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Operation principle of fuel system
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Thermal boundary simulation and temperature prediction for
aircraft fuel system with full flight profile
WANG Ruiging', LI Dong®, LI Yunhua®" , WANG Xi’

(1. School of Automation Science and Electrical Engineering, Beihang University, Beijing 100083, China;
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Abstract: Through simulation experiments and machine learning, this paper studies the main factors that
affect the temperature in aircraft fuel systems and predicts the temperature of the fuel system. The basic struc-
ture and layout of aircraft fuel system were determined. A simulation model was established using the Simulink
simulation platform to simulate the temperature of each node of the fuel circuit with full flight profile, and the
main factors affecting the temperature of each node of the fuel system were obtained by changing different con-
ditions. The temperature of the fuel system was predicted through a machine learning model. This research can
estimate and perceive the operating temperature of fuel system, aircraft hydraulic system and lubricating oil
system, which lays a foundation for further sensing the thermal boundary of fuel hydraulic system and control-
ling the thermal load absorption of airborne hydraulic and electromechanical systems.
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Table 2 Space of load states

AR A W /Kt ok 4 TRA
I 42 0.84 100
I 25 0.62 60
m 0 0 100
I\ 20 0.7 100
Y 10 0.25 100
VI 35 0.84 100

kit A 10% i, 1t (BER) =0.304 8 m,

=
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Fig. 6  Sketch map of six load states changing with time
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Table 3 Transition probability matrix of six load states

I II 4 Vv VI
I 0.082 3 0.096 5 0.344 4 0.062 0 0.204 1 0.2107
I 0.096 5 0.4153 0.337 8 0.097 6 0.006 1 0.046 7
It 0.344 4 0.337 8 0.053 3 0.084 9 0.085 1 0.094 4
v 0.062 0 0.097 6 0.084 9 0.090 0 0.247 6 0.418 1
\Y 0.204 1 0.006 1 0.085 1 0.247 6 0.109 2 0.347 9
Vi 0.175 7 0.104 0 0.299 9 0.053 8 0.307 4 0.059 3
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Table 4 Average and variance of settling time under

six load states

HEFFFIN . T HSMM R s ik 2k 1] 2l o b
SR ik 2 5 T of 2 B 02 A T o ok 2 1
IR A o TR TR T 75 o, 2 91 o [ .

\‘}5» ‘?;B”H‘ I A [/ cye =42 SHl ¥ i /2 N 2 o o N N .
RS R R A e R e B TFUA B KRS i BT AR A SR 14]
1 3.7352 0.961 3 IR N N ek
0 s 927 1 ) iis s 5 R AT A O, B AR ke 2k far AT
I ‘1o s A 5 IR 4 (035 6 55 O 305 T80 4 7 i
v 1.1477 0.002 4 MasRmE 6 5387 B, R 1t g5 58 m
v 10713 00019 W P, AR B 2 (15) RIS (16) 50 R A A i A
VI 2.047 6 0.495 7 N . = —
Xf 1 22 W (B 5 7 25l , ik 8 5K 9 iR,
R5 FMFEFHNER
Table 5 Predicted results for unknown loads
‘ 1
s} 1] / cycle
0 0 0 0 0 1.000 0 0
1 0.010 4 0.000 3 0.004 2 0.012 6 0.954 8 0.017 7
2 0.204 4 0.006 2 0.085 6 0.248 0 0.109 1 0.346 7
3 0.206 0 0.014 0 0.099 0 0.242 1 0.117 3 0.321 6
4 0.1520 0.109 3 0.209 5 0.087 0 0.223 4 0.218 8
5 0.269 2 0.054 6 0.167 4 0.061 5 0.1191 0.328 2
6 0.2951 0.0810 0.196 6 0.059 2 0.097 5 0.270 6
7 0.299 9 0.092 2 0.2520 0.051 4 0.105 7 0.199 0
8 0.264 6 0.112 3 0.250 1 0.040 9 0.095 9 0.236 2
9 0.297 17 0.117 9 0.249 3 0.040 2 0.079 9 0.2151
10 0.329 8 0.126 5 0.267 6 0.034 7 0.079 2 0.162 3
11 0.3300 0.129 8 0.276 6 0.030 9 0.069 1 0.163 6
12 0.319 8 0.137 4 0.288 7 0.030 4 0.065 5 0.158 2
F6 XRFTEAMHANFKED
Table 6 Remaining life when future loads are known
AR 5 EE S 50% R Ak 60% IR i H Ol 0% O AT 80% BRI B Al 90%
REA wmo giE MxE B fhE M WO fFE X WO PFE AEXE W fFE HIxE
B, B/ w2/ B/ BdR/ O RE/ BUR/ BUR/ RE/ O BUR/ B, RE/ O HUdR/ BAR/ RE/
cycle  cycle % cycle  cycle % cycle  cycle % cycle  cycle % cycle  cycle %
1 3.65 3.00 22 2.12 2.00 6 2.00 2.00 0 1.00 1.00 0 1.00 1.00 0
2 4.67 4.00 17 3.21 3.00 7 2.09 2.00 5 1.96 2.00 2 1.01 1.00 1
3 4.94 4.00 24 3.32 3.00 10 1.93 2.00 4 2.00 2.00 0 0.98 1.00 2
50 100.24 91.00 10 72.71 72.00 1 56.14 54.00 4 37.02 36.00 3 18.12 18.00 1
51 108.31 95.00 14 78.27 76.00 3 60.07 57.00 5 39.27 38.00 3 19.44 19.00 2
52 104.51 96.00 9 80.54 76.00 6 58.93 57.00 3 35.96 38.00 5 18.53 19.00 3
KT KRBT RAMPRREF®
Table 7 Remaining life when future loads are unknown
ot F A 4205 LGl 50% (8 FHECHE 3= 5 LR 60% ff NG 1t o5 Lol 709% (o RO = 7 L R 80% B 4 o5 LR 90%
e A wmwo grE AXE WU fhE MXS WO fFE FAXS W JFE AEXS T fFE MR
e, B/ R/ OB/ B R/ B/ BdRs R/ Bdis B, Rz BdRs B, %/
cycle cycle % cycle cycle % cycle cycle % cycle cycle % cycle cycle %
1 2.83 3.00 6 1.85 2.00 8 1.89 2.00 6 1.00 1.00 0 1.03 1.00 3
2 4.06 4.00 2 3.00 3.00 0 1.85 2.00 8 2.10 2.00 5 0.99 1.00
3 4.24 4.00 6 3.25 3.00 8 2.07 2.00 4 2.00 2.00 0 0.98 1.00 2
50 98.13 91.00 8 79.41 72.00 10 58.12 54.00 8 34.86 36.00 3 16.76 18.00
51 104.63 95.00 10 72.07 76.00 5 59.07 57.00 4 40.87 38.00 8 19.78 19.00
52 106.25 96.00 11 84.56 76.00 11 58.85 57.00 3 39.25 38.00 3 19.47 19.00
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Table 8 Average relative error of remaining life

(R AT 4 2 2
it/ % A2 AR
50 10.31 11.4
60 7.0 8.50
70 4.40 6.60
80 4.15 4.70
90 2.80 3.90

R9 FREFEGEMNREFE

Table 9 Variance of relative error of remaining life

{7 A AR 25 5 2
o /% AR AT AR A
50 1.18 1.60
60 0.81 1.17
70 0.74 0.98
80 0.59 0.72
90 0.41 0.51

M8 FFR 9 AT LIE H, Bl B A L 5] T —
S (VT BE | B 4R 55 25 1 A T S B R
B PR T I 2 A8 2N F 5% . IR, ff A
FISMM 750 % i L 48 157 25 161 34647 S 4 5 T L A
AR, L 8 MR 9 W LLF M, 7E
FHBR 5 ek i, % 980 4% 25 i 1 19 41 15 0 2% A
PR RO AR TS 2, 3 i TR R 1 B 4R
TR S RO (RS AR 7, AT 4R 7 e A
B T A B
4 & B

