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Positioning technology based on IRIDIUM signals of opportunity
QIN Honglei, TAN Zizhong, CONG Li*, ZHAO Chao

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

Abstract: The global navigation satellite system ( GNSS) has a number of disadvantages such as weak
signal strength on the ground, high infrastructure requirement and easy to be interfered, while signals of oppor-
tunity can make up these shortages. Space-based signals of opportunity positioning based on IRIDIUM is im-
plemented for insufficiency of the coverage and availability of ground-based signals of opportunity such as FM,
DTV and mobile base station. This paper realizes the function of positioning based on IRIDUM through combi-
ning Doppler shift information which is acquired with the tone signal of IRIDIUM signal and orbital information
of satellite calculated from orbit prediction model after establishing mathematical model of instantaneous
Doppler positioning by analyzing the communication system of IRIDIUM. The experimental results based on
actual signal show that the positioning accuracy can reach better than 200 m. The research of this paper is sig-
nificant in theoretical research and practice application of positioning technology based on signals of opportuni-
ty.
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Non-orthogonal multiple-relaxation-time lattice Boltzmann method for
numerical simulation of thermal coupling with porous square
cavity flow containing internal heat source
ZHANG Ying', HUANG Yichen', CHEN Yue', MA Ming’, LI Peisheng"*, WANG Zhaotai'

(1. School of Mechanical & Electrical Engineering, Nanchang University, Nanchang 330031, China;

2. Department of Aerospace and Mechanical Engineering, University of Notre Dame, South Bend 46556, USA)

Abstract: In this paper,in order to solve the problem of natural convection in a porous square cavity con-
taining an internal heat source, the non-orthogonal multiple-relaxation-time ( MRT) lattice Boltzmann method
was used. The influence of the value of Rayleigh number(10* <Ra<10°) , internal heat source layout (hori-
zontal, vertical and diagonal layout), internal heat source size (A =1/16,1/8,3/16,1/4), and spacing
(S=5/64, 13/64, 21/64) between two internal heat sources on convective heat transfer was analyzed. The
results indicate that in the case of Ra =10, 10°and S =5/64, and the internal heat source is of any size, it
can obtain better heat transfer by adopting the layout of diagonal; when Ra =10, 10° and S =13/64, 21/64 ,
horizontal is better. In horizontal layout of the internal heat source, at Ra = 10", the convection heat transfer
effect in any internal heat source size is enhanced as the internal heat source spacing increases. However, as
Ra increases, and internal heat source size decreases, the convective heat transfer effect first increases and
then decreases with the increase of internal heat source space; then its effect decreases as internal heat source
space increases. The layout of diagonal is in a similar situation. When other conditions are the same, the con-
vective heat transfer effect increases with the increase of internal heat source size.

Keywords: porous square cavity; internal heat source; natural convection; Nusselt number; multiple-re-

laxation-time ( MRT) ; Boltzmann model
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Table 1 Range of value for variable

optimization and results

A hE TR R e Ak 25
0,/ (°) -2.0 2.0 0.8771
T,/s 3.0 9.0 3.8728
Ty/s 3.0 16.0 12.1275
a,/(°) 3.9 8.0 5.4671
a, 0.5 0.6 0.5700
a,/(°) 3.0 12.0 8.7520
a, 0.05 0.29 0.2810
ol /((°) +s7h) -3.0 0 -3.0000
er/((°) = s7h) -3.0 2.0 0.1513
& /((°) +s™h) -2.0 4.0 0.9836
ety -s7h) -3.0 3.0 1.1513
e /() - s7h) -4.0 4.0 ~2.4970
W/ (°) -25.0 25.0 24.2057
k, 143.0 183.0 182.1133
k, 3.0 12.0 4.6028
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Fig.3 Variation curves of height and transverse

maneuvering distance with time
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Fig.4 Variation curves of velocity and transverse

velocity with time
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Fig.5 Variation curve of absolute pitch angle with time
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Fig.6  Variation curve of absolute yaw angle with time
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Fig.7 Variation curve of first 70 s’ attack angle with time
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Fig. 8 Variation curve of local ballistic inclination with time
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Table 2 Parameter deviation of injection point of

transverse maneuvering ascent trajectory

ANBLESH 5 B I Y 22
{7 & /m 18.7375
i J/m 0.5164
W/ (m-s™") 0.7756
WAL/ () 0.0288
HOE A /() 0.0091

R3 AEHEAREONINEAREENRSSHRE
Table 3 Parameter deviation of injection point of
ascent trajectory without changeable-launching-plane

transverse maneuvering

e 2 553 A B AL 22
{7 B /m 1.5474
15 BE/m 0.1813
BWEE/(m-sh) 0.2710
HEE LA/ () 2.3201
HUEMA /() 0.0055
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Fig.9 Position of 100 stochastic launch sites
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Fig. 10 Variation simulation of height with time
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Table 4 Statistics of parameter deviation of

104 ballistic injection points

ABLESE 34 i 22 R KA 2

£ /m 27.5062 70.4319

BB /m 2.1254 7.0036

PERE/(m- s 1.6522 4.769 1

WEEJT AL/ () 0.0728 0.2896

BE WA/ (°) 0.0290 0.1246
5 % it
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Design of ascent trajectory of space vehicle in mobile launch condition

XIAN Yong™ , REN Leliang, GUO Weilin, ZHANG Dagqiao, LI Bing

( College of War Support, Rocket Force University of Engineering, Xi’an 710025, China)

Abstract: In order to improve the mobile launch capability of space vehicle, the position, height, veloci-
ty magnitude, velocity azimuth and trajectory inclination of the injection point were used as terminal constraints
to design the ascent trajectory under the condition that the mid-flight trajectory was determined. The space ve-
hicle could be launched at any position in a certain range centered on the original launch point, and the high-
precision shift with the mid-flight trajectory was completed. Considering many constraints and high-precision
requirements of the injection point, and the nonlinear and strong coupling characteristics of the ascent trajecto-
ry, the two-stage and three-stage energy management model and the changeable-launching-plane transverse
maneuvering model were designed, and then the gradient particle swarm algorithm with the blended disturb-
ance operator was used to solve the ascent trajectory. The simulation results show that the high-precision shift
with the mid-flight trajectory can be realized smoothly by optimized transverse maneuvering trajectory, and the
average deviation of the position, height, velocity, velocity azimuth and trajectory inclination of the terminal
injection point for ascent trajectory are 27.5062m, 2.1254m, 1.6522m/s, 0.0728° and 0.0290° respec-
tively.

Keywords: mobile launch; changeable-launching-plane transverse maneuvering; energy management;

gradient particle swarm algorithm; blended disturbance operator
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Table 2 TC4 material constitutive model parameters[ls]
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Table 3 Number of projectiles required to achieve 98 %

coverage under different shot peening conditions
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S AL/ mm (s » e
0.3 65 0.084 110
0.4 65 0.101 90
0.5 65 0.135 65
0.6 65 0.152 45
0.7 65 0.169 30
0.5 70 0.135 65
0.5 75 0.135 65
0.5 80 0.135 65
0.5 85 0.135 65
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TC4 shot peening simulation and experiment
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3. China North Vehicle Research Institute, Beijing 100072, China)

Abstract; In view of the current research status on the finite element simulation study of shot peening,

such as the projectiles’ regular arrangement and the peening coverage cannot be calculated precisely, a finite

element model with multiple randomly distributed shots whose number depends on the peening coverage was

secondarily developed with ABAQUS, in which accurate number of required shots under different working con-

ditions and different peening coverage is calculated. The influence of peening parameters on the surface resid-

ual stress and the surface roughness of TC4 titanium alloy material was studied. The TC4 shot peening experi-

ment was carried out, residual stress distribution and surface roughness obtained by experiment were compared

with those by simulation, and the results verified the reasonable prediction of residual stress distribution and

surface roughness by the model, which has certain guiding significance for the determination of shot peening

process parameters.
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sive stress
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Table 4 Model analysis results based on

potential influential factors

I B SE Wals df P Exp(B)
MFRIF LR 0.032  0.017  3.485 1 <0.01 1.033
HATHERS K 0 0 76.843 1 <0.01 1.000
HAT HE P B 0.012 0.004 7.817 1 <0.01 1.004
Jite Ak 0.043 0.011 16.509 1 >0.05 1.044
IR FRES -0.053  0.004 161.159 1 <0.01 0.949
;%;kwf% 1.212 0.204 35.309 1 <0.01 3.359
Fat 0.384 0.310 1.530 1 >0.05 1.468

e -2.651 0.428 38.438 1 <0.01 0.071
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Table 5 Model analysis results based on significant

influential factors

24 B SE Wals  df P
MR GG ETE 0.030 0.018  2.919 1 <0.01 1.030
HATEERT K 0 0 69.012 1 <0.01 1.000
WATHERFES  0.022  0.004 38.200 1 <0.05 1.023
1

Exp(B)

i B LA R 2% - 0,052 0.004 163.219 <0.01 0.957
Lty

1.120  0.201 31.071 1 <0.01 3.065
RS
A -1.704 0.357 22.822 1 <0.01 0.182

F6 FHTHTMERBIELER
Table 6 Model verification results for charging

behavior prediction
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Influential factors analysis of electric vehicle charging
behavior based on trip chain

YU Haiyang ">, ZHANG Lu"*’, REN Yilong'*’*"

(1. School of Transportation Science and Engineering, Beihang University, Beijing 100083, China;
2. Beijing Key Laboratory for Cooperative Vehicle Infrastructure Systems and Safety Control, Beihang University, Beijing 100083, China;
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Abstract: With the rapid development of electric vehicles, large-scale electric vehicle charging behavior
will bring tremendous influence on the planning and operation of electric power systems. It is more and more
urgent to study the charging behavior of electric vehicles and its influential factors, and predict the potential
charging behavior in real time. Based on the historical data of private electric vehicles in Beijing, this paper
introduces the concept of trip chain to comprehensively analyze the data of electric vehicle charging process
and discharge process. This research considers the various potential influential factors on electric vehicles’
charging behavior in the actual situation and determines the factors that significantly affect charging behavior
through logistic regression analysis. Finally, the charging behavior forecasting model for electric vehicle is es-
tablished based on the single and multiple significant influential factors. The results show that the model based
on multiple significant influential factors has higher accuracy and better prediction effect in sunny days. This
research will help optimize the charging behavior of electric vehicles, thus improving the charging efficiency of
electric vehicles.
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RVD flight mission planning and scheduling method based on
finite state machine
YANG Sheng” , WANG Xinzhe, LI Meng

( Beijing Space Technology Research and Test Center, Beijing 100094, China)

Abstract: The flight mission planning and scheduling method based on finite state machine ( FSM) was
proposed for planning and scheduling the rendezvous and docking (RVD) flight mission of manned spacecraft
rapidly and exactly under multi-constraints. The graphical mission planning and scheduling model was estab-
lished by mapping the RVD process with FSM. The flight events were taken as states and the constraints, such
as sunlight condition, telemetry tracking and command coverage, were taken as input signals of the FSM. The
model was solved automatically by driving the state machine transit from the initial state to the last one accord-
ing to the flight sequence. Take the manned RVD experiment in China’ s Shenzhou-10 mission as an example,
the proposed method was verified. The mission planning and scheduling result was consistent with the on-orbit
execution. It shows that the FSM based modeling method can realize the RVD flight mission planning and
scheduling rapidly and exactly.

