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Cargo flow distribution of cargo airlines considering outsourcing
LIU Xinyu, LE Meilong™ , YU Qinyue

(College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract. For cargo airlines, in the face of a large number of complicated air cargo demands, formulating
reasonable route planning and distribution schemes can reduce transportation costs and improve transportation
effciency. We established a mixed integer programming model that integrates transport capacity allocation and
cargo flow distribution and took Air China Cargo as an example to solve the model, in which airlines can use
their self-owned cargo aircraft or outsourcing service for transportation. We proposed two data processing ways
pre-allocating cargo flow according to different transportation distances and pre-specifying transit airports ac-
cording to OD pairs, which not only reduces the search space, but also saves 85.12% of the calculation time
compared to the situation without data processing. The total length of freight transportation path and the turn-
over of transit freight flow are also reduced by 17.19% and 28.99% compared with non-preprocessing, which
reduces a large number of detours. Compared with the model without outsourcing, the integrated model saves
4.87% of the cost. Then the outsourcing price coeffcient was introduced for sensitivity analysis. As the out-
sourcing price coeffcient decreases from 1.2 to 0. 8, the outsourcing cargo volume increases. At the same
time, the flight segments operated by small aircraft decrease, and the flight segments allocated to large aircraft
do not change. Finally, we analyzed the curves of unit transportation cost varying with transportation volume
on the same flight segment for different modes of transportation, which provides a reference for airlines to re-
spond to the temporary segment demand, and provides a better solution according to curves and residual trans-
port capacity without changing the overall plan.

Keywords: transportation planning; air freight; cargo flow distribution; transport capacity allocation;

mixed integer programming
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Table 2 Estimation results of bird target number
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1 23 22
2 22 22
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4 24 24
5 26 27
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Estimating number of birds around airport based on avian radar
CHEN Weishi"* |, HUANG Yifeng', LU Xianfeng', ZHANG Jie' , CHEN Xiaolong

(1. China Academy of Civil Aviation Science and Technology, Beijing 100028, China;
2. Naval Aviation University, Yantai 264001, China)

Abstract: A multi-target automatic initiation and tracking algorithm suitable for avian radar data is pro-
posed to realize the statistical analysis of the number of bird targets in the hot spots of bird activities around the
airport. The algorithm estimates the probability of association between the measurement and all possible events
by data association, including the birth, continuation and extinction of the target, as well as the elimination of
clutter. The smooth trajectory of each target is estimated by the Kalman filter and smoothing method, and the
whole life cycle management of the target is realized. The simulation results show that the algorithm can realize
multi-target automatic initiation and tracking in clutter environment, estimate the start and end time of each
target correctly, and count the change of the number of targets, and it is obviously better than the traditional
logic method in the timeliness of target initiation. Finally, the algorithm is applied to the airport avian radar
data to estimate the number of birds around the airport, leading the airport to carry out targeted bird strike pre-
vention measures.

Keywords: avian radar; airport; multi-target automatic initiation; multi-target tracking; target number

estimation
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Vulnerability of vehicular ad hoc network based on complex network

ZHANG Hong"*> ", LYU Yuejing’
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2. Inner Mongolia Engineering Research Center for Urban Transportation Data Science and Applications, Hohhot 010070, China;

3. School of Automobile and Traffic Engineering, Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract: As an important fundamental application of intelligent traffic system, the safe and stable opera-
tion of Vehicular Ad Hoc Network ( VANET) is indispensable for the transportation system and even the sus-
tainable development of social economy. The largest connected degree, average size of connected components
and global network efficiency were used as the vulnerability evaluation metrics for VANET. Based on complex
network theory, the VANET simulation model was established through vehicle simulation software ( VanetMo-
biSim). Then, the relationship between the quantitative index of vulnerability and the node removal ratio un-
der random attacks and intentional attacks was analyzed in detail. Furthermore, the influence of the density of
nodes, signal radiation radius and patterns of attack on VANET vulnerability was analyzed by simulation exper-
iment. The experimental results show that the VANET has a high vulnerability under intentional attacks; the
intentional attacks based on node betweenness destroyed the networks most strongly. The smaller node density
and signal radiation radius are, the worse VANET connected degree is and the more vulnerable the network is.
The research methodology and results provide the theoretical basis for VANET topology control optimization and
network management decision-making.

Keywords: Vehicular Ad Hoc Network ( VANET) ; complex network; vulnerability; intentional attack

random attack
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earth-atmosphere radiation observation
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Influence of earth-atmosphere radiation on imaging
characteristics of space object
ZHANG Luping” , CHEN Sheng, HU Moufa

(College of Electronic Science and Technology, National University of Defense Technology, Changsha 410073, China)

Abstract: To analyze the influence of earth-atmosphere radiation on imaging characteristics of space ob-
ject, first, the visible light imager mounted on Geosynchronous Orbit (GEO) satellite was treated as an obser-
vation platform, and the motion scenes of Highly Elliptical Orbit (HEO) and Low Earth Orbit (LEO) objects
were designed by the Satellite Tool Kit (STK). Then, the equivalent magnitude model of space object and
earth-atmosphere background, and the calculation formulation for the Signal-to-Noise Ratio (SNR) of space
object were derived by adopting infinitesimal method, according to the relative relationship among the space
object, the sun, the earth and the observation platform. The effects of the distance and angle variables on the
equivalent magnitude of different orbital objects and earth-atmosphere, as well as the SNR were analyzed. The
simulation results indicate that the equivalent magnitude of earth-atmosphere background is lower than space
object while the object is far away from the observation platform, which means that the earth-atmosphere radia-
tion is stronger than the target signal. The observation window between the time when the earth-atmosphere ra-
diation enters and leaves the target detecting field of view is the best time for target detection since the SNR is
the largest. Moreover, the value of SNR obtained by simulation provides a theoretical calculation basis for the
detection and recognition of space object.

Keywords: earth-atmosphere radiation; space object; equivalent magnitude; Signal-to-Noise Ratio
(SNR) ; Satellite Tool Kit ( STK)
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SN kwl k' RER, WAE, HEY, REE

-
j[ T2 MR T A TAREE, 650 100083; 2. B R 4 LM% 2% %E, &% 3210005

3. b RMEL B BESRAF ST L, dEET 100097)

1 E.AA2%kEMITERARAE 5 M EHA(GNSS-R) # 47 L8 F KT
B LR ERRE T HELER GNSS AERBEE MR EMEREZ, HXHERNFET
RET HBEERWHERAEFWNERZRG AL BETETEZAA UGN ETHXIEBE
Fko ATHRIUEFRY EMARE, TRT HEGNSS-R LHBEEAN LR, ERELN . ET
SHANUGWHRGEBCETUHBRETHRDEHER LR, &I GNSS-R £ EE K
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Ground-based GNSS-R soil moisture retrieval based on
correlation power correction
HONG Xuebao', ZHANG Bo" ", RUAN Hongliang”, HAN Mutian', YANG Dongkai' , SONG Shuhui’

(1. School of Electronics and Information Engineering, Beihang University, Beijing 100083, China;
2. Jinyi Network Economy College, Jinhua Polytechnic, Jinhua 321000, China;

3. Beijing Vegetable Research Center, Beijing Academy of Agricultural and Forestry Sciences, Beijing 100097, China)

Abstract: In soil moisture observation using Global Navigation Satellite System Reflectometry ( GNSS-R)
technique, actual antennas’ directionalities will bring about the biases in the correlation power measurements
of the direct and reflected GNSS signals. For eliminating the cosine-like oscillatory bias of the correlation pow-
er caused by antenna directionality in ground-based scenario, this paper proposes a correlation power correc-
tion method based on the polynomial fitting. In order to verify the validity of this method, the ground-based
GNSS-R soil moisture observation experiment is carried out. The experimental results show that the correlation
power correction using polynomial fitting can remove the cosine-like oscillation of the correlation power wave-
form, and then improve the efficiency of measurement data and the accuracy of retrieval results.

Keywords: Global Navigation Satellite System Reflectometry ( GNSS-R) ; correlation power; oscillatory

bias; polynomial fitting; soil moisture
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Performance of oxygen-consuming catalytic inerting
system of fuel tank under flight envelope

PENG Xiaotian', FENG Shiyu"" ", REN Tong', ZHANG Ruihua', PAN Jun’, WANG Yangyang’

(1. Key Laboratory of Aircraft Environmental Control and Life Support Industry and Information Technology, College of Aerospace Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. Aviation Key Laboratory of Science and Technology on Aero Electromechanical System Integration, Nanjing Engineering Institute of

Aircraft Systems, Aviation Industry Corporation of China, Nanjing 211106, China)

Abstract: In order to provide input parameters for the design of new types of oxygen-consuming inerting
system components, based on the proposed low-temperature controllable oxygen-consuming catalytic inerting
system flow, the system mathematical model is established based on the mass conservation and energy conser-
vation equations with the suction flow rate at the outlet of fuel tank as the benchmark. Taking the central fuel
tank as the object, the important performance changes of the inerting system under the full flight envelope and
the influence of key parameters on it are simulated. The results show that: inerting system can effectively re-
duce the oxygen volume fraction. For example, under the condition of initial full load, 0.5 catalytic efficiency
and 60 L/min suction flow, the oxygen volume fraction will reach below 12% after 24 minutes. During the
flight, the volume fraction of gas phase oxygen in the fuel tank rises during the declining and approaching pha-
ses, while it is decreasing in other phases. The higher the catalytic efficiency is and the larger the fan flow is,
the shorter the inerting time is required. When the catalytic efficiency is fixed, the same inerting time is
achieved, and the maximum fan suction flow is required when there is no fuel load. Therefore, the oxygen-
consuming catalytic inert system should be designed according to the most unfavorable no fuel load working
conditions.