-

X isfr /e 2 TOU N AL R 5, A S0
R T B2 B 2R AT SR AR ) i TN O v gk T
R R AT R R DL T 14 A7 i 00 [ 3 e S 401
I SR 1 A SO A T 5k B A 0 R IE
k.,

1) AHEE T 24 5 77 i B0 07 kAL 2% )8 — T
D B A GE R R B A 55 13 52 2 AT AR A 57 TR A
AR, A SCHE 0 A9 A o 28 15 B AR A7 i
IS Y R AT A i TN | BEA 5 SE PR L

2) 5k ELE ST AT RS R AT
PUAE, 45 R 3 WS SC A Hh A 5 T BB ML 3900 48 Ao )
A A3 i U 5 1 B A — E MR L el T A
MR GIAT 50 58 22, 3 A 00 B3R A A5
i TN L L A 0TI 54 380 % 75 il 0 L ) R X
BRZEHR (EHRAR IR PR AR AR AR A K
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Remaining life prediction method of mechanical
system under uncertain loads
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Abstract: Aimed at the problem that the random working load of complex mechanical systems cannot be
clearly given, a life prediction method based on hidden semi-Markov model (HSMM ) is proposed. After com-
pleting the construction of the load space based on the HSMM, the forward and backward transition parameters
and the Viterbi algorithm are introduced to solve the model parameters. The estimated parameters are used to
predict the transition direction and corresponding probability of random future loads. The prediction result of
the load is combined with the life prediction model based on multi-sensor information to predict the remaining
life of the system. The effectiveness and correctness of the proposed method are verified by using NASA’ s
commercial modular aero-propulsion system simulation data as a case study.
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FE K 2 B0 PR 52 A5 780 v | S BIE v 7 15 1) 15
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Hh IR i ] 18 213 1 90 e AR R Y R
W, Yu 2506 40 min B9 [ G v i ) 7
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Table 1 Data structure characteristics

AT 3] BifE
MiPES String CA1234
ER:] String 2018-05-02
kML String HGH
kML Y String SZX
RHLE NS String B2345
HLHY String 319/131
Tt B Uk B ) String 2018-05-02 1850
I 3 3 15 ] String 2018-05-02 1805
£ String 95
L String e
5] String /NFE
4 String b 2N
% String 7R
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Fig.1 Relationship between the number of departure

flights and the months
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K2 2018 45 A 2 H & ALHEA 205 I R 56 &
Fig.2  Relationship between the number of departure
flights and the time on May 2, 2018
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K FHAH R B9 454, % LightGBM #5841 5 GBDT
P EAT SER RS L, SEER 25 R N3 2 TR, Light-
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F GBDT B | I H. LightGBM #5554 (1) 1] 25 Bisf &) 7]\
F GBDT i,
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Table 2 Performance comparison about different

models’ flight transit time

T RMSE/min MAE/min I 25 i 1] /s
LightGBM 6.783 5.467 66
GBDT 7.197 5.948 77
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by column vector generation algorithm
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Table 3 Basic parameters of calculation examples
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Table 6 Calculation results of Model B

i ALYE kAL LK LR GIR7PS
HL L A~ 5 M (IR
F50 50 19 0 24 0
F100 100 37 1 40 0
F200 200 71 0 63 1
F400 400 144 3 83 0
F800 800 305 1 143 0

. BUH OBEER REL EHLAT I 32 5.

AN BFE/min AN A% 8] /s
F50 0 423 7 0 458 2
F100 0 1 061 16 0 1 141 7
F200 0 2 376 29 0 2 666 22
F400 1 4 877 30 0 5677 90
F800 1 10 157 30 0 10 957 288

x7 BB CHITEER
Table 7 Calculation results of Model C

5l BUH OBEER REL EHLUAP T 32 5.

A BFHE/min AN A% A 1] /s
F50 0 362 2 0 372 6
F100 0 755 3 0 770 29
F200 0 1941 2 0 1961 80
F400 1 3 265 25 0 4 015 273
F800 0 6 814 19 0 7 004 870
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Table 8 Calculation results of Model D

il BUH OB REL EHLAP W T 32 5.

AHC BE/min AN A% A ] /s
F50 0 269 7 0 304 2
F100 0 629 13 0 694 7
F200 0 1 504 21 0 1714 20
F400 1 3163 30 0 3 963 92
F800 0 6 680 30 0 6 980 237

R4 HORESH

Table 4 Cost parameters of calculation examples

B BUHRA HERAA HCHLEAR HLI I RALA - 8 A

F50 800 1 5 1 000
F100 500 1 5 1 000
F200 800 1 10 1 000
F400 500 1 10 1 000
F800 500 1 10 800

x5 HBEANITESER
Table 5 Calculation results of Model A
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A BEHE/min AL BB i) /s
F50 0 545 2 0 555 6
FI00 0 1283 3 0 1298 28
F200 0 2 895 10 0 2995 66
F400 1 5047 30 0 5847 248
F800 0 10358 29 0 10648 760
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Table 9 Flight transit time distribution of scenario F800
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Fig.6 Comparison of operation time between column vector
generation algorithm and spatio-temporal network model
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Table 10 Experimental results of optimizer
based on Model D

B LP P e A 1 B L 161/ %
F50 304.00 304 0

F100 694. 00 694 0

F200 1 714.00 1714 0

F400 3 960. 67 3 963 0.059
F800 6 980.00 6 980 0
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Abstract: In previous studies, the general method for flight recovery problem used fixed flight transit
time, rather than considered the result of flight transit time changes in real airports. We propose a LightGBM
model to predict accurate transit time based on the airport-flight features from total 235 airports and all flights
in China. The numerical results show that our model has 6. 783 minutes root mean square error using real
flights data. We construct an irregular flight recovery model based on effective transit time, and specifically
design a column vector generation algorithm to solve this model. This algorithm can solve the problem of air-
port traffic flow decrease, airport closure, aircraft maintenance and other irregular conditions under the goal of
minimizing flight delays, the number of cancellations, and the number of aircraft changes by canceling, chan-
ging the planned time, and replacing aircraft. Tests on actual operating data of airlines prove that the irregular
flight recovery method based on transit time prediction is effective. The real case of large-scale flight delays
test shows the total delay time can be reduced by 34.2% . The comparison between the spatio-temporal net-
work algorithm and the column vector generation algorithm shows that the proposed flight recovery method also
can reduce the recovery cost under the premise of the same recovery result.
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Abstract: In consideration of the problem that the lateral deviation of the underactuated intelligent ships
increases due to the influence of path curvature and environmental disturbance during the path tracking task,
the guidance law of intelligent ships is discussed. An adaptive guidance law with finite-time convergence is
proposed. Based on the guidance law, the intelligent ships path following control is realized, so that the lateral
deviation can converge to zero in finite time in the path following process. Compared with the traditional inte-
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Drag and lift acceleration commands rapid calculation and
tracking guidance
LIU Gang”

(China Academy of Launch Vehicle Technology, Beijing 100076, China)

Abstract. For the gliding flight phase guidance problem of lifting vehicle, a drag and lift acceleration
commands rapid calculation and tracking guidance method is proposed. Drag acceleration command is calcu-
lated directly by one-dimensional particle kinematics and weighting. By introducing the “virtual target” and
“pseudo line of sight angle” concepts, proportional navigation is used in gliding flight phase to give the lift ac-
celeration command. Using the monotonicity of the drag acceleration and the attack angle, the attack angle is
used to track drag acceleration command. The bank angle is used to track drag acceleration command in a sup-
plementary way in the early stage. After a given criterion is satisfied, the bank angle switches to track lift ac-
celeration command. The azimuth angle control is realized by changing the sign of the bank angle according
the reverse corridor border. The dynamic pressure, heat flow, and overload constraints can be satisfied by spe-
cific sensitive parameters design. The proposed method does not need reference trajectory or attack angle pro-
file, and the amount of calculation is small. Tt can control the terminal velocity and height with high accuracy.