Keywords: rendezvous and docking ( RVD); mission planning and scheduling; finite state machine

(FSM) ; manned spacecraft; graphical modeling
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Table 1 Request of flight time slot
(a) # i BE
A BE B i PE i B
Al 10:00 Al6 11.05
A2 10.05 Al17 11:10
A3 1010 Al18 1115
A4 1015 A19 1120
A5 10,20 A20 1120
A6 10:25 A21 11:25
A7 10:35 A22 11:30
A8 10.35 A23 11.35
A9 10.40 A24 11.40
A10 1050 A25 11.40
All 10.50 A26 11.40
Al2 10,55 A27 11.40
Al3 11:00 A28 11.50
Al4 11.00 A29 11.55
Al5 11.00 A30 11.55
(b) B Gy Bt
WYt I B AL BE PR 52
D1 10.00 D21 10.50
D2 10.00 D22 1055
D3 10:05 D23 10:55
D4 10.05 D24 11.00
D5 1010 D25 11:00
D6 1010 D26 1100
D7 1015 D27 1105
D8 1015 D28 11.10
D9 1015 D29 1115
D10 10:20 D30 11:20
D11 1020 D31 11,20
D12 10:20 D32 11.25
D13 10.25 D33 11:30
D14 1025 D34 1130
D15 10:30 D35 11:30
D16 10:30 D36 1135
D17 10:30 D37 11.45
D18 1035 D38 11.45
D19 10:40 D39 11:50
D20 10 .45 D40 11.55
F2 BXTEMBE
Table 2 Connecting flights
Y AR o B XoF I5c /) JR % 1 ]/ min

Al,DI12 25

A4,DI18 25

A7,D20 30

A10,D27 30

A15,D28 20

A16,D30 20

A20,D38 30

A22,D40 25
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Table 3 Airport capacity in two stages
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Table 4 Control parameter setting of ABC algorithm

1 91 B BRI E F w82 B B A S EUE EEE 2 WE
L m
T wm omm W mE ah B FIRERL B 100
10:00—10:30 £(3,5) £(6,8) £(9,11) 4 7 10 SR 1000
10:30—11:00 £(2,4) £(5,7) £(7,9) 3 6 8 AN %0

’ ’ ’ ’ ’ 5% 0 By P BRI — 2
11.00—11:30 £(2,4) £(4,6) £(6,8) 2 5 6 P MR
11:30—12:00 £(3,5) £(5,7) £(8,10) 4 6 9 g i K 1

x5 MESESR

Table 5 Results of time slot allocation
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it

10:00—10:15 0 0
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10:45—11:00 0
11:00—11:15 3
11:15—11:30 3
11:30—11:45 4
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Table 6 Scale of computation samples

LB MR BRGAIPEECR EAEREU
B 248 82 166
K= 372 137 235
R= A 309 84 225
F7 BRI
Table 7 Model result comparison
5 G RIR L
o WE -
LIHRE o MR BRI B2 SEATAEIR I B4 O P
B fE Wi fE A"k
1 36 51 15.3
FHIE 3 67 176 66.9
e 1 63 91 10.3
3 102 516 62.5
1 75 139 62.7
k= £
3 81 445 71.3
3.2.2 R 5

T FE 3 H AT LAE X A e, A
SCRETITE SR B AR BT B i I B, 32 T L 491
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Fig.3 Schematic diagram of time slot allocation
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Two-stage programming model for time slot allocation problem
under uncertain capacity
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Abstract: In uncertain environment such as bad weather, it is easy to cause a large number of flight de-
lays by the traditional time slot allocation method. To solve this problem, the time slot allocation process is
first analyzed. Then a two-stage programming model for time slot allocation under uncertain capacity based on
the uncertainty theory is proposed, including a single-airport model and a multi-airport model. The models
highlight the tradeoff between the schedule slot/request slot discrepancies and operation slot/schedule slot dis-
crepancies. According to the characteristics of the model, a progressive binary heuristic calculation method
based on artificial bee colony (ABC) algorithm is designed to improve the efficiency of the solution. The va-
lidity of the model and algorithm is verified by the case study, and the model parameter setting is analyzed.
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Fig.1 Visual comparison of denmsmg results on LDCT

image of actual thoracic phantom
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Fig.2  Visual comparison of denoising results on the local

enlarged drawing by the squares in Fig. 1(a).
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Fig.3 Visual comparison of denoising results on

LDCT image of clinical thoracic

(a) WM FLDCT (b) TVBH# (c) EWSOfim
Pl %

(d) NLMHR (e) 4 SCfsimy

P4 AR I LDCT [l {5 i Mg 295 1% 9 WL 56 L
Fig.4 Visual comparison of denoising results on

LDCT image of clinical abdominal
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Fig.5 Visual comparison of denoising results on

LDCT image of clinical pelvic
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Table 1 Quantified comparison of actual

thoracic phantom

A N A5 751
PSNR/dB MSSIM ok W8 s 1)/
TVBH ## 25.2593 0.8864 19.45
EWSO f5# 24.2139 0.9149 10.83
NLM 15 % 26.664 1 0.908 8 379.78
AR SRR A 27.2051 0.9266 27.88
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Table 2 Comparison of SNR values of clinical data
LDCT & J%
W W
ROI1 ROI2 ROI3 ROI1 ROI2 ROI3 ROIl ROI2 ROI3
LDCT &% 0.5290 0.0497 0.0937 0.0733 0.2756 0.1200 0.0670 1.2014 0.0699
TVBH # # 9.3063 0.0547 0.0983 0.1650 0.6978 0.2094 0.3417 2.4214 0.0780
EWSO #i#1 14.3866 0.0546 0.0992 0.0935 0.4856 0.1624 0.1085 1.3202 0.0722
NLM #5578 1.3011 0.0580 0.0946 0.1731 0.8909 0.1594 0.1105 1.4467 0.0697
AR SO A 26.2706 0.3608 2.0994 0.8750 1.2884 1.1297 0.6416 3.0495 0.0931
imaging[ J ] . Scientific Reports,2017,7 (1) :13868.
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Bregman 35K fiff T 42 th (19 42 70 R0, S T 0z
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Medical low-dose CT image denoising based on variable
order variational model
WANG Na'?, ZHANG Quan'’, LIU Yi'?, JIA Lina"?, GUI Zhiguo' > "

(1. Shanxi Provincial Key Laboratory for Biomedical Imaging and Big Data, North University of China, Taiyuan 030051, China;

2. School of Information and Communication Engineering, North University of China, Taiyuan 030051, China)

Abstract; Low-dose CT (LDCT) is widely used for clinical diagnosis to reduce radiation risk to patients.
However, the radiation dose reduction introduces mottle noise and streak artifacts into the reconstructed LDCT
images. In this paper, a post-processing technique is proposed based on variable order variational model to im-
prove the LDCT image quality. The proposed variational model employs the edge indicator to control the order
of variation, which can alternate between the first order total variation (TV) regularizer and second order
bounded Hessian( BH) regularizer based on the image feature. Moreover, the proposed model is solved by
split Bregman algorithm based on fast Fourier transform ( FFT). The proposed model effectively suppresses
mottle noise and streak artifacts, meanwhile preserving structure in reference to high-dose CT ( HDCT) ima-
ges. The reconstructed images and experimental data indicate that the proposed model has better quality than
some existing state-of-the-art models.

Keywords: low-dose CT (LDCT) ; image denoising; edge indicator; total variation (TV); bounded
Hessian (BH) ; fast Fourier transform (FFT) ; split Bregman algorithm
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Fig.1 ISAR imaging geometry model
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ISAR imaging and contour feature extraction of space targets
YANG Hong, ZHANG Yasheng® , YIN Canbin

(Space Engineering University, Beijing 101416, China)

Abstract: The inverse synthetic aperture radar (ISAR) imaging of the space target is affected by targets
own occlusion and noise interference, which makes the generated ISAR image difficult to be directly used for
image analysis and target recognition. Therefore, the ISAR image processing and feature extraction are studied
based on the ISAR imaging model of the space target. Firstly, the ISAR imaging model, ISAR signal model
and ISAR image extraction model of the target satellite are established respectively, and the ISAR image of the
target satellite is obtained through preliminary processing such as sidelobe suppression and speckle filtering.
Secondly, the Otsu algorithm, the canny operator and the Hough transform are used to rotate the satellite to the
longest axis parallel to the horizontal axis of the image plane. The closed operation method is used to fill the
internal cavity of the satellite and remove the external isolated noise region. Based on the connected domain
idea, the sub-area where the satellite is located is segmented, and the contour extraction of the satellite is real-
ized. The designed image processing algorithm can effectively improve the ISAR image quality, and the extrac-
ted satellite contour can well outline the shape of the target satellite, which lays an important foundation for
further satellite identification.

Keywords: space target; inverse synthetic aperture radar (ISAR); ISAR imaging; image processing;

contour feature
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Parameter suitability envelope for safety bolter of a carrier-based aircraft
LIN Jiaming', WU Guanghui', WANG Lixin"* , LIU Hailiang', WANG Yun®

(1. School of Aeronautic Science and Engineering, Beihang University, Beijing 100083, China;
2. China Ship Development and Design Center, Wuhan 430064, China)

Abstract: The bolter characteristics have significant effect on the approach airspeed determination of a
carrier-based aircraft, the grade limits of ship speed and sea state during carrier landing. Three parameters are
proposed as the safety indexes according to the bolter task requirements. They are taxing distance of the bolt-
er, angle of attack angle of attack increment (the peak angle of attack during bolter minus the approach angle
of attack) , and pitch angle of touchdown. Numerical pilot model is formulated, and the parameter suitability
envelope which satisfies the bolter safety requirements is obtained based on the digital virtual flight testing
method. The results show that, for each landing weight, there is a best approach airspeed range to minimize
the bolter taxing distance. The angle of attack increment and the pitch angle of touchdown respectively deter-
mine the upper and lower boundary of approach airspeed. Movement of the center of gravity will change the
position and range of the parameter suitability envelope, but the envelope shape is nearly unchanged. Reduc-
ing the ship speed will narrow the parameter suitability envelope. The success rate corresponding to each point
in the parameter suitability envelope provides a reference for the bolter safety judgment under different grades
of sea state.

Keywords: carrier-based aircraft; bolter; suitability envelope; simulation model; deck motion
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Abstract; For the pursuit-evasion problems between an active defense aircraft which can launch a defen-

ding missile from itself and an attacking missile, a guidance law for aircraft and defending missile is derived

and analyzed based on the differential game theory. First, Optimal guidance strategies with bounded lateral

controls of aircraft, defending missile and attacking missile are derived for the three players by using a norm

performance index. Second, the conditions of a successful evasion for the aircraft and a successful interception

for the defender are deduced, and the minimal evasion maneuver of the aircraft and the minimal interception

maneuver of the defender are obtained. Finally, Nonlinear simulations are carried out to validate the guidance
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than the minimal evasion maneuver, and the defender can intercept the attacking missile if its maneuver is

equal or greater than the minimal interception maneuver.
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Table 1 Explosion test data in Ref. [15] and

theoretical calculation results
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Table 2 Explosion test data in Ref. [16] and

theoretical calculation results
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Table 3 Explosion test data in Ref. [17] and

theoretical calculation results
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Table 4 Material parameters of TNT, titanium and air
W p/(kg+m™?) 0,/(kI-kg™")  D/(m-s") A/MPa  B/MPa c n m
TNT 1630 4225 6900
5N 4510 1077 845 0.025 0.58 0.75
Sl 1.293 x10°* ~2.8 x10°*

AR AT 3 TLAT X PR, S S TR I AR 19 1/
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ylmm, £ 25 (9 SPH KL 5 K/ 2 mm, %5 S
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HIIET 2 1,24 h/d < 1.50 B KA A 490 46 ik
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RN B WA Bl 1) b A B SR R K I 1)
HB S5 7 R S R 1 bl AR R ROR 2 A RS
Yy A RE R AL R K WE Fr BhfiE . 24 h/d >1.50 B,
0 0 T JRE ) T DR M R R A G . BRI AR AR L
RO, PR T AN K K i 00 i 8 /) | e RF
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Table 5 Simulation and theoretical values of fragment initial velocity under different height-diameter ratios

Fe d/cm h/em h/d vy/(m s 1) v/ (m-s™') ec/% ve/(m s~ ") ep/ %
1 35 204.1 5.83 2804.5 3138.2 11.9 2674.7 -4.63
2 40 156.2 3.91 2817.6 3174.9 12.7 2754.8 -2.23
3 45 123.5 2.74 2831.4 3203.6 13.1 2882.3 1.80
4 50 100.0 2.00 2848.5 3227.6 13.3 2951.8 3.63
5 55 82.6 1.50 2867.3 3247.6 13.3 3036.2 5.89
6 60 69.4 1.16 2898.4 3264.3 12.6 3134.9 8.16
7 65 59.2 0.91 2925.0 3278.7 12.1 3179.1 8.69
8 70 51.0 0.73 2943.9 3291.4 11.8 3249.6 10.4
9 75 44.4 0.59 2955.6 3302.3 11.7 3286.6 11.2
10 80 39.1 0.49 2962.2 3311.7 11.8 3296.5 11.3
11 85 34.6 0.41 2966. 8 3320.4 11.9 3301.4 11.3
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Initial velocity and influence factors of tank explosion fragments
ZHAO Beilei' , ZHAO Jiguang’, CUI Cunyan" ", WANG Yan', SUN Wuhua'

(1. Department of Aerospace Science and Technology, Space Engineering University, Beijing 101416, China;
2. Department of Electronic and Optical Engineering, Space Engineering University, Beijing 101416, China;
3. 63618 Troops of the PLA, Korla 841001, China)

Abstract: To determine the initial velocity of tank explosion fragments under the propellant detonation,
the fragment initial velocity (FIV) model was established based on the energy conservation law, in which the
kinetic energy of explosion fragments, the kinetic energy and internal energy of detonation products, the failure
energy and the consumed energy for expansion work of tank shell were considered. The FIV model was in good
agreement with the calculation results of typical empirical formulas and the experimental data, which verifies
the effectiveness of the model. Based on the dimensional analysis method, the key parameters affecting the ini-
tial velocity were determined. Based on AUTODYN software, numerical simulation was conducted and the
effects of height-diameter ratio, thickness-diameter ratio and air density on fragment initial velocity were ana-
lyzed. Results show that the initial velocity of explosion fragment decreases rapidly with the increase of height-
diameter ratio, and the attenuation trend slows down when the height-diameter ratio exceeds 1.50. The initial
velocity almost linearly decreases with the increase of thickness-diameter ratio. When the explosion height is
less than 20 km, as the explosion height rises, the air density decreases, and the initial velocity increases.
The air becomes very thin above 40 km, and the influence of shell expansion work on initial velocity can be
neglected.

