation theory, and the mathematical model of reduced-order pump-controlled
electro-hydraulic position servo system is obtained. Aimed at the complexity of pump-controlled electro-hy-
draulic servo system and the disturbance of random external load, an extended state observer is designed to es-
timate the disturbance on-line. Besides providing the estimations of disturbances, the observer can also esti-
mate the position and velocity of piston rod. Based on the sliding mode control theory, a sliding mode variable
structure control algorithm is designed using the estimations of disturbance and speed. The stability of the pro-
posed control strategy is analyzed. Co-simulation model of pump-controlled electro-hydraulic servo system was
conducted using MATLAB/Simulink and AMESim. The feasibility and effectiveness of the algorithm are veri-
fied by co-simulation. The simulation results show that the extended state observer can accurately estimate the
disturbance. The position tracking performance of the proposed extended-state-observer based sliding mode
control strategy is significantly better than that of PID controller and traditional sliding mode controller, and it
has strong robustness to external disturbance, which improves the control performance of the pump-controlled
electro-hydraulic servo system.
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trol; singular perturbation theory
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