Keywords: drag acceleration; lift acceleration; calculation; tracking; guidance
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Table 1 Mass diffusion coefficient of 0.33 mol/L
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D/ D'/
t,/s 1,/s Az/mm
(1072 m? - s7') (107 m?-s7")
1 800 4.259 1.817
2 700 4.631 1.808
900 1.811
3 600 4.892 1.798
4 500 5.130 1.819
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Table 2 Mass diffusion coefficient of CO, in RP5 jet fuel

Az D/ D'/
/K t,/s  t,/s ——/mm
2 (1078 m? - s ) (108 m? -s7 1)

3600 7.057 0.998

278.15 1800 5400 7.360 0.913 0.899
7200 7.237 0.787
3600 7.362 1.086

283.15 1800 5400 7.640 0.984 1.091
7200 8.947 1.203
3600 8.141 1.328

288.15 1800 5400 9.281 1.452 1.389
7200 9.607 1.387
3600 9.154 1.679

293.15 1800 5400 10.057 1.705 1.766
7200 11.285 1.914
3 600 10.445 2.186

298.15 1800 5400 11.196 2.113 2.039
7200 10.994 1.817
3600 12.023 2.897

303.15 1800 5400 13.261 2.964 2.802
7200 13.014 2.545
3600 13.106 3.442

308.15 1800 5400 14.719 3.652 3.425
7200 14.550 3.182
3600 15.410 4.759

313.15 1800 5400 16.290 4.473 4.458
7 200 16.603 4.143
3 600 16.200 5.259

318.15 1800 5400 18.023 5.476 5.521
7 200 19.695 5.829
3600 17.363 6.041

323.15 1800 5400 19.422 6.358 6.422
7200 21.374 6.866
3600 19.952 7.976

328.15 1800 5400 22.087 8.223 7.791
7200 21.851 7.175
3600 20.417 8.352

333.15 1800 5400 23.269 9.127 8.509
7200 23.142 8.048
3600 21.637 9.381

338.15 1800 5400 23.399 9.229 9.551
7 200 25.850 10.042
3600 23.381 10.954

343.15 1800 5400 25.335 10.819 11.442
7 200 28.902 12.554
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Measurement of mass diffusion coefficient of CO, in RP5 jet fuel
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(1. School of Mechanical and Electrical Engineering, Jinling Institute of Technology, Nanjing 211169, China;
2. School of Acrospace Engineering, Nanjing University of Acronautics and Astronautics, Nanjing 210016, China)

Abstract: The experimental platform for measuring the gas-liquid mass diffusion coefficient is set up
based on the method of digital holographic interferometry. The hollow stainless steel constant temperature diffu-
sion tank is designed and processed and the digital image processing is coded by self-programming on
MATLAB. The correctness of the experimental system is verified by measuring the mass diffusion coefficient of
0.33 mol/L KCI in water at 298. 15 K. Then the mass diffusion coefficient of CO, in RP5 jet fuel is measured
in the temperature range of 278. 15 K to 343. 15 K under normal pressure. The mass diffusion coefficient in-
creases with the increase of temperature. The mass diffusion coefficient at different temperatures can be fitted
by Arrhenius equation model, and the relative difference between theoretical model calculation and experimen-
tal measurement results is less than 9.51% . Therefore, in practical engineering applications, the mass diffu-
sion coefficient of CO, in RP5 jet fuel can be accurately predicted according to the Arrhenius equation, and
the experimental results provide data support for the optimal design of tank inerting system.

Keywords: mass diffusion coefficient; digital holographic interferometry; CO,; RP5 jet fuel; digital im-
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Modeling and simulation of spaceborne GNSS ocean-reflectometry
WANG Feng, YANG Dongkai, ZHANG Bo" , LI Bowen, ZHANG Guodong

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

Abstract: The modeling and simulation of spaceborne GNSS reflectometry is important for the research of
forward and inverse problem of GNSS reflectometry, and the evaluation of algorithm and performance in the re-
ceiver. This paper firstly develops the layered structure of modeling spaceborne GNSS reflectometry from the
perspectives of geometry, signals and related power. Secondly, the bistatic geometry of spaceborne GNSS ref-
lectometry is discussed in detail. Thirdly, the sea spectrum is developed by linearly combining wind-, swell-
and rain-driven sea spectrum, and further bistatic scattering coefficient is computed. Fourthly, based on the
assumption that scattered signals from each scattering unit are independent, an ocean-reflected GNSS signal
model is derived. Finally, the ocean-reflected GNSS signals and delay-Doppler maps are produced by simula-
tion, and are analytically compared to the measured correlation power from UK TDS-1. The results show the
simulated delay-Doppler maps obtained through end-to-end simulating correlation power and through processing
simulated GNSS signal have the cosine similarity of 0.97 and 0. 94 with the measured delay-Doppler maps from
UK TDS-1 respectively, so that proposed approach could be used to simulate correctly reflected GNSS signals
and delay-Doppler maps through comparing the simulated delay-Doppler maps and actual ones received from
UK TDS-1. In addition, the simulation analysis of the influence of swell and rain on the reflected GNSS sig-
nals shows that swell mainly impacts reflected GNSS signal for low wind speed and does not impact it for high
wind speed, and rain has no significant influence on the reflected GNSS signal.

Keywords: spaceborne GNSS reflectometry ; bistatic geometry; bistatic scattering; modeling and simula-
tion; delay-Doppler map
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Dynamic analysis and disturbance rejection control of
mass-actuated fixed-wing UAV
QIU Xiaoqi, GAO Changsheng” , JING Wuxing

(School of Astronautics, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Mass-actuated UAVs have the advantages of higher aerodynamic efficiency, better stealth per-
formance and simpler wing structure. This paper proposes a single-slider mass-actuated UAV layout scheme
with smaller time delay and simpler structure, and analyzes the influence of the slider parameters on the dy-
namical characteristics of the UAV. On this basis, the ideal installation position of the slider is given, and the
change of the control efficiency of the mass-actuated scheme with the speed is studied. Aimed at the character-
istics of strong coupling and nonlinearity of the mass-actuated UAV , an active disturbance rejection controller
(ADRC) is designed based on the particle swarm optimization algorithm (PSO). The expanded state observer
estimates the total disturbance term including coupling and parameter perturbation, and performs dynamical
compensation at the same time. The simulation results confirm that the designed controller has good robustness
and effectiveness.

Keywords ;: mass-actuated control; fixed-wing UAV ; active disturbance rejection control (ADRC) ; par-

ticle swarm optimization algorithm (PSO) ; nonlinear dynamics
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Solidification heat release of copper foam/low-melting-point
alloy composite phase change material
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(1. School of Aeronautic Science and Engineering, Beihang University, Beijing 100083, China;

2. Aviation Electromechanical System Comprehensive Aviation Technology Key Laboratory, Nanjing 211106, China)

Abstract: In order to research the competence of the copper foam/low-melting-point alloy (LMPA) com-
posite material to recover to the initial state in the intermittent exothermic working environment and the influ-
ence of the addition of copper foam with different porosity on the solidification exothermic process, this paper
compares and analyzes the solidification exothermic process of 47 alloys and n-tricosane before and after com-
positing with copper foam through numerical simulation, and adjusts the porosity of the copper foam/47 alloy
composite material to calculate the temperature change curve of the simulation chip temperature during the so-
lidification exothermic process. The results show that the addition of copper foam can promote the solidification
process of the two types of materials, and the time of the simulation chip to recover to the target temperature is
shortened by 6.6% and 47.7% . Due to the difference in volume latent heat value, the copper foam/47 alloy
needs to release more heat during solidification, and it takes longer to recover to the target temperature, which
is 1.52 times that of the n-tricosane composite. With the increase of porosity, the time that is taken for the
composite phase change material to return to room temperature does not change much. Considering the influ-
ence of porosity on the thermal control process of phase change, comprehensive consideration should be given
to actual use.