Keywords: tank; explosion fragment; initial velocity; influence factors; numerical simulation
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Fig.1 Log-likelihood function curves of EM algorithm and

dynamical clustering algorithm during 300 times of iteration
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Table 2 Comparison of two algorithms’ results for the

second simulation experiment
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Fig.2 Histogram of iteration times for EM algorithm and

dynamical clustering algorithm
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Comparison between EM algorithm and dynamical clustering
algorithm for Dirichlet mixture samples
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Abstract: Dirichlet distribution is a kind of continuous multivariate probability distribution with positive
parameter vectors, which is widely used in proportional structure problems. Expectation maximization ( EM)
algorithm and dynamical clustering algorithm of Dirichlet mixture samples are presented, their mathematical
process is deduced, and the iteration steps of the algorithms are given. Then, using digital simulation experi-
ments, the clustering effects of the two machine learning algorithms with Dirichlet samples are compared. By
calculating six evaluation factors which are log-likelihood function value, program running time, convergence
iteration times, clustering accuracy, true positive rate ( TPR) and false positive rate (FPR), the simulation
results show that EM algorithm has higher clustering accuracy but lower operational efficiency, while dynami-
cal clustering algorithm has higher operational efficiency but loses some clustering accuracy. Therefore, in
practical application, it is suggested to weigh the relative requirements of accuracy and operational efficiency
before selecting a suitable algorithm to cluster Dirichlet samples.
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Table 2 Control strategy for V/STOL aircraft in hover/translation mode
2 il 38 1 15 il e
R O 2 A R s 1 WA =2 ) AN [ 4 ) ) B 45t
oA O IR E S U N e L ENCE NS
A @ THII X 5 5 T WA A X RV T P A MR
@ F+ 1 K 5 4R ik R B 2 IR AS TR 3fk  4e  4% 8 04 A T e A
T A ® FHAI WA 5 % R U 1 I 1) Al %
e @ Tk 3 AR 55 K ik Fe IR X R - THT PR A D
o B 1 1 ol ey ® TH Iy KU 5 5% B R W ) 16 JR
el © PRAF QUL 7 7 B 0 26 A0, i el Stk
VE X T 50 I8, 7 AU A ) B R O SE R 5 X Tk ) W, SO ) i 1], LS g B, TRk EAT R RCE
XN 1.3 I8 SRR R R R s, D
Pl Sy MO RO . BUER 2 4 0 = F 4 by, (21)
O SR A S P T O TSR EERIOCAR i 2 p 4 by, (22)
432 4 S 5 T A e o A f
5 3Rk () 28 S5 LR AV AR 1o 3 ) R 4 A ST

1) 5 W (©) 5 B 32 1) il ) 44 7] 5 A 00 i) 4 o)
) SR s QD 512 B R B 38 G 1 45 A R SR i
()2 52 B it f7i R 00 1) 368 308 7 R 5 2

SEBR b AT R AR ] A 0 R 2 51 R A R AR
A g AL, T 2 3l ) 2E R G R e AR S
i (X AP S AR (7) ((8) 2B
TERGERI AR M N TR S AR AL B o 35 7F ok, K id
1b 3 2 4, R LESO X (16) Fil LSEF 2 (17)
Xof 33K ol G A i 0 P () HC At I 20 30 A 5 B )
it FIRMEE | 2 T S B 4% 3 8 1Y 3l g 2 R LA
EZ [ WIS NS E
3.2 YmEiEshiEslsE
3.2.1 ARfpAehwmidid iz d) &

XF T ARF A RN [ 3 3 52 Bl 5 AR

0 = f; + ¢;Toyxoncos Spy sin Sy +
) , )
c; Ty pc0os 8 cos 8 + ¢;Tpyapy (19)
- — !
X, = f{g + T.ycos 5CN)cos Sox/m +
T\ pcos 8,y sin 8,./m (20)
F, ,

HALE TR R 5oy A 8, 19 = A R BUE 20,

W, YA 6 fE/NEEIN ( £15°) L,
AR AL R R LT s cos §=1,sin §=~5(5 LA
IRBE T4 ) o fH Sy A 8, A AR AL T8 A2 K, i &
4(19) . (20) MELARE AL R 58 (14) B K. XF
I, B uy = sin 8oy u, = sin 8, 43l AE By &
H5(19) . (20) By M HU4% i &

T Son, M1 8,y fE AL A cos 8oy =~
1 cos &, ~1, [T AT Adi 4 31 0 #0042 il o AR 4 b, =
1oy Tony by = Tog,/m, TR AR IR0 AE 9 R G

|ﬁ'é = f; + g0y (Teycos 5(:1\1‘ - T(:xo)sin Ocy +
1]

E ¢; T2y pcos 015, COS Oy + ¢4 Tyxpy
= )
IEig =fi, + (Tyyeos 8 — Ty )sin §p/m +
E ¥
= Tiycos Sy cos ey/m

XA T8 R R G RS B A HE R
TUARTE R AN 40— AR R G B3l , A
A LADRC 3 (15) ~ X (17) % Hab A7 52 4 31 A
A AT ORRIRE R GE(21) L (22) Wit an F /Y4 #E
o g 4 il -

[Td1 = Y2
2 = Vys
_ p3 Ay Ay 3
3 = Ro[aa,l (vy, = 6.) + ?”3.2 T2 Vs
[ Ro

0.1
=2y, t . (0_29,1)
0

ky
Zy5 t T(e - Ze,l) +bu,

Ty
k
0.3
3 T T3 (6 _ze,l)
Ty
1= %91 T Uy
2 T % T Vg

= (l(?,leg,l + ls,zee,z T V5~ 25'3)/1)1

E0H0080080000004000e0080

(23)



Je A4

1818 63 Ml 2= it R K % % i 2019 4
o, =0 RE2(28) [ BE T B A012K (24) A 3
=, Pl L SUR O KR I T4 x, by, BN

X2 =V 3
rr ¢ h.b, u;,

] N
o 3.3 HOEE B

3 Xy a, .1 (Ux‘,‘l xgv) + U, ,2 + 2 Ve, 3 N ,
Ol R R 3.3.1 RHBELEH R
1 ko TR G 1 ) 58 1 S HE Sy Ty ) J8 3wy
e S(27) 18 1 S LR b, V3 0 B R
R DL FR R B S RE

g X TR e i B 18 Bl J A
1 kjgs ¢ = fd) + 3T pn¥inn + € rpnYrrn (29)
(1.3~ 3 (%, =z, ,) ‘ .

1 s i Ton = = Tipn — TLRNﬁ] Yirn = _yKRN/f_h)\ﬂ/fﬂEl:
1 .

%g,l Tt Tl ¢ = fd; + o3 Tendrey + 263 Trpn Y ey
g,z S22 T U0 NIIEE
[wl = (lxmlexg,l +lxg,zexg,2 +ng,3 _Zzg,3)/b2 ¢ = F;b' * b4u4 (30)

(24) f(:l:':le) :f;l;+CSTRNyRRN;u4:TRRN;b4:203yRRNO

20, o, 00 R AR RO 150 38 38 ) 2 2% i A
A PRI 45 8.y = arcsin u, ,8,; = aresin u, .
3.2.2 ke Ed &

5 190 300 A 4 o BT A S BEEAE T A ol e 4
I, SEBEST Ty (T I T 22 8 19 ) I PR 45 =
H I o

X 10 38 1 18 Bl 5 R

z, =—h = f;g = Texcos §ey sin §ey/m —

Tyycos 8,5 cos &yp/m — Tyy/m (25)
AR AR
h =F; + (Tey + Ty + Tyy)/m (26)
Horh @4sh
Fy = —fﬁﬂ + Tey(cos 8¢y sin §gy = 1)/m +

T, (cos Sip cos §pp — 1 )/m

R4 (5) P A= (2) (A (4) Al 15
Ty = aTgy

9.3 (27)
RN — m(l +a)TCV
K
9.3
‘xCN ‘ + 90. 7 ‘xRN ‘ - Cmumde
a =
9.3
e~ 90.7 ‘ Y RN ‘ + Cmm:odc
X 27) A (26) , 7115
h =F; +bu, (28)

AP iuy = Ty 3by =100(1 +a)/(90. Tm) .

XRE, B a]xf 2 (30) Bt an X (23) By iR 5% i
SERGE AN RS RN o NN T < /S N
b, \u,,

3.3.2  fpAiAe) ey i@ i 42 4] B

Xk i AT A 1] 388 3 5 B 5 A

1./.; = f.p + coToxXeysin 8(31\,) + ¢o T\ % psin 5LF) (31)

Y, = [}, + Teysin 8y /m + Typsin 8, /m - (32)

T Son B 8,0 B9 75 H A /N A sin 6y =
A

o= F;a' + CQTCNxCNa(jN} + C9TLFXLF8LF‘ (33)
j}g = Fy‘»g + TCN8CN7/m + Tu‘au,/m (34)
H B sy

@[p’ = fw + ¢y Toyxey (sin ‘SCN, - 6c,\‘) +

(I

% ¢o Ty ey (sin 6LF), - ‘SLF)

(I

%}'g = fy; + Tey(sin 8oy, = Sy ) /m +

[

= T,y (sin 6LF1, - Suj,)/m

XEF A (33) V3 (34) B9 XU A FL 5 R
SOMCINER 8521 VE ol i
{us =6 TCNxC\'(SCNJ + o T 2,01y,
Ug = T(1N8CN‘/m + TLFSLF)/m
M 5 £
W= F; + bou, (35)
¥, =F§,g+b6u6 (36)



59

R0, % L F BB LADRC 9 V/STOL G HLE P/ - 5 45058 49k b o A i 1819

Kb, =1,b, =1,

XFa(35) (A (36) , /il it an st (23) |
A (24) B4 D U 0 000 1] 3 3 475 ) %, R 7R 6.
by u, Flx, by oy Z3 AN EHA by cus Fly, D
ueo TEMCEERN b, 0] 45 52 B e il &
@CN}D L s
B 58 88
L, U L U

coTen%en T p%p

A4 B = T m To/m JEARA S .

4 B/ TBRAEHNTE

4.1 AZHESH

M4 SCHR [ 20 ] $2 it 1) STOVL 35 uEALE I , A7
m =13608 kg,c, =0,¢c, = —0.6853,¢, =5.1578 x
107,¢, =0,¢, =0.9507,¢, =0,¢, =8.087 4 x
10 °,¢,= -0.7614,¢,=7.3027 x10°°, 24 V/
STOL K ML AL T % € B A= AR &M, 7 C
-0.0165,C, ~=0.0833,54 d, =2.523,

% V/STOL "KALTE R AL B Ao 45 I 32 3
PRI E, CAT A R AU Sy HBE U B R
MRE by =10°,0, =15° 4, =5°,uy, =0,y = w,y =
Po=qy=7,=0,2,=50m,y,=-20m,h; =100m,
Pl H bR AT 28 K 2 B - IR S R e gk
TP #iash IS e o8, M ¢, =6, =y, =0,
Xpo =Yoo =0m,h, =100 m,

P5 Bk b, % &3] JIE 23 Bl & 588 i 5% F
JEE S R A DR 3R e T A AR A SOk (22 ]

Lygo —

E,:J i gﬁ ﬁ *E ’ ﬁ ﬁg C,‘J[E ﬁ_{ 0. 7C".I[F.0 ~ 1 IC".I[EO N
C'”JIEE 0. 4C”JIR0 ~ L. lcmnm TE: [ﬁ Ij;] Q /ﬂ: 7‘% %
BLINiIN

T340, % B AR RALAY I, R SR A o
P (1-consine ) B HILZE KA B 4 38 K37 -

R x, <0
1
Dzlm( ™™
V, = 1 - cos w) 0<=x, < |d|
= 4,
1
7 x, > ‘dm‘

Xed, HRIIE, V,, 9 5 R aE B, 73 403k
PR Rt IS B o7 BRI s, DR AR ) B R
FUEE, DI R v, oy, b T d, 5
80, - 30,150 m, X} N #9 V,, 7 % b - 8,
10 .5m/s,
12 BHBSHER

BE T4 A T8 i ME &, LADRC 19 2 850% Bt

1) BEHE a, b (G=1,2,,n+ 1) 7E5 R H
A K J& Hurwitz [ AT$E T, A (A,) = (A, +
wy )" R (M) = (A +wg) " R At R
U h(A,) R (A ) 23 BIMACRAE B ALK
e Z T T H A w, = w, =1 BIAT X0 Ay if
Al L R AN r SRARE AT LTD F1 LESO,

2) L(i=1,2,---,n) P& LADRC Jz {5t 4% ] i
BIRAN, — el el h(A,) = (Ap +w,)" How, =
1 H A (A )RR L RHIE 25X, 28 )5 A
R A rs

3) XFF R,H T LTD £ LADRC iy #H XJ it
SEE LRI AR fb AT 2R S8 B M BE S AN K, TE
HATAE R Y, 8 R e 110,20,30,40,50} 7]
s 2T 2

4) Ty B ST LESO S84 r, X, W] e it
P DR FE 5 4 ) i A 225K, ZE (0. 001, 1) Z 1] 3
TFVRTT o 3, R G0N MR, r B R
N A YR A AT IS YRR o MR A
TG AR ATl 0 4 T R (R O R A R 22
BRIt AT

BB ERERBESHDOT: HAR o, =
~l,a,,=-3,a,,= -3,k =3,k,=3k,=1,
R, =10,i=4¢,0,¢,x,,v,,h; K5 7L, B
ly,=-0.051,, =-1,/,,=-001,0  =-1,
o= =0.001,0, = -1,0,==2LJr, =
0.002,r, =0. 005,r, =0.002,r, =0.001,r =
0.6,r,=0.1,