Keywords: oxygen-consuming catalytic inerting; fuel tank; flight envelope; oxygen volume fraction;

flammability
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Table 1 Results of image reconstruction without noise
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Table 2 Comparison of correlation coefficients

among different imaging algorithms without noise

LEEY
FBL 75 LBP Tikhonov  Landweber ]

3 O s
1 0.166 5 0.394 5 0.719 1 0.810 9
2 0.066 1 0.354 5 0.7328 0.868 9
3 0.1126 0.385 8 0.719 2 0.754 9
4 0.114 7 0.354 4 0.690 2 0.720 1
5 0.153 1 0.433 1 0.693 2 0.750 7
6 0.075 7 0.146 3 0.4356 0.794 8
7 0.112 1 0.289 8 0.575 3 0.788 8
8 0.148 2 0.178 1 0.568 1 0.701 8
9 0.239 3 0.279 3 0.539 6 0.642 8
10 0.378 2 0.569 7 0.687 1 0.730 7
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Table 3 Comparison of image error among different

imaging algorithms without noise

FR 2%
KR 75 LBP Tikhonov  Landweber o

R s
1 1.200 2 1.0256  0.7186 0.652 2
2 1.1725  0.9618  0.676 1 0.535 1
3 1.195 8 1.0342  0.7923 0.756 4
4 1.205 9 1.0016  0.7829 0.765 7
5 1.340 6 11573 0.9497 0.792'5
6 1.0718  0.9747  0.894 1 0.608 7
7 1.3996  0.9011  0.8724 0.858 9
8 1.2794  0.9563  0.8104 0.725 2
9 1.5894  0.9074  0.8509 0.862 4
10 0.9642  0.9111 0.936 6 0.788 0
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Table 4 Results of image reconstruction with noise
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Table 5 Comparison of correlation coefficients among

different imaging algorithms with noise

. LEESES14
2 LBP Tikhonov Landweber KR
ik ik LSRN

1 0.166 8 0.394 2 0.714 3 0.803 1
2 0.066 4 0.3515 0.728 1 0.862 5
3 0.112 2 0.387 1 0.716 7 0.757 1
4 0.114 1 0.354 7 0.687 2 0.757 1
5 0.1527 0.433 6 0.695 4 0.756 9
6 0.017 8 0.154 91 0.4513 0.689 2
7 0.1259 0.289 2 0.574 3 0.783 3
8 0.141 9 0.176 1 0.565 4 0.691 3
9 0.240 4 0.277 1 0.536 8 0.637 7
10 0.378 0 0.5713 0.685 1 0.729 4
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Table 6 Comparison of image error among different

imaging algorithms with noise

Rl Pl {15 22
o) LBP Tikhonov Landweber KR
ik mk

1 1.200 7 1.0219 0.725 6 0.684 5
2 1.180 3 0.961 9 0.680 8 0.543 2
3 1.191 0 1.0337 0.763 0 0.804 4
4 1.208 4 0.999 2 0.784 8 0.749 5
5 1.337 8 1.149 5 0.937 7 0.810 4
6 1.006 8 0.974 1 0.886 6 0.712 0
7 1.3815 0.901 3 0.874 5 0.883 8
8 1.2651 0.956 8 0.816 5 0.739 9
9 1.5975 0.908 1 0.850 8 0.874 9
10 0.963 7 0.909 6 0.941 2 0.782 17
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Table 7 Comparison of calculation load between two

imaging algorithms

Bk kEgsE WmkEdEe REEHE
AR SR 12 538 644 19 320
Landweber 1% X 83k 17 682 644 27 048
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Optimized Landweber iterative fast image reconstruction
algorithm for electromagnetic tomography
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Abstract: Due to the pathological property and ill-posedness of sensitivity matrix in Electromagnetic
Tomography ( EMT) , the quality of the reconstructed image is relatively low. To improve the imaging quality
and imaging speed, this paper proposes an optimized Landweber iterative fast iteration image reconstruction al-
gorithm. Firstly, dimension reduction algorithm is used to decrease the sensitivity matrix dimension to elimi-
nate the redundant information of sensitivity matrix and reduce the calculation load of each iteration. Second-
ly, Seeker Optimization Algorithm (SOA) is used to optimize the dimension-reduced sensitivity matrix. This
optimization operation can reduce the condition number and improve the morbidity degree of sensitivity matrix.
Finally, Landweber iteration algorithm and preprocessed sensitivity matrix are used to reconstruct image. Sim-
ulation experimental results show that, under the same experimental conditions, compared with Landweber it-
eration algorithm, the proposed algorithm increase the quality of reconstructed image and decrease the calcula-
tion load of image reconstruction.
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Table 1 Rolling bearing main calculation parameters
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Dynamic modeling and simulation of irregular bearing failure
WANG Zhen', YANG Zhengwei'®, HE Haohao', MING Anbo" ", ZHANG Wei'

(1. Missile Engineering College, Rocket Force University of Engineering, Xi’ an 710025, China;
2. School of Mechanical Engineering, Xi’ an Jiaotong University, Xi’an 710049, China)

Abstract: Most of the existing bearing failure researches simplified the failure to regular shapes such as
rectangular grooves or circular pits, which were quite different from the actual failure morphology, taking the
aero-engine rotor system as the research object, starting from the actual fault morphology of the rolling bearing
and the objective reality of the main shaft bearing being prone to failure in the complex rotor system, a method
for characterizing the irregular bearing fault was proposed and introduced into the single rotor-bearing system
dynamic model, and the irregular failure model of bearing inner and outer rings was established. Using the
method of numerical calculation, the vibration response of the rotor system with faults was analyzed, and the
influence of the circumferential width and depth of the faults on the system vibration was studied when the sys-
tem bearings contained rectangular faults and irregular faults in the inner and outer rings. Finally, for the fault
damage existing in the inner and outer rings of the rolling bearing, fault bearings with different positions and
sizes were made and introduced into the rotor system to conduct experimental research, and the system vibra-
tion data at different rotation frequencies and fault sizes were collected. The comparison with the numerical
simulation results fully verified the correctness of the irregular bearing failure dynamic model.
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Table 1 Physical parameters of porous plates

P W % % 4z J LK EA

LA R Z ALk LA R
TLBR/ % 43 37.3 34.2
MFHR/(W-(m-K) ") 1.337 83.1 71.4
Lt/ (kI (kg K) =) 0.71 377 133
T 46 5 &2/ MPa 38.4 34.3 72.2

K4 g fF 1A

Fig.4  Structure of test piece tooling
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metal porous plate changing with time at 120 kW/m”
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Transpiration cooling test of porous plate in vacuum environment
CHEN Xingyu', WANG Liyan>" , CHEN Weihua’, WANG Zhenfeng’, CAO Zhanwei’, GAO Yang’

(1. China Aerospace Science and Technology Corporation, Beijing 100048, China;
2. Science and Technology on Space Physics Laboratory, China Academy of Launch Vehicle Technology, Beijing 100076, China)

Abstract: During high speed flight, the temperatures of the vehicle can reach extremely high values in
the critical parts. To solve the problem of thermal protection for the critical parts, series of transpiration cool-
ing tests using different materials as porous plate and water as coolant were carried out. The experimental plat-
form which was used for the transient measurement in transpiration cooling process was developed. The cooling
effects of different material porous plates under different heat flux were evaluated by measuring the inter and
outer wall temperature. The results of the experiment indicate that transpiration cooling greatly reduces the tem-
perature of the inner and outer walls of the porous plate, which plays an effective role in active thermal protec-
tion. For nickel and copper metal porous plates, the coolant flow rate is kept at about 3.5 g/s and the temper-
ature of inner and outer wall is stable at about 30°C = 50°C when the heat flux is less than 120 kW/m”. And
for ceramic porous plates, the coolant water flow rate is kept at about 0.32 g/s, and the temperature of inner
and outer wall is basically stable at about 30°C —40°C when the heat flux is less than 220 kW/m”. Moreover,
for nickel, copper and ceramic porous plates, the temperature of the inner wall changes little under the condi-
tion of high heat flux of 315 kW/m’ during transpiring cooling, and the outer wall temperature stabilizes at
about 260°C , 110°C and 130°C , respectively. The coolant on the outer wall surface is in a completely vapor-
ized state, and the vaporized phase transition position of the coolant is inside the porous plate. In addition, the
temperature of the inner and outer walls of the porous plate rises rapidly when there is no transpiration cooling,
and its equilibrium temperature is greatly increased compared with the transpiration cooling situation, which
further shows the enormous application potential of transpiration cooling.

Keywords: active protection; transpiration cooling; porous plate; radiation heating; experimental meas-

urement
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A robust beamforming algorithm based on double-layer
reconstruction of covariance matrix
CAO Silei, ZENG Weigui*, WANG Lei

(Naval Aviation University, Yantai 264001, China)

Abstract: Focusing on the problem that the performance of traditional adaptive beamformer declines
sharply when the covariance matrix contains the target signal component and the target steering vector mis-
match, a robust beamforming algorithm based on double-layer reconstruction of interference-plus-noise covari-
ance matrix is proposed in this paper. Firstly, sparse reconstruction method is used to estimate interference-
plus-noise covariance matrix. The interference-plus-noise covariance matrix is optimized by estimating the in-
terference steering vector and interference power. Secondly, based on subspace theory, an optimization model
of steering vector constraint error is established, and the convex optimization model is solved by iterative meth-
od to obtain the optimal weight vector. The simulation results show that the proposed algorithm improves the
robustness of the beamformer in the case of target vector constraint error and array error. The algorithm per-
forms well in low-speed snapshot and its output performance is better than the existing methods.

Keywords . adaptive beamforming; interference-plus-noise covariance matrix; double-layer reconstruc-

tion; estimation of steering vector; iterative solution
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Table 1 Parameters of EHA model

BH Hfix

T €45 R AR A/m? 1.134 x10?
A RATE/m 0.1
WMELRMREL L,/ (m® - (s-Pa™') ™) 2.5x107"
B B./(N - m™?) 6.86 x 10*
RIEA AR V) /m? 4%x10°*
MG F R BC B, /(N (m-s™ ")) 1 000
T K BT M/ kg 243
MR R D,/ (m? - rad ™) 3.98x1077
BHLE RSB, /(N - m - (rad + s7') ") 6 x10~*
B R/Q 0.2
2 L/mH 1.33
HeZER R AL LA S T,/ (kg - m?) 4x10°*
MALHER K/ (N-m-A"") 0.351
BB RB K, /(V - (rad-s71) 1) 0.234
BWERBRBEK/(N-m™") 8 x 10°
BEZEHL K/ VDC 270
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Fig.6 Damping-variable sliding mode surface
3.2 HEESHEE

2.2 R M T € TR B R AE A /IME
Z a2 AT By e IR AR £,
£, IR .

T TR 2 e S T T 0, R G I
BCRH e BN ity AN R B R £, =0,
K (19) 15
Eea =0+ &, (1 +8e(0)")" (22)

AILLE  SEBRBH JE L H B0k B A 25 A
RAEDE , 8 T 0 A, AN W OB - 6 =1,
i RGARERA BT AH e =e(0), H e(0)
WE/NT EHA BARUATRE . B, &GRS N
B EiEshad ferh & S RT 0 BB e J/h il
B

&, B HUIE DU e 2 1 B BR e 07 ) 0 > B, B R
G0 MR 25 R ST T A7 R 1% 5 2 R i 4k R R f A
WRCR , BT R T4 €, rni0.5.0.65.0.8,

0.07

min

0.06

0.05F

0.04
0.03r

{37 B /m

0.02r

0.01r

0

0 0.2 0.4 0.6 0.8 1.0
I [a]/s

—(,=08 —( =065

— =05 =1

T € AN TRV IR B B BB i

Fig.7 Step response with different values of £

0.9 F1 1 B9 B BRmwg i 45 5, nT LA Y Bl & BH
JE Fb Y328 16 | T 2 BE Y R R s PR Y

P () AR A 2 0 €, = 0.5 B 0.8 s
INEE =1 BHIZ 0.3 s B N2 20% /)N

e 2B I, m S B R T AS RE
HAKMW R %6 €, 00,8, 1 1B A3, Y x)
VA5 I ) ZOR B, A B R e P B HAT /0 o
L&, ATHRO. 85 0 24 Ay B 4% 40 i o7 i 3 H ¢ 4

max

BA R, NI,

4 & it

AICLL EHA RAF5E X4, 76 SMC /Y 34k 1
WA T — R B IS AR B R R ) 5
2, IR S B UE T %08 A G A sk
TINS5 .

1) JES7 T EHA WA i rb 8 458 T 2 400r B
W RGP E AR o, e & Z
KR R T EHA 55 v i B8 2 5000 52 PRy 3
TS R SO e Rt TR

2) kP ERGUEXT B T T i T A AR B e
T 5 40 A [ S BHL T2 L i A T A R R, T
WY 0% BEL i@ T A TR A DR P R A R R R 3
T A 5 AR

3) it f B T AE EHA {7 B S g,
A5 B Y A T BEL 2 B 1 e A BT 91

£ Z 3L ik (References)

[1] QLHT,FU Y L,QI X Y, et al. Architecture optimization of
more electric aircraft actuation system [ J]. Chinese Journal of
Aeronautics,2011,24(4) :506-513.