Keywords: low-melting-point alloy ( LMPA) composite; numerical simulation; intermittent; solidifica-

tion heat release; porosity
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SMSP jamming countermeasure method based on maximum
entropy method and genetic algorithm

ZHOU Changlin, WANG Chunyang® , GONG Jian, TAN Ming, ZHAO Yingjian

(Air and Missile Defense College, Air Force Engineering University, Xi’an 710051, China)

Abstract: Linear frequency modulation (LFM) signal is a commonly used transmission signal of modern

radar, which can effectively improve the detection performance of radar. However, when smeared spectrum

(SMSP) jamming is applied to the main lobe self-defense, the intensity of the jamming signal is much higher

than the target echo signal, and it can cover the target echo signal, which is an effective jamming pattern

against LFM signal. In this paper, the difference in time-frequency characteristics of the jamming signal and

the target echo signal is used to highlight the difference in time-frequency characteristics through the

generalized S transform ( GST) , and then the maximum entropy method and genetic algorithm ( GA) are used

to obtain the segmentation threshold of the time-frequency filter. The purpose of jamming suppression is

achieved through the constructed time-frequency filter. The simulation results show that when the jamming-to-

signal ratio (JSR) is greater than 10 dB and the signal-to-noise ratio (SNR) is greater than 0 dB, it has a

better jamming suppression effect, and the maximum signal-to-jamming-plus-noise ratio (SJNR) gain is close
to 25 dB.
Keywords: maximum entropy method; genetic algorithm ( GA); generalized S transform ( GST) ;

smeared spectrum (SMSP) jamming; main lobe jamming
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Fig.1 Schematic diagram of UAV swarm collaborative search
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Fig.5 Update process of environment map matrix
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Cooperative search algorithm for UAV swarm based on
search intention interaction
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(1. Air Traffic Control and Navigation College, Air Force Engineering University, Xi’ an 710051, China;

2. Shaanxi Province Lab. of Meta-synthesis for Electronic & Information System, Xi’an 710051, China)

Abstract: Aimed at the cooperative search problem of UAV swarm without prior information, a coopera-
tive search algorithm of UAV swarm is proposed, which is guided by coverage rate and constrained by safe
distance, communication distance, yaw angle adjustment and search boundary. The task area is described by
establishing the environmental map matrix, and the environmental map update operator is further defined to
realize the rapid update of the environmental map in the search process. The return function of swarm coopera-
tive search task is designed, and particle swarm optimization algorithm is used to solve the problem in order to
obtain the optimal decision of each UAV under the known environment map, namely the decision intention.
Each UAV makes decisions again based on acquiring the decision-making intentions of other members to
achieve cooperative decision-making. Two cooperative decision-making schemes, centralized and distributed,
are proposed for swarms with different scales. The simulation results show that the proposed algorithm can
effectively search the irregular task area with unknown threat, and the coverage is much higher than that of the
individual decision method without cooperative decision.

Keywords: intention interaction; UAV swarm; cooperative search; model predictive control; rolling ho-

rizon optimization decision
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Uncertainty analysis of aerodynamic load distribution on
strap-on launch vehicle
DONG Xinxin, LIU Li*, GE Jiahao, WANG Zhi

(School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Aimed at the uncertainty of the aerodynamic load distribution of strap-on launch vehicles due
to the uncertainty of flight status and shape parameters, a method based on the polynomial chaos theory to ana-
lyze the aerodynamic load distribution characteristics and quantify the uncertainty of the strap-on launch vehi-
cle is proposed. A two-strap-on configuration was used as an example to verify the method. First, a method for
uncertainty analysis of aerodynamic loads of the strap-on launch vehicles was proposed, and the simulation
analysis process was given. Second, the method was verified by a two-strap-on configuration, the aerodynamic
shape parametric model was established, and the aerodynamic characteristic analysis result was verified. Fi-
nally, the sensitivity analysis of influencing factors and the uncertainty analysis of load distribution were car-
ried out, the influencing degree of different factors and the uncertainty distribution form of aerodynamic axial
force and normal force were obtained according to the proposed method, and the flow mechanism was ana-
lyzed. The analysis results provide reference for the aerodynamic load control of strap-on launch vehicle. By
describing the aerodynamic load uncertainty quantitatively, the safety factor redundancy can be reduced effec-
tively and the basis of accurate structural design can be provided.

Keywords: strap-on launch vehicle; aerodynamic loads; polynomial chaos; uncertainty analysis; sensi-

tivity analysis
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when equivalent ratio is lower than blowoff condition
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Lean blowoff process of bluff body based on heat release rate analysis
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(1. School of Energy and Power Engineering, Beihang University, Beijing 100083, China;
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Abstract: To understand the complicated blowoff process of premixed turbulence methane-air flame after
a conical bluff body, the numerical simulation method based on large eddy simulation ( LES) and transport
equation probability density function ( TPDF) turbulence combustion model was adopted to simulate the flame
situations, i. e. far away from blowoff, close to blowoff and blowoff conditions. The flame and the heat release
rate (HRR) value under these different conditions were studied, and the criterion for lean blowoff judgement
was analyzed quantitatively. The results show that the average relative error between velocity simulation results
and experimental results is under 10% in cold situation and under 209% in hot situation. HRR appears in the
region where OH and CH,O overlap, and is an important blowoff judgment parameter. When the flame is far
away from blowoff conditions, HRR mainly appears at the inner shear layer; when close to blowoff conditions,
HRR closes on the flow axis and also appears downstream of the recirculation zone; under blowoff conditions,
higher HRR regions spread from downstream to upstream of the recirculation zone. The simulation blowoff
predictions are consistent with the experimental PLIF results. In this study, the average HRR can be quantita-
tively used as a criterion for lean blowoff judgment. At 0.2d section behind the bluff body, blowoff will occur
when the ratio of the average HRR for inner shear layer to the average HRR of the recirculation zone is less
than 4.

Keywords: heat release rate (HRR) ; lean blowoff boundary prediction; large eddy simulation (LES) ;

transport equation probability density function ( TPDF) ; turbulent combustion
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Effect of pulsed jet on aerodynamic performance of
circulation control airfoll

LEI Yuchang', ZHANG Dengcheng”* , ZHANG Yanhua®, SU Guangxu'

(1. Graduatee School, Air Force Engineering University, Xi’ an 710051, China;

2. Aeronautics Engineering College, Air Force Engineering University, Xi’ an 710038, China)

Abstract: The aerodynamic performance of steady jet is poor at high angle of attack. With the help of
pulsed jet, the aerodynamic performance at high angle of attack can be effectively improved and the mass flow
rate of jet can be reduced. The unsteady numerical simulation method is used to calculate the aerodynamic
characteristics and analyze the flow field of the circulation control airfoil under pulsed jet. The effects of duty
cycle and frequency on the amplitude of time-averaged lift and lift pulsation are summarized. The flow mecha-
nism of pulsed jet at different angles of attack is analyzed. Furthermore, the influence law of jet momentum co-
efficient is pointed out, and the lift pulsation phenomenon is effectively alleviated with the help of the superpo-
sition effect of pulsed jet and steady jet. The results show that, under low duty cycle, the pulsed jet can great-
ly reduce the mass flow rate under the same lift coefficient, but the amplitude of lift pulsation is larger at the
same time. At low angle of attack, the lift coefficient increases at first and then decreases with the increase of
frequency, but the overall change is not obvious, and at high angle of attack, the lift coefficient increases con-
tinuously with the increase of frequency. The pulsed jet can delay the stall angle of attack and widen the angle
of attack, and this advantage becomes more obvious with the increase of momentum coefficient. With the help
of the superposition effect of the pulsed jet and the steady jet, the lift pulsation under the pulsed jet can be ef-
fectively alleviated and the flight conditions can be achieved.
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Fig.6  Angular velocity of each joint of manipulator after singularity avoidance
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A general singularity avoidance algorithm for
pedestal-controllable space manipulator