4.3 TEZRHSW

B LADRC X V/STOL "R AL B A5/ F B i
P WA RO, B 3 PR 6] B 45 B0 31T 0 BT
P 150 1 AR % 18 JIE R 508 10 e KU i,
T2 ML IS JIE RECEA, B0 3 W R % &
JIE B0k X 25 i 98 R

15 B, 25 R 5 o 7 A T B AE 0 ~
20s fiffm €, F0C, B BEHLAL 1L, 2 Al R i Bk
P51 53 A s 46 1~ 6 s LA K SF 18 9 1] AL 1) 28 K
THE,10 ~15s AT HER T, Lo, BT H
R I8 T o 129 AT < AR 46 50 (27 ) 1 BR e m] 0,
B/ R K R B A0 B KA ) Tegn, =
53200 N; [m] Bif 25K 5% ik & 2l L0 #E J) R B &
W Fodm /N 4 T BRI A R HE T 5%, B Ty, =
9320 NG EA K d =0. 001, fff ELA5 R an 5] 2
K3 i, IWEIH AT LA

1) fEMEOL 1 P (ES8ERs + TRR) ,V/
STOL WAL I 225 A1 LA K G\ 1l A ) 437 2 34 i F- £



e A iR

1820 b B = R KR 2019 4
Wi NGRS TEIR G AR T R A HA R S, il T RER €, A C

KRR I e, S BU BT, KL E)
/N TE R BN e R S
EAEHE T A2 T, AT B AR PRk &2 0T DR R 7
Ve A s R W] LADRC 52 3 U3 o] figk 48 455 1 09 A &%
PEo A, 25 HE ) O< 5 R RE AR 29 o3 [ N 48 o
T AR B A REAE R IR 1, Ho , 80y =81, =
0°,85 =90°, 8 =0°, T, =45943 N, T}, =
76851 N, T\ = Ty = 6295 N, I F5 st ft £

2) TEEOL2 T (AR + TR & &
T RS AR IR RS TR 15 I A A e 1 1 B, X 2 R T
LESO FI LSEF Xt 2 %5 Fifi AL 4 20 14 5% i Al 31 1 #b
% , 2 W] LADRC %I V/ STOL K ALY N ¥ = 45 %

0 10 20 30 40 50
tls
(a) FEF AN R

wl(®)
(]

0 10 20 30 40 50
tls
() IRBAFr R

0r

v Im

-10 | §]

-15 [

=20

10 20 30 40 50
tls
(e) I e {3 50 1o

—  ESHEIERR ----

S P A IR

LB d BEHLAS ARG, FE RS AR R AR S 3 R 6
0 8, B o 2RIV 25 A 7% A 5 B B0 5 1 5 B
WFBL T, €y, B C,, R 206 I L S 0 6 D 4 4
S RE B L 9 A B 2 B T AR A0 £ 3 28 0
TR SR H R L TR 32 2 KO (LR

3) fEAFBL3 T (508 + 45K , 6L
SO 35 KT 98 05 45 5 25 W AR L K
B B R AR AN, B AT S R
o L B 0T 28 B/ B W, 1L 2 T 2 3 1 9 [
P RAR DR 52, B A5 2 T4 3 0 0 4
%] LADRC FLF7 538 (050 T 48 4 , %0 77 76 2 4%
8 2005 KT B 1 /7 R sk AT B
H i

15
10 F
£ s
=
o Ne—— e
=5 . s i L
0 10 20 30 40 50
s
(b)) {rF{AN £ e 1
60
40 3
E o551 %
0Fr
20 i i : :
0 10 20 30 40 50
s
(d) GATm{or 7o i
102
100
_ 98
L5 96
94
92 : X : :
0 10 20 30 40 50
tls

(F) &AT g FEE W R

RV TR S IT

B2 B/ E R AU AT IR 2 i b

Fig.2 Flight state responses in hover/translation mode



559 1

1821

Oy )

5 )

6, 1)

T, [(10°N)

100

90

80

70 ¢

60 |

50

B3 R/ TR B A g O 4 o i A

Fig.3  Thrust vector control inputs in hover/translation mode

100
90
= 8
ua“ 70}
60
L L L = 50 L L L L
20 30 40 50 0 10 20 30 40 50
s ils
(a) FAt RG] ] e (b) KA RFE CRTIL)
o
0 I(L} 21{) 3‘0 410 50 20 30 4;3 50
s tls
(c) Rt REBSFT A (2 A 5L3) (d) T+ IRUbE B e e
30
20t
{
':_’_ 0OF : : i) PR = P = ——————— &
o 1 5 -
-10 i
i
=20 p—¢
L n A L 2 _30 L . L L
0 10 20 30 40 50 0 10 20 30 40 50
s ils
(e) FHI R DIl e (T 5L 1) (F) THI3 AU G (e CRFL 2 A 1003)
1.5
1.2
&
=) 09
' 03 :
0 I.U 2;) 3I0 4;3 50
1ls
(h) G e
0 10 20 30 40 50
ils
(i) et R HE 2k
— EEHEHE IR — — [EEESEER ----- VEE L6 Pl SN



1822 b5 M = MK k% F M

AL LF 4R

T
e |5 2019 4

5 & it

B Xt [ 3 V/STOL R HLFE IR T 2
HE ) % B AR ON T A7 AE 10 2 D 240 A 0 A
AW AR, 42 T — R R R T
VAR CATHR R O vk A AGE T LA 2 R i
il 7 A 1 05 2O 43 i i T R SR R TR
PRSP ™ A M B R 2 S HUR 5 B8 1
s ol e A

1) #ER T —2RRELDL + T+ K7 A
V/STOL "R HLAEG# & A5 F AT, 240 3 K
SO 0 RS By 2 AR R T 2 ) R R
il T iz B Rk

2) /il T —Fh LT m i LADRC f) & 4 3
fife R s ] SR, S 7 L E 4 Py 3 e A TR AR i D 4
TGUIE 224 47 1] ot T K R Al 47 1 350 L 3h 77 2 4 A 30 LA
R B TS MRk 8, ik T v/
STOL "KL 114 7 38 105 fiff B 42 1 4% o

3) B TR A S RO W — e IR A
UL IR 1 a0 B A, B E T OUT AR A AT
Tl SR W S B Bl ) 2 R R 22 B G ik 43 TRC T A
A B, DA KO S 508 s A BT 30 0 B

2 %3k (References)

[ 1] RIEE, RHEE, KA, 5. S/VIOL {3} HL K I £ 5t
BIBCARBETELI]. LS K 3hHL,2014,40(4) :7-13.

SUO D J,LIANG C H,ZHANG S F,et al. Technology of short/
vertical takeoff and landing fighter and propulsion system[ J].
Aeroengine 2014 ,40(4) :7-13 (in Chinese).

[ 2] MADDOCK I A, HIRSCHBERG M J. The quest for stable jet
borne vertical lift: ASTOVL to F-35 STOVL: ATAA-2011-6999
[R]. Reston:AIAA,2011.

[ 3] WANG X Y,ZHU J H,ZHANG Y J. Dynamics modeling and
analysis of thrust-vectored V/STOL aircraft[ C] // Proceedings
of the 32nd Chinese Control Conference. Piscataway, NJ: I[EEE
Press,2013:1825-1830.

[ 4] TIAN Y,HE Y,LI X Y, et al. Simulation testing method of V/
STOL flight control strategy [ C ] // Proceedings of the 10th
World Congress on Intelligent Control and Automation. Piscat-
away, NJ:IEEE Press,2012:1969-1975.

[ 5] HAUSER J,SASTRY S, MEYER G. Nonlinear control design
for slightly non-minimum phase systems: Application to V/
STOL aircraft[ J ]. Automatica,1992,28(4) :665-679.

[ 6] LIN F,ZHANG W,BRANDT R D. Robust hovering control of a
PVTOL aircraft [ J ]. IEEE Transactions on Control Systems
Technology,1999,7(3) :343-351.

[ 7] CHWA D. Fuzzy adaptive output feedback tracking control of
VTOL aircraft with uncertain input coupling and input-depend-
ent disturbances [ J ]. IEEE Transactions on Fuzzy Systems,

2015,23(5) :1505-1518.

[ 8 ] CARLOS A I,MIGUEL S S C,JULIO M M, et al. Output feed-
back stabilization for the PVTOL aircraft system based on an ex-
act differentiator [ J ]. Journal of Intelligent and Robotic Sys-
tems,2018,90(3-4) :443-454.

[9] FAN Y,ZHU J H,MENG X Y et al. Intelligent method based
coordinated integrated flight control of a tailless STOVL[ C] //
Proceedings of the 8th World Congress on Intelligent Control
and Automation. Piscataway ,NJ : IEEE Press,2010:85-90.

[10] ZHANG Y,ZUO J,ZHANG B. Modularized modeling and in-
versed dynamics control design for a lift-fan UAV in hover
[ €]/ Proceedings of the IEEE International Conference on In-
formation and Automation. Piscataway, NJ: IEEE Press, 2013
570-575.

[11] KUANG M C,ZHU J H. Hover control of a thrust-vectoring air-
craft[ J ]. Science China Information Sciences,2015,58 (7).
1-5.

[12] GUO B Z,ZHAO Z L. On convergence of nonlinear active dis-
turbance rejection for SISO systems[ C] // Proceedings of the
24th Chinese Control and Decision Conference. Piscataway, NJ :
IEEE Press,2012:3507-3512.

[13] QI X H,LI J,XIA Y Q,et al. On the robust stability of active
disturbance rejection control for SISO systems [ J]. Circuits,
Systems, and Signal Processing,2017,36(1) :65-81.

[14] XUE W,HUANG Y. Performance analysis of 2-DOF tracking
control for a class of nonlinear uncertain systems with discontin-
uous disturbances[ J ] . International Journal of Robust Nonlinear
Control 2018 ,28 (4) :1456-1473.

[15] LIZ Y,LI X M,ZHOU Z Y. Active disturbance rejection con-
troller for loitering unit with parameter uncertainty [ C] // Pro-
ceedings of the 16th International Conference on Control, Auto-
mation and Systems. Piscataway, NJ: IEEE Press, 2016.
140-144.

[16] LONG Y,DU Z J,CONG L,et al. Active disturbance rejection
control based human gait tracking for lower extremity rehabilita-
tion exoskeleton[ J]. ISA Transactions,2017 ,67 :389-397.

[17] GAO Z Q. Scaling and bandwidth-parameterization based con-
troller tuning[ C] // Proceedings of the American Control Con-
ference. Piscataway , NJ : IEEE Press,2003 :4989-4996.

[18] ZHENG Q,GAO Z Q,GAO L Q. On stability analysis of active
disturbance rejection control for nonlinear time-varying plants
with unknown dynamics[ C] // Proceedings of the 46th IEEE
Conference on Decision and Control. Piscataway, NJ: IEEE
Press, 2007 :3501-3506.

[19] B, 2 SO, . B A 0 2ok R gE i gtk B fe il

il [ J/O0L ], 4% i 5 o 3%, (2018-10-12) [ 2018-11-02 ].
http ; // kns. cnki. net/KCMS/detail/21. 1124. TP. 20181012.
1727.010. html.
GAO Y,WU W H,GAO L. Linear active disturbance rejection
control for high-order nonlinear systems with uncertainty [ J/
OL]. Control and Decision, ( 2018-10-12 ) [ 2018-11-02 .
http ; // kns. cnki. net/KCMS/detail/21. 1124. TP. 20181012.
1727.010. html(in Chinese) .

[20] FRANKLIN J A. Revised simulation model of the control sys-
tem, displays, and propulsion system for a ASTOVL Lift fan air-
craft: NASA-TM-112208 [ R ]. Washington, D. C.: NASA,



AL HLF W

EHR ] L5 HE T R B LADRC ) V/STOL "R HLE A%/~ 851 X 6 4 P A Aok fih 1823
1997. EE®E -
[21] BIRCKELBAW L G,MCNEILL W E, WARDWELL D A. Aero- B B LA, EEUFE MK E LT
dynamics model for a generic ASTOVL lift-fan aircraft; NASA- AR 2R s HE 5 0 o
TM-110347[ R]. Washington,D. C. : NASA ,1995.
[22] GUO B Z,ZHAO Z L. On convergence of tracking differentiator RExilE B AL #HE ELASI, EEUFE M 7L
and application to frequency estimation of sinusoidal signals LW L S5,

[ C] // Proceedings of the 8th Asian Control Conference. Piscat-
away,NJ:IEEE Press,2011:1470-1475.