[ 2] MARE J,FU J. Review on signal-by-wire and power-by-wire ac-
tuation for more electric aircraft[ J]. Chinese Journal of Aero-
nautics,2017,30(3) :857-870.

[ 3] ALLE N, HIREMATH S S, MAKARAM S, et al. Review on
electro hydrostatic actuator for flight control [ J ]. International
Journal of Fluid Power,2016,17(2) :125-145.

[ 4] NAVATHAA A, BELLADA K, HIREMATHA S S, et al. Dy-
namic analysis of electro hydrostatic actuation system[ J]. Pro-
cedia Technology,2016,25:1289-1296.

[5] YAOZK,YAO JY,YAO F Y, et al. Model reference adaptive
tracking control for hydraulic servo systems with nonlinear neu-
ral-networks[ J |. ISA Transactions,2019,100 :396-404.

[ 6] WANG C W, QUAN L, JIAO Z X, et al. Nonlinear adaptive
control of hydraulic system with observing and compensating
mismatching uncertainties [ J ]. IEEE Transactions on Control
Systems Technology,2018,26(3) :927-937.

[ 7] ERK. EHA RE BT TS BB s h S [ )], 1%
FHEER %447 ,2009,29 (5 ) :589-594.

KOU R F. Test on fuzzy control for vehicle active suspension

with EHA [ J]. Journal of Xi’ an University of Science and



1618

b mt it = At R ORIk

AL AT

e
M 5 2001 4

[8]

[11]

[12]

[13]

Technology ,2009,29(5) :589-594 (in Chinese) .

SRR, 2 7 TR AR EHA S5 2 P Ak B O 8 A T XUR R
BRI )] b st 2 TR K 2 24418, 2016,42(7) £ 1398-
1405.

ZHANG Z,LI H J,ZHU D F. Double fuzzy sliding mode control
for EHA based on feedback linearization optimal sliding surface
[ J]. Journal of Beijing University of Aeronautics and Astronau-
tics,2016,42(7) :1398-1405 (in Chinese) .

YANG R R,FU Y L,ZHANG L,et al. A novel sliding mode
control framework for electrohydrostatic actuator[ J]. Mathemat-
ical Problems in Engineering,2018(11) :1-22.

ALEMU A E,FU Y L. Sliding mode control of electro-hydro-
static actuator based on extended state observer[ C]//29th Chi-
nese Control and Decision Conference. Piscataway: IEEE Press,
2017:758-763.

WANG S,HABIBI S,BURTON R. Sliding mode control for an
electrohydraulic actuator system with discontinuous non-linear
friction[ I]. Journal of Systems and Control Engineering,2008 ,
222(8) :799-815.

SOON C C, GHAZALI R, JAAFAR H I, et al. Sliding mode
controller design with optimized PID sliding surface using parti-
cle swarm algorithm [ J ]. Procedia Computer Science, 2017,
105:235-239.

TR S5 . Sk PID R A i) 04 e B R0 Bh 2 Y
WE5E[J]. HLK 5% 2017 ,45(21) :122-126.

[14]

[15]

[16]

[18]

ZHANG Y C,QI X Y. Study of electro-hydraulic actuator based
on PID and sliding mode control[ J]. Machine Tool & Hydrau-
lics,2017 ,45(21) :122-126 (in Chinese) .

AHN K K,NAM D N C,JIN M L. Adaptive backstepping con-
trol of an electrohydarulic actuator[ J]. IEEE/ASME Transac-
tions on Mechatronics,2014,19(3) :987-995.

REN G G,ESFANDIARI M,SONG J C, et al. Position control
of an electrohydrostatic actuator with tolerance to internal leak-
age[ J]. IEEE Transactions on Control Systems Technology,
2016,24(6) :2224-2232.

ZHANG H,LIU X T, WANG J M, et al. Robust H, sliding
mode control with pole placement for a fluid power electro-
hydraulic actuator (EHA) system[ J]. International Journal of
Advanced Manufacturing Technology,2014,73 :1095-1104.
EREE PRV B T TR TR A AL AR 2l R R 4 e S AR
FELI]. P EPLAC TR ,2010,21(7) :809-814.

WANG Y B, LIN H. Friction compensation of aircraft actuator
based on sliding model control[ J]. China Mechanical Engineer-
ing,2010,21(7) :809-814 (in Chinese).

BN, EINEE SRE bR A T I A 5 ) A D L B i
ESN DT FR [ 1], PUK 5 W E 2008 ,36 (12) . 71-74.

LI X H,WANG S A,ZHANG Y L, et al. Study on sliding mode
control based on feedback for electro-hydrostatic actuator[ J].
Machine Tool & Hydraulics, 2008,36 (12):71-74 (in Chi-

nese) .

Novel damping-variable sliding mode cascade control for
electro-hydrostatic actuator
WANG Mingkang' , FU Yongling"” ", ZHAO Jiang’ ao', YANG Rongrong’

(1. School of Mechanical Engineering and Automation, Beihang University, Beijing 100083, China;
2. School of Mechanical and Electrical Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Aimed at improving the performance of an Electro-Hydrostatic Actuator (EHA) , a novel Cas-
cade Control (CC) algorithm based on Damping-Variable Sliding Mode Control (DV-SMC) and PID is pro-
posed in this paper. A high-order model of EHA was divided into two low-order subsystems, i. e. mechanical
subsystem and hydraulic subsystem. Furthermore, double-loop PID and DV-SMC were applied for the two sub-
systems, respectively. The proposed method can adjust the damping ratio of the subsystem adaptively. At the
beginning of sliding, small damping ratio was used, while an overdamped subsystem was obtained in the end
by adaptive adjustment. Therefore, the EHA rapidness and the suppression of overshoot can be guaranteed
simultaneously. Finally, simulative validation was carried out to verify the effectiveness of the proposed method,
and the optimal parameters of the sliding mode surface are discussed and given.

Keywords: Sliding Mode Control (SMC) ; quasi-adaptive; damping variable; Electro-Hydrostatic Actu-
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Fault-tolerant fixed-time path following guidance control of UAV

CUI Zhengyang' , WANG Yong™ "

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

2. Institute of Unmanned System, Beihang University, Beijing 100083, China)

Abstract: A fault-tolerant fixed-timepath following guidance control method for the UAVs subject to the-
disturbancesand actuator faults is studied. Both backstepping and fixed-time convergence techniques are em-
ployed for developing the line-of-sight path following control strategies to guarantee the convergence of the UAV
to its reference trajectory in fixed time with elegant transient performance. Command filters and auxiliary sys-
tems are introduced in the guidance control algorithms design to avoid the arduous calculation of derivatives of
virtual control terms in backstepping. To address turning rates constraints of the UAV, the barrier Lyapunov
functions are incorporated with the control scheme to prevent the drastic change of the guidance control system
states. A nonlinear fixed-time observer is designed for estimating complex unknown external disturbances and
eliminating the actuator faults and the influence of external environment disturbance on following performance.
Simulation results show the effectiveness and robustness of the proposed line-of-sight path following guidance
control algorithm, and it has good path following fault-tolerant control performance.

Keywords: line-of-sight guidance algorithm; path following; fixed-time convergence; fault-tolerant con-

trol; disturbance observer
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Aeroelastic optimization of large aircraft considering
multiple cruise conditions
LI Xuyang', WAN Zhiqiang' , WANG Xiaozhe® " |, YANG Lujia’, YANG Chao'

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

3. Equipment and Electronics Integrated Supply Division, AVIC Supply Corporation, Beijing 102008, China)

Abstract: Aiming at the problem of poor performance at off-design points in the current common single-
point optimization design method of large aircraft wings considering multiple cruise conditions, a synthetical
aeroelastic optimization framework with multiple cruise conditions is proposed, and the multi-point aeroelastic
optimization of a large aircraft composite wing is studied. The laminate thickness of skin, web, flange and oth-
er composite components of the jig shape is optimized to minimize the wing structure weight using genetic algo-
rithm, subjected to the constraints of aeroelasticity, stress/strain, strength and other conditions, and the jig
shape design is carried out according to the optimization results. The lift-to-drag characteristics of the optimiza-
tion results are analyzed and verified by the high-precision CFD/CSD coupling method. The results show that
the multi-point aeroelastic optimization can effectively reduce the structure weight and maintain the aerodynam-
ic performance of the pre-designed cruise configuration, thus reducing the overall fuel consumption. Further-
more, the results of multi-point optimization and single-point optimization are compared and the relationship
between the considered cruise conditions number and the optimization results is analyzed. The results show
that the performance of the multi-point aeroelastic optimization is better than that of the single-point aeroelastic
optimization, and the overall performance increases with the increase of the number of cruise conditions con-
sidered in the optimization.

Keywords: large aircraft; multiple cruise conditions; multi-point optimization; aeroelastic optimization ;

weighting fitness
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Structural reliability calculation method based on improved
weighted response surface
WU Jie'?, ZHANG Jianguo'> ", YOU Lingfei'”, YE Nan'?

(1. School of Reliability and System Engineering, Beihang University, Beijing 100083, China;

2. Science and Technology on Reliability and Engineering Laboratory, Beihang University, Beijing 100083, China)

Abstract. Response surface method is a widely used agent model analysis method for structural reliability
analysis because of its good applicability and maneuverability. Aimed at the difficulties of the response surface
method, such as balancing the efficiency and accuracy, a structural reliability calculation method based on im-
proved weighted response surface is proposed. In the iterative process, three weighting factors, including the
distance between the sample point and the design point, the absolute value of limit state function and the value
of joint probability density function, are considered to weight the sample points. The quadratic polynomial re-
sponse surface function without cross term is updated by weighted regression and reusing all known sample
points. After the iterative convergence, the sample points with the larger weight among the existing sample
points are selected to fit the quadratic polynomial response surface function with cross terms. Finally, with nu-
merical examples and engineering cases, the feasibility of the proposed method is verified by comparing with
traditional sampling methods and other response surface methods. The results show that the proposed method
has higher efficiency and meanwhile guarantees accuracy.