ZHAO Longze', SHE Haoping""* , HUANG Liangwei’, HUANG Longfei’

(1. School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China;

2. Qian Xuesen Laboratory of Space Technology, China Academy of Space Technology, Beijing 100094, China)

Abstract: A general singularity avoidance algorithm is proposed to solve the kinematic singularity prob-

lem of pedestal-controllable space manipulator in Cartesian path planning. First, we establish Jacobian matrix

of the space manipulator by the method of virtual mechanical arm, and determine singular area by judging the

relationship between the determinant of Jacobian matrix and angular velocity in real time. Then, Newton-

Raphson iterative method is used to solve inverse kinematics of manipulator. Finally, we design a segmental

path planning algorithm of " differential term extraction + refitting" for singularity avoidance, until the joint

angle breaks away from the singular area. Simulation results show that the proposed algorithm can accomplish

the singular avoidance task effectively. The proposed algorithm can be adapted to various degrees of freedom

and configurations of mechanical arm. Moreover, it is convenient for users to adjust the relationship between

calculation time and tracking accuracy, and has good universality.
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Fig.7 PR curves of S-scan and B-scan images
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Table 2 Faster R-CNN verification results on

verification set

TN Kk 4 -y -y AP i
X FEA % EEILES HIZTTES

S A 496 0.517 8 0.9992  0.909 1
B 1A 168 0.500 4 0.9983  0.908 1

%X 3 Faster R-CNN ZElliX & FMiL & R
Table 3 Faster R-CNN test results on test set

R RS bR PRH X
v v v B 3

JE 2 FEA KL FEA KL FEA KL

S HE 600 0 5 0.991 7

B HE 62 4 0 0.9355
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39 PR 408 T e g 22 T 1 3 2 by, 5 300 o B
AR, K 8 Fis
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o A B A7 R 53 O Gl o R MR 7R B B, BRLAR
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Fig.8 Schematic diagram of misjudgment of S-scan

images and missed detection of B-scan images
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image after defect joint inspection algorithm detection



510

= 22
b5 fit &= it K K % % W :":'ﬁ *B“ 2022 4

ARSI F
RBETR I

(a) SFIEIWI 2 *// e iR & &

(b) SFIEH SR 17 S

B\AE’Jh{ﬂ“?*%o 23t F Jmﬂaaité%‘.iwm

R FER 2

@%EMWUEmizﬁéﬁﬁT¥%BﬁEGﬁer§aéék
TREM R BE W12 i B S A U I A 3 Bk
B4 3 R B B A B AR R | R T R A
I 3] f g8 8 4 5 — ORI AR 3 A Bk B R A3
By N [a] — A Gl B 5 S s a5 A 79 o7 2 Ry — IR T
a0 3 By s e 4, ROk B L 11 (b)) R IR AE AR
TOALE B 25 IE SR A HE Y 5 B
3.2.3 Sort ZiEREHTEER

TE3.2.2 WHE LR TEY S HEH
Y B0 BB 1 8, A Sort B3 H T 41 S HIE
R B AR B i A, i AR BT X i B 2 17
ID FR{E, 45 1D AH A T2 ] — > Bk B, e 22 JAS
Tl —ABE . Zad Sort B9k XHESE 1 BRFE K
RERGE IR A 12 FrR
3.2, =ZYErpiER LR

HH Sort B3 € 2 A6 M ) B A~ A B B 1) i
A7 MRS RS0 R BB R AL R KN IR 4 A R
HE 1 =2 S RO = 4 Bl AE A7 2 4 01T B
) Tk B 7 s S A3 e KABLAE Sy 0 I AE A T K

FLL S 4T R0 A A G 0 X ANCTE ) TRl — A B B D) e S B B AR Sy B s
Fig. 11 Comparison of S-scan images preliminary *E E‘Jﬂﬁa ( ﬁ) , i?i% ’ﬂ:af @J é‘ﬁk |§/H7 *E E]’:J Egﬁ ﬁﬁ% l%\

detection and joint detection

T

ﬂaw ID:3

flaw ID:! .
7

Fig. 12

W 4 Fros @A i) = 4ER AR BRI E 13 iR,

T

flaw ID:1

flaw ID:3 flaw 1D:3

w -
i/ td

12 FREE 1 AY BRI R G R

Defect tracking results of No. 1 weld seam



> b
A 5B 5T HA5E PAUT S b1 A AL

%53 4 511
= R EEN LB RS G
4 HNHZHRBEMEIERER =]
Table 4 Location information of predicted 3D defect box
5 B D R HE s 5 AR 5 e 5 A L e e A Ly e B HE < R/ T B HE 98 1/ e B HE 5 B/
; H I B/ mm HLR /mm Y B A7/ mm mm mm mm
1 -7.71 1.34 2.95 3.90 2.56 2.62
1 3 2.60 6.42 96.95 11.90 4.02 5.19
4 3.72 10. 81 130. 65 5.90 2.69 2.54
1 -3.54 7.47 208. 80 35.60 3.45 4.29
5 2 6.77 1.62 245.45 27.70 3.90 3.53
3 6.63 1.10 270.15 3.90 2.51 2.24
4 8.46 2.14 284.55 8.90 3.64 4.22
R TR S I 45 Y o T SR FH AR R B
BT SR T S 0 5 A0 AT N VR A 45 3 Bk B A 5
RN 5 Fron . [AINR A =4 10U #1977 1% K
PEHNERA P, =2 TOU B A, T 358 WY 5 46 25 S i
WM, 4 R INER 6 s . =4k 10U 313
IOU = intersect 3
' Vsum - Vintersen ( )
| &
10U, = ;Z 10U, (4)
T2V, e A S50 TR0 ) 5 o8 AE RN S PR G5 HE
5 A AR R 5 v, SRy S I T Y G5 HE
S o R 5 R A A BR A 5 e Sy e 3 A £ B B
o150 R 7, Y 2 A AR 4 9 =
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Fig. 13 Three-dimensional model of defect position

in No. 1 weld seam and No.2 weld seam
HorpgRag 1P ID O 2 BRI B TR
JINT R AR (A Dy A S A e o | 2 T AR

0. 644 9, 5715 o7 1Y ffe o HE 1 52 s 11 B A HE A5 3¢
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Table 5 Location information of actual 3D defect box

o B 1D Bl A HE P 5 R 4k i B HE Bl B HE s B HE R/ i B HE 58 i/ T I g 1/
- FUO RS/ mm YR/ mm Y KA B/ mm mm mm mm
1 7.90 1.25 3.45 4.90 2.20 2.30
TREE 1 3 2.52 6.20 95.50 8.00 3.40 4.70
4 3.95 10.6 130. 15 6.90 2.30 2.80
1 3.60 7.70 207. 80 31.60 3.60 3.80
fsg 2 2 7.00 2.05 248.90 18.80 4.20 4.10
3 6.40 1.30 270.15 3.90 2.20 2.60
4 8.70 1.90 284.55 8.90 3.00 3.80
K6 ZHIOUHEER
Table 6 Calculated results of 3D I0U 4 %&£ &
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; g';jjj 06449 15 B IEAT R I, 075 0t B0 8 308 47 fk 8 R B £ 2 119
e 2 ; 0.709 2 W IE B i ek T L o e 0 AT LB o
4 0.732 0 iff TR A 4 e ) S i 5t 5 O 1] 05 A7 SR 5 1 —
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PAUT data intelligent analysis method of welding
seams based on deep learning
ZHU Tiantian">, SONG Bo" ", MAO Jie'*, LIAN Guoxuan'

(1. State Key Laboratory of Acoustics, Institute of Acoustics, Chinese Academy of Sciences, Beijing 100190, China;

2. School of Electronic, Electrical and Communication Engineering, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In the welding seam phased array ultrasonic testing (PAUT) , the traditional manual judgment
method is used to identify and locate the defects in the inspection data. However, this method has lower
interpretation efficiency and higher requirements for the experience of the inspectors, and it has difficulty for
meeting the requirements of automated ultrasound inspection. In this paper, combined with the features of S
and B scan images of welding seam PAUT and 3D structure of weld, an intelligent recognition model based on
target detection and tracking algorithm in deep learning is proposed to identify and locate the weld defect
automatically. The experimental results show that the average value of 3D 10U of the defects ( the average in-
tersection ratio of the predicted and the actual 3D defect frame) reaches 0. 644 9, which is close to the real
defects’ location. This method can realize the intelligent recognition and positioning from PAUT imaging data
in welding seam.