High-order LADRC based robust coordinated decoupling control for
V/STOL aircraft in hover/translation mode
GAO Yang', WU Wenhai' * , JI Shaokang', ZHENG Yi’

(1. Qingdao Branch, Naval Aeronautical University, Qingdao 266041, China;
2. Repair Depot, Troops 91599 of the PLA, Yantai 265200, China)

Abstract: To deal with the issue of dynamic coupling, thrust vector control redundancy and vulnerability
to disturbed wind for vertical and/or short take-off and landing ( V/STOL) aircraft in hover/translation mode,
a robust coordinated decoupling flight control method based on high-order linear active disturbance rejection
control (LADRC) is proposed. Firstly, the thrust vector model and the nonlinear hover/translation motion
model under the disturbed wind are established according to the concept of V/STOL aircraft. On this basis,
the coordinated control strategy of attitude and position is given in this mode. Then by transforming the control
variables, six active disturbance rejection decoupling control laws are designed, which refrains from the redun-
dant control of multiple thrust vectors using LADRC to compensate the total disturbances in real time. Simula-
tion results show the effectiveness of the LADRC applied to hover/translation control and the robustness of the
designed control laws for aircraft internal parameter perturbation and external gust disturbance.
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High-precision GPS code phase measurement method
based on phase stripe
FU Shengyou'?, WANG Zhaorui’** , JIN Shengzhen’, Al Guoxiang’

(1. School of Astronomy and Space Science, University of Chinese Academy of Sciences, Beijing 100049, China;

2. National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100101, China)

Abstract; When GPS receiver measures the propagation distance from satellites to the receiver, it can
usually obtain two basic measurement values, code phase and carrier phase. Although the precision of carrier
phase measurement is higher than that of code phase measurement, there exists the integer ambiguity problem,
whose cost is much higher than that of using code phase technique in practical application. Therefore, based
on the phase stripe technique, a high-precision code phase measurement method was proposed. On the basis
of the traditional code tracking loop, the high-precision code phase measurement value is obtained by extrac-
ting the frequency of the phase stripes of the cross-correlation power spectrum, so as to assemble a high-preci-

sion code pseudo-range. Simulation results show that the precision of code phase measurement is about 0.37 m

when the SNR is - 15 dB, which is better than the tracking accuracy of 1. 82 m under the same condition of

traditional delay lock loop. At the same time of obtaining the higher-precision code phase measurements, the
integer ambiguity of the carrier phase does not need to be solved, which has research significance and applica-
tion value for improving the GPS positioning precision.
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Gradual fault diagnosis for electromechanical actuator based on DWNN
WANG Jian, WANG Xinmin, XIE Rong”, CAO Yuyan, LI Ting

(College of Automation, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: It is difficult to accurately predict the gradual failure of electromechanical actuator (EMA) in
an aircraft flight control system. The flight safety of an aircraft will be affected by these faults if they are not
detected in early stage. A fault diagnosis method based on dynamic wavelet neural network (DWNN) is pro-
posed to diagnose the gradual fault of EMA. This method trains the DWNN fault diagnosis model in offline step
by using EMA’ s operation data of gradual faults, such as interturn short circuit of armature winding, screw
and ball wear of transmission device, and then the trained DWNN model is used to diagnose the gradual faults
of EMA online. The innovations of the research are as follows: First, the influence of the high-frequency com-
ponents in the sensor measurement signals is removed using wavelet decomposition algorithm in the DWNN
model; Second, the information input in the past and the information predicted in the past are integrated using
the memory ability of the feedback neural network, so the accuracy of EMA gradual fault diagnosis is im-
proved. The simulation results obtained from tests on a specific EMA show that the proposed DWNN method
can accurately diagnose the gradual fault of EMA components.

Keywords: electromechanical actuator (EMA) ; gradual; fault; diagnosis; dynamic wavelet neural net-

work ( DWNN)
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m, (X) +my(Y)  m (X) +m,y(Y)

Ye2U\{X|
Xny=90

(3)

2 ETTRAGHHRIERERR

2.1 ETHREENITINIEFEAHEHEERER
Dempster 21 & B I £ &b B b 52 30 9 1), 25 77
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FEHATIBIE . HRTR Z80esH A 250 2 Kl
77 2 RS ) i AR A _E R R T 3R OB
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%S 46 T E 345 95 A nfr 2 Uk 916 it e it 7
X, BRI —E SR E AR (UL 1), T
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e
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Fig. 1 Discount evidence combination model

1) W€ v R B i B A, X2 R — 2, H
HT PR R 56 TE 5000 5 ) Sk SRk, R 0 ik T X AN [
14 9 B B eR B O o v g B i R BN A
T ) B SO, BV TR =2 () Y B R A OG5 i
s T AR B SR B R OB L AR A S5

B 3 2H W S 72 AH [W] i B 25 (1) U Y BPA.
my (o) amy (0 ) A mg (0 ) WAF AR — > e )
CM( - ) :UxU—[0,1 ]2 T3 4 PHEARZM,
PR Sy i 58 JBE it pR K

DXk o

Ym,(+),m(-),CM(m,,m,) =CM(m,,m,),

QIEE M

VYm, (- ),m () elU,f m #m, i,
CM(m,,m,)=0;%4 m, =m, i} ,CM(m,,m,) =0,

@FFWIE

CM(rm,,r,m,) =r,r,CM(m,,m,),reR,

@=AA%EX,

CM(m,,m,)<CM(m,,m;) + CM(m,,m,)

AT B o 5% B B BR BOR AR 3 P2 — 22
BT Ry o o B B e, — SRRk TR 2
[F) P 5 ) v % 32 o o

2) TSI IR = R B R, A5 3 R R AR
D, JTR 4 RN 1 SRS AR Z H) i B
B o BERAR MR — X FRTT B, OF B M 2 oo
E QS US

3) R B B 0 B — B AT 0 — AL L A
BN AHE RS @ S — S 1) B, RN 5 | SRR R X 4
— ZRAIE A B SCRF R, T T/ 2 iz 5o

4) B — b S A AT A I, A B AR
o] &, [ AR s DIOCR RN s SRS O
HEE SR 1 SRR

5) XBR4) 1Y 18] & AT 0 — 1R Ak B
3 35— A m] {5 BEALE .

6) FIFH AT A5 BE AR X E 4 24T ot
I ELOE TR AW
mi(A;) = am;(A)
{m:w) 1= Y mi4)

A b, IR H

7) SR TR T ALA 1 BRI 2
FEEE.
2.2 BETTRAGHMRIERRRRE

L 47T AT E AR 404 BB T D
EAF U 6 S 4L 4 2 6 A
IR B R e

W, T B — UK B E A AR A TR R R RS A 5,
HEEIREAN—FE, L& ) Jousselme IH B Ky
), 5 P TE i 2 TR] A B A

A AU
(4)

dj(ml’mz)zJ;(ml_mz)TD(m1_m2) (5)

‘ _ [4,NB,|
EEEPI%E%D EPE/‘JE% d@,‘ =

" [A,UB,]
AR 2 SR

AT LU 08 1 TR U A ol SR 4 A
HHEERK, AEGZFIERZBIMASG (565
FORE X ZH A LI i B R R AT E AR AE) L i DA
R ORA H— B BE T AL A 1 b S P A
G 2 R .

1) F ] PCR6 415 LI X J5U A7 Ik 46 i 17 41
G538 A A 45 R . PCR6 44 8 1z b
7 FHFE 2GR 19 4 A B b, 945 3 4 4 i 4
HBRER . HEERB UL m! B —E R I
S WA A5 ) AR A

2) WhE MO KA, S 2.1 TR —FF,
JRE S RS R O AR S X R TFEREIA

3) AR — KR B A5 5 UE s Z R AR
B B AR B A AE R ) A

;m, *ﬂ m,
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FIFIPCROZ] 45 B X k4%
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|

Rl {5 R R - fhabrn,
TSR ] {5 AT

BT Al {5 AL TR
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!

G T4 A

B2 T AL 0 T 5 e
Fig.2 Conflict evidence decision model based on
quadratic combination
4) XESE B AT RE o) & BEAT 0 — A TR
HLAY 18 TE G488 U 1) o 28 TE 4R o S AR 1 0 — k2
B0 R BR LLOC R B9 A, HOR N (2) A
X (3) AT LA R4 i 25 B0 o, e 4 22 1] 1Y
LR RIHATHREBE, B om, (A,) m, (4;)
m,, (A,) BT LR AT 3 5 — A0 A o 2 153 i 22
Ko A—ALRLILE A2 «

Hm;(Aj) = Hmi(Aj) (6)
N e AR SCHR Y — T B AR I — A 5 D
al = (7)

U ARAT A A R WL [ el = 1, 0

R JE B e b as B B
5) H AT AE BE S ) 5 gEAT A AR PR SR 4
FOA9 7 3L XIE S FE AT I, i TR — e A U
A P A X EHAT IR, 5
a;m;(A;) ‘A,": 1

ml(A) = (8)

[4,|=2

S A | F R BRI N, |4 ] =1 F5
ﬁ%&%%o

Lom(a)
«; k

6) FHI PCR6 UE4if 41 15 FL W) XF ik 45 2k 17
Has
2.3 FHAEGHMNHBEREDH

2.2 i T R A I — e A X
= (6) F=l (7) B, T I ik 5541, 56k 3
VA — Ak 3 DU 7 o 9 i 48 P00 T 3R b i) B

BOI1 R 4 AR IEAS X H bR A JE47
P, R HESE S U = {A, B, Cl, 13 5] BPA,
m (A)=0.6,m, (B) =0.2,m, (AB) =0. 1,
m,(C)=0.1;m, (A) =0. 6,m, (B) =0.1,
m,(AB) =0. 1, m, (C) =0.1,m, (BC) =0. 1;
m,(A) =0. 5, m, (B) =0. 1, m, (AB) =0. 1
m,(C)=0.1,m, (AC) =0.1,m, (BC) =0.1
m,(A) =0. 1,m, (B) =0.1,m, (AB) =0. 1
m,(C) =0.5,m,(AC) =0.1,m,(BC) =0.1,

M BPA AT DU L H 3 A UESE 45 A A {5
B, AR 4 ZRUbd LT eh o, BT LLSR 4 JRAiEdE
(AT (5 B A AIG L T 3 24 1 P A5 B 45 v, BRI I 45
4 SRR 9 SRR BE 1 g
w=1[0.7 0.6 0.65 0.1]

ST SCHF I ] (B E T SCHE 4 T AR
5 B pRBCRA o, 3% B R IR IR SR M — b ik

’

9

’

W A A 2
IR G X SRR BE 1) S 23 TSR U3 — Ak Fi e

PEIH— A Z 5 1 SCRF B 1) i 15
w,=1[0.3415 0.2927 0.3171 0.0488]
{wx = [1.7221 1.4761 1.5991 0.2460]
A (4) F3(8) , 735 R4S B4 15 1Y
BPA, SKJ5 FIH] PCR6 £ 5 HL I X ik 48 5 47 20 45
PEIEER MK 1 s, & 1P PCR6 KR H%kE
id PCR6 £ & KLU 21 & i 45 58 s PCR6 |, 7 i i
IR — e 2 45 L, 57 T PCR6 20 45 AL U 20
B HEE R PCRO , 3 il i Stk I — A 25 M
5] PCRO 2H & ML 4 5 145
a3 A 1y BdE TR ik PCR6 21
A LI A 2 B A 5 E WK AE m, (ABC) B, A
A (4) i U — Al e 9 41 & 8 A 5 2 {5 BB
W25 T Al ABC 3t A H T )5 2 B3 ) 2R 5K 5 T
AR SO A S P A — Ak U B B B 2 A 25 R R

F1 MESEEF-KFMIERASER

Table 1 Additive and multiplicative normalized discount evidence combination results

&M m; (A) m;(B) m;(AB) m;(C) m; (AC) m; (BC) m; (ABC)
PCR6 0.5436 0.0939 0.0403 0.2544 0.0224 0.0454 0
PCR6 , 0.5386 0.0938 0.0314 0.0588 0.0095 0.0205 0.2475
PCR6 , 0.6379 0.0751 0.0622 0.0523 0.064 1 0.1083 0
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TBRAE O, A3 BB AF A 25 8 I R et — Ak
ARG IELEER PCRO ZH A FL U Hh i) 3 74 KL 0] AH
N, AR Y IH — A A R
2.4 MRESEMESH

2.2 WA T R LA 1 b o UE B TR
BLRL, S PCRO 4G 45 R WS % (A2
J&i 3L EGE PCR6 2 A R 1) 25051 2R 473 8
M ERAAAE TP .

T A SRR T AL B AT A, 45t PCR6 4
B RN 235 5L Sy A UE 4R 0 A B AT IR .