Keywords: structural reliability; response surface method; response surface function; weighted regres-

sion; sample points reused
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Table 1 Minimum GDOP with different numbers of
selected satellites ( GPS + GLONASS + BDS)

WEERHE/B &/ GDOP || EAKH/B &/ GDOP
6 2.477 16 1.717
7 2.277 17 1.692
8 2.146 18 1.673
9 2.026 19 1.658
10 1.954 20 1.643
11 1.898 21 1.631
12 1.855 22 1.620
13 1.819 23 1.612
14 1.781 24 1.607
15 1.747 25(47#) 2.015
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Fig. 1 Initial satellites selected with a priori constraint
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Table 2 Comparative analysis before and after satellite selection ( GPS + GLONASS + BDS)
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K3 BH/EEBEARTEHEEHEX
Table 3 Comparison of average satellite selection number with /without a priori constraint
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Table 4 Percentage of GDOP difference before and after satellite selection with a priori constraint in each interval
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Table 5 Statistics of time consumption for one-time
satellite selection with/without prior constraint at an

elevation angle of 5°
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Table 6 Comparison of time consumption of one-time

satellite selection by candidate algorithms
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Table 7 Comparative analysis before and after satellite selection based on field data
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Table 8 Percentage of GDOP difference before and after satellite selection with a priori constraint

in each interval based on field data
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Table 9 Statistics of time consumption for one-time
satellite selection with/without prior constraint

based on field data
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algorithm for satellite selection
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Abstract. With the development of Global Navigation Satellite System ( GNSS) , the prospect of GNSS has
been widely recognized in the world. In particular, the positioning solutions with fast and accuracy calculation
are essential for the GNSS receiver design. The most of the current satellite selection algorithms in the GNSS
receiver fix the number of satellites in advance, which limits the performance of the algorithm. This paper pro-
poses an Imperialist Competitive Algorithm (ICA) for satellite selection. In order to obtain better geometric
configuration of satellite constellation, the prior information ( elevation and azimuth of visible satellite) is in-
troduced for prior constraint. The Geometric Dilution of Precision ( GDOP) and number of satellites are two
objectives of the optimization algorithm. Comprehensive decisions are used to quickly select satellites, making
the selection of satellites more flexible, as well as reducing the computational burden of multi-constellation sat-
ellite receivers. Experiment results based on simulation and field data showed that, after priori constraints are
introduced, at elevation angle 5°, the average number of satellites selected by the algorithm proposed in this
paper is 51.8% of the maximum visible satellites based on simulation data and the average number of satellites
is 45.4% of the maximum visible satellites based on field data. The average GDOP is decreased by 0.209 2
and 0.248 4 compared to the satellite selection without a priori constraint. At the same time, the average cal-
culation time for once satellite selection is about 0.168 4 s and 0.303 1 s, with an improvement of 95.79%
and 92.42% compared to the time consumption (i.e. 4 s) of the traversal method.

Keywords: Global Navigation Satellite System ( GNSS) ; multi-constellation combined navigation; Impe-
rialist Competitive Algorithm (ICA) ; Geometric Dilution of Precision (GDOP) ; satellite selection
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Table 1 Comparison of PSNR, SSIM and RMSE of
282
different methods with magnification factor 2 z
S 280
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Table 2 Comparison of PSNR, SSIM and RMSE of

different methods with magnification factor 3

7k PSNR/dB SSIM RMSE/nT
= KA % 27.66 0.565 7.65
AHAB A 27.59 0.561 7.83
PSO-Kriging i {4 7% 28.28 0.606 7.23
A7 28.54 0.637 6.91
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Table 3 Comparison of PSNR, SSIM and RMSE of

different methods with magnification factor 4

ik PSNR/dB SSIM RMSE/nT
X = R A A % 24.89 0.431 16.77
AHAB A 24.81 0.435 16.47
PSO-Kriging 1 {t ¥ 26.31 0.498 14.96
EN RS 26.73 0.524 13.78
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Fig.5 Effect of training dataset size on reconstructed
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Table 4 Comparison of PSNR of different methods

under different noise levels

PSNR/dB
Ik
o=0 o=3 o=6 o=9 o=12
= KA 28.89 28.80 28.45 28.17 27.74
AH AR R AL 28.84 28.73 28.47 28.13 27.86
PSO-Kriging ffifHii% 29.35 29.30 29.21 29.11 28.97
NSRS 29.78 29.76 29.73 29.69 29.67
x5 TAARFERZRTEMAE SSIM EXTLE

Table 5 Comparison of SSIM of different methods

under different noise levels

SSIM
ik
o=0 o=3 o=6 o=9 o=12
W= R AT A 0.603 0.587 0.573 0.551 0.533
AH AR R Ak 0.599 0.584 0.571 0.555 0.541
PSO-Kriging ffifEii% 0.637 0.626 0.611  0.597 0.581
KNSR 0.664 0.661 0.659 0.658 0.654

*k6 AEMREELTEMAE RMSE EXTEE
Table 6 Comparison of RMSE of different methods

under different noise levels

RMSE/nT
ik

o=0 o=3 o=6 o=9 o=12
A=A A 9.72 9.83 9.96 10.14 10.30
AH AR R A 9.81 9.89 9.99 10.12  10.24
PSO-Kriging ffifti¥k  9.11 9.20 9.31 9.44 9.6l
KN WIRS 8.77 8.82 8.85 8.890 8.95
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A geomagnetic reference map reconstruction method based on
sparse representation and dictionary learning

MA Xiaoyu, ZHANG Jinsheng” , LI Ting, HAO Liangliang

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

Abstract: Geomagnetic matching navigation plays an important role in the field of navigation guidance.

The construction accuracy of geomagnetic reference map determines the effectiveness of geomagnetic matching

navigation. Aimed at the problem that the existing geomagnetic reference map construction accuracy is difficult

to meet the needs of practical applications, a high-precision geomagnetic reference map construction method

based on sparse representation and dictionary learning is proposed. First, the sparse dictionary is initialized

using Rectangular Harmonic Analysis (RHA). Then, K-SVD is used to train the sparse dictionaries. Finally,

the feature that the low-resolution and high-resolution reference maps have the same sparse coefficients is used

to reconstruct the high-resolution geomagnetic reference maps. Experimental results show that the proposed

method has higher construction accuracy for geomagnetic reference maps, lower requirements for training data-

sets, and better robustness to noise. Compared with the PSO-Kriging interpolation method, with a magnifica-
tion factor of 4, the Peak Signal to Noise Ratio (PSNR) value is increased from 26.31 dB to 26.73 dB; the
Structural Similarity Index (SSIM) is increased from 0.498 to 0.524; the Root Mean Square Error ( RMSE)
is decreased from 14.96 nT to 13.78 nT.

Keywords: geomagnetic navigation; geomagnetic reference map; image super-resolution reconstruction;
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£ [F iz I H bR A D 8% 3K 45 T BEZL ( Base-
line ) 44 5 5 Liu 4510 32 FH 20 5 22 4 46 I 2% ( Single
Shot MultiBox Detector, SSD512,512 $& % A E{% K
FEh 512 R FR ) (HEPLAY DXBURR E A DU 5 AR 2
M 2% ( Faster Regions with CNN Features, Faster R-
CNN) i AW R 4% ( RetinaNet ) R RIARIE T
S HEHRG R (Average Precision, AP){H 589.43% .
88.26% 91.36% HIKIIHERE, AR 73 52 56 45
] LG BIMARAFAE B 2 T A DR I 17 0, A6 0 K
A KT = [, S Fr s R an . i &
KRN A 9K 3 5 R 2 (8] A7 78 1Y 15 A &
PR B2 ) HER K &5 R 2 58T AR 5 R
RUEHE A b IR0 10 2 OO A5k | XA BE fff ke
SAR JSAGAL il 52 B0ty [ A Bl BE G AR T B R
B YIRS S PR BB i e
B Z A 25 50 Q% BRI 2 I 2% th PR 2R, B —
RO A T AR R 2 R IETE AE B
PEAE R 2, W2 R RS Z M 5, ] 5853 FL T
il G X SE AR 2 A Ui HARFI S 55 T, SE B 2
Y 2 ROE R I B G B

o T8 AR 5 AR 5 ES AR L B B s
WRER RoF 228 A7 bRt el
Y5t T Al AT I A% o 2 (R A R 2 P 00 4
YN GF 19 2 BB AR Ry Y 26 90 46 Ak, 75 R /Y
INEEARYINGR) IF AR B BRAR Y i &t . Bt o B S T
IR (4G I 5 1 i A 2 5 2 8 i A B 2k ( Pre-
training ) [ W £ 22 3K 58 O Sk I BR
(Scratch ) Y25 14 7 XAk the 5 400 AN 3 1 () 2L
SAR PR Y [ A B B 28 5K 5 i 2800 5 AIE $2
25, 0 38 43 AT AR SR AE B 0 1 AR B TERRAE
47 5 W 4% ( Feature Pyramid Networks, FPN)''®
SEA Y A B AT R I A — A AR Y
S [ B R A [] F i A R 1 3% 2 A ok OB I
KL% 22 M 4% ( Residual Network , ResNet) 070 g 2%
F LTI IN ] F 0 BR AR TR R AR E A — A R
VE | 22 W3 He AT i e AE 5

g T SEBIX L H bR A SCHE AR T ]
& H 5 50ny H bR A I 2§ ( EfficientDet) ) 1 fid 25
TN 25 2 00 22 I 25 K 2% (SED) , LSE L2 R
JER 2375 56 1) SAR A SAAG I . 3% 0y vk id i fd
53 EfficientNet-DO 1 2 3 4 4% 42 BURFAIE,
FEFAHE T e A ) 20 3 0 2% | 7F 2 T AR R P 58 Y TR
IR BRI T AR S 40 3 I FE A 2R K 7
MR b AT DA B 3k 3 B D 20 sRRIR JE
AT 2 S B M Y 0K TR B O RHE AT — fh R
AV AT 8 A0 25 i o 32 A% i 1 s A ) S B
JIit 5 T SR A A S B W B, B 4 HE SAR M ARAS:
DR B 1 A T B e AR .

1 MxIE

TR B I 2% . BA 1Y B bR D g AR 4l 2 A
e R 2 0 IX 30 i 32 A0 R 43 Sk 1 I Bkt
() A2y BEgk O COREEHT) . AR
i A SRy Y B ik LA T g RS RE E A B il
o At FH 10 1% A9 5 HE ( Bounding Box ) A LA B &) 24 ]
B AR SO S B i g e, (8 A X AT 55 A
RELEHE R TVRGTE .

Scratch Y1 %5 . SCHR [ 14 ] G B 3% 42 N 4% 19
WEEHLE, E e B T DRIP4 IR U T 5
A TR 5 0 2% 4 30 4 PR g (H T vk B R R T
P 28 DL v ik 5 400 A 3 M . DA Sk TR BRI g
K6 ) £ ( ScratchDet ) U T R RAE KRN
X/ H b A DU A BE 1 52 ) 4 IR T SR AR R AE I
[A] i i FH 4t )3 — 1k ( Batch Normalization, BN ) 3§
FoE ek B b @ B AL #E . [ BN AR 4
it FH K g /At B S (Mini-bateh Size ) |, Xt 52 56
PRI SR B v, AR SCHRE T I AT B R R B T AR
E 7 1% Of i A 33X — i A TR B O Ak DA Sk FF AR I 2k
U

Z RIEFHERL G A B2 AR 5 10 2 18 &
SAR &, B 5 ks I iy xE i 22 — sl 2 i e] T A 5K
oAb 3 22 ROBEARAE 35 B ARG I 2% 25 f7 o ) ol
JHE TR &P B E e N R
Ja— )2 AT 2 B0 R A B B, FPNYC kAl
A EMT B EAARE S 2 RBERE, B4R M
#% ( Path Aggregation Network , PANet) (23] o HC 3 i
AN T — 4% AR ) b B A ok gk — 2P il
BFHE, BEE A ZhHLE 2= (AutoML) B & & |
25 9 2% SR A 49 2R REAE 42 7 85 45 (NAS-FPN) 2
M 2 2R 48 R A it T R AR R 25 40 Fh 2
. HEHR NAS-FPN B A kS i vEge B HIHFE 1
KEF Sy, HAE S FPN ABLE, EfficientDet
T AT i Ry e 1 2 RERH R R .