Keywords: phased array ultrasonic testing ( PAUT) ; weld seam testing; deep learning; target detection;

tracking algorithm ; defect recognition; three-dimensional positioning
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A hardware Trojan insertion prevention method based on
layout filling with A2-RO circuit

LI Zongzhel , HE Jiaji2 , MA Haocheng1 , LIU Yanjiang3 , QIN Guoxuan', ZHAO Yiqiangl‘*

(1. School of Microelectronics, Tianjin University, Tianjin 300072, China;
2. Institute of Microelectronics, Tsinghua University, Beijing 100084, China;

3. Information Engineering University of PLA Strategic Support Force, Zhengzhou 450001, China)

Abstract: During the chip manufacturing process of integrated circuits, attackers can use blank areas in
the circuit layout to implant hardware Trojans. For this reason, this paper proposes a method to prevent inser-
ting hardware Trojans by filling the layout with A2-RO circuit. The goal of protection is reducing the blank ar-
eas in the circuit layout. This paper designs the power consumption characterization structure named A2-RO
that can dynamically monitor the flipping of rare nodes. And the iterative filling algorithm and the path con-
struction algorithm are proposed. We construct the A2-RO circuit in the blank area intelligently to improve the
security level of the circuit. We apply the benchmark circuits in ISCAS’ 85 and ISCAS’ 89 as the research ob-
ject for simulation based on the SMIC 180 nm process. The simulation results show that after filling the layout,
the area utilization rate of the chip will be increased to more than 95% , and the remaining blank area cannot
be filled with the smallest standard cell. After the removal attack of A2-RO circuit, the change of side channel
current is 1.921 mA. The A2-RO circuit can effectively protect the blank areas. The additional routing over-
head for layout filling can be controlled within 7% , and the impact on the critical path delay is within 1.2% .
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Fig.8 Real-world scene test

MVR Hfi 46 bk 2115 AR 5 DL B9 C HE RS 2
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TR BE A LI B PR B T A PR A, O HLHE
YNGR B o A 5 % R A I B B 0 P 7 4 R ol

Cant. 2795 frads ), BRI I D4 % B s O 1) S B RS
SRR RE A 22 o [RVRE ) T B 1 P Ay T S B 9
CAU-DHE B A8 H] 7 JC B il 2507 =8, AR AE
fid 4G BE I b HomographyNet 3£ & T 58% , {0
BRI R [A] AR SCH S 0845 2K GO I HE
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Table 2 Image registration algorithm estimation on

MVR dataset

[LVR{IRC=RR e Ax ACE E TR
WMk BB i 18] /s
SIFT!!®! & J 21.54 4.13  1.16
SIFT + RANSAC[!7 7 G 3.17  1.84  1.22
UDHE [2¢ 2 J. 41.48 5.28  0.38
CAU-DHE!?" = T 40.44 3.76  5.07
HomographyNet!?*] = A 109.14 8.89  0.48
PIR-Net( 7 3C) 2 A 0.13  0.34 0.85

2% PIR-Net Wt 8052 tH 5 47 5, % #0745 IR
JEE A5 BN X BE 7 SR, 7E MVR $diE 48 nT DLk
0. 34 MEEWEHER 2 I H A TR BT
W, M AE 48 SIFT + RANSAC 52k 14 Ab B 3k
JEAR 2 30%

B 7 thgs i TR RE B AF B 3 Fh Bk (SIFT,
SIFT + RANSAC ,PIR-Net) 7£ MVR Wi £ [ Ay JC
BLEE R, 181 7 (a) (b)) b FF TE 1 PR v Y
PRGN B AR AR B8 7 (e) ~ (e) F1 50 51 % R
3 M REM I E LS R FMESS R ROR Ak
75 HH 11 Al b 3 5 4 A O PR A5 2 40 B R g o7
AR BN IO Y AR e 5 KR 25 R SE PR AR R K]
B CEBRIEMG) BEAT AN, 40 S5 FOI0RS A 0l F0
RN AR S BN A B AR R S E A A
HY, EERETAB T EPE R2EME, IFFT T
JRRER IAE S . I 7 AT & 6 48 SIFT 5.
B TCE D 22 B K, 5 R R W R (g1
oy & 4.5 2 A7 d oyt AR I 062 ) 5 I
RANSAC i #E J5 , SIFT %83 AT LA A 21 R VT fic 1) 2%
B AR A AEAE A BN (A5 3 17 BIMR
A T 58 4, B IO 8 T %8 T & S 4
) 5 AR SCAHY PIR-Net 5532 HLAT e A A9 DT Bl 45
(EPE f8 bR, of H 45 H B i e il i ) o X F
— P BE T A SR m e

T UE AR SCR AR SRR N A R
EE S g il THL g sk K (K 8 (a) L (b)
TR G AN B bR R B 2 AN ) BE B AR AL 45
1530 I 3 R HEAT T DCEC, DG C 45 L
BIL 58 7 F5L, i F bR 3 50 BA A br X i
FLH, HJR/R T4 HRE . WSS AT LI )3 A
BER LY ik S5 E MVR B4 Bk
P—3, 5 SIFT % ¥ SIFT + RANSAC 5 % M
bt , PIR-Net HLA /MW BCAE R 25, 3% — T 1 1A 9
T A SCRAE W S bR I, 5 — 5 T AR UE T AR
SCHES ) MVR B8 5 00 4 5%

25 FTHR AR SCHR M 15 R ) IR I oE 5

¥ PIR-Net #£ MVR %&%}é&ﬂ%ﬁ@mm&ﬂ%
JEE IV v P Ak B R 9T L 7E SR 3 s b AT g
R E R, AT M

4 & it

AR SCE X EUR BCAEAT 55, 357 T RBHLEE & 4
IR {5 B 1Y) B B 5086 45 (MVR $dle 48 ),
FENAFR] T — A 3B 1R R B0 R
Be#E % 2% PIR-Net, i if 76 MVR #0406 % L%
PIR-Net 5540 19 SIFT 53k | 3 T R B #f 46 I 4%
P14 B4 W7 P R B 780 559 HomographyNet }2 2 2870
B 1 B M A T AR R AT X H S A Hr, A5 ) DL
DAY

1) B (% B 0 M AR el T BROIA S R BT
BRI, 5 SO AR 0ok B A AE I S IR B M Bk

2) MVR % 5 AR 9 AR AL 00 A5 D 20 = 4 =5
[i] As AR A e G | 7E AR I BN TR K 03
SRS B BT L R

3) PIR-Net 7£4b B 55 4 ¥R 15 B9 BSO6 fic
WER , FOAS T4 Ja 50 0 P 24 B 1% T of )y 9k LA
e ARG R P 3T R R R AP (R 25 AN
WAL S5 SIFT + RANSAC 2319 18% )
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Pixel-wise visible image registration based on deep neural network
HUANG Chenwei' , CHENG Jingchun"* | PAN Xiong', SONG Ningfang', LIU Bing’

(1. School of Instrumentation and Optoelectronic Engineering, Beihang University, Beijing 100083, China;

2. Hubei Sanjiang Aerospace Hongfeng Control Co. , Ltd. , Xiaogan 432000, China)

Abstract: Current image registration algorithms relying on the internal parameters of sensing devices for
image alignment face the difficulty of acquiring precise device parameters and reaching high mapping preci-
sion; while the ones using matched image features to calculate image homography matric for registration have
the problem of insufficient utilization of scene depth information. Based on this observation, we propose a
method which can generate more authentic image registration data from monocular images and their depth-
maps, and use the data to train a pixel-wise image registration network, the PIR-Net, for fast, accurate and
practical image registration. We construct a large-scale, multi-view, realistic image registration database with
pixel-wise depth information that imitates real-world situations, the multi-view image registration ( MVR) data-
set. The MVR dataset contains 7 240 pairs of RGB images and their corresponding registraton labels. With the
dataset, we train an encoder-decoder structure based, fully convolutional image registration network , the PIR-
Net, extensive experiments on the MVR dataset demonstrate that the PIR-Net can predict pixel-wise image
alignment matrix for multi-view RGB images without accessing the camera internal parameters, and that the
PIR-Net out-performs traditional image registration methods. On the MVR dataset, the registration error of
PIR-Net is only 18% of the general feature matching method (SIFT + RANSAC), and its time cost is 30%
less.