FILEX Z AR AT MR B IR
SRUERE 1 o JE AR L, vh 5% B ORI Tk AR, T B
BUNPRE, MWpREWER, CE&AE2.1
A8 EESRG L SR A IR 4 22 R] A B Ok i i
TESE (9 vh 28 BE BT LA B4R — SR UE 4, IX AR UE 4
M85 S BT A LR fl A S B BRAREE R m ARG SR
fift T A A UE A 5 B AELTIE 4R 2 TR Y BE S, DI A
B ZR AR 1 b 58 BE KN

fHJ2 A R m, BE R RIS 3], R 33
ORI AR S5 2R m,, , X R 8 1 PCR6
I AR BAR Y Al A 2 R

A}, PCR6 REAREAUR AL LG 2R m AE N
WEHRE 9 3k k2 A SCnT DL i 2R 22 4 M, ok ) I
PCR6 1y HE fE IR 45 19 5 3 o

FLLLE 1 ) PCRE 41 & 45 5 0 Wk 58 X 42,
B BE AR A UE S m ., 5 PCRO 414 BN A7 75 — &
R 25, 0 2 DA T iR 22 B (AT D E A i —
Tl B0, K o3 ik 22, H W PCR6 AE Jy Jk v I 4f8 1
A .
m,.(A) = PCR6(A) + «
[ a

m,.(A,) = PCR6(4,) - %

L

i I U i, 15 B 0 1813 B s B R 22 A5 OR

0.45
//)
~\
0.30 \\\
4
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é ri
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Fig.3 Preprocessing error

HIE 3 FTLAAR Y, 2 o fH7E 0 ~0. 1 Z[a] A2 L,
PCRO FIHIE s 41 22 18] ) P B B d g » 5 AR Y
UEHE m,, FIESS 21 2 6] ) - 35 B B ., 22 8] Y 22
dypere = d oo 15 0.05 LN R ZE 58 42 ] LUHEAZ

PG, A SCHE JAL 2R rp 45 ) PCR6 Dy 3 1k
i AE — E R 2V N 2B PR o

3 HREEIHHHEE

3.1 £ Jousselme FEEI MR EE [

i T oh 58 B2 B R A 2 . — 28 R
TR S 0 b 9% B R R ) — 28R ik TR B Y
I 5% 85 pRERC, K L RS R — T R
AR o = AN TR S A N =R PR R ]
HOEE B OB R S 6, — B B R T 4
TR S RE Ty, AR 0 S B I8 Y 75 5K, AR SO X X —
A A E B B B AT R AN A b o A SCRR R TR PR
Z 1] B P B A G i 2 R R

5 2 71 22 I Y R R R G R Y L
SRR AT S R o g8 R R R AR R 3L T
Jousselme FE B 19 vh 5 B & BB 40, Jousselme [ B
xR R A Y F, BB A SO A i BPA ZZ [A] 1 AH
IFREE, R i 45 ) Jousselme B 2§ (1 5E X,

R m, Fom, ZHHFERBAER TR 2 4
BPAs, | 5& X m, Fl m, Z[A] Y Jousselme i & H

dm m) =[5 (my —m) D Om, - m) (9)

D A 21 e i S B — A
RN
[A, N A
D(A;,A) = m
Jousselme Jfi i — EFEE I [ Bt BPAs 2 [f]
AORE B TR Fo MR AR R TIZ 9 .
Jousselme JH g UL 2 7E Z >SS 2 1) 12
A S7 37, (B2 % 2 3], Jousselme I B8 77 B3R ik 4H
M D iz 555 R (3R TR A, AR S5 S Ty 2 ik
rift— LRI ) o BT, AR SOR 51 A ) &
FF1 MR A A S HIE s 2 TR) R BECRS 1) R 2 ) Y ke
R GLT LR R A

d X, * X,
0 = cos = ———— (10)
[, [ [, |

3k (10) 0] LU 4% o 45— i 551 1 Jit
{2 0<m, (A,) <1, B LA, JE4 (9 BU 2 x, -
x,=0,80 d,=0,

(ELJEE A2 3 T RE 2 U fry 21 i
B 25 b 5 TIE 0 16 R SRR B 2 ) £ 92 A T
T FEAEE 2 70 % A 5 2 0 2 i i 25
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W37 A [7) i 880 2 ) A ] A ACER , 3 R N G B L
w,XFuEdE A, m, (A) =0.1,m, (B) =0.5,
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B m i my, FFE m, BRE RS m,, 2
PO T8 5 7 ) 55 AR BE AR A, 002 B T i
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AN G RS my om, 2 [E] 5 f AC (BC wpse, H
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KT UEYE my om, 2 6] A BB T 50 240 3 3 ok )
1) J& £ AN B8 78 43 75 1 B i A1) 35 1) /0N, e DA
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3.2 K IR AT R S KN, 45 R T pignistic
IR R ORU LSRG 1105 kY ¢
3.2 E-F pignistic @ E R MRIEFEESERH
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=AM B AT IE R
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IE R PEOT
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DA FETE LOHE bymy Jkymy 22 6] BEBS 5 10
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(2" =1) +2 =9 x2™" 2" 41
YA B BB AR B, 7 SO 5 IR 4R 2
(] ) BB, i Bk 9% 9 % H S b, I R T Jous-
selme BE S A vp R LR W IR/ ENITH &
K/NH
Ay =b(b-1)A, =b(b-1)(9 x2 7 —2" 4 1)
(13)
TR AT A A B ih S E I R SR Y 5
AT, AT AR 2 AT WX b SRR
AT PCRO 21 4, dl 5 43 #r 2N (3) , AT DAA5 3],
b ZFHE B PCR6 4431 H

Apre = (b —1){2" - 2" +
n-1
6 c (2" —1)] +2" 2" —1} =
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n-1
(b—1){22"*‘ +6 zc;(z“—l)] —1}
1=2

(14)
K ic;(z"*" - 1) FRES Ye2"\{X],XN

Y = GHA K, BRI (1) RISt (12) KA b 4
A 54 2 5 4 2 ) AR B LR

Ay, = b[5(2" -n) + 2 iC | +b6(2n +n+4) =
=2

b[S(Z"—n) + iiCi+(3n+4) (15)

K 22 iC, FIRTE pignistic M35 e ik ity
WH BITHE R
Ay = Avers + Ay (16)
WA (13) ~ 2 (16) , X vl 5k 45 P 5 J5 vk
AT B AT A A BN RN E 4 s, B,
R 1 ~4 FER T Jousselme JH B3 A4 1 58 IF 418 p
WM 4 F &l 2= B, R R Y
UEHE g 4 ~ 10 (2P0 2) i 71 550 5 il 2k, il ¢
5 ~ 8RR T KA A Y i SRR P SR T A R 1
% N [ = A 9 = £ Nl 3 8 71| N B 1
4 ~10(2B Ky 2) iR aa it il 2, 18 A FR R 7R iR
TRESE e K/ [ U] A b Feom i 5T it
LTI S ~8 WK M G, T T
IIHT L TR O B g AL A5 BHT A TR R KK
WmE s i, A S AT AE H, 3T Jousselme
BRI T AL G 10 b SR A R T T B
R0 B, AL TR S G, BT LA T B A
AR B K

gl 4 FNES Al S UESE A9 Ee—E
T Jousselme [ 5§ A1 F R4 A 19 vp 58 HIE 4
PSR T i SR A AR R, RIS RN K JF T
Jousselme [ 25 (1) vt 58 UE 48 P 5% J7 325 09 11 58 1 1Y
O H T R A BRI 5 ~ 10 dB; i)
JHIHE 2 B A — 7 I, T 5 I A E 0 A0 1 2
JE BT o

£ w1 N R S R B € R LR RN
TR R T7 1, A SCHE R 3 T R G I iR
HEE PRI IE T AR 2 7R R .
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Fig.4  Graph of calculated amount of conflict evidence
decision based on Jousselme distance and

quadratic combination
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Fig.5 Graph of logarithm of calculated amount of conflict
evidence based on Jousselme distance and

quadratic combination

5 BT RAAGHHRIEERRE
B 43 #

BHl2 HEVUIMER U=1{A,B,C| %
6 ME I BPAs {H , 3% 2 fros .



59

AT, 45 < ol L 4 R SR 5 ¥k S

Je A4

1845

MRAEFREIE 2, 5 S A PCRE X Uk 46 46 45
PRV G UEHE mpene N
Mpere( + ) =[0.72 0.21 0 0.03 0 0 0.04]

A FI(12) 7 A — KR 5 4
B UESE 1 pene Z 18] O BE B, 45 3 SCHF ) 5 Ry
w =[0.88 0.8 0.83 0.55 0.11 0.76]

ALLE 5 S ZRAE s my 59 SR B,
T3 ALUE I, 5 S 5 H A 5 2% UE 40 AH vh
Ko RIFHH(T) , HE w 70—k,
w = [1.59 1.54 1.50 0.99 0.20 1.38]

M (8) , X 3 2 ik 4l 4H 2t 17 I 403t
B BUH BIEE AL, A RN 3 PR .

f5Je M PCR6 20 & AL X 3 1 4 28 17 21
LB AR AN 4 PR

H1ZE 2 al DL 26 4 Z50E 40 20 B 7 H bs
A B ) BPA 73525 0.4.0.3, Fr A% 4 504 9
AN B s TAR S ZRIESE KT H AR A B #YBPA
G390, 1,07, RIGIE 4% S e & {5 A H b5 B, il

&2 E#E4 BPAs
Table 2 Evidence group BPAs

BPA
m;( )

A B AB C AC BC ABC
m, 0.7 0.1 0.1 0.1 0 0 0
m, 0.6 0.2 0 0.1 0 0 0.1
my 0.6 0.05 0 0.05 0 0 0.3
my 0.4 0.3 0 0.2 0.1 0 0
ms 0.1 0.7 0 0.1 0 0 0.1
mg 0.9 0.05 0 0.05 0 0 0

x3 HIMIEIRE BPAs
Table 3 Discounted evidence group BPAs
BPA
m{( )

A B AB Cc AC BC ABC
my 0.74 0.11 0.04 0.11 0 0 0
m) 0.64 0.21 0 0.11 0 0 0.05
mj 0.72  0.06 O 0.06 0 0 0.16
my 0.40 0.30 O 0.20 0.10 0 0
mg 0.03 0.21 0 0.03 0 0 0.73
mg 0.90 0.05 0 0.05 0 0 0

x4 BOFRBAEGMVITELER
Table 4 Calculation results of different combination

rules of example

HAHM m;(A) m;(B) m;(AB) m;(C) m;(AC)m,(BC)m;(ABC)

PCRI  0.57 0.22 0.02 0.10 0.02 0 0.08
PCR2  0.57 0.22 0.02 0.10 0.02 0 0.08
PCR3 0.67 0.24 0 0.06 0 0 0.04
PCRS 0.46 0.35 0.01 0.07 0.01 0 0.10
PCR6 0.72 0.21 0 0.03 0 0 0.04

AXHE 0.77 0.07 0 0.02 0 0 0.14

HR K 4 ZR USRI T F AR A 8w i 15 B2, BT
R 5 2 — A% i 5 BB YU A ol o il
1,6 AR B 45 A5 R NZ A 1 A bR A, ti3k 4
AR A EE T A LA R W B A Tk A DGR
9 T A A B b S PR R T A A B B Y
LA IR A RO % DR o S GIE A 2L 1) A

6 % it

A SCER X B vh R U DR T R — R
1) D) AL, 4 HT R0 I T R 2 A 00 b S IE 4R o 5K
Tk o BSOS 3G A B BT BE T8 1 R TR Y
PSS UEHE D 7 i — I R, 45 B T T
WAL 1 W g UE A P 3R 7 vk AR B, O 45 s e ik
I — AR BB 5 R B, B T e A — A R
D055 0E 0 B8 0 20 A5 B0 00 1 3fe 1 1 DU A P N RE AR
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A new conflict evidence decision method and its application
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(School of Aviation Operational Support, Navy Aviation University, Yantai 264001, China)

Abstract: Research on conflict evidence decision methods is an important research topic of evidence the-
ory. In view of the existing problems in the evidence theory improvement process, such as large computational
complexity, unreasonable normalization process and unsatisfactory evidence combination, this paper proposes a
method based on quadratic combination for conflict evidence decision-making. Firstly, the paper proposes a
new flowchart of conflict evidence decision method based on quadratic combination. Secondly, a new multi-
plicative normalization rule is proposed, and a new multiplicative normalization rule is analyzed by example to
verify its rationality. Finally, the shortcomings of the existing conflict measurement function are analyzed, a
new conflict measurement function is proposed, and the rationality of the conflict measurement function is ana-
lyzed. Through the analysis of examples and the comparison with the existing evidence combination rules, it is
shown that the proposed method not only improves the calculation amount, but also improves the combination
results.
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(e) Laplace$y (f) ik
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Fig.6 Comparison of different fusion algorithms

based on image Flower
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Fig.7 Comparison of different fusion algorithms
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Fig.8 Comparison of different fusion algorithms

based on image Zither
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PIRBRE Ao RIS M Fy ANEHRIL G5 5 E, AR
NP SRR, XS 6 ~ (& 8 2 b 5 ik AT E Y 42
REEG MR EETEN . Kb ERZERER
RN — Ay B R BOR 3 7 B 5 6L
Ko Ag T LU S e [ 4500 /0N 40 715 ) 25 fig
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AN o AR RS AT, AR SCRA AR AR 4 Fb
PP SRR L, BT H A 3 A% S8 4 /N I AR
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#®1 Flower BAEGAERMEEEERIERILE

Table 1 Comparison of performance indices of different

fusion algorithms based on image Flower

Bk E Ag Fy E,
Sobel H 7% 6.8676 6.2470 6.8991 66.5340
Prewitt 5% 6.8634 5.8326 6.3270 62.6420
Laplace 575 6.8830 6.8668 7.6837 72.3073
EN G- RS 6.8896 7.0055 7.8498 73.7203

%2 Forest FAEGAERMEEEERIBIRILER
Table 2 Comparison of performance indices of different

fusion algorithms based on image Forest

%:{k E A(; F[) EI
Sobel 1 5.7544  2.5328  2.9136  26.5157
Prewitt %43 5.7492  2.2905  2.5766  24.2735
Laplace 23 5.8011 3.0018 3.5235 31.0134
ASCHE 5.8099 3.0875  3.6305 31.9033

%3 Zither $EAEBRAEAREEEERIBRILR
Table 3 Comparison of performance indices of different

fusion algorithms based on image Zither

%{f E AG FU El
Sobel 4% 1 6.2935  4.4675  5.1865  48.3854
Prewitt 4% 3 6.2695  4.0184  4.5182  43.7566
Laplace 7 6.2716  4.8649  5.6773  52.4474
A SCH 6.2987  4.9425  5.7940  53.1501
4 & #

1) ETey s BAR, sl 1oty i ey
IR B R ARG 2 BRI, AN
AR 4G 52 B 22 it B 3R AR PR, ol R T AR S