2 WHHIE
2.1 AlR—«&

BN 7ESCHR[25 ] th g v 3L, B A0 2 A o 4
T2 AR, — 2 TR TR R M I 2% 1)1 Y o
o BT AN R B A3 A BT R AL 2
MERE . TR N EB AR i % e 7] B (Internal Covariate
Shift, ICS) « 7E I 2k i b B v | J005 oA 23 2028 45
JEHHE B 43 A7 Bl D 28 0 IR, 33K o 2 S 2 oK
AR DT 1 3 A B R A, A A AU X AU S5, Zhu
S SE AR SSD Y T 45 A0 T ) 45 43 )
B BN A7 Sk T AR I 2R 19 52 S0 uE 52 1 BN 1)
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PATE LA 3o 72 v ORI 22 A 166 152 100 2 3 Wi B8, DA D
PRIE T 3R A 27 2] A R py e 8, B BN (1]
RO R T 5 DL A, H T AE R b AR A T S
POF(E FI Oy 22, 75 2R 88 R B Rt R/,
ScratchDet ffi 1 T 128 BIHL K/, X T EK H A
EE 2% 8 A fi 92 9, IR ot % s fl T 20 3 — fk
( Group Normalization, GN) **/

P2 2% 0 B A B R R 4 D YETE, B
(Batch) | C ( Channel ) , H ( Height) , W ( Width ) ,,
Ykt #E b, A7 el A7 19 B0 B B4 KON 2
BRI, 76 RS BRAT: 55 Thw] B2 L%k, o T AR
PRIX — BB, GN 38 o 78 38 18 4 FF o 47 8098 nY A
—Ab K oy LR AR N TS (E Ay 25
PL#EAT A — A4k, & 1 fros (o 77 R 3R R R 1E K]
skE KA RF R TIH i) .

(b) 410H—1k
K1 B IH— A or X
Fig. 1 Methods of data normalization

GN TETF 55 S {8 Fl AR E 22 ), 4 45 A 5 1E
MEEEAERE R G A, WA DA C/6 Al
X T 40 23 3 T 1R ORI B RbR i 2 . B4
I T S M A 5 RN R Y 2 B AT 0 — 4k, BT
PL OGN 11z 5 A Z R/ RS2 e, O ELRS B2 e BN
TEMERE . OGN WS FRaF .

A

%= L —m) (1)
a-i

Krbox MFRHEERNTRE K E i BR55, W x, =
I:xig axic ,xiH axiwj ;-i;i ﬂﬂé’éﬁﬂﬂ*%ﬂ‘fﬁﬂ‘]_&'ﬁi,u
o G 5 BHE AR E 22 BRI T .

1 (g+1)C/G H W

X - - . ,
M (x) (C/G)HWCEE/G ;Z beh (2)
(g+1)C/G H W
z 2 Z(xbchw _’ui(x))Z e
o.(x) = P,V ey Rt
l (C/G)HW

(3)

Kfie H—"DW/NHEBLRIE 0=05b.c.8 b,
w KRGS B.C.6.H W REMEER, b ¢
N R EM AR, C/C HEH @B, GN
T IS TEHE R 4E 24T 0 — Ak, B DUAE /NI
VIZRE A9 R B L BN J i 55 200, 24 A8 22 0
INHE R B S AR Y (1 DA Sk IR I 2R B GNOXE
e oAb ok 72 vh B B A8 Ak, By 1k S 1) AR 1 I R
AR RN T BOR B EEMAEN . BN 5 GN
;X B 7R 3.2 4T DLTH Al SE 5 9 B o8
2.
2.2 HFERE

BB SAR B H Y AR £ K 22 B AR R
o (W X iy / Wiy X himg s Wy Al Ppos g3
S AE 1 56 7 o, R 4 S PR 10 56
B /NT 0.2 /N B ARG SRk B R A R
TE$2 BCRR 23 1Y 3= W 2% B B 5 Y SR BRE O,
WA AR R R A BT T R T skt
b & R K AR PRUE MK I 3R 25 TR) i o 20
K REUCEL ST BB R T2 R AE I R R B 4
/N EARAG I RE ), SBR[ 45 ) n] REff AL, X AR
%%*ﬁﬁ%ﬁ%,{Eﬁgmﬁ%%$ﬂ(])epthwise
separable Convolution, DWConv ) "7/ FI{8] 5 25 #& B
(TRes) ™ BN, — 2 PR L SCol T M & M 2L,
DW Conv K 3% 38 4 AU 45 AU 5 4 5K R AE P 4%
S 3P PR 0 64 25 BR o B9 R AT, S A e T A P E
T4 AR Fe i 45 FE 57, BL AT Channel A7E | 51
Ix 1 BGEH 1 D045 5 347 4 B ( Pointwise
conv,PW) ,4n& 2 i, il IHE 1 x 1 H A
Bk A TE , M A3 DW Conv 5 1 29y 53
BRI 1/ (kernelsize)* A RNE AL 1%

Fe AR T T DU R A2 22 A B 4
fiE, aniE 3 s Hdm AR 20T 1 x 1 B4, 1
i 3 x 3 BBHRIURAAE , e 5 FH 1 x 1 B BUKG @
TE O R Ta] B A A5 i S P ORI I 8 TR

4 A

i
(@ MR

RAER(1x1) .
\ i \L.‘ iR
56 BIEG) XU

(b) TREE A 3 B4 AR
K2 wRh R I

Fig.2  Comparison of two convolutions
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0.25x% 0.25%
Sy AGTERL B AGEIERC S AT e

- T
(b) flER =

P 3k 22 ML A 8] 5 22 BB IR O PRI X L
Fig.3 Comparison of data flow graph between residual

blocks and inverted residual blocks
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B A ) 300 3 50 15 8% 2 A5 B 1) B30 B0 i R
SPGB AL R IR 7E B R AR
VERTSCHEAT 5K, PR UE T FRAF $2 BUAE
2.3 4R E

FEAE Rl A1 S ] 43 9 230 00 R A0E 8145 8 78 43 )
AN 4(a) B, o] DLSEEN 2 KRB H AR 419
RO 455 o 26 [ JEG 1) - (0 T 1 % 49 2ok A oy | Bt
TORBER B A WG I, 1 SUE Bk AR £ i
AR A R R E B A 2
W UE BRI HER AR, &0t 5 T RS,
JFIR R 32 x 32 BREMPIEHA 1 x1 BREK
VNN A RS SERF A DO WANY N W =R 7 iU E i £

EfficientDet fiff JH (1% i 2008 1n] 265 RLBE 3% 42 A
BURFAE @A (BIFPN) A 4 (b) iR, i LA T #

T4k ae . O A A im R M A 2 &
B AR G R AE 5 @ 220w HUAT — AN A A5 0T
B BR 3E 2 A A R 4% 5 B nl 24 o] ALEE [ 3
FRl A ot B I A CRRAE o R T i e 4y R RS
] J2 0 o SCRN A B 15 S, 7€ BiFPN (1% LAl b0k
HECULE 4 () ), BT 85 90 i B0 i, 5% 50 iF B
AT T M HERE, P, RoR BT M4 o 3R
oA AR (127 B AE 1A

AR SCIE BR8] Ak 25 R H AR S T I 4% ik i 45
¥, 3z FHECHE U5 — 16 T BEX O Ak o 2 op B A
PESEAT AR RS 3 T 45 T SR B, £ 9 2% 1]
DA G B 11 5, o 22 S 00 oty 380 ity 1) D A A 0, A5 7Y
mE s iR,

(c) GIEBIFPN
4 RRAE A 2 BT

Fig.4 Design of feature fusion network
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3.1 ZTWAEE
3.1.1 % ¥ £

AR SCHR T R B0 T2 R IR T R
3 %5 SAR T A FIBR I ML K J& B Sentinel-1 SAR T
BB T 102 k&4 3 5 KA 108 ik
Sentinel-1 14" Bl #4045 43 819 sk V)%l )5
BRI AN 4% . B543 3 5 SAR LA B iS4 AU 4%
HR A0 IR B (Ultrafine Strip-map , UFS) K 4l K &
L(FSD) \&Mfk 1(QPST ) K&tk IE 2 (FSIL) 1
Al 2 (QPSTH) , 43 HE R 43 5183 m .5 m .8 m,
10 m#1 25 m, Sentinel-1 SAR T0 & () iy #4452 J&
PR L. 7 mx4.3 m~3.6mx4.9mHITEM
Y A% i S3 Strip-Map (SM) . S6 LA K 2 BEH N
22 mfy T B TE R (IW) B S E bR SR
KRR GIAE 6 PR, 2 BAURE L5
HEAR(MS COCO) ™ % 2 i 1 B 46, I %l 4%
70% FINELE 20% J B UELE 10% il ik 4E

6 275 SR 0 A A KO0 4 T AL
Fig.6 Visualization of a ship dataset in complex background
3.1.2 M%)l %

SLE 6 2 40N Ubuntu 18. 04, [RTE 4b ¥ 84
JG(GPU) & NVIDIA RTX 2080Ti, I & 2% > f£ 42
g pytorch, g T YIRS, >R HI W 4 0 Ak 4 46 32
TR L0 A TR B A — 9 S A T R By
FEAG TR FOE N MR R A SR B K
Adam FEW R E K 0.9 F10.999 , #5 JCHF Bk UL
B, G5 AN 512 x 512 L K /NS R 12,
TE T W4 FF W 4% [A] Bp 2 B BN B¢ GN, i EoR
DW Conv #1EJ5 , WTH pRACHT . 401 % R B0 fdE JH 2R
P R

3.1.3 FH AR
9P, 00 7 S AR ] [ A HE A A R 2K
BAREE, VAL F5 br £ A HEWH R P ( Precision) |
A A& R(Recall) #1 AP {H , B X WF .
TP

P =T+ Fp (4)
TP

R =35+ TN ()

AP = JIP(R)dR (6)

P TP R G ASK S IE ], X 48 031 Sk I 48] 5 FP
SRR GASK Ry A R 45 R 1 Ry TE A5 5 EN Sl X4
AR Ry TEB 2 AR R ], PR TP + FP Oy
0 21 B BT A5 BRI BCE, TP + BN SRy SEBR M AR AL
B, TSRS P T R B RBUR B U, R F
) 000 A AR VR HE (19 22 9 L (ToU ) " A2 7E A ) Y
P 1 R, AP ZE AR ToU R4 ih 2k, AP, |
FER Y I AE FN AR 1 AE 19 ToU =0. 5 1A A 18U
EAf B MR AP (E, AP, ., s 7 715 T I AE 1
FROAEARY ToU 0.5 ~0.95, [H] & 0. 05 BU{H , 7E 1L
ToU BUE T AN IR BIIER 5 AP FHBOEHIME
AP, .0 o5 U AP, T EAG
3.2 #EREHMH
3.2.1 Haxsgik

mEs 2 5 prik, SED B A GN Figk #F BiFPN
X2 ANMEORIEE, R T PEAG X 2 AN % 1 B
FHEIAE T, an 3% 1 Jr /s IF e T8 il SE 56, B A2 M 1)
Baseline 5 EfficientDet-D0 3& T i)l 4 S 5T #%
MR R, ATLUER L A MEA BN 5 GN
S50 2% 1 R, A RN Sk F 4R I 2R 5 0 8K
(Nan) , Y253 72 oA H — 1o O A £ dis 4 1D
fE4E BN 5% GN 0] LUf# DL EfficientNet /£ 3 T
P4 A 7RSI IS 5 I 5 ) AL B