Keywords: deep learning; image registration; coordinate transformation; homography estimation; depth-

map
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2. dem s iR K2E W B L4 pe, Jbat 100083)

i B HANELHRAT MBS ELIM 2 E I (OFDM) R4 HEITHE L E
By 1R LA T — AR T & AR A 2 W 4 (MCNN) Fr R K 42 BT 12 46 ( BILSTM) 45 4 1Y
FR T E . AF &N ZFE & (LS) 8 B AT 46 15 3 R A 15 & (CSI) ; Fl A MCNN K % 42 B
46 CSI B 5 JEAFAE I 3 P 25 A% B 98 AT JE 48 5 A Al BILSTM W 28 ¢ 3% ¢ CSI #AT T, L A=
M, AAMBNEZHEEBEALARGEERABBEE, CAWEWEHANIHE LN K,
GEEREN . SHEELEMAAREEI FEAL, TRESEEEITEEEHE DY EIT
RE,GBERUAGTHRARDE (BER) i RAFEL AN K ER; & T35 T & 5K
BERRA MEHENEZHE W NEEASHERBHRD

X % . EXH A EF(OFDM); RE%,; FHfhit; M EuME

FE4SES. V243.5; TN911.72
XHERER . A

75 W B ¥5 8% (air-ground data link ) R 402 TG
YNGIR S NI 5 NG S U 0
SEBTC N2 S B R 4 A E B AL T RE
I NZ OB TR 44 P A B AT AT 55 B
BAHE R GEH Z B 2R B, e iRk
ZRRBN , 1E A H 43 5 H (orthogonal frequency di-
vision multiplexing, OFDM ) ¢ R #% )1z [ H T =5
o RCESE R 8T OFDM RSl L 45 5 2
()47 AR T JC 2R 17 8 dc K 2 A8 I AE 7 % ) 496 24 i
éﬁ(cyclic prefix, CP) , e KPR B TH B i 2 42 s
FEAE R A S 1 T A Cinter symbol interference,
ISI) . AR, 0 T — 26 i U (F 08, R 242
I IEE SR CP AR (Hid K CP 2 R EUE &
e i AR AT T X 3 — ] A 3 494 T A
THRIR 36 2 147 25 A B el /N CP AR BE , B i i
BN RGeS e IR et TR P (S
TE AL T 52 B TE AR 18 2 80 A R A A

i
=

; R

XEHS . 1001-5965(2022)03-0533-11

15 B WYL 25 SRS R 2 AR I AE 2 S 40 i e 5
By S WA A5 T I N B R DR £ Al A
PERE B2 52 i 25 25 b OFDM 040 4% 119 2 1k 432 ik
PERE

e G A5 TEAG THA I AT 23 o8 2 1 AR 0 5 IE
fiHEk CE AR E A, T 5T SRS
AT R L 2 SR TS Y £ S Al
TR &/ IR A Bk (least square, LS) SR 3
/N D7 1R 22 3% ( minimum  mean-square error,
MMSE ) ") 128 Pk 5 /N 2 5 1% 22 809 (linear mini-
mum mean-square error, LMMSE)LSJ & LS Ak
THA T B O A AR AN AR 08 I AL ] S g 1
B A SE B rp g8 2 s MMSE 5303 75 224
A B GE VA L [R) s ) A T8 9 A S A 40 ol g
BA B i 5 8 A v ae  (HIT R R A s
LMMSE % 3% Xf MMSE 583k #E47 T ok, fiffb 1
MMSE 58 3% /9 71 55, e 7e 52 PR R R

Wi EE. 2020-10-19; FABEH. 2021-01-17; W% HARE BE . 2021-02-04 1555
W& AR 4k . kns. enki. net/kems/detail /11.2625. V.20210204. 1443.003. html
HEEWAB . BHLAH 2030-“H — R A TR T ARTH (2020AAA0108200) ; bt i A AR H4 (4204102)

#* BIE1EE. E-mail: liuchunhui2134@ buaa. edu. cn

S|, WAME, FEH, EHE, F KXTHHEBHEN LY SHBEECGHEGI[]]. A FREMKXAFFHK, 2022, 48(3) :
533-543. LIU C H, WANG M L, DONG Z L, et al. Channel estimation of air-ground data link based on modulated convolutional
neural network[ ] ]. Journal of Beijing University of Aeronautics and Astronautics, 2022, 48 (3) : 533- 543 (in Chinese).
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UTAER TR 2 1 IT U6 T OFDM {5 38 Al
TS E -SRI T, A T A% G {5 B A T S A
ALY LR . SCHR [ 6 ] R H R B U 2k 19
75 20K OFDM $ W HLAR hy — 4>« AR 77, 1 I bs
YA 1) 4 1 2 o 28 I % S A B Al T 5 AE S5 R
SCHR[7 ] et 1 — Rl 2 T A5 10 B Bl 1) TR B o > T
PU TR SR I 5 SCrk [ 8 ] A1 A% 42 3 {7 B 40
BB TR E A AR S A 2 ST R AN
e 1> 90 2 KR 5L AT ¥ I 1) ) B R 3L B A 1
285 AN U T R R B R AR B, bR T I R R 5 SC
HRLO T4 0 T R IR B 4 22 ) 45 ( deep neural net-
work , DNN) Al 345 38w N7 5 15 T8 9 551 380 AH O 5
B, S E BR AR T AU AL SCER (10 ] 3k T
K I 0 2 -4 T TR AP & W 4% (convolu-
tional, long short-term memory, fully connected
deep neural networks, CLDNN) [% 2% 45 #4142
TAE R AL S PR R (95 G A T8k R — 4
L 2 M 2% ( convolutional neural network,
CNN) 5 X ) K 5 1328 42 [ 4% ( bidirectional long
short-term memory, BiLSTM) T B 10 4% 45 6 R AT
GO AT, SR T 2 AR AN A 22 B 0N Y 5
SCHR[12] 4@t 7 4 F — 4k CNN 5 BiLSTM %54
T 2 i A 22 i i 1E A2 8553 52 (multiple-in-
put multiple-output orthogonal frequency division
multiplexing, MIMO-OFDM ) & %4 i {7 i i i1 54
2, 90 AL B 3 R Y bR N A2 AR TE A 5 S
BR[ 13 BT 1 2k TR AU K 5l 1% 42 3% 45 i 48 I 2%
OFDM H W HL , &Mz T Z2 AR R0 AR 2tk 2k L5 S3C
B[ 148 7 AN TR BB B B9 OFDM #211
BL, B HIFETE CP 9 OFDM Z ge i 42 71 T 43 i
AE 1 1 %