S VT A5 il 12 T ) RN o

2) FE/NPR T BRI G R SR T T
DX Jaf 49 87 3737 307 B 5 140 3 WA B B A R K TE /D
AR T BB EL G b 3R TR TR R W
T A7 B PPA e R, R 4R v e SRR TR A T 5 Tl

3) FEER R, SEG MR TN A e
P P Rl 5 B0 A G, ) AR SR 45 21 114 il 14
BREBEBOR 4, BRI 355 & 5 La-
place JEIEALL , 1535 M 27 2 52 5 0. 1299, 4]
18 250 LT R 1..0019,
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Light field all-in-focus image fusion based on wavelet
domain sharpness evaluation
XIE Yingxian, WU Yingchun®, WANG Yumei, ZHAO Xianling, WANG Anhong

(School of Electronic and Information Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China)

Abstract: Traditional all-in-focus image fusion based on the multi-focus images which are captured by
multiple-exposure of the camera. Light field camera has the ability of calculating the refocused images at any
depth after a single exposure, which makes it more advantageous in all-in-focus image calculation. A light
field all-in-focus image fusion method based on wavelet transform is proposed in this paper. Compared with the
spatial image fusion method, the proposed method can effectively avoid the block artifacts and obtain a fused
image with high quality. First, the refocused images used for the all-in-focus image calculation can be compu-
ted through shearing and projecting the 4D light field captured by the microlens-based light field camera.
Then, the wavelet transform are applied to the refocused images and the high-frequency and low-frequency
sub-images are extracted respectively. Finally, the balanced Laplace operator and pixel visibility function are
proposed to evaluate the sharpness of the sub-image and to get a high-quality fusion image. Compared to the
traditional region based sharpness evaluation function, the proposed method has a better performance. The ex-
periment results prove the correctness and validity of the proposed method. The raw images captured by Lytro
light field camera are used to calculate the all-in-focus image. Compared with the traditional image fusion
methods, the visual effect is better and the quantitative indices are also improved with the proposed method.

Keywords: light field camera; digital refocusing; all-in-focus; wavelet transform; Laplace operator; lo-

cal sharpness; image visibility
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i B EANBEEREZa AR5 ANETH, FE0(SNR) ZEERA
MEERENARTFERET ABAERE TR EERLE RIS RMFEA T R
HERHEZ R % (CNN) 5 KAERZI(LSTM) M4 4 o Wit RA . FR G R L LA 66
FAMBT - NMECETEAGEER FAH TR RECEFEENLANBCEIHER AN
BN GW B AT P HAT 28, 3 2 5 W& — ¥ 2 7 7] £ CNN-LSTM [ £ 4% BLIR &
FEAE, % R 50 R AR B 5 45 4 AR I B, A R Al 22 J67 09 0O B S8 o B B R E 5 AR
REGRLMEITE, LREA ML TERERLETEES L -—NEEMNREFIHE,
T ok R 250K, ERT M E R L& R

X 8 W: LA FEL(SNR) fhit; REAFAE; £ RMEN%(CNN); KAERIEKL

(LSTM) %
FESES: TNI11.6
SCERFRIRAD: A

b -3 BOE B A O JC AL R G2 10 B B
gy RARAE Rk BAT RE TR A R AL 1E DU AT 41
BETEEEM" . {ZWH (Signal-to-Noise Ratio,
SNR) s PF A Jo A HLIE 15 28 46 5 18 B 455 Fd {5 BT
A E AR AR, OB B A 5 M EE AL T BE AT LA JE A
PLEHE S SR AL o e e il 5l 20 I Pl E 15 B,
SR DA fof B4k B AR 40 R B e R0 5 5 Ak 3R
TR B v 15 S A R R RE

15 MR LU Al 1% e B vk 32 00 T dR KBS
(Maximum Likelihood, ML) fit i+ ¥ . 4t i & 1t i+
% W% 737 (Spectrum Analysis, SA) fli i35 5% . 3C
BRL2 ]9t T 5T ML Y & 30 15 0 I i 22 15 1
PR THEE s SCRR (3 ) &5 & W BB KL HeR 5
ML A, 5% T SIMO ( Single-Input-Multiple-Out-
put) RGE T e 4k B IR 45 5 1905 W H Al 5 2
PR T ML LR 1& VG Bl . ML A3 ik B
A RAOR IR H25E C BE 6 B R A ((Gramer-Rao

NXEHS: 1001-5965(2019)09-1855-09

Lower Bound, CRLB) , {H £ IK {5 M b A% &0 T P AE
W2, HisH gk, TRt Mitskdhnhs
FES AR A d R E W HESE L = St , E T
3 A2 A R (NASA) 1 ¥4 J2 22 Il g v
SCHR LS TRETE T 56 T U005 5 v Bir e it i 9 ele gt
TR PR (M2M4) Bk SCHR [ 6 ] it — B F 5T T
RRFILTE SIMO ARG MTERE. & T 4uit Al
TR B (H R 08 %, O LB 1A )
WA B i R L LR Al TR 2 EOR . X
KL T I B Sl £ 18 ) D A3 3 e 1, 42 1 7 —Fh
BET SA BT 15 R Ho Ak T3 s SR [ 8 1 I T )
RGP — PP IO e g 5 B 0 Pg 5 e HE Al
B o IR DN EA TR BE AR AL AR

RIE ¥ 2] (deep learning) it 4F o 7& [ {8/ L
AL FE B AR TR A B A U R R R B AR
15 5 QU A AF ST DWW o o, STHRC9 16
£ 2 B 2% ( Convolutional Neural Networks,

WRERE: 2018-12-17; FABH: 2019-01-23; PIGHARNE: 2019-03-1509: 34
W2 AR AL : kns. cnki. net/kems/detail/11. 2625. V. 20190313. 1649. 001. html

* WEVEHE. E-mail: zengguogi@buaa. edu. cn

SIA%X: dhFm, YEF, NEE, £ RTFTREFIHEANKESCERETHET] AFXMEMAXAFFRH,2019,4509):
1855-1863. SUN Y H, ZENG G Q, LIU C H, et al. SNR estimation algorithm for UAV data link based on deep learning [J ]. Jour-
nal of Beijing University of Aeronautics and Astronautics , 2019 , 45 (9 ) : 1855- 1863 (in Chinese ).
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CNN) R 3158 15 15 5 19 98 1 05 X A 37326 (Au-
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A O RSCR s SCHRL 10 T4 M 1 — ol il 5 T 38 ol
28 P 2% WY Sl AL 7% ) P A B T B R Y g 2
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RGBSR S M0 28 STk [ 12 ] 32 4 T —4E (5 5
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SR AZ AL, DN I 5 28 1) T LSTM 452 78 Iy M 552 B
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K, LSTM [ 2 W) ] LA fife phe b B e 81 i 23 Sz 2

£ 6 8 e 5 A B T 2 R AL
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2 [EREEHITEX
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Fig. 1 Network framework of SNR estimation based on CNN-LSTM
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Fig.2  Schematic diagram of signal data segmentation algorithm based on split window
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Fig.3 Operation flowchart of convolution network
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SNR estimation algorithm for UAV data link based on deep learning
SUN Yuhang', ZENG Guoqi> ", LIU Chunhui’, ZHANG Duona'

(1. School of Electronic and Information Engineering, Beihang University, Beijing 100083, China;
2. Institute of Unmanned System, Beihang University, Beijing 100083, China)

Abstract: UAV data link communication is subject to natural and artificial interferences. The signal-to-
noise ratio (SNR) is an effective evaluation indicator of channel state and communication quality. In order to
address insufficient SNR estimation accuracy involved in traditional estimation algorithm, an estimation model
which combines convolutional neural networks (CNN) and long short term memory ( LSTM) network is pro-
posed. By means of both simulation and actual measurement, a data set of UAV communication signals is con-
structed with multiple SNRs, modulation modes, fading channels and other information included. In the net-
work training phase, the sample sequence is segmented, CNN-LSTM is used to extract the deep feature of each
part, and the model parameters are saved through multiple trainings. In the test phase, the constructed test set
is used to verify and test the algorithm, and the SNR estimation value is obtained. Experiments show that com-
pared with traditional SNR estimation algorithm and single-network deep learning method, the proposed algo-
rithm can help achieve the lowest mean square error for different levels of SNR, thus achieving the high-preci-
sion estimation of SNR.

Keywords: UAV; signal-to-noise ratio (SNR) estimation; deep feature; convolutional neural networks

(CNN) ; long short term memory ( LSTM) network
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convl 512-256 s=1,p=0 avgpool
convl 256-1 024 s=1,p=0
blockl conv3 1 024-1 024 s=2,p=1
convl 1 024-512 s=1,p=0
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Table 2 Error rates on CIFAR10

EES H R/ %
Stochastic Pooling! % 15.13
TripletNet 3! 12.90
Maxout Network 2¢] 11.68
AlexNet?] 11
DSN 28 9.69
NIN'?7] 8.8
MLDNN 3¢ 8.12
cmct! 6.87
ResNet!®] 6.43
DenseNet ) 5.83
DenseNet-BC 2] 5.19
A% 3C W 45 4.28
ResNeX1-292 3.58

60 000 YK , A% /9 2 7 JL A A 8 A 9 58 Bl 45,
M HASCM B TE MBS Z BT, L1y
Je $0 e 5 B 5, 10 B OO 265 1) 27 2] g T R . AR
SCI 48 S5 R B RS, BT LA 2 0l 2 I 2% 1)
B BT AR 2, DR 1 B stage 1 [
block 1 i, 55— A B HUZFEE 3 MERZM x 1
BEARET 3 x3 BRI, PRIEH H & TH 2 fn ik
HEHRERI AT T, M4 R R 7.5 x 107 KK
4.0 %107 Y, FEFE] b2y 47%

MNIST J&F 5 JK B ER B 48 , i 60 000 5K
KN H 28 x 28, k5 28 N0 2] 9 1 Il 25 & 45 Fl
10 000 FRMIK R AR . AR EE R an 3k 4 s, 7]
DAUR 2 58] 745 S0 ) 2 B2 L A 1) J7 vk B0 B AT, i 15 %
RENT 0.22% , L3 2 441 CMC ZK0. 11% , L[]
J& T = 4% 19 TripletNet 245 0. 16% .

SVHN %42 % 5 MNIST [ 441, By 600 000 4>
M Google 1 5t K44 Hr 4R 14 32 x 32 (5 1] i &
B RN 0 B 9, HARSE RN S s, iy
#E B 1 5k B DenseNet, 23 935 2] 7 1. 59% Fl
1.74% (5512 45 3 4 CMC K558 T 1.76% , 4%
AL L CMC A/ 0.05% , 5% T 1.81% ,MLDNN
1 DSN ¥y ik %] T 1.92%, NIN ik 5| T 2.35%,
Maxout Network 35 %] T 2. 67 % , Stochastic Pooling

F3 MEII%ERXE(CIFARLO)
Table 3 Iteration times of network training ( CIFAR10)

EES AR KL HIRE/ %
ResNet!®] 60 000 6.43
Maxout Network [2°] 700 11.68
Stochastic Pooling!*" 500 15.13
A 3L % 310 4.28
MLDNN!30 300 8.12
DenseNet-BC 2] 300 5.19
DenseNet 2"} 300 5.83
ResNeXt-2922] 300 3.58
NINI27) 200 8.8
DSN(28] 110 9.69

4 MNIST EHHBERE
Table 4 Error rates on MNIST

o] 2% R/ %
Stochastic Pooling!?*! 0.47
Maxout Network 2¢ 0.47
NIN!27] 0.47
MLDNN ‘3¢ 0.42
DSN 28] 0.39
TripletNet!*!! 0.38
cmct?! 0.33

A3 2% 0.22
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Table 5 Error rates on SVHN

EES R/ %
TripletNet!*!! 4.63
Stochastic PoolinguSJ 2.80
Maxout Network ¢’ 2.67
NIN 7] 2.35
DSN!28 1.92
MLDNN 3¢ 1.92
A 2% 1.81
cmct?! 1.76
DenseNet-BC!?"! 1.74
DenseNet 2’ 1.59
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Table 6 Experimental comparison of sample
combination ( CIFAR10)

E AL YL 5] /s R/ %
1IE1 7 230 4.74
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21E2 fh 750 4.28
21E3 1190 4.29
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Research and application of residual triplet network
based on deep convolution
LI Zhengze, YANG Xiaoyuan ", ZHU Ridong, WANG Jingkai

(School of Mathematics and Systems Science, Beihang University, Beijing 100083, China)

Abstract; For multi-classification image tasks, a residual triplet network based on deep convolution is
proposed, which aims to train neural networks to obtain useful feature representations through residual learning
and distance comparison. Firstly, a 21-layer deep convolution neural network is designed as the embedded
network of the triplet network, where the convolutional network is connected with 6 blocks. By using residual
learning, the output of each block is combined with the input of this block and the output of the convolutional
layer which focus on reducing the difficulty of network learning and avoiding degradation. Then, each block
employed the convolution layers with the same topological branch to broaden the width of the network. Finally,
to enhance the transfer of feature information, the fully-connected layer concatenated the output of the previous
convolutional layers and blocks. Before training, the cross-combined sampling method is used to increase ef-
fective samples for hard samples. During training, using the sample center point to replace the anchor sample
as an input can reduce the error rate by 0. 5% on average. Among the triplet network series, we achieved the
best results on the MNIST, CIFAR10, and SVHN. In all classification networks, we achieved the best results
on the MNIST and performed well on CIFAR10 and SVHN.