H T S B A 1 R A A NAE i R R R
H7A 12,BN BISCR B HI 55, M 7€ Channel 4 3
TIH— A6/ GN #E  3& A ik 2L BRI, OF [5] 4 AE
WAL AL 5%, fE2 1 Thal IE S, 6 GN M

1 HEX®

Table 1 Ablation experiment

&A1 ZigY
WYl 2k Vv
BN VvV 4 Vv
GN v %
BiFPN Vv vV VvV vV
et BiFPN Y Vv
AP, /% 92.3 93.4 93.5 93.7 94.2 Nan
APy 5095/ % 60.0 59.9 60.6 63.3 64.7 Nan
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Fb T BN 7E AP, Fabr T4+ 0.3 #10.7(2 4 311k
B,3.5 FIHLHR) ,1E AP, ., 05 T AR FHETF 3.4 FI
4.1(2 4 50 EE,3.5 FIHE) o 22 M 2 A TR]
FIAE DL R, AR SC Bl o BiFPN 41 14, 38 1 44
FPN (1 5504 B 42, 76 AP, (F8 AR T 32 iR B 300N,
K 0.1 F10.5(2.3 %1,4.5 9 l#) 78T wF (1)
AP, oo o TEAR FHETF 0.7 F11.4(2.3 51,4 .5 51 1L
) UEH T A Rl A N T2 G2 1) B0 X
PEREM 4R T,
3.2.2 sEn

N T E U IEAL SED MERE T 5 A
I Bl SSD | Faster R-CNN | RetinaNet , EfficientDet-
DO 1 EfficienDet-D4 JFJEXT HLSL 50 S R IIF 45
ANV TEA LI & FOF AT U G R A SCHR
() SED FIRISN | FoAh 3R FH A WY1 ZRA 8 1Y) 32 78
2 ) FEAT NG 32 BT G R AR BRI 25
B AL R /N 46 /N 21 KSR JE ¥8 Il 45 EfficientDet
FRL 2 50 rp e A DT, R IR BE S VI 2R A9 D4
PR R BT 4, 2 Sl 5 b2 B AR R RIS 3¢
LAY SED SZI6 45 S X Lb | e R TR) A R A A
Febs PR RALSS R E I R . R 2 A BUE
A LA SED AR KN HAA 15,4 MBS BT A
FO A Y v die /N B BRI 2R I | R AR
Aib 3 PRGBSI 45 AN BRI R 2 e A (AL 25 4% T
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{7 RS T A ST, 1B 7 i AS [R5 AL 6] AH [+
PG %) G5 100 445 S AT AL S AR UE 52 T AR SCAT 1
SED 7£ 25501l L T BUS T B 47 1 45

SSD512 F1 SSD300 Ay A [A] f2 iy A R () AN
], th 2% 2 0T LA 218K i 5 AR, 25 SRl ar
OERE R Z /N EARE REMG P& 20 F R
B AE TR 2 R A B AR AR AT DR R J2 408 1 7 1
M Faster R-CNN A1 SSD F % H F it FPN 1y
T & RUBE FRAE X R BE A 52, 36 T ResNet50
T 2 1Y Faster R-CNN ( X 9y Bt ) 1 Reti-
naNet( L[ Bk ) 1Y 285 5% b ok 56030 o iy B ik

1t SAR Bl h 8 Bk # . RetinaNet #1 SSD X}
Fb, Al 3R AR 451 2 oR 0K 45 SR A B2 0, Efficient-
Det 1y fe 5 B v 200 N5 BE S5 e 19 H Bn A 0 % | 35
% EfficientDet-DO B AP, ({H A F| T 92. 3% , 1fif
EfficientDet-D4 ) AP, fHiKE] T 93.4% , {HE&
b XY 25 8 2% R B Y 43 B, & B EfficientDet-D4
i TR /N B 1, 78I 255 78 48 e 1l T R
AT P S K FE B TN S EON T
MELAY S, ok 5 8 0 55 2 Y BT ik 19 B TG 7E Effi-
cientDet-DO R FERN I 01k , %6 0 A5 B HLAS T F—
BT — T T D R R 2 S I R AT S
5, % 2 5 sk 25 e g, R A R B 4R
Y5 R BIR BR AL 280, T LB K RE B MOk . SAR
PELAGSARAIL T i 77 A= (00 1 A7 S50 5 %oz 00 4% 2R 1) 5%
Wi, A A0 B 4 2 2 SAR MR ERAE , 16 & 2% 1)
2775 MY W ] G R Rt N 3 AR AN
55— 7 i 42 Modified-BiFPN X /N H A5 46 0 45 Y
Tk, 3 o 4 NS [R) 2 G =2 [ A B O A R
TRIZI R 4007 8 15 BRI Z B9 ORLRS 1938 XA
B bl A 7E /N B AR & L i SAR EHE AN
BE RS T A RE R T

2 2 %04 o] AL, T SSD300 1Y i A B4
KR 300 x 300, 78 Y 25 ik K RN A R
b 3 PR 5K Ay T AR T SR O A E T A TR
KNI 512 x 512 (1 HABE A | EfficientDet-DO
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Table 2 Comparison of results among different models

s $8D300 SDs 12 Faster R-CNN  RetinaNet EfficientDet-DO  EfficientDet-D4 SED
(R50) (R50) (TYIZ) (BIIZ)

AP, s/ % 88.5 89.6 91.8 92.9 92.3 93.4 94.2
AP 5,95/ % 49.1 51.4 54.9 57.1 60.0 62.7 64.7
YIZEEHHE /min 10 43 23 15 14 195 19
M EHE /s 77 126 114 115 144 326 227
B ALPEERE / (fp -+ s ") 56.6 36.3 38.6 38.0 30.5 13.5 19.3
HEHI /N /MB 190.0 195.0 247.6 303.2 15.7 83.2 15.4
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Ship detector in SAR images based on EfficientDet without pre-training

BAO Zhuangzhuang, ZHAO Xuejun"

( Department of Basic Science, Air Force Engineering University, Xi’an 710051, China)

Abstract: Aiming at the problem of multi-scale and multi-scene Synthetic Aperture Radar ( SAR) ship
detection, an object detector without pre-training based on EfficientDet is proposed. The existing SAR image
ship detectors based on convolutional neural networks do not show excellent performance that it should have.
One of the important reasons is that they depend on the pre-training model of the classification tasks, and there
is no effective method to solve the difference between the SAR image and the natural scene image. Another im-
portant reason is that the information of each layer of the convolutional network is not fully utilized, the feature
fusion ability is not strong enough to deal with the detection of ships in multiple scenes including sea and off-
shore, and especially the interference of complex offshore background cannot be ruled out. SED improves the
method in these two aspects, and conducts experiments on the public SAR ship detection data set. The detec-
tion accuracy index AP of SED reaches 94.2% , which, compared with the classic deep learning detector, has
exceeded the best RetineNet model by 1.3% , and achieved a balance among model size, computing power
consumption and detection speed. This verifies that the model can achieve excellent performance in multi-scale
SAR image ship detection in multiple scenes.

Keywords: ship detection; Synthetic Aperture Radar (SAR) ; deep learning; convolutional neural net-

work ; object detection
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Preparation and growth processes of nickel-immersed
coating on 2024 aluminum alloy
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Abstract: A phosphoric acid-nickel chloride reaction system was designed by utilizing the comprehensive

corrosion properties of phosphoric acid and the activation effect of chloride ions. By characterizing surface po-

tential and microscopic morphology, the nickel immersion process was analyzed at different phosphoric acid

concentration and temperature. The result shows that the concentration of phosphoric acid is a key factor af-

fecting the surface potential and morphology of the nickel-immersed coating. When the concentration of phos-

phoric acid is 25% and the temperature is 30°C , nickel-immersed coating with stable chemical properties,

good coating and uniform grain size can be prepared. In this reaction system, the nickel-immersed coating

grows in a spherical manner after nucleation. After reacting for 600 s, a nickel-immersed coating with a thick-

ness of about 1 wm is obtained, and its surface potential can reach about —0.51 V.

Keywords: aluminum alloy; pre-treatment before plating; nickel-immersion; phosphoric acid; surface

potential
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Table 1 Deep-sea cable parameters given in

project documents

SRR EE/ (kg - km ") 1319
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TAE#AT /KN 56.5
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Table 2 Geometric and material parameters of

cable segment to be lifted

S8 B fE
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B B R/ GPa 120
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Table 3 Parameters of each working condition

TS FANGHR BRH /N %//
1 1 1 000 75
2 | 500 75
3 1 250 75
4 1 125 75
5 1 500 80
6 1 250 80
7 1 125 80
8 1 500 85
9 1 250 85

10 1 125 85
11 1 500 80
12 1l 500 80
13 v 500 80
14 V(s=10 m) 500 80
15 V(s=20m) 500 80
16 V(s=30 m) 500 80
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Buoyancy lifting scheme for marine risers in deep-sea mining system

GAI Yuxin, LI Min "

(School of Aeronautic Science and Engineering, Beihang University, Beijing 100083, China)

Abstract. With the consumption of modern industry, the limited land resources have been unable to sup-
port the sustainable development of human society in the future, so more and more attention has been paid to
the exploitation of marine resources. Marine riser is a key component in deep-sea mining system, which con-
nects mining ship on the sea surface and the mining car on the seabed. In order to avoid the long and soft lift-
ing mine pipeline in the deep-sea operation to touch the seabed or tie up and other phenomena, which will af-
fect the operation efficiency, buoyancy modules are usually used to lift the riser. Considering several design
parameters of the buoyancy lifting modules layout, including the total lifting buoyancy, horizontal tension,
number of buoyancy segments and the distribution length of buoyancy segments, the static configuration of the
marine riser is evaluated by finite element method, and the general influence law of these parameters on the
structure configuration is explored, so as to propose a reasonable buoyancy distribution scheme.