M HTOT T R OR B, TR 2 ) J7 145 25
B B A5 A8 A T 0 R T R TR AT, X 2
TR ARG N 25 M AR I 1 2 AR RO 7 A HLBE L —
e S A R E R AR 1Y 2R EOR T
AR E AT EEE IR, SRR Sl fE B TR
HAE R GUAH L, 25 1 F &R G0 A HOM R A 65 18 4
P PRI 25 1l A5 0 0 A o ff A 8 X B (T
T RE RS T B B G

T8 25 i A7 T8 AT 58 7 1D, SCHR [ 15-17 ] 4558
GIAT T A HUAE T R A, XS [ SR PR R T Y =S b
58 BEAT AL, 4R T AR 4 M T AR A b fF T R
B SRR LA T 8k £ 45 43 i (multipath com-
ponent, MPC ) J& i i 3k 4E Bf £ (tapped delay line,
TDL) &8 | 52 F 0 52 2% BR 055 22 48 23 Ml {7 18 A9

B 3R, Soik[15] T bk (B g (o i iy
IKFIIR K ) 1 25 b A 1 A 7 i 5 SCRR [ 16 ] 5 5
A48 1 DR 1 25 b A 0 ATy vk SCiiR[ 17 ] &
ST LR X PR SR 1 2 A T AT v

BR 125 b A G R A A R ik T IR A TR
28 0 2% 18 23 M A A AR Y A L 2 i 1) S 2 ()
FEAFTEMERE o 32 Hy 7 4 TR 0 28 A5 B S LSS ) o4
2% AUEE X A i A 98 B A B B R RIS T
S I 245 v i i UL Y SRR B AT K
BAL 3k SE R 2 i i 1 D R TT S S PR A2 BR Y
lR= AR K SN £ T A O Rl A L D
X P 2 ) 2% AR RY BE AT R 4 ok 3R A5 1% B A i AR
A, CNN RV AL A IF 58 E 2500 2 ATl .
— e R 25 A 1 A, G 2ok B e 0 R R gl 2D
R RS H R R4, b A ALY
RN AL RE A% 3 % 0 T/ B B4, HLAARE
FELAER LA 4y Ry 3 2, 0 45 B R B A
T ARBR AR 20 v B AL SR AL S
= SRR 22 0 2% 3 42 (A AL T R — A M,
U8 I 2% ( modulated filter ) & 45 Y &= Ak (19 48 2 P
FeoAR A B S R AR 28 4% ((modulated
convolutional neural network , MCNN) X} J& & CNN
W0 2% JEAT AR AL T 4

BEXF E SR A, AN SCHE H — 2T MCNN A
BiLSTM % & # OFDM {5 3 i 1+ 5% , #1 1 TDL
BRI XA A4 A BT 2240 o A il b AT g s > O
B L EAT S 2 2 M R R 2 AR B A R AR
R SRR AR BB, ) T 080 ) 8 4% X CNIN o 2% 2
RO AT R 45, 7500 J2 # MCNN' R 46 5% {5 3 B A
FEAE A 52 HUBE 7 R BILSTM I 452 X {5 38 B A
Fe 51 B TN E ), 52 B0 2 A S M A O A HER A T
[] i}, AR SCa 38 1o 189 98 MCNN FI BiLSTM (1 )2 %
oK 73 M7 I 28 J2 RO AR I A TR BE RO SE R . S 1R 5E
1 LS Bk (LMMSE 58%k K B (0 I8 B 2 ) J5
DNN A Fo A SCH Y i {5 Al H s A A s 1
AN T5) 107 FH B0 45 v 2 b 88 S 0 1 T A RS B

1 OFDM B{E&%

OFDM St — Bl i 2 JC 4 A% i £ A % H AR 1Y)
AR TR R 15 S R AT RO A A 2 B AT N A 3
AT R , S SE B2 A S . B 1 O OFDM
MAE R AR,

WAL 1 RS FE T8 AE 2R GE R R e, R ST RLR
S RS RS g R SIS AT 8 OF RO
BRI ERAT O AR T 40 R VA% DT AT 10 AR 5080 O
WS £ OFDM £F 5 YA [F] 5 e b A7 1%k
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7E OFDM Z Gt ', 25 T 2k I = 18] 4 B 1F 38,
HA—1F I AE—A4 OFDM 455 J& 1 iy #i5 2
SR TR RR AR I T R 2 A 25 — A R
BN SN

T
Lf exp(jw,t)exp(jwi)dr =
T Jy ' !

Kb o, B P AR MR,

S T BR A 18] T B A B 1k 20 8] 7 1 52 1
B IR T ZEAE OFDM 545 [ i CP,CP 1K B
— B R T ILAT B 1Y e KB EY | X — 1
R P A ) = 7 A Bl N MY K= B 5 e w7
B Zf Z2 2 DR S B IT AT B e 4 AR AT B
Bl Z R EE S, KEFESH n 4> OFDM 4F
Fs,(m) N

1 K-1 )
s,(m) = — ) X ™" (2)
ﬁga !

XK R FEPEGX, #3575
Wil 5w B kAT A,

6 T8 7 G0 10 e W |, FF B2 08 1 H AT B
FEWR I AT RO T 22 B P, I3 a b o L A
Xt OFDM £F5 52 BRI, Bl 5k

1 « o
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Fig.3 Channel estimation framework based on deep learning
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Channel estimation of air-ground data link based on
modulated convolutional neural network
LIU Chunhui" ", WANG Meilin*, DONG Zanliang’, WANG Pei’

(1. Institute of Unmanned System, Beihang University, Beijing 100083, China;

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

Abstract: Aimed at the inaccuracy of channel estimation of orthogonal frequency division multiplexing
(OFDM) system in the complex air-ground data link environment, this paper proposes a channel estimation
algorithm based on the modulated convolutional neural network ( MCNN) and bidirectional long short-term
memory ( BiLSTM) network. First, least square (LS) algorithm is used to extract the initial channel state in-
formation (CSI), then MCNN network is used to extract the depth characteristics of the initial CSI while com-
pressing the network model, and finally BiLSTM network is used to predict the final CSI and realize channel
estimation. In the aspect of experimental verification, the air-ground channel model constructed is used to gen-
erate the channel coefficient dataset, so as to realize the training and testing of neural network model. The
simulation results show that compared with the traditional methods and the existing deep learning method, the
proposed channel estimation method has a lower estimation error, and the performance of the bit error ratio
(BER) of the system under the condition of high SNR is improved by nearly an order of magnitude. Due to
the introduction of the modulation filter technology, the number of network model parameters decreases re-
markably with the increase of the number of neural network layers.
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air-ground channel model; multipath effect
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Numerical simulation of shell-side gas flow of airborne
hollow fiber membrane module
LIU Guotian', BAI Wentao', PAN Jiangli', CHEN Guanghao’, PAN Jun®, FENG Shiyu'"~

(1. Key Laboratory of Aircraft Environmental Control and Life Support,
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, Ltd. , Nanjing 211106, China)

Abstract: Hollow fiber membrane module used for airborne inerting has the advantages of high separation
efficiency, security, stability and compact structure. It is a relatively economic and efficient equipment of air-
craft fuel tank inerting. The computational fluid dynamics ( CFD) method is used to simulation shell-side gas
flow of hollow fiber membrane module. By changing the gap, entrance velocity, rate of flow, arrangement
mode of membrane tow and flight height, the gas flow distribution of the axial sections of component under dif-
ferent working conditions is obtained. The dimensionless parameter sectional average velocity ratio is put for-
ward to describe gas flow distribution rule. The simulation results show that sectional average velocity ratio de-
creases at first and then increases with the decrease of the gap when entrance velocity is constant, and reaches
the minimum when the gap is 1.5 times of the radius of membrane tow, and shell-side gas flow has the same
rule with constant rate of flow. When the gap is constant, sectional average velocity ratio of uniform distribu-
tion is lower than that of non-uniform distribution. With constant the gap, entrance velocity has little effect on
sectional average velocity ratio. The effect of flight height on the shell-side gas flow of the module is mainly re-
flected from the inner wall of the membrane module.
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