Keywords: convolution neural network ; triplet loss; residual learning; hard sample mining; sample cen-

ter point
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i E: A RANBE(INS)/GPS A& FMA L, # 8 FMLAEFHFAN GPS #
TR BT EA, T A RENEEREE, EARELT RANS MBS FHEE  FRERN
¥ RFARZIRE(EKF) A MR EFRH S o AAEMBE LT HXEE B R BT T —HHE

MBREY RERZRK(STEKF) H ik, FEERKNA, it kst &

R E N

GPS 5 5 RE, ML GPS 5 5 N# R AKRE S| EF KA, kit &R L@ EKF £ % &
ERAHKKBRRS, EH RS ATRAN AT, AHMERYLE EKF FMEREY &F

KBRS Rt F ok B B H R O .

*x B WYV EFRZREK (EKF); BREFRM; 446 FM;2REMLEL (GPS);

KB E &K
HESES. TP242.6
XERARIRED: A

BExh e AHLS AL, BRI R E AR GR
(GPS) M-S ML (B BRIk 2 31 ) AH 45 &
A EFM T 7EIEH TAER O, B AT
R A8 224 BT I 220 4 7 5 3 8 RS 25 5 AR s Bl o7
HAHESE T — W 20 /9 JE ABLARES, GPS S i iy ) 4
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T Y AL A SR AR R A T
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MWUSTET . T RANLE SR G — Ak
LMERG, T AR B AL s P k. Bl M
()77 ¥4 9B K 2 8 B (Extended Kalman
Filter, EKF) | JG ik K /K 2 J€ I ( Unscented Kalman
Filter, UKF) L) } & FH F /K 2 & I ( Cubature Kal-
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0L 7 A T DL R
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— sin ysin ¢y — cos ycos sin 0
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4 000 m’ 0 0 MO
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R=0 o 1 000 m’ 0o O
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(I 0 1 000 m* !

0
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Fig. 1 Results of three filtering algorithms (east)
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Table 1 Accuracy of three filtering algorithms
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Table 2 Convergence speed of three filtering algorithms

for GPS interruption

"k GPS Wi ik 52 5 W SGH /s
EKF 3.84
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A navigation filtering algorithm considering GPS signal interruption
HE Kanghui', DONG Chaoyang" ", WANG Qing’

(1. School of Aeronautic Science and Engineering, Beihang University, Beijing 100083, China;

2. School of Automation Science and Electrical Engineering, Beihang University, Beijing 100083, China)

Abstract: Aimed at the problem of GPS data interruption in the UAV INS/GPS integrated navigation sys-
tem, an improved filtering algorithm is designed. Firstly, the kinematics model of UAV navigation is estab-
lished. Then the traditional extended Kalman filter (EKF) technique and strong tracking filter are combined.
A new navigation filtering algorithm is designed by using the membership function in fuzzy theory. The simula-
tion results show that the improved algorithm can quickly adapt to the sudden change of GPS signal. When the
GPS signal recovers from the fault state to the normal state, the improved algorithm can converge to the steady
state more quickly than the ordinary EKF algorithm, and the flight state is re-completed and estimated. At the
same time, compared with the common EKF and strong tracking extended Kalman filter (STEKF) algorithm,
the improved algorithm has higher filtering accuracy.

Keywords: extended Kalman filter ( EKF) ; strong tracking filter; integrated navigation; global positio-

ning system ( GPS); membership function
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Table 1 Structural parameters of multi-

directional actuator

28 K fE/mm
KB A K L 100
A PR 1.66
FARENE 3

HIREIME T, 4
2y IR AR s 5
Ly AR TE o 1
2y R A b 8

Pl 3 g Ky 2 45 ) B T AR DB I

Fig.3 Diagram of structure and working principle of
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Motion characteristics of soft bionic tongue based on
multi-directional pneumatic actuator
DONG Hu'"'?, LIN Miao" ?, GU Sucheng"*, CAO Yi"*>" | LI Wei’

(1. School of Mechanical Engineering, Jiangnan University, Wuxi 214122, China;
2. Jiangsu Key Laboratory of Advanced Food Manufacturing Equipment and Technology, Wuxi 214122, China;
3. Suzhou Vocational Institute of Industrial Technology, Suzhou 215104, China)

Abstract: Aimed at multi-directional actuator deformation mechanism, this paper takes the soft bionic
tongue as research object and the research on the motion characteristics of one/multi-directional actuator for
the soft bionic tongue is carried out. Firstly, a soft bionic tongue driven by pneumatic actuator is designed,
which can complete many actions including tongue stretching, twisting, rolling and tilting by the one/multi-di-
rectional actuator. Secondly, in order to further study the actuator’ s deformation mechanism, the research on
the structure and deformation operating principle of one/multi-directional actuator is carried out. Then, a non-
linear mathematical model of radius of a soft bionic tongue actuated by specific pressure is established, which
is based on the Yeoh model strain energy density function and combined with the force balance equation. Fi-
nally, the finite element simulation and experimental validation of the soft bionic tongue are carried out to veri-
fy the correctness of the theoretical model. Consequently, the above research provides a theoretical basis for
other research on the deformation mechanism of pneumatically actuated soft structures.

Keywords: soft bionic tongue; air-driven; Yeoh model; finite element simulation; deformation mecha-

nism
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Fig.1 Fundamental principle of reinforcement learning

o WILMEERT %, 50 5 2055 UE 47 A W 3t 52 1.
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A4 B B 1 3l 1 1 e £, JOF 1 5 R AL
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HRTERZRHE LT, AR EE BE LR R AR XE
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A AE Y 250 301G B BT R REAR I 5
1.2 HERMK

TEAS SCHE R A 9 B2 J v 48 R AE 28 vp R TR
BEAR S 5 AU Se 45 6 938 2, O 35 #5 0] BOAN RE
BN G517 3, VIR PR BRI AT A, a1 B
N AR R AMESRAN 5 B A A5 0 R AR — AR i B b
P14 fi I ) T B A S B T R B R
BV 2 RO SRmE OR M £, LA SE 0 S TE B AL B
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&1 HEMEITE(SCHEDULE) .
1 WG R R R EL ¢, B ECH x,
2 1 =0,t=0
3 while i<x
4 while ¢t <t
5 search ()
6 ife==t .
7 backtracking( )
8 t=0
9 else

10 t+ =1

11 i+ =1

TF : search (1) 48 &R i & 7] A 6] Jy 5 back-
tracking () A [A1 4 ,

EiE2 BPPBIEIR A AR,

1 WA R R WREC e RIR R R 1,

2 FHARIEIR lower, i PR LR [ R upper, &

%% alpha,
3 search()
4 whilet <1,
5 diff = alpha * (upper — lower) * /1
6 higher = lower + diff
7 delay = random_choice ( lower, higher)
8 t+ =1
9 backtracking( )

7 : random _ choice A 7E X 4~ {5 &l N B AL
.

X S A SR O B ] A 3 i
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U = Z (out(t) — action(t))* x action(z) (1)

PEi B 2759 2 — 8 A gl , R AT 76 23 -k
A state (¢) A2 928 Hi 3 out (¢) 3 I action (1)
ANt FUIE i TR AR A AR A R I T T A s B At
—E MM DAL — 2B B R FIAE . BORp 48
o0 245 110 i S R A s BC— A 5 A BRI X 7
XA DX ] 5 S SRAEAE Ry T B B K R VR IE AR
linear PR%N ., PEANGE VL UL 3 iR,

&3 Bifi# 2] ik (IMITATION)

1 wa e 2 Mg S50, Bl K,

-
2
3 k=0
4  while k<K,
5 delay = SCHEDULE ( linear( ) )
6 if delay < end2end
7 end2end = delay
8 train(L) use(1)
9 E+ =1

X TT IR S, 5 S B K B
KF, B0 06 i B X T8 2 2R B R T AR B R
Wi o ARV S ) O — S B R (L
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VU = ZVHP(t;G) x reward(t) =

P(1;0) B
2 plryg) P (18) xreward(1) =

V,P(1;0) x reward(t) _
2. Ps0) P(1:0) -

z P(t;0) V,(log,P(1;0)) x reward(t)
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2 k=0

3 while k<K,

4 reward = SCHEDULE ( normal )
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upper, =w,, X offset +b,,
ower, =w,, X offset + b
pper, =w,, X offset +b,,
ower, =w,, X offset +b,,
1 .
[

pper, =w,, xoffset +b,,
ower, =w,, xoffset +b,,
(4)

A cupper  BEALIR R X ] A9 1 5 5 lower S IHEIX
[A] {¥)F 5% s back, (0 <k<n, ke N) Jylal ¥ I EL;
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Table 1 Each method scheduling results

VRS BT/ PR (13 —1k)
SMT 265.00 1355.30
LSRR 2.17 4.10
(g ] 5.03 1.70
WAk 4.29 0.75
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Fig.3 Loss function change in pre-training
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Fig.4 Reinforcement learning end-to-end delay results
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Table 2 Detailed operation of four change methods

GiTfEse ARkl 2k 2 Ak 3 2k 4
2 1.1 1.1 0.8 0.8
3 1.1 1.2 1.2 1.2
5 0.9 1.1 1.1 1.3
7 1.1 1.1 0.9 0.9
11 0.9 1.2 1.2 1.2

R3 AMTUFHERERER

Table 3 End-to-end delay results of four variations

ViRS Al 1 Ak 2 A4k 3 Ak 4
SMT 1360.2 1365.6 1284.2 1324.1
18R 4.4 5.5 4.5 4.4
A ] 2.3 2.1 2.1 2.1
WAL 0.74 0.65 0.61 0.71
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Table 4 Convergence speed of four variations
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Table 5 One-time running speed of four variations
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Table 6 Detailed operation of three adding methods

BT s (3 #m 1 #4002 B 3
i L k2 M3 24k 4 {8 A 6 60 120
MT o8l 57 267 7 SR AE 8019000 8478000 8988 000
SRS 2.85 3.21 2.45 2.87 R7T EMEERWHEKRERER
ik f 7 ) 312 6.45 3.58 6.25 Table 7 End-to-end delay results after adding frames
VL Sk 4.32 5.26 4.97 5.07
%0 VRS Hom 1 Hm 2 Hm 3
SMT 1352.3 1586.7 1324.6
o R 2.5 2.9 4.5
. 60 - R A2~ 1.7 1.6 1.4
A AL 0.68 0.86 0.85
= 40
2 *x8 EEBREREEE
::ij 20 Table 8 Convergence speed after adding frames
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d e e e e o L o= ji_"/ZE \ \ \
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Table 9 One-time running speed after adding frames
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Time-triggered communication scheduling method based on
reinforcement learning

LI Haoruo, HE Feng” , ZHENG Zhong, LI Ershuai, XIONG Huagang

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

Abstract: In the future, time-triggered communication mechanism will be more widely selected for infor-
mation transmission to ensure the certainty of information interaction in avionics system. How to reasonably im-
plement time-triggered communication scheduling design is the key to time-triggered application to avionics in-
terconnection systems. For the periodic task of time-triggered scheduling, we proposed a method for generating
periodic scheduling timetable based on reinforcement learning. Firstly, the traffic scheduling task is trans-
formed into a tree search problem, which has the Markov characteristics needed for reinforcement learning.
Then, the reinforcement learning algorithm based on neural network is used to explore the schedule, and the
waiting time is shortened to optimize the schedule. As the training is completed, the model can be directly
used in tasks with similar message distribution. Compared with the method, e. g. Yices, which uses the sati-
sfiability modulo theories (SMT) to solve the time-triggered schedule, the proposed method does not cause un-
determined problem, and can guarantee the correctness and optimization of the time-triggered scheduling de-
sign results. For a large network with 1000 messages, the calculation speed of the proposed method is dozens
of times faster than that of the SMT, and meanwhile, the end-to-end delay of the generated message by sched-
uling is less than 1% of that of the SMT, which greatly improves the timeliness of message transmission.
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Coupling vibration characteristics analysis of shared support-rotors system
ZHANG Jian', ZHANG Dayi', WANG Yongfeng' , MA Yanhong'?, HONG Jie'* "

(1. School of Energy and Power Engineering, Beihang University, Beijing 100083, China;

2. Collaborative Innovation Center of Advanced Aero-Engine, Beijing 100083, China)

Abstract; The rotor system with turbine mid frame is researched as an objected, and the dynamic model

with coupling vibration in transverse and angular degree was employed to reveal the vibration coupling mecha-

nism and influence in shared support-rotors system. It is pointed that support response of one rotor can influ-

ence the bearing dynamic stiffness and rotor dynamic characteristic of another, and the calculation error of tra-

ditional rotor dynamic modeling exceed 10% , so the vibration coupling should be considered when analyzing

critical speed and dynamic response in the rotor system with mid frame. The finite element calculation results

for the shared support-rotors system in turbo-shaft engine exhibit that the coupling modes will arise, and the

speed of one rotor can affect the critical resonant speed excited by another. The vibration isolation characteris-

tics of mid turbine can also be affected due to the coupling vibration, and compared with non-coupling system,

the dynamic response and load-transferring coefficient both remarkably increase.
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