Keywords: deep-sea mining system; marine risers; buoyancy modules; lifting scheme; finite element

method
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Table 5 Normalized partial characteristic parameters

RE Ey,
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iE
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Table 6 Fault characteristic parameters
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B R EEB 0. 02mm 721 ~ 800 0.9752 0.901 2 0.012 8 0.101 8 0.6721 10

o5, LR35 5 IMF fig it & G = (K, ,
E, E. E )VENFHEMBEESL Fidrik, Wiks
RUNE 16 s, 2 W% 95.5% (191/200)

e, U Em & V= (E, E,,E,,E, E,)
YRR R AR 1) i B 5 R vk I 2 2R an D 17 B
N, HREIS W EE o 100. 0% (200/200)

Hi 3 WRSEHR &5 Rl LUE LUK 55 341ME

E, VB Rl R AE I SVM B i 125 12 T 28 31K,
9 66.0% , i B R 15 5 3518 JC ¥ 55 48 Hb e e 4%
JE R (AR AR, B2 S B R R 0 A R
T

DIAR SN 15 5 40 i 1Y IMF RE & 1] B G 1E i
fE FRAE B, SVM 9 B B 12 T %68 95. 5% , 136 BH A
P TR JIME 5 R Uk, ik 30 (5 5 Be 0% 07 47 db [ Bk



FREE AT, 55 BT EMD I SVM 1 AL 20480 252 1 B 12 W i Y

1693

F @ @I ¢
o) "I'll‘ 3
-

1Ml

L™
50 100 150 200

FEA 5
K15 T HBERHAE ) & E, 19 SVM iRk 45

Fig. 15 SVM test results based on fault feature vector E,

e I
—o— Sty

eSS
—_— [\8} (o8} &~ [} ~ o] O

10
9l
gl
Xl 7 [
¥
£ 6f
41
3L
5l ——— FAH A
—Oo— bRkl
1¢
0 50 100 150 200
HEA T

E 16 T HEREm R G ) SVM It 2 5

Fig. 16 SVM test results based on fault feature vector G

10
9
8
7
¥ o
=
R
@ 3
4
3
5 ———— AR
—o— Sehrb
] N

50 100 150 200
FEASFTI
Bl 17 BT R REAE A VA SVM K4 R
Fig. 17 SVM test results based on fault feature vector V
T2 BB AR AIE | (H 2 B 12 W A 0E A E— 2
P,

MRS5S IMF fE & & G RE 115
S E, H AR R R AR 1] & VR, SVM
[ B2 W % R 100% , 150 BHAH H 11T 2 b il fi Ry
TSR, 5 B R AIF 1) B VO B S B ML K T 2R Y
TARARAS BRI AT ATE R ) & VAR SRR AE
4.2 HWEIS R XS L I HIE

M T GS 7T ik 72 v 22 3 [y pir 45 v] Be 1 =
BUE, 2O SRt R T L2 5 B A R i e

(e

fiff , BEAR T B B2 W 0% AR T AR Gy S
S R RE AL Ak B 1 I AT 1 Ao A SRR A R
% PR % R AR 244 A Ak ) Y SR AR . IR UG,
% PSOM™ GA'™! SSA Xf SVM HIFETT B8k ¢
Ml RBF 24k ¢ #4704k, It 5 GS by SVM i
FExF Ee, Hor B B U0 A5 3 1) o 0 1 3 - 1A 8K
10, & 1 AR ECR 100, 7E51 S8 ¢ 5 RBF £
B g T BB EAE 0.1 ~ 100 2 [a), WAL 15 45 2>
5310 A 1 5 B ] 3G 12 W 258 (0B 12 TR 3 20 IR
A EERINEER T PR,
®7 HEEISMHEMsELL

Table 7 Comparison of algorithm optimization

performance
U RERC=REN YIZR I ] /s i B2 T A2/ %
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GA 19.86 100
SSA 47.55 100
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Fault diagnosis of airborne fuel pump based on EMD and SVM
CHEN Junbai', LIU Yongzhi>" , CHEN Yong®, NIE Kai'

(1. Graduate School, Air Force Engineering University, Xi’ an 710038, China;
2. Aecronautics Engineering College, Air Force Engineering University, Xi’ an 710038, China)

Abstract: For the problems of less onboard fuel pump fault data source, low diagnosis efficiency, high
maintenance costs, and lack of effective fault characteristics, we use vibration signals and pressure signals col-
lected from onboard fuel transfer system experimental platform, and put forward an onboard fuel pump fault di-
agnosis method based on Empirical Mode Decomposition (EMD) and Support Vector Machine (SVM). First,
EMD is used to extract values of vibration signals energy as characteristic parameters at different frequency
bands, and fault characteristic vectors are constructed by combining with the mean value of port pressure sig-
nals. Then, Genetic Algorithm ( GA), Particle Swarm Optimization ( PSO), Salp Swarm Algorithm ( SSA)
and Grid Search ( GS) algorithm are used to optimize the penalty parameters ¢ and Radial Basis Function
(RBF) parameters g of SVM, and the optimized SVM diagnostic performance is evaluated. Finally, SVM,
Extreme Learning Machine ( ELM) and BP neural network are used as classifiers, and the diagnostic perform-
ance of the three classifiers is evaluated. The results show that the fault diagnosis rates of the SVM using the
three-population intelligent optimization algorithm can reach 100% , none of them fall into the local optimal so-
lution during the optimization process, and the optimization time is equal. Among them, the training time of
GA is the shortest, so GA can be used to optimize the SVM parameters. When GA_SVM is used as the fault
classifier, the time is shorter and the fault diagnosis rate is higher. Therefore, the GA_SVM classification
model can be used to realize the efficient fault diagnosis of airborne fuel pump.

Keywords: fuel pump; experimental platform; Empirical Mode Decomposition ( EMD) ; Support Vector
Machine (SVM) ; Genetic Algorithm ( GA)
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Table 3 Statistics of random errors of MSCSG after
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Random error test and error source analysis of MSCSG
GENG Mengmeng', REN Yuan®" | FAN Yahong’, WANG Lifen’, YU Chunmiao'

(1. Graduate School, Space Engineering University, Beijing 101416, China;
2. Department of Aerospace Science and Technology, Space Engineering University, Beijing 101416, China;

3. Beijing Institute of Control Engineering, Beijing 100190, China)

Abstract: There is a large random error in the angular rate measurement signal of Magnetically Suspen-
ded Control & Sensing Gyroscope (MSCSG) , which is not conducive to improving the sensitivity accuracy of
MSCSG. In this paper, taking the principle prototype of MSCSG as the research object, the Allan variance
analysis method is proposed to analyze the random error of the measured data of MSCSG. According to the
principle of MSCSG angular velocity sensitivity, the measurement formula of MSCSG rotor deflection angular
velocity is derived. Five typical random error coefficients are calculated by Allan variance analysis and least
square fitting. The calculation results show that, among MSCSG random errors, zero deviation instability, rate
following and rate slope are the main components, while quantization noise and angle random walk error ac-
count for the smaller proportion. According to this, the directivity of MSCSG error source is analyzed, and the
method of restraining and compensating random error is given, which lays a theoretical foundation for impro-
ving the sensitivity accuracy of MSCSG.

Keywords: Magnetically Suspended Control & Sensing Gyroscope ( MSCSG) ; random error; Allan vari-

ance analysis method; least square fitting; error compensation
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1.1 o] FHR

TETC N AL b 4k 58 175 ) 2% b b i 0 45 &R S
( Ground Control System , GCS) fF U AT1E % L AML
(Task UAV,TU) #1544 Jc A#HL ( Relay UAV,RU)
IR0 R Te AL b 4k 58 5 1 2% i {5 T 8, B
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FooR ML AZ R G2 (g o Jo PR M T 4% 6 &R S
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Fig.2 RDFS-ABC algorithm flowchart
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Table 1 Experimental parameter setting
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Table 2 Task node location coordinates

H#5 28 (x,y)/m H#5 {7 E (x,y)/m
1 (1150,1 176) 16 (1280,1200)
2 (630,1 660) 17 (230,590)
3 (40,2 090) 18 (460,860)
4 (750,1 100) 19 (1 040,950)
5 (750,2 030) 20 (590,1 390)
6 (1030,2 070) 21 (830,1 770)
7 (1 650,650) 2 (490,500)
8 (1490,1 630) 23 (1840,1 240)
9 (790,2 260) 24 (1260,1500)
10 (710,1 310) 25 (1280,790)
11 (840,550) 26 (490,2 130)
12 (1170,2 300) 27 (1460,1 420)
13 (970,1 340) 28 (1260,1910)
14 (510,700) 29 (360,1 980)
15 (750 ,900) 30 (110,900)
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Fig.3 Deployment diagram of relay nodes
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Table 3 Average schedule of two algorithms

H 47 A il /s A
- - - [ A LU 51/ %
B RDFS-ABC 5#  DFS-ABC 53k

5 5.59 13.05 57.16
10 13.31 27.19 51.05
15 18.12 40.07 54.78
20 21.62 47.10 54.10
25 26.67 57.09 53.28

30 33.56 68.43 50.96
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Fig.4 Run time comparison chart
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BEAR AT LS GCS WA 5 A TU 7 k7 A
SR A P kT B R

2) & 4 WA, fE M R 2 1F T, RDFS-ABC
SRR i A5 B 1) Hh 4T RT3 7,05 22, PSO

4 BT ATHYE

Table 4 Average number of relay nodes

A7 gk R AN B B/ %
RDFS-ABC 7.05 0
PSO 8.34 15.47
AHOP 8.00 11.88
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A rapid deployment strategy of relay unmanned aerial vehicle
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Abstract: In order to solve the problems in mission planning, such as the low deployment efficiency of

relay Unmanned Aerial Vehicle (UAV) and the deployment scheme cannot meet the minimum number re-

quirements, a fast relay UAV deployment strategy is proposed. First, according to the task requirements of the

least relay nodes, a deployment model based on the least relay nodes is established. Then, the search mode of

the depth-first search algorithm is optimized, and the fast search of feasible links between nodes is realized.

Finally, the Rapid Depth-First Search ( RDFS) algorithm is introduced into the Artificial Bee Colony ( ABC)

algorithm to solve the deployment scheme of the least relay nodes. The simulation results show that under the

same task scale, the solution speed of this strategy is about 53.56% higher than that before improvement, and

the number of deployed relay UAVs is reduced by about 11.88% compared with the existing methods.

Keywords: relay UAV; deployment scheme; depth first; minimum nodes; Artificial Bee Colony ( ABC)
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2) M f=f,, 0, RU R H B %
2. 1. 2% WA § HEAT Tent IRIEIL BN, N R4S )5
RO N s =5 o LU E 7 el R O N = S AV 7 e i )
BIA A A5 U ORAE A RS

WERT AR RR A R Y T 0 RS TR A
ANTRRE i 22 0 B B 002 B xb FIHGE B f,, DA
e 2ZENE xw FIHGE N E £,

LB KA LI AT R A Ik B R Kk AR
Bl R ARG B AR RN I SR A
AR M0 5R 4,

4 TEZBWEERSH

LigiT 5 E AR
N UE CSSOA #Y R AT 1 A0 UG P | X 12 4>
AN TR) 248 B ) i eR AT O LR, R 1 BT
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Table 1 Benchmark functions

PR S TRY Fi o D3 R 5 Eic 1R 25 0] L E
Fi(x) = 2«8 30 [ -100,100]" 0
i=1
Fy(x) = 2w, |+ IT | x| 30 [ -10,10]" 0
i=1 i=1
W "
e Fy(x) = (Ex,) 30 [ ~100,100]" 0
P S Y I
Fy(x) = max;{ |y, |,1 <i<nf 30 [ -100,100]" 0
Fs(x) = 2 ixt +random[0,1) 30 [ -1.28,1.28]" 0
i=1
Fo(x) = 3 -x,sin( TaT ) 30 [ -500,500]" ~418.982 9n
i=1
Fo(x) = 2 [%? - 10cos(2mx,) +10] 30 [ -5.12,5.12]" 0
i=1
Fy(x) :—2()exp(_0'2 /Lixz )_
A n i3
30 [ -32,32]" 0
exp(LZCOS(Z‘n’xh))+20 +e
ooy
L, N
F =Y~ [Teos[ 22 )+ 1 - "
o (x) 40002% Hcoq(ﬁ)+ 30 [ —600,600] 0
25
1 1 -
IR W S
Fio(x) = (500 jzl 2 ) 2 [ -65,65]> 1
J+ Z(xl —aq)6
i=1
- o ﬂlk 4 6
fieste 2 v Fu(x) =- Zciexp(— ay(s, —pi,>2) 6 [0,17* -3.32
i=1 j=1
10
Fi(x) == X [(X=a) (X -—a)" +¢]"" 4 [0,10]" -10.536
i=1
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7F Intel (R) Core (TM ) i5-4300M CPU@2.50 GHz,
N ATE 4. 00 GB, Windowsl0 % %4t #1 MATLAB
R2015a F XA SCR 2 AT 05 B30 56, 5 PSO
GWO ,WOA Fl SSA B kAT 1L,

S BCRPRE MR NV =30, e KRBT =
100, F 4R PR A 4680 D FR) LA 1 00 R 5 ub A

Ib $2 M6 1 rp 2% S o B BLIRE 7 | e B 4
P AT U )RR 12 A K s, 359 HORH TR AL ASE 119
20% o kG T UEAE R B R, LU RIER] €S-
SOA YRR AE T , 8 A% 6 v ok B0 5732 4T 30 UCHY
SRS RAE g TR . X 12 A HEE R R, B
BT P S AR E 22 R T 2P F A, T
%2 R RPN 7R 25 eR B AR bn fre LA

2 BRERBAUERILE
Table 2 Optimization result comparison of benchmark functions
PSO GWO WOA SSA CSSOA
XEEH

THE tiilk % THHE frilk % TFHH frilk % THE Prilk 2 THE Prilk %
£y 5.073 1.718 1.587x10 72 9.820x10 =% 3.136x10 """ 8.830x10 ="' 3.757x10 ~>* 2.058 x10 "> 6.186 x10 ="® 3.195x10 ~""
‘ F, 6.920 2.727 2.516x1072 9.797x10 ™% 1.637x10°% 4.417x10°% 1.673x10°" 7.279x10 =" 1.745x10 % 4.160 x10 ~°
ZE Fyo 1.429x10° 6,541 x10*  2.654x1072  2.405x10%>  1.019x10°  2.836x10* 6.526x10 " 3.313x10 " 3.292x10 =% 1.283x10 =%
F, 5.159 1.412 1.503 6.449x107"  6.399x10  2.410x10  6.980 x10 "¢ 3.278 x10 "° 5.188 x10 =¥ 2.247x10 ~3®
Fs  1.271x10 9.092 1.935x10 72 8.231x10 7% 1.579x1072 1.533x10°% 4.250x10 7% 4.383x10°* 7.229x10~* 6.384x10~*
Fo  -3.211x10°  4.485x10>  -5.466x10°  9.532x10%>  -9.034x10° 1.675x10°  -8.513x10°  6.873x10> -1.109x10*  7.128 x102

s Py 1.896x10%  4.051x10"  4.288x10"  L.779x10  3.923x10 ! 1.271 2,266 x10*  3.867x10 0 0

2 Fy 3.035 3.845%x10 70 2.553x10°2 9.419x10 7% 4.154x1077 6.556x 107 1.480x10 ='> 1.885x10 "> §8.882x10 ~'¢ 0

Fg  2.977x10" 8.579 24741071 1.233x10°" 8.940x107% 2.365x10°"  4.736x10  5.372x10 0 0
Fiy 3.565 2.217 5.700 4.123 3.396 2.921 5.552 5.217 1.164 5.265x10 !
ZZ Fyy -3.274 5.924%10 2 -3.228 8406 x10 "2 -3.190 8603 x10 2 -3.267  6.033x10 2 -3.306 4.111 x10 -2
Fiy -8.554 3.376 -9.778 2.227 -5.023 2.705 -7.647 2.738 -1.054x10  1.281x10 %

2 MR A R R, X TR A 0 eR AL
F, ~F,,CSSOA it &7 T fe e ik 2 F- Uk
JE LR LG oAt 4 B AR KA $E T, H CSSOA
2 IR T B T 359 B RN bR o 25 AR 1 oAt 4 R TR
R T 23 MR R UL L X TR R, AR
CSSOA 1) F IR HERE$E T AN B 8 | (0 300 45 1 A ga
FEVEIAE T Al 4 FhEEIE . X T 4 2 0 R AL
F,FREF,, CSSOA ¥fgA 2Bk R s AL, 2
A R B 4 SR fe 0, 5 R R X T R R F, CS-
SOA FutkRe 4 FH A Bt s X T PR &L F, CSSOA
SRR A R HHZ R F MR HE2ZE R 0,
N B A Bom R e k. X TARYEsR Sk, ~ F
HR CSSOA Z R LI - S4B FIAR 1 25 AR AL T H:
il 4 FPE BT R B, (HJE CSSOA B -1 AE B 4%
i, HL i CSSOA 2 W -6 M bk 1k 22 T LLE H, CS-
SOA FHE i e M3 BH A T At 4 FPAAL

SRR R P B I E B A AR, 3R 3 4 i
T A BAE 30 IR 3B AT T AT 38 3 AR RN
AT R N 2 R P, ~ F, AR
e 22 e AE N LSRRG TE e (F B 0.001), 24
Bk SRR G 2 WEREEHWER/NT ¢
AP bk, DLek% F,o B, WK 3 LA 1,
CSSOA 1Y~ B2 AR EUE PSO .GWO 1 WOA

/DT 94.00% %8 SSA VT 93.68% ,F-14ia
fFmfE % PSO, GWO . WOA FlI SSA 73 2 & 71
36.51% .65. 81% .89. 04% 82. 74% , # CSSOA
S AR A A B R,

h T R CSSOA B A WCSURR I 1 2 45 1
T 12 AN FHEAERECEE 5 AR ARSI TR Bt £&
TR F, F, F, F, F, F,, CSSOA 7£ &
FE R SU0RE BE L T A T At 4 FRAE L Bk
AT I %48 2 1 i A s AR 09 FF 90 Pk e e AR A0
FH A 4 FhAE | LA CSSOA TE £ 3IE T #1 fiE 11 1Y
[Fi] B 0 i 7 40 R UE 44 R T, AN R R RE 2 B M
SR EME, X T eRE F F,  F,,,CSSOA By
S BB IE T A 4 PP TE BOARAE K A B
AR i B A& F ol AT & A 5 A
Tent R4 2, P 68 6 A 250 kh Bk 1 )= 38 & 1R
MR SR, TR F,, 2R T
FRyfE2E B T PSO Fl SSA |, Fa s Mg 22 | {0 N34 (i
AILLE H, SSA AT A R 43 4 Ry e R A i A
4 RN 2 5 B AN R B8 e Al o X T pR &L F g, CS-
SOA Fll SSA Wi 8k 45 R AH ¥, (A 7T LA H CSSOA
W S50 B W B L SSA R, XS T eRER £, L5 R
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Table 3 Optimization result comparison of benchmark functions
PSO GWO WOA SSA CSSOA
AU mREls o EARKE W /s EARUER W) /s AR WhEs AR EC BFE/s
F, 100 0.033 100 0.061 100 0.190 95 0.128 6 0.021
F, 100 0.024 100 0.048 100 0.185 100 0.118 6 0.011
F 100 0.193 100 0.225 100 0.351 100 0.417 7 0.054
F, 100 0.033 100 0.058 100 0.192 100 0.137 6 0.018
Fy 100 0.035 100 0.061 100 0.192 100 0.139 4 0.014
Fe 100 0.027 100 0.045 100 0.184 100 0.121 3 0.011
F, 100 0.036 100 0.068 100 0.196 42 0.067 5 0.024
Fy 100 0.042 100 0.068 100 0.199 100 0.151 6 0.023
F, 100 0. 049 100 0.073 100 0.206 41 0.066 5 0.017
F 77 0.177 89 0.227 69 0.173 100 0.480 5 0. 040
F 82 0.036 85 0.055 98 0.087 100 0.174 9 0.027
F, 97 0.080 100 0.106 100 0.120 100 0.230 4 0.019
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Fig.2 Comparison of convergence curves of 5 algorithms obtained on benchmark functions
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WSO B B 00 T H Al 4 FR ARV B PR R
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e
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RO 48 I T AR 3 o i e LR OR S 5 (]
18, T4 25101 7 2548 Ay i 1t 53 B0 104 A b o el A
0] 7 22 e R 81 B B Oy e AR B, AT R
B2 0] J5 2246 CSSOA 3 N B PR, B2 R ik
XN
fitness = wyw, (u, — p, )’ (12)
P w, P HT SR E 7R R BRI s,
SR BE 5w, R SR ER 5 R R R LB e
R PR IR B

CSSOA 47 MG 13 1 43 1, B 48 58] — > Bt
fift CRRAE L &), i 45 35 17 B oR B0 IOAS e KA, I
I A% i 0 G AT A8 53 F) . W06 AL b A LA
N =20, F KIERREC T =100, H b5 ok B0 2 5L
D=1, 9 EM ER ub =255, F & 1b=0,% 2 i#
B 3 P 4% A SSDD B s 417 v A 2 i A S
SAR &4 A #EAT 30 YK BAE 4%, 15 21 53 1 9 {E
(e KAA e /IME P EFIAREZE 0k 4 iR

MO SR AR 4 iR BRI e — 4k Otsu
g (B AR U 117 .89 (123 I 124,485 ¥ CSSOA 5
Otsu 1943 FI 45 L AT LLHE, WKl 3 181 4 i

4 BIEFR W, CSSOA 14 4 1 {8 Fa 5E 4
A AE A — 2 Otsu BA JA B, W SRR BT . #h
 3FIE 4 AT LA WA H, CSSOA 1] LLA5 E] 1 Otsu
AL 3 B 25 5 . FHILEUE T CSSOA I 1) 32 b
TR AT AT, R — D IR B T SR
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Table 4 Image segmentation threshold

B3] B ERE BoME PHMHE bRdEE
R A Lena 118 116  117.033  0.490
&4 Man 91 88 89.067  0.450
My sAarR - EE 1 124 121 123.067  0.583

[SEEA &% 2 126 124 125.100  0.403

(a) IR B (b) Otsu ' (c)bcb‘sso/i"
B3 bR 14 5 B 45

Fig.3 Segmentation results of standard test image

(c) CSSOAEI{R 3 HIZE
Bl 4 AL SAR BIMR 5 F1 45 %

Fig.4 Segmentation results of ship SAR image
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Chaos sparrow search optimization algorithm
LYU Xin"?, MU Xiaodong' ", ZAHNG Jun®, WANG Zhen’

(1. Operational Support Academy, Rocket Force University of Engineering, Xi’ an 710025, China;
2. Beijing Institute of Remote Sensing Equipment, Beijing 100854, China;

3. Missile Engineering College, Rocket Force University of Engineering, Xi’ an 710025, China)

Abstract: Aimed at the problem that when the Sparrow Search Algorithm ( SSA) is close to the global
optimum, the population diversity decreases, and it is easy to fall into the local optimal solution. A Chaotic
Sparrow Search Optimization Algorithm ( CSSOA) is proposed. Firstly, the population was initialized by im-
proving the Tent chaotic sequence, the quality of the initial solution was improved, and the global search abili-
ty of the algorithm was strengthened. Secondly, the method of Gaussian mutation was introduced to strengthen
the local search ability and improve the search accuracy. At the same time, a Tent chaotic sequence was gen-
erated based on the search stagnation solution, and this chaotic sequence was used to chaotically disturb some
individuals who were partially trapped in the local optimum, prompting the algorithm to jump out of the limit
and continue the search. Finally, through simulations of 12 benchmark functions, the results show that the
proposed algorithm can overcome the shortcomings of SSA being easily trapped in local optimum, and improve
the search accuracy, convergence speed and stability of the algorithm. Meanwhile, CSSOA is applied to the
simple image segmentation problem, which verifies the feasibility of applying CSSOA to practical engineering
problems.

Keywords: Sparrow Search Algorithm (SSA); Tent chaos; Gaussian mutation; local optimum; bench-

mark function; image segmentation
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